New Phytol. (1994), 126, 343-354

Reproductive biology of eight sympatric
Myrtaceae from Central Brazil

By CAROLYN E.B.PROENCA® anp PETER E. GIBBS?**

! Departamento de Botanica, Universidade de Brasilia, CxP. 4631 — CEP 70919-970
Brasilia, DF, Brazil

® Plant Science Laboratories, Sir Harold Mitchell Building, The University,

St Andrews KY16 9AL, Scotland, UK

(Received 4 August 1993 ; accepted 12 October 1993)

SUMMARY

Eight species of Brazilian Myrtaceae were studied for their flowering phenology, pollination biology, breeding
system and fruiting success: Eugenia dvsenterica, Siphoneugena densiflora, Blepharocalyx salicifolius, Campomanesia
pubescens, C. velutina, Myrcia linearifolia, M. rhodosepala and Psidium firmum. Flowering strategies were mass-
flowering and steady-state types, with two species showing a pulsed flowering. All species were bee-pollinated with
pollen as the floral reward; flowers opened early in the morning and lasted one day; buzz-pollination was
registered in three species. Pollinator-sharing of Bombus spp. bees occurred in the four savanna shrubs, pre-dawn
pollination by Ptiloglossa sp. (Colletidae) was found in arboreal S. densiflora and the remaining two trees had open
pollination systems. The three forest species were markedly self-incompatible, and two of the savanna species were

effectively so, whilst three savanna species showed self-compatibility.

Key words: Myrtaceae, Brazil, cerrados, breeding systems, pollination biology, buzz-pollination.

INTRODUCTION

Although Myrtaceae is the dominant plant family in
many different neotropical communities (Keel &
Prance, 1979; Mori et al., 1983; Rodrigues et al.,
1989; Peixoto & Gentry, 1990), the reproductive
biology of the group has been little studied. The
breeding systems of a few species of Myrtaceae have
been reported in various community surveys (Ruiz &
Arrovo, 1978; Frankie er al., 1983; Bullock, 1985)
but no studies are available of the broader aspects of
reproductive biology, including pollination biology
and fruiting success, for any group of neotropical
myrtaceous species. Here we report such a study for
eight species, representing six genera, which occur in
the central Brazilian savanna type cerrado vegetation
or associated gallery forest.

Fieldwork was carried out over a period of six
months in the natural reserve area of the Brasilia
Botanical Garden, located some 20km SE of
Brasilia, between 47° 51-52"W and 15° 52°-56" S.
The regional climate is Képpen's seasonal Aw
(Képpen, 1931); precipitation is between 1400-
1500 mm a vear and falls mostly between September
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and March. The soils are deep, nutrient-poor, highly
acidic, vellow-red latosols with some shallower
cambisols in the areas cut by rivers.

The vegetation consists mainly of a species-rich
form of savanna woodland (locally called cerrado)
traversed by gallery forests and marshes which
border the water courses. Where the soil is very poor
or shallow the trees thin out and scattered shrubs
and grasses predominate ; the local term for this open
form of cerrado is campo sujo. The vegetation of the
Federal District has been well described physio-
gnomically by Eiten (1984) and floristically by
Filgueiras & Pereira (1990).

MATERIALS AND METHODS
Flowering phenology

During the year 1988 individuals of the eight species
(Table 1) were monitored on a weekly basis until
flowering was imminent. At this time, two to ten
plants of each species were selected and sufficient
young inflorescences per plant tagged to yield at least
100 buds (except for Campomanesia pubescens). The
numbers of flowers present on each were sub-
sequently censused on a daily basis until the day that
the last flower opened. In the case of Myrcia
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Table 1. Species investigated with habitat and life-
form

Subtribe /species Habitat/life form
Eugeniinae
Eugenia dysenterica Dense cerrado: tree
Mart. ex DC.

Siphoneugena densiflora Berg Dense cerrado: tree
Myrciinae
Myrcia linearifolia Camb.
M. rhodosepala Kiaersk.
Myrtiinae
Blepharocalvx salicifolius
(H.B.K..) Berg
Psidium firmum Berg
Campomanesia pubescens
(DC.) Berg
C. velutina (Camb.) Berg

Campo sujo: shrub
Campo sujo: shrub

Dense cerrado: tree

Campo sujo: shrub
Campo sujo: shrub

Forest/cerrado: tree

rhodosepala, M. linearifolia and Psidium firmum, all
inflorescences on the plants were marked so that the
series of observations of daily flower production
represent the whole flowering episode for these
shrubs. For the trees Eugenia dysenterica, Siphoneu-
gena denstflora, Blepharacalyx salicifolius and Campo-
manesia velutina only a selection of flowering
branches was tagged, so that the actual flowering
episode for the tree sometimes lasted slightly longer
than that recorded. Likewise, with C. pubescens, a
shrub which produces aerial shoots of various ages
flowering at different periods, it was not always
feasible to monitor an individual’s whole flowering
episode but rather that of each individual shoot.
Voucher herbarium specimens of these species are
located in the herbarium of the University of the
Ecological Reserve of the Instituto Brasileiro de
Geografia e Estatistica (IBGE).

Floral biology and pollination

Each species was observed for 1-3 observation
periods lasting from 15 min to 3 h to establish the
identity of the probable pollinator(s). The earliest
observation period started at 04,00 h and the latest
ended at 11.00 h. Except for Campomanesia pubescens
and Blepharocalyx salicifolius in which the onset of
anthesis was not observed, at least one of the
observation periods started at anthesis.

Breeding systems

For each species, several inflorescences were marked
and enclosed within nylon bags with a 2-mm mesh.
Bagged inflorescences were monitored until the
morning on which the first sequence of flowers
opened, when the remaining unopened buds were
removed, the number of open flowers counted, and
one of the following applied: (1) automatic self-
pollination (i.e. left with no further treatment), (2)
self-pollination, (3) cross-pollination. Because of the

large numbers of stamens, and the potential damage
to the flower in removing them, flowers were not
emasculated. Hand pollinations were effected by
brushing a dehisced anther against the stigma and
were always carried out in the morning. For self-
pollinations, an anther was taken from the same
flower. In cross-pollinations, an anther was removed
from a recently collected flower belonging to a
conspecific plant growing at least 50 m away, except
for two of the three Campomanesia velutina trees
which were ¢. 10 m apart.

Most hand-pollinated flowers were left to set fruit
and monitored weekly until the first fruit matured
when a census was taken. The same procedure was
followed for tagged flowers on inflorescences left for
natural pollinators. Two of the three trees of
Blepharocalvx salicifolius were blown down in a
storm so that results are limited for this species.

Subsamples of hand-pollinated flowers were col-
lected c. 24, 48 and 72 h after pollination and fixed in
709, ethanol. Fixed flowers were subsequently used
to check pollen grain germination and pollen tube
growth by means of aniline blue staining under
fluorescence microscopy (Martin, 1959). The hypan-
thium and staminal disk were cut away prior to
softening for 10-20 min with 8 M NaOH at 60 °C
and stained with 0-1°, leuco-aniline blue in 0-1 N
K, PO, with traces of calcofluor white as a fluor-
escence enhancer (Jeffries & Belcher, 1974). Prepar-
ations were observed with a Leitz Laborlux Micro-
scope fitted with Ploemopak vertical illuminator and
appropriate ultra-violet filter. The number of pollen
tubes in the styles of selfed- versus crossed-pistils
was counted or estimated, and the numbers of
penetrated ovules were also counted and compared
statistically using Student’s ! test.

For some species, pistils were embedded 1n wax
following standard tertiary-butanol dehvdration and
infiltration (Johansen, 1940), sectioned at 14 #m with
a Reichert Ultracut Microtome and the sections
stained with leuco-aniline blue with a trace of
calcofluor white, and viewed with a fluorescence
MICroscope.

RESULTS
Flowering strategies

Three flowering strategies were encountered which
can be referred to the types recognized in central
American Bignoniaceae by Gentry (1974).

(a) ‘Big-bang’ flowering strategy occurs in two of
the tree species, Fugenia dysenterica (Fig. 1a) and
Campomanesia velutina (Fig. 1 k), with synchronized
mass flowering by individual plants which lasted
about 1 wk. Flowering conspicuousness was prob-
ably enhanced in E. dysenterica by the accompanying
flush of new, pinkish-coloured leaflets on these trees.
A slight modification of the big-bang flowering
strategy which we refer to as ‘ pulsed-bang ' lowering
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Figure 1. Flowering phenologies in eight species of Myrtaceae in Central Brazil.

was found in Muvrcia rhodosepala (Fig. 1d) and
Blepharocalyx salicifolius (Fig. 1e). This strategy
differs from the previous in that although the total
number of days on which flowers are open may be
similar, ‘pulsed-bang’ flowering is discontinuous
and there may be an interval of several days when no
flowers open. However, synchronization of actual

flowering days is exact. In Eugenia parnahvbensis, a
locally common eampo sujo shrub not included in
this study, a pulsed-bang type strategy was perfected
to such a degree that the whole population was in
flower on only two separate days when the shrubs in
this area were very conspicuous with their massed,
white flowers. This ‘pulsed-bang’ strategy should
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Table 2. Fioral characteristics of eight species of Myrtaceae in Central Brazil

Flower

diameter Stamen Ovule Time of Type of
Species (mm) number number anthesis anthesis
Blepharocalyx salicifolius 130-180 6-12 before 07.00 h  Myreia
Campomanesia pubescens 15 90-130 25-80 06.30-07.00 h Psidium
C. velutina 13 70-110 10-30 06.00-06.30 h Psidium
Eugenia dysenterica 15 60-70 4-8 06.30 h Psidium
Mpyreia linearifolia 7 80-150 4-6 06.00-06.30 h Myreia
M. rhodosepala i 50-150 46 06.00-06.30 h Myrcia
Psidium firmum 20 200-300 150-300 06.00-06.30 h Psidium
Siphoneugena densiflora 7 65-110 6-14 03.00-04.00 h Myrcia

Table 3. Insect visitors to eight species of Myrtaceae in Central Brazil

Blepharocalyx salicifolius ~ Bombus atratus (Swederes) £i6,
(60 min) Centris violacea (Lepeletier) §i.
Ceratilictus thetus (Shrottky) sie.
Melipona quinquefasciata Lep. 8.6:
Partamona cupira Smith no s.c.
Scaptotrigona postica (Latr.) no s.c.
Trigona banneri Cockerell no s.c.
T. spinipes (F.) no s.c.
? Xylocopa frontalis (Olivier) Gtk
Campomanesia pubescens  Bombus spp. i€,
(45 min)
C. velutina Bombus atratus (Swederes) Bt
(45 min) B. morio (Franklin s.C.
Eugenia dvsenterica Bombus spp. CH
(45 min) ?Ceratina sp. s.C.

Trigona sp. occasional s.c.
Mpyrcia linearifolia Bombus atratus
(180 min) B. morio

M. rhodosepala
(120 min)

*Melipona sp.
Trigona spinipes

Trigona spp.
Bombus morio
Bombus sp.
Trigona spp.

occasional s.c.

no s.c.

occasional s.c.

S.C.
§.C.

occasional s.c.

Xvylocopa ciliata Burmeister s.C.
Psidium firmum Bombus spp. s.c.
(180 min) Ceratina gossypii Schrottky
Siphoneugena densiflora Ptiloglossa sp. §i6:
(590 min) Wasps no s.c.
Beetles no s.c.
! s.c. = stigmatic contact observed.
not be confused with the ‘multiple bang’ type (d) A somewhat intermediate pattern which

(Gentry, 1974) in which several small-scale flowering
episodes occur throughout the year, each involving
an intermediate sterile phase and the formation of a
new inflorescence.

(b) A ‘cornucopia’ flowering strategy, i.e. with
many flowers being produced per plant for over a
month or so, is exhibited by Siphoneugena densiflora
(Fig. 1b).

(c) A ‘steady-state’ flowering strategy, i.e. with
relatively few flowers produced each day over a long
period of time, is exhibited by two shrubs, Psidium
firmum (Fig. 1f) and Campomanesia pubescens
(Fig. 1g).

started with a few flowers, peaked and then fell off
abruptly was found in Myrcia linearifolia (Fig. 1c).

Floral biology and pollination

Anthesis always occurred in the early morning, but
two different patterns were encountered (Table 2).
In the first, ‘ Psidium type’, the style was either bent
at the tip or already erect and the staminal filaments
were irregularly crumpled as the petals began to
open, and anthers in various stages of dehiscence
became visible as the style and filaments expanded
and the flower assumed its open appearance. In the
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Table 4. Fruit-set following hand self- or cross-pollinations in eight species

of Myrtaceae in Central Brazil

Species/
treatment Plants Flowers Fruit-set Fruit-set (%) ¢ test ISI (+)
Eugenia dysenterica (t = 0:05; v = 30)
Selfed’ 1 18 3 16-7 ns 0-83
Crossed? 2 15 3 20 — —
Siphoneugena densiflora
Selfed 2 17 0 0 — 0
Crossed 3 36 21 583 —_ —
Myrcia linearifolia (t = 3-53; v = 120)
Selfed 4 87 2 23 - 012
Crossed 2 a5 7 20 —= —
M. rhodosepala (t = 0:65; v = 31)
Selfed 2 21 i3 61-9 ns 1-24
Crossed 2 35 6 50 — —
Blepharocalyx salicifolius
Selfed 3 42 0 0 — 0
Crossed 1 6 2 333 — —
Campomanesia pubescens (1 = 531; v = 33)
Selfed 1 15 1 67 * 0-09
Crossed?® ? 20 15 75 — —
C. velutina
Selfed 3 33 1 0 — 0
Crossed 2 26 7 269 — —
Psidium firmum (t = 1-16; v = 37)
Selfed 4 28 23 821 ns 1-29
Crossed 3 11 ) 636 — —_—

! Bagged, self-pollinated flowers.
2 Bagged, cross-pollinated flowers.

4 Cross-pollinations by K. del Claro in different cerrado area.
(+) ISI, index of self-incompatibility (ratio of fruits set from selfed wvs.

crossed flowers).
* P < 0-05.

Note in those cases of strict self-incompatibility no ¢ test was made.

Table 5. Natural fruit-set in tagged flowers in eight species of Myrtaceae

in Central Brazil

Species Plants Flowers Fruits Fruit-set (%,) PERS*
Eugenia dysenterica 2 325 22 68 0-6—4-6
Siphoneugena densiflora 2 244 31 12:7 0847
Myrcia linearifolia 1 125 17 13-6 2-3-6-8
M. rhodosepala 5 212 £ | 146 2:5-73
Blepharocalyx salicifolius 2 126 9 71 0-7-7-1
Campomanesia pubescens 6 81 15 185 47

C. velutina 1 122 10 82 0-3—4-1
Psidium firmum 10 152 67 441 46-127

* PERS, pre-emergent reproductive success (product of fruit/flower ratio
and seed/ovule ratio, cf. Wiens, 1984; Wiens et al., 1987).

second, ‘Myrcia type’, the staminal filaments were
all incurved so that no anthers were visible as the
petals opened, whilst the style, also initially folded,
was usually the first to straighten and protrude above
the mass of filaments which then began to uncurl,
starting with the outermost whorls.

Open flowers of all the species investigated shared
the following characteristics: four or five white or
whitish petals, many stamens, a sweet scent, no
nectar and a dry stigma raised by the style 1-2 mm
above the innermost whorls of stamens, which were

always slightly shorter than the outermost whorls,
and an inferior ovary (Table 2). In Myrcia linarifolia
the filaments and petals have a pink flush, and in
Psidium firmum stigmas at the same level as the
anthers were found to occur sporadically in the
flowers of some of the individuals. Between pol-
lination and ovary enlargement, Siphoneugena densi-
flora and Blepharocalyx salicifolius abscissed, re-
spectively, hypanthial and calycinal remnants above
the ovary, and all species abscissed styles a few days
after pollination.
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Figure 2. Fruiting success curves for eight species of Myrtaceae in Central Brazil.

All species are bee-pollinated and offer pollen as a
reward, but visitation patterns are varied. Siphoneu-
gena densiflora was visited almost exclusively by a
Ptiloglossa sp. (Colletidae) between 06.00 h (shortly
before dawn) and 06.45 h. These bees alighted on an
open flower, clasped groups of stamens with their

legs, buzzed, and flew off to the next inflorescence up
the branch. Since inflorescences averaged 1:84 open
flowers (n = 137 inflorescences) this visitation pat-
tern probably makes for an efficient foraging strat-
egy. Visits to this species during the rest of the
morning were mostly by introduced Apis mellifera or
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Figure 3. Pollen tube growth in the ovary and ovule penetration following hand pollinations in some
myrtaceous species. Leuco-aniline-blue staining, observed under fluorescence microscopy. (a) & (b),
Campomanesia velutina : ovules penetrated by pollen tubes 24 h after self-pollination. (¢) & (d), Psidium firmum:
(c), penetrated ovule at 24 h after cross-pollination; (d), self-pollen tubes close to the ovules, 72 h after
pollination. (), Siphoneugena densiflora: penetrated ovule at 72 h after self-pollination. [Scale bar = 100 gm.]

wasps which do not buzz, and do not contact the
stigma.

Although observation times were too short to
ascertain the identity of all potential pollinators for
the other species, two bees of the genus Bombus (B.
atratus and B. morio) seem to play an important role
since they were observed to visit all of the species
studied except S. densiflora and made good stigmatic
contact in each case. However, two of these Bombus-
pollinated species, E. dysenterica and B. salicifolius
(both mass-flowering trees in dense cerrado) were
also intensely visited all morning by a wide range of
insects with different kinds of behaviour, many of

which did not contact the stigma, but some of which
were possible pollinators (Table 3). The remaining
species were visited predominantly by Bombus spp.

Breeding svstems

The results of fruit-set from self- versus cross-
pollinations indicate that the species differ in their
breeding svstems (T'able 4). Three species, Blepharo-
calvx  salicifolius, velutina
Siphoneugena densiflora were strictly self-incompat-
ible, and set no fruit when selfed. Two species,
Mpyrcia linearifolia and Campomanesia pubescens,

Campomanesia and
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Table 6(a—d). Timing of self- vs. cross-pollen tube
growth to the ovary, and ovule penetrations, in four
species of Myrtaceae in Central Brazil

Table 6(e-h). Timing of self- vs. cross-pollen tube
growth to the ovary, and ovule penetrations, in four
species of Myrtaceae in Central Brazil

Time after treatment (h)

Time after treatment (h)

Treatment 24 48 92
(@) Eugema dvsenterica
ASP 6/1 0/0 4
8/1 2/0
SP 0/0 0/0 +5/2
+5/0 0/0 */1
5/1
6/1
6/1
7/1
5/3
cp 1/0 5/0 +5/0
+15/0 6/1
(b) Siphoneugena densiflora
ASP 1/0 3/0 > 11/0
>11/0 6-10/0 >11/0
SpP 0/0 3-5/0 >11/0
6-10/0 6-10/0 >11/0
6-10/0 6-10/0 >11/0
6-10/0 >11/0 >11/1
>11/0
CcP 0/0 2/0 6-10/0
3-5/0 6-10/0 6-10/0
6-10/0 6-10/0 6-10/1
=110 6-10/0 >11/0
6-10/1 >11/0
(¢) Mpyrcia linearifolia
ASP 0/0
0/0 ? ?
0/0
1/0
SP 3/0 3/0 4/1
3/0 10/0 20/2
7/0
9/0
17/0
3/1
cp 0/0 0/0 0/0
2/0 0/0 3/0
5/0 0/0 4/0
7/0 1/0 12/0
6/1 2/0 3/2
2/0
(d) Myrcia rhodosepala
ASP 0/0 0/0
0/0 1/0 ?
0/0 2/0
3/0
Sp 1/0 0/0 4/0
1/0 5/0 1/1
2/0 4/1 2/1
3/0 4/1 2/1
6/0 7/1% 3/1
8/0 9/2 5/11
9/0 7/1
10/1
10/11
6/3
cP 1/0 1/0 2/0
6/0 7/0t 4/0
7/0 6/1 6/1
7/0 12/1
8/0 3/

Key: ASP, Automatic self-pollination; SP, self-pol-
lination; CP, cross-pollination.

Note that figures prior to the diagonal refer to in style,
those after the diagonal refer to in ovule.

* Stvle abscissed.

+ Owarian tissue covering ovules, not used in means.

1 Penetration abnormal, not used in means.

were capable of some selfing, but fruit-set was
statistically superior (increasing by a factor of ¢. 10)

Treatment 24 48 72
(e) Blepharocalyx salicifolius
ASP 0/0 0/0 0/0
3/0 2/1 +12/4
Sp 3/0 2/0 +10/0
+20/0 7/4 +15/0
+20/0 +15/5 +20/0
+30/0 +30/7 +15/3
1071 +30/9 T15/4
Ccp 4/0 +20/4 9/3
6/0 +20/6 +10/4
6/0 +35/8 $20/5
+12/0
(f) Psidium firmum
ASP 0/0 5/0 2/0
+30/0 7/0
HSP 0/0 0/0 +90/0
3/0 3/0 +120/0
HCP +40/0 +50/2 +60/2
+100/2 +100/6
(g) Campomanesia pubescens
ASP 2/0 0/0 0/0
+10/0 +10/0 +20/1
+10/2
SpP 0/0 0/0 +.742
3/0 3/0 ?/3
/6 /3 ?/3-6%
(h) Campomanesia velutina
ASP 0/0 ? 0/0
0/0 4/0
SP 0/0 +15/0 4/0
1/0 +50/3 +30/1
2/0 +30/4 T40/2
4/0
+20/0
8/2
cP 0/0 0/0 0/0
1/0 0/0 0/0
2/0 1/0
+10/0 2/0
+10/2 +10/2

Key: ASP, Automatic self-pollination; SP, self-pol-
lination; HSP, hand self-pollination; CP, cross-polli-
nation; HCP, hand cross-pollination.

Note that figures prior to the diagonal refer to in style,
those after the diagonal refer to in ovule.

* 3 used to calculate mean for ¢ test.

after cross pollinations. The index of self-incom-
patibility (ISI) values calculated for these two species
(1.e. the ratio of fruits set for selfed vs. crossed
flowers, (cf. Bullock, 1983) are 012 and 009,
respectively (Table 4), so that these species are less
than the maximum value of ISI = (-2 arbitrarily set
for self-incompatible species (Bawa, 1974; Sobrevila
& Arroyo, 1982). M. linearifolia and C. pubescens can
therefore be regarded as self-incompatible species.
Three species, Eugenia dysenterica, Myrcia rhodo-
sepala and Psidium firmum, were completely self-
compatible, setting statistically equal numbers of
fruits after cross- and self-pollination.

Natural fruiting success also varied considerably
(Table 5), as did fruit-set curves and length of the
reproductive episode, from anthesis to fruit maturity
(Fig. 2). Estimates of the percentage of ovules which
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Table 7. Comparison of fruit-set following automatic- wvs. hand self-
pollination in five species of Myrtaceae in Central Brazil

Species/treatment Plants Flowers Fruits Fruit-set (%) Significance
Eugenia dysenterica (t = 0.835; v = 30)

Automatic (1) 1 14 1 7-1 ns

Hand (2) 1 18 3 167 —
Myrcia linearifolia (t = 1-85; v = 102)

Automatic 2 17 2 11-8 ns

Hand 4 87 2 2:3 —
M. rhodosepala (t = 1-18; v = 44)

Automatic 1 25 1il +4 ns

Hand 2 21 13 61-9 =
Campomanesia pubescens (t = 0-2; v = 32)

Automatic 2 19 1 53 ns

Hand 1 15 1 67 .
Psidium firmum (t = 2:56; v = 34)

Automatic 3 8 3 375 b

Hand 4 28 23 82-1 —

! Bagged flowers left without treatment.
* Bagged, hand self-pollinated flowers.

* P <005

form seeds (i.e. pre-emergent reproductive success
(PERS) values) of all species were well below 22 9%,
and so within the range found by Wiens (1984) for
outbreeding species. This would indicate that the
eight species investigated, including those lacking
genetic self-incompatibility, are likelv to be out-
breeding.

In the three markedly self-incompatible species
self-pollen tubes were observed to penetrate ovules
with a similar frequency to those of cross-pollinated
pistils (Fig. 3). We applied ¢ tests to the mean
number of penetrated ovules per flower between
self- versus cross-pollinations in these species and
were unable to detect any differences at 24, 48 or
72 h after pollinations (Table 6). In Campomanesia
velutina and Blepharocalvx salicifolius rejection of
selfed pistils occurred within 1 wk of pollination, but
in Siphoneugena densiflora abscission took a month to
occur.

In the species which set at least some selfed fruits,
fruit-set following automatic selfing was compared
with that obtained from hand self-pollination (Table
7). In three species, Eugenia dysenterica. Myrcia
rhodosepala and Campomanesia pubescens, the dif-
ferences in fruit-set were not statistically significant;
in Psidium firmum, hand selfing produced signifi-
cantly higher fruit-set, but in Myrecia linearifolia
higher fruit-set was obtained from the automatic
selfing, although this was only significant at the 109,
level.

DISCUSSION
Flowering strategies and floral biology

It is likely that in the species with a ‘big-bang’
flowering strategy, in which synchronization is very
precise and the flowering period is short, the onset of
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flowering is environmentally cued by changes in
humidity at the threshold of the rainy season.

Abrupt increases in humidity are relatively com-
mon at the beginning of the dry season but tend to
diminish towards its end. In July 1988, there were
eight days with humidity increases above 59, four
in August, and two in September before the end of
the third week when the rains started (Pereira Neto,
1988). After the rains began, the three abrupt
increases in humidity observed coincided with
flowering in the two big-bang species studied (Fig.
4). Eugenia dysenterica commenced flowering the day
after an increase of 129, had occurred from the
previous day (which was the driest day of the year);
Campomanesia velutina commenced flowering when
an increase of 8%, from the previous day occurred
(which was also two days after the largest daily
increase of the vear, of 429, was registered).

The svnchronization of pulsed-bang species may
be more complex. In Muyrecia rhodosepala, several
flowering davs showed no discernible correlation
with humidity changes. However, Blepharocalvx
salicifolius commenced flowering the day after the
largest daily increase (42 9,) in relative humidity of
the year had been registered and thereafter opened
flowers on all days in which humidity was high
(c. 809, or higher), until all buds had opened. The
onset of flowering of ‘cornucopia’ and ‘steady-state’
species showed no precise correlation with daily
changes in humidity or other immediate environ-
mental conditions such as temperature, rainfall, etc.

The dry/rainy season transition is the period of
the year when the most marked fluctuations in
humidity occur over the shortest time intervals, and
it is probable that there is greater scope for humidity-
linked synchronization of flowering events at this
time. Furthermore, flowering at this time may have
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Figure 4. Mean dailv humidity of the air near the study
site during 1988. Arrows indicate initiation of flowering
of 1, FEugenia dysenterica (big bang), 2, Campomanesia
pubescens (steady state), 3, C. velutina (big bang) and 4,
Blepharocalyx salicifolius (pulsed bang).

advantages in terms of good (dry) conditions for
pollination, but with the mature seeds subsequently
dispersed as the rains arrive, and so facilitate
germination and establishment before the next dry
cycle. Flowering at the dry/rainy season transition is
a favoured strategy within the family and occurred in
seven out of 10 species investigated in other South-
American forest communities (Frankie ef al., 1983;
Ferreira & Merona, 1987; Morellato ef al., 1989). In
the present study, six out of the eight species
investigated commenced flowering at the dry/rainy
season transition.

Pollination

Bombus species are likely to be the principal
pollinators of seven of the eight species in this study,
although more detailed observations are needed.
The principal species, B. morio and B. atratus also

exhibited a preference for the myrtaceous Psidium
guajava in a study carried out in secondary vegetation
in SE Brazil (Camillo & Garofalo, 1989). Other bee
species may also be effective pollinators, especially in
mass-flowering species. It is notable that buzz-
pollination by Bombus spp. was observed in the two
species Myrcia rhodosepala and Blepharocalvx salici-
folius and by Ptiloglossa bees in Siphoneugena
densiflora, although none of these species possesses
the poricidal anthers usually associated with this
behaviour (Buchmann, 1983). The implications of
this interesting phenomenon have been discussed
elsewhere (Proenga, 1992).

Pollination of Siphoneugena densiflora by Ptilo-
glossa sp. suggests that the Myrtaceae—Colletidae
association which is so striking in Australia
(Michener, 1965) probably exists to some extent in
the Neotropics; another reported example is Eugenia
salamensis (Frankie et al., 1983).

Breeding svstems

The three strictly self-incompatible (SI) species
were all trees growing in dense, predominantly
arboreal cerrado, which also occur in gallery forests
(Blepharocalyx salicifolius and Siphoneugena densi-
flora) or mesotrophic forests (Campomanesia velu-
tina) in the region. Pollen tube penetration of the
ovules in selfed flowers, as observed in these SI
species, has been reported in other genera of
Myrtaceae, e.g. Eucalyptus (Sedgley et al., 1989;
Sedgley & Smith, 1989) and self-pollen tube growth
as far as the ovary, but without penetration of the
micropyle, occurs in some Melaleuca species (Barlow
& Forrester, 1984).

It is not known whether ovule penetration by self-
pollen tubes is followed by fertilization in these
Brazilian myrtaceous species, as certainly occurs in
some other taxa with late-acting self-incompatibility
(Oliveira et al., 1992; Gibbs & Bianchi, 1993). It is
perhaps significant that in the self-incompatible
species studied here no ovary enlargement occurred
in either crossed or selfed pistils, up to the time of
abscission of the latter. Moreover, rejection of selfed
pistils was synchronous; this suggests late-acting
self-incompatibility (Seavey & Bawa, 1986), rather
than embryo abortion due to recessive deleterious
genes, in which abortion would be expected to occur
over the various stages of embryo development

(Wiens, 1984).

Self-compatibility and outbreeding

If alow PERS is indicative of outbreeding (cf. Wiens
et al., 1987) then all species studied here, self-
compatible as well as self-incompatible, are likely to
be outbreeding. A certain degree of outcrossing in
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self-compatible species may be attained by a steady-
state flowering strategy (Psidium firmum) or op-
portunistic behaviour of the pollinators in species
with mass-flowering strategies such as FEugenia
dysenterica and Myrcia rhodosepala (Janzen, 1971;
Gentry, 1974).

Another possible explanation for outbreeding in
self-compatible species (which needs to be verified
by ad hoc experimentation) is slow growth of self
pollen tubes as compared with that of cross pollen
tubes, at least in P. firmum. Some form of ‘pref-
erential self-exclusion’ may be operating in this
species, similar to that proposed by Bowman (1987)
for Clarkia unguiculata (Onagraceae, Myrtales). C.
unguiculata 1s a self-compatible species in which the
use of a genetic marker (flower colour) revealed that
58-1009, of the progeny of mixed self- and cross-
pollen were outcrossed; Bowman argued that this
was because faster-growing cross-pollen tubes were
responsible for most fertilizations.

In P. firmum (Table 6f) no penetrated ovules were
observed in pistils fixed at 48 or 72h after self-
pollination, in contrast to crossed pistils which had
penetrated ovules at both of these time intervals.
This suggests that cross pollen tubes may grow
faster than self pollen tubes although the samples
(both n = 2) were mnsufficient for statistical inference.
In 72-h selfed pistils, several pollen tube tips were
observed quite close to the ovules (Fig. 4¢) but either
had not had enough time to penetrate the micropyles
or else were somehow arrested at this point while
cross-pollen tubes of the same age had already
reached the ovules (Fig. 4d). Self-fertilizations must
have occurred subsequently, however, since fruit-set
following selfing was as successful as that from
crossing.

These eight myrtaceous species from the Brazilian
cerrados and adjoining gallery forest conform to the
general pattern that has emerged for neotropical
woody species (Bawa, 1974; Bawa, Perry & Beach,
1985) in that five are self-incompatible taxa It is of
interest that in all of these species, representing four
genera, a late-acting type mechanism seems to
operate, since selfed flowers are rejected after ovule
penetration has occurred. In the case of Siphoneugena
densiflora the delayed abscission of selfed pistils
(after 4 w or more), and the equally slow initial
development of crossed fruits, is notable.
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