Journal of Tropical Feology (2001) 17:563-376. With 4 figures
Copvright © 2001 Cambridge University Press

Seed production and soil seed bank in three
evergreen woody species from a neotropical
savanna

CARLOS GARCIA-NUNEZ', AURA AZOCAR and JUAN F. SILVA

Instituto de Ciencias Ambientales y Fcoldgicas, Facultad de Ciencias, Universidad de Los
Andes, Mérida 5101, Venezuela
(Accepted 8th December 2000)

ABSTRACT. Results of a 3-y study on the populations ol three evergreen woody
species (Byrsonima crassifolia, Palicourea vigida and Bowdichia virgilioides), from a regu-
larly burnt savanna, in Venezuela, are reported. Tree density, size structure, {ruit-
seed production per tree of different size classes and soil sced bhank were estim-
ated. Viable sced production was one order of magnitude higher in B. crassifolia,
which was also the only species with a permanent soil sced bhank. Sceds ol B.
virgilioides germinated readily after dispersal, whilst sceds of P. rigida showed an
innate dormuncy synchronously released after a year. Both of the latter species
scermed to maximize the first growth scason by germinating at the beginning of
the favourable seasou. In B. crassifolia, germination proceeds with an early small
burst of germination, possibly followed by a sccond peak at the begimmng ol the
next rainy season and little or no germination thercafter. The resnlts showaed that
despite the high fire frequency, the studied species produce a substantial number
of viable propagules, and have the capacity to germinate in field conditions
(readiness depending on the species). Sexual reproduction is expected, therefore,
to play an important role, as suggested by their reproductive investment, in long-
term ])opul'dlion maintenance.

KEY WORDS: firc, fruit production, germination, population pevsistence, repro-
ductive strategies, resprout, savanna trecs, sced dispersal

INTRODUCTION

The neotropical savannas arc characterized by the coexistence of two con-
trasting life forms, grasses and trees. This ecosystem 1s homogeneously dys-
trophic, strongly seasonal, as a consequence of the concentration of rains, and
subjected to fires almost every dry season (Sarmiento 1984). Under these condi-
tions, species of evergrecn sclerophyllous trees persist [orming a variably sparse
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woody layer in which density determines the types of physiognomy. Iree den-
sity scems to be determined by two main [actors: plant available moisture
throughout the year and fire (Medina & Silva 1990, Solbrig et al. 1996).

The high fire frequency prevailing in savanna ecosystems, and a prolonged
dry season, can be considered the major limitations for sexual reproduction in
savanna woody species, due to their ncgative effects on seeds and seedlings
(Bradstock & Myerscough 1988, Ferri 1961; Hoffmann 1996, 1998; Rizzini &
Heringer 1962). These authors considered that under these conditions, vegetat-
ive reproduction could be morc successful than sexual reproduction. Although
therc is little information on scedling establishment in tropical savannas, some
studies have shown the functionality of sexual reproduction in woody spccies.
In the Brazilian cerrado, Labouriau et al. (1964) found several tree spccies
germinating under natural conditions, and also found young plants originated
from seeds. More recently, Oliveira & Silva (1993), working with two spccies
of Kielmeyera, found fast germination after the beginning of the wct scason,
early root swelling forming a xylopodium which enables high survivorship
during the dry season, and recurring sprouting from the swollen root system
following fire during the first ycars of development.

Since most species bloom during the dry season, losses of rcproductive mat-
erial due to fire are important. Hoffmann (1998), working on post-burn rcpro-
duction in some woody plants of the Brazilian cerrado, showed that firc caused
an immediate reduction in scxual reproduction success by destroying repro-
ductive structures and seeds. He found an overall reduction in seed production
after fire in five of the six studied species. Nevertheless, the negative cffects of
fire on sexual reproduction, depend not only on spatial and temporal variations
of firc, but also on spccific traits such as natural life-size, architccture, pheno-
logy, size-depcndent reproductive output, mechanisms to protcct seeds from
burning, and ability of seedlings to resprout.

Although short-tcrm population maintenance in woody spccies is assured by
their sprouting ability, understanding the different steps of the reproduction
processes is nccessary to assess long-term trce dynamics in tropical savannas.
Little is known, however, about the reproductive capacity and the fate of the
propagules, and how different reproductive syndromes are rcpresented in spe-
cies of the same functional group.

In this study, we examine some reproductive aspects of three widely distrib-
uted savanna woody species in order to evaluate their potential sexual repro-
ductive capacity under a high fire frequency regime. First, we cxamine tree
density, size structurc of the population and fruit-seed production per tree of
different size classes to quantify propagule input per unit arca. Second, wc
quantify the soil seed bank and its dynamics to determine the contribution of
soil stored seeds to the rcgeneration of the population. Third, we cxamine
the viability and germination of seeds under laboratory conditions to find the
proportion of viable propagules produced per tree and the germination
requirements.
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STUDY SITE AND SPLECIES

The study arca is a typical seasonal savanna located on thec Andean piedmont
hills of Barinas State (8°38’N-70°12°W). Thc mean annual tempcrature is
27 °C, and the mean annual rainfall is 1500 mm. Temperature varies little
throughout the vear, but rainfall is markedly seasonal, with 4-5 mo with little
or no rain (December to April) and a wet season from April to November. The
abundance of woody elements, a very extensive human use and the occurrence
of fires, almost every vear, characterize thesc savannas (Silva & Sarmiento
1976). The dominant woody specics are Byrsonima crassifolia, Curatella americana,
Palicourea rigida, Bowdichia virgilioides and Casearia sylvestris. Dominant in the
grass layer arc Trachypogon plumosus, Sporobolus cubensis, Leptocoryphium lanatum,
Elyonurus adustus and Andropogon semiberbis. Four contiguous 2500-m” plots were
delimited in this area. Each plot was further subdivided into eight 25-m x
[2.5-m subplots to carry out the sampling described below. These plots were
burned every vear during the study period during the dry season.

The three dominant evergreen tree species in the study area which grow
predominantly as isolated individuals in the grassland were selected. They pre-
sent similarities in their general ecology but differ in fruit morphology and
dispersal. These species are: Bowdichia virgilioides HL.B.K (L.eguminosae), the
tallest evergreen tree in these savannas, usually between 4 to 10 m in height,
with a legume fruit 4-7.5 cm long, 10-15 mm wide, flat, very light (0.08-0.11
g) and wind dispersed. Seed size is 5 to 6 mm and average weight is 0.02 g.
Byrsonima crassifolia (1..) Rich. (Malpighiaceae), a small tree, usually 4-6 m in
height, with drupaceous fruits, which present a yellow colour when ripe, charac-
terized by a very hard inner coat, 5-8 mm in diameter, 0.47-0.51 g in weight
and bird dispersed (D. Wiitherich, unpubl. data). The seeds are small, 2.6
3.0 mm, soft and very light (0.00290-0.00298 g). Inflorescences form terminal
racemes. This species is self-compatible but is more successful when cross-
pollinated (Bawa 1974). Palicourea ngida H.B.K (Rubiaceae), an even smaller
tree, usually does not reach over 3 m in height. It 1s a hetcrostylous species
with black berry fruits, 5 mm long, 0.3-0.4 g in weight and bird dispersed
(Wiitherich et al. in press). Seeds are characterized by a hard seed coat. Seed
size range and average weight are 4-5 mm and 0.02 g respectively.

The study was carried out during the period 1993-95, but most of the sam-
pling on rcproductive parameters was conducted in 1994. Field data allowed
us to determine tree density, flower and fruit output, phenological character-
istics and size structure of each population. For each individual plant, total
height and stem girth at thc base were measured. The plots were wisited
monthly and the phenological condition of individuals in each population was
recorded. An additional sampling to determine seedling density in P. rigida,
was performed in 10 locations (plots of 3-m x 3-m) around adult parent trees,
in a 2500-m” subplot.
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METHODS

Reproductive parameters

To count flowers and fruits and to estimate the rate of flower to fruit yield,
15 to 20 inflorescences and 15 to 20 fruits from individual trees in each popula-
tion were collected (for sample sizes, see Table 1). Data from P. rigida were
collected in 1993, 1994 and 1995 and for B. crassifolia in 1994 and 1995. To
determine fruit and seed production per plant in P. rigida and B. crassifolia, 15
flowering trees were labelled within the whole size range in each population
during the 1993, 1994 and 1995 dry season in the former and in 1994 and 1995
for the latter. Since P. rigida fruits ripen slowly and progressively, we enclosed
each fruit in mesh cloth and collected the ripe fruits at each visit. All fruits
were harvested and counted in small B. crassifolia trees. In large trees, a first
order branch was randomly selected, and the second and third order branches
and their fruits counted. Then, we estimated the number of equivalent
branches and extrapolated to the whole tree. A sample of fruits was randomly
collected from each of 10 labelled trees of all species and taken to the laborat-
ory for further examination. The seeds were classified as intact or damaged
(empty). Viable seeds per fruit were determined by viability tests using 0.03%
tetrazolium chloride (Moore 1973). Seed production was calculated by multi-
plying the estimated number of fruits per tree by the mean number of intact
seeds per fruit.

Table 1. Mean values * SE of flower, {ruit and seed production in the three studied species in a seasonal
savanna in Barinas, Venezuela (n is shown in parentheses).

Parameuers Byrsonima crassifolia Palicourea rigida Bowdichia virgilioides
Flowers/inflorescence 33,97 £ 3.82 (15) 249.41 £ 22.32 (13) 90.27 + 9.52 (10)
Fruits/infructescence 22,17 £ 1.54 (15) 80.46 = 20.0 (20) 8.67 £ 1.07 (10)
% flower abortion 34.74 63.83 90.39
Truits/individual 27 946 + 6223 (15) 1197 £ 392 (15) 2336 + 391 (10)
Seeds/fruit 2.87 £0.03 (110) 2.00 + 0.00 (100) 2.63 £ 0.16 (76)
Seeds/individual 85 197 3647 3799

% emply seeds 10.09 £ 2.16 18.05 + 4.24 61.36 £ 4.45
% viable seeds 56.71 £ 4.93 81.23 £ 2.73 48.89 + 1147
Viable seeds/ind. 43 593 2428 718
Viable seeds ha™' 1.96 x 10° 2.79 x 10° 0.00

Since B. virgiliodes failed to flower during 1994 and 1995, reproductive para-
meters were determined only in 1993 for 10 labelled trees. The same methods
described for B. crassifolia were followed. Seed viability and germination tests
were performed in 1993 and 1994 using a seed sample collected in 1993.

Soil seed bank

Soil seed density was estimated from soil samples taken from the surround-
ings of five individual trees of each of the three species during the dry season
of 1994 and 1995. A square wooden frame (30-cm X 30-cm) was used to collect
three soil samples to a depth of 5 ¢cm, at random intervals, along four radial
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transects (10 m in length), orientated towards the cardinal points from each
stem (n = 180 samples; 16.2 m?). In the laboratory, seeds were separated from
the soil and litter according to the guidelines recommended by Thompson
(1993). Seed viability estimates were made using the tetrazolium test (Moore
1973).

The evaluation of seed bank dynamics by means of buried seeds was only
conducted in B. ¢rassifolia and P. rigida. We enclosed 50 intact seeds of each
species in I-mm mesh nylon bags filled with sieved soil. For each species, 18
bags were randomly buried 2-3 c¢m deep inside the plot (in July 1994 for P.
rigida and July 1993 and 1994 for B. crassifolia). Three randomly selected bags
of each species were taken out every 2 mo. Recovered seeds were examined
and classified as germinated, viable or dead. The criterion for designating ger-
minated seeds was the detection of seedling remains attached to seed coats, or
the aperture of one loculus of the drupe in B. ¢crassifolia. The intact seeds were
incubated in tetrazolium chloride, and the stained embryos were considered
viable.

Seed germination in the laboratory

Germination experiments were conducted in the laboratory in a growth
chamber at 30 £ 2 °C and 12 h light 650 pmol m™ s™' PAR, 12 h dark. We used
10 replicates with 25 seeds in each germination test, in a Petri dish with What-
man No. | filter paper and distilled water. Fruits were brought from the field
in July 1994, and seeds were manually removed and stored under laboratory
conditions in sealed plastic containers with silica gel. The experiments were
conducted from November 1994 to January 1995. Initially, germination was
tested without any previous treatment and in each of the following treatments
and control sample was included. Since seeds may be exposed to high temper-
atures during burning, we tested seed response to several temperatures
{(Coutinho 1982, Gonzilez 1967, Silva et al. 1990, Vareschi 1962). We used
70 °C-=30 min, 70 °C-60 min, 100 °C=5 min and 100 °C~30 min of dry heat
and also hot water (92 °C) for 1, 5 and 15 min. To scarify seed coats in P.
rigida, we used concentrated sulphuric acid for 5 to 30 min and | to 4 h in B.
crassifolia drupe. Depending on the results we also used combinations of dry
heat, wet heat and sulphuric acid. Charred wood from the field was also used
as a treatment (Keeley 1987). After each treatment we tested seed viability in
a sample of 25 treated seeds. In an additional experiment we cracked drupes
of B. crassifolia by means of a manual press. Germination was monitored in
each experiment during a 90-d period or until all seeds germinated.

RESULTS

Density and size distribution

Palicourea rigida was the most abundant of the three species (358 plants ha™),
followed by B. crassifolia (187 plants ha™" and B. virgilioides (101 plants ha™'). Indi-
viduals in each population were classified on the basis of 2-cm classes in basal
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diameter. The distributions of basal diameter (Figure 1) show very similar popu-
lation size structures in B. crassifolia and B. virgilioides, with a high proportion of
plants in the lower classes. In B. crassifolia, more than half of the population has
a basal diameter < 4 cm and in B. virgilioides this fraction is even higher (64%).
In P. rigida, the lowest diameter class (< 2 cm) forms only 13% of the total,
whereas the following two classes represent half of the population with a pro-
gressive decrease after the second class. Most, if not all plants in the smaller dia-
meter class for all species were evidently resprouts. Actual seedlings were rarely
found. However, in the case of P. rigida a cohort of germinating seedlings were
detected at the beginning of the wet season, mainly surrounding nearby adult
trees. A mean seedling density of 2 plants m™ was found.

Figure 2 combines the allometry of basal diameter vs. total plant height with
flowering in 1994-95. Results for B. crassifolia and B. virgilioides are very similar.
Height per unit diameter is almost constant below 3 to 4 m in height (and 10
to 13 cm in diameter) decreasing markedly thereafter. In P. rigida, the trans-
ition occurs at = | m tall and 5 cm in diameter and is less obvious than in the
other two species.

Phenology and reproduction

Byrsonima crassifolia flowered during December and February and set fruit in
March. By July the fruits had been completely dispersed. In P. rigida, peak
flowering occurred from January to April with inflorescences developing slowly
in a basipetal pattern. I'ruits were also produced and dispersed in a progressive
manner up to July. Even though some P. rigida individuals produced flowers
later in the rainy season, the fruits from these flowers were generally aborted.
Flowering of B. virgilioides in 1993 started in December and continued through
January and February, when fruits were set. Fruit dispersal ended in April. Dry
season fires typically occur between January and March, when the different
species are in the flowering phase.

Data on reproductive parameters are presented in Table |, corresponding to
the sampling conducted in 1994 for P. ngida and B. crassifolia, and in 1993 for
B. virgilioides. Even though the plots burned every year, B. crassifolia and P.
rigida successfully reproduced sexually during the study period, but B. virgiliodes
flowered only the first year. There were no significant differences in total and
in size-specific fruit production for P. rigida and B. crassifolia between years
(Figure 3). There is a wide variation in fruit production relative to the basal
diameter of the plant in these two species. The available data on fruit produc-
tion for B. virgiliodes, corresponded. only to the intermediate size classes
(between 15 and 25 cm of basal diameter).

Inflorescence arrangement is very different among the three species. Byrson-
ima crassifolia has the smallest inflorescence, but yields many more inflores-
cences per plant than the other two species. Flower abortion was also much
lower in B. crassifolia than in P. rigida in 1994 (Table 1). As a consequence, fruit
production per tree was one order of magnitude higher in B. crassifolia and this
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in a seasonal savanna in Barinas, Venezuela.

species produced more than 20 times more seeds than P. rigida in 1994 (Table
1). This also holds when B. ¢rassifolia’s 1994 production is compared to B. virgi-
lioides’ production. In this last species, more than half the seeds were empty,
mostly due to predation, and the number of viable seeds per plant was remark-

ably low in 1993.
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Seeds in the soil

Total density of sceds per area sampled found in the soil was 38 (2.5 viable
sceds m™) and 54 (3.3 viable seeds m™) viablc sceds in 1994 and 1995 respect-
ively, for B. crassifolia. In the case of P. rigida, we found a total density of 21
(1.3 seeds m™) and 43 (2.7 seeds m™) in 1994 and 1995 respectivcly, and for
B. virgilioides we detected 16 (1.0 seeds m™) sceds in 1994 and nonc were found
in 1995. Howevecr, all sceds were dead or empty for both latter species.

As shown in Iigurc 4, B. crassifolia showed two germination pcaks between
1993 and 1994: a small one in November (6%) and a larger peak in March
(17%) after the beginning of the rains. In the same experiment, between 1994
and 1993, B. crassifolia showed an carly small burst of germination, followed by
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little or no germination (1 to 6%). After a year, only 24% of the seeds of this
species remained viable. In P. rigida, half the seeds had died early during the
experiment and the other half remained viable without germinating until 10
mo later when all germinated synchronously (Figure 4).

Laboratory germination

Fifty per cent (all the viable fraction) of B. virgilioides seeds germinated read-
ily without any treatment within the first week, therefore this species was not
included in further tests. Palicourea rigida seeds showed no germination in all
tests. Viability was not affected by concentrated sulphuric acid nor by 70 °C
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dry heat but was significantly reduced by more than | min wet heat (92 °C)
and by 100 °C dry heat. Byrsonima crassifolia germination was not successful in
any of the treatments except for mechanical scarification by cracking which
resulted in 40% germination during the first 3 d after the treatment. Responses
in viability were similar to P. rigida.

DISCUSSION

Our results show that despite the high fire frequency regime prevailing in
these savannas, the study species successfully reproduced sexually during the
study period. Although flowering phenology is not the same, the three species
overlapped their peak of flowering during the dry season. A basal diameter of
4 cm seems to be a critical threshold for flowering in P. rigida and B. crassifolia,
which is equivalent to = 1.0 m in height in both species (Figure 2). Flowering
size threshold in P. rigida and B. ¢rassifolia could be an adaptation to fire. Unfor-
tunately, B. virgilioides did not flower in 1994 and 1995, so data on size at
flowering are not available. Birds are likely to be the main dispersal agents in
B. crassifolia and P. rigida (D. Wiitherich, unpubl. data). In B. virgilioides, fruits
are rapidly dispersed by wind, and given their shape and lightness, they are
dispersed far away from the tree.

The three species appear very different concerning seeding. Byrsonima
crassifolia and P. rigida flowered yearly and showed little annual Huctuations
in seed crop during the study interval. Byrsonima crassifolia is the more
abundant sceder, whereas the other two species showed relatively discrete
numbers of seeds. In this species, annual production of fruits varies widely
within each size, suggesting the influence of other factors related to site or
to genetic variability within the population. Besides the episodic blooming,
B. virgilioides showed a high degree of failure to set fruit, as has been
reported for other populations (Ramirez 1993), a low fraction of viable seeds
and a high per cent of seed predation.

Hoffmann (1998) found that fire damage of reproductive structures is an
important limiting factor to sexual reproduction for some cerrado woody spe-
cies. In our study, losses of reproductive structures due to fire must be import-
ant, mainly in smaller trees. For example, in B. ¢rassifolia, adult trees that reach
a threshold height of up to 3 m, produce a large amount of viable propagules.
Palicourea rigida usually flowers after the dry season fires, as happened during
this study. However, fire may take place in the wet season, as happened during
the 1993 rainy period when it destroyed huge amounts of reproductive material
in Palicourea rigida.

The existence of a persistent seed bank in the soil was verified in only one
species (B. crassifolia) and it showed no significant changes in a 2-y period.
This soil seed bank is very small when compared to those reported for several
evergreen shrub species in other open communities (Keeley 1977, Pierce &
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Cowling 1991, Zammit & Zedler 1992), which are one to three ordcrs of magni-
tude greater. Furthcrmore, the size of the sced bank in B. crassifolia is only
1.2% of the sizc of its annual viable secd crop, revealing an important removal
of secds away from the vicinity of the trees. Laminar erosion scems to be an
important removal agent, cspecially in the slopes (C. Garcia-Nafiez, pers. 0bs.).
It has becn documented (Farji & Silva 1995) that cutting ants (A¢a laevigata)
rcmove huge amounts of fruits from the base of stems in B. c¢rassifolia and
transport them, through rclatively long distances (around 100 m), to their
nests. After a variable period of time (scveral wecks to months), the fruits are
taken out from the nests, forming waste piles around it. In this way, seed
destruction by firc may be prevented, and at the samc time it could provide
better conditions for germination,

Notwithstanding thc intensity of sampling, the abscnce of a viable seed
bank in thc other two species may be duc to several causes: the small size
of the annual secd crop, B. virgilioides’ failurc to flower during the two years
of mcasurcments and its readincss to germinate (see below), fruit removal
by wind (B. virgilioides) or by birds (P. rigida), and high temperature damage
produced during burning in shallow buricd seccds. The results from the
buried seeds experiment indicate that P. rigida has a transient sced bank
which lasts only about a year and is rcplenished with the current year’s
secd crop. At the same time, recently germinated seedlings were found in
the field under shady conditions at the beginning of the rainy season (May
to Junc). This species seems to form a bank of continuously sprouting
plants, located mainly bencath the canopy of adult trecs. Resprouting from
a root crown of a swollen root, cnables the survival of small plants by the
accumulation of starch and water and at the samc time it provides the
capacity of sprouting from underground protccted buds (Gonzalez 1967,
Oliveira & Silva 1993). Coutinho (1982) in Brazil, as wcll as Cesar &
Menaut (1974) in the Ivory Coast, noticed that not only do adult savanna
plants respond to fire damagc by profuse sprouting from underground parts,
but even secdlings show this capacity of sprouting when damaged.

It is interesting how B. crassifolia and P. rigida differ so strikingly in the
germination behaviour of buried seeds. Whereas in the former, germination
procecds with an early small burst of gcrmination, possibly followed by a sccond
peak in the next favourable period, and little or no germination thereafter, in
the latter, it occurs concurrently at the beginning of the following rainy season,
| y after dispersal. Since half the seeds of P. rigida rcmain viable for a year,
there must be an innate dormancy mecchanism in these species, which would
cxplain the failure to germinatc under any treatment in laboratory experi-
ments. In B. ¢rassifolia there seems to be a quicscence mechanism imposed by
the sced’s very hard coat. This is supported by the laboratory gcrmination
experiments, showing that the seed coat is very difficult to break and only
mechanical cracking succeeded to obtain germination. There 1s no dormancy



Seed production and soil seed bank 575

in B. virgilioides and in the field, seeds should germinate as soon as the rains
start.

Under laboratory conditions the seeds of B. crassifolia and P. rigida were not
able to survive 92 °C of wert heat or 100 °C of dry heat for time periods greater
than 1 min. Savanna fires may affect survival of these seeds on the surface or
buried shallow in the soil, depending on fire intensity and speed. Silva et al.
(1990) reported temperatures over 100 °C at > mm below ground in Barinas
(Venezuela), Vareschi (1962) measured 90 °C for 5 min in Calabozo
(Venezuela), and Coutinho (1982) reports a maximum of 74 °C at soil surface
in Brazil. B. virgilioides seeds have been reported surviving temperatures of
90 °C for 5 min but not to 150 °C for 5 min (Gonzilez 1967). However, seeds
may escape fire hazards by being buried deeper in the soil.

In a seasonal environment like the savanna, there is a selective advantage
in germinating at the beginning of the favourable period, since the seedlings
are maximizing the length of the first growth period before the unfavourable
season starts. If the seeds are dispersed later in the season, postponing ger-
mination until the following season (as P. rigida does) would then be advantage-
ous. Savanna grass species blooming after May and lacking a permanent sced
bank exhibit this germination pattern (Silva & Ataroff 1985). The same results
would be achieved by B. virgilioides by other means, rapid dispersal hefore the
dry season is over and quick massive germination as soon as the soil gets wet.
For several cerrado woody species, Oliveira (1998) showed that those seeds
dispersed by wind do not present dermancy, hence germination proceeds imme-
diately after dispersal, as soon as the rains start. On the other hand, those
dispersed by animals, have dormancy mechanisms that delay the germination
process until favourable conditions are present. However, both strategies con-
verge in order to synchronize the germination and establishment events in the
beginning of the favourable period.

In general, our results indicate that even though a high fire frequency pre-
vails in this savanna, the studied specics produce a sizable number of viable
propagules, and have the capacity to germinate in field conditions (rcadincss
depending on the species). Therefore, we expect sexual reproduction to play
an important role, as suggested by their reproductive investment, in long-term
population maintenance. Although annual seedling recruitment in these popu-
lations seems to be rather low, this process may be increased during favourable
cpisodes such as the occurrence of wetter years (Medina & Silva 1990).
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