FIRST REPORT OF PERIDISCACEAE FOR THE VASCULAR FLORA OF COLOMBIA

GERARDO A . AYMARD C.>3 AND HENRY ARELLANO P.1#

Abstract. Peridiscus lucidus (Peridiscaceae) is recorded for the first time for the vascular flora of Colombia based on a collection from
the upper Rio Cuyari, Guiania Department. This locality extends the northwestern distribution of the species in the Amazon basin to
the upper Rio Negro basin. Notes about the phytogeography and habitats of P. lucidus and an updated overview of the currently known
specimens using a geographic distribution map of this taxon are also included. In addition, we provide information on the distinctive
vegetative characters that help identify this genus in absence of flowers and fruits. Finally, a lectotype of P. lucidus is newly designated.
The discovery of this family in the upper Rio Negro region of Colombia demonstrates the value of field work through alliances between
private initiatives and the Kuripaco nation.

Resumen: Se registra la familia Peridiscaceae para la flora vascular de Colombia y la region del alto Rio Negro basandose en una
coleccion de Peridiscus lucidus en la cuenca alta del rio Cuyari, departamento del Guiania. Esta localidad extiende la distribucion
de esta familia al noroeste de la regién Amazdnica, en la cuenca alta del Rio Negro. Se incluyen notas acerca de la fitogeografia,
habitats de P. lucidus y un mapa de la distribucién geogréfica elaborado a partir de la actualizacién de las colecciones de esta especie.
Adicionalmente se presenta informacion para la identificacion del género en ausencia de flores o frutos y se propone el lectotipo para
P. lucidus. El hallazgo de P. lucidus en la region del alto Rio Negro de Colombia demuestra el valor de los trabajos de campo a través de
la alianza de iniciativas privadas y el pueblo Kuripaco.

Yaakuti iipenaa (Kuripaco): Padana Peridiscaceae shapuko inakuapanaa Colombia likuperi jaiko jnete payawiya jiwidan tsakja
wakapa waikawa pada naniwanda lipitana Peridiscus lucidus Benth kuwialiriku, departamento del Guiania. Paaketa natawifiakawa
jnaja jaiko puawajle amazonia isro jnete escudo guayanés tsakja. Warueta yaakuti wakaitekawa kjaleka nema jnaja jaiko, kuame
natawifaka jnaja P. lucidus jnete pada mapa wakaitekawa kjaleka neema wadzekatanda waniwakaujle jnapepe jaiku. Waruetatsakja
yaakuti yajnekaru ikapaka jlieje jaiko karukadanaku lisro liiwi o liinaka jnete wakaite isro pada yajneshopa P. lucidus. Waaketa jlieje
P. lucidus payawiya jiwidansre karukawa naapifieta nenkani nenshopa kanakaidali jlieje idejnikjeti awakadaliko napidza jnaja empresas
privadas jnete kuripako nai.
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Peridiscaceae Kuhlmann nom. cons. are a tropical group
included in Saxifragales (Soltis et al., 2013; APG-1V, 2016).
The family comprises four genera: Medusandra Brenan,
Soyauxia Oliv., Peridiscus Benth., and Whittonia Sandwith
(Bayer, 2007). These genera have a disjunct distribution,
with Peridiscus occurring in Guyana, Venezuela, northern
Brazil and now in Colombia (Fig. 1), Whittonia in Guyana,
Medusandra in Cameroon, and Soyauxia in tropical West
Africa. The genus Whittonia is known only from the type
specimen collected below Kaieteur Falls in Guyana, in the
Potaro River basin; a field effort to collect more material in
2006 was not successful (Wurdack and Davis, 2009).

The genus Peridiscus has had a rather significant taxo-
nomic history. Using Richard Spruce’s collections made in
1853-1854 along the Pasiva and Pacimoni rivers, tributaries
of the Casiquiare Channel (Venezuela), and along the lower
Rio Uaupés (Brazil), George Bentham established the genus

in Genera Plantarum (1862), describing a single species,
Peridiscus lucidus. In addition, the genus was illustrated
(Fig. 2) with a renewed description in Hooker’s Icones
Plantarum (Oliver, 1896). These authors both placed it,
with some doubt, in the Bixaneae, a part of the group which
he called “Tribus Flacourtieae” (Bentham and Hooker,
1862), and which later would be known as the family
Flacourtiaceae. In his description, Bentham wrote no etymol-
ogy for the name, but it is generally believed that the name
refers to the fact that the stamens are attached along the
outer edge of the nectary disk (Quattrocchi, 2000). The
genus was placed in Bixaceae, tribe Flacourtieae, by Eichler
(1871) in Martius’s Flora Brasiliensis, and with doubt
in Flacourtiaceae in the first and second editions of the
Pflanzenfamilien (Warburg, 1893; Gilg, 1925). The family
Flacourtiaceae was a polyphyletic lineage, as Hermann
Sleumer intimated (Miller, 1975; Chase et al., 2002),
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FiGure 1. Geographical distribution of Peridiscus lucidus Benth. (¢) with emphasis on new record from Colombia (k).

and Peridiscus was one of its most improbable members.
Understanding its distinctiveness, Kuhlmann (1947)
placed the genus in a separate family (Peridiscaceae)
after its differences from Flacourtiaceae in many features
of morphology and anatomy. Peridiscaceae was accepted
and placed in order Tiliales by Hutchinson (1959) in the
second edition of his Families of Flowering Plants, but
rejected in the third edition (Hutchinson, 1967). Thereafter,
Peridiscaceae was viewed as a family of uncertain

taxonomic position, placed in the Violales (sensu Cronquist,
1981). A DNA sequence for the chloroplast rbcL placed
Peridiscaceae in a clade with Elatinaceae and Malpighiaceae,
a very surprising and unexpected result (Savolainen, et al.,
2000). In 2004, using DNA from Peridiscus, it was shown
that Elatinaceac and Malpighiaceae are indeed sister
families, and that Peridiscaceae belongs to Saxifragales
(Davis and Chase, 2004). Two additional studies also
found strong support for the inclusion of Peridiscaceae into
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FIGURE 2. Peridiscus lucidus Benth. in Hooker’s Icones Plantarum (Oliver, 1896). 1, Flower; 2, Group of stamens; 3, Anther, from and

back views; 4, Pistil with adnate disk; 5, Vertical section of ovary.
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Saxifragales (Soltis et al., 2007; Shuguang et al., 2008),
and the latter showed that Peridiscaceae is sister to the rest
of Saxifragales as it maintained in the last Angiosperm
Phylogeny Group classification (APG-1V, 2016).

In Neotropical forests, Peridiscus should be considered
a rare component, known only from 52 collections (from
1853 to present) mainly in terra-firme and high plains
on clays soils. It is also found in black-water floodplain
forests on white sand soils (Daly, 2004). The occurrence
of Peridiscaceae in the flora the Colombia, as well as the
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extension of their distribution along the northern of the upper
Rio Negro basin, are reported here for the first time based
on a collection of P. lucidus from the Cuyari River, Guiania
Department (Fig. 1). In addition, we provide information on
the morphological features to help identify this species in
the absence of flowers and fruits, and updated information
about its geographical distribution and the structure and
floristic composition of the habitats that it occupies in
Colombia and Venezuela, respectively.

MATERIAL AND METHODS

The specimen was determined consulting pertinent
literature (Riviero et al., 1999; Holst, 2003. Daly, 2004,
Keller, 2004; Every, 2010). An updated database and
a map of the geographic distribution of this species
(Fig. 1) was compiled using information from Tropicos
(www.Tropicos.org), the speciesLink Network (http:/
www.splink.org.br), Lista de espécies da Flora do Brasil
(Medeiros, 2015), Jabot (http://www.jbrj.gov.br/jabot),
and the Amazon Tree Diversity Network (http://atdn.
myspecies.info/). In the last decade, the use of geographic
information has become increasingly important tool to
interpret the analysis of species distribution (Franklin,

2009), due the available digital biodiversity databases that
permit assembly of species occurrence data from various
sources, such as herbaria and museums, as well as data
from literature. The current demand for reliable, easily
accessible and free biodiversity data makes electronic
infrastructures fundamental for facilitating access (Canhos
et al., 2015).

In addition, we incorporate the specimens of P. lucidus
deposited in the following herbaria: GH, MO, US, and
NY (acronyms according to Thiers, 2012). Our updated
database has 52 records (Brazil: 46; Colombia: 1; Guyana:
1; Venezuela: 4; see Appendix 1).

REsuLTS

Peridiscus is known from the northestern Guayana
Shield, where it can be found at an altitude of 800 m. This
species also is known from the upper Rio Negro region of
Brazil and Venezuela, and now in Colombia, which extends
its southern range to central Amazon basin (e.g., the Manaus
area), with two disjunct populations in Maracd region
and Urubd river in Amapd and Amazonas states (Brazil),
respectively (Fig. 2).

Peridiscus Benth. Genera Plantarum 1: 127. 1862.

Type species: Peridiscus lucidus Benth.

Peridiscus lucidus Benth., Genera Plantarum 1: 127. 1862.
TYPE: BRAZIL. Amazonas: Rio Uaupés, 1853, R. Spruce
2843 (Syntypes: BR, G, K); VENEZUELA. Amazonas.
Casiquiare, Pasiva et Pasimoni, Casiquiari, 1853-1854,
R. Spruce 3389 (Syntypes: BR, G, RB), Lectotype, here
designated: VENEZUELA. Amazonas. Casiquiare, Pasiva
et Pasimoni, 1853-1854, R. Spruce 3389 (G 00440028;
isolectotype BR).

In the JSTOR database, Spruce 3389 deposited in RB
(a single leaf) is annotated as P. lucidus, but based on an
examination of this material we conclude the leaf belongs
to a species of Aspidosperma (Apocynaceae), and it is
therefore excluded from the lectotypification.

Medium to large trees up 25 m tall. Branches and
bractlets terete, glabrous, bark fisured, rough, dark brown.
Leaves alternate, 15-25 x 5—-12 c¢m, entire, lustrous above,
glabrous on both sides, coriaceous, ovate to elliptic or
oblong, acute to acuminate, acumen 2-3.5 cm long, base
obtuse or acute, leaf blades strongly 3-veined from the base,
the tertiary venation finely reticulate, the lower surface with
a small to medium pit in the axil of each of basal lateral

nerve; stipules intrapetiolar, villous, early deciduous and
leaving a narrow oblique amplexicaul scars; petioles 1.5—
2.5 cm long, glabrous, strongly pulvinate at both ends,
with an adaxial plate. Inflorescences short, in clusters of
elongate axillary racemes, axes and pedicels ferruginous-
villous (short branched trichomes), bracts ovate-oblong,
early deciduous. Sepals 4-5(6), imbricate, ferruginous-
villous outside, glabrous inside; petals 0; ovary without a
central column; stamens inserted outside the large several-
lobed disk; filaments partly united at the base, incurved,
glabrous; anthers bisporangiate, dehiscing by slits. Ovary
subhemispheric, glabrous, half immersed in the nectary
disk. Fruit ovoid, obovoid or ellipsoidal drupe, narrowed
at the base into a short stipe. Seed one; embryo small;
endosperm copious, horny.

Whittonia differs from Peridiscus by having the leaves
villous, pliveined (versus, glabrous, strongly trinerved),
flowers in fascicles (versus elongate racemes), an annular
disk that subtends the ovary (versus the half of the ovary
immersed in the nectary disk), and ovary densely pubescent
(versus glabrous). The position of Whittonia within
Peridiscaceae is uncertain due to lack of material, but it is
most likely sister to Peridiscus since the two genera share
several potential morphological synapomorphies (Soltis et
al., 2011).

Additional Specimen examined: COLOMBIA . Guainia:
Panapand, rio Cuyari, ca. 3.5 km al norte de la comunidad
de Miraflores, 1°56'51,5976"N; 68°22'8,6344"W, 115 m, 21
April 2014, G. Aymard, F. Castro-Lima, V. Minorta-C., A.
Lozano, M. Gonzdlez y C. Villegas 14158 (COL, COAH,
FMB, HUA). Fig. 3-4.



2018 AYMARD AND ARELLANO, PERIDISCACEAE IN COLOMBIA 113

HERBARIO NACIONAL COLOMBIANO

1NN

COL000466291

=

~

HERBARIO REGIONAL COLOMBIANO

@@ cirogress * | Compensation International Progress S.A.
-Ciprogress Greenlife-. (CIP)
PERIDISCACEAE

Levantamiento de vegetacion

Peridiscus lucidus Benth.
Det. : G. Aymard. Febrero, 2016.

Arbol de 20 m. Bosque de tierra firme. Suelo franco arcilloso. Lomerio.

COLOMBIA. Guainia. Panapana. Comunidad de Miraflores

Lat. : 1°56'51,5976"N Lon. : 68°22',6340"0 Altitud: 115,69 m.
Fecha de muestra: 23 de abril de 2014

Fecha de Det. (Bogota): 1 de febrero al 3 de mayo de 2016.

14158 Gerardo Aymard, Francisco Castro, Vladimir Minorta-Cely, Adela Vasquez, Marcela
Gonzalez & Carolina Villegas.
2/5

Proyecto REDD+, Region de transicion Guayano Amazoénica, Flor de Inirida’
/ Director: Henry Arellano Pefa
COMPENSATION INTERNATIONAL PROGRESS S.A., -Ciprogress Greenlife-

4 5 6 7 8 950

chos reservados - Copyright reserved

FiGure 3. Specimen I of Peridiscus lucidus from Cuyar{ river, Guiania, Colombia (G. Aymard, F. Castro-Lima, V. Minorta-C., A. Lozano,
M. Gonzdlez y C. Villegas 14158, (COL 604628).
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FiGure 4. Specimen II of Peridiscus lucidus from Cuyarf river, Guiania, Colombia (G. Aymard, F. Castro-Lima, V. Minorta-C., A. Lozano,
M. Gonzdlez y C. Villegas 14158, (COL 604629).
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Field identification in absence of flowers and fruits.
Because of its alternate leaves, entire, coriaceous, leaf
blades strongly 3-veined from the base, and petioles
strongly pulvinate at both ends, specimens of Peridiscus
are sometimes referred to Abuta sp. (Menispermaceae).
However, Peridiscus is easy to distinguish in absence of
flowers and fruits by the combination of the following
characters: trees, leaves alternate, entire, lustrous above,
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glabrous on both sides, coriaceous, ovate to elliptic or
oblong, acute to acuminate, acumen 2-3.5 cm long, leaf
blades strongly 3-veined from the base, the tertiary venation
finely reticulate, the lower surface with a small to medium
pit in the axil of each of basal lateral nerve; stipules
intrapetiolar, villous, early deciduous and leaving a narrow
oblique amplexicaul scars, and petioles 1.5-2.5 c¢cm long,
glabrous, strongly pulvinate at both ends.

DiscussioN

Currently, understanding the diversity of plants, their
distribution patterns (e.g., rarity versus hyperdominance),
dispersal events, and endemisms in the entire Amazon
watershed (sensu lato: 8,121,313 km?), with its four
peripheral region (Amazon sensu stricto, Guayana Shield,
Plateau, Andes foothills and Gurupi basin, sensu ter Steege
etal.,2013; Antonelli et al., 2018; Alves Valles et al., 2018a)
continues to be a major challenge (Prance, 2014; ter Steege
et al., 2015; 2016; Pennington et al., 2015).

Amazonia represents the world’s most diverse rainforest,
and it is also the region in tropical America with the largest
biodiversity (Gentry, 1982ab, 1992; ter Steege 1998; Ter
Steege et al., 2010, 2013, 2016; Dexter and Chave, 2016;
Dexter et al., 2017; Antonelli et al., 2018). Many regions
inside the basin are not represented by even a single
collection, perhaps implying that many species distributions
are still poorly known and/or not well understood (Nelson et
al., 1990; Hopkins, 2007; Schulman et al., 2007; ter Steege
et al., 2011, 2016; Cardoso et al., 2015). However, several
areas inside the basin (e.g. the Rio Negro basin, Manaus,
and, sl., the Guayana Shield) had been relatively well
explored and studied, the information about the explorations
were summarized in Aymard et al. (2016) and ter Steege et
al. (2016), respectively. As a result, currently there exists a
relatively good understanding of the structure and floristic
composition of forests inside the Amazon basin (Prance,
1989, 2001; Tuomisto et al., 1995, 2016: ter Steege 1998;
ter Steege et al., 2003, 2006, 2010, 2015, 2016; Pitman et
al., 2008; Aymard et al., 2009; Higgins et al., 2011; Prance,
2014; Slik et al., 2018). In addition a considerable number
of endemics (Carvalho, 2011; Alves Valles et al., 2018b),
and rare species are found there (Zizka et al., 2018). No
doubt due by the environmental variables, the biographical
history and the dispersal mechanism allow assembly of
unique habitats, such as numerous and diverse terra-firme
and flooded forests growing in white-sand and clay soils
as well; the Amazonian Caatinga, and abundant plants
communities mixed of palms over black and white water
rivers vegetation (Kristiansen et al., 2012; Alves Valles et
al.,2018a).

Currently, very little information is known about the
habitats occupied by Peridiscus lucidus. After the R.
Spruce’s collections of 1853—1854, the next ones took place
ca. 80 years later (A. Ducke, 1931; L. Williams, 1942; and
R. L. Froes, 1947) on terra-firme forests in the Manaus
region (Rio Taruma), and the upper Rio Negro (Piedra de
Cocuy and Tapuruquara, respectively). Other localities and
habitats of this species are: in montane forests over lateritic
soils (Guyana, Potaro-Siparuni region. Mt. Wokokomung,

790 m). In Brazil it is found through the central to eastern
Brazilian Amazon, where it is found along terra-firme
and flooded forests growing in sand and clay soils (e.g.,
Amazonas: Manaus area, Rodovia Manaus-Itacoatiara, R.
F. A. Ducke, Sdo Sebastido do Uatuma e Urucard, Sierra
da Lua, Rio Urubu, Rio Cuieiras), and in terra-firme forests
growing in clay soils (e.g., Amapd: Matard, Macap4, Par4:
Monte Dourado). It is also found growing in the middle
and upper Rio Negro (e.g., Santa Isabel do Rio Negro, Sao
Gabriel da Cachoeira, Rio Uaupés) over sandy and clay
soils tall forests, and in black water communities subject
to flooding dominated by Tachigali odoratissima (Spruce
ex Benth.) Zar. & Herend., Protium reticulatum. (Engl.)
Engl., Molongum laxum (Benth.) Pichon, Heisteria duckei
Sleumer, Guatteria dura R. E. Fr. and G. punctata (Aubl.)
R. A.Howard (e.g., middle Rio Baria, Venezuela).

We report here that Peridiscus Ilucidus also occurs in
the upper Rio Negro basin of Colombia, specifically in the
upper Rio Cuyari (Fig. 1); the latter is a black water river,
the basin of which includes largely unexplored flooded
and non-flooded forests (Aymard and Castro-Lima, 2015;
Aymard et al., 2016). The collection from the Rio Cuyar{
is represented by a single individual, and was made during
inventories made to compare tree communities. This locality
is dominated by terra-firme tall forests, in high plains
over clays soils with an important presence of Micrandra
spruceana (Baill.) R. E. Schult. (“Cunuri tierra firme”) and
Caryocar gracile Wittm (“Jigua montera”). Other trees
species found in this forest are: Iryanthera coriacea Ducke,
Aspidosperma excelsum Benth., Swartzia acuminata Willd.
ex Vogel, Ocotea rhodophylla A. Vicentini, Faramea
anisocalyx Poepp. & Endl., Dacryodes cuspidata (Cuatr.)
Daly, D. negrensis Daly & M. A. Martinez, Qualea
acuminata Spruce ex Warm., and Ferdinandusa goudotiana
K. Schum. The forests dominated by Micrandra spruceana
(Baill.) R. E. Schult. are common in many places inside the
northeastern portion of the Amazon basin, with the same
habitat preferences described above such as San Carlos de
Rio Negro, Venezuela (Dezzeo et al. 2000; Aymard et al.,
2009), Amacayacu, Caquetd, Loretoyacu and Mirit{ rivers,
Colombia (Rangel, 2008) and Pico da Neblina National
Park, Brazil (Boubli, 2002). The variety of habitats where
Peridiscus lucidus is found indicates that this species is
not a soil specialist, and also suggests that the terra-firme
forests growing in sand and clay soils may have a common
evolutionary history, and support the model that advises
the ability of plants to grow across a wide range of soils
(Duivenvoorden, 1995; Pitman et al., 2001; ter Steege et al.,
2003; Aymard et al., 2009, 2016).
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When the geographical distribution of Peridiscus lucidus
is plotted and analyzed (Fig. 1), it shows us that this taxon
is mainly a Rio Negro basin element (from its headwaters
to Manaus area), with only five collections outside of this
basin. The family so far is absent in Ecuador, Peru, Bolivia,
and the southeastern and northwestern Amazon basin region
(Gentry, 1983). It would be easy to treat the absence of P.
lucidus from this large area as a collection artifact because
the area is still vastly unexplored, which we regard as an
unlikely explanation given the large number of plant
collectors who have worked in this particular area in the last
250 years, since the age of exploration in the Neotropics
began (Aymard et al., 2016; ter Steege et al., 2016). The
latter is an area that comprises a large portion of the Amazon
basin of Colombia, Ecuador and Peru, considered one of the
world’s last zone of high biodiversity with an extraordinary
number of species across taxa and where large tracts of
forests still remain largely intact (Pitman et al., 2008; Bass
et al., 2010). The absence of this family in southeastern
and northwestern Amazonia could be related to the Pebas
wetland system (Hoorn et al., 2010b; Sacek, 2014), which
may also have played a role as a dispersal barrier for pre-
Pebas groups, and could account for the well-known pattern
of Andean-centered vs. Amazonian-centered biodiversity
(Gentry, 1982; Antonelli and Sanmartin, 2011).

A modern ecological insight is that some Amazonian
tree species are consistently more abundant than would be
expected from chance alone (ter Steege et al., 2013). An
estimated 16,000 tree species make up Amazonian forests,
yet over half the stems belong to just 227 of them; this subset
of disproportionately common trees has been dubbed the
“hyperdominants” (ter Steege et al., 2013). The contribution
of rare species to this diversity has been recognized (Wills
et al., 2006: Kenfack et al., 2007), however their spatial
distribution remains poorly understood (Zizka et al., 2018).
Wills et al. (2006) presented census data from seven New
and Old World tropical forest dynamics plots that all showed
that the erosion of diversity can be prevented over the short
term if recruits are highly diverse as a result of preferential
recruitment of rare species or, alternatively, if rare species
survive preferentially, which increases diversity as the ages
of the individuals increase.

The current distribution of P. lucidus, based on a few
collections (52) in 161 years, and only 42 individuals
measured in 16 one-hectare plots (ter Steege et al., 2013),
suggest that this is arare species. However, the lack of material
for DNA extraction and information about the dispersal
biology (although the fruits are most likely dispersed by
animals, perhaps birds) provide us with elements to explore
an alternative hypothesis to explain it distribution, based in
its present in both white-sand and clay soils in the North and
Central Amazon lowlands, as well as in medium altitudes in
the Guayana Shield.

The Guayana Shield (GS) has been considered the place
of origin of some widespread lineages in South America
(Frasier et al., 2008; Rull, 2008, 2010; Givnish et al., 2011).
Perhaps P. lucidus is currently migrating from the GS to
the lowlands forests located inside the North and Central
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Amazon region. Furthemore, the GS was above water at time
of high sea levels (23 to 10 Ma, 10 to 7 Ma), which allowed
the survival of forests, active speciation, and the maintenance
of high levels of sympatric species diversity (Givnish et al.,
2000, 2011; Rull, 2005, 2007); during this period, the current
Amazon basin was inundated as a result of sea levels up to
50 m higher than the present (Hoorn et al., 2010a,b; Sacek,
2014). The lowland rainforest could not have existed in the
mega-wetlands or Pebas system during 16 to 10 Ma.

During this phase, the Pebas wetland in western
Amazonia was possibly separated from the fluvial eastern
Amazonia by the Purus Arch (Wesselingh, 2006; Figueiredo
et al., 2009). Later, 10 to 6 Ma ago, the sea level was low
again, and warm tropical climates drier prevalence than the
one existing today in the Amazon. During this interval the
sediment accumulation was reduced and/or ceased, erosion
took place under warm, tropical weather having well defined
dry seasons which, resulting in deep lateritic paleosol and
spodozol horizons (Montes et al., 2011) that allowed the
formation of the first fluvial plains in eastern and western
Amazonia and, consequently, marked the beginning of an
unstoppable processes of distribution, dispersion and a
high turnover of species, a scenario implicating high rates
of speciation through space and time in the basin, resulting
in the highly diversity of the modern rainforest (Morley,
2000; Burnham and Johnson, 2004; Hughes et al., 2013;
Pennington et al., 2015). This process was supported by the
establishment of the transcontinental drainage post Pebas
System of the present Amazon by an overfilling of the
Andean foreland basin in the Late Miocene (Wesselingh
et al., 2010; Hoorn et al., 2010b; Antonelli and Sanmartin,
2011). All this evidence show that the GS region may have
allowed old lineages to survive over time, with diverse traits
that provide the stock for species diversifications through
time to neighborhood regions (Rull, 2008; 2010; Désamoré
et al., 2010) contributing to the accumulation of diversity,
at least in part, detectable in the current species richness of
tropical forests.

The first occurrence of Peridiscaceae reported herein for
the flora of Colombia expands the geographical distribution
and improves the family-level information of the floras of
Brazil, Colombia, and Amazon basin as well (Medeiros,
2015; Rangel, 2015; Bernal et al., 2016; ter Steege et al.,
2016; Cardozo et al., 2017; Ulloa-Ulloa et al., 2017).

A recent work on rarity in the Neotropics identified
26,315 species for Amazonia, of this 10,080 species as
putatively rare within this region (Zizka et al., 2018). Inside
Amazonia most collections of rare species were in the sub-
Andean region and on the GS, and in few areas scattered
across the study area. The authors also found that rare species
are homogeneously distributed through most parts of the
lowland Neotropics and Amazonia, but more concentrated in
highlands, with no clear disjunction patterns within lowland
areas. These results suggest that a considerable proportion
of rare plant species have surprisingly large distribution
ranges (e.g., P. lucidus), and that collections of rare species
across most of the lowland Neotropics, and in particular in
Amazonia, show no clear directionality.
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The Amazon basin has outstanding global conservation
significance because this region represents the largest
tropical rain forest in the world, storing ca. 40% of the global
biomass of tropical forests (Saatchi et al., 2007, 2011).
However, this tropical forest is at risk due to the impact
of increases in drought frequency (Longo et al., 2018) and
fires (Carmenta et al., 2018) that are altering the Amazon
forest’s composition, structure and functioning. This
situation, suggests that parts of the Amazon basin may be
susceptible to biome shifts, biodiversity loss and depletion
of carbon stores because of changes in climate and weather
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variability (Duffy et al., 2015; Boit et al., 2016; Bathiany et
al., 2018). In addition, mining activities, selective logging,
and new road developments will threaten its as yet unvalued
conservation status. These findings help to form the scientific
basis for policy recommendations, including stopping new
destructive events, and creating more areas off limits to
large-scale development in adjacent regions of the three
countries that comprises the basin. Finally, this report is yet
another example that demonstrates the need for continued
taxonomic and floristic studies in regions where there are
large geographic gaps in the knowledge of Amazonian flora.

L1TERATURE CITED

ALVEZ-VALLES, C. M., H. BALSLEV, R. GARCiA-VILLACORTA, F. A.
CARVALHO, AND L. MENINI NETO. 2018a. Palm species richness,
latitudinal gradients, sampling effort, and deforestation in the
Amazon region. Acta Botanica Brasilica. doi: 10.1590/0102
33062017abb0400.

———, H. BaisLev, F. A. CarvaLHO, R. GARCIA-VILLACORTA,
C. GrRANDEZ, AND L. MenmN1 Nero. 2018b. Endemism and
conservation of Amazon palms. Biodiversity and Conservation
27:765-784.

ANTONELLI A., A. Z1zkA, F. ANTUNES CARVALHO, R. ScHarN, C. D.
Bacon, D. SiLvesTrO, AND F. L. CoNnDAMINE. 2018. Amazonia is
the primary source of Neotropical biodiversity. Proceedings of
the National Academy of Sciences, USA 115. www.pnas.org/
cgi/doi/10.1073/pnas.1713819115.

AND I. SANMARTIN. 2011. Why are there so many plant
species in the Neotropics? Taxon 60: 403—414.

APG-IV. 2016. An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering plants:
APG IV. Botanical Journal of the Linnean Society 181(1): 1-20.

AYMARD, G., H. ARELLANO-P., V. MINORTA-C., AND F. CASTRO-LIMA.
2016. First report of Rhabdodendraceae for the vascular flora
of Colombia and the Upper Rio Negro basin, with comments
on phytogeography, habitats, and distribution of Rhabdodendron
amazonicum. Harvard Papers in Botany 21: 5-21.

AYMARD, G. AND F. Castro-Lima. 2015. A second tree species
of Ampelozizyphus (Rhamnaceae), from the upper Cuyari
river basin, Guiania (Colombia). Harvard Papers in Botany 20:
161-166.

R. ScHARGEL, P. BERRY, AND B. StERGIOS. 2009. Estudio de
los suelos y la vegetacion (estructura, composicién floristica y
diversidad) en bosques macrotérmicos no-inundables, estado
Amazonas, Venezuela (aprox. 01°30'-05°55'N; 66°00'-67°50'0).
Biollania (Edicion Especial) 9: 6-251.

Bass, M. S., M. FINgr, C. N. Jenkins, H. Krert, D. F. CisNEROS-
Herepia, S. F. McCrackeN, N. C. A. PitmaN, P. H. ENGLISH,
K. SwinG, G. ViLLaA, A. D1 Fiorg, C. C. Voicr, anp T. H. Kunz.
2010. Global Conservation Significance of Ecuador’s Yasuni
National Park. PLOS One 5: 1-22.

BATtHIANY, S., V. DAKOS, M. SCHEFFER, AND T. M. LENTON. 2018.
Climate models predict increasing temperature variability in
poor countries. Science Advances 2018: 4:eaar5809

Baver, C. 2002. Peridiscaceae. Pages 297-300 in K. KusItzki,
ED. The Families and Genera of Vascular Plants volume IX.
Springer, Berlin.

BenTHAM, G. AND J. D. HOOKER. 1862. Genera Plantarum, Volume
1, part 1, page 127. A. Black, William Pamplin, Lovell Reeve &
Co., Williams & Norgate, London, England.

BERNAL, R., S. R. GRADSTEIN, AND M. CELIS, EDs. 2016. Catdlogo de
plantas y liquenes de Colombia. Instituto de Ciencias Naturales,
Universidad Nacional de Colombia, Bogota. [online]. Available
from www.catalogoplantasdecolombia.unal.edu.co (accessed
May 7,2018).

Boit, A., B. SakscHEWSKI, L. BoyseN, A. CaNO-CRESPO, J. CLEMENT,
N. Garcia-Araniz, K. Kok, M. KoL, F. LANGERWISCH, A.
RamMIG, R. SAcHSE, M. vaN EuPEN, W. voN BLOH, D. ZEMP, AND
K. THonIcKE 2016. Large-scale impact of climate change vs.
land-use change on future biome shifts in Latin America. Global
Change Biology 22: 3689-3701.

BousLi, J. P. 2002. Lowland floristic assessment of Pico da Neblina
National Park, Brazil. Plant Ecology 160: 149-167.

BurnnaM, R. J. anD K. R. Jounson. 2004. South American paleo-
botany and the origins of Neotropical rainforests. Philosophical
Transactions of the Royal Society B Biological Sciences 359:
1595-1610.

Cantos D. A., M. S. Sousa-BagNa, S. pE Souza, L. C. Mala,
J.R. StEHMANN, V. P. CaNHOS, R. DE Giovanni, W. Los, AND A. T.
PeTERSON 2015. The importance of biodiversity e-infrastructures
for megadiverse countries. PLoS Biology 13(7): €1002204. doi:
10.1371/journal .pbio.1002204.

CARDOSO, D., T. SARKINEN, S. ALEXANDER, A. M. AMORIN, V. BITTRICH,
M. Ckus, D. C. DALy, P. Fiaschr, V. A. Kunk, L. L. Giacomin, R.
GOLDENBERG, G. HEEN, J. Icancr, C. L. KeLLorr, S. Knapp, H.
CavAaLCANTE DE Lima, A. F. P. MacHADO, R. M. pos SaNTOS, R.
MELLO-SILVAR, F. A. MICHELANGELI, J. MITCHELL, P. MOONLIGHT,
P. L. RODRIGUES DE MORAES, S. A. Mori, T. S. Nunes, T. D.
PenNINGTON, J. R. PIRANI, G. T. PRANCE, L. P. DE QUEIROZ, A. RAPINI,
R.Rmna, C. A. VARGAS-RINCON, N. RoQUE, G. SHIMIZU, M. SOBRAL,
J. R. STEHMANN, W. D. STEVENS, C. M. TAYLOR, M. TROVO, C. VAN
DEN BERG, H. vAN DER WERFF, P. L. Viana, C. E. ZARTMAN AND R.
CamposTRINI ForzzA. 2017. Amazon plant diversity revealed by a
taxonomically verified species list. Proceedings of the National
Academy of Sciences 114: doi.1706756114.

,J. G. CArRvALHO SOBRINHO, C. E. ZArRT™MAN, D. L. KOMURA,
AND L. P. QuEroz. 2015. Unexplored Amazonian diversity: rare
and phylogenetically enigmatic tree species are newly collected.
Neodiversity 8: 55-73.

CARMENTA, R., E. CouDEL, AND A. M. STEWARDS. 2018. Forbidden
fire: Does criminalising fire hinder conservation efforts in
swidden landscapes of the Brazilian Amazon? The Geographical
Journal. 184: 1-15. DOI: 10.1111/geoj.12255

CarvaLHO, C. J. B. 2011. Areas de Endemismo, Pages 45-50 in
C. J. B. CarvaLHO AND E. A. B. ALEMIDA, EDs. Biogeografia da
América do Sul: Padroes and Processos. Editora Roca Ltda, Sao
Paulo, Brasil.

CRrONQUIST, A. 1981. An integrated system of classification of
flowering plants. Columbia University Press, New York.

DaLy, D. C.2004. Peridiscaceae. Pages 290-291. in N. P. SmiTH, S.
A.Mori, A. HENDERSON, D. WM. STEVENSON, AND S.V. HEALD, EDS.
Flowering Plants of the Neotropics. The New York Botanical
Garden, Princeton University Press, Princeton, New Jersey.

Davis, C. C. anp M. W. Cuase. 2004. Elatinaceae are sister to
Malpighiaceae; Peridiscaceae belong to Saxifragales. American
Journal of Botany 91: 262-273.




118 HARVARD PAPERS IN BOTANY

DexTER, K. G., M. LaviN, B. TorkE, A. TwYFORD, T. A. KURSAR,
P. D. CoLEy, C. DrAKE, R. HoLLANDS, AND R. T. PENNINGTON.
2017. Dispersal assembly of rain forest tree communities across
the Amazon basin. Proceedings of the National Academy of
Sciences 114: 2645-2650.

AND J. CHAVE. 2016. Evolutionary patterns of range size,
abundance and species richness in Amazonian angiosperm trees.
Peer] 4: €2402; DOI 10.7717/peerj.2402.

Dezzeo, N., P. Maquirino, P. E. BErry, Y G. AymarDp. 2000.
Principales tipos de bosques en el drea de San Carlos de Rio
Negro, Venezuela. Scientia Guaianae 11: 15-36.

DurveNvoorpeN, J. E. 1995. Tree species composition and rain
forest-environment relationships in the middle Caquetd area,
Colombia, NW Amazonia. Vegetatio 120: 91-113.

EicHLER, A. G. 1871. Bixaceae, Flacourtieae, C. F. von Martius,
Flora Brasiliensis 13(1): 450.

Every, J. L. R. 2010. Neotropical Peridiscaceae. In MILLIKEN, W.,
B. KLITGARD, AND A. Baracar (2009 onwards). Neotropikey —
Interactive key and information resources for flowering plants
of the Neotropics. http://www.kew.org/science/tropamerica/
neotropikey/families/Peridiscaceae.htm.

FIGUEIREDO, J., C. HOORN, P. VAN DER VEN, AND E. Soares. 2009.
Late Miocene onset of the Amazon River and the Amazon deep-
sea fan: evidence from the Foz do Amazonas Basin. Geology
37: 619-622.

FrANKLIN, J. 2009. Mapping species distributions: spatial inference
and prediction. Cambridge University Press, Cambridge.

Frasier, C., V. ALBERT, AND L. STRUWE. 2008. Amazonian lowland,
white sand areas as ancestral regions for South American
biodiversity: Biogeographic and phylogenetic patterns in
Potalia (Angiospermae: Gentianaceae). Organisms, Diversity &
Evolution 8: 44-57.

GENTRY, A. H. 1993. A Field Guide to the Families and Genera
of Woody Plants of Northwest South America. Conservation
International, Washington, D.C.

. 1992. Tropical forest biodiversity: distributional patterns

and their conservational significance. Oikos 63: 19-28.

. 1982a. Patterns of neotropical plant species diversity.

Evolutionary Biology 15: 1-84.

. 1982b. Neotropical floristic diversity: phytogeographical
connections between Central and South America, Pleistocene
climatic fluctuations, or an accident of the Andean orogeny?
Annals of the Missouri Botanical Garden 69: 557-593.

GG, E. 1925. In A. Engler & K. Prantl, K., Die natiirlichen
Pflanzenfamilien, 2 Aufl. 21: 457.

GrivnisH, T. J., M. H. J. Barruss, B. V. EE, R. Rina, K. SCHULTE,
R. HorrEs, P. A. Gonsiska, R. S. JaBalLy, D. M. Crayn, J. A.
C. Smith, K. WINTER, G. K. Brown, T. M. Evans, B. K. HoLsr,
H. Luther, W. TiLL, G. Zizka, P. E. BERRY, AND K. J. SYTSMA.
2011.Phylogeny, adaptive radiation, and historical biogeography
in Bromeliaceae: Insights from an eight-locus plastid phylogeny.
American Journal of Botany 98: 872-895.

,T. M. Evans, M. L. Zijura, T. B. PATTERSON, P. E. BERRY,
AND K. J. Syrsma. 2000. Molecular evolution, adaptative
radiation, and geographic diversification in the amphiatlantic
family Rapateaceae, evidence from ndhF sequences and
morphology. Evolution 54: 1915-1937.

Hicemns, M. A., K. RuokorLaNeN, H. Tuomisto, N. LLERENA,
G. CARDENAS, O. L. PamLips, R. VASQUEZ, AND M. RASANEN.
2011. Geological control of floristic composition in Amazonian
forests. Journal of Biogeography 38: 2136-2149.

Hovst, B. K.2003. Peridiscaceae. Flora of the Venezuelan Guayana
7: 670-671. Missouri Botanical Garden.

Hopkins, M. J. G. 2007. Modeling the known and unknown plant
biodiversity of the Amazon Basin. Journal of Biogeography
34: 1400-1411.

VOL. 23,NO. 1

Hoorn, C., F. P. WEsSSELINGH, H. TER STEEGE, M. BERMUDEZ,
A. Mora, J. SEVINK, I. SANMARTIN, A. SANCHEZ-MESEGUER,
C. ANDERSON, J. FIGUEIREDO, C. JARAMILLO, D. RIFF, F. R. NEGR,
H. HooGHIEMSTRA, J. LUNDBERG, T. STADLER, T. SARKINEN, AND
A. ANTONELLI. 2010a. Amazonia through time: Andean uplift,
climate change, landscape evolution, and biodiversity. Science
330: 927-931.

.F. P. WESSELINGH, J. Hovikoski, AND J. GUERRERO. 2010b.
The development of the Amazonian Mega-Wetland (Miocene;
Brazil, Colombia, Peru, Bolivia). Pages 123-142 in C. HOORN,
AND F. P. WESSELINGH, EDS. Amazonia: Landscape and Species
Evolution: A Look into the Past. Wiley Online Library.

Huches, C. E., R. T. PENNINGTON, AND A. ANTONELLI. 2013.
Neotropical plant evolution: Assembling the big picture.
Botanical Journal of the Linnean Society 171: 1-18.

Hurchinson, J. 1967. The genera of flowering plants
(Angiospermae), ed. 3, 2. Oxford: Clarendon Press. U.K.

.1959. The families of flowering plants, ed. 2, 2. Clarendon
Press, Oxford, U K.

JiaN, S., P. S. Sortis, M. A. GITZENDANNER, M. J. MooRE, R. LI,
T. A. Henpry, Y. L. Qu, A. DHiNngra, C. D. BELL, AND
D. E. Sorts. 2008. Resolving an Ancient, Rapid Radiation in
Saxifragales. Systematic Biology 57: 38-57.

KELLER, R. 2004. Identification of tropical Woody plants in the
absence of flowers (A field guide). 2 ed. Birkhduser, Verlag,
Basel, Switzerland, 294 p.

KENFACK, D., D. W. ToomMmas, G. CHUYONG, AND R. ConpiT. 2007.
Rarity and abundance in a diverse African forest. Biodiversity
and Conservation 16: 2045-2074.

KRisTIANSEN, T., J. C. SVENNING, L. W. EISERHARDT, D. PEDERSEN,
H. Brix, S. MuncH KRiSTIANSEN, M. KNADEL, C. GRANDEZ,
AND H. BarsLev. 2012. Environment versus dispersal in the
assembly of western Amazonian palm communities. Journal of
Biogeography 39: 1318-1332.

KuHLMANN, J. G. 1947. Peridiscaceae (Kuhlmann). Arquivos do
Servico Florestal 3: 3-5.

LonGo, M., R. G. Knox, N. M. LEviNg, L. F. ALves, D. BoNAL,
P. B. CamaRrGo, D. R. FrtziaARRALD, M. N. HAYEK, N. RESTREPO-
Courg, S. R. SALESKA, R. DA SiLva, S. C. STARK, R. P. TAPAIOS,
K. T. WiEDEMANN, K. ZHANG, S. C. WoFsy, AND P. R. MOORCROFT.
2018. Ecosystem heterogeneity and diversity mitigate Amazon
forest resilience to frequent extreme droughts. New Phytologist.
doi: 10.1111/nph.15185

MEebEIROS, H. 2015. Peridiscaceae in Lista de Espécies da Flora
do Brasil. Jardim Botanico do Rio de Janeiro. Disponivel em:
http://floradobrasil.jbrj.gov.br/jabot/floradobrasil/FB86411
(accessed March 11, 2018).

MiLEr, R. B. 1975. Systematic anatomy of the xylem and
comments on the relationships of Flacourtiaceae. Journal Arnold
Arboretum 56: 20-102.

MonTEs, R. C.,Y.Lucas,O.J.R. PEREIRA, R. ACHARD, M. GRIMALDI,
AND A. J. MELF1. 2011. Deep plant-derived carbon storage in
Amazonian podzols. Biogeosciences 8: 113-120.

MorcLEY, R.J.2000. Origin and Evolution of Tropical Rain Forests.
John Wiley & Sons, Chichester.

NELsoN, B. W., C. A. C. FeErrelrA, M. F. DA Siva, axnp M. L.
Kawasaki. 1990. Endemism centres, refugia and botanical
collection density in Brazilian Amazonia. Nature 345: 714-716.

OLIVER, E. D. 1896. Peridiscus lucidus Benth. Hooker’s Icones
Plantarum pl. 2441.

PenNINGTON, T., M. HuGHEs, anD P. W. MoonLIGHT. 2015. The
origins of tropical rainforests hyperdiversity. Trends in Plant
Science 20: 693-695.

Prrman, N. C., H. MocGoLLON, N. DAviLAa, M. Rios, R. GARcia-
VILLACORTA, J. GUEVARA, T. BAKER, A. MONTEAGUDO, O. PHILLIPS,
R. VASQUEZ-MARTINEZ, M. AHUITE, M. AULESTIA, D. CARDENAS,




2018

C. CerON, P. A. Loizeau, D. NEeiLL, P. NuNeEz, W. PaALAcIOS,

R. SpicHIGER, AND E. VALDERRAMA. 2008. Tree community

change across 700 km of Lowland Amazonian Forest from the

Andean Foothills to Brazil. Biotropica 40: 525-535.

,J. W. TerBOorRGH, M. R. SiLMAN,P. NUNEZ, D. A. NEILL,
C.E.CEerON, W.A.PaLacios, AND M. AULESTIA. 2001. Dominance
and distribution of tree species in upper Amazonian terra firme
forests. Ecology 82: 2101-2117.

Pranci, G. T. 2014. That glorious forest (exploring the plants and
their indigenous uses in Amazonia). Memoirs of the New York
Botanical Garden 113: 1-214.

.2001. Amazon Ecosystems. Pages 145-157 in S. ASHER-

LeviN, Ep. Encyclopedia of Biodiversity, Vol. 1: A—C. Academic

Press, New York.

.1989. American tropical forests. Pages 99—132 in H. LIETH
AND M. J. A. WERGER, EDS. Tropical Rain Forest Ecosystems,
Ecosystems of the World 14B, Elsevier, Amsterdam, The
Netherlands.

QuarttroccHl, U. 2000. CRC World Dictionary of Plant Names.
Vol. III, page 2010. CRC Press: Baton Rouge, New York,
London, Washington DC.

RANGEL-CH. J. O. 2015. La riqueza de las plantas con flores de
Colombia. Caldasia 37: 279-307.

. 2008. La vegetacion de la region Amazoénica de Colombia—
Aproximacién inicial. Pages 1-53 in O. J. RANGEL-CH., ED.
Colombia Diversidad Bidtica VII: Vegetacién, palinologia
y paleoecologia de la Amazonia Colombiana, Universidad
Nacional de Colombia, Instituto de Ciencias Naturales, Bogota,
Colombia.

RiBEIRO, S. DA J. E. L., M. J. G. Hopkins, A. VINCENTINI, C. A.
SoTHERS, M. A. pa CosTa, J. M. bE Brito, M. A. DE Souza, L. H.
P. MarTINS, L. G. LonMaNN, P. A. AssuncAo, E. pa C. PEREIRA,
C. FERNANDES DA SiLva, M. R. MEsquita, AND L. C. ProcoriO.
1999. Flora da Reserva Ducke (Guia de identificacdo das
plantas vasculares de uma floresta de terra-firme na Amazonia
Central. INPA-DFID, Manaus Brazil.

Rurt, V. 2010. The Guayana Highlands: a natural laboratory for
the biogeographical and evolutionary study of the Neotropical
flora. Pages 84—102 in M. M. SANCHEZ-VILLAGRA, O. AGUILERA,
AND A.A. CarRLINI, EDs. Urumaco and Venezuelan paleontology —
The fossil record of the northern Neotropics. Indiana University
Press, Bloomington.

.2008. Speciation timing and Neotropical biodiversity: The

Tertiary-Quaternary debate in the light of molecular phylogenetic

evidence. Molecular Ecology 17: 2722-2729.

. 2007. The Guayana Highlands: A Promised (but

Threatened) Land for Ecological and Evolutionary Science.

Biotropica 39: 31-34.

.2005. Biotic diversification in the Guayana Highlands, a
proposal. J. Biogeogr. 32: 921-927.

Saarchi, S. S., N. L. Harris, S. BRowN, M. LErsky, E. T. A.
MitcHARD, W. SaLas, B. R. Zutrta, W. BUERMANN, S. L. LEwIs,
S. HaGeN, S. PeTROVAC, L. WHITE, M. SILMAN, AND A. MOREL.
2011. Benchmark map of forest carbon stocks in tropical regions
across three continents. Proceedings of the National Academy of
Sciences 108: 9899-9904.

,R. A. HougHtoN, R. C. D. S. ALVALA, J. V. SOARES, AND
Y. Yu. 2007. Distribution of aboveground live biomass in the
Amazon basin. Global Change Biology 13: 816-837.

SAcek, V. 2014. Drainage reversal of the Amazon River due to
the coupling of surface and lithospheric processes. Earth and
Planetary Science Letters 401: 301-312.

SanpwiTH, N. Y. 1943. New and noteworthy Polypetalaec from
British Guiana. Journal of the Arnold Arboretum 24: 218-226.
SAVOLAINEN, V., M. F. Fay, D. C. ALBacH, A. BACKLUND, M. VAN

DER Bank, K. M. CaMERON, S. A. JoansoN, M. D. LLepo, J. C.

AYMARD AND ARELLANO, PERIDISCACEAE IN COLOMBIA 119

PintAUD, M. P. PowELL, M. C. SHEAHAN, D. E. SorTis, P. S. Sorris,
P. WEsToN, W. M. WHITTEN, K. J. WUrRDACK, AND M. W. CHASE.
2000. Phylogeny of the eudicots: a nearly complete familial
analysis based on rbcL gene sequences. Kew Bulletin 55:
257-309.

ScauLmaN, L., T. TorvoNeN AND K. RuokoLAINEN. 2007. Analysing
botanical collecting effort in Amazonia and correcting for
it in species range estimation. Journal of Biogeography 34:
1388-1399.

Sortis, D. E., M. Emort, M. Latvis, E. V. Mavrobiev, B. C.
O’MEARA, P. S. Sorrtis, J. Gorpon-B., AND R. RuBio DE CAsAS.
2013. Phylogenetic relationships and character evolution
analysis of Saxifragales using a supermatrix approach. Amer. J.
Bot. 100: 916-929.

,S. A. SmitH, N. CELLINESE, K. J. WurDpACK, D. C. TaNK,

S. F. BrRockINGTON, N. F. REFULIO-RODRIGUEZ, J. B. WALKER,

M. J. Moorge, B. S. CarLswarp, C. D. BELL, M. LaTvIs,

S. CrawLEY, C. BLAck, D. Diour, Z. X1, C. A. RUSHWORTH, M. A.

GITZENDANNER, K. J. SyTsma, Y. L. Qiu, K. W. HiLu, C. C. Davis,

M. J. SANDERSON, R. S. BEaMAN, R. G. OLMSTEAD, W. S. JUuDD,

M. J. DONOGHUE, AND P.S. Sotris. 2011. Angiosperm Phylogeny:

17 genes, 640 taxa 1. American Journal of Botany 98: 704-730.

,J. W. CLayToN, C. C. Davis, M. A. M. A. GITZEDANNER,
M. CHEeek, V. SavoLAINEN, A. M. AMoORIN, P. S. SoLTis, AND
M. C. Cuase. 2007. Monophyly and relationships of the
enigmatic amphitropical family Peridiscaceae. Taxon 56: 65-73.

SLIK., F. J. W., J. FRANKLIN, V. ArRrRoTO-R., R. FIELD, S. AGUILAR,
N. AGUIRRE, J. AHUMADA, S. I. ABA, L. F. ALVES, ANiTHA K, A.
AVELLA, F. Mora, G. A. AYMARD-C., S. BAEz, P. BALVANERA,
M. L. BasTian, J. F. BAsTIN, P. J. BELLINGHAM, E. VAN DEN BERG,
P. pa C. Bispo, P. Boeckx, K. BOEHNING-GAESE, F. BONGERS,
B. BovLE, F. BRaMBACH, F. Q. BREARLEY, S. BROWN, S. LEE-CHALI,
R. L. CHazpoN, S. CHEN, P. CHHANG, G. CHUYONG, C. EwANGO,
I. M. Coronapo, J. C. AzkarRaTE, H. CurLmseg, K. Dawmas,
H.S.DATTARAJA, P. DAVIDAR, S. J. DEWALT, H. DIN, D. R. DRAKE,
A. Duoue, G. DuricaN, K. EicHHORN, E. ScHMIDT-ELER,
T. Enoki, A. EnssLIN, A. B. FanpoHaN, N. FARWING, K. J. FEELEY,
M. Fiscuer, O. ForsHeD, Q. Souza-Garcia, S. C. GARKOTI,
T. W. GiLLESPIE, J. F. GILLET, C. GONMADIE, I. G. DE LA CERDA,
D. M. GrirriTH, J. GROGAN, K. R. HAKEEN, D. J. HARRIS, R. D.
Harrison, A. HectoNn, A. Hewmp, J. HoMEIER, M. S. HuUssAIN,
G. IBARRA-M., I. F. HanuMm, N. Ima1, P. A. Jansen, C. A. Jory, S.
JoserH, K. KARTAWINATA, E. KEARSLEY, D. L. KELLY, M. KESSLER,
T. J. KiLLEEN, R. M. KooyMaN, Y. LAUMONIEN, S. G. LAURANCE,
W. F. LAURANCE, M. J. LAwes S. G. LETCHER, J. LINDSELL, J.
Loverr, J. Lozapa, X. Lu, A. M. Lykkg, K. B. Maamup, N. P.
D. MAHAYANI, A. MANSOR, A. R. MARSHALL, E. H. MArRTIN, D. C.
LeEaL-Maros, J. A. MEave, F. P. L. MELo, Z. H. AGUIRRE-M., F.
METALI, V. P. MEDIIBE, J. P. METZGER, T. METZKER, D. MOHANDASS,
M. A. Munguia-R., R. Muroz, E. NurTiaHY, E. L. DE OLIVEIRA,
ORIANZAL, P. PAROLIN, M. PARREN, N. PARTHSARATHY, E. PAUDEL,
R. PErez, E. A. PERES-G., U. POMMER, L. POORTER, L. Qui, M. T.
F. PiepADE, J. R. RODRIGUES-P., A. D. PouLsEN, J. R. POULSEN,
J. S. Powers, R. C. Prasap, J. P. Puyravaup, O. RANGEL, J.
REeirsma, D. S. B. RocHa, S. RoLmv, F. Rovero, A. Rozak, K.
RuokoLAINEN, E. RUTISHAUSER, G. RUTTEN, M. N. M. Sap, F. Z.
SAITET, P. SANER, B. SanTo0s, J. R. pos Santos, S. K. SARKER,
C. B. Scumitt, J. SCHOENGART, M. ScHurLzg, D. SHEIL, P. SisT,
A. F. Souza, W. R. SpiroNELLO, T. Sposito, R. STEINMETZ, T.
STEYART, M. S. SUGANUMA, R. SUKRI, A. SULTANA, R. SUKUMAR, T.
SUDERLAND, SUPRIYAD, H. S. SURESH, E. Suzuki, M. TABARELLI, J.
TaNG, Ep. V. J. TANNER, N. TARGHETTA, 1. THEILADE, D. THOMAS,
J. TIMBERLAKE, M. DE MORISSON-V., J. VAN VALKENBURG, T. VAN
Do, H. Van SaMm, J. H. VANDERMEER, H. VERBEECK, O. R. VETAAS,
V. ADEKUNIE, S. A. VIEIRA, C. O. WEBB, E. L. WEBB, T. WHITFELD,
S. WicH, J. WiLLIams, S. WISER, F. WitTmaNN, X. YanG, C. Y. A.




120

Yao, S.L.Yar,R. A. Zanawi, R. ZAKARIA, AND R. ZANG. 2018.
A phylogenetic classification of the world’s tropical forests.
Proceedings of the National Academy of Sciences 115: 1837—
1842. www.pnas.org/cgi/doi/10.1073/pnas.1714977115.

TerR STEEGE, H. R. W. VAESSEN, D. CARDENAS-LOPEZ, D. SABATIER,

A. ANTONELLI, S. MoTta DE OLIVEIRRA, N. C. A. Prtman, P. M.
JORGENSEN AND R. P. Saromao. 2016. The discovery of the
Amazonian tree flora with an updated checklist of all known
tree taxa. Scientific. Reports 6: 29549. DOI: 10.1038/srep29549
,N.C.A.PrtmaN, T.J. KiLLEEN, W. F. LAURANCE, C. A. PERES,
J.E. GUEVARA, R. P. SaLoMAo, C. V. CasTtiLHO L. L. AMARAL, F. D.
DE ALMEIDA Matos, L. bE Souza CoeLHO, W. E. MaGNuUssoN, O.
L. PurLLips, D. bE ANDRADE LiMA FiLHo, M. DE J. VEIGA CARIM,
M. V. IRuME, M. P. MaRTINS, J.-F. MoLINO, D.L SABATIER, F.
WITTMANN, D. CARDENAS-LOPEZ, J. R. DA SiLvA GUIMARAES, A.
MoNTEAGUDO-M., P. NUNEZ-VARGAS, A. G. Manzarto, N. F.
Costa REIs, J. TERBORGH, K. R. CasuLa, J. C. MonTERO, T. R.
FeLprauscH, E. N. HoNnor10-CoRONADO, A. J. DUQUE MoONTOYA,
C. E. ZartMAN, B. Mostacepo, R. VAsQuez, R. L. Assis, M.
BRILHANTE MEDEIROS, M. FRAGOMENI SIMON, A. ANDRADE, J. L.
CaMARGO, S. G. W. LAuraNcE, H. E. MENDONCA NASCIMENTO,
B. S. MarmvoN, B.-H. MARIMON JR., F. CostA, N. TARGHETTA,
I. C. GuiMARAES VIEIRA, R. BRIENEN, H. CAsTELLANOS, J. F.
DuiveNvoorDEN, H. F. MoGoLLON, M. T. FERNANDEZ PIEDADE,
G. A. AymMARD C., J. A. ComiskEY, G. Damasco, N. DAvILA, R.
GARCIA-VILLACORTA, P. R. STEVENSON Diaz, A. VINCENTINI, T.
EwmiLio, C. LEvis, J. ScHIETTI, P. Souza, A. ALONSO, F. DALLMEIER,
L. VALLE FERREIRA, D. NEILL, A. ARAUTO-MURAKAMI, L. ARROYO,
F. ANTUNES CARVALHO, F. CoELHO Souza, D. D. po AMARAL, R.
GriBEL, B. Garcia Luize, M. P. PansonaTto, E. VENTICINQUE,
P. FiNg, M. ToLepo, C. BararLoTo, C. CERON, J. ENGEL, T. W.
HenkeL, E. M. JiMenez, P. Maas, M. C. PENUELA Mora, P.
PeTrRONELLI, J. D. CARDENAS R., M. SiLVEIRA, J. STROPP, R.
TraoMAS-CAESAR, T. R. BAKER, D. DALy, M. Rios P., N. FERREIRA
DA SiLvA, A. FUENTES, P. M. JGRGENSEN, J. SCHONGART, M. R.
SiLmaN, N. CastaNo A., B. B. Labvocar CINTRA, F. CornEJO V.,
A.DiFiorg,J. F. PuiLLIps, T. R. vAN ANDEL, P. vON HILDEBRAND, E.
M. BARBOSA, L. C. bE Matos BoNATES, D. DE CasTRO, E.DE Sousa
Farias, T. GoNzALES, J.-L. GUILLAUMET, B. HOFFMAN, Y. MALHI,
1. P. bDE ANDRADE MIRANDA, A. PRIETO, A. RUDAS, A. R. RUSCHELL,
N. Siva, C. I.A. VELA, V. A. Vos, E. L. ZenT, S. ZENT, A. CANO,
M. T. pE NasciMENTO, A. A. OLIVEIRA, H. RAMIREZ-ANGULO, J.
FERREIRA RAMOS, R. SiERrRA, M. TirRADO, M. N. UmMaNA M., G.
vaN DER HEUDEN, E. ViLanova T.,C. VRIESENDORP, O. WaNG, K.
R. Youna, C. BaDER, H. BALSLEV, N. DE CAsTRO, W. FARFAN-
Rios, C. FERREIRA, C. MENDOZA, 1. MESONES, A. TORRES-LEZAMA,
L. E. UrreGo G., D. VILLARROEL, R. ZAGT, M. N. ALEXIADES, K.
Garcia-C., L. HERNANDEZ, 1. HuamaNTUPA-C., W. MILLIKEN, W.
PaLAcios, S. Pansing, D. PAULETTO, F. RAMIREZ A, A. F. SAMPAIO,
E. H. VALDERRAMA S., AND L. VALENZUELA G. 2015. Estimating
the global conservation status of more than 15,000 Amazonian
tree species. Science Advances 1 (10): 1-10.

,N.C.A.PrrmaN, D. SABATIER, C. BarRALOTO, R. P. SALOMAO,
J. E. GUEvARA, O. L.PamLips, C. V.CastiLHO, W. E. MAGNUSSON,
J.-F. MoLINO, A. MONTEAGUDO, P. NUNEZ VARGAS, J. C. MONTERO,
T.R.FeLprauscH, E. N. Honorio C., T. J. KiLLEEN, B. MOSTACEDO,
R.VasqQuez,R.L.Assis,J. TERBORGH, F. WITTMANN, ANA ANDRADE,
W.F. LAURANCE, S. G. W. LAUrRANCE, B. S. MarvoN, B.-H.
MARIMONIJR., I. C.GUIMARAES VIEIRA, I. L. AMARAL, R. BRIENEN,
H. CasteELLANOS, D. CARDENAS LOPEZ, J. F. DUIVENVOORDEN, H.
F. MoGoLLON, F. D. bE ALMEIDA MaTtos, N. DAvVILA, R. GARCIA-
VILLACORTA, P. R. STEVENSON D., F. Costa, T. EmiLIo, CAROLINA
Levis, J. ScHieTTI, P. Souza, A. ALONSO, F. DALLMEIER, A. DUQUE,
M. T. FERNANDEZ PIEDADE, A. ARAUIO-MURAKAMI, L. ARROYO, R.
GriBEL, P. V. A. FINE, C. A. PEres, M. ToLEDO, G. A. AYMARD

HARVARD PAPERS IN BOTANY

VOL.23,NO. 1

C., T. BakERr, C. CErON, J. ENGEL, T. W.HENKEL, P. Maas, P.
PETRONELLI, J. STROPP, C. E. ZARTMAN, D. DALY, D. NEILL, M.
SILVEIRA, M. Rios PAREDES, J. CHAVE, D. DE ANDRADE Lima F.,
P. M. JorGENSEN, A. FUENTES, J. SCHONGART, F. CornEJO, A. D1
Fiorg, E. M. JIMENEZ, M. C. PENUELA M., J. F. PHILLIPS, G. R1vAS,
T. R.vaN ANDEL, P.voN HILDEBRAND, B. HorrmaN, E. L. ZENT,
Y. MaLni, A. Prieto, A. Rupas, A. R. RuscHELL, N. SiLva, V.
Vos, S. ZENT, A. A.OLIVEIRA, A. CaNo S., T. GonzaLEs, M. T.
DE NascIMENTO, H. RAMIREZ-ANGULO, R. SIERRA, M. TIRADO, M.
N. UmaNa M., G. vaN DER HEIDEN, C. I. A.VELA, E. VILANOVA,
C.VRIESENDORP, O. WANG, K. R.YouNG, C. BAIDER, H. BALSLEV,
C. FERREIRA, 1. MESONES, A.TorRRES-LEzaMA, L. E. URREGO, R.
ZAGT, M. N. ALEXIADES, L. HERNANDEZ, I. HuaMANTUPA-C., W.
MILLIKEN, W. PaLacios, D. PauLerto, E. VALDERRAMA S., L.
VALENZUELA G., K. G. DEXTER, K. FEELEY, G. LoPEZ-GONZALEZ,
AND M. L. R. Siman. 2013. Hyperdominance in the Amazonian
tree flora. Science 342: 225-335.

, P. P. HARIPERSAUD, O. S. BANKI, AND F. ScHIEVING. 2011.
A Model of Botanical Collectors’ Behaviour in the Field: Never
the Same Species Twice. American Journal of Botany 98: 31-37.
, ATDN (Amazon Tree Diversity Network: collective
author), and RAINFOR (The Amazon Forest Inventory
Network: collective authorship). 2010. Contribution of
current and historical processes to patterns of tree diversity
and composition of the Amazon. Pages 349-359 in C. HoorN
AND F. P. WESSELINGH, EDS. Amazonia, Landscape and Species
Evolution, 1st edition. Blackwell Publishing, Oxford.

2006. Continental-scales patterns of canopy tree
composition and function across Amazonia. Nature 443: 444—
447.

. 2003. A spatial model of tree alpha-diversity and tree
density for the Amazon. Biodiversity and Conservation 12:
2255-22717.

. 1998. The use of forest inventory data for a National
Protected Area Strategy in Guyana. Biodiversity and
Conservation 7: 1457-1483.

THiers, B. 2012. Index Herbarium. A Global Directory of Herbaria

and Associated Staff. New York Botanical Garden’s Virtual
Herbarium. Electronic database accessible at http://sweetgum.
nybg.org/ih/. Consulted 20 March 2018.

Tuomisto, H., G. M. MoutratLET, H. BALSLEV, T. EmiLio, F. O.

G. Ficueirepo, D. PEDERSEN, AND K. RuUOKOLAINEN. 2016.
A compositional turnover zone of biogeographical magnitude
within lowland Amazonia. Journal of Biogeography 43:
2400-2411.

. K. RuokoLAINEN, R. KaLrioLa, A. LiNnNa, W. Danioy,
AND Z. RopRIGUEZ. 1995. Dissecting Amazonian biodiversity.
Science 269: 63-66.

ULLoa Urroa, C., P. Acevepo-Robricuez, S. G. Beck, M. J.

BeLGrANO, R. BErRNnAL, P. E. BErRrY, L. Brako, M. CeLis, G.
DaviDsE, S. R. GRADSTEIN, O. HokcHE, B. LEON, S. LEON-Y ANEZ,
R.E.MaciLL, D. A. NeiLL, M. H. NEE, P. H. RAVEN, STIMMEL, M.
T. STRONG, J. L. VILLASENOR Rios, J. L. ZaruccHI, F. O. ZULOAGA,
AND P. M. JorGENSEN. 2017. An integrated assessment of vascular
plants species of the Americas. Science 358: 1614-1617.

WARBURG, 0. 1893. In A. Engler & K. Prantl, Die natiirlichen

Pflanzenfamilien III. 6A: 54.

WESSELINGH F. P, C. HoorN, S. B. KROONENBERG SB, A. ANTONELLI,

J. G. LunpBERG, H. B. VonHOF, AND H. HOOGHIEMSTRA. 2010.
On the origin of Amazonian landscapes and biodiversity: a
synthesis. Pages 421-431 in C. HoorN AND F. P. WESSELINGH,
EDS. Amazonia, Landscape and Species Evolution, 1st edition.
Blackwell Publishing, Oxford.

.2006. Miocene long-lived lake Pebas as a stage of mollusc
radiations, with implications for landscape evolution in Western
Amazonia. Scripta Geologica 133: 1-17.



2018 AYMARD AND ARELLANO, PERIDISCACEAE IN COLOMBIA 121

WiLLs, C., K. E. Harms, R. Conbir, D. KiNG, J. THompPsON, F. Wurbpack, K. anp C. C. Davis. 2009. Malpighiales phylogenetics:

He, H. C. MuLLER-LANDAU, P. AsHTON, E. Losos, L. Comita, S. Gaining ground on one of the most recalcitrant clades in
HuBBELL, J. LAFRANKIE, S. BUNYAVEICHWIN, H. S. DATTARAJA, S. the angiosperm tree of life. American Journal of Botany 96:
Davies, S. EsuraLl, R. FOSTER, N. GUNATILLEKE, S. GUNATILLEKE, 1551-1570.

P. HaLL, A. Iton, R. Joun, S. KirRATIPRAYOON, S. R. Kassim, R. Z1zkA A., H. TER STEEGE, M. Do CEo R. PESSOA, AND A. ANTONELLI.
SUKUMAR, H. S. SuresH, I-FANG SuN, S, TaN, T. YAMAKURA, AND 2018. Finding needles in the haystack: Where to look for rare
J. ZimMmERMAN. 2006. Nonrandon processes maintain diversity in species in the American tropics. Ecography 41: 321-330.

tropical forests. Science 311: 527-531.



