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Abstract. Aratjo, L. M.; A. Valentin-Silva, G. W. Fernandes & M. F. Vieira. 2017. From anthesis to diaspore dispersal:
reproductive mechanisms of rare herbaceous Moraceae species endemic to Brazil. Darwiniana, nueva serie 5(1): 83-92.

Studies on the reproductive biology of Dorstenia species are scarce. We analyzed the sexuality, floral
biology, and diaspore dispersal of Dorstenia arifolia and D. bonijesu, including their breeding systems and
pollinators, in natural populations from Minas Gerais state, southeastern Brazil. We report here, for the first
time, the occurrence of both unisexual (male) and bisexual coenanthia on the same individuals of Dorstenia
arifolia, while only bisexual coenanthia were observed in D. bonijesu. In both species all coenanthia were
long-lived and bisexual coenanthia were protogynous. We observed the occurrence of self-compatibility
and myophily in Dorstenia arifolia, a species which was pollinated by small Lauxaniidae flies. Those
insects not only used pollen as food resource but they also used coenanthia as oviposition sites, which is
the first report to the studied species. Dorstenia bonijesu produced seeds, even having no floral visitors,
suggesting an apomictic mechanism, which is a new breeding system reported to the genus. Both studied
species are autochorous, but D. bonijesu also exhibited a peculiar type of hydrochory. The novelties
reported herein indicate the need of additional studies to improve the understanding of the reproductive
attributes of Dorstenia species.
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Resumen. Aragjo, L. M.; A. Valentin-Silva, G. W. Fernandes & M. F. Vieira. 2017. Desde la antesis hasta la dispersion
de diasporas: mecanismos de reproduccion de especies herbaceas de Moraceae raras y endémicas de Brasil. Darwiniana,
nueva serie 5(1): 83-92.

Los estudios sobre la biologia reproductiva de las especies de Dorstenia son escasos. En este articulo
analizamos la sexualidad, la biologia floral y dispersion de las diasporas de Dorstenia arifolia 'y D. bonije-
su, incluyendo sus sistemas reproductivos y polinizadores, en poblaciones naturales localizadas en el esta-
do de Minas Gerais, sudeste de Brasil. Registramos, por primera vez, la presencia de cenantos unisexuales
(masculinos) y bisexuales en un mismo individuo de Dorstenia arifolia; en cambio, s6lo se observaron
cenantos bisexuales en D. bonijesu. En ambas especies los cenantos fueron de larga duracion, y los cenan-
tos bisexuales exhibieron protoginia. Registramos autocompatibilidad y miofilia en Dorstenia arifolia, que
fue polinizada por pequefias moscas de la familia Lauxaniidae. Estos insectos no solo usan el polen como
alimento sino que utilizan el cenanto como sitio de oviposicion, siendo este un hecho registrado por prime-
ra vez para para las especies estudiadas. Dorstenia bonijesu, aun sin visitantes florales, también produce
semillas mediante apomixis, un nuevo sistema reproductivo para el género. Las dos especies estudiadas
son autocdricas; sin embargo, Dorstenia bonijesu exhibioé un tipo peculiar de hidrocoria. Las novedades
aqui registradas indican la necesidad de estudios adicionales para mejorar la comprension de los atributos
reproductivos de las especies de Dorstenia.

Palabras clave. Apomixis; hidrocoria; Lauxaniidae; miofilia; sitios de oviposicion.
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INTRODUCTION

Dorstenia L. (Moraceae, tribe Dorstenieae) in-
cludes 105 herbaceous species with Pantropical
distribution (Berg, 2001; Misiewicz & Zerega,
2012). Neotropical Dorstenia (47 species) have
two centers of dispersion, based on the distribution
of its two most abundant species: D. brasiliensis
Lam. and D. contrajerva L. The former occurs in
the Atlantic Forest from eastern Brazil, whereas the
latter grows in Central America (Berg, 2001). The
other species, according to Berg (2001), form small
populations limited to restricted areas, and are the-
refore considered rare.

There are 39 known species of Dorstenia in Bra-
zil (Romaniuc Neto et al., 2015). In the Atlantic Fo-
rest, these plants inhabit the understory, occurring
preferably in wet, shady places (Carauta, 1978).
Such is the case of Dorstenia arifolia Lam. and D.
bonijesu Carauta & Valente (Carauta & Valente,
1983; Berg, 2001), the species studied herein, both
of which are endemic to Brazil (Romaniuc Neto
et al., 2015). Dorstenia arifolia has been reported
to Bahia state and southeastern Brazil (Romaniuc
Neto et al., 2015), while distribution of D. boni-
Jjesu is restricted to three Brazilian states: Espirito
Santo, Rio de Janeiro (Carauta & Valente, 1983),
and Minas Gerais (Aragjo et al., 2007). Notwiths-
tanding such scanty geographic distribution of both
species, the Atlantic Forest is one of the most threa-
tened biomes on the planet (Myers et al., 2000), and
consequently the risk of extinction of its understory
species, like those studied herein, is high.

Dorstenia species are mostly monoecious, be-
ing rarely dioecious (Datwyler & Weiblen, 2004).
Their inflorescences, named coenanthia, consist
of fleshy receptacles where pistillate and stami-
nate flowers are inserted (Carauta, 1978; Berg,
2001). The fruit is a drupe, and diaspore (seed
enveloped by pericarp) dispersal is autochorous
(Granville, 1971; Berg, 2001).

According to Granville (1971), Dorstenia spe-
cies depend on biotic pollinators for the occurren-
ce of fruiting, although the possible agents remain
unknown. Berg (2001) stated that some species
in that genus are visited by small insects, but the
author did not identify them. Other aspects on the
reproductive biology of these plants are also poorly
known (Berg, 2001; Araujo et al., 2007).
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We aimed to analyze the sexuality, floral bio-
logy, and diaspore dispersal of Dorstenia arifolia
and D. bonijesu, and investigate the species bre-
eding systems and pollinators. We addressed the
following questions: 1) Does any of the species
depend on biotic pollinators for fruit production?
2) Should there be such a dependency, what are the
species pollinators? 3) Should there not be such
a dependency, what are the reproductive mecha-
nisms that maintain the species populations? and
4) Are the studied species autochorous like other
Dorstenia species?

MATERIAL AND METHODS

Study areas and species

We conducted the study from 2005 to 2008 in
two municipalities (Coimbra and Vigosa) from Mi-
nas Gerais state, southeastern Brazil, located 20 km
apart from one another. The only Dorstenia species
occurring in them are the two species studied herein.
Individuals of D. arifolia formed a natural popula-
tion in a forest fragment of about 7 ha in Coimbra
(20°51°24” S, 42°48°10” W). Individuals of D. boni-
Jjesu formed a natural population at the Mata do Pa-
raiso Station for Research, Environmental Training
and Education (20°48°07” S, 42°51°31” W), a forest
fragment of 194 ha located in Vigosa. Both areas are
located within the limits of the Atlantic Forest (Oli-
veira-Filho & Fontes, 2000), vegetation in the frag-
ment has been classified as seasonal semi-deciduous
forest (Veloso et al., 1991). Plants of D. arifolia grew
along a watercourse, as did those of D. bonijesu.
Both had a clustered distribution (Aratjo, 2008).

For additional studies, we sampled individuals
of both species grown in the greenhouse of the
Botanical Garden at the Department of Plant Bio-
logy of Federal University of Vigosa. Plants were
kept in ceramic pots (4.8 1) under a shade net for
50% light reduction.

Dorstenia arifolia has aromatic rhizomes and
short aerial stems (Fig. 1A); leaves have slender pe-
tioles and entire or pinnatifid blades; coenanthia are
round-shaped or elliptical, being supported by a long
peduncle (Carauta, 1978; Fig. 1A). This species re-
produces by vegetative propagation; flowering and
fruiting may occur throughout the entire year, but pre-
dominantly during the rainy season (Aratjo, 2008).
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Dorstenia bonijesu also has rhizomes but is usua-
lly devoid of aerial stems, yet a reduced aerial stem
might occasionally be observed (Fig. 1E); leaves
are simple, pseudodigitate-trifoliolate-shaped, and
sometimes trilobed (Fig. 1E); coenanthia are in-
fundibuliform, being supported by a long peduncle
(Carauta & Valente, 1983; Fig. 1E). This species
does not reproduce by vegetative propagation; both
flowering and fruiting occur during the rainy season
(Araujo et al., 2007; Araujo, 2008).

Pistillate flowers of Dorstenia arifolia and D. boni-
Jesu are sessile, being immersed in deep alveoli in the
coenanthium (Fig. 1D); these flowers are perianthless,
consisting of an ovary, style, and two style branches
(Fig. 1B); the stigmatic area is located in the ventral
region of each branch (Carauta, 1978; Araujo, 2008).
There is a single pore at the upper end of the alveoli
which enables style emergence. Staminate flowers are
located in shallow alveoli, forming small intumescen-
ces that are easily visible to the naked eye; each stami-
nate flower is composed of two tepals and two stamens
(Fig. 1C-D). Filaments are curved in the floral bud and
erect at anthesis; anthers are dithecous (Carauta, 1978).

Voucher material was deposited in the VIC
Herbarium. The registration numbers in VIC are:
30136, 30137, and 30138 for Dorstenia arifolia
and 30133, 30134, and 30135 for D. bonijesu.

Sexuality, floral biology, and diaspore dispersal

We collected 42 coenanthia of Dorstenia arifo-
lia and 58 of D. bonijesu from cultivated plants for a
flower count. From all those 100 coenanthia and from
28 other collected in plants from natural populations
(15 of D. arifolia and 13 of D. bonijesu), we exami-
ned the sex expression in flowers and individuals,
following the terminology of Sakai & Weller (1999).
Another 13 coenanthia of individuals from natural po-
pulations of each species were tagged and followed
from anthesis of the first flowers to diaspore dispersal,
to characterized coenanthium longevity, the dynamics
of flower opening in the coenanthia, and the changes
that occur in the coenanthia prior to diaspore dispersal.

We tested stigmatic receptivity of pistillate
flowers in eight coenanthia of each species using
Peroxtesmo KO (Machery-Nagel, Diiren, Ger-
many), following the method proposed by Dafni &
Maués (1998). We evaluated receptivity on a dai-
ly-basis from the beginning of stigmatic exposure,
using a 20X-magnification hand lens.

Pollen viability was estimated on staminate
flowers from seven coenanthia of each species
using acetic carmine (Radford et al., 1974). Via-
ble and non-viable grains (Kearns & Inoye, 1993)
were counted in samples of 200 grains, taking 1
sample per slide, and two slides per coenanthium.

Breeding system

We performed usual pollination tests (Dafni et
al., 2005) on both cultivated and naturally occurring
individuals of both species, taking the coenanthium
as pollination unit. In cultivated individuals, we
tagged 48 coenanthia of Dorstenia arifolia and 78
of D. bonijesu. The tests performed thereon were:
spontaneous self-pollination, hand self-pollination
(geitonogamy), apomixis (by cutting the style with
a forceps), cross-pollination, and open pollination
(control). In natural populations, we tagged 39 coe-
nanthia of D. arifolia and 51 of D. bonijesu, and on
them we performed the spontaneous self-pollina-
tion and open pollination tests. Then, we collected
the coenanthia and counted the number of senescent
pistillate flowers and fruits. We analyzed the data
by analysis of variance (ANOVA, for treatments
of cultivated individuals) or means test (t test, for
treatments of individuals from natural populations).
We carried out these analyses using Excel.

Floral visitors

Flower visitors were observed throughout the
day in natural populations. We captured insects
that visited the coenanthia using an adaptation of
the method reported by Zerega et al. (2004), by
placing sticky traps (insect trap coating; Ladd Re-
search Industries, USA) as close to the coenanthia
as possible (between 10 and 15 cm). We also pla-
ced traps near plants having no coenanthia or ha-
ving coenanthia with flower buds (control). Traps
were removed after four hours of exposure. In the
laboratory, we removed the insects from the traps
and inspected them using a stereomicroscope for
the presence of pollen on their bodies. Whenever
possible, we also collected insect feces and stained
them with safranin to verify the presence of pollen.

Previous observations on the natural population
of Dorstenia arifolia revealed the use of the coenan-
thium as oviposition site by its main visitor. To con-
firm this interaction, 60 coenanthia were dissected in
the laboratory for evaluation of the presence of larvae.
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Figure 1. Studied species and details of their respective inflorescences. Dorstenia arifolia. A, plant habit; note the aerial
stem and the coenanthium on a long peduncle. B, detail of coenanthium at the female phase; note the bifurcated style
branches. C, detail of coenanthium at the male phase; the larger circles with a central hole, among staminate flowers,
represent pistillate flowers with retracted style. D, coenanthium longitudinal section showing pistillate flowers retracted in
deep coenanthium alveoli at the male phase; staminate flowers are in shallow alveoli. Dorstenia bonijesu. E, plant habit;
note the absence of an aerial stem and the infundibuliform coenanthium on a long peduncle. F, “shallow-cup-shaped”
coenanthium. G, detail of coenanthium at the male phase; note the pistillate flowers with senescent style.
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RESULTS

Sexuality, floral biology, and diaspore dispersal

Some coenanthia of Dorstenia arifolia had pisti-
llate (X = 140 = 27.4) and staminate (X = 1,053 +
135.5) flowers (Fig. 1B-C) at a 1:7.5 proportion, be-
ing thus bisexual. Other coenanthia had only stami-
nate flowers (X = 941 + 63.2), being therefore uni-
sexual male. Both types of coenanthia were found
on the same individual, characterizing the species as
monoecious. Bisexual coenanthia were more or less
convex-shaped, having an elliptical to sub-orbicular
outline, whereas unisexual male coenanthia were
round-shaped. In the latter, we eventually observed
pistillate flowers that produced no fruits.

The coenanthia of Dorstenia bonijesu had pistilate
(X =109 £ 21.1) and staminate (X = 563 £ 55.4)
flowers at a 1:5 proportion, being thus bisexual and
the species being therefore monoecious. Coenanthia
either were infundibuliform (Fig. 1E) or had the sha-
pe of a “shallow cup” (Fig. 1F); regardless of their
shape, all coenanthia had a circular outline.

In coenanthia of both species, pistillate flowers
were surrounded by staminate ones (Fig. 1C), and
flower anthesis was centrifugal, beginning with the
central pistillate flowers. Anthesis started with style
emergence and separation of the style branches, the-
reby exposing stigmatic areas (Fig. 1B); ovaries remai-
ned within the alveoli. The female phase of coenanthia
lasted on average 15 days in Dorstenia arifolia and 14
days in D. bonijesu. Pistillate flowers of D. arifolia,
which were commonly the centermost ones in the coe-
nanthia, exhibited a peculiar feature after pollination,
namely the return of the style into the alveolus, which
rendered them immersed again (Fig. 1D).

Anthesis of staminate flowers was also centrifu-
gal and subsequent to the one of pistillate flowers,
the former being characterized by filaments assu-
ming an erect position and anthers undergoing de-
hiscence (Fig. 1C, G). Therefore, both species are
protogynous. Male phase of coenanthia lasted an
average of 38 days in Dorstenia arifolia (12 days
in unisexual male coenanthia) and 19 days in D.
bonijesu. In the latter species, there was a change in
shape of most coenanthia at early male phase, from
infundibuliform (Fig. 1E) to “shallow-cup-shaped”
(Fig. 1F); some coenanthia, however, retained their
original shape. No change was observed in the
shape of coenanthia of D. arifolia. Pollen viability

was high in both species: 81% and 87.5% of pollen
grains were viable in bisexual and unisexual male
coenanthia, respectively in D. arifolia, while 95%
of pollen grains were viable in D. bonijesu.

In addition to protogyny, we also observed an
overlap of sexual phases in the coenanthia. Such
overlap occurred in 10% of Dorstenia arifolia coe-
nanthia and 20% of D. bonijesu coenanthia.

The fruiting stage lasted on average 26 days
in Dorstenia arifolia and 28 days in D. bonijesu,
culminating in diaspore dispersal. At that point,
bisexual coenanthia of D. arifolia had slightly re-
flexed edges, favoring release of diaspores, which
were dispersed ballistically.

In Dorstenia bonijesu, diaspores of “sha-
llow-cup-shaped” coenanthia were also dispersed
ballistically. However, the coenanthia that remained
infundibuliform got filled with water during heavy
rains. Diaspores were then released and remained im-
mersed in that water, until, due to the heavy weigh,
the long peduncle with the coenanthium tipped over,
pouring the diaspores out. Subsequently, the peduncle
and coenanthium returned to their initial position.

Breeding system

Self-compatibility resulting from geitonoga-
mous crosses was observed in Dorstenia arifolia,
yet no fruit development by apomixis was obser-
ved (Table 1). In the natural population, the diffe-
rence observed between fruit set resulting from
spontaneous self-pollination and the one resulting
from open pollination (Table 1) reinforced the im-
portance of geitonogamy in that species.

Fruit set was high in all pollination tests performed
in Dorstenia bonijesu (> 69%; Table 1), including the
apomixis one. In the natural population of that species,
no difference was observed between the fruit set re-
sulting from spontaneous self-pollination and the one
resulting from open pollination (= 92.2%; Table 1).

Flower visitors

Flower visitors were observed only at Dorstenia
arifolia. Coenanthia of that species were visited by
insects of two orders, namely Diptera and Hymenop-
tera, but the sampled species richness was low (Table
2). A higher number of insects were captured on traps
deposited along unisexual male coenanthia (60.7%)
than on those deposited along bisexual (25.4%) and
control-treatment coenanthia (13.9%) (Table 2).
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Table 1. Results of pollination tests (means and standard deviations) in coenanthia of Dorstenia arifolia and
D. bonijesu, performed on cultivated individuals (CI) and in natural populations (NP).

Tests Pistillate flowers
No.
Spontaneous self-pollination (CI) 2253+£76.9
Hand self-pollination (CI) 250.3 £62.9
Apomixis (CI) 269.0 £20.2
Cross pollination (CI) 259.7+56.5
Open pollination (CI) 267.0 £28.5
Spontaneous self-pollination (NP) 2474 +£452
Open pollination (NP) 277.1+£17.9
Spontaneous self-pollination (CI) 119.7+£63.2
Hand self-pollination (CI) 159.8 £60.9
Apomixis (CI) 121.7 £56.3
Cross pollination (CI) 99.1+48.5
Open pollination (CI) 93.0+49.8
Spontaneous self-pollination (NP) 105.0 +35.8
Open pollination (NP) 129.3+49.2

Fruits
No. %*
Dorstenia arifolia
86.5+53.9 38.4+182a
88.3+50.8 353+18.1a
1.3+25 0.5+09b
83.8+£36.3 323+156a
36.4+16.7 13.6+6.1¢
120.3 +£22.0 48.6+3.7A
109.3+21.3 394+58B
Dorstenia bonijesu
83.3+35.6 69.6+165a
138.8 £63.7 86.9+23.6b
100.6 £45.3 82.7+17.8b
84.9+323 85.7+15.7b
71.6+39.9 77.0£27.2 ab
96.8 £47.1 922+13.1A
123.1+46.8 952+ 16.8 A

*Means followed by the same letter do not differ statistically at 5% probability by Tukey test (lowercase letters) or by t test (capital letters).

Flies predominated on all traps (91% of all co-
llected insects), morpho-species 1 (Lauxaniidae,
about 3 mm in length) being the most abundant
captured insect (48.4% of all insects on bisexual
coenanthia and 52.7% of those on unisexual
male coenanthia; Table 2). We consider this fly
to be the only pollinator among the captured in-
sects due to its abundance and to the presence of
pollen not only on its body — primarily on legs
(tibia and tarsi) —, but also in its feces.

Visits by morpho-species 1 occurred mainly
in the morning, peaking between 9:00 and 10:00
AM, but they also occurred in the afternoon, pre-
dominantly between 3:00 and 4:00 PM. The insects
remained at the coenanthia for 20 to 30 min, pro-
bably feeding on pollen and laying eggs. During
movements between coenanthia their flight height
was low (< 1 m); the flies visited several plants.

We observed dipteran larvae in coenanthia dis-
sected in the laboratory, thus characterizing these
structures as oviposition sites. Larvae were found
in bisexual coenanthia (X = 56.7 per coenan-
thium), always during the female phase. These lar-
vae were probably of morpho-species 1, given the
abundance of its adults in the study area and on
coenanthia (Table 2), and its visiting behavior.
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DISCUSSION

Among the five Moraceae tribes, Dorstenieae
is characterized by having, among other
features, bisexual inflorescences (Datwyler &
Weiblen, 2004), as observed in our study. This
character is common among monoecious Ficus
species (tribe Ficeae), unlike tribes Artocarpeae
and Castilleae, both of which have species
that have unisexual inflorescences and can be
either monoecious or dioecious (Datwyler &
Weiblen, 2004).

The monoecious sexuality observed in the stu-
died species is considered to be a derived character
in the Moraceae family, as cited by Datwyler &
Weiblen (2004). According to those authors, dioe-
cious sexuality, which is common among species
from tribe Moreae, is an ancestral character.

The occurrence of two distinct types of coe-
nanthia in a same individual of Dorstenia arifo-
lia, i.e. bisexual and unisexual male, was an un-
reported reproductive attribute to the genus. This
finding reinforces the need for studies focusing
on basic aspects of the reproductive mechanisms
in representatives from this plant group, similar-
ly to the approach we present herein.
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Table 2. Insects collected on traps close to coenanthia of
Dorstenia arifolia.

Order Coenanthia Control

Bisexual Unisexual

No. % No. % No. %
Diptera
Morpho-species 1* =~ 15 484 39 527 7 412
Morpho-species 2 6 194 19 257 0 0.0

Morpho-species 3 7 226 11 149 7 412

Hymenoptera

Morpho-species 1 3 9.7 5 6.8 3 17.6
Total 31 74 17
*Lauxaniidae

The coenanthia of the studied species act as polli-
nation units (pseudanthia), as do the syconia of Ficus
L., the capitula of Asteraceae and the spadices of Ara-
ceae (Endress, 1994; Proctor et al., 1996). All such
long-lived units are composed of numerous small,
dichogamous flowers (protogyny, in the studied spe-
cies). The cost of the longevity of those units is the
increased likelihood of damage by herbivores and pa-
thogens (Khadari et al., 1995; Kudo, 2006). In Dors-
tenia bonijesu, damage by mollusk herbivory and
pathogen attack was commonly observed (pers. obs.).

The longevity of coenanthia is associated not
only with protogyny but also with sequential flower
anthesis, and long duration of stigmatic receptivity
(female phase) and pollen release (male phase). The
long duration of stigmatic receptivity may be a trait
inherited from an anemophilous ancestor of tribe
Moreae (Khadari et al., 1995), since wind-pollinated
species usually have long-lived stigmas (Primack,
1985). This tribe has representatives related to Dors-
tenieae (Datwyler & Weiblen, 2004), which reinfor-
ces that hypothesis. The prolonged release of pollen
(the floral resource utilized by visitors) maximizes
pollen flow (Harder & Aizen, 2004), especially in
Dorstenia arifolia, a species that, unlike D. bonije-
su, still maintains interactions with its pollinators.

Theinterfloral protogynous dichogamy of Dorstenia
arifolia and D. bonijesu, which is also observed in
other species of the genus (Carauta, 1978; Berg, 2001),
is a floral trait that involves the temporal separation
of female and male functions in inflorescences with
unisexual flowers, thereby favoring xenogamy (Lloyd
& Webb, 1986; Bertin & Newman, 1993). However,
the overlap between the female and male phases

in coenanthia (intra-coenanthium) of both species
indicates that adichogamy may also be occurring on
them (Lloyd & Webb, 1986). In that case, should
there be self-compatibility, the absence of temporal
and mechanical barriers between flowers also favors
geitonogamy, as observed by Carauta (1978).

Despite the similarities in their floral biology, habit,
and habitat, the two studied species exhibited diffe-
rent breeding systems. Dorstenia arifolia has mixed
mating systems (xenogamy and geitonogamy), and
is therefore self-compatible. The presence of pollina-
tors increased fruit set in that species, as shown by the
open pollination test results, of 13.6% in the green-
house (pollinators absent) versus 39.4% in the natural
population (pollinators present). Biotic pollination has
also been suggested for D. embergeri Mangenot and
D. contrajerva, by Granville (1971), but the author did
not identify the pollinators. Dorstenia bonijesu, on the
other hand, seems to be independent on pollinators.
This species reproduces almost exclusively by apo-
mixis, given the high fruit set obtained in all pollina-
tion tests and the absence of pollinators. The occurren-
ce of apomixis differs from what has been observed in
other Dorstenia species (Granville, 1971).

The restricted distribution of Dorstenia bonijesu
and the absence of pollinators may be the selective
factors leading to apomixis, which should act as a
mechanism of reproductive assurance in this species.
A similar fact has been reported to the apomictic spe-
cies Coccoloba cereifera Schwacke (Polygonaceae),
which is endemic to the rocky outcrops of Serra do
Cip6, southeastern Brazil (Silva et al., 2008). Never-
theless, apomixis in D. bonijesu seems to be facul-
tative, since pollen viability in that species is high, a
similar result to that obtained with D. arifolia, which
has sexual reproduction. Male sterility generally oc-
curs in obligatory apomictic species, such as those in
Melastomataceae (Goldenberg & Shepherd, 1998)
and Asteraceae (e.g., Montgomery & Fairbrothers,
1970; Bertasso-Borges & Coleman, 1998, 2005). Fa-
cultative apomictic species with viable pollen are able
to maintain efficient gene flow over long distances in
the presence of pollinators (Asker & Jerling, 1992),
which is not the case of D. bonijesu individuals from
the studied population. Studies in other populations of
this species may offer new perspectives to this subject.

The other reproductive mechanism found in Dors-
tenia arifolia, 1.e. vegetative propagation, is absent in
D. bonijesu (Araujo, 2008). This reproductive alter-
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native is similar to the apomixis of D. bonijesu, since
both mechanisms result in the formation of clones.
However, clonal reproduction by seeds (apomixis)
also combines all the advantages associated with the
seed, such as facilitated dispersal and the dormancy
(Richards, 1997). In D. arifolia, the loss of pollinators
would result in loss or reduction of these advantages.
The site of occurrence of the study species (i.e., the
understory), their herbaceous habit, monoecy, long-li-
ved coenanthia with numerous small flowers, proto-
gyny, and pollen as floral resource are all traits that
indicate the occurrence of interactions between these
plants and small pollinators from the inner forest. This,
however, was true only for Dorstenia arifolia. This
species interacted with small flies, and the myophily
is reinforced by the following findings: 1) flies were
predominant on all traps, representing 91% of all co-
llected insects; 2) pollen was found not only adhered
to the body of morpho-species 1 but also in its feces;
3) coenanthia were used as oviposition sites, probably
by morpho-species 1; and 4) the results of open polli-
nation tests indicated that the presence of pollinators in
natural populations increased fruit set. The myophily
syndrome has been suggested to occur in Neotropical
Dorstenia species by Berg (2001), based on inflores-
cence features such as shape, color, and odor. Our
study reports, for the first time, the occurrence of inte-
ractions between small flies and a Dorstenia species,
confirming the supposition of Berg (2001).
Representatives of the Lauxaniidae family, which
includes the pollinator of Dorstenia arifolia, are visitors
to a number of flowers (Proctor et al., 1996). However,
the role of these flies as well as of those from other
acalyptrate families as pollinators is rarely investigated
(Larson et al., 2001). Flies feed on pollen, which is an
important protein source needed for their testicular ma-
turation and normal ovarian development (Woodcock
et al., 2014). Among the Moraceae tribes, pollen is an
important resource for Castilleae pollinators (thrips)
(Sakai, 2001; Zerega et al., 2004). The increased availa-
bility of pollen grains in D. arifolia due to the presence
of unisexual male coenanthia, in addition to the presen-
ce of bisexual coenanthia in that species, might be rela-
ted to a higher attractiveness to pollinators (Primack &
Lloyd, 1980; O’Brien, 1994). In fact, we collected most
insects on traps close to unisexual male coenanthia.
Another probable resource obtained by the pollina-
tors of Dorstenia arifolia was the use of the species
coenanthia as nesting site. The coenanthia were used
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as a source of food for larvae of morpho-species 1,
and thus phytophagy by Lauxaniidae individuals is
reported here for the first time. Offering of an oviposi-
tion site, a common trait among some Moraceae tribes
such as Artocarpeae and Castilleae (Sakai et al., 2000;
Berg, 2001; Zerega et al., 2004), has been suggested to
occur among members of Dorstenieae that have uni-
sexual male inflorescences (Berg, 2001). Our study
seems to confirm this supposition of Berg (2001).
However, nesting occurred on bisexual coenanthia,
only. Further studies are needed on this probable in-
terdependency between D. arifolia and its pollinator.

Fruit dispersal in both studied species is autocho-
rous, as reported to other Dorstenia species (Gran-
ville, 1971; Carauta, 1978). According to Granville
(1971), autochory allows for a maximum dispersal
distance of five to seven meters and is related to
variations in the osmotic pressure within mesocarp
cells. In D. bonijesu, the coenanthia that retain an
infundibuliform shape formed a “water reservoir”
where fruits were released, thus preventing the usual
dispersal process reported to Dorstenia species. In
that case, the distance of fruit dispersal is lower than
that achieved through ballistic autochory. Future
studies should evaluate the contribution of this dis-
persal mode, especially in unfavorable weather con-
ditions (rainy days) to autochory, and verify whether
it makes hydrochory a secondary and complemen-
tary dispersal mechanism in D. bonijesu.

In this study, we found that the analyzed Dorstenia
species not only have the same habitats and habits, but
also exhibit similarities in their sexuality (monoecy),
floral biology (protogyny, stigmatic receptivity and
pollen release for long periods), and dispersal (auto-
chory). Their breeding systems, however, are distinct,
being directly associated with the presence (D. arifo-
lia) or absence (D. bonijesu) of pollinators. Dorstenia
arifolia has unisexual male coenanthia in addition to
bisexual ones, a combination reported here for the first
time to the genus, and is self-compatible. However,
the presence of pollinators, small Lauxaniidae flies,
increases its fruit set. The flies utilize pollen as food
and the coenanthia as oviposition sites; this latter fin-
ding is another unpublished report to the studied plant
group. Dorstenia bonijesu is apomictic, which is also
unreported to the genus, apomixis being the repro-
ductive mechanism responsible for maintaining the
studied population. Furthermore, this species has a
peculiar type of hydrochory in addition to autochory.



L. M. ARAUJO ET AL. Reproductive mechanisms in Dorstenia species

ACKNOWLEDGMENTS

We thank Pedro Jorge Carauta for plant identifi-
cation. The third author thanks Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq)
and Fundagdo de Amparo a Pesquisa do Estado de Mi-
nas Gerais (FAPEMIG) for financial support. The last
author thanks CNPq for a research productivity grant.
This study is part of the doctoral thesis of the first au-
thor, by the Graduate Program in Botany of Federal
University of Vigosa.

BIBLIOGRAPHY

Aratjo, L. M. 2008. Biologia reprodutiva de espécies raras e
ameagadas de extin¢do de Dorstenia L. (Moraceae). Ph.D.
thesis, Universidade Federal de Vigosa.

Aratjo, L. M.; M. F. Vieira & A. G. Godoy. 2007. Biologia re-
produtiva de Dorstenia bonijesu — Moraceae. Albertoa 28:
197-204.

Asker, S. E. & L. Jerling. 1992. Apomixis in plants. Boca Raton:
CRC Press.

Berg, C. C. 2001. Moreae, Artocarpeae and Dorstenia (Mora-
ceae) with introductions to the family and Ficus and with
additions and corrections to Flora Neotropica Monograph 7.
Flora Neotropica Monograph 83; 1-346.

Bertasso-Borges, M. S. & J. R. Coleman. 1998. Embryology
and cytogenetics of Eupatorium pauciflorum and E. inter-
medium (Compositae). Genetics and Molecular Biology
21(4): 504-514. DOI: 10.1590/S1415-47571998000400017

Bertasso-Borges, M. S. & J. R. Coleman. 2005. Cytogenetics
and embryology of Eupatorium laevigatum (Composi-
tae). Genetics and Molecular Biology 28(1): 123-128.
DOI: 10.1590/S1415-47572005000100022

Bertin, R. I. & C. N. Newman. 1993. Dichogamy in angio-
sperms. The Botanical Review 59(2): 112-152. DOI:
10.1007/BF02856676

Carauta, J. P. P. 1978. Dorstenia L. (Moraceae) do Brasil e pai-
ses limitrofes. Rodriguésia 44: 53-223.

Carauta, J. P. P. & M. C. Valente. 1983. Dorstenia L. (Mora-
ceae). Notas complementares IV. Atas da Sociedade Botdni-
ca do Brasil 1: 111-122.

Dafni, A. & M. M. Maués. 1998. A rapid and simple
procedure to determine stigma receptivity. Sexual
Plant Reproduction 11(3): 177-180. DOI: 10.1007/
5004970050138

Dafhni, A.; P. G. Kevan & B. C. Husband. 2005. Practical polli-
nation biology. Cambridge: Enviroquest Ltd.

Datwyler, S. L. & G. D. Weiblen. 2004. On the origin of the
figs: phylogenetic relationship of Moraceae from ndhF se-
quences. American Journal of Botany 91(5): 767-777. DOIL:
10.3732/2jb.91.5.767

Endress, P. K. 1994. Diversity and evolutionary biology of trop-
ical flowers. Cambridge: Cambridge University Press.

Goldenberg, R. & G. J. Shepherd. 1998. Studies on the re-
productive biology of Melastomataceae in “cerrado” veg-
etation. Plant Systematics and Evolution 211(1): 13-29.
DOI: 10.1007/BF00984909

Granville, J. J. 1971. Notes sur la biologie florale de quelques
espéces du genre Dorstenia (Moracées). Cahiers ORSTOM,
Série Biologie 15: 61-97.

Harder, J. & M. A. Aizen. 2004. The functional signif-
icance of synchronous protandry in Alstroemeria
aurea. Functional Ecology 18(3): 467-474. DOL:
10.1111/.0269-8463.2004.00859.x

Kearns, C. A. & D. W. Inouye. 1993. Techniques for pollina-
tions biologists. Colorado: University Press of Colorado.

Khadari, B.; M. Gibernau, M. C. Anstett, F. Kjellberg & M. Hos-
saert-McKey. 1995. When figs wait for pollinators: the length
of fig receptivity. American Journal of Botany 82(8): 992-999.

Kudo, G. 2006. Flowering phenologies of animal-pollinated
plants: reproductive strategies and agents of selection, in L.
D. Harder & S. C. H. Barrett (eds.), Ecology and evolution
of flowers, pp. 139-158. New York: Oxford University Press.

Larson, B. M. H.; P. G. Kevan & D. W. Inouye. 2001. Flies
and flowers: taxonomic diversity of anthophiles and po-
llinators. The Canadian Entomologist 133(4): 439-465.
DOI: 10.4039/Ent133439-4

Lloyd, D. G. & C. J. Webb. 1986. The avoidance of interference
between the presentation of pollen and stigmas in angiosperms.
1. Dichogamy. New Zealand Journal of Botany 24(1); 135-162.

Misiewicz, T. M. & N. C. Zerega. 2012. Phylogeny, biogeogra-
phy and character evolution of Dorstenia (Moraceae). Ed-
inburgh Journal of Botany 69(3): 413-440. DOI: 10.1017/
S096042861200025X

Montgomery, J. D. & D. E. Fairbrothers. 1970. A biosystematic
study of the Eupatorium rotundifolium complex (Compositae).
Brittonia 22(2): 134-150. DOI: 10.2307/2805807

Myers, N.; R. A. Mittermeier, C. G. Mittermeier, G. A. B. Fon-
seca & J. Kent. 2000. Biodiversity hotspots for conservation
priorities. Nature 403: 853-858. DOI: 10.1038/35002501

O’Brien, S. P. 1994. Andromonoecy and fruit set in Leptosper-
mum myrsinoides and L. continentale (Myrtaceae). Australian
Journal Botany 42(6): 751-762. DOI: 10.1071/BT9940751

Oliveira-Filho, A. T. & M. A. L. Fontes. 2000. Patterns of floristic
differentiation among Atlantic Forests in southeastern Brazil
and the influence of climate. Biotropica 32(4b): 793-810.
DOLI: 10.1111/j.1744-7429.2000.tb00619.x

91


http://dx.doi.org/10.1590/S1415-47571998000400017%0D
http://dx.doi.org/10.1590/S1415-47572005000100022
http://dx.doi.org/10.1007/BF02856676
http://dx.doi.org/10.1007/s004970050138
http://dx.doi.org/10.1007/s004970050138
http://dx.doi.org/10.3732/ajb.91.5.767
http://dx.doi.org/10.1007/BF00984909
http://dx.doi.org/10.1111/j.0269-8463.2004.00859.x
http://dx.doi.org/10.4039/Ent133439-4
http://dx.doi.org/10.1017/S096042861200025X
http://dx.doi.org/10.1017/S096042861200025X
http://dx.doi.org/10.2307/2805807
http://dx.doi.org/10.1038/35002501
http://dx.doi.org/10.1071/BT9940751
http://dx.doi.org/10.1111/j.1744-7429.2000.tb00619.x

Primack, R. B. 1985. Patterns of flowering phenology in com-
munities, populations, individuals, and single flowers, in T.
White (ed.), The population structure of vegetation, pp. 571-
593. Dordrecht: Junk.

Primack, R. B. & Lloyd, D. G. 1980. Andromonoecy in the New
Zealand montane shrub manuka, Leptospermum scoparium
(Myrtaceae). American Journal of Botany 67(3): 361-368.

Proctor, M.; Y. Peter & L. Andrew. 1996. The natural history of
pollination. Portland: Timber Press.

Radford, A. E.; W. C. Dickison, J. R. Massey & C. R. Bell. 1974.
Vascular plant systematics. New York: Harper and Row.

Richards, A. J. 1997. Plant breeding systems. London: Cha-
pman and Hall.

Romaniuc Neto, S.; J. P. P. Carauta, M. D. M. Vianna Filho,
R. A. S. Pereira, J. E. L. S. Ribeiro, A. F. P. Machado, A.
Santos, G. Pelissari & L. C. Pederneiras. 2015. Moraceae, in
Jardim Botanico do Rio de Janeiro (org), Lista de espécies
da flora do Brasil. http:/floradobrasil.jbrj.gov.br/jabot/
floradobrasil/FB10115 [accessed 29 set 2015].

Sakai, A. K. & S. G. Weller. 1999. Gender and sexual dimor-
phism in flowering plants: a review of terminology, biogeo-
graphic patterns, ecological correlates, and phylogenetic
approaches, in M. A. Geber, T. E. Dawson & L. F. Delph
(eds.), Gender and sexual dimorphism in flowering plants,

pp. 1-31. Berlin: Springer-Verlag.

92

DARWINIANA, nueva serie 5(1): 83-92. 2017

Sakai, S. 2001. Thrips pollination of an androdioecious Castilla
elastica (Moraceae) in a seasonal tropical forest. American
Journal of Botany 88(9): 1527-1534.

Sakai, S.; M. Kato & H. Nagamasu. 2000. Arfocarpus
(Moraceae)—gall midge pollination mutualism mediated by
a male flower parasitic fungus. American Journal of Botany
87(3): 440-445.

Silva, C. A.; M. A. Oliva, M. F. Vieira & G. W. Fernandes. 2008.
Trioecy in Coccoloba cereifera Schwacke (Polygonaceae),
a narrow endemic and threatened tropical species. Brazilian
Archives of Biology and Technology 5(51): 1003-1010. DOI:
10.1590/S1516-89132008000500017

Veloso, H. P.; A. L. R. Rangel Filho & J. C. A. Lima. 1991.
Classificagdo da vegetacao brasileira, adaptada a um siste-
ma universal. Rio de Janeiro: IBGE.

Woodcock, T. S.; B. M. H. Larson, P. G. Kevan, D. W.
Inouye, K. Lunau. 2014. Flies and flowers II: floral
attractants and rewards. Journal of Pollination Ecology
12(8): 63-94.

Zerega, N. J. C.; L. A. Mound & G. D. Weiblen. 2004. Polli-
nation in the New Guinea endemic Antiaropsis decipiens
(Moraceae) is mediated by a new species of thrips, Thrips
antiaropsidis sp. nov. (Thysanoptera: Thripidae). Inter-
national Journal of Plant Sciences 165(6): 1017-1026.
DOI: 10.1086/423869


http://floradobrasil.jbrj.gov.br/jabot/floradobrasil/FB10115
http://floradobrasil.jbrj.gov.br/jabot/floradobrasil/FB10115
http://dx.doi.org/10.1590/S1516-89132008000500017
http://dx.doi.org/10.1086/423869

	_GoBack
	_GoBack
	http://floradobrasil.jbrj.gov.br/jabot/floradobrasil/FB10115
	http://floradobrasil.jbrj.gov.br/jabot/floradobrasil/FB10115

