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ABSTRACT

Trioecy, the co-occurrence of the males, femaled, llermaphrodite morphs in natural populationsaisare and
poorly studied breeding system. It is expressetioiccoloba cereifefaan endemic, and endangered species from the
rupestrian fields of Serra do Cipd, southeasterazr Male individuals produce staminate flowers bo fruits. Female
individuals produce pistillate flowers and set fsuiBoth staminate and pistillate flowers presemi-functional organs

of the opposite sex that simulate perfect flowdesmaphrodite individuals produce two differentfget flowers, each
one belonging to distinct individuals, and settBuPerfect flowers differ in the amount of polf@oduced, in pollen
viability, and in some morphological traits. TworHgnoptera species visited the flowers sporadic@liy low natural
fructification indicated a limited pollination, wlki the fruit set recorded in bagged pistillate feye indicated
agamospermy. Female individuals represent more #@#b of the population studied and must be theltrexu
agamospermic seeds.

Key words: agamospermy, breeding systef@sgccoloba cereiferasex determination, sexual morphs, trioecy

INTRODUCTION in the spinach §pinacia oleraced..; Vitale and
Freeman, 1986).
Trioecy is a rare and poorly studied breedingrhe genusCoccolobaP. Browne (Polygonaceae)
system. It consists of populations comprisingcomprises approximately 400 species restricted to
individuals with staminate flowers, individuals the New World, of which 45 occur in Brazil
with pistillate flowers, and individuals with perfect (Melo, 2004). In taxonomic treatments, the
flowers (Sakai and Weller, 1999). Clear cases ofoccoloba species have been described as
trioecy were reported in the ca@puntia robusta monoecious and dioecious (Melo, 2000), or
J. C. Wendl. (del Castillo and Gonzalez-Espinozagolygamous (Melo, 2004). However, onl§.
1988), and Pachycereus pringlei(S. Watson) uvifera(L.) Jacq has its breeding system studied in
Britton and Rose (Fleming et al., 1994, 1998), and
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which Madriz and Ramirez (1996-1997) reportechigh species diversity and high levels of endemism
polygamodioecy. (Giulietti et al., 1987). The climate is classified as
Coccoloba cereiferais a narrowly distributed Cwb following Képpen, with rainy summers and
endemic species from the rupestrian fields of Serrdry winters. The region receives an average annual
do Cip6, Minas Gerais, southeastern Brazitainfall of 1500 mm (Galvdo and Nimer, 1965;
(Ribeiro and Fernandes, 1999). This species hashMadeira and Fernandes, 1999).
highly aggregated distribution, and is only foundC. cereiferais a shrub, 0.5 to 3.0 m high, and
in a small area of 26 Kinbetween 1200 and 1300 presents gemmiparous roots (Rizzini and Heringer,
meters a.s.l. It is associated with the sandy patch&966) (Fig. 1A), responsible for its clonal
formed between the rocky outcrops, poor inpropagation (Ribeiro and Fernandes, 1999). The
nutrients (Ribeiro and Fernandes, 1999, 2000). leaves are short-petiolate, bluish-purple, strongly
C. cereiferais one of the most conspicuous plantcoriaceous and present thick silver waxy layer on
species found in the extremely diverse andhe lamina (Melo, 2000). The inflorescences are
endemic flora of Serra do Cipd (Rizzini, 1979;spiciform, terminal or sub-terminal, erect or
Giulietti et al., 1987). Despite the enormousslightly pendulous (Fig. 1A), with hundreds of
interest on its use as an ornamental species, tlewers. Flowers display six purplish tepals, eight
knowledge on its natural history and ecology istamens or eight staminodes and one pistil with
limited to its present distribution and some aspectsifid style or one pistillode. The pistillate and
of its herbivore fauna (Ribeiro et al.,, 2003). Instaminate flowers present non-functional organs of
addition, new difficulties for the survival of this the opposite sex (Melo, 2000; Silva, 2003). Fruit is
species have emerged due to its habitat destructiam achene and the diaspore fleshy of dark violet
caused by a road asphalting that cross its entimlor, consisting of an achene enclosed by the
distribution area. Because of increasing habitgberigon. The seed presents ruminate endosperm
fragmentation and destruction, this species ha®arroso et al., 1978). Voucher specimensCof
been declared as an endangered speciesreiferawere deposited in the Herbarium of the
(Mendonca and Lins, 2000; Ribeiro andDepartment of Plant Biology of the Federal
Fernandes, 2000). The present study aimed &miversity of Vicosa (VIC 26620, 26621, 26622
providing the first information on the reproductiveand 26623).
biology of C. cereifera The following questions All the individuals found flowering in the field (n
were addressed: 1) Do the flowers differ among 92) were labeled for further identification of
the different genders? 2) What is the proportion ofheir flower type. In an attempt to avoid the
the male, female, and hermaphrodite individuals iselection of individuals belonging to the same
the field? 3) Are pistillate and perfect flowersclone (see Ribeiro and Fernandes, 1999), the
dependent of pollination for fructification? 4) Are plants used during the study were distant from one
there floral visitors? another at least five meters. All flower types were
analyzed and measured in the field, while some
were collected for complementary analysis in the
MATERIALS AND METHODS laboratory. Inflorescences, of each flower type,
were measured (length) (n = 40) and the number of
The study was carried out from March 2001 tdlowers/inflorescences was recorded by counting
December 2002, in Serra do Cip6, in the Resenie number of persistent pedicels (Fig. 1B, C), in
Particular Vellozia, located at the MG highwaydry inflorescences (n = 40). In pistillate and
010, km 108 (19°16’44"S and 43°35'23"W), at anperfect flowers, the length and diameter of totally
altitude of 1200 m, in southeastern Brazil. Thedeveloped diaspores (n = 90) were measured to
reserve represents approximately 30% of the ard@ow the possible difference between the flower
in which C. cereiferais found (see Ribeiro and types. For each flower type, floral longevity,
Fernandes, 1999, 2000). nectar presence, stigma receptivity, and pollen
Serra do Cip0 lies in the southernmost portion o¥iability were recorded. To verify the presence of
the Espinhaco Mountains, a predominantlyglucose in the floral secretion collected by visitors,
quartzitic elevation that extends about 1100 kna glucose enzyme test band (Glico-Fita Plus
from 10°S to 20S (Rizzini, 1979). Above 1000 m, Bayer S.A.) was used. Glucose is one of the
sandy and shallow soils prevail, supporting grincipal sugars found in nectar (Baker and Baker,
highly sclerophyllous vegetation known for its 1983).
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Figure 1 - Coccoloba cereifergA: Plant; B: Detail of pistillate inflorescence; C: ik of staminate
inflorescence. Scale bar =20 mm (A) and 2 mm (B, C

Stigma receptivity was tested, during the floralflowers of different types. After 12 and 24 h oéth
longevity period, using hydrogen peroxide at 3%reatment, flowers were preserved in 70% ethanol.
(Dafni, 1992). The pistil of each flower was stained with aniline
To determine the pollen grain viability, five budsblue and observed under a fluorescence microscope
were collected (before opening), from five (Martin, 1959). Flower visitors were observed over
different individuals of each flower type. All the 42 h of daylight, i.e., over 14 non-consecutivesday
anthers of each bud were mashed in a microscopad for three hours/day. The insects captured were
slide, and mixed with a drop of aceto-carmimidentified, and deposited in the Museum of
(Goldenberg and Shepherd, 1998). Up to 20&ntomology of the Department of Animal Biology
pollen grains were counted on each slide. of the Federal University of Vigosa.

Two pollination experiments were conducted in the

field: control, to evaluate the pollination rateden

the natural conditions, and spontaneous selRESULTS AND DISCUSSION

pollination, to measure the need for pollinators

(Dafni, 1992). For each experiment, inflorescencepetailed field observations and laboratory
from all the sexual types were, respectively, tdggedissection of the flowers at anthesis showed the
and left exposed to pollinators or enclosed in ludigs existence of three gender types (female, male, and
0.1 mm mesh. The percent of fruit set was calctllatehermaphrodite) irC. cereifera indicating that the

by considering the mean number ofspecies is trioecious (sensu Sakai and Weller,
flowers/inflorescence of each sexual type. 1999). Therefore, it represents a novel breeding
To verify the growth of pollen tubes, each flowersystem for the Polygonaceae (see Yampolsky and
type was pollinated (selfing, except for the detid  Yampolsky, 1922). Each gender exhibited a
flowers, and out-crossing treatments). Out-crossingifferent flowers type: females had pistillate
was carried out between flowers of differentflowers, male had staminate flowers, while
individuals from the same flower type and betweemermaphrodites had perfect flowers (Fig. 2).
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Figure 2 - Flowers types ofCoccoloba cereiferain longitudinal sections; A: staminate flower.
The pistillode is located below the anthers; Bfgarflower type P1. The stigmas are
located right below the anthers; C: perfect flotygre P2. The stigmas are located at
medium height of the anthers; D: pistillate flow&he stigmas are located above the
staminodes. Scale bar =1 mm.

Although, pistillate and staminate flowersset fruits (Table 1). The stigmas of these flowers
presented non-functional organs of the oppositerere inserted above the staminodes and the pistil
sex (Fig. 2A, D), they were almost indistinct fromhad a long trifid style (Fig. 2D). The staminodes
the perfect flowers (Fig. 2B, C) found in thehad non-dehiscent anthers and lacked pollen
hermaphrodite individuals. Thus, the distinctiongrains. The hermaphrodite individuals produced
of C. cereifera’sgender in the field is complex. two different types of perfect flowers. Each flower
Flowers with non-functional organs of thetype belonged to distinct individuals, and set fruits
opposite sex have been recorded both in trioecio¥able 1). For the purpose of this study, these
and subdioecious species (Fleming et al., 1994ypes are hereafter called P1 and P2. They
Strittmatter et al., 2002). Strittmatter et al. (2002possessed a functional androecium with fertile
reported that the non-functional anthers impollen grains, and a functional gynoecium. On the
pistillate flowers could have been maintainedother hand, pollen viability was lower than in the
because they are adaptive, i.e., they mimic thstaminate flowers (Table 2). The pistil, in both
appearance of the anthers of the male amypes, had a trifid style of intermediary size in
hermaphrodite types, aiding in pollinator relation to the staminate and pistillate flowers (Fig.
attraction. It is possible that the resemblance of theB, C). A difference in the amount of pollen
different flower types ofC. cereiferacould also produced was observed, as well as in pollen
represent a case of self-mimicry. viability between P1 and P2 types (Table 2). They
As expected, the staminate flowersfcereifera also differed in the position of the stigmas in
did not set fruits (Table 1). The anthers ofrelation to the anthers (Fig. 2B, C). In type P1, the
staminate flowers with fertile pollen grains (Tablestigmas were inserted right below the anthers (Fig.
2) were inserted above the pistillode, which had &B), while in type P2, the stigmas were inserted at
short trifid style (Fig. 2A). The pistillate flowers  the median height of the anthers (Fig. 2C).
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In C. cereifera the P1 flowers resembled gynoecium. The perigon also closed itself over the
staminate flowers, while the P2 flowers resemblegistillode of staminate flowers. Then, the flowers
pistillate flowers. The evolution of dioecy from the reacquired the aspect of a floral bud.
hermaphroditism may have involved anThe diaspores resulting from the pistillate flowers
intermediate type of population that containedvere longer than those produced by perfect
hermaphrodites and female plants (gynodioecy) ditowers (Table 3; df = 2, F = 8.89, P = 0.0013).
hermaphrodites and male plants (androdioecyblowever, their diameters were not different (df =
(Charlesworth and Charlesworth, 1978; Bawa2, F=1.91, P = 0.168).

1980; Richards, 1997), or hermophrodites andemale plants represented more than 40% of the
female and male plants (trioecy) (del Castillo andndividuals sampled (Table 3). The proportion of
Gonzalez-Espinoza, 1988). An interesting questiomdividuals was as follow: 4:2.59:1.6P1:1P2.

to be addressed is whether this divergence amordthough the inflorescence length of each individua
the perfect flowers will result in their was, on average, similar, males produced an average
disappearance, leading the species toward dioecyof 1.7 to 2.2 times more flowers/inflorescence than
All the flower types measured approximately 3the other gender types (Table 3). Madriz and
mm in diameter, lasted for 24 h, and producedkamirez (1996-1997) also recorded a higher
nectar (test for glucose was positive for all theroduction of flowers in the male inflorescences in
flowers). Anthesis initiated in the morning atC. uvifera Higher production of staminate flowers
approximately 6:00 h, continued until 12:00 h,has also been found in dioecious spediesy.,
when the tepals were found totally expanded anflrmstrong and Irvine, 1989; Piratelli et al., 1998)
the reproductive organs completely exposed to thalthough larger floral displays have been shown to
floral visitors. The stigmas of the pistillate andincrease the removal of pollen (Willson and Price,
perfect flowers remained receptive throughout the977), the low natural fructification i€. cereifera
period in which the flowers lasted, after which thgTable 1) indicated the limited pollination.

perigon closed itself over the androecium and

Table 1 - Results of free pollination (control) and selfiimgflowers of Coccolobacereifera P1 = perfect flower
type 1, P2 = perfect flower type Phe number of flowers was calculated based on th@nnmumber of flowers per
inflorescence (Table 3).

Treatment/ Individ. Infloresc. Flower Fruit

Flower type n n n n %
Control/

Staminate 5 5 4875 0 00.00
P1 5 5 2235 66 02.95
P2 5 5 2630 15 00.57
Pistillate 5 5 2925 232 07.93
Selfing/

Staminate 5 5 4875 0 00.00
P1 5 5 2235 24 01.07
P2 4 4 2104 7 00.33
Pistillate 5 5 2925 584 19.96

In the selfing treatment, null fructification was perfects flowers, in both control and selfing
expected in both the staminate and pistillatéreatments, presented fructification at least 18
flowers. However, larger fructification was times lower compared to the pistillate flowers
recorded in the pistillate flowers (Table 1),(Table 1). In this case, the fruits produced by the
indicating thatC. cereiferais agamospermic, with perfect flowers must be the result of self-
no possibility of pseudogamy. On the other handertilization, since these flowers presented the
agamospermy seemed to be partial, since ipollen with high viability (Table 2) and no
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herkogamy exists (Fig. 2B, C). The perfect flowerdypes, except in the staminate flowers,
in the control treatment produced approximatelcorroborating that its gynoecium is non-functional.
2.5 times more fruits than in the selfing treatmenThese data indicate that perfect flowers are
(Table 1), perhaps due to the action of pollinatorsdependent on the pollination (selfing or crossing)
Pollen tubes reached the ovary in all the florafor the seed production.

Table 2- Number of pollen grain per lamina (up to 200) aotlen viability in different flowers types @occoloba
cereifera P1 = perfect flower type 1, P2 = perfect flowgpe 2.Means followed by different letter differ
statistically by the Tukey test, at 5% probability.

Flower type Number of pollen grains per flower Poken viability
Range X +SD %
Staminate 151 - 200 198.04 + 9.80 86.60 a
P1 27 - 200 132.00 + 53.47 80.60 b
P2 7-102 47.00 + 45.32 73.00 c

Table 3- Individuals with pistillate, staminate and perféotvers, length of inflorescences and number ofvéirs
per inflorescence in different floral types Gbccoloba cereiferaP1 = perfect flower type 1, P2 = perfect flower
type 2.Means followed by the same letter do not diffetistigally by the Tukey test, at 5% probability.

Flower Individuals  Inflorescence length Number of flowers per Diaspores
type (%) (cm) inflorescence

Range X +sD Range X +SD Length  Diameter (X)
Staminate 16.3 16-26 19.50+3.8%99 - 1680 975 +290.91 - -
P1 26.1 15-20 19.30+2.35200-618 447 +110.05 755b 5.85
P2 16.3 12-28 20.10+5.62 480 - 689 585 + 65.81 7.75b 6.40
Pistillate 41.3 17-32 22.10+4.97228-710 526 +139.60 8.40 a 5.89

Agamospermy has been reported in few species dhe larger number of female individuals 6f
Polygonaceae such aécetosa arifolia (All)  cereiferacompared to hermaphrodites and males
Schur, A. thyrsiflora (Fingerh.) A. Léve and D. must be the result of agamospermy.
Love (Nygren, 1954), and\traphaxis frutescens Agamospermic seeds of dioecious species produce
(L.) Eversm. (Asker and Jerling, 1992). Threeonly the individuals with pistillate flowers
facts pointed out to partial agamospermyGn (Harper, 1982; Bayer and Stebbins, 1983;
cereifera 1) the high pollen viability; 2) the O'Connell and Eckert, 1999). Therefore,
growth of pollen tubes up to the ovary in allagamospermy apparently prevailed over the sexual
pistillate flowers; and 3) the lower fruit set of reproduction, resulting in an unbalanced
perfect flowers (P1 and P2). In apomictic specieroportion among the gender types. The
relatively low levels of pollen viability were agamospermy iC. cereiferamay be a strategy for
accompanied by high agamospermic seethe colonization, allowing the population to persist
production (Goldenberg and Shepherd, 1998)n a territory where the pollen or pollinators are
Antennaria parlinii Fernald (Asteraceae) alsodepleted. According to Dupont (2002), the
displayed partial agamospermy. For this dioeciousvolution of apomixis in the dioecious species
species, agamospermy was recorded on landera glaucaSieb. and Zucc. (Lauraceae) was a
population that had only female individuals. In thestrategy of colonization to ensure the reproduction
mixed-sex populations, the seed productioreven inthe absence of male individuals.

appeared strongly dependent on the pollination

(O’Connell and Eckert, 1999).
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Only two hymenopteran species were observesudeste brasileiro, apresenta esse sistema.
during the present study: the bEegona spinipes Individuos masculinos produzem flores
(Fabricius 1793) (Apidae) and the waspestaminadas e ndo frutificam. Individuos
Brachygastrasp. (Vespidae). These insects visitedemininos produzem flores pistiladas e frutificam.
the flowers sporadically, especially in the morningAmbas flores estaminadas e pistiladas apresentam
to collect the nectar. During the visits, theyo6rgados ndo-funcionais do sexo oposto, tornando-as
contacted the anthers and/ or stigmas. The flowesemelhantes as flores perfeitas. Individuos
of C. cereifera,such as those of dioecious speciehiermafroditas produzem dois tipos de flores
(Bawa and Opler, 1975, Madriz and Ramireperfeitas, cada um pertencente a individuos
1996-1997), are small and considered to be nomlistintos, e ambos frutificam. As flores perfeitas
specialized, i.e., they can attract several smadliferem entre si na quantidade de polen produzido,
insects. However, the low number of visitsGo na viabilidade do pélen e em algumas
cereifera flowers may be related to their caracteristicas morfoldégicas. Duas espécies de
occurrence at high altitudes, where potentiaHymenoptera visitaram as flores esporadicamente.
pollinating invertebrates are restricted toA baixa frutificagdo natural indicou uma
anthophilous animals, especially social insectpolinizacdo limitada, ao passo que a frutificacdo
(e.g., Trigona spinipe$ (Faria, 1994). Small registrada em flores pistiladas, isoladas por sacos,
hymenopterans, similarly to the ones recorded indicou agamospermia. Individuos femininos
this study, were observed on the flowers@f representaram mais que 40% da populagéo
uvifera(Trigonaand wasps) (Madriz and Ramirez,estudada e devem ser resultantes de sementes
1996-1997) and flowers ofC. acrostichioides agamospérmicas.
(Cham.) (the bee€eratinula sp., Augochlorasp.
and Dialictus sp.; M. A. Melo, pers. comm.).
These results indicate that the small insectREFERENCES
especially Hymenoptera, may act as pollinators of
Coccolobaspecies. However, further field studiesArmstrong, J. E. and Irvine, A. K. (1989), Flowegjn
are needed to accurately discover the pollinators ofsex ratios, pollen-ovule ratios, fruit set, and
these species. reproductive effort of a dioecious tre®yristica
insipida R. Br. (Myristicaceae), in two different rain
forest communitiesAmer. J. Bot.76, 74-85.
Asker, S. E. and Jerling, L. (19948pomixis in plants
CRC Press, Boca Raton.

. i Baker, H. G. and Baker, I. (1983), Floral nectagasu
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388/01, 583/03), and Planta Tecnologia Costa, C. G. and Peixoto, A. L. (197&)istematica
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Bayer, J. R. and Stebbins, G. L. (1983), Distritutof
RESUMO sexual and apomictic populations @ntennaria
parlinii. Evolution 37, 555-561.
A trioicia, a coocorréncia, em populagdo naturalCharlesworth, B. and Charlesworth, D. (1978), A elod
de individuos masculinos, femininos e for the evolution of dioecy and gynodioe&ym. Nat.,
hermafroditas, € um sistema reprodutivo raro 6112’ 975-997. N .
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