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ABSTRACT - (Himatanthus bracteatus (A. DC.) Woodson (Apocynaceae): phenology, morphology, and fl oral biology of 
a species endemic to the Atlantic Forest). Janaúba, Himatanthus bracteatus (A. DC.) Woodson is a species native to the 
Atlantic Forest and restricted to the northeastern and southeastern regions of Brazil, and has potential as ornamental or in 
the recovery of degraded areas. Considering that the information about its reproductive mechanisms is scarce, this study 
aimed to describe the aspects of the phenology, morphology, and fl oral biology of H. bracteatus in an urban remnant of 
Atlantic Forest in Salvador (State of Bahia). Monthly, from August 2008 to August 2009, we recorded the intensity of the 
phenophases (fl owering, fruiting, and budding), aspects of the morphology, and fl oral development in 15 adult individuals. 
Flowers and fruits occurred almost throughout the month; the fl owering peak was associated with the rainy season, and the 
seeds dispersion occurred through the wind. Flowers are white, bisexual, cleistogamous and remain open for more than 
24 hours, suggesting a more elaborate pollination process, dependent on nocturnal and diurnal specialist visitors for their 
reproduction.
Keywords: fl oral events, tropical reforestation, janaúba, fl oral morphology, ornamental potential

RESUMO - ( Himatanthus bracteatus (A. DC.) Woodson (Apocynaceae): fenologia, morfologia e biologia fl oral de uma 
espécie endêmica da Mata Atlântica). A janaúba, Himatanthus bracteatus (A. DC.) Woodson é uma espécie nativa da Mata 
Atlântica, restrita às regiões Nordeste e Sudeste do Brasil, que apresenta potencial paisagístico e de uso na recuperação 
de áreas degradadas. Considerando que informações acerca dos seus mecanismos reprodutivos são escassos, este estudo 
objetivou descrever os aspectos fenológicos e a morfologia e biologia fl oral de H. bracteatus em um remanescente urbano 
de Salvador (BA). Mensalmente, entre agosto de 2008 e agosto de 2009, foram registrados a intensidade das fenofases 
(fl oração, frutifi cação e brotamento), aspectos relativos à morfologia e ao desenvolvimento fl oral em 15 indivíduos adultos. 
Flores e frutos ocorreram praticamente ao longo de todos os meses, com o pico da fl oração associado ao período chuvoso, 
e a dispersão de sementes ocorre pelo vento. As fl ores são brancas, bissexuais, cleistogâmicas e com duração de abertura 
superior a 24 horas, sugerindo um processo de polinização mais elaborado, dependente de visitantes especializados de hábito 
noturno ou diurno para a sua reprodução.
Palavras-chave: eventos fl orais, refl orestamento, janaúba, morfologia fl oral, potencial ornamental
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Introduction

 The Atlantic Forest biome is currently reduced 
to less than 7% of its original area (Varjabedian 
2010). Its remnants became landscapes surrounded 

by urban centers, agricultural, and industrial areas 
(Ayris et al. 2005, Sarmento & Villela 2010), which 
form a mosaic of habitats of several sizes, around 
small islands or isolated forest fragments (Primack 
& Rodrigues 2001). This way, ecological processes, 
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such as gene flow, carried out between plants through 
pollination and seed dispersal can be interrupted, 
jeopardizing the genetic viability of local populations 
(Gurevitch et al. 2009, Sarmento & Villela 2010). The 
reduction in genetic variability increases the chances 
of species extinction, and also restricts the movement 
of seeds and pollen, maximizing the endogamy in the 
population (Charlesworth & Charlesworth 1987).
	 Hence, biodiversity conservation represents 
one of the greatest challenges of this century due to 
the high level of anthropic disturbances in natural 
ecosystems (Viana & Pinheiro 1998, Primack & 
Rodrigues 2001). However, many traditional practices 
for the recovery of degraded areas and reforestation 
frequently introduce exotic species that promote 
changes in natural ecosystems (Espíndola et al. 2005), 
in detriment of native plants. The lack of knowledge 
about the list of these native plant species and their 
basic biological information usually justifies this 
procedure.
	 With many plant genera popularized in landscaping 
due to their frequent use (CEAP DESIGNE 2015), the 
family Apocynaceae s.l. is well represented in the 
Brazilian flora with 7,600 species of 77 genera (Flora 
do Brasil 2017). Although its members are distributed 
nearly all over the world, comprising 357 genera and 
approximately 5,100 species, this family is particularly 
diverse in tropical and subtropical regions (Nazar et al. 
2013, Endress et al. 2014).
	 The genus Himatanthus Willd. ex Schult. is 
restricted to South America (one species occurs in 
Panamá; Spina 2004), and includes nine species, 
all present in Brazil (Spina 2015). Their members 
are trees with woody branches bearing terminal 
inflorescences and fruits in the shape of relatively 
curved cylindrical follicles (Spina 2004). Locally 
known as “janaúba”, Himatanthus bracteatus (A. 
DC.) Woodson (Apocynaceae) is a species endemic to 
Brazil, typical of the Atlantic Forest, with distribution 
restricted to the northeastern and southeastern 
regions (Spina 2015). The tree size, ornamental and 
odoriferous flowers attractive to insects, and fruits 
consumed by birds are aspects that make this native 
species a suitable candidate for use in landscaping 
and reforestation techniques for degraded areas and 
environments.
	 “Janaúba” has a broad spectrum of uses comprising 
from medicinal, in the treatment of inflammations, 
veterinary and food supplement, to latex extractivism, 
which has been acquiring growing importance in the 
market (Linhares 2010). Hence, studies that provide 

ecological and reproductive information, which could 
be used for the management and conservation of 
this species are necessary. In the face of the lack of 
information in the specific literature about the species 
in focus, the main objective of the present study was 
to investigate aspects of the reproductive biology and 
phenology of H. bracteatus to support its conservation 
in urban fragments, in particular, the city of Salvador 
and its metropolitan region.

Material and methods

Study area - The present study was carried out in an 
urban remnant of second-growth Atlantic Forest (area 
of approximately 240 ha), located at the 19th Hunters 
Battalion of the Brazilian Army (19° BC; 12º57’53” S, 
38º27’14” W), at the Cabula neighborhood, Salvador, 
state of Bahia, Brazil. The climate of the region is 
classified as Af, according to Köppen classification 
(1918), warm and humid tropical climate, without 
a well-defined dry season, with average annual 
temperatures of 25.3 °C (Macedo et al. 2007) and 
an annual rainfall of 2,098.7 mm (Defesa Civil de 
Salvador 2015). The months from April to July 2009 
were the rainiest, whereas between August 2008 and 
March 2009 rainfall was lower (figura 1 a).
	 We picked randomly for the phenological 
study adult individuals (n = 15) on the edge of the 
forest and monitored them monthly from August 
2008 to August 2009. We estimated the intensity of 
reproductive (open flower, ripe, and immature fruit) 
and vegetative phenophases (leaf loss and budding) 
for each individual, following the semiquantitative 
method proposed by Fournier (1974), with interval 
categories ranging from 0 to 4, varying in 25%.
	 We analyzed floral morphology in the field, 
where we recorded color and odor emission. We 
measured depth and width of the corolla tube and 
flower width (n = 22) with a caliper with a precision 
of 0.01 mm. Based on fresh material fixed in alcohol 
70%, we characterized symmetry, corolla form, and 
the arrangement of the gynoecium and androecium, 
following Gonçalves & Lorenzi (2007).
	 We marked and monitored flower buds (n = 25) 
since pre-anthesis and recorded the time from opening 
to the senescence of flowers, flower longevity, and 
morphological alterations during floral anthesis. We 
carried out two experiments to assess aspects of the 
reproductive biology: spontaneous self-pollination 
(n  = 20 inflorescences) and natural pollination 
(control; n = 20 inflorescences), and considered 
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reproductive success fruits whose size was above 1 
cm. However, we did not carry out manual pollination 
tests (xenogamy and geitonogamy) due to the 
difficulty to access pollen grains and the stigma, as it is 
a cleistogamous flower with cryptic structures. For the 
same reasons, we could not carry out tests for stigmatic 
receptivity and pollen viability. The voucher specimen 
was deposited in the Radambrasil Herbarium of the 
Botanical Gardens of Salvador (HRB 56.179).

Results and Discussion

	 Individual H. bracteatus showed flowers almost 
throughout the year, with a flowering peak between 
March and April 2009, which was considered the 
rainiest period, when over 50% of individuals were 
flowering (figura 1). The flowering behavior of the 
population follows, in synchrony, the high intensity 
of production of flower buds. In August 2008, the 
intensity of flower production was minimal (below 
2%), and in the following months (September to 
November 2008), which had lower rainfall, there were 
no flowers open (figura 1).
	 Spina (2004) suggested that this species flowers 
and set fruits almost throughout the year, based on 

herbarium data. However, gaps in flower production 
in H. bracteatus plants, like those observed in the 
present study, were also reported by Pessoa (2008), 
in a second-growth forest in Southern Bahia State, 
with the presence of flowers only from January to 
Abril, and in July and August. In the literature, the 
few phenological records of species of this genus 
mention an annual flowering cycle, of intermediate 
duration, usually between February and May, such 
as in Himatanthus obovatus (Müll. Arg.) Woodson 
var. obovatus (Tannus et al. 2006), Himathantus aff. 
articulata (Vahl) Woodson (Figueiredo 2008), and 
Himatanthus aff. lancifolius (Müll.Arg.) Woodson 
(Pereira et al. 2008).
	 The immature and ripe fruits are simultaneously 
present in the same individual. Immature fruits 
started their development in June 2009, reached the 
maturation peak between August and November, 
and were absent between January and May 2009. In 
contrast, the peak of ripe fruits, fully dry and apt to 
begin seed dispersal occurred between December 2008 
and May 2009. In December 2008, all individuals 
showed open fruits and dehiscent follicles, dispersing 
seeds by the wind (anemochory). Fruit production is 
considered long in other congeneric species, usually 

Figure 1. Rainfall (a) and intensity of the reproductive and vegetative phenotypes (b) of Himatanthus bracteatus, in an urban remnant of 
Atlantic Forest, in Salvador (BA), Northeastern Brazil, from August 2008 to August 2009. Source Rainfall: Civil Defense of Salvador (2014).
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taking place in February and December, with seed 
dispersal related to anemochory (Pereira et al. 2008). 
Although the influence of climate factors, such as 
rainfall and temperature, is reported in many plant 
groups present in tropical forests (Talora et al. 2000, 
Stevenson et al. 2008), studies with other Himatanthus 
species show no correlation with climate data.
	 Himatanthus bracteatus produces dehiscent, 
polyspermic follicles, green when immature (figura 
2 e) and brown when ripe (figure 2 f-g). Seeds are 
winged, membranous, able to glide, characterizing 
the anemochory dispersal syndrome (figura 2  h), 
and corroborating other studies on the family 
Apocynaceae, which usually produces follicles and 
releases their seeds in the air (Saravy et al. 2003, 
Amaro et al. 2006, Tannus et al. 2006, Freitas 2008, 
Figueiredo 2008, Pereira et al. 2008, Pessoa 2008, 
Silva & Rodal 2009, Marangon et al. 2010).
	 There was overlap between phenophases during 
the thirteen months sampled. At the same time 
when fruits were ripening, there were still flowers 
on individuals, but at a lower intensity (figura 1). In 
the vegetative phenophases, budding and leaf loss 
rates remained nearly constant throughout the year 
(approximately 25% of intensity), except for July 
2009 (38%) for leaf loss. Such results can suggest that 
rainfall does not influence vegetative phenophases.
	 Himatanthus bracteatus are bisexual, arranged 
in terminal inflorescences forming a cincinnus 

(figura 2  a). Inflorescences are composed of bracts 
involving two flower buds and a new bract (figura 
2 b). The flower dimensions of diameter (66.7 ± 
11.5 mm) and length (32.6 ± 0.53 mm) characterize 
it as typically hypocrateriform. The corolla tube 
is internally hairy and externally glabrescent; it 
displays white petals and yellow fauces. Flowers are 
pentamerous, actinomorphic, dichlamydeous, and 
cleistogamous. Regarding reproductive structure, 
there is one bilocular half-inferior ovary, and the 
stigma (figura  3 b) produces a viscous substance 
comparable to a whitish odorless mucilage, deposited 
above the stigma. The androecium has five stamens, 
and five dorsifixed anthers with a longitudinal opening 
(figura 3 a), where we can visualize the presence of 
herkogamy between reproductive structures.
	 In H. bracteatus flowers, the pentamerous 
stamens are united, together with the anthers, to the 
head of the stigma, forming a gynostegium, which 
protects the gynoecium. Because of that, there is the 
union of anthers to the head of the style, creating 
a cone located in the center of the floral tube. The 
presence of this wrapping, the gynostegium, is very 
common in members of the family Apocynaceae 
(Judd et al. 2009), which was corroborated in studies 
with Cryptostegia madagascariensis Bojer ex 
Decne (Vieira et al. 2004), Peltastes peltaltus (Vell.) 
Woodson (Tostes et al. 2003), Prestonia coalita (Vell.) 

Figure 2. Himatanthus bracteatus. a. Exsiccata, evidencing the terminal inflorescence. b. Flower buds and bracts. c. Pentamerous white 
flowers with yellow fauces. Photo: Wilton Gonçalves (2008). d. Hypocteriform-shaped flower. Photo: Wilton Gonçalves (2008). e. 
Immature follicle. f. Dehiscent ripe fruits. g. Ripe fruit with seeds apt for anemochorous dispersal. h. Winged seed, membranaceous, 
characteristic of anemochorous dispersal.
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Figure 3. Reproductive structures of Himatanthus bracteatus. a. 
Anthers with a longitudinal opening. b. Stigma, bilocular semi-
inferior ovary. Photos: Camilla Reis (2008).

Woodson (Franco 1991), and Prestonia riedelii (Müll. 
Arg.) Markgr. (Franco 1991). In these studies, the 
authors observed that there are only small orifices, 
alternate between stamens, which give access to the 
inside of the floral tube.
	 According to Schlindwein et al. (2004), this 
unusual arrangement of flowers increases floral 
complexity and enables the formation of a particular 
pollination apparatus, in which the pollen grains are 
deposited onto the insect’s mouthparts, which are 
inserted in the same floral tube. This way, later, when 
these insects visit the flowers, the pollen grains are 
transferred accidentally to the receptive part of the 
stigma, which can induce the plant pollination. In 
Apocynaceae, flowers are reported to be complex 
with highly specialized pollination mechanisms, such 
as the secondary presentation of pollen and strong 
herkogamy (Araújo et al. 2011). In synchrony with 
the specialization of floral morphological mechanisms, 
pollinators reported are also specialized, with records 
of bees (Lopes & Machado 1999, Raju et al. 2005, 
Araújo et al. 2011) and moths (Schlindwein et al. 
2004, Darrault & Schlindwein 2005).
	 However, the main pollinators of the genus 
Himatanthus are Sphingidae moths, with nocturnal 
visits to the flowers, which are mostly white, tubular, 
and odoriferous (Schlindwein et al. 2004, Darrault & 
Schlindwein 2005). In addition, there are few studies 
on the reproductive and pollination mechanisms of 
most species of the genus (Linhares 2010), probably 
because of difficulties associated with the long 
duration of flowers (that could be longer than 24 h) 
and the size (height) of individuals that can restrict 
the handling of experiments and collection of flower 
visitors.

	 In H. bracteatus inflorescences, flowers begin 
to open from the periphery to the center. When the 
bracts that involve the two flower buds and a new 
bract open, they stimulate the anthesis of the oldest 
flower bud, and, then, the anthesis of the younger one. 
After the opening of the bract, the development of the 
inflorescence opening continues (figure 4 a-f). Young 
buds are greenish at the beginning of budding and 
become white when ripe. Our observations corroborate 
those of Gomes & Cavalcanti (2001), recorded in nine 
species of the genus Aspidosperma Mart. & Zucc. 
(Apocynaceae).
	 In the pre-anthesis, flower buds exhibited fused 
petals and opened spirally, as described by Vieira et al. 
(2004), in other Apocynaceae, C. madagascariensis. 
Flower buds grew per day, on average, 4.0 ± 0.56 mm, 
reaching the maximum size of 4.6 mm, on average, 
and varying between 5.4 mm and 5.7 mm. This 
stage was the establishment of the beginning of the 
anthesis. H. bracteatus flowers began anthesis around 
11:30, with the movement of petal despiralization and 
finished their opening around 19:00 (figure 4 a-f). 
Flower longevity is 24 h when the corolla abscission 
occurs. These characteristics were also observed and 
described in detail by Vieira et al. (2004).
	 We did not observe the formation of fruits in 
experiments of spontaneous self-pollination (n = 20). 
In natural pollination (control; n = 26), only some 
flowers of the inflorescence set fruits (n = 08), and 
we considered reproductive success follicles above 
1 cm. Although we did not test stigmatic receptivity 
and pollen viability, we can infer that H. bracteatus 
is self-incompatible based on spontaneous self-
pollination data and the results obtained by Franco 
(1991), Vieira et al. (204), and Schlindwein et al. 
(2004) while studying species of the same family and 
one species of the same genus. Hence, we suggest 
testing this hypothesis in further studies with this 
species though complementary experiments of pollen 
viability, stigmatic receptivity, and fruit set viability in 
cross-pollination tests (xenogamy and geitonogamy).
	 This possible self-incompatibility potentialize 
the pollination dependence of these plants on 
animals, as they are indispensable for cross-
pollination species and the increment in gene flow, 
through genetic variability. Furthermore, when we 
consider that H. bracteatus is a native species with 
typical occurrence in second-growth forest vegetation 
(Linhares et al. 2011), resulting from an advanced 
natural regeneration process, the permanence of 
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Figure 4. Sequence of a flower opening in Himatanthus bracteatus throughout the day. a. Beginning of the anthesis, around 11:30. b. 
Sequence of a flower opening around 12:30. c. Sequence of a flower opening around 13:30. d. Sequence of a flower opening around 
14:30. e. Sequence of a flower opening around 15:30. f. Flower almost fully open around 16:30 (note the spiral movement of petals).

pollinating animals in these habitats is crucial for 
pollination, one of the key ecological services for the 
maintenance and conservation of ecosystems (Daily 
1997).
	 Himathantus bracteatus is endemic to the 
Atlantic Forest, with a distribution restricted to nine 
states in the northeastern and southeastern regions 
of Brazil. With the presence of flowers and fruits 
almost throughout the year, the peak of flowering 
intensity can be associated with the rainy season 
and the dispersal of winged seeds, related to the 
wind. The presence of bisexual, cleistogamous, and 
herkogamous flowers with peculiar floral biology, 
as it is typical of Apocynaceae, restrict the access to 
the nectary to flower visitors with long mouthparts, 
through the arrangement of small alternate orifices 
between stamens, which increases flower complexity 
and its dependence on specific pollinators. Flower 
longevity surpasses 24 h, increasing the chances 
of pollination by nocturnal and diurnal animals. 
However, as these organisms (plant and animals) 
are present in habitats of second-growth forests 
and urban remnants, they are subjected to the 
effects of fragmentation and habitat loss, which 
decreases potentially the possibility of meeting, and 
consequently, reproductive success.
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