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Abstract: The associations between morphological fruit types, fruit and seed colors, and functional plant traits: life
forms, epiphytism, physiology, nutritional relationships, fruit phenology, and successional stage, were determined for
1,139 plant species from contrasting plant communities. Texture and dehiscence were closely related. Dehiscence is
largely associated with dry tissues; indehiscence, however, is an attribute of both dry and fleshy fruits. The number of
morphological fruit types was 28 or 55 for Gray’s and Spjut’s classifications, respectively. Fruits were predominantly
dark in color (brown, purple-black, black or green), whilst seeds had both dark and light colors (brown, beige, or black).
The most representative associations were mainly found between the more abundant fruit types and the colors most
common. Asymmetries in the level of specialization, whereby less common fruit and seed colors tended to be associated
with the most common fruit types, were also found. Fleshy fruits showed more variation as regards their coloration, and
only drupes and berries showed a tendency towards a specific color: purple-black. The relationships among fruit type
and color, seed color, and functional plant traits revealed the following trends: trees produced both fleshy and dry fruits;
shrubs produced fleshy fruits; and herbaceous species, dry fruits. Woody species tended to have dark or bright colors,
depending on their seed dispersal mechanisms and phylogenetic relations. Epiphytes were associated with dry-dehiscent
fruits and brown seeds, and parasitic-hemiparasitic species had predominantly fleshy-indehiscent fruits. Pioneer species
were more likely to have dry fruits, whereas fleshy fruits tended to be more frequent in late successional stage species. The
C4 species, mostly herbs, had mainly one-seeded dry fruits, but multi-seeded fruits in succulent-CAM species showed
morphologically diverse fruit types. Unripe and ripe fruits showed seasonal changes, especially during the rainy-dry
transition period for the most abundant morphological fruit types, dry fruits during the dry period and fleshy fruited
species was positively associated with the rainy season. All these trends are discussed with regard to their environmental
significance and the relationships between fruit morphology, colors and functional groups. .

Keywords: Morphological fruit type; fruit color; fruit phenology;, functional group; plant life form, successional stage.

Correlaciones entre tipos morfologicos de frutos, colores de frutos y semillas y grupos
funcionales

Resumen: Las asociaciones entre tipos morfologicos de frutos, colores de frutos y semillas y los grupos funcionales de
las plantas: formas de vida, epifitismo, fisiologia, relaciones nutricionales, fenologia de frutos y estado sucesional fueron
determinados para 1139 especies de plantas de comunidades contrastantes. La textura y dehiscencia estaban muy relacionadas.
Dehiscencia esta estrechamente asociada con tejidos secos, pero indehiscencia es un atributo de frutos secos y carnosos.
El nimero de tipos morfologicos de frutos fue 28 y 55 para la clasificacion de Gray y Spjut respectivamente. Los frutos
fueron predominantemente de colores oscuros (marrén, negro-purpura, negro o verdes), mientras que las semillas tenian
colores claros y oscuros (marrdn, beige o negro). Las asociaciones mas representativas fueron principalmente encontradas
entre los tipos de frutos mas abundantes y los colores mas comunes. También se encontraron asimetrias en los niveles de
especializacion, donde los colores menos comunes de frutos y semillas estuvieron asociados con los tipos de frutos mas
comunes. Los frutos carnosos mostraron mas variacion en su coloracion, y solo las drupas y bayas tendieron a colores
especificos como negro-purpura. Las relaciones entre tipo de fruto y color, color semilla y rasgos funcionales de las
plantas revelaron las siguientes tendencias: arboles producen frutos secos y carnosos; arbustos frutos carnosos y hierbas
producen frutos secos. Las especies lefiosas tendieron a tener colores oscuros y brillantes, relacionados con su mecanismo
de dispersion y filogenia. Epifitas estuvieron asociadas con frutos secos dehiscentes y semillas marrones, y las especies
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parasitas-hemiparasitas tenian predominantemente frutos carnosos indehiscentes. Las especies pioneras tenian comunmente

frutos secos, mientras que los frutos carnosos tendieron a ser mas frecuentes en especies de estados sucesionales tardios.

Las especies C4, principalmente hierbas, tenian frutos secos con una semilla, mientras que frutos polispermos en especies

CAM mostraron diversos tipos de frutos. La fenologia de frutos maduros e inmaduros mostro cambios estacionales para los

mas abundantes tipos morfoldgicos, especialmente durante el periodo de transicion lluvia-sequia, frutos secos en el periodo

seco y frutos carnosos durante el periodo lluvioso. Todas estas tendencias son discutidas con relacion a las caracteristicas

ambientales y de acuerdo con las relaciones entre tipos morfologicos de frutos, colores y grupos funcionales.

Palabras claves: Tipo morfologico fruto; color fruto, estado sucesional; fenologia fruto; forma de vida; grupo

funcional.

Introduction

Fruits represent a crucial phase of angiosperm life cycle. By
definition, a fruit is the mature ovary which, in the majority of cases,
contains the seeds (Font Quer 2001, Simpson 2019), although other
definitions include accessory flower structures that accompany the
developed ovary (Spjut 2004). Fruits and flowers have evolved together
whereby the ovules were covered and enclosed by the carpelar leaves,
and subsequently the carpels transformed into the pericarps of the fruit
at maturity (Taylor and Kirchner 1996, Spjut 2004, Vialette-Guiraud and
Scutt 2009). A fruit, then, may be initially considered as a structure that
protects an ensemble of seeds in which the carpels and pericarps shield
the ovules and seeds against extreme climatic conditions, herbivory and
predispersal seed predation, during flowering, pollination, unripe fruit
development and ripe fruit phases (Chambers and MacMahon 1994).
Accordingly, fruits are plant organs with multiple associations.

Fruit morphology is described according to two basic traits: pericarp
texture and dehiscence. Many floral characteristics such as gynoecium
structure and the number of flowers determine morphological fruit type,
including in many cases accessory flower structures and inflorescences
that accompany fruits. The multiplicity of possible combinations of fruit
parts has led to the identification of a large and complicated variety of
fruit types, which have been classified in different way according to
the criteria used. Two main systems of fruit classification are currently
considered in comparative studies: 1) the traditional fruit classification
set out by Gray (1877), based mainly on the texture of the pericarp
(fleshy or dry), and the pattern of dehiscence or indehiscence together
with gynoecium structure, and 2) the systematic fruit type treatment
given by Spjut (1994) based on pericarp and antocarp (ripened ovary
with attached floral parts, persistent or accrescent) types, in addition
to gynoecium structure. Both classification systems provide valuable
evidence for evolutionary and ecological trends in fruit morphology.
However, they may offer different interpretations of the possible
ecological relationships among morphological fruit types, fruit and seed
colors, and the associations of these with functional groups.

Variations in the characteristics of fruits are frequently related to
specific flower morphology and may be phylogenetically influenced.
About 28% of 281 angiosperm families produce fleshy fruits, 20%
contain species with either fleshy or dry fruits “mixed families” and
53% produce only dry fruits (Fleming 1991). However, morphological
fruit types of certain clades are, in many cases, modified by ecological
factors and by the potential relationships between fruit morphology
and functional groups, such as life form, carbon metabolism pathway,
and epiphytism. Regarding life form, herbaceous species tend to bear
dry fruits, and woody species (shrubs and trees) fleshy fruits (Herrera
1984, Willson et al. 1989, French 1991, Possete et al. 2015, Wotton &
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McAlpine 2015); vines may exhibit variation according to forest type
(Willson et al. 1989, Possete et al. 2015). Fruit types, and fruit and seed
colors are also representative of successional stages, with dry fruits
being more abundant in open vegetation communities (e.g. Arbelaez &
Parrado-Rosselli 2005) and fleshy fruits in forests (Carpenter et al. 2003,
Chen et al. 2004, Buitron-Jurado & Ramirez 2014, Hilje et al. 2015). In
addition, the frequencies of fruit types may differ between vegetation
strata (Yamamoto et al. 2007) and reproductive phenology: dry fruits
are often produced during the dry season and fleshy fruits during the
rainy season (Wheelwright & Janson 1985, Jordano 1993, Bulhdo &
Figueiredo 2002, Bentos et al. 2008). In this context, many plant species
synchronize fruiting and dispersal with the onset of the rainy season
to maximize seedling development and establishment (Oliveira 1998).

The color of fruits and seeds is an attribute frequently associated
with advertising (Ridley 1930, Stiles 1982, Knight & Siegfried 1983,
Wheelwright & Janson 1985, Cazetta et al. 2009). Colorful fruits have
different functions: to attract dispersal agents; reveal fruit localization;
and give a visual indication of fruit ripeness (Ridley 1930). Fruit
color may have two other functions: to be conspicuous and attractive
(Wheelwright & Janson 1985). The function most often ascribed to the
colors of bird-dispersed fruit is the former: their enhanced visibility
increases their chances of being seen by potential seed dispersers.
Bright colors are thus the “flag” (Ridley 1930, Stiles 1982) that catches
the birds’ attention. If conspicuousness were the sole reason for color
displays in bird-dispersed fruits, however, we would expect comparable
fruit displays under similar visibility conditions. In addition to signaling
location, the color of a fruit may convey information about its quality
that would influence a bird’s choosing of that fruit (Wheelwright &
Janson 1985, Schaefer & Schmidt 2004). However, fruit and seed
colors may have functions other than that of advertising. For example,
dark colors (blue, black, and brown) may absorb more radiation in
the visible spectrum than pale colors (white, yellow, orange and red)
(Wheelwright & Janson 1985). Fruit colors may also affect the thermal
regime of developing fruits and their enclosed seeds; be a side-effect of
secondary chemical production that protects the fruit from predispersal
damage; or have other physiological functions (Willson et al. 1989).
Green and developing fruits may also contribute a major proportion
of their own photosynthate (Bazzaz et al. 1979). Light-colored seeds
have also been significantly associated with rapid germination times
(Stringam et al. 1974, Daun & DeClercq 1988, Thompson 1993,
Debeaujon et al. 2000). Dark colors, such as black, brown and blue,
could absorb greater amounts of solar radiation, which might increase
their temperature and thus accelerate metabolism and ripening speed
(Janzen 1983, Wheelwright & Janson 1985), as well as providing a
protective function due to their high anthocyanin content (Schaefer
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2011). Furthermore, fruit color can be related to morphological fruit
types: drupes and berries are often colorful, whereas loculicidal capsules
tend to be brown (Knight & Siegfried 1983, Lopez & Ramirez 1989,
Ibarra-Manriquez & Cornejo-Tenorio 2010). Therefore, fruit and seed
color functions are indicative of both biotic and abiotic interactions, for
example, attracting or avoiding animals.

Morphology and color are significant attributes of fruits and seeds
and can be associated with diverse functions of the plant species
life cycle. Fruit morphology and fruit and seed colors may either
complement, or be independent from, each other. Morphological fruit
type, consumer type and fruit size are all dependent on each other,
whereas fruit color is related to both fruit size and consumer type, which
themselves act independently from each other (Knight & Siegfried
1983).
and seed colors, and their multiple combinations, are not necessarily

The great diversity of morphological fruit types, and fruit

independent of morphological, physiological and ecological plant
attributes. Such relationships, although still poorly understood, must
be line with those factors that maximize plant fitness, and will thus
vary according to life history characteristics. Hence, morphological
fruit types, and fruit and seed colors must be traits that can be related
to plant functional groups. Phenotypic integration among traits has
the potential to influence ecological communities through direct and
indirect linkages within networks of interacting species. Associations
among traits could thus potentially impact how the combined effects
of direct and indirect selection on interactions shape the trajectories of
coevolution under different environmental conditions (Assis et al. 2020).

We suggest that morphological fruit types and the colors associated
with them should be analyzed ecologically, irrespective of dispersal
syndromes and natural reproductive efficiency. This kind of analysis
has not yet been attempted, and could enable us to establish whether
morphological fruit types, and fruit and seed colors, represent ecological
attributes that can be associated with particular functional groups,
such as life form, epiphytism, carbon metabolism pathway, nutritional
relationships, seasonality of fruit phenology, and the successional
stage of the plant species. Morphological fruit types deserve their
own ecological analysis in order to determine trends and relationships
between fruit morphology, fruit and seed colors, and plant functional
groups. In this context, we posed the following questions: 1- What
kinds of associations occur among morphological fruit types, fruit colors
and seed colors? 2- Are morphological, ecological and physiological
functional groups of plant species related to the morphological fruit
types of Gray (1877) and Spjut (1994), and fruit and seed colors? 3-
What are the functional groups that best explain fruit morphology and
fruit and seed colors?

Material and Methods

1. Study areas

The plant communities we surveyed were extremely varied in their
vegetation structure and complexity, and the selection we made also
took account of climatic factors (temperature and precipitation) and
altitude. Mean annual temperatures and mean annual precipitations
ranged from 2.8 to 28.7°C and from 330.5 to 2428.4 mm of rain,
respectively, across the plant communities studied, and included
communities at sea level to close to 4,000 m (Table 1). Plant species
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were surveyed from 27 sites in Venezuela in ten geographic areas, and
included plant communities belonging to five vegetation types: 1) dry
forests, 2) meadows, 3) shrublands, 4) wet forests, and 5) wetlands.
Each vegetation type included a large variety of plant communities.
Dry forests were comprised of secondary dry forest, the forest-savanna
ecotone, gallery forest, and a riparian dry forest, with a temporary river
during the rainy season. Wet forests included cloud forest, dwarf cloud
forest, and riparian wet forest. Meadow vegetation was predominantly
herbaceous and included savanna, littoral meadow, psammophilous
meadow, and disturbed grassland. Shrublands were represented by
mesothermic, xerophytic, and high mountain shrublands, a littoral
shrubland containing a mix of shrubs and herbs (Atoll) and bushland.
Wetlands are permanently flooded plant communities, and were
comprised of broad—leaved meadow, palm swamp, and mangrove
communities. Three disturbed communities with different levels and
times of disturbance were also surveyed: 1) a bushland several years
after disturbance (bushland is a term for land which supports remnant
vegetation or land which is disturbed but still retains a predominance of
the original flora and structure [Draper & Richards 2009]), 2) a fallow,
secondary savanna represented by an abandoned area of cultivated,
uncultivated, and disturbed grassland, and 3) an area of savanna annually
disturbed by fire, grazing and machinery (mainly agricultural).

2. Plant species selection and taxonomic aspects.

Plant species were selected in such a way as to maximize the
number of plant families, genera and species studied. As noted above,
plant species from 27 plant communities were surveyed. In addition,
30 plant species from other sites in Venezuela were considered in the
analyses, including some plant species from previous studies (see
Table 1). A previous analysis of the association between taxonomy and
plant species composition (N. Ramirez and H. Bricefio, in preparation)
showed that three orders (Fabales, Malphigiales and Poales) and one
family, Fabaceae, were dominant in the species examined. Specifically,
the frequency of dry fruits was higher than that of fleshy fruits and
significantly correlated with the Fabales and Poales orders, and the
Fabaceae family. In addition, indehiscent fruits were significantly more
abundant than dehiscent fruits in the sample examined, and correlated
with Poales species. The frequencies of simple (indehiscent) fruits,
originating from one flower, and rhexocarpic (dehiscent) fruits were
also significantly high in the sample studied. However, only rhexocarpic
fruits were significantly correlated with Fabales species.

3. Morphological fruit types

Fruits were initially classified with regards to their texture (fleshy
and dry fruit types) and dehiscence (dehiscent and indehiscent fruit
types). After this first classification they were grouped according to
two systems: 1- The traditional classification set out by Gray (1877),
and 2- The systematic treatment given by Spjut (1994). Gray’s (1877)
system is based on the texture of the pericarp (fleshy or dry); the
pattern of dehiscence or indehiscence; the shape and size of the fruit;
carpel and ovule number; fruit that develop from one flower; fruit that
develop from a single carpel or fused carpels (single fruit); those that
develop from several separate carpels of a single gynoecium (aggregate
fruit); and those that develop from more than one flower (multiple
fruit or infrutescence). Spjut’s (1994) classification system is based on
the presence of a pericarp (ripened ovary without any attached floral
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parts) or antocarp (ripened ovary with attached floral parts, either
persistent or accrescent); gynoecial structure (apocarpous, syncarpous or
schizocarpous); and the distinction between fruits that develop from one
flower, and those that develop from more than one flower. In addition,
compound (aggregate) gynoecia are recognized when they become
united to form compound fruit (from more than one flower). This
classification system includes 95 different fruit types, primarily grouped
into two large categories: spermatocarpia (naked seeds), and eucarpia
(covered seeds). The second of these contains five sub-categories:
simple fruits (fruit not dispersed from a pericarpium, developing from
one flower); rhexocarpic fruits (fruit dispersed by the opening of the
pericarp); schizocarpic fruits (fruitlets derived from a compound pistil
separating into its carpellary constituents); multiple fruits (a single
flower producing multiple fruitlets, apocarps); and compound fruits
(fruits derived from more than one flower).

4. Fruit and seed colors

Fruits and seeds were characterized according to their color at
maturity. Fruit and seed color generally refers to the external surface,
although the color of the internal surface of some dehiscent fruit was
also considered when it differed from that of the external surface. We
grouped the different tonalities of the fruit and seed colors we observed
into broader color categories. Thus, dark-brown, light-brown, and
reddish-brown tonalities were all included in the category “brown” ;
light yellow was described as “yellow” ; and dark-green, brownish-
green, and jade-green tonalities were all considered as “green”. The
category “purple-black” unified fruits and seeds with dark and very
dark purple tonalities, and those close to black that were difficult to
fit into other color categories. The categories were then sorted into
three large groups: 1- dark colors (black, brown, green, blue, purple-
black), 2- bright colors (orange, pink, red, yellow), and 3- light colors
(beige, white). Fruits and seeds were also classified as single-colored
or bi-colored according to the number of different colors on a single
fruit and/or seed at maturity. In the case of dehiscent fruits, bi-colored
fruits refer to the different colors on the internal and external surfaces
of the pericarp.

5. Functional groups

5.1 Life forms and succulence

Plant life forms were determined using criteria previously described
(Ramirez & Herrera 2017). Plant life forms were established according
to their structure, height, woodiness, ramification type, and life span,
into five categories: tree, shrub, liana, perennial herb, and annual herb.
As a first grouping, plant species were separated into perennial and
short-lived (or annual) species. Short-lived species were herbaceous
plants in which more than 80% of the individuals surveyed died over the
two year observation period in the permanent plots surveyed (minimum
of ten individuals per species per plot). Perennial species were those
species with an extended life cycle and multiple reproductive events.
This latter condition included monocarpic perennial species as they are
long-lived. We did not consider plant distribution across the vertical
profile of the communities, thus epiphytic species were included as
herbaceous species (short-lived or perennial) depending on their life
span. Some parasitic epiphytes (e.g. Phthirusa spp.) were included as
climbing species because their branches creep along the host plant.
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Species were also classified as succulents (having specialized fleshy
tissue in a plant organ for the conservation of water) and non-succulents.

5.2 Nutritional relationships

Plant species were classified as regards how they obtain their
nourishment, into three categories: 1- Autotrophy, plants that synthesize
their own food, 2- hemiparasite and parasite, plants that partially
or wholly obtain their nourishment from other living plants, and 3-
insectivores, plants that partially obtain their nourishment from insects.
The conditions of parasitism, hemiparasitism, and insectivory were
mostly inferred by the habit of the plant, and / or whether it had modified,
leaves, or roots, and then confirmed with systematic studies (Judd et al.
1999, Smith at al. 2004). In some cases, information about nutritional
relationships was taken from previous studies (Ramirez et al. 2012).

5.3 Carbon metabolism pathway

Plant species were classified according to which of the three main
carbon assimilation pathways, C,, C, or CAM (Crassulacean acid
metabolism) they employ. Information about the carbon metabolism
pathways of plant species was taken from previous studies (Ramirez
& Bricefio 2015, Ramirez & Herrera 2017).

5.4 Epiphytism

Plant species were classified according to their substrate type as:
epiphytes, when one plant grows on another host plant; or non-epiphytes
(terrestrial), when the plant species grows directly in the soil.

5.5 Successional condition

Plant species were also grouped with regard to their successional
stage in a community as: 1- late seral or climax species, and 2- pioneer
species. Late seral species were found growing in natural or undisturbed
areas, whereas pioneers were found growing in disturbed areas,
impacted mainly from fires and / or agricultural machinery.

5.6 Fruit phenology

Lastly, the plant species were classified according to their unripe
(fruit development times), and ripe fruit phenology using data from
previous studies (Castillo 1977, Sobrevila 1978, Colonnello 1980, Lopez
1981, Tuges 1982, Sobrevila et al. 1983, Gomez 1984, Berry 1984,
Ramirez & Brito 1987, Ramirez et al. 1988, Hokche & Ramirez 1990,
Seres & Ramirez 1993, Ruiz-Zapata 1994, Guzman 1995, LLamoza-
Solérzano 1998, Xena et al. 1999, Castro-Laportte & Ruiz-Zapata 2000,
Lemus-Jiménez & Ramirez 2002, Nassar & Ramirez 2004, Herrera
& Nassar 2009, Ramirez 2009, Ramirez & Bricefio 2011, Lopez &
Ramirez 2013). For statistical purposes, discrete climatic periods when
fruit phenology was observed were established for each plant species as
follows: rainy season, dry season, and rainy-dry transition period. Plant
species fruiting during the transition period included plant species that
also fruited in the rainy and/or dry seasons as well as those that fruited
exclusively during the transition period.

6. Data Analysis

Independence test was used to determine whether fruit structural
types: fruit texture (dry or fleshy), and fruit dehiscence (dehiscent
or indehiscent), differed from each other according to the functional
groups identified (life-form, successional stage, nutritional relationship,
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carbon metabolism pathway, plant succulence, epiphytism, unripe
fruit phenology, and ripe fruit phenology). The level of dependence
and interactions between these two categories were determined
using a log-linear analysis of frequency: a method of interpreting the
data in cross-tabulation tables (Statsoft 2007). When the log-linear
analysis of frequency was significant, the residual frequencies, i.e. the
observed minus the expected frequencies, were estimated for each cell
of the two factor comparison table, and then standardized and tested
for significance. This analysis enabled us to establish which pairs
of variables deviated significantly from expected values (Legendre
& Legendre 1993) and thus contributed more to the association.
Significant and positive residuals indicated a strong association between
the categories, and significant and negative residuals, an unusual
occurrence. The level of dependence and interactions using log-linear
analysis of frequency was also employed for analyzing the relationships
between fruit texture and dehiscence.

The associations between pairs of fruit attributes: morphological
fruit types vs. fruit and seed color, were analyzed using bipartite graphs
(Dormann et al. 2008, R core Team 2015), which graphically represent
a two mode network consisting of two sets of nodes with interactions
(associations) between (but not within) them (Bascompte & Jordano
2007). We determined the following descriptors when analyzing fruit
morphology, fruit color and seed color associations: 1- the number of
morphological fruit types according to Gray’s classification, 2- the number
of morphological fruit types according to Spjut’s classification, 3- the
number of fruit color classes, 4- the number of seed color classes, 5- the
total number of potential associations, 6- the total number of recorded
associations, and 7- the frequency of the number of associations (i.e. 1,
2,3, ... n) for each pair of comparisons, namely, fruit color-Gray’s
classification; fruit color-Spjut’s classification; seed color-Gray’s
classification; seed color-Spjut’s classification; and fruit-seed color. We
also calculated the mean number of associations per fruit type according
to Gray and Spjut, fruit color class, and seed color class. Connectance,
defined here as the percentage of associations with respect to the total
possible, in analogy with the measure used in interaction webs (Jordano
1987), was also determined for each pair of items analyzed.

Results
1. Morphological fruit types

1.1 The texture and dehiscence of fruit types

We characterized the fruits of 1,139 plant species according to
structural type (Table 1). The categories of fruit texture and dehiscence
were found to be statistically dependent on each other (df = 1, x> =
268.01; P=0.0) and all residuals were significant at P<0.05. Overall,
there were twice the number of species with dry fruits (N=790; 69.4%)
than fleshy fruits (N= 349; 30.6%) in the sample. In contrast, the
number of species with indehiscent fruits (N= 640; 56.2%) was only
slightly higher than that of those with dehiscent fruits (N=499; 43.8%).
Similarly, the number of species with dry-dehiscent fruits, (N= 472;
59.7%) was only slightly higher than that of those with dry-indehiscent
fruits (N=321, 40.3%). In contrast, fleshy fruits were mostly indehiscent
(N=322,92.3%), and only a few (N=27, 7.7%) species with dehiscent
fruits were recorded.
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1.2 Frequencies of morphological fruit types

The number and frequency of each morphological fruit type
according to Gray and Spjut are given in Appendix S1. The sample
examined contains a large diversity of fruit types (Figure 1). We recorded
28 morphological fruit types according to Gray’s classification (type
I fruits) and 55 following Spjut (type II fruits). The most abundant
morphological fruit types (N>10 and >10%) were type I fruits:
loculicidal capsule (N=165, 14.5%), berry (N=165, 14.5%), drupe (N=
131, 11.5%), and achene (N= 125, 11.0%), and type II fruits: loculicidal
capsule (N= 161, 14.1%) and bacca (N= 122, 10.7%). Comparisons
between the fruit classification systems (I and II) revealed many
coincidences as regards nomenclature and the general morphology
of many fruit types (i.e. berry, loculicidal capsule, drupe, septicidal
capsule, legume, and silique). Nevertheless, type I fruits departed
from type II fruits in some cases (Figure S1). For example, achenes
and schizocarps in Gray’s classification correspond to a variety of fruit
types following Spjut.

2. Fruit and seed colors

Eleven single-colored and seven bi-colored categories were
observed for the fruits and seeds studied. The single-colored categories
identified were: beige, black, blue, brown, green, orange, pink, red,
white, yellow, and purple-black. Black was the most common color
of the bi-colored fruits and seeds, and brown, white, yellow and red
occurred in the following combinations: white+black, black+yellow,
and greentred in fruits, and black+red, black+yellow, brown+white,
brown+tyellow, and white+black in seeds. Many fleshy indehiscent and
dehiscent fruits were bi-colored. For example, the white+black drupes
of Tournefourtia volubilis, and the fleshy, dehiscent fruits of Capparis
flexuosa, with their external green and internal red surfaces contrasting
with the black and white seed colors. Bi-colored patterns were mainly
found on the seed coats, for example the red+black seed coat and aril
of Erythrina mitis, and the black seed coat and yellow aril of Connarus
venezuelensis.

The number and frequencies of the fruit and seed colors identified
are given in Table 2. Fruits (N>10 and >10%) were mostly brown (N=
644, 56.5%) followed by purple-black (N= 125, 11.0%) and black (N=
95, 8.3%). Seeds tended to be brown (N=666, 58.5%), beige (N= 185,
16.4%) or black (N= 136, 11.9%). The lowest frequencies of single-
colored fruits / seeds were bright (orange and pink), light (white and
beige) and dark (blue) fruits (0.7-1.5%), and dark (green and blue) and
bright (orange and red) seeds (0.2-1.8%). All categories of bi-colored
fruits / seeds occurred at the same or lower frequencies than categories
of single-colored fruits / seeds. The number of bi-colored categories
of fruits and seeds also differed with fruits showing three different bi-
colored combinations, and seeds five different combinations.

3. Associations between fruit and seed colors

The fruit and seed color comparison analysis revealed large
variations in the colors of the fruits and seeds (Figure 2), as well as
within-species differences between fruit and seed color, except that
plants with brown fruits tended to produce brown seeds (N= 470,
72.9%). Nevertheless, species with brown fruits were also associated
with nine other seed colors, the most abundant and frequent (N>10 and
>10%) being black and beige (Appendix S2). Brown was also the most
common seed color for purple-black, yellow, red, and green fruits. In
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Figure 1. Fruits of some studied species ordered by family. Acanthaceae: (A) Ruellia tuberosa L. Apocynaceae: (B) Calotropis gigantea (L.) Dryand. in W.T.
Aiton. Aquifoliaceae: (C) llex subrotundifolia Steyermark. Bignoniaceae: (D) Tecoma stans (L.) Juss. ex Kunth. Bixaceae: (E) Cochlospermum vitifolium (Willd.)
Sprengel. Boraginaceae: (F) Cordia dentata Poir. Brassicaceae: (G) Draba chionophila S.F. Blake. Bromeliaceae: (H) Tillandsia recurvata (L.) L. Cactaceae:
(I) Cereus hexagonus (L.) Mill.; (J) Pilosocereus lanuginosus (L.) Byles & G.D. Rowley. Campanulaceae: (K) Siphocampylus reticulatus (Willd. ex Schult.)
Klotzsch & H. Karst. ex Vatke. Capparaceae: (L) Capparis hastata Jacq. Clusiaceae: (M) Clusia pusilla Steyerm. ssp. pusilla. Combretaceae: (N) Laguncularia
racemosa (L.) C.F. Gaertn. Convolvulaceae: (O) Ipomoea pes-caprae (L.) R. Br.; (P) Operculina alata Urb. Crassulaceae: (Q) Kalanchoe pinnata (Lam.) Pers.
Cucurbitaceae: (R) Cucumis dipsaceus Ehrenb. ex Spach. Euphorbiaceae: (S) Chamaesyce dioeca (Kunth) Millsp.; (T) Cnidoscolus urens (L.) Arthur; (U) Hura
crepitans L. Fabaceae: (V) Abrus precatorius L.; (W) Lupinus meridanus Moritz ex C. P. Smith; (X) Macroptilium atropurpureum (Moc. & Sessé ex DC.) Urb;
(Y) Pithecellobium unguis-cati (L.) Benth.; (Z) Pterocarpus acapulcensis Rose. Heliconiaceae: (AA) Heliconia bihai (L.) L. Lecythidaceae: (AB) Couroupita
guianensis Aubl. Loranthaceae: (AC) Phthirusa stelis (L.) Kuijt. Malvaceae: (AD) Ceiba pentandra (L.) Gaertn.; (AE) Thespesia populnea (L.) Sol. ex Corréa.
Onagraceae: (AF) Ludwigia octovalvis (Jacq.) Hara. Orquidaceae: (AG) Epidendrum secundum Jacq. Passifloraceae: (AH) Passiflora foetida var. hispida (DC.
ex Triana & Planch.) Killip. Pentaphylacaceae: (Al) Ternstroemia crassifolia Benth. Phyllanthaceae: (AJ) Margaritaria nobilis L. f. Phytolaccaceae: (AK)
Phytolacca icosandra L.; (AL) Rivina humilis L. Polygonaceae: (AM) Coccoloba uvifera (L.) L. Portulacaceae: (AN) Portulaca oleracea L. Salicaceae: (AO)
Hecatostemon completus (Jacq.) Sleumer. Sapindaceae: (AP) Urvillea ulmacea Kunth. Zygophillaceae: (AQ) Guaiacum officinale L.; (AR) Tribulus cistoides L.
Photographers and photographies: J. Delgado (A, B, D, E, H), J. Grande (C,F,I, K, M, O,P,Q, U, W, X, Y, Z, AA, AB, AC, AD, AG, AH, Al, AL, AQ, AR), G.
Colonnello (AJ), H. Briceiio (G, AK), C. Aranguren (J), Y. Barrios (L, S, AE, AF, AM, AN, AO, AP), A. Villareal (N), K. Garcia (R) y B. Gil (T, V).

addition, beige seeds were most commonly found with black, brown, 4. Morphological fruit types and fruit and seed colors

green, purple-black, red, white or yellow fruits (Appendix S2); black ) ) )
4.1 The texture and dehiscence of fruits vs. fruit and seed

seeds were associated with brown or green fruits; and white seeds .
colors

were most frequently found with black fruits. The fruit and seed color
arrangements of some dehiscent fruits produced some bi-colored fruit-

seed structures, such that some fruits contained bright seeds and/or a
bright internal surface. These types of combinations were mainly found
in dry-dehiscent fruits (e.g. Abarema ferruginea) and fleshy-dehiscent
fruits (e.g. Capparis flexuosa, Clusia pusilla).

The bipartite network analysis showed 71 different associations
(links) between fruit and seed colors, representing 39% of the total
possible number of links (Table 3). The fruit color/seed color class
ratio and the seed color/fruit color class ratio were both close to one. In
contrast, the mean number of associations per fruit color and the mean
number of associations per seed color were both slightly higher than 5.0.

http://www.scielo.br/bn

Fruit colors could be associated with structural fruit types such
that most of the dry fruits were brown or black, whereas most of the
fleshy fruits were purple-blacks, yellows or reds (Table 2). Comparisons
between dry and fleshy fruits according to color categories showed
that brown, black, and beige fruits were more often dry than fleshy.
In contrast, the number of fleshy fruits that were purple-black, yellow,
red, white, and blue was higher than the number of dry fruits with those
colors. The most abundant fruit color was brown for both dehiscent
and indehiscent fruits. Purple-black, black, yellow, and red were also
common colors for indehiscent fruits. The statistical comparisons with
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Table 2. Relationship between structural fruit types and fruit and seed colors. Asterisk indicates the significant frequency
(P<0.05) between dry and fleshy and between dehiscent and indehiscent fruits or seeds of the same color.

Structural fruit types

Fruit and seed colors Texture Dehiscence Total
Dry Fleshy Dehiscent Indehiscent
N(%) N(%) N(%) N(%) N(%)
Fruit Color
Beige 14(100.0)* 0(0.0) 5(35.7) 9(64.3) 14(1.2)
Black 95(100.0)* 0(0.0) 3(3.2) 92(96.8)* 95(8.3)
Black+Yellow 0(0.0) 1(100.0) 0(0.0) 1(100.0) 1(0.001)
Blue 0(0.0) 10(100.0)* 0(0.0) 10(100.0)* 10(0.87)
Brown 617(95.8)* 27(4.2) 427(66.3)* 217(33.7) 644(56.54)
Green 35(48.0) 38(52.0) 28(38.4) 45(61.6) 73(6.41)
Green+Red 6(46.2) 7(53.8) 10(76.9)* 3(23.1) 13(1.14)
Orange 4(40.0) 6(60.0) 4(40.0) 6(60.0) 10(0.87)
Pink 0(0.0) 8(100.0) 2(25.0) 6(75.0) 8(0.70)
Purple-Black 5(4.0) 120(96.0)* 2(1.6) 123(98.4)* 125(10.97)
Red 5(8.0) 52(91.2)* 9(15.8) 48(84.2)* 57(5.00)
White 4(23.5) 13(76.5)* 2(11.8) 15(88.2)* 17(1.49)
White+Black 0(0.0) 1(100.0) 0(0.0) 1(100.0) 1(0.001)
Yellow 5(7.0) 66(93.0)* 7(9.9) 64(90.1)* 71(6.23)
Seed Color
Beige 118(63.8) 67(36.2) 21(11.3) 164(88.7)* 185(16.24)
Black 93(68.4) 43(31.6) 81(59.6) 55(40.4) 136(11.94)
Black+Red 8(100.0) 0(0.0) 8(100.0) 0(0.0) 8(0.70)
Black+Yellow 1(25.0) 3(75.0) 1(25.0) 3(75.0) 4(0.35)
Blue 3(100.0) 0(0.0) 3(100.0) 0(0.0) 3(0.26)
Brown 480(72.1)* 186(27.9) 346(51.9) 320(48.1) 666(58.47)
Brown+White 1(50.0) 1(50.0) 2(100.0) 0(0.0) 2(0.17)
Brown+Yellow 1(33.3) 2(66.7) 2(66.7) 1(33.3) 3(0.26)
Green 2(10.0) 18(90.0)* 1(5.0) 19(95.0)* 20(1.76)
Orange 2(13.3) 13(86.7)* 14(93.3)* 1(6.7) 15(1.32)
Red 2(33.3) 4(66.7) 4(66.7) 2(33.3) 6(0.53)
White 68(89.5)* 8(10.5) 1(1.3) 75(96.7)* 76(6.67)
White+Black 11(73.3)* 4(26.7) 15(100.0)* 0(0.0) 15(1.32)
Total ssp. 790(69.4)* 349(30.6) 499(43.8) 640(56.2) 1139
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Figure 2. Bipartite graph showing the links between fruit and seed colors.
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Table 3. Morphological fruit types, fruit colors, and seed colors web parameters determined in the sample examined.

Number of Nu.m ber of Number of fruit Mean number Mean
. Number of . . fruit types / . number of
Fruit type vs. Number of . All possible  associations color classes/ of associations oo
. . fruit color o number of . . associations
fruit color fruit types associations recorded . number of fruit recorded per fruit
classes (connectance) fruit color tvpes ratio color recorded per
classes ratio yp fruit type
Grey fruits 28 14 392 97 (24.7) 2.00 0.50 6.93 3.46
Spjut fruits 55 14 770 144(18.7) 3.93 0.25 10.29 2.62
Number of Number of ~ Number of fruit Number of seed Mean number Mean number
Fruit type vs.  Number of fruit seed color All possible associations types / number color classes/ of associations of associations
seed color types classes associations recorded of seed color number of fruit  recorded per seed recorded per
(connectance) classes ratio types ratio color fruit type
Gray fruits 28 13 364 91(25.0) 2.15 0.46 7.00 3.25
Spjut fruits 55 13 715 140(19.6) 423 0.24 10.77 2.55
Number of fruit Number of seed Mean number
Number of Mean number .
Fruit color . Number of . . color classes/ color classes/ o of associations
Number of fruit All possible  associations . of associations
classes vs seed color L number of seed  number of fruit recorded per
: color classes associations recorded recorded per seed .
seed color classes color classes color classes fruit color
(connectance) . . color classes
classes ratio ratio classes
14 13 182 71(39.0) 1.08 0.93 5.46 5.07

regard to the colors of dehiscent and indehiscent fruits showed that
dehiscent fruits were most frequently brown and green+red, whereas
indehiscent fruits were more likely to be purple-black, black, yellow,
red, white, or blue (Table 2).

The most common seed colors were brown, beige, black, or white
for dry fruits, and brown, beige, or black for fleshy fruits (Table 2). The
statistical comparisons done between the seed colors of dry and fleshy
fruits showed that a significantly higher proportion of dry fruits have
brown, white or white+black seeds compared to fleshy fruits, and more
fleshy fruits contain green or orange seeds than dry fruits. The analysis of
the seed colors of dehiscent and indehiscent fruits revealed that dehiscent
fruits were significantly more likely to contain orange or white+black
seeds than indehiscent fruits, and indehiscent fruits were more likely
to contain beige, white, or green seeds compared to dehiscent fruits.

4.2 Gray and Spjut fruit types and fruit colors

We found several major associations between morphological fruit
types (I and II) and fruit colors (Appendix S1). The most common fruit
color was brown for a large number of the morphological fruit types
classified according to Gray’s (1877) system (Figure 3). Fourteen of these
morphological fruit types were represented by more than ten plant species
(e.g. loculicidal capsule, followed by schizocarp, legume, and septicidal
capsule) and some fruit types were exclusively brown (e.g. craspedium,
loment, and samara). Achenes were well represented and predominantly
black. As regards fleshy fruits, drupes and berries, more than twenty
species of each of these fruit types were either purple-black, red or yellow.
Brown was also the most common fruit color for morphological fruit types
following Spjut (1994). Eleven brown colored fruit types were represented
by more than ten plant species (e.g. loculicidal capsule, legume, and
septicidal capsule, coccarium and ceratium) and some fruit types were
exclusively brown (e.g. craspedium, loment, samara, and samarium).
Cypselas were very abundant and predominantly black (Figure 4). As for
the Gray (1877) classification system, fleshy fruits, drupes and baccas
following Spjut (1994) were predominantly purple-black, red or yellow.

The bi-partite network analysis of the morphological fruit types
according to Gray vs fruit colors revealed 97 different links, representing
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24.7% of the total possible number (Table 3). The ratio between
morphological fruit types and fruit color classes was four times higher
than the ratio between fruit color classes and morphological type I fruits.
The mean number of associations per fruit color was approximately
twice the mean number of associations per morphological type I fruit.
The relationship between the morphological fruit types according to
Spjut and fruit colors showed comparable patterns (Table 3). However,
there were 144 bi-partite network links between the Spjut morphological
fruit types and fruit colors, representing 18.7% of the total possible
number. The ratio between the morphological type II fruits and fruit
color classes were much higher than the ratio between the fruit color
classes and the morphological type II fruits. The mean number of
associations per fruit color was approximately four times the mean
number of associations per morphological fruit type.

The majority of fruit types (I and II) were associated with only
one color (Figure 5). Nevertheless, a large proportion of the Spjut
morphological fruit types were also associated with two fruit colors,
and a few fruit types (both I and II) were associated with more than
seven fruit colors (Figure 5).

The most common fruit types were associated with the same color
categories, independent of the classification system used (I or II) (e.g.
capsules and brown, schizocarps and brown, legumes and brown,
and achenes and black). In other cases, asymmetrical associations as
regards the level of specialization were recorded, whereby less common
morphological fruit types (less than 1.0% of the total) tended to be
associated with the most frequent fruit color classes. (See Figures 3 and
4). Asymmetry at the level of specialization was also observed between
the least common fruit colors and the most common morphological
fruit types (I and II). Thus, the lowest fruit color frequencies (white,
beige, blue, orange, pink and bi-colored) were associated with the
well-represented fruit types: capsule, berry and drupe (Figures 3 and 4).

4.3 Gray and Spjut fruit types and seed colors

According to Gray’s classification system, twelve well-represented
fruit types (N>10; >10%) had brown seeds (Appendix S3). Most plant
species with brown seeds showed the following fruit types: berry,
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Fruit color
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Grey’s fruits

Loculicidal capsule
Septicidal capsule
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Figure 3. Bipartite graph showing the links between morphological fruit types according to Gray and fruit colors.
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Figure 4. Bipartite graph showing the links between morphological fruit types according to Spjut and fruit colors.

schizocarp, loculicidal capsule, drupe, septicidal capsule and legume
(Figure 6), and some fruit types always contained brown seeds (samara,
craspedium and loment). A high number of plant species with caryopsis,
drupe and berry morphological fruit types had beige seeds and a high
number of achenes contained beige or white seeds. In contrast, a large
number of loculicidal capsules and berries contained black seeds. The
most frequent seed color associated with the morphological fruit types
according to Spjut was brown followed by beige. Brown seeds were more
numerous and frequent in loculicidal capsule, bacca, drupe, and legume,
followed by coccarium and ceratium fruit types (Figure 7). Many plant
species encompassing six morphological fruit types contained beige seeds;
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the highest numbers and percentages of these was found in anthecetum
and pseudoanthecium fruit types, and some (samara, craspedium and
loment) fruit types had exclusively brown seeds

The bi-partite network analysis used to determine the associations
(or links) between morphological type I fruits (Gray’s classification) and
seed colors revealed 91 different links, representing 25.0% of the total
possible number (Table 3). The ratio between the morphological fruit
types and seed color classes was more than four times higher than the
ratio between seed color classes and morphological type I fruits. The
mean number of associations per seed color was more than twice the
mean number of associations per morphological type I fruit. The same

http://www.scielo.br/bn



Biota Neotropica 21(4): €20211238, 2021

Ramirez, N. et al.

10
A
107 ¢ Fruit color-fruit type (Gray)
Il Seed color-fruit type (Gray)
)
=
eb]
=
o
[4b]
r—
L
g 2 3 4 5 & T & 9 10
Number of Associations
24
2l Fruit color-fruit type (Spjut)
18 Il Seed color-fruit type (Spjut)
-
[&]
% 15
=2 12
=7
2 9
L
6
3
0 7

1 2 3 4 5 6 7 8 9 10
Number of Associations

Figure 5. Frequency distributions of the number of associations of fruit types with
fruit and seed colors for both Gray’s (A) and Spjut’s (B) classification systems.

analysis done for the morphological fruit types following Spjut and seed
colors gave 140 different links, representing 19.6% of the total possible
number. The ratio between morphological type II fruits and seed color
classes was much higher than the ratio between seed color classes and
morphological type II fruits. The mean number of associations per seed
color class was more than four times the mean number of associations
per morphological type II fruit.

Most fruit types (I and II) were associated with one seed color
(Figure 5), however, twelve type 1l fruits were associated with two
seed colors and a few fruit types (I and II) were associated with eight
seed colors (Figure 5). Many links were also asymmetrical as regards
the level of specialization, whereby the less common morphological
type I and II fruits (less than 1.0%) tended to be associated with the
most common seed color classes (See Figures 6 and 7). Asymmetry at
the level of specialization was also observed between the less common
seed colors and the most common morphological fruit types (I and II) as
follows: green, orange, red, blue and bi-colored seeds were associated
with the best-represented fruit types (e.g. capsule, berry, drupe, and
legume) (Figures 6 and 7).

5. Morphological fruit types and functional groups

5.1 The texture and dehiscence of fruits and functional groups

Fruit texture was significantly associated with life form, successional
stage, nutritional relationship, carbon metabolism pathway, and fruit
phenology (Table 4). Residual analyses indicated strong correlations
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between fleshy fruits and shrubs, and between dry fruits and annual
herbs; and unusual occurrences between dry fruits and shrubs, and
between fleshy fruits and herbaceous species. Similarly, fleshy fruits
were strongly associated with late seral species, and there was an
unusual occurrence between fleshy fruits and pioneer species. Fleshy
fruits were also tightly linked to parasitic and hemiparasitic species;
C, species positively correlated with dry fruits and negatively with
fleshy fruits; and fruit dehiscence was significantly associated with life
form, nutritional relationship, carbon metabolism pathway, succulence,
epiphytism and ripe fruit phenology (Table 4). Dehiscent and indehiscent
fruits were similarly represented in herbaceous species, but indehiscent
fruits were more common in trees, shrubs, and lianas. The fruits of
parasitic and hemiparasitic species were also mostly indehiscent and
matched the frequency of fleshy fruited species. All insectivorous
species had dehiscent fruits which corresponded with dry-fruited
species. Dehiscent fruits were more abundant than indehiscent fruits
for CAM species. In contrast, C, species had predominantly indehiscent
fruits, and significantly unusual dehiscent fruits. Dehiscent fruits were
found more often than indehiscent fruits in succulent species, and the
opposite was true for non-succulents. Epiphytism was found to be
independent of fruit texture, although epiphytes had predominantly
dry fruits. Dehiscent fruits were found significantly more often than
indehiscent fruits in epiphytic species, and indehiscent fruits were
not generally associated with epiphytism. Both ripe and unripe fruit
phenology was significantly associated with fruit texture, whereby
fleshy-fruited species were positively associated with the rainy season
and an uncommon occurrence of unripe and ripe fleshy-fruited species
was observed during the dry season. Ripe and unripe fruit phenologies
of dry-fruited species were positively associated with the dry season
and unusual during the rainy season. Only ripe fruit phenology was
significant for fruit dehiscence: plant species with indehiscent fruits
tended to produce mature fruits during the rainy season (Table 4).

5.2 Gray and Spjut fruit types and functional groups

The frequency of fruit types (I and II) for each functional group
can be seen in Appendix S4. The analysis of the relationships between
morphological type I fruits and life forms showed that the most frequent
fruit types in trees were berry, drupe, legume and indehiscent pod; for
shrubs: berry and drupe; lianas: pepo; perennial herbs: achene, berry,
loculicidal capsule, septicidal capsule, caryopsis, and schizocarp; and
annual herbs: achene, loculicidal capsule, caryopsis, and schizocarp.
Similarly, the analysis of the relationships between morphological type
II fruits and life forms showed that the most frequent fruit types for trees
were bacca, camara, and drupe; for shrubs: bacca and drupe; lianas:
pepo, samarium and septifragal capsule; perennial herbs: anthecetum,
cypsela, loculicidal capsule, pseudoanthecium, and septicidal capsule;
and annual herbs: cypsela and loculicidal capsule (Appendix S4). The
most frequent fruit types were berry, loculicidal capsule, septicidal
capsule, and drupe in late seral species; and achene, caryopsis,
schizocarp, and legume in pioneer species. The most numerous and
frequent type II fruits were bacca, camara, ceratium, drupe, loculicidal
capsule, and septicidal capsule for late seral species; and anthecetum,
cypsela, legume, polachenarium, and septifragal capsule for pioneer
species (Appendix S4). Both fruit types (I and II) were predominantly
associated with autotrophic plants. C, species were associated with
almost all fruit types when type I fruits and carbon metabolism pathways
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Figure 6. Bipartite graph showing the links between morphological fruit types according to Gray and seed colors.
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Figure 7. Bipartite graph showing the links between morphological fruit types according to Spjut and seed colors.

were compared. However, caryopsis and utricle fruit types from Gray’s
system, and anthecetum and pseudoanthecium fruit types from Spjut’s
system were mostly C, species. In addition, many succulents and CAM
species produced acrosarcum fruit types. Nonetheless, in general, the
most abundant and frequent fruit types I and II were associated with
non-succulent species. Septicidal capsule was the main morphological
fruit type found in epiphytes (Appendix S4).

Seasonality in unripe and ripe fruit phenology during the transition
period between the rainy and dry seasons was recorded for the most abundant
morphological type I (e.g. achene, berry, drupe, loculicidal capsule, and
schizocarp) and type 1 (e.g. bacca, drupe, loculicidal capsule, and septicidal
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capsule) fruits. A few plant species tended to produce more unripe fruits
during the rainy season: caryopsis and silique following Gray’s classification
and anthecetum, ceratium and coccarium, according to Spjut’s classification
(Appendix S4). Other species tended to produce ripe fruits during the rainy
season: drupes and siliques (Gray’s classification), and drupes (Spjut’s
classification). In contrast, samara and samarium fruit types mainly ripened
during the dry season.

6. Fruit and seed colors and functional groups

The number and percentage of the fruit and seed colors studied, and
their frequencies according to the functional groups identified are shown
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Table 4. Relationship between structural fruit types and functional groups

Fruit Structural Types
Functional group Texture Dehiscence
Dry Fleshy Dehiscent Indehiscent Total
N(%) N(%) N(%) N(%) N
Life form
Tree 109(57.98) 79(42.02) 74(39.36) 114(60.64) 188
Shrub 77(36.49)¢ 134(63.21) 71(33.65) 140(66.35) 211
Liana 49(37.12) 83(62.88) 56(42.42) 76(57.58) 132
Perennial herb 346(81.60) 78(18.402)¢ 206(48.58) 218(51.42) 424
Annual herb 175(95.11)° 9(4.89)¢ 92(50.00) 92(50.00) 184
12 (P=) 209.5 (0.0000) 17.7 (0.0014)
Successional condition
Late seral 334(59.75) 225(40.25)° 258(46.15) 301(53.85) 559
Pioneer 456(78.62) 124(21.38)¢ 241(41.55) 339(58.45) 580
12 (P=) 48.3 (0.0000) 2.01(N.S))
Nutritional relation
Autotrophe 779 (70.05) 333(29.94) 488(43.88) 624(56.11) 1112
Parasite-Hemiparasite 3(15.79) 16(84.21)° 3(15.79) 16(84.21) 19
Insectivore 8(100.00) 0(0.0) 8(100.00) 0(0.0) 8
12 (P=) 29.73 (0.0000) 16.3(0.0003)
Carbon metabolism
C3 668(67.34) 324(32.66) 447(45.06) 545(54.94) 992
C4 85(97.70)° 2(2.30)¢ 12(13.79)° 75(86.21) 87
CAM 36(61.02) 23(38.98) 39(66,10) 20(33.90) 59
12 (P=) 36.7 (0.0000) 45.9 (0.0000)
Succulence
Succulent 773(63.48) 42(36.52) 61(53.04) 54(46.96) 115
Non-succulent 717(70.02) 307(29.98) 438(42.77) 586(57.23) 1024
x2 (P=) 0.4 (N.S)) 6.7 (0.0094)
Epiphytism
Epiphyte 21(84.00) 4(16.00) 22(88.00)° 3(12.00)¢ 25
Non-Epiphyte 769(69.03) 345(30.97) 477(42.82) 637(57.18) 1114
12 (P=) 2.6 (N.S) 20.3(0.0000)
Unripe fruit phenology
Rainy 117(58.5) 83(41.5)* 87(43.5) 113(56.5) 200
Dry 57(89.1) 7(10.9) 38(59.4) 26(40.6) 64
Rainy-dry 372(70.9) 153(29.1) 239(45.5) 286(54.5) 525
2 (P=) 23.3 (0.000009) 5.2 (N.S)
Ripe fruit phenology
Rainy 101(48.6)¢ 107(51.4)° 83(39.9) 125(60.1) 208
Dry 134(88.7) 17(11.3)¢ 82(54.3) 69(45.7) 151
Rainy-dry 306(72.0) 119(28.0) 196(46.1) 229(53.9) 425
12 (P=) 69.9 (0.000000) 7.3 (0.025930)

Superscript indicates significance residual analysis: a = positive residual at P<0.05 b = Positive residual at P<0.01; ¢ = negative residual at P<0.05; d = Negative

residual at P<0.01

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

in Appendix S4. The most common colors (N>10; >10%) were brown
and purple-black for fruits, and brown, beige, and black for seeds. The
relationships between fruit colors and life forms showed that the most
frequent colors were brown, green or yellow for trees; purple-black
or red for shrubs; and black or brown for perennial and annual herbs.
The main fruit colors that could be associated with the successional
stage were brown or purple-black for both pioneer and late seral stage
species. In addition, black fruits were significantly correlated with
pioneer species, and green or yellow fruits with late seral species. Most
autotrophs, C, and non-succulent species had single-colored fruits; pink
fruits were common for CAM and succulent species; and brown was
the most frequent color for the fruits and seeds of epiphytes.

Brown was the most common seed color for species in all the life
forms studied. Nevertheless, the most frequent seed colors were orange
and white+tblack for trees; orange and beige for shrubs; beige, black,
green, and white for perennial herbs; and white for annual herbs. Brown,
beige and black were the most abundant and frequent seed colors for
both pioneer and late seral species. However, white seeds were also
significantly associated with pioneer species, and green and orange
seeds with late seral species. Autotrophs, C, and non-succulent species
generally had single-colored seeds, and green seeds were common in
parasitic and hemiparasitic (mistletoe) species (Appendix S4). Fruit
and seed colors exhibited some trends according to fruit phenology
(Appendix S4). Unripe and ripe fruits produced during the rainy-dry
transition period were often black, brown, green, or purple-black. Unripe
red or yellow fruits were also produced during this period. However,
ripe red or yellow fruits were most common during the rainy season.
Beige, black, brown, green, orange, and white were the most abundant
seed colors during the rainy-dry transition period.

Discussion

1. Morphological fruit types

A first analysis of fruit structures indicates that texture and
dehiscence are closely related. Dehiscence is an attribute largely
associated with dry tissues adapted to fruit opening by the desiccation of
the fibers. Nonetheless, dehiscence was also found in a few fleshy fruits
(e.g. Clusia spp.). The pericarp of dehiscent fruits protects seeds until
dehiscence and may also be involved in dispersion during fruit opening,
after which seed protection and dispersal is determined exclusively by
seed attributes. In contrast, indehiscence is an attribute associated with
both dry and fleshy fruits, and principally involves fruit adaptations
related to enclosure of the seeds, although it is also associated with a
variety of reproductive and ecological functions (Cippollini & Stiles
1992, Mack 2000). Dry-indehiscent fruits may be primarily adapted for
seed defense from animals and parasites by means of the hard fibrous
cover which acts as a shield (Bodmer 1991, Doster & Michailides
1999). Nevertheless, the high diversity of modifications of the pericarp
and anthocarp in indehiscent fruits also reflects adaptations to seed
dispersal (e.g. Mamut et al. 2014). The ratio of species with dry fruits
to those with fleshy fruits has been found to be similar in tree species
from Southern Africa (Knight & Siegfried 1983). Many other studies,
however, have shown that species with dry fruits outnumber those with
fleshy fruits in varying proportions (Gordon 1998, Silva & Rodal 2009,
Silva et al. 2013, Possete et al. 2015) including in our survey where the
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number of species with dry fruits was more than twice the number with
fleshy fruits. A phylogenetic study revealed that the majority of plant
families produce dry fruits (Fleming 1991). Thus, the high frequency
of species with dry fruits observed seems to agree with expected ratio
for fruit texture types.

The most abundant fruit types found in the samples studied were
loculicidal capsules, berries (baccas), drupes and achenes. This agrees
with previous studies which also note that capsules tend to be the main
fruit type in the forest-shrub ecosystem (Arbeldez & Parrado-Rosselli
2005), although berries and drupes may be dominant in some rain
forests (Carpenter et al. 2003, Chen et al. 2004, Ibarra-Manriquez
& Cornejo-Tenorio 2010, Buitrén-Jurado & Ramirez 2014). Thus,
the relative frequencies of morphological fruit types seem to vary
according to ecological attributes. Nevertheless, the influence of the
phylogenetic component is also significant as the majority of plant
families produce dry fruits (Fleming 1991, Heywood et al. 2007,
Fleming and Kress 2011), and in some cases the relationships between
fruit types, seed dispersal strategies and vegetation life forms have been
best explained by angiosperm phylogeny (Kuhlmann & Ribeiro 2016).
The frequencies of fruit type we observed could thus also be influenced
by the taxonomic composition of the samples, in which species from
the Fabales, Malphigiales and Poales orders, and the Fabaceae family
were overrepresented (N. Ramirez & H. Bricefio, in preparation), and
contributed significantly to the abundance of dry-dehiscent and dry-
indehiscent fruits. Nonetheless, the most dominant orders and families
in the sample we examined formed a different group to that of “most
frequent fruit types”. Hence we did not consider the phylogeny of the
plant species as a major factor in our analysis.

The classification systems of Gray (1877) and Spjut (1994) coincided
in many areas as regards nomenclature and the general morphology
of the fruit types studied (i.e. berries, loculicidal capsules, drupes,
septicidal capsules, legumes, and siliques). Most of the similarities
between the two systems are for simple fruits (fruit not dispersed from
the pericarpium; developing from one flower) and rhexocarpic fruits
(fruit dispersed by the opening of the pericarp). This is because the
differences in the fruit types according to each system mostly refer to
anthocarp structure (see Spjut 1994), which may thus be considered as
the main source of adaptations related to functional groups.

2. Fruit and seed colors

Eleven single-colored and seven bi-colored categories were
found in the samples studied; fruits were predominantly dark in color
(brown, purple-black or black) whereas seeds could be either dark or
light (brown, beige, black or white). The similarity in both the number
and classes of fruit and seed colors may reflect well-adjusted color
arrangements between fruits and seeds. Fruit/seed color and seed/
fruit color ratios were both close to one, suggesting that the relative
frequencies of fruit and seed colors are finely balanced. Likewise, the
high diversity of links between fruit and seed colors, and between seed
and fruit colors showed many similarities and multiple combinations.
Fruit and seed color associations revealed a large proportion of linkages
(39%), whereby the most common colors were preferentially associated
with each other, and the less frequent colors were usually associated
with those that were well represented. Specifically, the four seed color
categories with the highest frequencies (brown, beige, black, and white)
were generally associated with the most common fruit colors (brown,
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purple-black, and black). Preliminary findings from the complex
networks analysis suggest that the associations between fruit and seed
colors form three modules: 1- black fruits and white seeds; 2- brown
fruits, and brown or black seeds; and 3- purple-black fruits and beige
seeds (Y. Barrios unpubl. results). However, brown fruits with brown
seeds were the only really significant combination (72.9%), and were
mainly associated with dry-dehiscent fruits. In addition, brown fruits
and beige seeds stood out as module hubs within the network (Y.
Barrios unpubl. results), and thus represent highly connected nodes
linked to many other nodes within their own module (Olesen et al.
2007). Additional analyses showed that this network was symmetrical
according to the levels of specialization of the fruit and seed color
categories, and was characterized by specificity indexes with low
averages for both fruit and seed colors (Y. Barrios unpubl. results).

The least common color categories for single-colored fruits were
white, beige, blue, orange, and pink, and for single-colored seeds,
green, orange, red and blue. Thus, blue and orange coincided in that
they showed some of the lowest frequencies for both fruits and seeds.
Further relationships recorded between the relative frequencies of fruit
and seed colors were: 1- white and beige colors were comparatively
more common in seeds than in fruits, 2- green and red colors occurred
at lower frequencies in seeds compared to fruits, and 3- pink was only
found in fruits. In spite of this, orange fruits appear as the main fruit color
for animal dispersed seeds (Willson & Thompson 1982, Wheelwright
& Janson 1985, Mikich & Silva 2001, Selwyn & Parthasarathy 2006)
but are infrequent for plants with other dispersal strategies (Liu et al.
2014). White fruits occur at low frequencies in several different plant
communities (Willson & Thompson 1982), and could represent specific
associations between fruit color and particular seed disperser species
(Guaraldo et al. 2013), or may be unapparent to many undesirable
frugivorous animals. Likewise, less common colors such as blue, orange
and pink in fruits and seeds might also represent specific color-based
adaptations for attracting a particular seed disperser. For example,
lizards are an unusual seed disperser, and have been found to prefer
white-blue fruits from open habitats (Wotton et al. 2016). Some fruit
and seed colors occurring at low frequencies may be associated with
certain types of plant communities and habitats. For instance, most of the
bright-blue fruits and seeds were from cloudy-rainy plant communities.
Green seeds were uncommon and mostly associated with photosynthesis
in mangroves and mistletoes, and red seeds were mainly arillated seeds
dispersed by birds. All categories of bi-colored fruits and seeds were
also found at low frequencies, which contrast with previously recorded
results: two- and three-color combinations have been found to be quite
common in fruit dispersed by vertebrates (Wheelwright & Janson 1985,
Willson et al. 1989, Mikich & Silva 2001, Galetti et al. 2011). Thus, a
high frequency of bi-colored fruits can be related to frugivorous animal-
driven dispersal, and a low frequency of bi-colored fruits is expected for
surveys of overall fruit color categories. However, multicolor fruit-seed
structures, resulting from the combination of fruit and seed colors, may
increase the frequency of multicolor attractive units.

Fruit and seed colors also differed as regards the number of bi-
colored categories. More color combinations for seeds compared to
fruits can be primarily associated with contrasting color combinations
between the seed coat and accessory structures such as arils. Bi-colored
seed combinations may be also related to the large number of plant
species with bird-dispersed seeds (Galetti et al. 2011). Bi-colored seeds
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are, in some cases, also associated with cryptic seeds providing no
nutritious pulp (Ridley 1930, van der Pijl 1972). The high number of
bi-colored seed combinations found in our study can thus be correlated
with different functions and alternative dispersal mechanisms. The most
common colors of bi-colored fruits and seeds included black combined
with one of three other colors, and combinations of brown, white, yellow,
and red. Accordingly, the presence of the color black in bi-colored fruits
and seeds seems to have the function of providing a sharp contrast to a
bright color. Two- and three-color combinations usually involve black
with other colors, usually red and/or yellow (Willson & Melampy 1983,
Wheelwright & Janson 1985, Willson et al. 1989). Our results suggest
that the black+red seed combination is common in tropical zones. Other
combinations of colors and patterns may, however, be found depending
on the plant species examined.

Fruits may be bi-colored due to the combination of fruit and seed
colors, and this may also result in fruits with more than two colors. The
exocarp or aril is usually the colorful structure, although other fruit
parts including elaisomes and fruit/seed contrasts may also act as visual
attractants (van der Pijl 1982). Thus, the combinations of fruit and seed
colors may represent significant adaptations enabling bi-colored fruit-
seed structures to have different functions, where texture and dehiscence
may also be involved. Most of these multicolored structures are found
in dehiscent bi-colored fruits where attractiveness may increase if
a brightly colored seed is visible as part of the fruit-seed structure.
Seed attraction may also be enhanced when fruit color contrasts with
seed color, or when seed coat and aril colors differ. Asymmetries in
the level of specialization between the fruit or seed colors with the
lowest frequencies and the well-represented morphological fruit types
suggest that uncommon colors could represent a specialized trait for
animal dispersal, or as protection via crypsis against herbivory (Cazetta
et al. 2009). Asymmetrical associations between the least common
morphological fruit types and the most common fruit or seed color
classes were found for many rare fruit types which had fruits or seeds
with a variety of functions.

3. Fruit types and fruit and seed colors

Morphological fruit types according to Gray showed association
values (connectance) of close to 24% for the fruits and seeds studied,
and were higher than the values calculated using Spjut’s classification.
These differences can be mainly explained by the higher number of fruit
categories in Spjut’s vs. Gray’s classification. The lower connectance
between fruit and seed colors following Spjut’s classification indicates
that the associations were relatively specific, i.e. each fruit type
was linked to a comparatively low number of seed or fruit colors,
respectively. Accordingly, the ratios between the number of fruit types
and the number of fruit color classes, and between the number of fruit
types and the number of seed color classes were higher for Spjut’s than
for Gray’s classification. The mean number of links recorded per fruit
color was close to the mean number of links recorded per seed color
for both fruit types (I and II). However, the values for type II fruits
were higher than those for type I fruits, which again can be related to
the higher number of fruit categories considered by Spjut (including
modifications of the anthocarp) which results in a greater diversity of
associations, leading to multiple combinations. The mean number of
links per fruit type (I and II) was lower than the mean number of links
per fruit and seed color: more than twice as low for type I fruits, and
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more than four times as low for type II fruits. Such trends indicate that
the mean number of associations for each fruit and seed color increases
with an increase in the number of fruit types, and that the mean number
of associations for each fruit type slightly decreases with an increase
in the number of fruit types.

Adaptations to a specific set of mutualists may occur more frequently
than currently acknowledged in color signaling, even in megadiversified
networks of mutualistic interactions (Renoult et al. 2014). The frequency
distribution of the number of color-based interactions per fruit type
indicates that despite the large number of associations, the majority of
fruit types (I and II) were single-colored, although bi-colored fruits and
seeds were also common for type II fruits. On the other hand, only a few
fruit types were associated with more than eight fruit and seed colors,
and therefore with a well-defined (leptokurtic) connectivity distribution
(Jordano et al. 2003). In this context, the distribution of the associations
between these attributes agrees with complex networks theory: large
numbers of nodes have only one or two links, and only a few nodes have
a large number of links. These frequency distributions of the number
of color-based interactions among fruit types also suggests that there
are asymmetries in the level of specialization (Bascompte & Jordano
2007), whereby less common fruit and seed colors tend to be associated
with the most common fruit types (both I and II).

The most significant associations were mainly found in dry fruits
with the most common being brown with loculicidal capsules, and
black with achenes. Septicidal capsules, legumes, and schizocarps also
tended to be brown. In fact, several studies have shown that most dry
fruits are brown (Lopez & Ramirez 1989, Knight and Siegfried 1983,
Parisca & Ramirez 1989, Carpenter et al. 2003, Ibarra-Manriquez &
Cornejo-Tenorio 2010, Possete et al. 2015). The pods and capsules
surveyed in different tropical forests were also mostly brown (Selwyn
& Parthasarathy 2006, Ibarra-Manriquez & Cornejo-Tenorio 2010).
The predominance of dark fruits can be related to their higher capacity
to absorb solar radiation which might accelerate metabolism and
ripening times (Janzen 1983, Wheelwright & Janson 1985), and could
also provide a protective function due to the high concentrations
of anthocyanins (Schaefer 2011) and tannins. In addition, the color
black may act as a protective barrier against insolation for seeds
in dry-indehiscent fruits. Dark colors absorb more radiation in the
visible spectrum than pale colors (Wheelwright & Janson 1985) thus
shielding seeds from it. Brown is the main plant tissue color at the
end of the developmental processes of any plant organ, as well as the
color of dry tissues; fibrous plant tissues are also often brown (Esau
1953). The brown fruits and seeds of species with dehiscent fruits may
constitute a protective trait in several ways: the aposematic coloration
of brown fruits may advertise the unattractiveness of the fruit to animal
predators (Knight & Siegfried 1983). Brown indehiscent fruits, and
brown seeds from dehiscent fruits could also avoid predation through
crypsis (matching soil color) as proposed by Liu et al. (2014). The
fibrous nature of mostly dry-brown fruits and seeds from dehiscent
fruits is a characteristic significantly related to fruit protection, and is
favored under strong selection pressure from herbivores (Bodmer 1989,
1991). In fact, dehiscence in fruits has been associated with both fiber
content and seed protection (Gautier-Hion et al. 1985). To summarize,
the brown coloration of dry fruits at maturity could be associated with
several adaptive functions: 1- brown could be considered as the least
expensive color (compared to bright colors); 2- brown fruits may
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be cryptic, thus making them unapparent to herbivores; 3- abiotic
dispersal is independent of any specific color, such as that employed
by indehiscent-brown fruits; 4- explosive dehiscent fruits require a
fibrous fruit-wall for dispersal; 5- dehiscence and brown fruits may
also converge in cases where seeds may act as both dispersal unit and
self-protective structure.

Bright fruits, together with purple-black (dark) fruits are more
likely to interact with the environment than seeds (which are frequently
enclosed in indehiscent fruits, or dark seeds are produced by dark
fruits), which could explain the greater diversity in the coloration of
the former. Most fleshy-fruited species are conspicuously displayed by
having fruits that are brightly colored when ripe (French 1991). Fleshy
fruits were somewhat less specific as regards their color, and only drupes
and berries (baccas) tended to be a particular color, purple-black, which
agrees with the commonly found association between these types of
fruit and the dispersal of seeds by animals at the community level
(Willson & Thompson 1982, Knight & Siegfried 1983, Wheelwright &
Janson 1985, Lopez & Ramirez 1989, Willson et al. 1989, Bosque et
al. 1995, Selwyn & Parthasarathy 2006, Ibarra-Manriquez & Cornejo-
Tenorio 2010, Buitron-Jurado & Ramirez 2014). The dominance of
purple-black drupes and berries may also be related to the number of
species belonging to the following plant families: Melastomataceae,
Lauraceae, Rubiaceae, Aquifoliaceae, and Symplocaceae (Wheelwright
& Janson 1985, Buitron-Jurado & Ramirez 2014). However, no effects
of phylogenetic constraints, either at the family or the genus level, have
been found when explaining community-wide variations and patterns
in fruit color (Janson 1983, Willson et al. 1989). Purple-black fruits
have been associated with the visual perception of birds, which are
considered the main seed dispersers in both temperate and tropical
sites (Willson et al. 1989). Moreover, purple-black fleshy fruits may
absorb more radiation in the visible spectrum (Wheelwright & Janson
1985) thereby raising fruit temperatures and leading to an increase in
metabolic and developmental rates (Janzen 1983). The predominance
of purple-black over red in fleshy fruits relying on bird seed dispersal
seems to be a characteristic feature of most plant communities (Knight &
Siegfried 1983, Wheelwright & Janson 1985, Nakanishi 1996, Galetti et
al. 2011) except savannas (Donatti et al. 2007). Bright (red and yellow)
colors show lower specificity according to fruit types, although fleshy
fruits, drupes and berries are often these colors. Bright colors are a
key characteristic of fruits because they raise the probability that the
fruits will be noticed or selected, and consequently that their seeds will
be dispersed (Wheelwright & Janson 1985). In addition to signaling
location, fleshy fruit colors may convey information about fruit quality
that would influence a bird’s choice of meal (Wheelwright & Janson
1985). Different colored fruits seem to be dispersed by different dispersal
agents, although this is a tendency rather than a rule. In fact, plant-seed
dispersal networks show low levels of specificity (Bliithgen et al. 2007),
although drupes and berries favored by birds for seed dispersal are
more likely to be brightly colored, whereas those eaten principally by
mammals tend to be yellow or green (Knight & Siegfried 1983, Willson
et al. 1989, Voigt et al. 2004, Galetti et al 2011). Yellow- fleshy fruits
are generally found in relatively low frequencies at the community level
(Willson & Thompson 1982, Chen et al. 2004, Possete et al. 2015). In
this study we recorded comparatively low numbers of yellow-fruited
species, despite the inclusion of a few yellow-dry fruits in the plant
species examined.
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Morphological fruit types and seed colors exhibited similar
associations as compared to fruit type and color. The seeds of fleshy
and dry fruits may form clusters around the same color. For example,
brown seeds are associated with berries, schizocarps, loculicidal
capsules, drupes, septicidal capsules and legumes; indicating that
brown is the most common seed color irrespective of fruit texture and
dehiscence. In fact, the seed coat is brown in diverse fruit types (Parisca
& Ramirez 1989, Lopez & Ramirez 1989, Gordon 1998). The frequency
distributions of the number of seed color links per fruit type also suggests
the existence of very cohesive associations, with clusters of the most
common fruit types and color categories converging among themselves.
Specifically, a high number of dry-indehiscent and fleshy-indehiscent
fruits had beige seeds (achene, caryopsis, drupes and berries), and
beige, white, and green seeds were more abundant in indehiscent than
dehiscent fruits. The predominance of light-colored seeds in indehiscent
fruits is probably related to a thin seed coat, low fiber content, and no
protective function given by the fruit. Beige seeds were the second most
common seed color and form several clusters with achene and caryopsis
(anthecetum and pseudoanthecium) fruit types; and white seeds form
a large cluster with achenes. The high frequencies of beige and white
seeds in the sample examined agrees with previous studies of diverse
fruit types (Lopez & Ramirez 1989, Gordon 1998) and seems to be
related to the high proportion of these seeds in dry-indehiscent fruits.
These trends show that light colored seeds are associated with dark
indehiscent fruits, and that black seeds may occur in both dehiscent
and indehiscent fleshy fruits. For example, achenes (cypselas) were
predominantly black with a high number of species with white or beige
seeds. Light-colored seed coats seem not to interact directly with either
biotic or abiotic factors, and thus in species with these seed colors,
fruit color could be more important. Dark fruit colors, for example,
could protect the seeds from biotic and abiotic factors and could thus
be associated with a great variety of functions (Cazetta et al. 2009). In
some cases, however, light-colored seeds are significantly associated
with rapid germination (Thompson 1993, Gordon 1998, Debeaujon et
al. 2000). Hence, light colors in seeds could be linked to basic processes
to do with the establishment and development of seedlings (Debeaujon
et al. 2000), and in some cases with abiotic seed dispersal.

Brown seeds seem to be mainly associated with dehiscent fruits
which are mostly brown and sometimes black, and are the most common
colors found in plant species. Dark colors (black and brown) may give
protection against physical factors as they absorb more radiation in
the visible spectrum than pale colors (Wheelwright & Janson 1985).
This also raises fruit temperature, thus increasing metabolic rate and
speeding up the ripening process (Janzen 1983). Hence, dark colors
could contribute to providing energy for germination and may also
protect embryos from radiation. In addition, brown and black seeds are
related to high fiber tissues (Stringam et al. 1974, Daun & DeClercq
1988) and may provide protection against post-dispersal seed predation
(Bodmer 1989, 1991). Moreover, brown and black colors may enable
seeds to avoid advertising their presence to post-dispersal seed predators
through crypsis with the soil, and might also serve as protective mimetic
colors in species that employ abiotic seed dispersal mechanisms
(Nystrand & Granstrom 1997). Brown and black seeds, in combination
with their structure, are also associated with plant species dispersed
by granivorous animals (e.g. Pirk & Casenave 2006). In some animal
dispersed species, black seeds may be combined with a contrasting color

http://www.scielo.br/bn

of one or more parts of a fruit, such as the pulp of some fleshy fruits
(e.g. some Cactaceae). Two-color combinations of seeds are usually
black plus another color, and are found in some animal dispersed fruits
(Willson et al. 1989, Wheelwright & Janson 1985). A higher proportion
of brown, white or bi-colored (black+white) seeds were found in dry
fruits compared to fleshy fruits, and green or orange seeds were more
likely to be found in fleshy fruits than dry fruits. The most common
color found in both fruits and seeds, however, was brown. Brown
fruits coincided with brown seeds in numerous fruit types: loculicidal
capsule, schizocarp, legume, and septicidal capsule, and included fruit
types and seeds that were exclusively brown (samara, craspedium and
loment). Brown seeds were also found in the most abundant fleshy
indehiscent fruits: purple-black, red or yellow berries and drupes, and
can be related to seed protection. For example, berries are ingested by
animals and the seeds need some protection for their survival which
might be given by a fibrous-brown seed-coat (Bodmer 1989, 1991,
Parisca & Ramirez 1989).

4. Fruit types, fruit and seed colors, and functional groups

Morphological fruit types show attributes that are closely related
to their different colors and diverse functional traits. Hence, color,
dehiscence, texture and their corresponding morphological fruit types
following either Gray (1877) or Spjut (1994) were predominantly
associated with plant life form, epiphytism, physiology, nutritional
relationships, fruit phenology, and the successional stage they inhabit

Fruit texture and dehiscence were associated with particular life
forms: fleshy and dry fruits with trees, fleshy fruits with shrubs, and
dry-dehiscent and dry-indehiscent fruits with herbs. This agrees with
Fleming (1991) who found that dry fruits were dominant in herbaceous
plant families whilst woody families had a more even mix of fruit types
with fleshy fruits predominating. Other studies indicate that fleshy fruits
are strongly linked to shrubs whilst dry fruits are associated with annual
herbs, suggesting that fruit texture may be influenced by plant size,
woodiness, and life span (Burrows 1994, Herrera 2002a, b, Patterson
& Givnish 2002, Bolmgren & Eriksson 2005). Selection pressures on
shrubs may favor the production of fleshy fruits as the perennial woody
condition is structurally adapted for the production of high quality fruits
that require large amounts of water. In fact, fleshy fruit production is
positively selected for at sites with high moisture and soil fertility
because the large metabolic costs associated with the production of
edible pulp are more likely to be met under these conditions (Willson et
al. 1989, Almeida-Neto, et al. 2008, Buitron-Jurado & Ramirez 2014).
In forests, species with fleshy fruits tend to be understory species,
particularly shrubs and small trees (Herrera 1984, French 1991). The
higher frequency of shrubs with fleshy fruits compared to tree species
might be also related to the relatively small size of shrubs compared to
trees: tall trees commonly have dry-wind seed dispersal mechanisms.
Low frequencies of fleshy fruits among tree and vine species, and higher
frequencies among shrubs have also been associated with dry forests
compared to wetter ones (Willson et al. 1989). The high frequencies
of dry fruits and the minimal occurrence of fleshy fruits among annual
herbs have been found repeatedly (Willson et al. 1989, Possete et al.
2015), and seem to be influenced by the low energetic cost and shorter
development period of dry fruits, which are also undemanding of water
and energy to complete growth. The strong associations found between
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dry fruits (dehiscent and indehiscent) and herbs may be related to the
relatively small plant size, short lived life cycle, and inexpensive fruits.

The most frequent fruit and seed colors were associated with the
different life forms and successional stages. Thus, trees and shrubs,
mostly from late successional stages, had brown, green, yellow and
purple-black fruits (shrubs also produced red fruits). The relationships
between life form and fruit color are mainly determined by the links
between texture, color and the seed dispersal mechanism. Brown,
green and yellow fruits in woody species are associated with dry and
fleshy fruits in trees, and mostly fleshy fruits in shrubs. Dry fruits
in trees are frequently brown but some species produce green fruits
(Knight & Siegfried 1983, Noir et al. 2002, Selwyn & Parthasarathy
2006, Yamamoto et al. 2007, Ibarra-Manriquez & Cornejo-Tenorio
2010). On the other hand, the fleshy fruits found in some tree species
are green or yellow and usually dispersed by mammals (Janson 1983,
Knight & Siegfried 1983, Voigt et al. 2004, Galetti etal 2011). Previous
studies indicate that purple-black and red are the main fruit colors
for tree species (Willson & Thompson 1982, Janson 1983, Knight &
Siegfried 1983, Wheelwright & Janson 1985, Burrows 1994, Voigt
et al. 2004, Ibarra-Manriquez & Cornejo-Tenorio 2010), most likely
because birds are the most common dispersal agents in the canopies of
tropical forests (Wheelwright & Janson 1985). In contrast, herbaceous
species, frequently from pioneer successional stages, generally produce
dark (black and brown) fruits, although some pioneers have purple-
black fruits. Dark fruits in herbaceous species can be explained by
the associations between dry, dehiscent and indehiscent fruits, and
their dispersion mechanisms which may be abiotic, or biotic through
non-frugivorous animals: granivochory or epizoochory. Epizoochory
is a well-known dispersal syndrome for herbaceous colonizing species
(Graae 2002, Devlaeminck et al. 2005), and seed dispersal by granivores
and wind is frequently found for herbs growing in disturbed areas
(Ramirez 2005, Hilje et al. 2015).

The absence of a clear relationship between seed color, life form
and successional stage is probably due to the fact that seed color in
many indehiscent fruits is little linked to environmental and biotic
factors, unlike seed color in dehiscent fruits which are therefore under
stronger selection pressures. Brown was the most common color for
seeds in plant species of all life forms and the two successional stages
considered. Other associations observed among the most common seed
colors, life forms and successional stages were: beige and black for
perennial herbs, and white for annual herbs (generally pioneer species).
In contrast, orange and whitetblack seeds found in woody and late
successional stage species may be related to specialized frugivorous
dispersal mechanisms (Cazetta et al. 2009).

Epiphytes are perennial herbs that grow on a host plant and tend to
have dry-dehiscent fruits and brown seeds. Dry-dehiscent fruits such
as capsules are frequently associated with wind dispersal mechanisms
(Burrows 1994) and are often found in epiphytes (Miller 2005). It is also
likely that there is some taxonomic effects as wind dispersed species are
common in epiphytic Bromeliaceae and Orchidaceae (Benzing 1990;
Hughes et al. 1994; Mori & Brown 1994, Miller 2005). The abundance
of capsules in epiphytic species may be related to: 1- wind dispersal,
because they enable the release of light seeds during the dispersal period
(Madison 1977, Hughes et al. 1994), 2- the fact that wind-dispersal
of capsule-derived light (in weight) seeds is an appropriate dispersal
mechanism for epiphytes due to their position in the vegetation strata
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(Madison 1977, Hughes et al. 1994), 3- the distribution of epiphytes
in the highest vegetation strata as regards the vertical organization
of the plant communities where they are found, which represents an
adaptation for wind dispersal (Madison 1977, Kelly 1985) and 4- the
fact that epiphytic species may be physiologically limited because of
the restricted availability of water (Zotz & Hietz 2001) and capsules
could be an adequate inexpensive fruit type under these conditions.

In contrast, parasitic-hemiparasitic species had predominantly fleshy
fruits. Most of the parasitic-hemiparasitic species with indehiscent-
fleshy fruits belong to the Santalaceae (Miller 2005, Viscaceae (Kuijt
2005) and Loranthaceae (Kuijt 2001)), which are phylogenetically
related (APG IV 2016) and produce green seeds. Fleshy fruits in
parasitic-hemiparasitic species are also associated with: 1- nutritional
dependency on the host plant, which seems to enable the production of
expensive fleshy fruits that are similar to the types of fleshy fruits found
in woody species (Willson et al. 1989, Carpenter et al. 2003, Bolmgren
& Erikksson 2010, Buitron-Jurado & Ramirez 2014). Fleshy fruit
production is positively selected for under high moisture conditions as
the high metabolic costs associated with the production of edible pulp
can be met (Willson et al. 1989, Almeida-Neto, et al. 2008, Buitron-
Jurado & Ramirez 2014). 2- The vertebrate dispersal syndrome which
is a common dispersal syndrome in parasitic-hemiparasitic species
(Hughes et al. 1994). Parasitic mistletoes tend to show host specificity
(Nadkami et al. 2001), and show directionality in the dispersal process
towards the exposed branches of suitable host plants. Green seeds
are common in the parasitic-hemiparasitic families, Santalaceae and
Loranthaceae (Miller 2005). Green seeds in parasitic-hemiparasitic
species also seem to be related to the photosynthetic capacity of the
seeds and the recruitment process on bare woody surfaces. In order to
survive parasitic plants must be dispersed to the limbs of suitable host
plants, and once there they produce a haustorium which penetrates the
host during establishment. This process may be enhanced by green
seeds and their photosynthetic capacity. Developing green fruits may
contribute a major proportion of their own photosynthate (Bazzaz
et al. 1979) suggesting that mature green seeds may also contribute
photosynthetically to their maintenance and consequently may be viable
for longer. Mature green fruits may also avoid frugivory by crypsis, or
be involved in more specific plant-animal interactions.

Morphological fruit types are noticeably correlated with successional
stages. Dry fruits occur more frequently in pioneer species and fleshy
fruits tend to be abundant in late successional stage species. Many late
successional stage woody species produce berries or drupes. In contrast,
herbs from disturbed areas are associated with achene and caryopsis
(anthecetum) fruit types. These trends are in line with the associations
found between herbs with dry fruits growing in open habitats (Arbelaez
& Parrado-Rosselli 2005, Lorts et al. 2008, Bolmgren & Erikksson
2010), and between fleshy fruits produced by trees and shrubs growing
in closed habitats and at the climax end of a successional sequence
(the latter being less frequent in disturbed habitats) (Herrera 1984,
Willson et al. 1989, Carpenter et al. 2003, Lorts et al. 2008, Bolmgren
& Erikksson 2010, Buitron-Jurado & Ramirez 2014). In addition,
indehiscent fruits in natural habitats could be related to a more stable
environment, where fleshy-indehiscent fruits predominate (Opler et al.
1980). In contrast, dehiscent fruits were more common than indehiscent
fruits in disturbed habitats, which correlates with the morphological
adaptions (multi-seeded dry fruit) of some colonizing species (Arbelaez
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& Parrado-Rosselli 2005). In summary, fleshy-indehiscent fruits occur
predominantly in undisturbed areas, while dehiscent and indehiscent dry
fruits are more abundant for pioneer species growing in disturbed areas.

The relationships between life form and morphological fruit
type also include the carbon metabolism pathway employed by plant
species. Thus C, species are herbaceous (Medina 1995, Ramirez &
Bricefio 2015) and are mainly associated with caryopsis (anthecetum
and pseudoanthecium) fruit types. Most of these plant species grow in
savannas and disturbed areas (Medina 2002, Ramirez & Bricefio 2015).
The most abundant fruit types in C, and CAM species are taxonomically
influenced. As previously mentioned, C, species are herbs and produce
principally dry-indehiscent one-seeded fruits. For example, caryopsis is
a classic morphological fruit type of Poaceae (Silberbauer-Gottsberger
1984, Amaral et al. 2013). In contrast, multi-seeded dry-dehiscent,
capsule, fleshy-indehiscent, and acrosarcum fruit types are typical of
CAM and succulent species, mostly from the Cactaceae (Spjut 1994).
Moreover, most C,-herbaceous species grow in disturbed habitats
(Ramirez & Bricefio 2015) and their caryopses are mainly dispersed by
epizoochory and anemochory (Silberbauer-Gottsberger 1984, Amaral et
al. 2013). All these attributes seem to point towards a general colonizing
strategy of some herbaceous species. In contrast, the multi-seeded
fruits of succulent-CAM species exhibit diverse morphological fruit
types, and consequently varied fruit strategies. For example, pink fruits
common in succulent-CAM species are dispersed by animals and well
represented in the Cactaceae.

5. Fruit types and fruit phenology

The most abundant morphological fruit types, both according to
Gray (1877) (e.g. achenes, berries, drupes, loculicidal capsules, and
schizocarps), and Spjut (1994) (e.g. baccas, drupes, loculicidal capsules,
and septicidal capsules) exhibited seasonal changes in their unripe
and ripe fruit phenologies, especially during the rainy-dry transition
period. This agrees with previous studies undertaken in different plant
communities (Oliveira & Moreira 1992, Jordano 1993, Batalha &
Martins 2004, Freitas et al. 2013). Fruit phenology during the rainy
season and rainy-dry transition period may signify that this is the
optimal time for dispersal and/or ripening. The variety of morphological
fruit types found during these periods also suggests that the ripening
and dispersal of dry and fleshy fruits is associated in some way with
the rainy season. Ripe, fleshy fruits are dispersed by animals and are
frequently associated with the rainy season (Oliveira & Moreira 1992,
Batalha & Martins 2004). On the other hand, the relationship of dry fruits
(capsules, achenes, and schizocarps) to the dry season and rainy-dry
transition period could be due to the diverse adaptations they have for
dispersion by granivorous animals, and ballistic, and wind dispersal.
Other factors that may influence the seasonality of diverse fruit types
during the rainy season and rainy-dry transition period are irradiance,
which could affect fruit development times (Zimmerman et al. 2007),
and the synchronization of fruiting and dispersal with the onset of the
rainy season to maximize the chances of seed germination and seedling
establishment (Oliveira 1998).

Dry fruits were common in ecosystems with low annual precipitation
such as the seasonal Caatingas (Sobral & Machado 2001, Silva & Rodal
2009, Silva et al. 2013). Ripe and unripe dry fruit phenologies associated
with the dry season may represent a strategy related to the relatively
low cost of dry fruits. Dry fruit production during the dry season may

http://www.scielo.br/bn

be also related to abiotic seed dispersal. Thus, many wind-dispersed
winged fruit types such as samara and samarium are produced during
the dry season (Wikander 1984, Devineau 1999, Cortés-Flores et al.
2019). The synchronization of dry fruits with the dry season may also
be phylogenetically constrained (Bulhdo & Figueiredo 2002). The ripe
and unripe fruit phenologies of dry fruit species unusually associated
with the rainy season suggest that the production of these types of fruits
is in some way independent of the season, and that the contribution
of the rains to the ripening process and ripe fruit phenologies is only
significant in a few cases. The presence of unripe caryopsis and silique
(Gray 1877), and anthecetum, ceratium and coccarium (Spjut 1994)
fruit types during the rainy season suggest that the ripening process of
these predominantly dry fruits is, nevertheless, affected by the rains,
or alternatively, it is flowering that is mainly associated with the rainy
season, which is itself closely related to unripe fruit phenology during
this period. Dry fruits associated with an herbaceous life form can also
be related to fruit phenology: herbs, which produce predominantly dry
fruits, tend to fruit during the rainy season (Ramirez 2009, Ramirez &
Bricefio 2011, Lopez & Ramirez 2013). In addition, unripe dry-fruit
phenology shows that developmental processes are related to the
presence of rain and thus probably depend on an adequate water supply
to complete the ripening phase (Lombardini & Rossi 2019). Most of
these dry fruits ripen during the rainy-dry transition period or the dry
season, which could represent adaptations to wind and granivorous seed
dispersal (Cortés-Flores et al. 2019).

The ripe and unripe fruit phenologies of fleshy-fruited species
are positively associated with the rainy season, although uncommon
occurrences of fleshy fruit during the dry season have been previously
recorded (Oliveira & Moreira 1992, Jordano 1993, Batalha & Martins
2004). The abundance of fleshy fruits during the rainy season seems to
agree with the elevated costs associated with their production, and the
fact that the quality of fleshy fruits is related to their water content. In
addition, most fleshy fruits are ripe indehiscent fruits, and are produced
during the rainy season due to positive selection for a high moisture
environment (Willson et al. 1989, Mclaren & Mcdonald 2005, Almeida-
Neto et al. 2008, Buitron-Jurado & Ramirez 2014). Thus, unripe fleshy
fruit phenology during the rainy season seems to be related to the
ripening process of expensive fleshy fruits. Furthermore, the presence
of unripe fleshy fruit during the rainy season could be associated with
woody life forms because the structural patterns of these plant species
mean that they are comparatively less limited by low water and nutrient
availability (Rathcke & Lacey 1985).

6. Fruit phenology and fruit and seed colors

Unripe and ripe dark (black, brown, green, or purple-black), fruits
were common during the rainy-dry transition period. Unripe red or
yellow fruits were also abundant during this time. Brightly colored
fruits, however, are more frequent on average during the rainy season
(Wheelwright & Janson 1985). This seems to correspond to the ripening
of red and yellow fruits before the rainy season, and agrees with the
high frequencies of fruits with these colors during the rainy season. The
ripening of bright fleshy fruits during the rainy season can be mostly
explained by the association between bright colors, fleshy fruits, and
animal dispersal. As regards seed colors, no specific associations were
observed, although beige, black, brown, green, orange, and white were
the most abundant seed colors during the rainy-dry transition period.
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Large-scale comparisons suggest that fruit color, rather than other
morphological and chemical fruit traits, reflects the selection pressures
exerted by different frugivore assemblages (Voigt et al. 2004). Probably,
seed color diversity derived from contrasting textures, dehiscence and
combinations of these attributes could result from factors independent
of reproductive phenology. Seeds from dehiscent and indehiscent
fruits differed according to the mechanisms of protection, dispersal,
physiology and recruitment. Multi-species analysis of fruit types and
seed color combinations showed a highly diverse assemblage, and
suggests that seed color is independent of fruit phenology

Conclusion

The taxonomic structure may provide similar insights as the
phylogenetic approach (e.g. Corbelli et al. 2015, Fan et al. 2017). In
this context, the influence of large taxonomic groups as families and
orders may, in some cases, influence the main conclusions derived from
the results obtained. The four most common seed color categories were
generally associated with the most common fruit colors. Particular
associations between fruit morphology and fruit and seed colors could
be taxonomically influenced. For instance, most of the rhexocarpic
fruits are brown, dehiscent, and their seeds are frequently brown; a large
number of these plant species belong to one of the most frequent order
found in the sample examined (22.4% of Fabales; N. Ramirez & H.
Bricefio, in preparation). However, the more representative associations
were mainly found for dry fruits: brown color with a loculicidal capsule
fruit type, which may be widely represented in a variety of lineages.
The largest groups represented in the sample examine [ Lamids
(17.4%), Malvids (21.10%), and Fabids (27.26%), N. Ramirez & H.
Bricefio, in preparation] contain many mixed families producing dry
and fleshy fruits. Therefore, dry-dehiscent fruits and their associations
with brown seeds are not necessarily influenced taxonomically in all
cases. Fleshy fruits were somewhat less specific as regards color, and
the only significant associations found were that drupes and berries
(baccas) were usually purple-black, with brown or beige seeds. Such
associations come from different lineages and taxonomic groups
(Rubiaceae, Solanaceae, Myrtaceae, Melastomataceae, Humiriaceae,
Passifloraceae) and suggest no evident taxonomic constraints. Similar
conclusion has been previously proposed for fleshy fruits (Janson
1983; Willson et al. 1989). Asymmetries in the level of specialization,
where less frequent fruit and seed colors tended to be related to the
most common fruit types, and seem variations without taxonomic or
phylogenetic consequences.

Morphological fruit types have attributes that are closely related
to different colors and diverse functional plant traits. Thus, trees were
associated with fleshy and dry fruits, shrubs with fleshy fruits, and
herbs with dry-dehiscent and dry-indehiscent fruits. Dry fruits occurred
more frequently in pioneer species and late successional stage plants,
mostly woody species, tended to have fleshy fruits. Such relations
seem to be largely independent of taxonomic effects; however, some
specific correlations are influenced taxonomically. The abundance of
plant families containing a large variety of attributes, called mixed
families, which are well-represented in the three largest groups found
in the sample examine (see above, N. Ramirez & H. Bricefio, in
preparation) could be provide independence taxonomic. Our results
agree with previous study where mixed families, species producing non-
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fleshy fruits tend to be herbs or vines growing in open and/or frequently
disturbed habitats. In these families, fleshy fruits are usually produced
by woody plants (trees and shrubs) in closed, less frequently disturbed
habitats (Bolmgren & Erikksson 2010). Additionally, the distribution of
plant families producing fleshy fruits does not differ significantly among
the five lineages recognized in the APG (basal angiosperms, monocots,
basal eudicots, asterids, and rosids) (Fleming & Kress 2011). On the
other hand, the C, species are herbs and produce mainly dry-indehiscent,
one-seeded fruits, which are influenced taxonomically. Most of these
plant species are Poaceae and grow in disturbed areas and their fruits
and seeds are influenced taxonomically since Poales represent 27.6%
of perennial herbs in the sample examined (N. Ramirez & H. Bricefio,
in preparation). Epiphytes usually had dry-dehiscent fruits and brown
seeds (Orchidaceae and Bromeliaceae) and predominantly fleshy fruits
in parasitic-hemiparasitic species (Santalaceae and Loranthaceae) were
taxonomically influenced. However, dry-dehiscent fruits and brown
seed in epiphytes belong to two different orders and clades (see APG
2016). The relationships among phenology, morphology and color of
fruits, where dry fruit were associated with the dry season, and fleshy
fruit species were positively associated with the rainy season may be
not taxonomically influenced because seasonality is mainly related
with life forms and fruit texture (see above). Thus, the presence of ripe
bright-fleshy fruits during the rainy season was mostly explained by the
association between bright color, fleshy fruits, woody life form, water
availability, and animal dispersal. Moreover, herbaceous species, with
dry fruits are also associated with the rainy period. By the contrary, the
occurrence of dry fruits during the dry period is mainly explained by
the association between dry fruit, woody life form and abiotic dispersal.

Supplementary Material

The following online material is available for this article: Appendix
S1 - Distribution of Gray (1877) and Spujt (1994) fruit types according
to fruit color. Appendix S2 - Relationship between fruit and seed colors.
Percentages are relative values to each raw, except total fruit colors.
Appendix S3 - Distribution of Gray (1877) and Spujt (1994) fruit types
according to seed color.Appendix S4 - Number and percentage of Gray
(1877) and Spjut (1994) fruit types, fruit color, and seed color according
to functional groups. Figure S1 - Bipartite graph showing the links
between morphological fruit types

Acknowledgements

The authors would like to thank F. Osborne for comments on the first
draft of the manuscript. The authors are indebted to all those people who
made it possible to complete this research, especially to O. Hokche, M.
Lopez, W. Duran, G. Leal, Y. Brito, D. Vazquez, L. Lemus-Jimenez, C.
Grasses, 1. Jaimes, L. Rodriguez, and A. Seres. This research was partially
supported by BID-CONICIT, Fundacite Guayana, CONICIT, and the
Consejo de Desarrollo Cientifico y Humanistico de la UCV. We wish to
express our gratitude to the people of the Autoridad Gran Sabana (CVG),
the Estacion Biologica de Los Llanos and the Navy Base of Mamo district
(C.AN.E.S.) - Vargas State, for letting us makes use of their onsite facilities.
Thank to J. Delgado, J. Grande, G. Colonnello, C. Aranguren, A. Villareal,
K. Garcia and B. Gil for let us use their fruit photographs.

http://www.scielo.br/bn



Biota Neotropica 21(4): €20211238, 2021

20

Ramirez, N. et al.

Inunuod

qrunyy
Jorrd umolg wmntess[orq apLN I a a v L ud SN 8] S suound exoyjueUINNY
¢ Jomid xo [puels (‘weT)
eI umorgq wmiress[oIq PN I a a v L ud SN ] 489 RIOJILI[RY LIOYIUBUINY
umorg umorg WINLIES9[oI(] apIN I a a v L ud SN [%0) LTS "1 e1odse soyjueIyoy
AVADVHINVIVIAV
o uMmo W)UYo ouetoy s i
oeld € UV Jo aredaIdy I a N v L v N WvO 9t sisuoueAens eepideg
umor umou WInLIedI|[o PIHIOY s OSHD
d q Lrest[jod Jo oS8y a a a v L ud N €0 LT 111S010§%] SLRYAOUWII]
suayoe T[YOIN (TPIYRS % "Wey))
vl ol mRuRYoY Jo aredaIdy I a a v L v SN € e snIoyIpueld sniopouryoq
AVADVLVINSITV
. wmor o[nsdeo o[nsdeo 1
el dq [epIoINd0] [epIoINd0] a a a v L v E vo s wnyseoe[n)iod eWYIURLL],
. usmor o[nsdeo o[nsdeo . 1(CT)
e d [ep1ornoo| [ep1ormnoo| a a a v L 4d S €9 erel wnnseoe[nod WNIANSOS
. umor o[nsdes onsdes *J "OOH
eI q [epIoINY0] [epIOINO0] a a a v L Ud s WD el 10UO)SUOWPI WNIANSIS
dVAIVOZIV
umolrg yoe[q-ojding adni( adni( I k| N v 1 us SN € 9 J 7] soproun winuwinqip
AVIIVXO0aVv
o umOoI dmsdeo dnsdeo s ¢ ] eso1oqn) eI[jon
Joerd d [epIONP0T [epIONo0T a a a v L ud N €0 Sl 1 qm Bl[[ony
oe UMOI O?..wQ\No o:ﬁ&&o N *1 erenotued erjjon
Joerd dq [eproTnooT [epIoOINo0T a a a v L ud N €0 84 T eye[nor ey
oe UMOI omsdeo omsdeo s eA e[jAydoioew erjjon
Joerd d [epIONO0T [epIOTNo0T a a a v L ud N €0 L [YeA BJIAY ey
o . onsdes onsdes S nepury (sdoN)
e d [BPIONNO0T [BpIONNO0T a a a v 1 id N & o BUBDpOqUINY BIf[oNy
op, umox ansdes S[nsded s ¢ uny eIOPIunues efjon
Joerd d [epIONA0T [epIoNA0T a a a Vv L ud N €0 ST YT un’] erogrut Ieny
PpIeu0d] (SN
umoug yor[q-o[ding adniq adniq I d W A4 L 1 SN € L9 X2 "JsIe3] "H % YoszIo[y)
SISUQIBAO) BIOUOPUDIA]
. usmor 9[nsdeo 9[nsdeo S oKoiry
vl d [epIoINo0] [epIoINd0] a a N A L Ud N £ L 2 "yssep ereydns eronsng
oe umoI dqnsdeo dmsdeo S L BA BPUNOSS BIONSN
Joed dq [epIo1Na0 | [ep1o1N20 T a a a v L ud N 30} 1T°LT TJEA Ep Toysnf
. . 9[nsdeo 9[nsdeo s . ‘yssem (1g
orid H [epIoInoo] [epIoInoo] a a a v L Ud N € 6181 q'N) sisuduemns eronsnp
umou umou 9[nsdes 9[nsdeo X s . ‘[puels (‘Suaids)
! g [BepIdINO0T] [epIoINo0] a a 4l v L L N € ¢l BUWILLIOSAUL BISTBARIG
AVHAIVHINVIV
10[0d Ke1n (OOUSIYIP  2IN)XI) ,980)8 (digsuoneppa LULIOJ wisijoqe)ou
10109 p33§ mayg anfds 2%y ymag adAy ymayg ymag ymayg [EUOISSAONG  [eUOPLINN suspiydidg Iy 2UAMINS uoqae) ey SADALS ATINVA

‘parpms saroads jued ¢ 11 JO S10[09 Pads pue iy pue sad£) 3y ‘sdno [euonouny ‘Ayjeoo] Aprys ‘Ajrwey ‘sorodds jueld [ dIqeL

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



21

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“anunjuod
NGHIRY _ ‘winyos 3 (DA
umolg umoig wntrestjoq Jo o018y ud SN €0 LI-¥1 V) IEUaq B[[IASPUE]Y
ReNICY . swelim (He)
o o {IHERHIO] Jo oreSaIsy 1 SN €9 st wnje[0291n S1dodSOIRIN
J[a1[[0} . uoSpoopy euerySInquIoyos
umolrg umorg wnLIestjoq Jo oS3y us SN €0 91°¢1 eoydojoeien
da10¥ car ¢ USPION
umolg umolrg wnLestog Jo oesarsy ud SN €0 L1 91 °S1 2 UOSEA[D) 1912) BSSENT
RICHIRY < O[Oy (W]OH
o o tnHEtIod Jo o1e3a13y d N € 81 "M "Y) SISUSIBAI[OQ BSSBII(]
S[oHI0) ‘ uony "L'M
umolg umord {mLetIod Jo 9e3a1dy us s € 6's (uory) e10001d sidonore)
RICHICY uony LM UJ puediq
o umord WHEOHIOA Jo qedaidy us s € I ("1) eoyuesi3 sidonore)
Mol umox winLIBOI|[O eLomIey s “nJyog 19[n uoporeydos
4q d Lrest[jo Jo oreSory 1 N WVD 81 H[YoS 1o[n uoporeydarg
d101[10J SUBAIS "('M
o umord {mHeotIod Jo qedaidy 1 SN € 81 (1yeA) wmord uoporeydojg
apa110 - uoa( (‘IPIYOS)
umorg umord {mHeoIo4 Jo 9e3a1dy 1 SN £ sevete wnjeuotonw uoporeydarg
UMOI umorx WINLIEDIT|O oLoHIo) 1 s k HOSpOOM
! d HEHIod Jo redaisy L N € L9 11o[pudj euwadsopidsy
AVAIVNADOLV
o umorx WINLIBOIO, dresozyo: S SoUrISUoY
Joed dq ! o] yos ud N 30} 14 2 PRI HURIEn BjI0SY
“qruag xo NN f ('s1od)
umoig umoIrg WNLIBI20)) dieooziyog uy SN € 1 winyAydoyda] wdy
AVAIVIdV
oe Y +UdAL WNLIBJI|[O ORIy 1 S ‘pT ¢ HEN
Aoerg PY+UdRIH L1es1[jo g Jo oSSy L SN €0 LTyeee (‘wreT) eonewore eidojAx
oe| MO, wnidresuk Auoq s ‘b ¢ ‘pes nuyel euouu
el 119A ! S J0 oe01SRY us N 30} LT ve e Jes fuyel v
aa11[0§ '0a v (1eunq)
vl torg nreoiod Jo areSaidy L SN € € eJRUILINOE BoJOTEXRUY
AVADVNONNY
azyuny (‘Aed % ZIny)
M [ 2dniq 2dniq L SN £ 9 WNJeL)s UOIPUSPOIIXO],
umorg MO[[OX adnig adnig 1L SN [%0) LTTT T urquour serpuodg
AVAIVIAAVIVNYV
[l UMOI WNLIBSI[OL 9oL N ¢ uoseaydng
oerg q Lresaporq [Pt ud N €0 Lce erojusnSue oursar]
yoerg umoIrg WNLIBSI[OI(] JoIN ud SN [0 6 Jewre, eqqe euaaydwon
yoerg umoIrg WNLIBSI[II(] JoIN uy SN 170 ST ‘TeL xo
: : : “MEIA SNIQNP SNyjURIRWY
Yoerg umorg wniprg wniprg Y SN ) s DS

sadisserd snyjuerenry

uonenupuod

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

22

Ramirez, N. et al.

“ranunjuod
. noyog (boe
J3g A Snso10g Aiag W T SN €0 LTte wmaoeIapay :omcwuwo__:w
noyos (*
umorg MO[[RA SNS0I0g Auog N us SN £ 9t SU29S2I0qIE SEEM_M%VM
. noyog (boe
umorg MO[[OX S1S010g Kuag W ud SN £ Le oumsas aiummcﬁéym
o81eg poy wniedoeg L10g a ud SN €D $T ‘T JU9A I0[091q wnIpe[e)
ayonog ‘g’ 203
umorg poy wnieodeyq A1og W Ud SN €0 9 E:_\Mfomm_a_m \Aw H%ﬁsﬂcw
MM MM wnLIedORE Aig W ud SN {30] Ic uny L9300y wnkmpuy
AYoNo! 20
oerg poy wniredoey Auog N ud SN €3 s N Eso:m—w:u :m__swsﬂaw
AVIADVIV
TRULIDAD)!
umorg yoejq-opding adni( adnuq W us SN €3 st m:&%ﬁ“eh@:m xﬁm—
"qosLL
umolg yoelq-ording adnig adnig W us SN 30} 1 (‘) SOPIOAXO (_o%w wumu_
i ‘ar ¢ ‘quotps W
umolg yoe[q-ording adniq adniq A us SN €0 L1 917Gl [ Ul 4oszZ30[y] BSal Xa[[
umorg yoe[q-opding adniq adniq W ys SN [%0) 91 w1k ejod o[
. "oa1pen,
umoig yoejq-ording adniq adniq W IL SN €0 81 LI 2 gy sio1uEp xom
AVIIVITOAINOV
umorg Py adniq adniq W us SN €0 4 "0d 'V (1) 1enoye enoAdy L
MO[[oK J01[[0F ‘boer erjojirepSAwe
+umorg P (UMHEOHIOL Jo 9e3a1dy W us SN € 4 BUBJUOWIRUIQR],
umoIrg umoIrg WINLIBOI[[0] SO a ud S VD 1€ ag "q°'N eojuedi3 erjodelg
B Jo 9jedaIdy o
RIEHIRY wnyes % A
umolg umorg winLestjo] 30 apeSrdy a 1 SN WvD s (‘boef) wnsnepd ewa)sodres
RICHICY :
umorg umorg WNLIedI[0] Jo seFoisy W 11, SN [%0) S boe( e1opour eLowng
J[o1[[0F YIS X0 I Y (‘MS)
umoig umoig wnLestjo Jo oSoriy a 1 SN £ ! wnogiAred BwRISEION
umor umol WnLIBDI[O, oI S 81 ¢ N
g d HRMIOL ) oedorsy a 1 N £ SLBLLL Goano) erromy ewoiseroly
umox umoz wnLeoI[[o oLoHIey s ‘ Jopoom
g d e a 1 N & Lewe (‘bovp) pumuew vajRIEI
umor umoz wnLIeDI[o, oL S e pussna
8 d HEHIod Jo reSaisy a 1 N € Leyece eo1]AydoIox eruapsIejy
J[o17]0) Aeld A'S
umorg umolrg winLestjog J0 ooy N 1 SN € § BIO[JISUIPUOD BIUSPSIBIA
310y UOSPOOM ('AB( % ZINY)
umoig umolg WnLIBdI[0] 10 oyeSordy a T SN € I ©IENISESqNS B[IASPUBIN
RICHICY s SO[IOIN “A'[
mod ot HIHEIOL 16 oesardy a L N £ 81 (uny) siroess e[jLadpuTy

uonENUHUOI™**

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



23

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

*:NuUN)u0d
"q0Y 'H % Sury
AMYM oeld e[osdA) QUaYOY us SN €0 0T ‘81 N (runy]) wingoinut
wmnuojednoonsny
'qoy "H (ypun
ST or[g HERIGY auayoy v SN € ! E::ﬁﬁi% %h“wm_o_wm
AIYM yoerg efosdA) QuAYOY qy SN I%0) 1 QAE[T B BJEIUSP BUIRP[Y
uosuyof J'W
AYM orIg e[asd&D auayy v SN €0 81 (:aeD) winrjoyney “dsqns
Sop10zAu0d wnje1afy
. ‘we
AYM oerg e[asd&D auayY ud SN €0 0T ‘818 sopioenyes omm% Eo@
AVAIVIALSY
Joerg Aoerg ansdes nsdes ud S VD Sl [o1], 0D 2ALTY
[epIolnoo] [epIolnoo] '
AVIDVOVIVISY
umor UMOI wnneso, aqmsdeo s ¢ OUUSOH
g d HER) [eprondog 1 N € vece soprosouued BIyo0[0ISLIY
AVADVIHOOTOLSIIV
AQ[S[E I10§ne)
umorg MOT[OA adnig adnig 1L SN [%0) L M _LB_mMV_MEMSOM
umorg umorg adnig adnig 1L SN [%0) 97 ‘¢ "} eSONXop eILINEIA
umolg yoelq-ojding adnig adnig us SN € L jo1ng SINUI) BUIOUOD)
joLmg X9 [pud,
umorg yoe[q-ording adnig adnig us SN € L H mcmomwc%w mEhﬁo o\w
“PIIL
molg Peig-olding 2dniq 2dniq us N € L suoxgrordurs m:_oﬂmww
umolrg umolg adniq adniq a1 SN [5%0) 1z e euojesdrd adioinyg
snnJe g
umolrg yoelq-ording adniq adnigq a1 SN € LT EEou“oE_\Momwmmm_%Uv
. 91819() (-obe
umoig yoelq-ording adnig adnig us SN [%e) L9 mcoﬁzmcc_%wupoﬂwMEm:w
umorg MO[[OA adniq adniq 1L SN [%0) L "JsIeY] "H BSOINIos sIjoeg
QI00A *
umoIg soejq-odmg adniq adniq us SN € LT TT "W (-]) s1susoumns m:ﬁwm
AVIDVOIIAV
urpoi,
umorg yor[q-ojdmg eooRg Kiog 1L, SN [%0) 9 (spuny) ereaqerd EoEMzom
AVADVIIVIV
o031
umorg AYM snsolog Auog ud SN €0 L " (9yonog "D % Yooy
) sadipun ewosoyuey
. wnsogna “TeA "ULIAd)S
o31eg A SnsoI0g Airog ud SN € LTSI unuereyd GOIPUSPOTIYA
oSreg AYM SnsoIog Auog 1 SN [%0) L Hoos

wNSso[S010eUI UOIPUIPOTIYJ

uonenunpuod

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

24

Ramirez, N. et al.

“NuUNuod

aMYM e wnisaIq audYdY a v SN € I azyuny| () eI0PIq BIIPQ
931! oe eosdA QUAYD s g ysmbuoid
rog yerg [osdAD oy a v N € 125 ‘e (1) stsusweniog ezkuop
'q0Y "H % Sury ‘WY (D)
anyMm poe[g e[asdA) auaydy a ud SN € |14 enopnsead sisdorunoouosy
QoY
anyMm qoerg e[asdA) auaydy a 0y SN [30) Sl "H % Sury ‘WY (puncy)
SOPIOUISAIl WNIPIAPUO))
. sanen) (-oanen))
a31og yoelg e[asdA) auaydy N us S € 4 stsusioun ensjedsaos
oanen) (‘ppap x2 dig
a31og e e[asdA) audyOY N us S 3] 4 o) mxeonds mmapadsocy
“daxen)
a310g yoelg e[osdAD QURYOY W us S € 14 ('ppop xo dig Z)nyds)
eURIZ)LIOW B1O[dsa0)
(owdy) oamen) (‘g
a310g yoe|g e[osdAD auayoy N ud S €0 14 -3y) eqpe eneadsacgy
. "q0Y "H % Sury ‘WY (190%
UL el e[osdAD) auoYOYy a uy SN €0 0T ‘61 I"€T) UG SUSROWOTY
. 'q0Y 'H % Suy ‘WY
M Joelel efosdk) suaay a ud SN € STHT (1) 1e10pO BUSE[OWIOIYY
‘904
UL Foerg e[osdAD) auoyoYy a ud SN €0 81 °LL“SI "H % Sury WY (we)
©1eS1A08] BUSR[OWOIYD)
. 'Q0Y "H % Sury ‘WY
M yoerd epasddd ouaydy a ud SN £ sTYe (1) P1opAT BUSEIOWON
o510 oe e[osdL QUAYO N Lmesoun IeA SSey
rog el [0sd£D LEY a ud N €0 0T wnyeyund wisgren))
211t oe wniIsaor AUAYD S “o2mEn) A.oobszv
YA Foerg 1921 yoy W us N €0 8T 10][IpEq POqUIELIE
g Beig e[osdA) auoyoy a ud SN € ¥4 quny esuIsepr[os es[e)
A o] epasdk Quayd N ‘usaln
n vl 1osd4 v a td N £ ot % QO T HOAL[O O[e)
AMYM yoerg e[asdA) QUAYIY W ud SN [%0) 61 anngey eueu eI[RD)
- Ol d'S ¥
AMYM Yoerg erasdA) Elislimvs W Ud SN 30} 9l-v1 UOSEQ]D) BIUSAIPION] BO[E))
YA el e[osdA) auayoy W ud SN € L1 “YIUSY EIEDLIBAIP EO[E)
yorpInpy
ST el e[asdAD audyoy W ud SN € 91 2 SXmBep SLUOPIED T3[E)
A $oelg e[asdAD auoydY a ud SN € 0T oeld “d'S SOpIOIYde Bae)
aAYM el wnisa[I audyoYy a uy SN € .%% _m%_ 1 esojid suoprg
AMYM yoerg elasdA) QuAYOYy a ud SN [%0) 12°L-S T SI9J SIAIQULIL SLIRYOORY
aAYM orrd e[asdAD auayY a ud SN € 0T-81 "0 ereydadoyday streyooeg

‘qoy - Sury] ‘W
g Yoerg e[osdA) auayoy a ud SN € 0T-81 40U H S0 N Y

(‘wrer) eurpep3Awe euedely

uoneNUHUOd***

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



25

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“nNuUNuod
SILITY poe[g e[osdA) auoyoy a a v L 1 SN €0 811 "0Q eAyoeysoisd erueyIy
LYY Aoerg e[osdAD) auoyoYy a a v L qv SN €0 LT 81 [puny EYjUBIOIU BIUBYIA
UL Aoerg e[osdAD) auoyoYy a a v L 1 SN €0 1L Ry
i “Td nuojsuyol eruexy
. sy ¢ uny x4 ‘[duo
a31g oerg e[osdAD auaYOY a W v A us S €0 8T8 me_mewm% SW_EM_HM:SMV
3 "q04 "H (D)
M Foerg epesddd auayy a a v L ud SN £ 0z-81 nuuewzes eojdepider]
. 'Oy “H (unyy)
ST el e[osdAD audyoYy a a v L uy SN €0 0T ‘61 soess soydepida
. ; 'q0Y 'H (‘qpug)
SILITY pELE| e[osdA) auoyoy a a \% L ud SN €0 61 eropmoIg vordepido
. "q0Y "H (oI1tPed “W'A)
QLYY el e[asdA) auayoy a a v L ud SN €0 AN sisuarEAL0q Eo[depde]
plaoAneaq
g $oelg e[osdA) auoyoy a a \% 1 '\ SN €0 S (-boep) BooeqAiul Borune]
oanen) (‘mpueg x9 dig
A SJoerd e[asdA) SUAYOY a a v 1 ud SN € 14 -Z)[nydg) smep[roruadisuoy
snjeydooorse|
aAYM soelg e[asdA) QUAYOY a a \% 1 0y SN € I "ABD) SI[[OW BOOSESE]
aerg 'S (Suaxd
anym ERLI | e[asdA) ELElRAY a a A% 1 ud SN € 0z m__éw_awmﬂ %wwo EEMW
< uny
QLAY Moelg e[asdA) audyoYy a W \4 1 ud SN €0 4 eropIssos sueqoodAL
‘quioyds ‘H -
M Yoerg e[asdA) auayoy a W v L us SN € L1-G1 ém_amﬁagmahowwmﬁvw
w, :
agiog Yoerg e[asdA) Uy a a v 1 ud SN € 8T soprowTuTTe Eﬁéhw%m
AMYM yoerg e[osdA) QuUAYOY a a v L qy SN [%0) 1 ‘Ae)) eIogisred e3osulen
a3reg or[d e[asdAD auayY a N v 1 ud S € 4 ds enejadsy
a81og yoelg e[osdA) QUAYOY a W v 1l ud S %) 14 ds enojodsy
a31eg yoerg elosd£) Quaydy a W v 1L ud S [%) 14 ds enopadsy
“danen)
aBrog Yourd epasd£D uaydy a W v L ud S {30) 4 erenqorBruss ensiadsg
ad1og e e[osdAD audYOY a N v L ud S €0 4 "PPIM HZYNYs Brd[adsy
ag1eg yoerg e[osdA) QuoYOY a nW v L yd S [%0) b ‘sonen)) viejeq enodjadsy
sesedanen)
a31g Joerd eposdAD suapy a W v L ud S £ 14 eoymsSue eropedsy
. Daxe ey (1)
a31og Joerg e[osdAD auaYOY a a v L uv SN [30) 0zT ‘61 SOOFORION SO
a31og e e[osdAD audYOYy a a v L v SN €0 17°1 UOS[ODIN 11810450] eIt
umorg e[y e[asdA) auaydy a a v L ud SN [3) ST 81 yuny sijjow sndojueydag
. dzyuny|
UL poe|g e[osdA) auoyoYy a a v L ud SN %] 116 () erensoid o9
UL poerg wnIsaPIq auoyoy a a v L % SN € 1T°s isseH (1) eqqe ediog

uonpenupuod

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

26

Ramirez, N. et al.

“Ianunjuod

AVADVINNADIAV

. 0a

angMm MO[[A adnipopnasd auaydy E| a v L T SN € vT 1 R —
angMm oerg wnisaI auaydy a a v L qd SN € 12°6°1 "Yory BUIOA[ED BI[OPIA
AMYM pELI | e[osdA) auaydy a a v L uv SN €0 sTee YOIy BIOPIOWIDI BIUOUIOA
AMYM yoerg elosdA) AUAYDY a a v L qy SN [%0) 81 BUBISIOIU BIUOUIOA
MYM rIg e[asdAD auayy a a v L v SN €0 I [Huny S{IoeIS BIUOWIA
MM Joerg e[osdA) auaYOY a a v i v SN €0 ¥4 '$S9 (") BOIOUIO BIUOUIA
o oe e[osd& liElif} s ¢ g
MUM Joerg [98dAD v a a v L Ud N £ Lese () BUBI[ISBIQ PIUOUISA
AT 14 wnIsayorn AUAYD S ¢ ¢ LoalH 7 LOM
UM oerg 1sopo1q 1V a a v 1 v SN € Lewed “T°¢] BUBSBORIRD BUISIQIOA
aANYM oerg ENS) auayOy a a v s IL SN €0 I Z)UI)) [OUT STXLIL,
A oe e[osdL QUAYO N ‘Buaidg
YA oerg [osd4A) oY a a v 1 v N €0 I T
anym Joerg e[asd&D auayy a a v i ud SN €0 ST 7 suequunooid xeptiy,
o oe e[osdL QUAYO N AEd®
A oerg [osd4A) oY a a v i us N €0 S R ——
yoepInpy

AYM Soerd e[asdA) QUAYOY a W v 1 us S € L1-p1 29 oXMBeN (193ee])
B)esudpuod BaLYI0JelolS

a31eg yoelg elasdA) AuaAYOY a a v 1 ud SN [5e) ¥ uny SNSOULIO} 010dUdS
sonen) (aerg

aBrg Fourd eesdAy AUWPIY a W v L ud S £ 4 1°S) Sueosaorew ezadopny
dobmﬁo

a3reg or[g e[asdAD auayy a N v 1 ud S € 8T ('ppom xg "dig-z1nyos)
truapur] erzadopiny

. (owdy) -vanen) (Adpue)s)

a3reg or[d e[asdA) auaydY a N v 1 ud S € 8T essooop erzadopmy
“001EN) (IS "))

agiog or[g e[asdA) Uy a N v 1 ud S € 8T eomdmdone erzadoqy
. "q0Y 'H % Sury ‘W

aAYM yoe[g e[osdA) aueydy a a v L oy SN € sTe (qrunyp) esogroned syoxeig
Nl oe e[osdA Rliklif) s 'sse)) (boer)
YA oe[g [osd4D oy a a v L uy N € S sesapt wnggdorog
“qQpAY ('91n)

anym oe[g e[osdA) aueydy a a v L v SN € I wadreoors] waqdoiog
. SO CTIIA)

MM Yoeld eposdh) suapy a a v L us SN € $'1 eijomAyduiAs Boyoniq
1

AYM Yoelg e[osdA) aueydy a a v L oy SN 0 I stuoqdosoysy wamsgueg
AMYM oerg wnIsaorq AUy a a v L IL SN € 9°1 "D SOPIOUISIGIOA BOEPILQ)
I oe elosd4& QUAYD s SSED
YA oerg [asd&D Y a a v L ud N € ¥4 (T) @eqo] TusEIOMmON
Kaxgor

MYM oerg e[asdA) auaYOY a a v L ud SN [%) 14 "D (‘ppom xo “digf "yog)

©I[0JBOLIQUIT BI[EONUOIN

uoyeNUNUOd***

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



27

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“Inunyuod

a3 aMYM adniq adniq a 1L SN %) LTS TI0d B)EIUSP BIPIOD)
STYC YIS 79 WY
a31g Py adniq adnu a s SN %) Tz (‘borf) BoTAESSEATS FIPIO))
umolI &) adna adna S tunsody
4q Py a a a us N [30) 9 ‘0 oweIMIoIsLIE BIpIO))
umoig umorg wnuewes dreooziyog W I SN [%0) 41 ‘boef eoonsxo eLdLINOgG
‘ Z|yds "7'0 (‘PO
umoig umorg wnuewes dreoozryog W 1L SN € ST SISUSUBWIND epaImog
AVIDVNIOVIOI

UMOI! UMOX amnsded ansded S - qpuog SI[ISSAS BIJOUUO
dq d [eprondag [eprondag W us N j30] L1-¥1 quoeg sIt 8 d
AVADVILANNOY
9[nsdeo . 193ua1dsg ('pr1im)
el tmoig HMERD [EpIdINI0T] W L SN € sTre wnijojnIA wnuadso[yoo)
AVADVXIA
umolrg umorg wniyeIe)) anbiyig a 1L SN € I sy
! i X9 'ssnf () SUBIS BWOIL,
umorg umorg wnne) anbiyig W 1 SN [%0) 1T ‘mS eqolel wnrodeue],
UOS[OYDIN "D
umorg umolrg wnne) anbiyig nW 1L SN [%0) I (‘boer) eyIuEsAIyP PINGOqE]
. SIOUAL (puncy)
umorg umoig wnpei)) anbiig W 1 SN € YT ‘e S1yEUa[D EWOJou0aLg
umoirg umorg wnnea)) anbijig W 8| SN € LT Anwo "1V (1)
: - WNISSIONIO WNTUII0IIYPIJ
UMO! umolr wnner anbiyr I N ‘6T BHOJISMQO "dss
q q e1o) s A L N €0 L stye ‘[duog erjojismqo epueIeoRf
UMO UMOI wnnerd, anbir I S ued
d dq nen s A\ L N 3] I (] BI[OJISOWIW EPUBIBILT

. “[sw ud
umorg umorg wnne) onbiyig W 1L SN € ST ve e &mog_omE Mﬁmmﬁﬁomw
umolg umolg wnped anbrjig W us SN [30] LLST Yl “quuog erjoyrme] erqdwosi(
P Anuwen ‘HY
umoig umolg wnnersn anbrjig W 1 SN [30] LT YT 'TT () suoosaqnd eowpIqeiIy
umorg umorg wnne)) anbiqig W 1 SN [%0) T 'qI() edieoAxo eoepiqeLry
‘wnyosg
umorg umoig wnper)) anbiyig W 1 SN [%e) T 7T *3] 29 neaing (uny)
BUWISSI[[OW BOBPIqRITY
UMOU: umolr wnner anbiyr N ‘e {IMpUES
d g HeRD s W 1 N € Lest (‘boer) eurjje100 eoepIqeLry
AVIDVINONDIA

UuMOlI umolI omsded omsded s ‘pueki(q siwuny eruodd
dq q [epIoIN20] [epIIN20] W uv N €0 L P ( sty er dq
AVIIVINOODHL
yoerg Ud2I0) wnidieoukg 90Ud0SANIJU] a ud S [%0) €1 ‘01 ] BWNLIBW SHRg
AVIDVLVE
U32ID usaIn BIENICK BIENICK W IL SN (30} €1°01 "1 () SUBUTULISS BTUUAIIAY

uonenunpuod

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

28

Ramirez, N. et al.

- NUN)U0d

umor Usmor 9[nsdeo 9[nsdeo ‘wg
d d Teprondag reprondag W Ud S £ L g1 euadiqnu eruewZn
umor mor onsdes onsdes ZJJA BIOP1II0I0
d q [eprondog Teprondog N d S € I erureosyidoroworn
umor . 9[nsdeo dnsdes s QasLID
d 4 Teprondag reprondag W Ud N £ L ('mg) sueynu sisdoye)
ornsdes ansdeo . ZoIA (J YOS 2 NYIS)
umord umord reprondog reprondog W d SN € L1791 BURIUOIANIOQ sisdoje)
yorrg MO[[OX eoORY Auog W ud S VD LT T ‘boer eyjuesAiyo eroworg
. usor onsdes onsdes ‘ws g1
d g reprondag 1eprondag W d S € vl ITBULIDAR)S BIUIYOI0IG

UMO UMmou O_SmeU O_SQOQ N - Jyed e1onpal erurygdd0.
d q reprondog reprondog W ud N €0 LI-S1 Sled BIONpal BIUIYI901g
. usor onsdes dnsdes ‘ws
d g 1eprondag 1eprondag W d S € sl €] BIRUILINDE BIUIYII0IE
umolrg anjg eooeqg Aiog W ud S VD L ‘WS g T HASSE BAWIYOY
umorg anig ©OORY Auog W ud S VD 12°L 2IPUY HIO[PULJ LAWY
AVAIVITINOYE
aSue1Q umorg wnnere) anbiig a ud SN I%0) 1 T wnotuSa wniprdoy
aSue1Q umorg wnnero) anbiig a ud SN %) ¥ “sed
wnipyneuurdiq wnipidor
umorg umorg wnnera)) anbiyig W ud SN €D ¥ ‘ourld
: i 29 USPUITT BUBSYOUNY BQRI]
umorg umorg wnnese) anbiig W ud S I%0) % NG
’ o 'S epiydouoryo eqeiq
AVIDVIISSVIL
Aoerg AoeIg+HHYM adniq adnigq A 1 SN €0 12°6°1 T STIqNJOA BIIOJOUINOT,
yoerg Bﬁ”% adnig adnig W 1 SN €D 174 ‘boer ejernoew eniojouinoy

+

- ¢ 91N
umolg yoe[q-ojding adniq adniq N us SN € LTS (‘boer) esomds ERI0pRA0
‘T4BA
umorg umoIrg adnig adnig a ud SN D S winpwso) wnrdonorol
umorg umorg umniredniq adnig a qy SN [%0) TIIT 61 7 wnorpur winidonorey
e "1
umorg umorg wmniredniq adnig W ud S [50) €111 ‘6 soporeydeus widonoiop
e "1
toig M 2dniq adniq a 4d S €9 s wnorAesseInd wnidonorop
umol UMOI wniredn adnu s ¢ A wnuuiadsorsue
q q I a a a uv N [30] S wnydonorap
a31g AMNMYM adnig adniq W ys SN [5e) T ‘T 191qny 9A9nboy eIpI0)
PR asuyof NI
a3rg Py admug admig a us SN £ STTTITT () weydookod wipion
nd
agiog Py adnig adniq a us SN €0 [ "V X9 SMAIpUy 2 {punc
(‘boer) esoqo[3 e1p1o)

uoneNUPUOd**

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



29

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

*:aNuUNJu0d

‘ “MeH (1)

Joeld Juid WnoJesoIoy Auog ud S VD L'e snupueqAyd winpAydidyy

"qaxdeg (‘qe3oeg)

Yoerg quid WNOIESOIOY Auog T S VD 4 snuidstiioy snaio0)

yoerg umorg WNOIESOIOY Auog 1L S VD W TIAL () snuoZexay sna1o)

AVAIVLIOVD

AMYM POY-+UdaID) wnrue[nonN adnipopnesq 1L SN [%e) € ‘[Sug winje[orjojiun wnnolg

‘ puegoIRi ('19nY)

AMYM POY-+UdaID) wnrue[nonN adnipopnesq 1L SN € 7T wnypAqdeydoy wngosg

AMYM PY+UdaID) wnrue[nonN adnipopnesq 1L SN [%0) 71 ‘S1eg (1) eqniews elosing

AVIDVIASHNG

onsdes i

umorg umorg onsdeds [eprouiog P qy SN [%0) I JIBJA] J0[0J1q BIUUBULING

AVADVINNVIARING

ornsdes ansdeo ‘wg g1 (Ipuy)

umord umord reprondog reprondog d SN € 0¢ oewepuonbay eosaLIA

usmor oL ansdes Jnsdes s WA

! dq Teprondag eprondag Ud N £ L (‘uSuoig) suapudyds BISILIA
UMOI! umol amsdeo smsdeo s ‘yarpnen) ewoukjed easoL,

4 q reprondag reprondag ud N 30} L yotpnes Je] HA
UMOI! uMmOI aqnsdes o[nsded s : 0G SI[IqELIBA BISPUE[[T

d q reprondog reprondog ud N VD 1 IPHYDS stiqet IspueqiL,
UMOI umol amsdeo amsdeo "] eJR[NOLIN BISPUL]]]

dq q [eprondag [eprondag ud S VD I T eremoLnn BISpUey[LL
UMOx UMOI O_SmeQ O_Smﬂmu NS BUBIPAIYIS BISPUE]]L

d q reprondog [eprondog ud S VD 6T pnas PIIYOS BISPUB[LL
uMmoI UMOIL amsded amsded ¢ 1 (1) BIBAINDAI BISPUEJ]L,

d dq [eprondog [eprondog Ud S VD Sl TCDe ISpuelLL
umor uMOI aInsdvo aInsdvo s Iodeq BUBIOUNJ BISPUR]]T

d q reprondog reprondag ud N €0 53 ed Bpouny eIspueqiLL
UMoLl! UMOlI! amsdeo amsdeo ‘91 ‘¢ ¢ MG BSONXI[J BISPUE(]L

d q [eprondag [eprondag ud S VD LTIl S1 S [ eISpuejLL

umox umox: aqnsdes s[nsded s 195eg) BIROLI Ewcwwmh—mw

q q [eprondog [eprondog ud N VD [/ (1vjeg) erROLIQUILQ

puny ereSuo[d eIspue[iL

usor usmol Jnsdeo gnsdeo S . uag

d el [eprondag 1eprondag Ud N Nvo L9 ejeue[dwod eISpue[I],

onsdes ornsdeo ‘IPMYSS

umord umord Teprondag Teprondag Ud S Wvo s BJRUUIOIID BISPUR[[LL

umorg umorg o[nsdeo o[nsdes 0 S VO 2 ‘3 NYds

[eprondog [eprondog BUBISIq[eq BISPUE[]LL

. ‘wo] (00 % TN

umorg yor[q-ordmg eOORY Arg ud SN [5e) L [TUESIME eruITRaL

oL . o[nsdes o[nsdes } ZoIN (109g)

q e [eprondag eprondag Ud s £ L1vl SISUQURING eIUBWIPUIT

usor . ornsdeo ornsdeo BIR[NOIUAT “IRA "WS

g g 1eprondag 1eprondag Ud S € Ll g’ ®Ie[noIuas erUBWIPUI

uonenunpuod

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

30

Ramirez, N. et al.

“Inunuod

Joelg

9 +U09. niyero onb s ¢ ‘boer eyejsey suedde
o POY-+UAID wnier) IS us N €0 LTS [ Bjeiseq sL D
el POY+UdaID wnpes) anbiig us SN 30) ST "1 (77) esonxay stiedde)
+NYM ’ .
AVADVIVAAVD
¢ sumyg
yoerg Py aduig adnig 1L SN €0 9¢ () PypuRIOIW BWIAL],
umolg MO[[OX adniq adniq 1L SN [5e) 1 ‘3reg (-ober) eoruen3I SN
AVADVAVNNYD
ornsdeo (reos
yoerg ud0In) onsdeo [eproriod e ~.o:m Ud SN (30} L9 2 W0y X4 "PIIA)
[epIoLIod snyenonal snjAdweooydAs
ornsdeo uoqa-b
agog usa1n aqnsded [eprotiog [epotiog Ud SN € Iz (1) erogSuo] ewoiqoddry
o Qonig
a31g Py eooRyg Kiog uv SN €0 1C81 L (1) smnuioo uoSodonua)
AVADVINNVIIAVD
umorg umorg aInsdeo ainsdeo 1L SN €0 81 ‘¢ ‘uag ereidnsxo eamyeiy
[eprondog [eprondog
umoig umorg ansdeo S[nsded 1 SN 1% I ‘sanen)) winioue|| edrere)
[eprondeg [eprondeg :
AVHIDVTIAHAOTVD
‘qoyor
yourg w2910 WNOIES0I0Y Aug IL S VD el (1) snpuvdox m:uuoom__wasm
‘qxng
yorrg Nuid WINOIBSOIOY Aug 1L S WVO S (‘MBH) SNOSLIS SNAIS00US
JTojkeL ‘TN %
. noqyeg (9so uopL
yorrg AYM WNOIBSOIOY Kuog ud S WVD L9 L Sﬁﬂa mwm .,cMmM%xo P Mﬂnw
-ufeg esoodop siesdryy
Kopmoy
yoelg yurg WNOIBSOIOY Kuog 1L S VO S ‘an 2 ss[kg (ono)
SNUBIZ)LIOW SNAIA0SO[I
B Kooy '@ % sa1kd (1)
yoerg udaID) WNJILSOIOY 1og 1L S VD 4! snsourSnue| SnoIA00SO[1d
1099,
Youig U210 WNOIESOIOY Aupg IL S VD TS 'yd oyovwend mimno_‘%w
yoerg MO[[OX WNOIBSOIOY Kirag us S VD S ‘TIIA Jone]d enundQ
9A
youlg MOJ[OA WNOILSOI0Y Auog ud S VD TI6 s -w[es vuBsEORIED Sﬁw_:mm
1oqnip o ®
yoerg yurd WNOIBSOIOY Aig ud S WVD e [IL ‘AL T[ZIBUOS SNJOEI0[OIN
RULIDY) “PIQ)
Yourg yuid WNOIESOI0Y fuog ud S VD cre’s méam;%o mamwomvm
10[AR], d "N X2 Ioqnu
yoerg yuird WNOJESOIOY Aug ud S WVD [43 .MW:%%EM:SSM@_N
yoerg pay WNJIBSOIOY A1og Ud S INVD S et H D

SLIEJ[TUIWEN BLIR][TUIWRIA]

uoneNUHUOI*

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



31

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

anunjuod

'qI() X0 YISZ)o[]
umorg umolg wnnersy anbrrg a a a v L uv SN (30} St efAydouss awoa])
umolg umoig wnpe)) anbiyig a a a v 1 1\ SN [%0) 121 ‘boer esourds owoa)
umolg umolg wnper) anbiyig a a a A 1 qy SN [5e) P ‘Jey] esoroads awoo[)
umorg umolg wnper)) anbiyig a a a v 1 1'\% SN [%0) Ly D ewadsopnni owoa)
umorg umolrg wnne)) anbijig a a a v 1 qy SN [%0) L ‘uag esoqid owod[)
umol umol wnnes anbiyr s HRIYOH Xo

dq d nerd HEN a a a v L ud N [30) 9 OSZIO[Y] BUBIZ)LIOW SWI0D] )
umorg umorg wnne)) anbiyig a a a v L qy SN [50) S "] eIpueuAS owWoo[)
umoig umoig wnneso) anbiig a a W A 1 us SN [%0) 6F "PRIYDS BIIOQIR JWOA[D)
umolg umolrg wnne)) anbiyig a a W v 1 ys SN [%0) I3 uny B[EWOoUL dWod[D)
umoig umoig wnneso) anbiig a a a A L '\ SN [%e) w "] ©JBI[NOB JWOJ[D)
AVADVINOATO
umoig umoig adniq adniq 1 d W v L 1L SN [30] LT T "qosD erjojuAd erueory
UMOI UMOI adnu adnu 1 s SSou'] X9
g q a a I d W v L L N € I j0Seg BOORUBIqUIOW BIUBOIT]
UMOI! MOJ[?, adnu adnu 1 N huog
q TPA a a 1 d W v L L SN j30] € eydiowooy BruBor
umolg soejq-ordmg adniq adniq 1 d W v L us SN j30] 91 auag eIqeds e[[oIH
‘J OOH X2 ‘yuag (oonz
umorg MOJ[PA adniq adnu 1 d W v L 1L SN j30] € 2 e sisuoered eidonos)
AVIDVNVIVAOSAUYHD
wg
umoxg MO[]PX adniq adniq I k| W v 1 1 SN €0 € "'V (urT X9 "suueuiory)
©1eS1A0R] BSSEILIO]
o oSuer o[nsdeo oqnsdes s OSSIOY 1UDJSILY SNULL
qoerg (o] [eprotnoo [eprotnoo a a W v L us N 30} 1T essIoy MHuojstey JABIN
‘ws D'V ([purs)
umolg MO[[OA adniq adniq 1 d W v L 1 SN 30 € oSUSZI[9q WNTUTO[IOY))
AVADVILSVTID
ansde) onsdes aerg A'S
tmoig umolg [eponuaq [EpPIOINO0T a a W v L v SN € 4 wnyjueeydod wnmsei)
o[nsdes
umoig umorg a[nsdes [eprotod [eponog a a W v L Ud SN j30] 14 erg 'S uyel eureuory
AVADVTIAHdOAUYVD
umoI umolr winuedn adnu 1 s pnd
g d ' a a I d N v L L N € € wndresororur 1ed0£1e))
AVADVIVOOAUVD
umolI umolI e[osdX, LRl S (H) ‘bug (Zomp)
q 4 [ o) qov 1 a W v L us N 30 14 sopoatjAyd eueLIo[EA
AVIADVITOITAd VD
AMYM ¢ .

POY-+UdRID wnper) anbiig a g W A L us SN [%e) ST boe[ esoonuoa suedde)

umorg ! 1t !
M U221 wnner) anbipig a a W A% 1 us SN € SC ‘boer enbifisinugy suedde)

Jumolg ! 1t 1ist I
pay-+yorIg umoirg wnpers) anbiyig a a W v L us SN [%0) S ‘boer ewissiyeiopo suedde)

uonenunuod

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

32

Ramirez, N. et al.

“ranunjuod

AVAIVINATOANOD
MolRA umorg RICHILEE RICHILEE IL SN [30) LTYTE red
+yoeg : : SNUB[ONZOUSA SNIBUUO))
AVAIVIVNNOD
umorg yor[q-odmg eooeqg Airg ud SN [%0) L . S
(1) eIUOUBZ BNJUBISIPRI],
umol umouI onsdeo onsdeo woog eaindind easea10)o!
d d [EPIOUMOOT  [epIOIO0T id s & ! d 8
uMmoI uMOI dmsdeo dmsdeo s ¢ ] ©10910 BUT[QUIO,
q dq [epIonnoo [ep1onnoo uv N 30 Sl T® 1 o]
AVIIVNITINWINOD
¢ wen D
Uo1D 031D wnisapid adnig AL SN £ eror (1) esowdoel eLIR[NOUNSE]
umorg umolrg WNUOO0UYOY Quayoy IL SN [%0) €171 ‘11 1 smyoa1o sndreoouo))
- Zumg (§R0T)
umolg umorg wnisa[aIq vIRWES T SN [%e) LT YT € wWnsoonYy WisIqWosy
‘boer
umorg umorg wnIsa[oIq eIRWES 1 SN [%e) LT WNIPUEOSP WRIQUIO)
umolrg umorg adnipopnoesd adnipopnesd a1 SN (%) ¢ oI
BJR[NOTIOI BIABUOYINY
AVADIVLIIIINOD
UMOI! umox ansdes oqnsdes 1 s apon(g esoroads BjIuoAo,
q d [eprondag [eprondag L N €0 € 3on( esot 1 L
oSuex IEEN ansdes S[nsded 1 s ¢ ‘puag (euers _M_M_M xw
O D [eprondag [eprondog L N VD 8I°LI qrueg LI % "youeld
T o rURD{SINQUIOYDS BISN]D)
oSuel ool o[nsdes onsdes . e[[Isng
0 o Teprondog Teprondog us S € Lrsl “dss ‘wrokayg e[pisnd eisn)
oSue1Q yoe[q-ojdmg osdeo onsdeo IL S [%0) 9 quny| eIognNuI eIsnj)
[eprondog [eprondog ’ ’
a3uer etelahs O—ﬂ—wn—ﬁo O——‘—wn—ﬁo I ¢ T Iourur eIsn
O D [eprondog [eprondog L S INVD 1T°1 "] ouTUr BISN[T)
o3uel uoal! omsdeo omsdeo 1 s ¢ *3y11dg eroyrpueld eisn
O D [eprondog [eprondog L N j30) 8161 JAS BIOPIp s
93uel udal dqsdeo oqsdeo 1 s ¢ ‘bi]A BUBSNO0] IS
O D jeprondog [eprondog L N €0 LT1°91 N 003 BISN[D
23uel uoo ansdes ansdes 1 s ¢ ‘[Sug sHeUWwn|oo BIs|
O D [eprondog [eprondog L N €0 81 °¢ [sug sl [03 eIsn[)
oSue 5 onsdes onsdes BUBLL],
© P [eprondog [eprondog s S VD e % "youe[d eIR[E BISND
oSuel 5 onsdes 9[nsdeo annSe
0 Py Teprondag reprondog us S £ L e[A1sAyoRIq “Je 'Isn|D
AVADIVISNTO
umorg umorg wnneIo) anbiig qy SN [%0) LT * BSOOSIA QWO
umoIig umorg wnneIa)) anbijig 1L SN € 0S *qoIYdS BIOPIPLIIA WO
umoig umorg wnneIa)) anbipig ud SN € 9% eredez ziny

"L 7 SN[ edIeonio) owoa])

uoneNUHUOI*

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



33

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“ranunjuod

umorg MO[[A odog odog 1 SN I%0) S ‘quaayy snaoesdip stunon)
u221n) yoeq-arding odog odog 1 SN I%0) 71 an
(Terewed sayuesorerd)
umol MO[[9, odd odd s o)y
d 1A d d 1 N € e ('II1A) esowaoer eruodede))
AVIIVLIEINDND
umor umoul WINLIedI[[O 21Oy S84
d d HeotlIod Jo 9e3a1dy v S WO ! (‘wre) eyeuurd doyouee]
q[a1]]0) IOLLIDJ “H % 1oUWeH- WARY
nmord ol nHeoHIod Jo 9e3a13y v S Wvo I BURHUOWITIED d0yoUR[e]
umol Mol wnLIesI|[o, 21O ‘ uleod
4 4 Heatled Jo are3a13y v s Wvo 8 BUBIQUIN[OD BLISAYOH
AVAIVIASSVID
yoerg o o[nsdeo ornsdeo S . 20050y
+NYM MM [ep1o1[No0 T [ep1o1[no0 ] Hd N £ Le (‘boey) siends smso)
yoerg o onsdes onsdes s . 2000y
+ONYM MM [epIoINY0] [epIOINO0] Ud N €9 e (‘boef) snsowoo smso)
AVAIVLSOD

umor uMOoI dnsdeo wnIprxA s ‘gl eje[e eulnoIad,
q dq [epIoTWIBIO IpIXAd 1 N €0 94 g1 erefe euly O
oL o o[nsdes o[nsdes S 1eH
4 4 [epIo1[no0 ] [ep1o1[noo| 1 N €9 5 (1) e1R[[oqUIN BIWALII
ornsdeo ornsdeo 11euuo. O (uoaeq %
tmorg torg [ePIOINO0T [ePIOINO0T 1 SN € 9 ZIy) XATBOOIORW BIWIALIIIA
oL Umou o[nsdes o[nsdes S ‘qasun (")
q ! eSenndag [eSeyndag T N € € erjojIuwe) enuowonboef
. LMoL onsdes Jnsdes s uo( 'O (‘boer)
g g [eSeyndag 1eSexyndag 1 N € ve eyuejuad enuowanboef
usmor wmor o[nsdes o[nsdes s zjuny|
g d [eSeyndog [eSeyndog 1 N € s sIsuouUBWIND eruowdnboer
usmol umor ornsdeo ornsdeo S I uoq ‘D
d d [eSeyndag 1eSeyndag 1 N € Leyeee (ypuny]) epyLy edowod]
ol umor onsdes onsdes s . "USIOIAl
g d reSeyndog reSeyndog 1 N € sTre e[Aydoouios eoowod]
usmol umor Jrnsdeo ornsdeo S . ag
o ! 1eSeyndag 1eSeyndag 1 N £ e (*7) seadeo-sod eoowod]
umol UMOIL onsdeo onsdeo s T ¢ ‘boer eoures eoowod
q d reSeyndog reSeyndog us N €0 LTI 6T iy 1
umox umox: ansdes S[nsded s unsny ' e[0d1AL Baowod
q d [eSegndog [eSegndog 1 N €0 S nsny ' ejodt I
umox umou a[nsdes S[nsded s s mo:o%.mh”mwmmmsomﬁw

q e! eSenndag [eSenndag Ud N € s et U

: : “JBA SINUS) SNNAJOAT
umou umor asdeo sinsdeo s snijo meo.wmm\mmw% D)
q d [eSenndog [eSenndog ud N €0 ! l[ojtsuo] 1oy
: : X9 “JEJA SINUS) SNNAJOA]
o . ornsdeo ornsdeo S . 189
g dq 1eSexndag 1eSexyndag 1 N € sl SNIOPIPOU SN[NAJOAUO))

uonpenupuod***

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

34

Ramirez, N. et al.

“anunjuod

pundy
a8g umolrg WINIOOYIUBOPNOSJ EliElip a ud SN o) S1 eeyExo B10dS0qouAYY
"qosLID
aS1og umorg WINIOJYUROPNISJ Quayoy W uy SN [0} 61 enATn ei0dsoyouATY
101030004 (jun
aS1g umorg WNIOOYIUBOPNOSJ QuoOYIY W ud SN [%0) 61 mﬁmmmoﬁhoﬂ_ﬁo mWomwc bwm
9z ‘61 pun3y (TyeA)
aS1eg umorg WINIOAYJULOPNIS QuaYOYy a ud SN o) ‘91 °C1 P e1eqreq e10dsOGouATy
‘ (SN yrunyy
umorg umorg wWNIOAYIUROPNISJ AUAYOY W ud SN %0 61 ‘L1-¥1 spi3u sndresouse |
‘P1o}d "H (e8pn
aS1og umolrg WINIOAYIUBOPNASJ QuayoYy W ud SN [%e) 61 ‘vl EE;W?W&E_N_M b%a\wm
umolg umoirg WNIOAYIULOPNISJ ElilipAve W ud SN %) €1 I Y BSOWAD SIA)SLIquul ]
‘nyo! puitle)
a31g umoirg WNOAYIULOPNISJ ElilipAv a 1\ SN %) €T ) m:hzw mm%_ﬁam
Ny RUEY
a3reg Joerg WNIYULOPNSSJ QuaYydYy W uv SN €0 ¥4 1D Sa_:uﬁcummwmwﬁo&w
PR ‘qnoy
og1g umolg WNIOOYIUBOPNASJ QuoYIY a 1A% SN %) LT1T€E srsuswmEzms snodfs)
UMOI! pug
q umorg WNIOJYULOPNIS QuayOYy a ud SN %) 81 (PlI) stuesosise sniodho
agdeg umolg WNIAYIUBOPNASJ Juoyoy W ud SN € S Aqio snpidu sndieoojeyde)
‘wpur (‘Susidg)
oSeg umorg WNIOYULOPNISJ QuayOY W ud SN %) 61 exopered sfsoqung
e “wpurg
a31og umolg WINIOIUBOPNS QUAYY a ud SN 8] 0C 61 "Ll (punyy) eyeue| sn)soqung
. ae)) 'g" jun
umorg umorg WNIOAYIULOPNISJ QuaYOY a ud SN [%0) €TS1 m_ctwfwwsmmm _w\wm_onzwm
. e gD (un
agdeg umorg WNIOAYIUROPNISJ AUAYIY W ud SN 10 Sz 61 NMM_WWQM%\AMMOL:WM
AVAIVIAIAD
‘wpur
umorg U210 WNUOIOWAIL], K1rog W T SN € L (104) Jopruny EEEE%O%M
YO 'V X2
umoig Q91D WNUOIOWAILL Auog W ud SN [%0) L€ — ME.MEM o
a31eg u2210) SNS0I0g Auog W 1 SN (%) L “ds erpundsy
Surpre 057)0
a31eg U210 SNS0I0g Auog W 1 SN € L m:mﬁmgoﬂ AMEELMW
ag1eg udaIn) SNS0I0g Auog nW yd SN [%0) L Surprey uo[pusy eipunjdsy
Surey (§ oo
a31eg 29I SNS010g Auag nW yd SN [%0) L oam:qu.uL %wm Mwﬁ :“_: QMW
AVADVHINVIDAD
Kaxgor *
a31eg yoeq-a1ding odog odog a 1 SN € 4 (quny) esoiquin ¢ %: m._mw
pay MO[OA odog odog a 8| SN € €TC 7 BIURIRYD BOIPIOWOIA
orrd yoe[q-opding odog odog a 1 SN £ LT "u50)) BIEqO[LY) BLIYIOOIN

uonENUHUOI*

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



35

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“nunjuod

umorg umorg aInsdeo aimsdeo W ys SN [%0) 81-ST ‘9 "USIOJ 109n1ds elrejoq
[eprondog [eprondog e :
AVADVORIA
uopune-|
oeld umolg opsdzo opsdzo N d SN €0 61°S1 ‘vl ' 7 damSeN (S| X9
el [epIornoo| [ep1ornoo| 4 14 : 1!
s s [9SZ)0[3]) QBWIRIOT BIOSOI(]
. usmor o[nsdes o[nsdes S - ‘ws g1
el H [epIornoo| [epIornoo| N Ud N €9 6L sl vl 2 "WIAA)S XI[of BIASOI
AVAIVIASOAA
umorg umorg amsde) ansdea a T SN € 1 uny| BIRI[OJLI) BAIOISOI(]
[epronusg [epIolmooT] o ’
umor . o[nsde) ornsdeo S . ‘3uaidg x2 o1op10g
g g [eponuaq 1epIINO0T a 1 N € sTre e[nosnisofid ea109s01q
AVAIVIIODSOId
vl POY+UdaIn wnjed00)) PIHI%Y W 1 SN [%e) LT "1 SI[IqN[OA BIOORXI],
+NYM Jo 9e3a1dy o
el POY+Ud0ID) wnjorewe)) OIHIoY W IL SN [%0) STYT ] BURILIOWE [[o)eIN))
+ONYM Jo 9edaidy
AVAIVINITIIA
agdreg YA adniq adniq W Uyd SN [50) ‘o1 M __ 1 1 BIOPIWAOLI B[[LIKD)
AVIDVTIRIAD
. ‘we PO
aglog MM Sue[H Quaydy a Uud SN 30 LTYT X0 quOY S:MW_MW wﬂ%om
agiog por|q-ojding SuerH Quaydy a ud SN €0 L "M BI[OJIIE[ BLISOJOS
agdeg umoig WNIOAYIUBOPNIS AUAYOY a ud SN € 61 “I10J SUBISIP BLID[OS
0z ‘61 L1 qrundy
a3reg MM Suer QuaydYy W ud SN €0 1 b1 ‘¢ X PIIiAr euradAd eujog
a31eg yoelq-ording sue[H Juayoy W ud SN € 1z "AR)) B1B310RI] BLIS[OS
199090 un
oS1eg umorg WNIAYUROPNISJ QuAyIY a ud SN %) 9T ‘61 mczs_@_\»who QWOMW: %Mm
9310 umol WNIOOYIUBOPNOS Quoyd s AT X0
lod d loatpueopnasq 4oV a ud N j30] Ll “PITAL SINUS) B10dSOYLUATY
oe J
oSeg umorg WNIOYUBOPNISJ QuAYOY a ud SN [%e) 12°0T ‘61 es0Sn1 210 a_mﬁ.wﬁmmwmm
61 Topasoaog (yunsy)
og1eg umoirg wWNIoAYIUROPNISJ AUAYIY a yd SN € Y11 b1 esonid 210dSOYoUAYYy
1[990 J
oSreg umorg WNIOYIULOPNISJ QuaYOY W ud SN %) $T nWoZo:_mw_o %omﬁ_ﬁmmwh
‘pnays (‘wqar
umoig umorg WNIOAYIUBOPNISJ AUAYIY W Uyd SN [0 61 mcmoﬁxuﬁnﬁo%mmsom \Elm
¢ SOON X9 '[pul']
umorg umorg WNIOAYHULOPNISJ QuaYOY a uy SN [%0) 12 %1 snnostrew modsoqoulyy
o Yo w0y (Ypun
o319 umorg WNIdULOPNasq QUAYIY W ud SN 8] 9T 61 ¥l ﬁmmowo%w SomWow:g bwm
9310 THeA
10g umolg WNIOAYIUBOPNASJ QUAYOY W uy SN [%e) Il

SIuLIo}I[ Y erodsoyoukyy

uonenupuod*

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

36

Ramirez, N. et al.

“ranunjuod
umou: usal dr ‘ DHOS
d D WALE3903 BI0ZIPS Ud SN £ Leoe *y (-77) smsned euoiade)
‘boer
umolrg umorg WINLIBI00)) dresoziyog ud SN [30) 4 eAyorsoloew eydA[eoy
umorg umolrg wnLIedd0) dresoziyog ud SN [%0) S ‘boer erepidsno eyd4eoy
AVADVIEIOHdNA
UBLWMO!
a510g pad adniq adnig us SN € I wnjenpun EE\QEE\CM
P pun
a30g poy adniq adniq 4s SN [30] LT YT TC] SUQOULIO wIn] \?ow_% \QM
. ‘boer
ag3eg poy adnig adnig us SN €0 Leel asuSUEARY WNAXOIAI
Aqsn
aBreg Py adnuq adnig us SN € I wnsusp EE?S%%M
Jun
ageg poy adnig adnig us SN €0 1 asusUERWNO wn] \OSH__: bvm__
TH-IS -
oS1eg Py adniq adniq us SN 30] 81 wnroymo EE\WMEWEM
RICE |
umorg pad adnig adnig us SN €0 9 wnNoIuoZewe WN[AX0IYIAIY
AVADVIAXOYHLAYH
a3eg umolrg amsdeo onsdeo Uyd SN [56) 97 ‘L1-¥1 (-8uog) mun_oEMMMMMM
’ [epIolmoo] [epIOIMO0T mmﬁcmcom:\nm
ornsdeo ornsdeo SianeId
o810 UMOI s - “IeA “PIOJA Sisudwrereyed
lod q [epronnoo [epronnoo ud N €0 9l-¥1 PIOIN mréawmomw\wm
o510 umor o[nsdeo ornsdeo s pueyny (I10d)
e g [epIa1Noo0| [epIaINo0T Ud N €9 9T Su00sa[NEd snyjueuoSukg
o510 umoI SNNIOTE amsdeo s ‘91 ¢ He Xa DA
1og q I 0 JUSOSTYEPU] Ud SN € Lroryl snwojoyorp snypuefedoeg
o[nsdes dnsdes pueny
a81eg umolrg [epIoNNoO0T [ep1onnoo| ud SN €0 vl (‘Suog) SULOSIARY XLIYIOTST
AVADVINVIOORIA
. "USIOIA] X0 [ISZ)O)
aS0g soeq-ording ©OORG Auog us SN 30} L1°91 E:_EQM\MQ Em_::oow
ukony 29 "weklg
‘onmnJeA (10USSIO]A] X
aS1og yor[q-oidmg eooRyg A1og us SN 30 SI SOWN&UC_\MCME:&WMQ:m
‘TeA wnjniaqnd wnurodeA
"} "0o uag (‘qosi
aS0g soeq-ording BooRy Kuog us SN €0 ¥4 I Wwow_ﬁ_w%wﬁo,omm
WS
osiog foe[q-opding ©ooeg Auog us SN € LTSI wnyyue£ms Eamawﬁ,m
umolg umolg vooeg Auog us SN 9 1161 J I00H

my3mquoyos erodojoN

uonenunpuod***

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



37

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“anunjuod

Py u2aID) wWnLesd0)) diesozigog a a W v L iL SN 150 L9 wnioAqns E:%EMMMMM
umoIrg umoIrg wnLeId0)) dresoziyog a a a v L Us SN €D (<] T STUNWIWOD SNUIDTY
umoIrg umoIrg wWnLeId0) dresoziyog a a W v L ud S VD S nod (1)

SOPIO[EWAYIN) SNYIUL[IPIJ
umolg umoIg wnesd0 ) dresoziyog a a W A% 1 us SN [50) 1116 ‘s 1 e1jojidAsso3 eydoner
umorg umolg wnLesdo)) dresoziyog a a a v L iy SN [%0) 1 1 sueydoo eIiny
umorg umorg WNLIEI90)) dreooziyog a a a v L qy S %) ST "1 erjAydooioy erqioydng
umorg MO[[A wnLesdo)) dresoziyog a a a v L yy SN [50) S ‘boer eourwesd eiqioydng
umorg mofRx wnueaoo)  dmoozyos a a a v L ud s WD s eeono viaoqdn

Kexjy

umorg umorg WNLIEIO0D) dieooziyog a a a v L qy S VD 1 eaoydoyreAs eiqioydng
umorg umorg WNLIEIO0)) dieooziyog a a a v L 1 SN I%0) LTSTYT T T suopueos erdweyoseq
umorg umoIrg WnLIeII0D) dresoziyog a a a v L uy SN €D €T “dS[IIA SBeIuLL) U0joI1)
umorg umorg WNLIBIO0)) dieooziyog a a a A% L ys SN I%0) I "PITIA 10QEOS uojor)
umorg umorg WNLIEI0)) dreooziyog a a a v 1 ys SN I%0) 1 ‘boef suafund uojo1)
umorg umorg WNLIBOd0D) dresoziyog a a W v 1 ud SN [%0) 2116 ‘boer smyejound uojor)
umorg umorg WNLIEII0)) dreooziyog a a a v L ud SN I%0) S [UBA SNI[OJI[EAO U0JOID)
umolg umolig wnLesso) dresoziyog a a a v L uv SN 50} €TI16°S 7] Sn3Bqo[ UojoL)
umorg umorg WNLIBIO0)) dreooziyog a a a v L qy SN I%0) 9T ‘vC “I9H, T SNHMIY U0)0ID)
umorg umoIrg wnLedd’o)) dresoziyog a a a A L ud SN €D 1z JUIA SNUIdIIY U0JOI))
umorg umorg WNLIBIO0)) dieooziyog a a a v L IL SN I%0) 9 yeA snijojndAssod uojor)
umorg umorg WNLIBIJ0D) dresoziyog a a a v L UsS SN €D I uny siiserj uojor)
umorg umorg WNLIBIO0)) dieooziyog a a W v L ud SN I%0) 1116 * 7] SUABY U0JOI)
umorg umolrg wnLedd0)) dresoziyog a a W A% L us SN [50) 1 uny smedrdnpuod uojoI)
umorg umorg WNLIEII0D) dreooziyog a a W v L us SN I%0) 1 [N HoKowapaIq :oMHM
umoig umoig wnLesso) dresoziyog a a W v L ud SN (50} L6 s . nv
(*7) suaIn snjoosopru)

umorg umorg WNLIEII0D) dreooziyog a a a v L qy SN [%e) k4 . SN
(*7) erojrwAy) ooksoewey)

umorg umorg WNLIEII0D) dreooziyog a a W v L ud SN [%e) €1 ds ooksoewey)
puednq (‘boer)

umorg umoIrg wnLedsdo)) dresoziyog a a W A L uyd SN [0 CII16°S BI[OJ I UBAIqUIDSIW
Qoksoewey)

umorg umorg WnLIeId0) dresoziyog a a a \% L uvy SN [0 1 e emo““”w\omwﬁwﬁuﬂww
umorg umolrg WInLed0s dresoziyog a a a A\ L uv SN 8] STETS 1 ipews (1)
e1joj1dossAty 20Asorwey)

umorg umoIrg WnLIeId0D) dresoziyog a a a v L uy SN [0 12 SN
(ypuny]) Bd90Ip d0ASorWERYD)

o[nsdeo o[nsdeo . (WHOH " % Xed

pag-PRIg umorg [eprondes [eprondsg a a a v L 1L SN €0 81 LI (szyuny) snuen{smquioyos

sndieoojoey)

uonpenupuod***

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

38

Ramirez, N. et al.

*:3NuUN)u0d

UMOI! uMOX vlewe, pod 1 S ¢ b

d d &) JUISTYIPU] a L N € Lee ("boer) errerioo erurdjesoe)

umorg umolg swngo swngo| W a1, SN [%0) z ‘J YOO II[[9Y0sIIq BAUMOIG

uMmolr uMoIx vIRWE pod 1 N ¢ s

dq el 8 JUDSTYIPU] W L N £ veee SOPIOIISIIA eIYIIpMOg

umorg umorg swngo| swngdo W 1L SN %0 1T YTTT S 1 eje[nSun eruryneg

umoig umoig owngo owngo W 1L SN [50) 6€ ayon(y 1eearenbis eruryneg

umoI umolI awn3a awn3a s huod xo

g g 1 1 W 1 N € L oonudg sue[nni eruryneg

umorg umorg awngo| awn3o| a 1L SN [5e) 1 1 eaandind eruryneg

umorg umoIrg sumgo swngo| a a1 SN [56) 4 's104 enayned eruyneq

umolrg umolg swngo| awn3o| W 1 SN [Se) 6€ ‘[qny Bnowno eruryneg

'0a (puny)

umolrg umorg swngo| swn3o| W 1L, SN [5e) L€ SYAISUTII Bamneg

umolrg umorg swngo| swngo| W 1 SN [5e) 8¢ ‘[qny sisusueing eruryneg

umorg umorg awn3a] awn3o| W 1 SN [56) 1 ‘boer v1qe[3 eruryneg

umorg umolrg swngo swngdo| a a1 SN [50) I 1 ejeo[noE BruIyneg

pod SQWILID) A\ ‘[ 2 Aqaureq

. a8 Rt JUSISIYapU] a L N £ te (pImia) erfoyioessid erziqry

pod . .

umolg og1eg elewen) JROSIYOPU a 1L SN 3] LT g (1) 309999] BIZIqTV

umolrg umorg Judwo| Judwo| a '\ SN [50) €T YIuIE SIPNI AUSWOUAYISIY

UMOI! uMmOolI UOUIO UOUIO S PPIIY BIBQLIED “IEA

dq d ¥ T ¥ 1 a kA N € 9¢ sisudjeld suswouAydsoy

umolg umorg JuAWO ] Juowo ] a qy SN € LT *ds ouowouIyIsay

pod e i .

umoig yoerqg eIlewe) JuLosIyApU a IL SN [30) crIre’s PIIIA (1) Esoniio) eroeoy
UMOI uMmour rIRWIE, ﬁOn— I N - 1 eyenorued eioed

d d o] JuRosIYpU[ a L N j30] I PIIIM e3B! 0By

pod . PIlM X g

umolg oeld e JUDSTYIPU] a AL SN € el 29 "H BYIUBIRIORW BIOROY
UMOI! UMOI! BIRWE pod I s ‘T Hug BSOIOWO[S BIORD

d d D JuoosIyopU[ W L N [30] wTl puag es IS eloedy

pod PIIIA

umorg el BIEwE) JUISIYOPU] a L SN £ Le (*7) euBISOUIR] “JO BIOBOY

pay-+YorIg umorg swngo swngo a 1 SN (%) v ‘TT " snuoyedard sniqy

dipry 7 uonug

anjg POY-+UdaID) swngo swngo a 1L SN (%) 81 (PIA) wqundnf vworeqy

1omid (puag)

anig POY-+UdaID) owngo swnga W 1L SN €D L1 eourSnusy ewareqy

AVIOVEVA

9[nsdeo 9[nsdeo ) ‘J 101][eH (‘quioyos

umord o315 eprondag eprondag il L SN € Li=st ‘H "¥) sisuouens eruoydnyg

AVADVINOIHINH

uonBNUHUOI***

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



39

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“Inunjuod

UMOI! umol owngo awngo s N

d g 1 1 v N € € (") suadios eisLIOIRWEYD)

Aqoureg

umoirg umolg awngo awngo] ud SN [%e) 91 2 umi] ‘S'H (19S0A)

BSOWEI BISLIDIRWIEYD)

typuen) % zsauesy| (Pefjo)

umorg umorg swngo] swngo] uy SN € T ‘€T X2 ")) euefjared TeA (/¢

SUB)IOIU B)SLIOIBWRY))

Aqoureq 2%

umoirg umolg awngo] awngo] '\ SN [%0) 9] umi ‘S H (‘ypuag) esoqid

“TBA SUBIOIU BISLIDdRWIEBYD)

QUAID)

umorg umorg awngo| swngo| yd SN %) ST (+]) esonxop mewosEIEg

umorg umorg oumgo awngo] uy SN [50) $T . N

(") eiAydip esuooewey)

Kqoureg

umoig umolg awngory awngoy ud SN €0 61 ‘L1 91 % iy “SH (‘queg)

IIXNBASIP BISLIDdBWIRYD)

sy

umorgq umorg OEﬁwb\l— OESMOJ Ud SN €0 ST .VN uonLg X9 3s0y 29 uopuyg

BI[OJLIND BISLIDIBWRY D)

umorg umorg Juauwio| Juauwio| T SN €0 S .— . an

("1) suopueds XA[e003oBYD)

pod P sureH (OOH X9 ‘Aed

umord molg e JUDSIYIPU] L SN € e 2 ZIy) x099eId WNIPIdI)

queg

umorg umorg swn3a] swn3a] 1 SN 50 1 euerUIAiA Bwesonus))

. ‘uog

umorg umolg awngo owngo 1 SN [50) ST YT suoossqnd emssonuery

uag (‘s1od xo urding)

umorg umoIrg swn3a] swn3a] 1 SN [%0) LT porund Pwsonusy

‘yuag (1)

umolg umolg awngo awngo 1 SN [%0) S ————

umolg umolrg eIeweS eIlewes 1L SN [%0) a4 ‘[nL osudered wniqojonue))
pod 6y by ¢

umolg umolrg eIRWED) - 1L SN [%0) LT 9T TTE Iuny BIRYISOwW vISse))

oda

umorg agdeg awn3o| awn3o| 1 SN [50) LT (1) sruszogsus eeAvTE))

pueg

umorg umorg swngo swngo 1L SN [%0) 9 T —

P Ase(q

umorg umorg oumsgo ownga '\ SN [50) LT ST PT soprounonm wnygosodore))

umorg umorg oums3o ownga 1L SN [%e) I 1014 euedl eipuele)

umorg umorg owmngo ownga ys SN [%e) G¢ (euiiay)

‘qiuog epISLr eIpuel[e)

. uemopd 'S

umorg umorg sumgo| sum3o| T SN €D 91 sisuswrerexed eIpueIE)

umolg umolg owngo owngo 1L SN [%e) 1 JSIEN

"H eye[niowo[s eIpuerfje))

uonpenupuod***

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

40

Ramirez, N. et al.

“Inunuod

uo@ D (‘DA)

yorlg umorg owmngo owngo a a a v L yd SN [%0) €T wnijotorduns BuosoL

yoelg umolrg owngo] owngo| a a N \4 L ud SN [%) ST 1oa

(ypuny]) wnyns ewasoug

uMOoI umorx eIeUe, pod 1 s ¢ 4sHD (‘boer)

! d &) JUQOSIYOpU] I a N v L L N € Lee wndieoo[o4d wniqojoiouy

od

umolrg umorg winipadser) winipadser) 1 a nW v L 1 SN (%) 1T (1) eAyorskjod epeug

umorg umorg swngo swngo a a wW v L us SN [%0) 91 ueMO)) BUISJRIL] OqUIIOAQ

umorg umorg owngo owngo a a a v 1 qy SN [%0) I 1 qe[qe soyorjog

umoIrg umorg awn3o| swn3o| a a W v L T SN € 9°¢c ‘quag sisuadueing ea[ooiq

eAyor)SoIoBW

umoig umorg qwngo awngo a a W v L 1L SN [%e) 81 “dss ‘yyuog eAyoe)soloew

eipueydiownq

umoig umolg Juawo ] juswo] I a a v L ud SN 30] 171 od

(‘mS) wnuesur wnipowsaq

umorg umorg yuawo] JuewWo T I a a v 1 ud SN 5] STYT'1 1L %

ZUIYoS WNUEd WnIpowsaq

. PASIOO % Yrueg

umolrg umolrg juswio] juswio] I a a v L Ud SN [30] 9T ST (1) wnieqIeq WNIPOWSA

umorg umolg JLE(g| JLE(g| 1 a a A L uvy SN [%0) +T 1 IPIYOS dulje WnIpowsda(]

‘ PIIM

umorg umorg swngo| swngo| a a a v 1 yd SN %) Sl (1) s snpuewsaq

e (Moo

umorg umorg owmngo oumsgo a a a v L 1L SN [5%0) 1€ ¥ 10fog) @1l XIuojaq

pod Kqaureq (‘1s10Q) vleqieg

o umord BIEWED JUQOSIYOPU] I a a v L v SN £ I “TeA SISUOUOSeIIed eofe(]
pod o

umorg umorg eIewe) S 1 a W v L iL SN [50) 81 'J 1] BUIRIOUOW BISIdqIR(

pod QuYQOoH (‘ypuag xo

unod umord BeE) JUQOSIYOPU] I a N v L us SN £ € aeA) e[rydoiSAy eidioqreq

yoerg umoIrg swn3o] awng3a] a a a A L ud SN €D 6 “ds eurejejor)

yoerg umolg owngo owngo a a a A% L qv SN [50) 1 e300 eqiwund erejejor)

yoerg umoIrg awn3a] swn3a| a a a A\ L ud SN €D 9 JUI] SUBDIW BLIB[RIOI))

yoeg umolg swngo| swngo| a a a A L qv SN [50) 6°Sl 7] BUBOUI BLIB[R)OI))

urAe (yuny)

umolrg umolrg swngo| swngo a a W v L 1L, SN [50) I roudnua; BRosImon)

umol UMOIL ownga ownga S ¢ AT

q 4 1 1 a a a v L uv N [30) I (Yorr) ovqLIED BHOSINGY

Joeld

+OHYM umorg owngo] owngo] a a W v 1 1L SN [5e) 1LTTT ‘puag eropignd exdjredo)

umorg umolrg swngo| swngo| a a a A% L ud SN € ST ‘huod

('1qny) sisuduerng eLION[D

asoy 2% uonug (‘boer)

umorg umorg owmngo owmngo a a W v 1 1L SN [%e) I osuoB BT HOONAYCION)

umolg umoirg owngo owngo a a a A L '\ SN [%e) 12 “ds eysuodewRYD

uoyENUNUOd***

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



41

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

e Inunjuod
Joerg
sowILD
UM umorg apatod apatod a v 1L SN 30} € ML % Aqaueg (3onq)
eurssijdwe eouBwWESOIoRA]
"qIN (‘yuueg xo
umorg umorg awnga awnga a A% qy SN € ST-€T ejn) winjeinounpadoguof
wnidoioey
Q1N ('O X2 95598
umorg umolg swngo swngo a A% uy SN € 1 29 00N wnaindindone
wnindoloey
pod ‘ueg ('DA)
umord tmoig R JUDSTYIpU] W v L SN € € wn3n(mnu wniqojoIdceA
‘ 1980A (D@
umorg umorg rIRWeRS rIRWeRS a v 1L SN € 791 WO IGO0 WILSEYoeI
umorg umorg rIBWRS BIBWERS W A 1 SN [5e) ¥ 7T T pueg
WNUBIZILIOW WNLIOBYIRIA
UMOI! umol BIRWE BIRWE 1 s oI
d g S S N v L N € e WINIjOJIpueIS WNLIBYIRIA
pod ppy (uny)
umord umoid BIRWE) JUISIYapUL W v L SN £ e wnIqnp WNLIOBYIRIA
‘ prug d D x9
umoirg udaID) awngo] awngo a v uy SN [5%0) 8 ‘v Zop snuepaw snudn
umol uoalI owngo owngo s omid
d D 1 1 a v ud N €0 ¥ Xa asoy 1uyef snudn
umol UMOI eIRWE pod 1 s ¢ biN
d g D JULISIYIPU] W v L N € Leee snwsoApay sndieooyouo|
UMOoI UMolI elewe, ﬁOQ I S ‘pueg
q 4 8 JUISIYOpUL N v L N £ I 19[puay sndieooyouo]
. M 2q (we)
umorg umorg sumngo swmngo a v ys SN %) ST ereydanoons) Tuseons]
2118 UMOI elewe, UOQ I N H9EN
i d D udOSIYdPU] W v L N & ¢ A'f (yory) ensojid eSug
pod . -
AUYM umolrg BIRUWR)) - W A 1L SN [5e) 12 Jsuyof Y[ eyjueroew euy
A umolI BIBWIE pod 1 s PIIA (‘yory) soproSur eu
UM dq D JuooSIYOpU] a v L N [30) L PII'A\ ("UOTY) soprosut esuy
umorg umorg oumsgo ownga a A ud SN [50) LTS ‘TITA BSOOnNIYNS BIJOFIpUf
umorg umorg ownga ownga a A yd SN [%0) €T ‘huod
wnionodsed e19joSipuy
umorg umorg owmngo ownga a A 1\ SN [%0) LT *As9( edreoolorur e1aJo3Ipuy
umolg umorg owngo] owngo] a v qy SN [%0) €T 7 ensany erojoSipug
pod ¢ .
umoIrg ud310) RIRWER)) JUs0SIGAPU] N v i1 SN [%0) 17T 7 [L1BQIN0D BIRUSWAH
umolg umorg ownga] awnga] a v 1 SN € LT€TS ‘1 ‘qiN (-ober) erewns enoejen
umolg umorg owngo ownga a v yd SN [%0) STYTE yiuny| euedeissnl enoeen
pPY-vRIg umorg BICHIRE BICHIRE W v 1L SN €0 I "boer sy euLArg

uonenunpuod -

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

42

Ramirez, N. et al.

“anunjuod

Aqoureq 29 UIMI]
umolg umorg swngo swngo ys SN (%) 4 §H (“]) ®roRstaqo suuag
ENES RTe| umorg swngo swngo uy SN € 126 S (1) ewruIw BISOYOUAYY
Y+ umou owngo owngo S i
podHvIE 4 1 1 1 N £ &4 edesoue[ow BISOYIUAY
umor umorx eIRUIE, eIeUIe 1 s ¢ osod
d q S S L N € Lo sisuod[ndeoe sndreso1o)q
sutreq (ypuny])
umord o oIoHIOA oIRHIOd L SN € Le orodeyoens eouewesOpPNAsd
umor umor eIRWE, pod 1 s 1€ : ‘Mg) eropin( sidosox,
dq q o] JuR0SIYEPU L N j30] [ 0d (M) erogrn( st d
UMOolI UMmou elewe! elewe:! I N ¢ —uﬂwwﬂa Awuw—.v
e q S s L N £ Lewe wnjeuurd wniosmuAye|J
Aelg A'S
umolrg umorg [0 GIN eIRWRS i SN [%0) I winydjoperp WSl
yoerg ‘uag (1)
LONYM POY+UdRIH ad110d RIEHICE us SN €O S [1eo-SINSUN WNIQO[[PoAI
Yoerd ipp 6 "puag ('qxoy)
oMym PIY+UdRID RICHIDE RICHIDE 1L SN [30] LTTIT 0[NP WNIGO[[209Y
umor umor UouIo UouIo 1 s ¢ ‘boer
q g 4 1 ¥ 1 L N € ¢l SISUOUATLY)IED BIPIOSI
umox MO eIeWe, pod 1 s "] B)eS[NOk BIUOSUIYIE,
d q o] JuR0sIYOpU[ L N €0 S T eyed| I Dpred
‘quups
umorg umolg JudWo| JudWo| yd SN [50) LT ‘D'g % [puelsS (00N %
9ss9g) eonjewstid eoosyoRg
umorg umorg eIeweS eIeweS T SN I%0) I -obe[ eS0OINIY BIJOSSIN
umolrg umorg 310 3pIf[oq v SN €0 LT ‘uag (77) eudld erumdon
umorg umorg wmipadser) wmipadser) qy SN I%0) T “MEJA BIJUSOOYIUEX BSOUWITIAL
umor uMOI eIewe, pod 1 s Hod
g g 8 JUDSIYIPU] L N € 4 (‘PIIIA\) BIOPINUS) BSOWIA]
umorg umolrg wmipadser) wmnipadser) 1 SN [%0) T ] BAT}ISUSS BSOUWITIA!
UMOLI UMOI wnipadser, wnipadser, s ¢ VIpUEo}
q dq p D Ip D v N € 191 ‘TeA 7 eorpnd esowry
umorg umolrg winipadser) winipadser) qy SN [50) LT€T1 1 earpnd esowry
umolrg umorg wnipadser) wnipadser) ud SN € LT ] e131d esowrjy
umorg umorg wnipadser) wnipadser) ud SN [50) ST bT "JIEJA] BUWISSNSIIY BSOWIIA]
PIIIM X2 ‘[duog
umorg umorg winipadser) winipadser) ud SN [%0) LT 2 “qUINE] SUSTIIOP SEOUTIY
‘ Pl X2 [duog
umorg umorg wnipadser) wnipadser) qy SN [%e) STcT 2 QUG SIIQOP LSOWTIY
umorg umorg wnipadser) wnipadser) qy SN [%0) 97 ‘6T ‘ueg winiodured eSOWIA
umoI umox eIRWe, pod s ¢ Hod
g d D JUISIYIPU] Ud N € Les ('PIIIA\) BSOURIR BSOWIA
umoig umorg wnipadser) wnipadser) 8| SN € 1 Pl xo “jduog

% QU TPIq[e BSOWIN

uoneENUHUOI*

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



43

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

-+ 3NUN)U0d

9[nsdes 9[nsdeo P “LIOIA (NYIS 2P W0y X

ot o [eprondag [eprondag a v N & LESTPLE i) esorowou ergorqpy

9[nsdeo 9[nsdeo fioquapny ¥ q

umorg umolg e __o_ do N _S_ do W uy SN € ¥ PIBYOTY ‘19ABIAN 39S (3[1D)

[eprondas [eprondas SISUOPEASU B[[QUBTIUOLD)

umorg umorg onsdeo omsdeo W qy SN [%0) % "QASLID) SIPLIA BURIIUSL)
[eprondog [eprondog e ’

umoig umorg ansdeo asdeo W uy SN € 1% quny| BI[OJIPIS BUBNUILN)
[eprondog [eprondog o :

onsdes Jnsdes 3110 x2 18ug (")

ofed tmoig reprondag reprondag a d SN € I WNJR[[IONISA BUIAISOIIUS

onsdes o[nsdeo . erjojmus) “dsqng "jqouy|

o o [eprondog [eprondog W v N & 6oLl (19ny) erjojnud) enind

aS10g umorg ansdeo ansdeo a ud SN 9 1z ‘[qny ereords eaqnomo))

: [eprondog [eprondog ]
onsdeo o[nsdeo -

a8reg umorg [eprondos [eprondos a ud SN [%0) 61 ‘L1 b1 uog eXd[eI BAQNOIN0.)

umorg umorg osded osded a ud SN €0 81 V'A% omnng AHMMWM

[eptondos [eptondos sudoserndind snyjueuojoy)

umor wmor onsdeo a[nsdeo s . 3110 (puny)

d g Teprondog reprondog a v N € 6L LI ¥l e snijojisnSue snyIuLUOYD)

AVIDVNVILLNAD

umorg umorg Juowo | Juowo ] a uv SN €0 st 'siod (1) efiAydip eruioz

UoH ‘IN'H

umorg umoIrg swngo swngo a 1 SN I50) I (‘boer) wuesEorIED Bovj0deEy

pod ‘ .

umolrg umoIg eIRWE) - a ud SN € 8y 1 suadox winyjojLI],

umolrg umoIg ownJo ownSo a ud SN €D 716°S 's10 (*7) eotouro vrsoryda],

umorg umoIrg swn3a] awn3o| a Us SN %) L1 on(J BIBPIOD BI[RIB]

umorx uMOI eIeUIR eIewR 1 s PUSIH %

g d s s W L N & e [yoonIe7 1spIAep [[eSIYoeL,

a3eg umorg awn3o| awn3o| W 1L SN [50) € ‘ueg ereyedoyda) eizirems

S

umorg umorg Juowo | Juowo | a uyd SN [%0) 1T R T C— Sy

umorg umorg oumnsgo owmn3o a qy SN [%0) LT uny ejerodsexo erueqsog

Aqoureq 79 uIAIL 'S'H

umorg umorg owmn3o owmn3o a 1L SN €D I (-quog) EIOJIUIGo: BUUSS

Aqoureq 29

umorg umorg oumngo owmn3o a ys SN [%0) T urmI] “S'H (pIiim x@ ‘[duog

29 ‘quiny) enpuad euuos

Agoureg

umoIrg umoig awnga] awnga] a Us SN € 1 29 UIMI] "S°H sisuoweyeq

‘IeA ¢, epryjed euuag

Aqoure [N

umorg umoig awn3a| swnga| W Us SN € 12°1 (quny) mﬁ_ﬁ_ Ay QMNWmc.:omH

umoIrg umoig awnga| awnga| W Us SN € 716 °S Nur () SIBIUSPIOIO BUULS

uonenunuod

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

44

Ramirez, N. et al.

“anunjuod

umol UMOLI amsdeo amsdeo s ‘T ‘[qny esopnied eindr
q dq [ep1onnoo [ep1oNnoo a a v L ud N €0 LT ST € [qny esopnj D
AVADVARII

o umor aimsdeo aisdeo s " suoqunoop srxodA
Joerd 4 [eSenndog [eSenndog a a v L ud N €0 ! Tsueq P St H
AVADVAIXOdAH
o810 umol ©OOR K119 1 s ¢ S13d
1og q q g 4 a \% i L N €0 8151 (1qn) sisuouems erwsip
a8rg umolg eooeg Auog i a v 1 s SN € 9 Aqsy eyeofey erwsip
(¢ oueld ¥
a3reg umourg eooeg Aiog A a v 1 L SN € L9 euPLLL () B101008q EIWSIA
umor umor onsdes onsdes s 'ssnp
g ! Teprondog Teprondog a N v L us N € 4 winrjojroue] wnoLRdAH
AVIADVOIIAdAH
ornsdeo . S0y " X2 [0S ¥
tmolg umold wmorestyduy JUDSIYIPU] a W v L Ud SN € €10t Syueg WNUIPNIS) BISSB[RY ],
AVADVLIIVHOOUJAH
a3eg U210 adnig adnig a1 W A\ L Us SN € 91 YIUS JOUIW BIUBIUBA
agog or|q-ojding adnig adnig d W v L us SN €0 LI-S1 ‘[qny elojities[eq eLIUNY
AVADVIITANH
UMOIL an adnu adnu S ‘IPuels
q 19 a a a W \4 L ud N € L (s3311D) TIN[0ASI BIUOOIPH
umorg anig adnig adnig i a v 1 ud SN [50) 97 ‘¢ 3 *7 winzooenisd eruodtjoH
umoig anjg adniq adniq d N \4 1L ud SN € L *1 (1) TeyIq BIUOSIOH
umorg anig adniq adniq i W v 1 ud SN [%0) L “IpOY "D BOINE BIUOOI[OF]
umolrg anjg adnug adnug kil W v L Uyd SN € L€ “Yory BjeuIlinog BIUOII[OH
AVADVINOII'TIH
umorg yoe[q-opdmg admq adnuqg d a v L us S € 1 T4eA (1) Herwnid ejoAdeog
AVADVINIAOOD
uouez
umorg uddIn wnidresopuy adniq d a v L T SN [30) L1 % ANS "M A (1BYRN)
wintodureo wnjaun)
AVADVLIND
umor ol 9[nsdeo 9[nsdeo s oS
! d reprondog reprondag a W v L Ud N £ 9t (3reN) BOUSI BLIDUIISYODY
AVADVIIANSTD
umorg umorg WNLIBUSYIE[OJ dresoziyog a W v 1 ud SN [%0) ¥ 1911 OSUSPLISUI WNIUBION
AVAIVINVIEAD
woog
umorg umorg pnsdes pnsdes a a v L uv SN €0 91 Wd % 21ngen (1q0v)

[eprondag [eprondag :

SUQ0SI[NIEO eruT[joden],
Umou umou 9[nsdeo onsdes s ‘wey)
d g reprondag reprondag a a v L d N € 9t e13)dAyoeiq eIsnyog
Umou ol o[nsdeo o[nsdeo S . ‘Aed %
e q eprondag [eprondag a a v L s N £ L9 ZIny snuoFA[es sniyjuersi|

uoneNUHUOI*

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



45

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“anunjuod
azyuny (1YeA)
yoerg umoig wnrewe)) dresoziyog qy SN €D €T shiporwieyo soqueIdASIEy
eI13ou umorg WNLIBSI[OI] dresoziyos 1\ SN [Se) .NMNFOWN“M 104 (1) susjooaens sndAyq
e UMOI winreuwe, dieooziyo N U:m
el d e e v N £ ve (yory) syiquinu sndAy
umorg umoIrg WNLIS[II(] dresoziyog uy SN €D 9T uag eyejeqip sndAyg
Koprey %
yoerg umolrg WNLIESO[OI(] dieooziyog yd SN [%0) 9z 1004 "V (‘bug) ereisnSue
“IeA ©)19Juod sndAH
~ P udpON ('[90V)
umorg yor|q-opding adniq adniq ud SN € STYTE srnsodures TroseUTy
AYUAP[OIA
umorg MO[OA adnig adnig us SN € T wioprared eydiSay
LT

umol MO[[D, adnu adnu s L puny| sijjouwt e[ydiso
q 11°A a a us N €0 92 b2 ‘22 puny sty [lydisoy
‘Ted-zodo
umolrg MO[[OX adnigq adniq s SN € ¥T TT 81 € (odjuapjolA) sisuoueng
‘1eA e1jojuSaul ejrydisoy
AVADVINV'T

o510 umoI dnsdeo dnsdeo s "ASQ(] SOWAOR] B[NZN!
lod d [epIONo0T [epIoNo0T ud N 30 14 d [nzng
AVADVONAL
UMOI MO[[9, adnipopnas, adnu 1 s (&) Butuey
q 1IE7N POpPNSq a L N € 9¢ A\ SISUS[ONZOUIA sue[dn(
AVHIVANYTIONL
MO UMOL onsdes onsdes S uag
g d Teprondag Teprondag us N € 91 SBWIRIOI SNWSOO0YIYO)
UMOI umou: ansdes S[nsdes s WI0K2)G snye ooﬁ_&MMﬂwA:M%
d d [eprondog [eprondog us N £ L1 1S sme[[ad1padisuo]
SNWS020YIYIQ
usmor umor 9[nsdeo 9[nsdeo | S ukoin 29 ‘uekalg
d d Teprondag Teprondag L N € L SNJENUSYE SNWSOO0YIQ
AVADVHINVNOXI
usmor Usmor 9[nsdeo 9[nsdeo S "qIoH (‘boer)
H H [epIoINo0] [epIoINo0] d N £ 9 SISUQOTUIIEW BIZOWILI],
umon . 9[nsdeo 9[nsdes s UBWLINA)S
! q [epIoINO0] [epIoINo0] d N € vl BURLIDISOJ RIZOWILL]
umor . 9[nsdeo 9[nsdeo s ‘Suaxdg
el H [epIoInoo] [epIoInoo] v N € 81 wnjeurSeA WNIYouLIASIS
umou umou 9[nsdeo 9[nsdeo s unyy
d g [BpIdINO0T] [BpIdINO0T] d N € 4 WNLIOOUT) WNIYIULIASIS
umor umor amsdeo amsdeo s ¢ un wazooﬁohw_a m
dq q [ep1onnoo [ep1onnoo ud N 30} 8y (quny) st quiy;
- - SNYHUESOIYIIO
Umou umor dnsdes dnsdes s 1oyeqg
i i [epIoIno0] [epIoIno0] td N £ st (quncy) stredur] efjad4)

uonpenupuod***

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

46

Ramirez, N. et al.

“Ianunjuod

LT'ST¥T
udaID) Py eooeyg Auog T SN €0 TT 81-S1 Wy (1) stjers esnaryg
T
U221 poy eodRyg Auog 1 SN [%0) I TUIZZIY B[NJBOI[OP BSNIYIYJ
- sy (qrun
usa1f) MO[[OA eooeg Auog ud S [30] STyt snye[ooe W:MHMMS \va
AVAIVHINVIOT
umolg MO[[OA BOORY A1ag 1 SN € ¢ “ds souyoAng
‘e ‘qn
umoig MO[[OA BOORY Aog 1 SN € € SisuoURIng MM“LMEMN
umolrg umolg wniprxAg wniprxAg uv SN 30} STieTl T erwjeyyue erpsidg
onsdes o
umoirg umolg ansdeo [eprouod [Eprouog us SN [%e) L1 1g “q°N Jourwr erunfuog
AVADVINVOOT
umoig yoerg wnIsa[oIq AUAYOY qy SN € 1 7] SUSPUBDS BIAOUOIN)
AVHIVSVOT
onsdes - .
umolg umolig [eproumssL wniprxAq uv SN 30} LT 91T 1 ere[nqns eLemoLnn
umor umor aInsdvo wniprxA N ‘91 ¢ oarvw
q g [eproLInssI{ tpxAd b N € L19T w1 D 'rel[1095uo] eLe[noLy N
umorg umolg ansded wniprxAq uvy SN [%0) L1 91 ‘p1 [yeA eooun( eLre[noLyn
[eprounssLy o C ’
uMOl UMOIL aInsdvo wniprxA s HH IS
d g [eprounssIy tprxAd v N € 61 eunsAyjowWe eLR[NOL)N
AVADVIIVINALINAT
umorg umolg wnipixAq wnipixAq 1L SN I%0) LT 1 eLR[[O SIYIAOYT
yoerg umoig wnoresiyduy onsdeo 1L SN I50) 4 ‘[qny sisuaueing ejdnono)
’ JUQOSIYOPU] : : :
AVADVAIHLADAT
umoirg yoe[g-ording eOORY Auog 1L SN [50) 1z “ds easIod
: ZoIN (‘Aed
umolg yoelg-ording eOORY Auog 1L SN [%0) 1z 2 ZuY) BOTIOE0 BIRISG
‘ssoue]
umolg yoe[q-arding sue[n) A12g 1L SN [50) 12 (#45) UOTAX00NS 21090
umorg ud0ID) sue|n A1og us SN [50) S1 OYUSP[OJA SISUIPIND BII0I(Q)
syoef "’ uein(
umolg yoelq-ording eooRg A1pg 1L SN [50) LT 9T xo NM_E_“_ ~WFWM Mvcﬁﬁouo H
ZON
moig Py eodrd Auog L SN € € (SO3N) B[ewou. BLIDYDI[PU
umolg poy eooRg Auog 1 SN [%0) © ,WN_ w1 ] STWLIOJITY BYIASSED
AVIDVINVT
umorg yoe[q-arding adnig adnig iL SN [5e) LT YT TUeA erendes xoup
umoIrg umoig wnrewe)) dresoziyog uy SN € I paxe

Zoy,ong BAUI000D BIA[ES

uoneNUHUOI*

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



47

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“rIanunjuod

‘ssn
umorg umorg wnLewes dreooziyog a 1 SN [%0) 81 ‘¢C v iordol s suoidens ,M
ageg Py adniq adniq W us SN € 4 “ds eididrey
a31og poy adnig adnig W us SN € (A 71 eaqe(s ewysidiey
umorg PEN| adniq adniq W us SN € S D ereursrews erydidiey
. uospuy un
umorg umorg wnLewes dreooziyog a 1 SN [%0) ST m:ofws.m WE@HMM.EHWL
'ssnf 'y
umorg umorg wnrewes dresoziyog W 1 SN € 12 () enoyune] susidosalol
umorg umorg wnLewes dieooziyog W 1 SN [%0) I mcﬁ.n_ﬂmuﬁmm:mﬂ_.ﬁﬁwﬂww
aBreg MOTRA odniq odnig n ud SN € 61 BI[OJIOSEqIOA wEw_mmM\mM
UOSIOpU
o310g MO[[X adniq adniq W us SN (%) 9 _ maaom \AM
STyt puny
a31eg MO[[OX adniqq adniq W us SN € Gl-L1S1 (1) exopssen emmosAg
ageg udIn) adniq adniq a us SN %0 81 L1 YHuog BUUIOUOD BUWITUOSIAG
a31og pay rooeg Auog N us SN €0 ST “qluog sijjow ersoyoung
sajen g (Yumpue
umoIrg umoIrg wnuewes dresoziyog a 1 SN [50) 81 mE:‘Sao_:w mmﬁmuw_ogm_:mmmw
I oanen)) (‘Ae
umorg umorg wnLewes dreooziyog a T SN %) LTYTT [ go%uuﬁm_:%mw
soyen) g SISUQUE[T JeA
umorg umorg wnrewes ENUONmﬂom a T SN €0 (44 w~wﬂ®0~3&©ﬁ0m m—Awﬂcﬁvﬂw—ﬁmm
AVAIVIHOIATVIN
umol . o[nsdeo o[nsdes | s ongeldg
q q [ep1ornoo| [epIornoo| a L N € I (£qsny) eoedwod eLyod
umorg umolrg amsded ansdeo a yd SN %) 9T S1o1noT nyjeuopo eaydny
[epIoImoog [epIoInoo ’ h
umorg umorg aimsdeo dimsdeo a qy SN [%0) %4 quny eyiuerorur eaydny)
[EPIOINO0TT [EINSHUSE ’
umorg umorg a[nsdes dqnsdes a ud SN I5%0) 1z yuny ere[nonuap eaydny
[epIoIMooT [epIoIMooT '
AVADVIHLAT
y3arL, (‘Ae zm
u2dIn) yoe[q-opding BOORYg Kirag W ud SN [%0) 91 mszowzl%wm:awcwwomw,m
. ‘e ihi:)
uaslh pad eodRyg Auog W Ud S £ 8T°LI snijoy1Sunks mzﬁwkmﬁeu\wmv
221D POy eooeg Kirog W 1 SN [%0) 91 “ds snypueyinng
annge
u221n) Py BOORYg A1rog W 1 SN €D 81 ‘L1 29 w1421 (uoses[n)
SI[1oBIS snyjueynng
_ordi A ¢ JLElC
U221 3oe[Q-ording eooeq od W ud S €0 ST YT 1uS£0-WN[[00 SNUBOENIS
waln  yorjq-opding eadeq Auog W ud S ) i 5 (5@

SNIB[NOATED SNIUBORNIS]

uonenupuod

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

48

Ramirez, N. et al.

“Inunjuod
o umor 9rnsdeo onsdes S eyeprwelld
el d [epIoINY0 [epIoINo0T v N £ s ‘TeA eyeprurelAd eryqoo[oN
onsdes onsdes .
oeld umorg [epIoINo0T [epIoINo0T uv SN 30} LT T €T yunyy erjojiared eryoo[oN
g umorg ansdes ansdes ud SN €0 LT 1 “MS BIOPIPOU BIYSO[OIN
[epIONNO0] [epIoNNI0]
yoerg umorg osdeo asdeo yd SN [%0) €1 ‘[YBA BIBUSIO BIYOO[IIN
[EPISIMI0T [epIONNI0] ’
Yorrg umoIrg ansdeo ansdeo us SN € 1 obef euesesrIed BIYIO[IA
[BpIOIMA0T [epIoIna0] ’
(") wnueIPULWOIOD
umolg umolrg WINLIBUSYOR[O] dresoziyog qy SN [%0) 1 .:_Eumm\:mZ
dr e wog ()
umoig umorg WNLIRUSYOR[OJ BO0ZIYIS ud SN € 1116 ‘S WNUEOLAWE WNLSEA[EI
EPIOINOOT BPIOINO0T .
umolg umorg emsden emsden) 1L SN [%0) I PIIIA Bso1oads eoyan
umorg umorg FPIHNOT FPIHMOOT 1L SN [%0) LT TT ‘e ("DQ) epIpuLd BOYONT
ensde) ensde) '
yoerg umoIg ansdeo s[nsdes ud SN 1%0) S ‘boef snoorusoyd snosiqiy
[epIoINo0T] [epIoINo0T] ] o
Ayorzg
yoerg oSteg WNLIRUSYIR[OJ dresoziyog qy SN I%0) I (1) edsto enuessUOK
umorgg umoigg snnisore) a[nsdes 1L SN 150} 91 1 snuesrowe sndieoorjoH
JUQ0STYOPU]

- e gnsdes onsdes s . quny]
vl el Teprondag Teprondag s N € Leye erjojiunzens soId}oI[OH
yoerg yoelg aqnsdes o[nsded 1L SN %) 171 ‘wer] BI{OJIWI[N BUWNZEND)

[epIoIMmo0] [epIoIMoo o
dr ‘TH-1S
umoirg umoIg wntewes BO0ZIYOS qy SN %) 1 P —
umoIrg umoIrg asdeo ansdeo ud SN €D 6 T SMNSIY SNIOYdI0))
[BpIOIMO0T [epIolnoo] ’
usor . ornsdeo ornsdeo | S . ‘upeen
i i [ep1oNnooTy [epIoNNooTY L N & teet (1) eapueyuad eqro)
umorg umorg wnLewe)) dresoziyog us SN %) 9z ‘PooT BIqROS BLIDUNAG
- yuny
umorg umolg wnNLIRUdYIR[0q dresoziyog Uyd SN [%0) €121 s (1) s0081A TIPTEISEY
‘rodery] (Kein
umorg umorg WINLIBUSYOR[OJ dreoozryog uyd SN [%0) ¥ v) 1oeipand eAfewnEOY
"MIOH 199M
umorg umoig wnLeudyIR[0q dresoziyog Uyd SN € I () wneqqn szsgw
apIeD
umorg umorg WINLIBUSYOB[OJ dreooziyog us SN [%0) S winperedouss opngy
109Mg
umoIrg umoig WNLIBUIYOR[OJ dresoziyog Us SN € I (‘boep) wnsuesi3 gy
AVIDVATVIN
umolrg umorg wnewes dresoziyog 1 SN [50) al ‘wIA)g eyisnd sA1oydena],

uoneNURUOd "

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



49

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“Inunuod

ornsdeo ornsdeo k
umorg oSue1p [EpIoNo0] [epIoNNo0] a W \% L Ud SN [%e) L boer ojdnses ejuerejy
o[nsdes o[nsdes . .
umorg MO[PA [epIonoo| [epIoNoo | a W v L ud SN (30} LTvT T eodEUIpUNIE BIURIEIN
umorg umorg a[nsded a[nsded a W v L ud SN €0 L ds eaype[e)
[ep1o1no0] [EpIO1NO0T
umolg quld onsdes onsdes qd W v L Uud SN 3] L iy
’ [EPISINOOT [EPISINOOTT ('1qne) emoyje eaye[e)
AVADVINVIVIA
. sayremy], X9 [s21d D (1)
umorg umorg WNLIBUSYOB[OJ dreoozryog a a A L ud SN [%e) LT YT eqopoojdusd empessiy
umorg umorg wnLeudYIR[0d diesoziyog a a v L ud SN € I A
: : ([uI) BJOBIUOD BINPESSIA
9[nsdeo - ;
Aoeld umorg SNNIS0IET JULOSIYOpU a a v L qv SN €0 € 0T ¢l "1 EOIpUL BLISUI[BAN
yoelg umorg SNINIdIIRY) osdeo a a A\ L ud SN € (41 T BUBDLIOWR BLIDUI[BAN
JUQOSIYOpU] : ’
9[nsdeo .
umolg umoirg SN[nI0oIe) JEOSTIPU[ a a A L us SN [%e) LT ds epojuuniy,
umorg umorg SnInIooIE)) dqsdeo a a v L us SN [%0) ¥ ‘boe[ eqo[yIes BOJWINLIL,
JUQOSIYOpU]
BQII0D) X9 [0S
yorg umorg WNLIBUAYIR[OJ dresoziyog a W A L IL SN €D €1 (1) eoumdod wrsadsay
umorg umolg WNLIBUSYOR[OJ dresoziyog a a \'% L uy SN [%0) €T 11 "4y ere[noloqn) eprg
umorg umorg WNLIBUSYIE[OJ dreoozryog a a v 1L qy SN € S| 1 esoulds epig
umoig umolg winireusyoejod dresoziyog a a v L ud SN 30} LT 1T 1 erjojiquioyl eplg
umoig umoig WNLIBUSYIB[0d dreooziyog a a v L uv SN 30} £2°0C “ABD) BI[OJIUI BPIS
AR,
umorg umorg WNLIRUSYIB[OJ dreooziyog a a v L qy SN [%e) 1 T %M
umorg umorg WNLIRUSYIB[OJ dreooziyog a a v L ud SN I%0) %4 "AB)) BIRIOWO[S epIs
umorg umorg WNLIBUSYORIO] dresoziyog a a v L ud SN €0 €261 T SHeIIo eplg
umoirg umolg WNLIBUSYOB[O] dresoziyog a a v 1 yd SN [50) LT ST pT [s21d "D eredai33e epis
umorg umolrg wnLeudyoR[og dresoziyog a a v L yd SN [50) 12 ‘J "wang enoe eprs
. 11 gy (qun
umorg umorg WINLIBUSOR[OJ dreooziyog a a v L 1A% SN [50) LT ‘ST — mecmm_whwvzow_h
¢ [eq9Ist1) % “Aodery
umorg umolrg WINLIBUSYOR[O] dresoziyog a a v L qvy SN €D sTee (1s014 *D) SIAIOULY) BARI[OJ
umorg umolg wnLIRUdYIR[0g dresoziyog a a v L Uyd SN [%e) LT °ST-€T ‘AR () BIR[[OURD BIUOAR]
oL umor ornsdeo o[nsdeo | S UOSIdATY
q H eprondag 1eprondag a W v L L N £ £e 'S'A (‘boer) ereumb enyoeq
ornsdeo ornsdeo . .
umorg umorg [eprondas [epiondasg a W v L IL SN [%0) 81 ‘€ 1qny eonenbe enyoed
yoerg umorg ansdes S[nsded a a v 1 ud SN I50) 9z BSO[[IA "TBA BSO[[IA BIYOO[IN
[epIolmooT] [epIolmooT] ’ 7
ornsdeo ornsdeo . i
Joerd umolrg [epIONO0T [epIONo0T a a v L ud SN €0 Ics T BSOJUSWIO} BIYIO[DIN

uonenunuod**

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

50

Ramirez, N. et al.

*:anuUNJu0d

9[nsdeo 9[nsdeo . yoepanpy (yyuag)
g o [epIoINo0T [epIoINo0] N v SN € 6l vl e[ ydorse eaIredey
eueLl], % S1og
umorg umorg eooRg Kiog a iL SN € 81 O BEuRIS TIPS
9[nsdeo 9[nsdeo . eueLL] (UIpneN)
oBrg o8 [epIdINo0] [epIdINO0T] a i N & Lo BI[OJ1e] BpLIUREID
onsdes ornsdes . urpneN
o o [BPIOI[NO0T [BPIOINO0T W v N & el ('1qny) esoj[ia stjeosowsa(y

umox umox: aqnsdes g[nsded s ‘91 ¢ ‘uag elAydoor vrjowo
d q [epIoNnoo | [epIoNnoo ] A\ ud N 30 LT 91 ¥l puag e[jaydoloru eljowoy
umoIrg yoeq-a1ding BOORY K1uag W ud SN € 12 ‘D ©IR[02DIN BIWAPI[D)
umorg yoejq-ojding eOORY Auog a ud SN [%0) 0Z-81 ‘L "uo(J “(J BOOLIAS BILUAPI[D)
umorg yoeq-a1ding BOORY K1ag a s SN € 81 ‘0 eyepsnd erwapr)
“S[oEpINA\ SIsusueAens)
umorg yoe[q-ojding 'OORY Arog a us SN €0 81 °L “dsqng swer[ipm "0 "1
(‘1duog) U000 BIWIPID
umorg yor[q-ording ©OORY Auog W us SN I%0) L9 "u80)) LIS[PUQJ BIWOPI[D)
1qoeIN AT
ageg yoelg-ording roORY A1ag a ys S %) 9C (uo( " x@ "Aeq) suopuadop
‘e eye[[oydes erwopr))
- . uo( - (‘1duog)
aBg yoe[q-opding ooeg Auog a us S €0 0z 81 ereqondeo BIopI)
umolg yoelq-ording eOORY Auog a ys SN [%0) SI ‘puog eyeyded erwopi)
o[nsdeo ornsdeo eueLl], (UIpneN)
o umord [ep1ornoo| [ep1ormnoo| W us SN €9 4 eueruapur| sidojojoey)
umor &) ©00E K110 s asayor
dq pad dq q W us N 30 1 '[ BjodnUOW BOYe[g
o[nsdes o[nsdes euel], (DA xXq
ot 1o [epIoIMmoo] [epIoImooT] a v N & 81 "HE) BIIOJIUTUNOE SHOIOY
AVAIVLVINOLSVTIN

oe 9310 a[nsdea a[nsdea N uny] BUBIMO[[OS BORAR

Joerg od [eprotnooT [eprotnooT W uv N €0 9t [pun] euermor] A\
AVAIVIVAVIA

o umor dimsdeo dmsdeo ] eNUUE BLIB[OTURT
Jverg dq [epIoNoo| [epIonnoo a ud S [30) 144 T Lrejoruer
AVADVINALIVIA
o81g MO[[OX BOORY Kirag W 1 SN %) L€ ‘|qny sisusueIng eaqnoInos
¢ [fepung
Lt 1ot rooed Auog N 1 N £ e (Jsur) eudpewan) eryosAny
AVADVIAVIDIIAVIN

umox umor; SnnIsdIe onsdes s g T eyenoruds ere

dq d [ D JuR0sTYapU[ N Ud N €0 LT 9T T Eemal eyL
umorg o5ueI0 ornsdeo ornsdeo W u N - L Io[yoryg
[epIdINo0] [epIdINO0] ('1qny) 1e319U0) AYHUBWONS
uMmOoI oSuex dnsdeo omsdeo s uuay “H (n ozoﬂwmoZoM
q O [epIONo0T [epIoNA0T W Uud N 30 L 3 H (InYos A

numboe( syjuewong

uonENUHUOI™**

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



51

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

-+ 3NUNU0d

oo mor o[nsdes o[nsdes s I "morg

o d [EPIOINOOTT [EPISINOOTT s N & Lhst vl "H'N BUISjel) euIyonoqLy,

ornsdeo 9rnsdeo o uosed[n (‘ypuag)

ot o [epIO1NO0T [epIdINO0T] id N & oL Lt eI0J1pI00 eIdYIURYdIg

onsdes onsdes ‘0 (yory)

ol umord [ep1o1noo [ep1o1noo v SN € 9T BIR[NLIOS BIQYIUBYOUALRY

onsdes onsdes ‘b ((qnoy)

umord umod [epIoINo0 [epIoINY0T 4d N £ 9C ejerowo[3 sidojoiad

umor umor onsdeo onsdes s . uS0)) X9 eueL],

! d [EepIdINO0] [epIdINO0] Ud N € A RUBIWRYIUI] BIDI[OIOTIN

. . BUBLI],

umolg yoejq-opding BoORg Auog us SN €0 L9 (PneN) B1R[NdIaqN) BIUODIA

¢ urpneN

umorg yoe[q-ojdmg eoORg Kuog us SN [%e) L9 (IPHEOS) BonBATAS SruooTHY

og1eg yoe|q-ording eodRyg Aog us SN [%e) 9T 91N esdyueueydo)s BILOIIA

umolrg pad eooeg Auog us SN j30] 61 ‘81°L‘¢E oa

('1qQny) SUSOSIJNI BIUODIIN

umorg yoe[q-opdmg eooeg Auog us SN €0 81°L oa

('1duog) esourdiqni eIUOST

umorg yoe[g-ording BOORY Auag 1L SN € 81 ‘L1 ‘61 ‘L euel], e[jAydooeyd eruodrjy

- ‘ '0a ('1duog)

ageg yoe[q-ording BOORY Auag us SN € 12°L IOPNUIT BIUOOIY

umorg yoelg-ording rOORY Auag ys SN € 9°] uod

d (1) v1e31ade] BIUOIIN

UMOI! oe[q-o1din BOOR K112 s ¢ PUBLL

4 Joejq-ording d q us N j30] 819 (duogy) stsuongeqt B0

umorg yoejq-ojding eOORY Auog 1L SN [%e) L9 'ug0)) BIPUBOIPOP BIUOIIA

umorg yoe[q-opding BOORY Arog ud SN 30} ‘ w _ﬁ hmmo "0 ('yory) BeI[Io BIUOSTN

- S ‘ oepImp

umorg yoeq-a1ding BOORYg A1ag yd SN I%0) L9 stsuonfere eruooTyy

umolrg yoe[g-ording eOORY Auog us SN [50) 81 ‘¢ 0a (‘1duog)

eryoeisojde BIUOIIN

P ‘PRI

umorg LEEi) eOORY Auog us SN €0 0T 81 L (‘M) SUEBIIq[E LIUOAIPY

umorg yor[q-odmg eOORY Auog us SN €0 81°C "0°@ (1anV) eyere Bruooty
umor uMOI aInsdeo aInsdeo s BUELI], BJE[O0IN BIUELIO

q q [epronnoo [epronnoo us N €0 LT LI eyef TUeLIdN

ol umor Jnsdeo o[nsdeo S P BUBLI],

d d [ep1ormnoo| [ep1ornoo| 4s N €9 Lrst vl e[]AydoIo[os BIUBLIdA

o[nsdes onsdes ) ‘od (1H

oBred o [BPIOINO0T] [BPIOINO0T] 18 N & o1-st ~1S 'V) BI[OJIXE) B1RDTEIN
BB umox: ansdes s[nsded s ‘ ‘uag eijojiated eaieoe

lod q [epronnoo [eproTnoo us N €0 91°¢1 puag erjojt TeoRJA

oo umon ornsdeo ornsdeo s ‘ueg

od ! [epIo1No0] [epIo1No0] us N € st erjAydAyoed earresen

uonenupuod -

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

52

Ramirez, N. et al.

*:NuUNU0d

umolg Py BOORY Airog a us SN [50) 12 “ds eI0IAN
umorg Py BIORY A1rog a L SN € 81 ‘0 erjojijouSews BIOIAA
umolg yor[q-o[ding eooeq Auog N us SN [%) 9°¢ "0a (‘yory) xej[ey eroIA
: ) USNeAdN (Foysury)
umoig yoejq-opding eooeq Auog W us SN € L1-ST SOJUSIOJOPIqIE BIIATY
umorg Py eooeg Auog a us SN 30} 81 °¢ Dd
(ypunyy) erjojrorund eruaSnyg
umorg yoejq-ording BOORY Auag a Us SN €D 81 y3nep o\ ejuojoid eruadnyg
19SSBT % "ULIAAS
umorg MO[[OX eoORg Kuog a 1L SN [%e) 1 myBneacw erusSng
~ "0d (yunyy)
umoig yoelq-a1ding BOORY Auog W 1L SN € I soploureases euadng
unoig Yoe[q-opding vooeg Auag W us SN € LTyT e "0 (77) eroplq erusdng
. 81g 0 (D@
agdeg u221n) BOORYg Auog a 1L SN € 81 stueoq08 snd[osA[Es
~ wnipue (ys1oery))
umorg yoejq-ojdmng eoORg Kuog W qs SN [%0) 1T 1s10930 xAEooreydayg]
AVADVLIAIN
a8reg MO[[OX eoORg Aiog a IL SN [%0) STT 7 eInqe[ed erSununiy
AVADVIONLLNNIA
. . “IQORIA
a31g yor[q-o[ding SnsoI0g auayoy N 1L SN € LT 1 11 (Treg) 1onids g300108
umolrg uda10) WINIUOOAS WINIUOOAS W 1L SN € I quny| BI[OJISNIQO SNII]
o310 A wWNSOWATL, Quoyo s ¢ 0o1EnD
lod UM L v N ud N 30} o SISUSUBqES BIUAISIOQ
AVIDVIOIN
onsdeo onsdeo UOSS[IN "Q (YOHPILL)
umod o [ep1ornoo] [ep1ornoo] N v S £ v SISUOPLIOW BUOJA|

umolx uMOI amsdeo amsdeo uny S[neoe eruLpuele
d q [ep1onnoo [ep1onnoo a ud S €0 4 qpuny sty luLipueres
AVAIVIINOIN
Joynry] % Aqaureg (SIOTN)
aSg MO[[OA wmadniq adniq W ys SN [%e) € IEINqUIOY3s SUWOTHQ
AYM BN wnadnig adniq a 1 SN [50) 1T TT 1 exraxed sojoduwessi)
AIYM Py wmadnig adnig a ud SN I%0) %4 D ®IoJI[eAo sojoduressi)
AVAIVINIALSINAIN

) UMOI a[nsdes oqnsdes 1 s ¢ *] BMIY RI[IYDLL
pad q [eprotnoo [epronnoo W L N [30) 9°1 T BMIY BIIYILLY,
AVADVITIN
~ cor ¢ BUBLIL
umorg oe[q-opding vooeg Ausg a ud SN £ LTST vl (‘quag) SUSHL €2000]
umorg yoe[q-arding BOORY A1reg a us SN [56) 81 ‘61 ‘¢ 191qny SIsudueIng es000],
o[nsdes o[nsdes . . 'ugo) ("[PIYOS)
3Brg moig [epIornoo| [epIoInoo| a Ud N € L9 BUBLIOUIIOS BUIYONOQL],

uonENUNUOI***

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



53

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“ranunjuod
o[nsdeo o[nsdeo anses (1o[yo1g)
umord ol Teprondog Teprondog Ud SN € 4 sisuoueIng eisoSeaneg
- usmol Jnsdeo o[nsdeo S ©oonyz %
el q eprondag eprondag Ud N £ Ll “MEJA BSOONNIJ eIsoSeAnes
umorx umoL amsdeo oqnsdeo N ‘oz ] ©19210 BISaFeAne
dq 4q [eprondag [eprondag Ud N €0 120 81 T® ! S
uMmox umou a[nsdes s[nsded s ‘ 310 eroyusnsue visageane
q d [eprondeg [eprondag ud N €0 L1°S1 1 eroj I S
umor uMOI onsded onsdeo s 9] euoowe eIsafeAne
dq dq [eprondag [eprondag ud N €0 6l 1n ! S
UMouI UMOI OABwQNO O:.wQNo N - ‘[N esnjalr eIpueIro0,
q q [eprondog [eprondog us N €0 LI-S1 [N L SN BIPUE[Id00]
usor . ornsdeo ornsdeo s o R EVGIN
Sl g 1eprondag 1eprondag us N £ 61791 Y1 e[rund eIpueoo0g
umour MOJ[9 winrepue O&B.Hﬁ I N an
g 1A HEPUELD Jo 0130133y L SN € Ie (‘youeyq) nSurp[ng edjeinQ
) adnip B annJe 2 PImpues
umoig peq-oiding HNHEPUEID Jo 91e30133y us SN € L1-s1 (10Am() euelo[id ejeInQ
AVHAIVNHDO
umolrg umorg wnipradsoH wnipradsoy Uyd SN [5e) € *0d eeyornd eaeydwAN
AVADVAVHIINAN
umol umouI wnisaol adnu S HOUOH
g il s3I a v N £ ! (1) eave[01A SIIqEN
oerd por|q-ojding wnisaparg adnig us SN [30] vT T IT'S (12puT
R (ypuny]) oramoed endenn
: . FAIEN |
oelg yor[q-odmg wnisapoI( adnigq IL SN € 9 (113) ensoddo exdens
ag3eg umoig wnisaaIq QUAYOY uy SN € S 7 819919 BIARBYIDOH
umolg umoirg wniso[Iq ElilibAv qy SN [%e) S 1 esnyIp elAe(Io0g
AVADVNIDVLIAN
amor mor onsdes onsdes s UBULIOA)S
g q [ep1o1noo [ep1o1noo Ud SN € vl eye[norued eLIOWIIN
AVADVIDOTHLIVN
eduo0id (‘qiN ¥
agdeg yoejq-ording rOORY Auag 1L SN € 9 Snrsy) nssnp eusSnouoydi
"PAIN (Brog
og1eg MO[[OA rOORY Airag aL SN [%0) I (0) WMWEEOYES WarpISg
UMOI umox ©OO® K110 s ¢ 318 0
dq d dq dq us N j30] LT YT (ypuny) reIn[es wnipisq
‘ssoquue))
3319 Py vooRg Aurog us SN [30) 61 WINUEOROTLIE] WIPIS]
9310 A11 eyt : 3
lod MO[[OA eooeg g us SN 30} ‘0T 31 ¢ T M osUaUINGS WNIPISq
umolrg ogueIQ eodRyg Auog 1L SN [%e) € -1 eyeuurd erurg
¢ 0da
umoirg yoe|q-ording eodRyg Auog 1L SN € L9

(‘yory) suopuods eI2IAN

uonenupuod***

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

54

Ramirez, N. et al.

“rIanunjuod
umorg umorg onsdes S[nsded ud SN I50) L15S1 1oqny 1oonp wnrydaysidg
[epIoNNI0] [epIoIno0] ’ ’ ’
Z3[eZUon)
9[nsdeo 9[nsdeo ) -012WOY V'O % I[eAdUIR)
umold umord [epIoINd0] [epIoINo0] d S € LISl (321K3p) osuaroewINy
-onwn) wnipuopidyg
Umou ol onsdes ornsdes : ‘boer
& 4 [epIoInoo] [epIoInoo] d S Wvo o151 wmnpunoas wnipuaprdg
UAOI Mo onsdes onsdes ‘[PUIT X9 "WZ[eS
d g [BPIdINO0T] [BPIdINI0T] d S WO 91 WNIOYIPIYoI0 winipuapidg
. ol o[nsdeo o[nsdeo . ‘boer
4 4 [epIoInoo] [epIoInoo] id S NVO el wnumoou wnipuaprdg
umor usmol dnsdes onsdes sawy
d 4 [epId1[NO0T [epId1[No0T Ud S WvO X4 Truojsuyol wnipuopidg
mor wmor o[nsdeo o[nsdeo L unyy
q g [epIoI[no0] [epIoI[no0] d S WV 6191 51 asuonSeqr wnipuoprdg
. usmol Jnsdes onsdes . ‘boer
d 4 [epI91[No0] [ep1o1[No0 ] td E Wvo 1z sl wneSuole wnipuapidg
mor ol onsdeo ornsdes ‘quny L,
q 4 [epIoINd0] [epIOINd0] Ud E € 4 soproiqoIpuap wnipuapidg
ornsdeo ornsdeo Tpury (1)
o umord [ep1o1[No0 T [ep1o1[no0 ] Ud S WO [ wmejound wnipodojik)
umor umon ornsdeo ornsdeo ‘pury
g g [epIo1no0] [epIo1No0] Ud s Wvo 6l wniogiated wnipodouk)
o[nsdes o[nsdes sun(g 2 Aeren) (JUIomyos
o ot [epIOIMO0T [epIOIMO0T id N & o1 'D) BIOLS SASID
umoul umor ainsdeo ainsdeo s ‘[PUI'] BISOI SIISIO
q d [epIONo0T [epIONO0T ud N €0 6l [Pury 1S9O
umorg umorg o[nsdes onsdes w s & o1 61 ‘[pury
[EPIOIMI0T [BPIOIMI0T ([pur) 10[0ISIp wWnjdseye))
UuMmOolI UMOlI dnsdeo dsdeo S Keren (o oumﬂ:m_
q d [epronnoo [epronnoo ud SN €0 I % Ae1ep (ONQ 7% Y9SZI0T3
o o “qur) eueko[pul] ed[peIg
AVHIVAIHOHO
. ol onsdes onsdes SN & puncy
d d [EPISIMI0T [EPISIMO0T id v ejojiiqoids exdyrousQ
umor mor onsdes onsdes s . eleyq
q q [epIdI[NO0T [epIoI[NO0 v N € Iz 8l (‘boer) sijea0100 e1Simpng
umor usor onsdes o[nsdes s eIRH ‘H
4 d [ep1dINO0T [ep1d1No0T s N € 9t (1104) esoAIOU BISTMPNTT
UMOI umol dsdeo dnsdeo s eIeH () ©10910 BISIMpN
d q [epIo1N20 ] [ep1o1N20 ] uv N 30} 81 H () lslmpn
umorg umorg aqnsdeo g[nsded 0y SN I50) 9z I0)[EA\ SUSLINODD BISIMPNT
[epIoIna0] [epIoIna0] o
AVAIVIDVNO
umorg oS1og o[nsdeo o[nsdeo - N © 9z°91 TH-1S
: eprondag eprondag "y esourdiqni eisogeaneg

uonenupuod**

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



55

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“anunjuod
MO[[PA ¢
yoejq-ojding odog odog T SN [%0) 81 ‘¢ yuny| eje[nolne eIogissed
+1oe[d
AVADIVIOTAISSVd
umox QL amsdeo amsdeo s ] SUQOSOINIY SI[EXy
q D [epIOINO0T [epIOINo0] ud N 30} Ic ! i SIexo
UMO UMou O_Smﬁmwu O_SQOQ N “1 LIRI[a1IRq SI[BX
d q [epronnoo [epronnoo ud N €0 1 T LI91o1Rq SI[BXO)
AVIIVAI'TVXO
UMOT UMOI O_zmgwu O_zmgwu N ¢ ‘T *7 e1joJissy elomse
d q [eprondog [eprondog ud SN €0 8y J T erjogIssy eloqmse)
. usmol o[nsdes Jnsdes s 9T -Buaidg
e d [eprondog [eprondag R N & 6I-LT “p1 (19ny) swmsned erougong
umorx uMOI aInsdvo aInsdvo s ‘quog eIOPIUE| BIS)E
q q reprondog reprondag ud N 30] 4 uag elogIue] elspeg
AVADVHONVIOUO
o[nsdeo o[nsdeo ‘Juramyog D (‘[pug
umord tmord [epIoI[no0] [epIo1[no0] Ud SN € I 2 "ddooq) exey soyyuendg
. usmol Jnsdeo Jnsdeo S . LLOIRIN
d d [epIoIMo0g [epIoIMmoog id N & Liste "H™ 9eyieqest|a el[eIqos
o[nsdes ornsdeo IYOIN D (19318M)
umord mold [epIOINO0T] [epPIoINO0T] Ud SN € I BSOWIORI BAJIIUOJ
oL . o[nsdes o[nsdes ‘IpuI Xo
q ¢! [ep1ornoo| [epIornoo| Ud S Wvo I uBwR)eg WNPNU WNIPIOUQ
usor umou ornsdeo ornsdeo _— ‘MmS
i i [epIoInoog [epIoImoog id s Vo Levee (‘boer) ©19110q20 wniprouQy
ansdes ansdes . ‘Ipur ([pury)
o waoig [epIdINI0T [epIdINI0T ud S WO veee BJR[NORUW SIPE[II00()
oL . onsdes onsdes Keien
g d [epIoIno0 [epIoIno0 Ud s 4 QIBI[YO0I SOPOWSOIAIN
UMOIL UMOI disdeo dqsdeo nzadoy surerydo
q d [epIonnoo [epIonnoo ud S VD I I [ strerydoy
usmor umor 9rnsdeo 9[nsdeo woelg (‘boer)
d d [epIoINY0T [epIoINY0T 4d S WO ! sisuduageyres suerydo
onsdes onsdes 1 "quey (‘1pury)
o o [EpIONNO0T [epIoINo0T d N € vl J10]OOLI) BIUIAISUA[[O0]
9[nsdeo 9[nsdeo ‘pug %
umord umord [epIoINo0] [epIoIno0] d N € e "ddood esoroads erreudqe]
9[nsdeo 9[nsdeo . ‘uag X9 ‘[pury
umord umord [epIoINo0] [epIoI[No0 ] d SN € 6L LI I{SIquoyos eLeudqeH
umol umox ansdes o[nsded s ‘N suadar eLreuoqe
d d [epronnoo [epronnoo ud N €0 ¥ noN LreusqeH
Umou umou 9[nsdeo 9[nsdeo s ‘pury
d g [EepIdINO0T] [BpIdINO0T] d N € L (‘MS) BIR[NOLIN BIUDAOD)
UMOx UMmou O_Smﬂmu O_SQOU N ‘IPUIT ®IBIdSE] BIUQAO.
d q [epronnoo [epronnoo ud N €0 L [PUI'T ejerosey et D
umolr umox aInsdvo ainsdeo - ‘[pur eqojiq sisdorr
dq q [ep1onnoo [epIonnoo ud S €0 LI-S1 [PUI'T BQO[Iq SIsdOLIq

uopenupuod

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

56

Ramirez, N. et al.

*:3NuUN)u0d

AVHADVNIDOVINVId
umorg Py BIORY A11eg W Us SN € 1 ‘1Suy eueseoRIRD BIUWEIDJ
AVADVININVHUDId
’ Toem "H (1)
yoerg yoejq-o1ding wnueooeqg Kirag a 1 SN [50) I - swpiiing
Yoerg pay wnuesdeg Auag a ud SN £ (A T SNy BUIAR]
- 0 e ¢ yonog ‘ad®
yor[g yor|q-o[ding wnLesoeg Aiog a v SN € 89°€ T uny soprouIaL ooB[oNYd
umolg yoejg-opding wnueosoeqg K1uog a ud SN [%0) 8 "] BIPUBSOOI BOOR[OIAYJ
AVHIIVIIVTIOLAHd
o310 UMOI omsdeo onsdeo 1 s BA SIPURIS BLIOYDT
g dq [eprondag [eprondog W L N 30 9 [4BA SIP LIayory
< ¢ 191SQIM "T'D
ag3eg U210 wWNLIeId0 ) dreooziyog a uy SN € 0T ‘81 () stendns snyuelAyg
umorg umoig WNLeII0D) dreooziyog a uy SN € ST 1 unatu snypuejAyg
umorg uoaID) WNLIEd20)) dreooziyog W ys SN [%0) ST pI ‘weko)g snfew snyjue[Ayq
anig MO[OX WNLIEI0)) dreoozryog W 1L SN [50) 12°L 'J 7 SI[IQOU BLIRILIRSIEIA
‘ ‘wyoH % xed (S1y-RNA)
umorg MO[[OA rooeg A1og W IL SN [50) L9 PUBIZILIOW BWIHOAY
AVIDVHINVTIAHd
¢ Dysnqo3y
a3ueIQ uodID wniprxAq wmniprxAq N us SN € L1°91 EHOJIST51 EUSONSWIAL.
o3uer udalx wnIprxA wnIpIxA s - UOSBILD
(o) D pIxad IpIXAd N us N £ Li=s1 suagund erwoonsuIa],
: ‘yueg
a3ueIQ u2210) wniprxAq wniprxAq N us SN € L1-S1 PI{OJISSEI0 BILIA0SWIAL
AVIDOVOVITAHAVINAd
. . ornsdeo ornsdeo S . Q1) BIpOULIdUL
el d [BepIdINO0] [EepIdINO0] a Ud N € Leee “IBA BI[OJIWI[N BIQUIN],
Pl UMOT Oj‘—wh—ﬁo O—ﬂ—wn—ﬁo N “dsyyr BIQEIS BIUIN
Aoerg d [epronnoo [epronnoo a uv N €0 I AL eIq L
oe umox omsdeo omsdeo s *qI[) BOTABSSEIND BIOUIN,
Joeg d [epIoNA0T [epIONA0T a ud N £ 6 I edl L
umolrg MO[[OA odog odog nW 1 SN € € iuny BI[OJIIA BIOPISSe]
yoerg yorjq-ojdmng odog odog a 1 SN [%0) 121 ] BSOIOQNS BIOPISSEJ
yoerg udaIn) odog odog nW 1 SN € LT YT e ‘ober eyeniIos eogissed
umol udal odo odo s ¢ SUHEH
d 5 d d W 1 N £ Lrst e[[Aydoio[os eIopgissed
Yoerg yoe|q-opding odag odag a 1 SN € vT e puny efjoyd[nd elopisseq
AO[PA . &:Q (youeld
yorrg uLa1H odog odog a 1 SN £ (A4 2 BUBLIL, X "D(]) epidsiy
“TeA BP1)O0J BIOPISSe
MO[[PA ¢
o3uel odo odo s SUIIS SINPI BIOYISSE,
yorrg 0} d d a 1 N £ 91 IS stnp: gissed
yoerg MO[[OX odog odog W T SN [%0) |14 "JSBJ BOUBAD BIOPISSEJ

uonENUHUOI*

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



57

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“nunuod

o310 oe[q-o[din wnje2AYIU sisdoA1e s 4N
g yoe[g-ording 10Uy ! o) d W v L Ud N {30} 1c () eIeoLIBAIP STORISE
ag3reg yoelg-ording wnjedYIuy sisdoAre) 1 W v 1 yd SN [%e) LT YT "OUOIH B[BUWIOUR SIORISE]
R ‘ nea
a8y yor|q-o(ding WUy sisdoAie) A N A% i ud SN € 171 (-4S) SNSOIOWU SNYUEUYD]
umorg umorg WYY sisdok1e) a a A L ud SN o) ST Ve Jdeis
: (s9oN) eyn1 eruoyLedAg
o810 umol wnodYU sisdoAre s oueond
lod d aypuy ! D a a v L ud N j30] 14 g (saonT) siiexy eomsa,]
o310 UMOI! wWnROAYIU sisdoAre, s - osedD
od 4 J0dUY ! o) a a v L Ud N 30 0cv1 (1104) BXORUI BUSR[OUIYDT
umolrg umorg wnAPUY sisdoAre) a a \% L '\ SN o) S wnnd4A3oe winiuajoojoeq
ageg umorg wnayuy sisdoAre) a a v L yy SN o) 1 ‘MS BIBSIIA SLIO[Y)
a81og umoIg WUy sisdoAre) a a v 1 ud SN 0} S UI'] Bjeul SLIO[YD
agdeg umoig wWnoAYIUY sisdoAre) a a A\ L ud SN %0 1 ‘MG BJRQIRq SLIO[YD)
umolg umoirg wWNso29}UY sisdoAre) a a A L qy SN %) S " SMIBUIYO SILIYOUDD)
umorg umorg WNSOJUY sisdokie)) a a v L qy SN %) S "] SURI[IO SNIYOUS)
NNYos %
umoIrg umolrg WNS02JUY sisdoA1e) a a v L uv SN 1) § TWA0Y HUMOIq SOIYOUST)
pieeSe]
ag1eg umorg wnIodyuy sisdokie) a nW v L ud SN (%) b eremBeroiquy AsoBeweren
UMOI uMOl wWnNROAYIU sisdoAe S SIUEYY
4 d J0aUY I D a a v L uv N 48] S (1) esnyad vojyooLIOg
61 us[ems
a31eg U221 WNJedYIUY sisdokie) a N v L yd SN D L1°01 b1 spuopjaqey sudouoxy
‘ wyny (1ppey)
a31og UaaIh wnedsyuy sisdoAre)) a a v L ud SN 0 £€c 6l snijojissy sndouoxy
ST BIid (UL X
ageg u221n) wnRAYUY sisdok1e) a N v L ud SN D bz 61 ‘S 500N) Sue0sUED sndouoxy
0T YNH
a310g u22ID WUy sisdoAre)) a W v L ud SN O ‘6131 D1 (-zop) sdoous sndouoxy
a310g umolg wnjeQYIUY sisdokie) a W v L ud SN D 61 ‘81 puny (S99N) ©110) BPUSLIY
Erjtte| umorg wnRdIYIUY sisdoAie) a nW v L ud SN 78} 61 ‘1 quny BIRAINDAI BPUISLIY
ageg umorg WNRIYPUY sisdokie) a a v L A% SN [0 €T PIRIUOH NZ)LIOW epHSLY
a8reg umorg WNJOYIUY sisdokre)) a a v L uy SN 0] S ] STUOISUSOSPE BPNSLIY
P “jorH (S1ovH)
AMYM a8reg w2 Uy sisdoAre)) a W v L ud SN Y0 9T ST ¢ snueofjos uoSodoipuy
¢ pundy
anym a3reg wnRYUY sisdokre)) a a \% L ud SN ) 1ze snkyomsoona] uoodospuy
MM a81eg wnje2AYIuY sisdoAe) a a v L ud SN o) €T 'm§ smyersnsej uoSodoipuy
ANMYM o3g wWNRRYIUY sisdoAre) a a A% 1 ud SN [0 07 ‘81 ‘¢ ] s1u1091q uogodorpuy
a81eg umorg wWNIoAPUY sisdok1e) a W v 1 yd SN I50) ¥ “OYINH SIWNOIAIQ SIISOITY
AVADIVOd

UMmol uMmou amsdeo amsdeo N ‘YT © 1 s1onp erredoo
d dq [eprondag [eprondog a a v L uv N €0 ST v 81 T sto[mp et S

uonENUHUOI

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

58

Ramirez, N. et al.

“rInunjuod

YOS 29 Uy

agdeg umorg W)U sisdoAre) a a v 1 ud SN D Sl (wre]) mosidina sumog
uny (s2aN)

aS1g umorg W)U sisdokre) a a v L qy SN +D I e[1Aydiof 1eA sloaneog
(*MS) ©S0)9S BLIBJOS

o810 umol WnJod3YIU sisdoAre s SSON
lod q OOy 1 o] a a v L ud N 1] 6l WN1sU) WNLAYORZIYOS
‘Sez

Iy Y- g “Suosoy (‘wey

aS1og umorg WNJOIYIUY sisdoAre)) a a A L ud SN ) T %0 "AS5(]) WNAYSEISOINT
wnLAYORZIYOS

B uoIs|y (7Z19y)

a31eg umoig WUy sisdoA1e) a a v 1 ud SN e 0z v1 WAUmSes WLIOEZIYOS
‘1)S19pOg

a3reg u2210) w2y sisdoAre) a N v 1 ud SN ) 61 2% ugIop[ED I’ ('PNaIs)
Djooques ejaIppey

a3eg umorg wnjad9yuek[od sisdoAre) a a \'% 1 |y SN e €T o
: : (*MS) WNS0)as WNJASIUUdJ
UMOLI UMOI wWneOAYIU sisdoAre, s 285n14 X2 "jduog
q d 10Uy ! o] a a v L ud N 1] Sl ‘quIng wepels wnjedsed
umolg umoirg wnjedeyIuy sisdoAre) a a A L '\ SN ') 97 ‘€T ‘1104 o[nesynw winjedsed
oS1eg umorg W)Uy sisdok1e) a a v L yd SN [50) 0Z-81 ‘v1 ‘ull], wniogroue] wnjedseq
umorg umorg WYYy sisdoAre) a a v L L\ SN ) I e
' winjeLiquiy winjedsed

o810 oe[q-o1din WNJodYIU sisdoAie s 985N X0 "jduog
lod Joe|q-ojding OOy I D a a v L qv N 28] €C -QUINE] WNXOAU0 wnjedsed
UMOIL UMOI! WNROAYIU sisdoAre, N snisiog
g 4 Ja0dUY ! o) a a A4 L Ud N 48] 1 [q wnyesnfuos wnpedseq
a31eg a31eg wWnoAPUY sisdoAre) a W A L ud SN %) L unn euwwo[oud)s BUBLIR]
ageg us21n) WUy sisdoAre) a a A% L yd SN € I OBH 9B[ONZAUIA WINJIUR]
o31g ud9ID wWnjeOAYIUY sisdoAre) a a A L qy SN %) 9T ‘61 QOSLID) SOPOUL)IS WNJTUBJ
o31g ud91D wWneOIUY sisdoAre) a a A L ud SN %) 61 ‘81 S
: : 2 "Wa0y 128pn1 wnoueg
og1g ud91D wnjedAIUY sisdokie) a W A L ud SN [%e) S1 "W WNSOAIdU WNoTue
. ypuny

aglog uaalH wmadayuy sisdofre)y a a v L ud SN j30] 61 81 WnyjuRILW WhotIEg
931! LR wWnjROAYIU sisdoAie s UIIIEMS
g D J0AYHUY SI D a a v L uv N 48] €C wnijojipidsiy wnoeg
9T ‘0T UHL X0

og1eg udaIn) WNJOIQYIUY sisdokie) a a v L yd SN (%) 91 b1 ‘€ s95N SUS0sIEAD TInOEg
a31og M WNIAYUY sisdoAre)) a a A4 L ud SN € 1T°L 7 eljojue| BIK[O
. "OyoNH (ypunyy)

a310g umorg WUy sisdoAre)) a a A4 L v SN 70} 61°%1 SOPIOI[A0GHOT WHASOSIY
a31eg umolg WNJedYIUY sisdokie) a a v L A% SN [%0) €T Yoy La1Id WNJesosajA
a31eg umorg WUy sisdokie) a a v L ud SN [%0) €T S90N'T 9BASBYD WINJISOSIA
agdeg u221n) WNIAYUY sisdok1e) a N v L yd SN € I ‘utl], s3Iy eIs1oo]
Eritte| yoelq-ording wn}eRYIUY sisdoAie) q W v L ud SN [%e) 71 *OUOIH BopIOYSIOS SIORISE]

uoneNUPUOI "

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



59

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“Inunuod

: ‘USIOIN
U221 umorg adnipopnosq QuayOy W \% ys SN [%0) L1-¥1 IEInqUIoyss Bq0[00060)
AVADVNODATOd
umorg umorg eIeweS eIeweS a v T SN [%0) I ‘boe[ suopueds BOBPLINISS
umolrg umorg rIRWERS rIRWES a A 1 SN [%0) 81 yory erenorued eoepLINGSS
umorg umorg [0 GIN [0 N W v 1 SN I%0) ¥ ‘[duog ©o9ELI00 BORPLINOAS
oe UMOI amsdeo amsdeo s uny| siIqeLeA e[e3Ao
Aoelg q [ep1oINo0] [ep1oNo0] a v uv N 30} €C pundy siiqet [esA]od
oe UMOI ansded ansded N ‘61 ¢ ‘1qny noynown eje34o
Foerg dq [eprotnoo [eprotnoo a v uv N €0 9T 61 81 QY noynown e[esA[0d
oe UMOIL dmsdeo omsded s - 7 ee[norued efesA[o
Joelg dq [epronnoo [epronnoo a v Ud N [30) 12-61 T erenal [esA]od
o' UMOI! ansded o[nsdea N /T pI ¢ uny sneorsuo] ejed4jo
Joerg dq [ep1otnoo [ep1otnoo a v uv SN [30) 61 81 ¥I°¢  WUNY SINEIISUO] B[ESA[O]
oe umox ansdes a[nsdeo s uny| e[iydoisAy eresAjo,
Joerg d [epronnoo [epronnoo W v ud N 30 61 pundy e[y Y B[esA]od
oe UMOIL ainsdeo ainsdeo s uny| eIeIpIyoo[3 e[e3Ljo,
Joerg dq [epronnoo [epronnoo W v uv N (30} 61 puny ejeIpryoo[s e[esAjod
oe umou a[nsdeo oqnsdes s uny| eueseoeieo e[esL|o,
Joerg d [epronnoo [epronnoo a v ud N j30] [ qpundy [esAjod
o' UMOI disdeo dqnsdeo s AN uag essaxdde ejed4jo
Aoeld 4 [epIONO0T [epIoNo0T W v Uud N 30 61 L1 91 pueg [esA]0d
o umor: a[nsdeo dqnsdes s 0 eroydouspe e[esA[o,
Joerg d [epronnoo [epronnoo a v uv N 3] 61 0Q eloy pe B[ESA[Od
umorg MO[[PA adnig adnig N A% 1 SN € € ‘1qny sisuoueIng BaqRINOIA!
; ) . yuny ([duog)
a3reg Foriq-edimg admig adniq a v ud SN £ L9 susosaqnd euruuopy
~ qrunsy
umolrg yoelq-ording adnigq adniq a \% ud SN € 8 enopooeoiiyd TImmuOp
o Umou onsdes onsdes S PIIM
MM ! [epId1[nd0] [epId1[no0] a v 1 SN € I epunqLoy e1kowopalg
AVIADVIVOATOd
. UI[IOpUNA) 29 UOSUBH
o31eg MOJ[OX wWnjeOAUY sisdoAre) a v ud SN i) ST L'l (M) €OSTy BO[GOOI)
. 1IsqoM " Y (Gdeis)
og1eg udaIn) WNJOIQYIUY sisdokie) a v ud SN e 0Z ‘81 STSQUIOSP BOMPOI
og1eg umorg wnsoouy sisdokie) a v uy SN I S *J[NYOS SNUBIUOINIOQ SnTel],
[P azyuny (7§
a310g umorg WUy sisdoAre)) W \4 ud SN 70} STOTH1 ‘¢ 1) snyeords uoBodAyoes]
a31eg U310 wnIodyIuy sisdokie) W A Uyd SN [0 61 ZJJN SISUNIULI) BASBIY ],
¢ pundy
ageg umorg sisdok1e) sisdok1e) a v yd SN D €1 °11 (1) snowBia snjoqoiods
¢ “oyoNH (we)
ag1eg umolg sisdokie) sisdoAie) a A% ud SN D 12°s syzpruresd snyoqosods
ageg umorg sisdok1e) sisdok1e) a A% ud SN D 1 a4
: ’ : (1) snorpur snjoqoiodg
. YOUdOIA
ag10g umorg Wn}eQYIUY sisdokie) a A% uy SN [0 Sl (1) s01001q wnySios

uonenupuod -

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

60

Ramirez, N. et al.

“ranunjuod

AVADIVIANA
umorg umorg wnIsaII QUAYOY v IL SN [%0) ¥ ‘PPOAA BOoLI0S s1dojAjog
Juayor ‘wypoy (1 X0 sunN)
umord nmord wmassprd Jo areSaidy v ud SN € 4 soproueyde e[[ruoyoe|
umorg umoig wnsaAIq euetow A% ud SN [%0) % 1 2123U0[d BUSBOY
: Jo 9e3a18y
umor umolx wnjsaol ouoyoe s ¢ HoATd % Zi
e g 1esoId Jo areSaidy v ud SN € 8y eAUYOR)SLIPUIAD BUIROY
AVADIVSOA
U210 U210 BOORY A1ag v 1L SN € €101 7 913uew eroydozAyy
AVIIVIOHJOZIHY
P ueqin
Joeld umolg wmnireuey dresoziyog v T SN €0 LT yT Tl (-obep) eureSAjod eruenon
AVIDVNINVHY
. oL o[nsdeo o[nsdeo S . "WLIRAIS
e q eprondag eprondag v ud N £ ad sisuomdoyureyd sidojo3ag
. ol onsdes dnsdes s . uoses[n
d g 1eprondag 1eprondag v d N € Livl ejejsndue sidojoSa1g
AVAIVALVAVH
umolg umolg wWnjouAYdY ouerow v 1 SN [%0) L9 *] BOIOIP SHRWd[)
Jo redaIdy 101p SI
AVAIVTINONANVH
umorg umorg 1[04 o110 v iL SN € 1TLT1 ‘[qny euejuow erednoy
SJleuLakolg
umorg umolrg RICHIDE RICHIDE v ud SN €0 6l eunumw vrednoy
AVIIVALOYUd
. ZoN (‘Aed
umolrg MO[[OX adniq adniq v 1L SN €0 L9 29 ziy) eomnusy vovedey
. . azyuny|
el uesIo adnig adnig v L SN € el ('1qny) sisuouerngd QuIsIAN
: . YIS 19 JOWD0Y X9 I
aBrg Yoeyg-ojdmg aduiq adig v L SN £ 81°ST (1) SE0ER00 AWSIA
umorg 221D ©OORY Auog v 1L SN €0 s -ober ejeisie erumboer
unsody "0 (r
umorg  3yoe[q-opding adig adug v us SN £ sl N0 Igoponb mzw_ﬂgwm xw
) . ysosy *D ([UOPION 3
umorg yoe[q-ojdimg adnig adniq v us SN €0 L1791 UOSEA[D)) SEPINP SNIURIQAD)
AVAIVINNIAL
yoerg umorg wniprxAq wniprxAq v qy S 0 S ] BOJRID[O BOR[MIO]
"qIyo
ey umorg wniprxAq wniprxAq v ud S @) S X3 IR 1088 Smwswow
AVIIVIVINLIOL
umorg umolrg wnisaaIq QuayOy v yd SN [%0) ¥ T sndsLo Xouwmny
aS10g Py adnipopnasg Quayoy v yd SN [%0) % * B[[9S0109E XUy
umorg yor[Q-ojdmg adnipopnasq QuayoYy v 1L SN [%0) €1 s "1 (1) ®BI9JIAN BQO[0000))

uoyENUNUOd***

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



61

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

e Inunuod
Jun
umord Pe1g-arding odniq odniq us SN £ 9 erjojnsnsue mousuo:mm
‘w1aAa1g (Aarpuey
umorg yoe[q-ording snso1og adnig ud SN %) ST soptokure3 %mmo%wﬁmmmnw
umolg yoelg-ording adniq adniq ys SN [50) L1 91 uag ejeydes eoweded
umorg umorg wniprxAg wniprxAg v SN €0 1T "0a (1) smay sndreseniy
'qIN (‘wnyo
a81g a31eg wnLIBS[OI dresoziyog ys SN [50) S - mEo:M %:Mﬁowvm
a8eg umolrg asdea ansdea 1 S [50) 12°L ‘boer eomisered ey
: [eprondag [eprondag - o
Aqsn
umorg yoe[q-arding adniq adniq 1L SN [50) 1 enoppednos wvhﬁwosw
‘TPuels (Nnyos
umorg yoe[q-arding adniq adniq us SN [50) LT VT x? ‘[duog 2 ‘quny)
BJEOLIBAID BPIENOND)
. ‘wnyog Y (Yruny]) oynied
umorg umorg umoresiyduy A1og 1L SN [%0) 7Tl “Sm mw_awubEvm:m dran
BSOOTNL
umolg yoelq-ojding adnig adnig ys SN [5e) €1 dss esoonny m:m&z M
‘wnyog " X0
umorg umorg umoiesiyduy Airg 1L SN [5e) € -} "HOOH S5DIO aEM_w M_WSD
yoerg umorg WNLIESEQOIDTA dieooziyog ud SN [%0) 9z "D eIogHNW eIPOI
wnyo N “
umolg umolg WNLIBSBQOIOTIA dresoziyog '\ SN [%e) €T 1T 3 PIIAY ﬁm_uo_mam WWM:M
azyuny] (Yo "WA0Y X
umorg yoe[q-opdmg adniq adniq ud SN € 0T-ST - Mvmwﬁowgww_ézwo a
. LMoL onsdes onsdes S . ‘wnyos
4 g 1epPIOINO0T 1epPIOINO0T us N € 'l (-ober) eipuexay eareno)
's10d
umorg anjg eOORY Auog ud SN [%e) L9 (‘Aed 29 ZINY) WNje[oddUE|
wnasd£50200)
*0d X9 e
umord ond rooed Auog 4d N € 0c wnnsIng E:WM&QowooM
umolg AMYM adni adniq 1 SN (%) I "oyoNH (1) Bq[E 8990001
usmol usmor onsdes onsdes S - ‘J ool
q H Teprondag Teprondag us N € Lroryl asuduemns wnjjAydodorey)
‘ KON "D
umorg umorg WNLIEd90)) dreoozryog ud SN [%e) LT 0T (1) BEoLA BranOg
€261 "0d (aed
umoig umoig WINLIBSBQOIDIA] dresoziyog ud SN [%0) 911 9 29 Zimy) wendes euoLOg
'qasuD (A
umorg umorg WNLIEd20)) dreoozryog uv SN [%e) I 2 Zumy) susBmsse spamog
umolI UMOlI dx S od
g ! LHNLES20D) EO0ZIIS Ud N € I (‘umng) soprowoe eLILLIOY
ornsdeo ornsdeo . TPNYDS (puny))
molg umord reprondog reprondog us SN € 8Y wnpniu wnjAydojkory

uonenupuod

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

62

Ramirez, N. et al.

“nuUNuod
oe| uQalx WNLIBOOO, oIy s Biws
el 5 E 8 Jo qeda1dy W us N € ! ("7) eredey wnjAxoyjuez
umorg 901D WNLIEdI0)) oIoHIo) W 1L SN [%0) I ‘[Sug wnjer[o wnjAxoyjuez
4 Jo qedaisy s

pls umor WINLIBIOO, oIy I S ¢ wel
el & : 8 Jo 913013y N L N € vece wndeqLIed "JJe wnjAxoyuez
a1d110¥ F UGS 7 YIS
el umord {9207 Jo 9e3a1dy W us SN € Le (puny]) ofuend ereseq
AVADVLAA

UMOI uMmol omsdeo omsdeo S ol WeyuIoA, soprores eouedr:
dq d [epIONA0T [epIONA0T a ud N 30} Q16T b1 UIOA SoplOT] IS
Umou umou onsdes 9nsdes | S WLIADIS X9 Yowolg
d q [epIdInNo0] [epIdInNo0] N L SN € € ("ypuag) suodsaqnl eI
umorg Py eoORg Aiog a 1 SN [%0) 81 IUOE BUNN]OA BIOIQES
umolrg yoelg-ording adniq adniq a 1L SN [%0) L9 ‘[puB)S 1ud)sIey eoSpny
‘wnyog
. X9 "[Meq BIOPISUIP TeA
yoe[g MO[[PA wnoesiyduy Auog N us SN € LT T oSeg (boer) wnsowwioy
UOIPUIPOIZIAQUISOY
umor umor onsdes ansdeo s "ULIA0IS X9 oerg
d d [EPISINO0T] [EPISINO0T] a s N & ! 'S ST[OW BHI[opuoy
aSreg umorg aInsdeo aInsdeo W N SN [%0) S1 » .._W“mewﬁmmﬁﬂwwm
’ [EPISINS0T] [EPIOINO0T] -dss eI0pISUap eIfiwIoy
UMOI MO, wnaresiydu K119 S wkag
d PA lyduy q W us N €0 € SISUSJONZOUAA BIpUTY
el MO[[PA wnoxesiyduy Aiog W us SN €0 LT YT TT “uog edieooqay erpuey
yoerg MO[OA wnoresiyduy K1og W iL SN [%0) 1 ‘JSIeY] “H BOIOIp BIpURY
< ‘ Jueg
a510g anig adniq adniq a ud SN € 81 L1 efeqdoskiod eLuoyoksy
umorg yoe[g-ording adniq adniq a 1L SN 50 4 an
(*DQ) uopoIoTw BINOYIASJ
1pryiog (1nYos X2
umorg yoelg-ording adniq adniq a us SN [50) 0z ‘s ‘PIIIAL) BuBISSOsuuewoy
BLIOYOASJ
. wiekdg % [puess (‘[red)
umorg yoelq-ording adniq adniq a ud SN [50) 9 PLTE[IS00 TMOROASg
umolrg ague1p adniq adniq W us SN [50) 1L2°9T°‘¢ uny] sdooue eLnoyoAsq
UMOLI umol adnu adnu, 1 s ‘1duog
d d a a N L N €9 € asuadoulio windieokyelq
umol UMOI wniprxA wniprxA s -9 ¢ Hod
q 4 IPIxAd IpPIXAd a Ud N 30 0291 v1 (ypuny)) soprores vurelog
umorg yor[q-odmg adnig adnig a ys SN [%0) L9 yuny suejonad eaInodred
umorg yoe[q-arding adnig adnig a ys SN [5e) L9 ‘IpuBlS LIQ[PUQ) BAINODI[R]
umorg yor[q-odmg adniq adniq a us SN €0 81°L S

("MS) 830010 BIINODI[BJ

uonENUNUOI***

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



63

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“nuNuod
umolrg umorg winuewes dresoziyog 1 SN (%) I yuny eyenorued erueliog
P WS
umolrg umolg winuewes dresoziyog 1 SN [%e) STvTTee R —— N_Mm D%m/
umorg POy oqnsdeo onsdeo 1 SN € € *qasun) edieoora] erurjneg
reSeyndog [eSeyndog
vl pay dnsdes ansdes 1 SN I%) I N SUISIOSNY BIUI[[NE
+YM [eSengndog [eSenndog o
el Py onsdeo onsdeo 1 SN [%0) LT * ININD eruIfned
+IYM reSeyndog reSeyndog o
ag1eg UdID) adniq adniq 1L SN € 1 ‘boer snyednfiq snodooro
ovld Py omsdeo omsdeo 1L SN [%e) L9 ey SISUdIRA0) BqARIRIA
+OHUM [epIOINO0] [epIONNI0] ’
yoerg onsdes ornsdes .
+MUM P [epIoIno0] [epIoIna0] i N & sl e waedo Bferey
yoerg Jnsdes Jnsdes 7
+AYM oBrg 1edeyndes 1edeyndas 1 SN £ § wnpurod wnuuadsorpie)
ag1eg MO[[OA adniq adniq ys SN [%0) LT YT ‘TT ‘Mg snsowdoel snjAydofy
AVADVANIAVS
usaIn) MO[[OA rOORY Auog yd SN [%0) Il uLIA0)S asuarndey wnisay
usaIn) MOJ[?, A an
1RA oord ol Ud S € I wnsongn} UoIPuIPLIOJ
IZZry
o910 MOTIRA oord Auog d S € L1 WNSOUDATLIOS :o%:%&o___ﬁ_
“QasLD
U221 MO[[OA BOORY Aag ud S I50) 1 (ypuny]) aren3uerpenbsiin
(") WNIqNI UOIPUAPEIOYJ
Joryorg
ud91D MOT[OX ©OORY Auog ud S %) I SIUOO UOIPUSPEIOY]
‘ql Snry (°
o2 MOIIRA Boord Auog Ud s £ s EESSM:W Wo%:wwMHUOMN
AVADVIVLINVS
umolg yoe[g-ording eOORY Auog 1L SN [%0) 1 ‘Js1e3] “H eARY BINO0I]
o Molo o[nsdeo ornsdeo s Jowmnalg (“boer)
Py 1°A [EPIINI0T] [EpPIOINS0T us N £ Lz snja[dwod uowd}sojeddq
pag-oRIg ud0ID) ainsdeo ainsdeo ys SN [%0) 4 "M SIIISOAAS BLIBISE))
[BPIOINO0T [BPIOINO0T ' '
MO[[OA "qasHD
+umorg MOTIPA eodrd Auog us SN € 4 ('mS) suoosourds errease))
pad MO[[PA eOORY Auog us SN €0 vT T auny| sijjow eLrease’
MOIIPA U001 a[nsdeo s[nsdes us SN 9 @ ‘MG BINSIY BLIBOSE))
+umorg [epIo1no0] [epIo1no0] o
3 £ qIn
9ourio MOIRA voord ol us SN € I ('1qny) sisuouerng eease)
AVADVII'TVS
o 9 WNLIBOI0 oIHIoy s el
el Pod . 8 Jo 9e3a1dy us N € L wNI[OJ10YI WN[AXOyjueZ

uonenunpuod**

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

64

Ramirez, N. et al.

“ranunjuod
umoirg yoe|q-ording eOORY Auog a v uy SN [%0) 81 B[[OINEBJA] 199S WINUR[OS
UMOI umol amsdeo amsdeo s ¢ weyeln eone[s euenool
d dq [eprondag [eprondog a v us N 30} Sl el | NOJIN
umorg poy eOORY Auog W v ys S € S SIOIJA| WNSOPOU WINIOA]
umoig MO[[OA BOORY Aog W v us SN € S “ds soyyueIoAT
umor UMOL aInsdeo aInsdeo N ‘6° TIIAl BIxoul eInje
4 q [eSeyndog [eSeyndog a v uv N €0 1mes AL BIxoul eimeq
umoig yoelg-ording BOORY Aog W v us SN [%0) L ‘boe[ wnijojiores wnnsa)
uMOI! B BOOR K119 s reund
d Py d q W v us N €0 L wmnrojueiod wNKsa)
Koouel,]
umolg or[q-oding rooRg Auog N \4 us SN € L XABOOIOIU WIS
umol oe[q-o[din BIOR K110 s ¢ reund
d Jor[q-9rding d q W v us N 30} 1L wnpjAydoeSouwr wnnsa)
umorg yoelg-ording eOORY Auog W A ys SN [50) L9 I91)1J WnsoqqIdiq wnnse))
) ‘ zyas g0 (boer)
Jorrd yoe[q-ojding BOORY Auog a v us SN €0 YTl wnIoIwoNE WNNsY)
azjuny (jeun(q)
umorg pY eOSRY Aiog a v us SN €0 1 umeproquioy wmotsde))
AVADVNVTIOS
umorg MO[[OA vooryg Aig W v 1 SN [50) L1 "wLRA0)S eueLdmid xejug
~ B PIIip xo [duog 7%
umolg yoejq-opding vodeg Kuog N v 1 SN £ Leye qUIN] S1SUOTEIIT YE[Ig
umorg MOJ[OX wvooRyg Aiag W v 1 SN [%0) 9 uny] nSiddood xequg
AVADVIVTIAS
umorg Py wniredniq adnig W v ys SN [56) 71116 urding ©10210 e[I)SRD
AVIDVANOUVIAIS
ornsdeo ornsdeo TYBA ('So1(]) BSnjruuny “Iea
tmoig molg 1eprondag 1eprondag W v Ud SN € 4 7 e1joJ1[[AdIos BOTUOIOA
el UMOLI onsdeo onsdeo N ‘66 7 eiopiq eureide
Joerg dq [eprondog [eprondog a v uv N €0 Imes't 1 e10p1q Bl o]
AVAIVIIVINHJOYODS
mor wmor o[nsdes o[nsdes s ‘ULIA)S
g e [epIo1[no0] [epIoINo0 N I Ud SN € st exopo1)ay eroydwerjoy
AVIADVINIDVIAVS
‘Tired (b
el umord vooed Auog N v s SN € Ll eURDSINQUIOYDS BUIN[OSL]
jsibuor)
umolg yoelq-ording eodRg Auog W A us SN [%e) S ("nyos 29 "wo0y) eIjOJIXNE
“dsoqns e1j0J1smqo erjowng
AVAIVLOIVS
umolg umoig wnewes dresoziyog a A 1 SN [5e) ST uny| eaOoRWN BI[[IAIN
Joerg MO[[PA adnigq adnigq a v 1L SN €0 [4 TUeA efjAydexay eisie],
umolg umoirg wnewes dresoziyog a A 1 SN [5e) I [pey edaquioyl erueliog

uoneNUHUOI™**

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



65

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

“anunjuod

s1opues ‘M d (191

a8rog yor|q-ording adnigq adniq dH ud SN €0 LT 'V % ONQ) BUBIZILIOUT
o8l el ‘dsqns " ereweo euejue|
. UOPIOIA BUBN[S,
umolg yoe|q-ojding adniq adniq v ud SN € LT'1 — asgum mw:w 23“«\4/
P ¥sed
a31og syoe[q-ording adniq adniq v ud SN € STYTT eqOJITELAGo® BUETe ]
IoINIJ WNAPIOSIAYIqNS
umolg aSur1Q adniq adniq v us SN €0 ! T E_m_,?ukusﬂo
AVIDVNIIIIA
. umor o[nsdes o[nsdes S . uny|
P d [epIolmooT] [epIoInooT v id N & 6191 ('yory V) BIOIq) BIZO[[A
AVIIVIZOTTIA
) suyor r (I
yoelg U210 wniuenoOnN adnig A\ L SN € 12°L n:mu:omémmwmw M%QMMW
AVADVAVTAWAHL
. . onsdes onsdes PIIM
e d Teprondog Teprondog v Ud s Wvo s (-ober) arenSuern wnurpe],
. ool 9rnsdeo 9[nsdeo ‘upreen) (‘boer)
el O Teprondag reprondog v Ud S Wvd ! wnjernorued winuife],
AVADVNITVL
952)0]
umord MOIIRA 2dniq adniq \ 4s S € e SUO[OALNS mouo_mE\_M
AVIIVIOTIINAS
umoig umoIrg wWnJoudYdY ouayoe v ys S € €1 ‘11 ] BWNLIRW BURLING
Jo qedaIdy
AVIADVNVIINS
RUIEYGIN
umorg MO[IPA adniq adniq v us SN [30) L1 WNIOPoEpINA eIl
umorg MO[[RA adnig adnig A% 1L SN € 12°L ‘0d "V snpijed xeikig
AVAIVIVIALS
. ‘boer
toig o5uei0 rooed Auog v v N € 0z 81 wnijoJIuowe)s wWnueos
ddeuyy
umorg Ud2ID) eooRg Aiog \% ys SN € 1z g wnydoiquio wnue[o
umorg aSue1Q eooRg Aiog v qy SN [%0) LT T WNSOUIUEW WNUB[OS
umorg u22In eooeg Kuog \' us SN [%0) I uoNLIg MUIZEY WNUL[OS
umorg POy eoORY Kiog v qs SN [%0) ST ‘uIpusS LIOUpILS WNUe[0S
YOS 29 “WAO
umord pod Foord Auog v s SN € 6l o:totsﬂ_au._mw Wv_::ﬂoym_
eun
umoig MO[OA BOORY Auog v Us SN € 1 wnyuesAyoeIq E:FEOM
. YOS 79 “WAO
umorg ik} ig) eOORYg Auog v qs SN [%0) LT €T — L:MBMW:%EM
umolrg MO[[OX eooeg Kiog \% qs SN [%0) 12°L°9 ‘yory winiodse wnuejos
umorg yoe[q-ojdmg 'OoRY Auog v uv SN €0 8611 I

WNUEOLIOWE WNUR[OS

uonENURUOI****

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



Biota Neotropica 21(4): €20211238, 2021

66

Ramirez, N. et al.

*:3NUNJu0d

e UMou O_SMQNQ O_SQOQ N - *SOON BIRION[OAUT SLIA;
Joerg q [epronnoo [epronnoo a W v L ud N €0 91-¥1 N ee1onjoAut SLAX
o umou amsdeo amsdeo s e Xe[[ey sLA
oerg q [ep1oNNooT [ep1oNnoo a W v L ud N €0 14! BN Xe[[e} SLAX
or UMOI aInsdvo aInsdeo s ¢ uosed[n) eeydooiq suk
Jverg q [epronnoo [epronnoo a W v L ud SN €0 ST ¥l Ses[D e[eydaolq suAX
ol usmol d[nsdes d[nsdeo 210N (12A11Q)

d d [ep1ornoo| [ep1ormnoo| a W v L 4d s €9 vl wnndads ayIueIdRI0

o umor o[nsdeo o[nsdes s "ULIA0)S J01ISNqOY

vl ! [epIoInoo [epIoInoo a N v L Ud N € vl “TeA BAUORISOIORW BPOQ[OQY

o umox ansdes a[nsdeo s ¢ a1mSepy Sinese poqio

Joerg dq [ep1oIoo] [epIoNo0] a W v L ud N 30} LT ¥l seN Sl PoqIoqy

AVIDVATIAX

umorg MOT[OA adnig adnig ki W v L 1L SN [%0) I "] BUBDOLIOWIE RIUSWITY

AVHIVINTNIX

oL Umou o[nsdes o[nsdes | S e nagels

q e [epIornoo| [epIornoo| a N v L L N £ leeee BUB[ONZOUAA RISAYOOA

AVAIVISAHDOA

agiog por|q-ojding adnig adnig 4 a v L 1 S VD €I-11 “T (7) ererjoyLn snssI)

a31eg syoejq-ordmng adniq adnig d a v 1L T SN VD ST 7] SOPIOADIS SnssID)

a8rg yor|q-o(ding adniq adniq A a 4 1 1 SN € STTe "YOrY BSOIO SNSSID)

ag3reg yoe[q-arding adniq adniq i a \% L 1 S € 14 ‘ober eje[e snss1)
AVADVLIA

. umor o[nsdes onsdes S udNO
el H [epIoInoo| [epIoInoo| a a v L 4d N £ s¢ () eLIR[090[RD SNYJURqAH
oe umol o[nsdeo spnsdes s N:MW,MM_M o CHMomv
Joed dq [epronnoo| [epronnoo| a a v L uv N 3] I [duog 2% "quiny
s s snjenua)e snyjueqAy

AVADVIOIA

agdeg umorg wnLewe)) dreooziyog a a A\ L ud SN € 12 uny SIBIOM| BUSQIIA
UMOI e wnrreseqoor dieooziyo: N UIPION
q Jverg 1eseqoIdIN oS a a v L ud N €0 ¥4 sisuopuLy eoydreiAyoelg
umolrg yoerg WINLIBSBQOIOIA dresoziyog a a v 1 yd SN [%0) 71 14eA (boer)
; . : siiqeinu ejeydieAyoe)s

I4eA (D

umorg Jverg WNLESeqOIdIA dresoziog a a v L ud SN €0 |14 sisuoorewe! ejoydie)Ayorg
‘ I4eA (yory)

umoig Jorrd WnLIBSEQOIOTA dreooziyos a a Vv L uv SN € €1 sisuauaken eoydieikyonig
UIPIOI (Ypuny)

umorg umorg WINLIESEQOIOTA dreoozryog a a v 1 ud SN [%0) S suv)dol “1eA LIORIPOU BIAYd
umorg umorg WINLIESEQOIOIA dreoozryog a W v 1 us SN [%0) S yuny soprouesaio erddry
umourg yor[q-o[ding adni adni d a \4 1L ud SN € I T BI[OJL) BUBIUET
umorg yoe[q-ojdmng adnig adnig 1 W v 1 ud SN [%0) €1 ] BIRIONOAUI BUBIUR T
umorg umorg wnruenonN adnig A a v L Uyd SN € 1 ‘ZOIN], BUBSBORIED BUBJUR]
umorg umorg WINTUBINONN adnig 1 a v 1 ud SN [%0) 61 iU SUSOSAUED BUB)UR]

uonENURUOI***

https://doi.org/10.1590/1676-0611-BN-2021-1238

http://www.scielo.br/bn



67

Biota Neotropica 21(4): €20211238, 2021

Fruits, seeds, colors, and functional groups

umorg umorg wnuewe)) dreooziyog uv SN [7%0) €1-11 "] SOPIOISIO sNNqLI,
‘ Uy % "OOH
umorg umoig wnuewe)) dresoziyog uy SN [0 ‘1 (1) ewr¥ew ermsonsyEY
umos MO aqnsdes o[nsdeo 1 s ] S[RUIOYJO WNOETEN:
d 1IE7N [eprondog [eprondog L N €0 S T oreuroyy renH
UuMmolI umoI wniewe dresoziyo 1 s ¢ 15ud
d g . S s L N € s (‘boer) earoqie eisoung
AVIDVTIIHdODAZ
o Se1g-ordin o[nsdeo a[nsdeo s 'S0
padPRIg  PrIg-oIding [epIoInNo0] [epIo1no0] d N 2 L SOPIOIR[OOIU BIW[EAUSY
AVIADVITLIONIZ
oe umol amsded amsded s ¢ QuifeJA BUBS[N SLIA
Joelg 4q [epION20 [epION20 uv N €0 91 ¥1 e [N SHAX
oe UMOL ansded ansded N ¢ ‘Suaxdg sisuowreuLInS SUA
Joerg dq [ep1otnoo [eprotnoo Ud N (30} 91 ¥1 S st ! HAX
oe umolI omsdea asdea S UOSS[IN 1111oqnas SLIA
Joeld 4q [epronnoo [epronnoo Ud N [30) 91 1IN ThIoq HAX
o' UMOL! a[nsdea a[nsdea N ‘L1 IQAT[O BI0S1)9S SLIA
Joerg dq [ep1otnoo [epIoNnooT Ud SN 30} 61 LI-v1 10 os SUAX
oe umol a[nsdeo oqnsdes s ‘bijA s1suoueaes suA
Joerg d [epronnoo [epronnoo ud N €0 9T AL ST HAX
oe umolI dnsdeo dnsdeo S QuifeA dewIIeIol SLA
Joerg dq [epronnoo [epIoNoo| Ud N j30] ¥l TeN ! HUAX
0w umor ornsdeo ornsdeo S B)[op
ovld ! [epIoIno0 [epIoINo0 Ud N € 9¢ “TBA SNIMEJA BI[OJIXE] SLIAY

uonENURUOI***

http://www.scielo.br/bn

https://doi.org/10.1590/1676-0611-BN-2021-1238



68 Biota Neotropica 21(4): €20211238, 2021

Ramirez, N. et al.

"Localities

1= Secondary dry forest, Caracas Valley. 10° 29'N; 66° 33'W

2= Riparian dry forest, Tuy Valley, Cua, Miranda State. 10° 09" N; 66° 53" W

3= Riparian wet forest, Cataniapo River. Amazonas State. 5° 36'N; 67° 6'W

4= Paramo, Andean High Mountain, La Culata National Park. Merida State. 8° 03'N; 70° 49°W

5= Xerophytic shrubland, Central Coastal Zone. Vargas State. 10° 36'N; 67° 2'W

6= Cloud forest, Coastal mountain range, Miranda State. 10° 20" N; 66° 55" W

7= Cloud forest, Coastal mountain range, Henri Pittier National Park. Aragua State. 10° 21" N; 67° 36" W

8= Sub-Paramo, High mountain shrubland, Pico Naiguata, El Avila National Park. Capital District. 10° 32" N; 66° 47" W

9= Littoral Meadow, Coastal Plain of Paraguand. Falcon State. 11° 50'N; 69° 48'W

10= Mangrove, Coastal Plain of Paraguand. Falcon State. 11° 40'N; 69° 49'W

11= Psamophilous Meadow, Coastal Plain of Paraguana. Falcon State. 11° 40'N; 69° 49'W

12= Xerophytic shrubland, Coastal Plain of Paraguand. Falcon State. 11° 40°N; 69° 49'W

13= Littoral Shrubland, Atolon, Morrocoy National Park. Falcon State. 10° 58'N; 68° 15"W

14= Broad-leaved meadow, Gran Sabana Plateau, Canaima National Park. Bolivar State. 5° 38" N; 61° 22'W

15= Mesotermic shruland (Jardin), Gran Sabana Plateau, Canaima National Park. Bolivar State. 5° 38" N; 61° 41'W

16= Mesotermic shruland (Liworiwo), Gran Sabana Plateau, Canaima National Park. Bolivar State. 5° 36" N; 61° 29'W

17= Mesotermic shruland (Mareman), Gran Sabana Plateau, Canaima National Park. Bolivar State. 5° 44" N; 61° 24'W

18= Secondary bushland, Gran Sabana Plateau, Canaima National Park. Bolivar State. 5° 40" N; 61° 32'W

19= Savanna grassland, Gran Sabana Plateau, Canaima National Park. Bolivar State. 5° 42" N; 61° 31'W

20= Secondary savanna, Fallow, Gran Sabana Plateau, Canaima National Park. Bolivar State. 5° 40" N; 61° 32'W

21= Dwarf cloud forest, Insular montane forest, Cerro Copey National Park. Nueva Esparta State. 10° 59’ N; 63° 54' W

22= Dry forest, Venezuelan Central Plain, Estacion Biologica de los Llanos. Guarico State. 8° 56'N; 67° 25'W

23= Disturbed grassland, Venezuelan Central Plain, Estacion Biologica de los Llanos. Guarico State. 8° 56'N; 67° 25'W

24= Ecotone Forest-Savanna, Venezuelan Central Plain, Estacion Biologica de los Llanos. Guarico State. 8° 56'N; 67° 25'W

25= Savanna with shrubs, Venezuelan Central Plain, Estacion Biologica de los Llanos. Guarico State. 8° 56'N; 67° 25'W

26= Palm swamp, Venezuelan Central Plain, Morichal Largo. Gudrico State. 8° 56" N; 67° 25" W

27= Galery forest, Venezuelan Central Plain, Orituco River. Guarico State. 9° 47" N; 67° 25'W

28= Paramo, San José de Sur, Merida State.

29= Dry forest, Aguas Termales Las Trincheras, Carabobo State. 10°18N; 68°04"W

30= Dry forest, Mision Nuestra Sra. del Carmen, Yaracuy State. 10°20'N; 68°41W

31=Xerophytic shrubland, Near San Juan de Lagunillas, Merida State. 8° 30'N; 71°21'W

32=Xerophytic shrubland, Mesa de Esnujaque, Trujillo State. 9°03'N; 70°42"W

33= Experimental Station, Barrancas, Barinas State. §°46’ N, 70°25’W

34= Dry forest, flooded plain of the Mene river, Zulia State. 10°27'N; 71°27'W

35=Mesotermic shruland (Kama fall), Gran Sabana Plateau, Canaima National Park. Bolivar State.

36= Montane Forest, Avila National Park, Capital District.

37= Dry premontane forest, Los Caracas, Distrito Federal, Estado Vargas. 10°37'N; 66°34"W

38= Rain forest, Imataca Reserve, Bolivar State. 8°03'N; 61°39'W

39= Rain forest, near El Dorado, Bolivar State. 6°43'N; 61°37'W

40= Municipio Manrique, Road to La Sierra, Cojedes State.

41 = Municipio Romulo Gallegos, East to Las Vegas, Cojedes State.

42 = Disturbed area, Guanare-Mesa Cavacas road, Portuguesa State.

43 = Paramo, Andean High Mountain, El Zumbador, Tachira State

44 = Salazar town, To Chururq, Tachira State

45 = Road edge, Dabajuro-Maracaibo, Falcon State.

46 = Stream border, National Park, Cuevas de la quebrada, El Toro, Falcon State,

47 = Disturbed area, Maracay, Aragua State.

48 = Avocado plantation, Palo Negro, Aragua State.

49 = Road side Merida-Jaji, Las Correras, Merida State.

50 = Road Barinas-Santo Domingo, Barinas State.

2Succullence: S = Succulent, Ns = No succulent

3Life form: Tr = Trees, Sh = Shrubs, L = Lianas, Ph = Perennial herbs, Ah = Annual herbs

“Epiphytism: T = Terrestrials, E = Epiphytes

SNutritional relation: A = Autotropics, I = Insectivores, P = Parasitics

®Successional stage: M = Mature, D = Disturbed

’Fruit texture: F = Fleshy, D = Dry

8Fruit dehiscence: D = Dehiscent, I = Indehiscent
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