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Abstract

In desert environments the main input to the seed bank of many succulents is the seed rain through zoochory
while high levels of granivory by rodents, birds and ants are the main cause of subsequent losses. In the patchy
environment of arid lands the characteristics of both processes may vary between habitats causing differences in
the recruitment of new genets. To test this hypothesis we used populations of the desert cactus Opuntia rastrera
which has different recruitment rates in the two adjacent habitats where it grows. In Opuntia-dominated scru-
blands (nopaleras, density ca. 4,000 plants/ha) 1 seedling out of 7,000,000 seeds establish, whereas in grasslands
(density ca. 100 plants/ha) this ratio is 1:20,000. From 1996 until 1998 the seed rain, seed removal by granivores
and seed abundance in the soil were monitored in both habitats. Results showed striking differences in the dy-
namics of the seed bank of both habitats. Seed rain was 8.5 times bigger in nopaleras than in grasslands. In
nopaleras most seeds were removed by rodents while the quantities of seeds removed by rodents, birds and ants
in grasslands were similar. One year after dispersal (the time necessary to break seed dormancy) only 6% of
original nopalera seeds and 12% of grassland seeds remained. After germination trials only 1% (ca. 15,000
seeds/ha) and 2% (ca. 2,500 seeds/ha) respectively were viable. These differences in the effective seed bank (6
times bigger in nopaleras) can not explain the differences in genet recruitment (which is several orders of mag-
nitude bigger in grasslands). Apparently the between habitat difference in nurse plant availability and in rodent
density (which inflict a strong hervibory upon seedlings) can explain the differences in genet recruitment. It is
speculated that this between habitat difference in genet recruitment suggests that the species evolved in less ex-
treme environments (e.g. grasslands) than desert scrublands which, in turn, are colonised due to the singular
ability of O. rastrera for vegetative propagation.

Introduction Kemp 1989; Ghermandi 1997; Guo et al. 1998), but

no systematic studies monitoring the input and output

The viable seeds available for potential germination
and recruitment of new plants constitute the seed
bank (Baker 1989; Baskin and Baskin 1998). Despite
its importance for the recruitment of sexually derived
individuals (Harper 1977; Simpson et al. 1989; Th-
ompson 1992) knowledge of seed bank dynamics in
extreme environments as arid lands is scanty. Some
quantitative estimates of the seed banks have been
made (Reichman 1984; Price and Reichman 1987;

processes affecting the seed bank of particular peren-
nial species have been done (but see Kemp (1989)
and Thompson (1992), Baskin and Baskin (1998)).
In desert environments, the main input to the seed
bank of many succulent species is seed rain through
zoochory (Gonzalez-Espinosa and Quintana-Ascen-
cio 1986; Sosa-Ferndndez 1997; Montiel and Mon-
tafia 2000) while high levels of granivory by rodents,
birds and ants (Chew and Chew 1970; Mares and
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Figure 1. Dynamics of the soil seed bank of an iteroparous peren-
nial species that yearly produces one-year dormant seeds. Each
year (Yo, ¥;, ¥») a fraction of the seed rain (SR) evades granivory
and other causes of mortality and is incorporated to the soil seed
bank (SB). After the temporal one-year barrier (horizontal dotted
lines) is surpassed this reservoir becomes an effective seed bank.
The size of the ESB multiplied by the rate of seed viability (SV)
represents the species sexual-recruitment potential. Spatial and
temporal variability in SR and seed losses (thick arrows) deter-
mines the seed bank effectiveness.

Rosenzweig 1978; Reichman 1979; Davidson et al.
1985; Sosa-Fernandez 1997) may be the main cause
of losses from the seed bank. In the patchy environ-
ments of arid lands (e.g. Greig-Smith (1979) and
Aguiar and Sala (1999)) between-habitat differences
in both processes may cause differences in the size of
the seed banks and thence in the potential recruitment
of new genets.

Seed dormancy and granivory affect the effective-
ness (e.g. capacity for genet replacement) of the seed
bank (Parker et al. 1989). Besides favouring seed ac-
cumulation (Baskin and Baskin 1989; Evans and
Cabin 1995), seed dormancy restricts the effective
size of the seed bank in any year. Thus for species
producing one-year dormant seeds it is necessary that
they remain in the soil for more than one year form-
ing a persistent seed bank (sensu Thompson and
Grime (1979)) in order to be germinable. In these
cases, considerable seed mortality (e.g. due to post-
dispersal predation) over the first year may eliminate
most of the seeds, and make the seed bank transitory
and ineffective (Figure 1).

The desert cactus Opuntia rastrera has very dif-
ferent recruitment rates in the two Chihuahuan Desert
habitats where it grows. In Opuntia-dominated scru-
blands locally called nopaleras where it grows at high
densities (ca. 4,000 plants/ha) only 1 seedling out of
7,000,000 seeds establishes. In grasslands where it
grows at low densities (ca. 100 plants/ha) this ratio
changes to 1:20,000 (Mandujano et al. 2001).

We hypothesized that between habitat differences
in genet recruitment may be due to differences in the
seed-bank size and that differences in rodent density
(39.18 = 2.71 SE rodents/ha in nopaleras vs. 18.78 £
2.19 SE rodents/ha in grasslands; Montiel (1999)) and
associated seed predation may play an important role
in determining these differences. Thus, two predic-
tions were tested: 1) due to high levels of seed pre-

" dation, a transient and ineffective seed bank occurs in

the nopaleras (where O. rastrera is the dominant plant
species but almost no sexually derived seedlings are
recruited), and 2) a lower level of granivory allow the
existence of a persistent and effective seed bank in
grasslands (where O. rastrera occurs at low densities
but only sexually-derived seedlings are recruited).

In this paper, the temporal changes in the abun-
dance of the O. rastrera seed bank as well as the ma-
jor inputs and outputs of seeds were monitored in
nopaleras and grasslands, aiming to answer the fol-
lowing questions: 1) Can between-habitat differences
in genet recruitment be explained by differences in
the effective soil seed bank? 2) What proportion of
the seed rain is stored in the soil seed bank? 3) What
is the rate of losses from the soil seed bank and what
is the relative contribution of different granivores to
these losses?

Methods
The plant and study area

Opuntia rastrera (Cactaceae, subfamily Opuntioidae)
is a cactus of prostrate to erect habit that grows in
Chihuahuan Desert plains and mountain slopes from
central and northern Mexico (Bravo-Hollis 1978).
Flowering begins in April and red to purple fleshy
fruits (weight 39.94 g + 1.46 SE; Montiel and Mon-
tafia (2000)) are available from June until August.
Fleshy fruits bear large quantities of viable seeds
(Mandujano et al. 1996) which remain dormant for
one year (Mandujano et al. 1997) after being dis-
persed by vertebrate frugivores (Montiel and Mon-
tafia 2000).

Field work was carried out in the Mapimi Bio-
sphere Reserve located in the southern Chihuahuan
Desert, Mexico (26°40’ N, 103°40” W, 1100 m alti-
tude, 20.8 °C annual mean temperature, 264 mm an-
nual precipitation, 80.2% falling from June to Octo-
ber, Montafia (1990)). Four permanent circular plots
(50 m radius, 7,854 m? area) in each one of the two
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vegetation types where O. rastrera is found (nopal-
eras and grasslands) were randomly selected from the
vegetation map for experimental purposes. Nopaleras
at the study site are dominated by O. rastrera and
Larrea tridentata on gently sloping bajadas (2—4%)
with gravely sandy loam to clay loam soils. Other
common species include Jatropha dioica, Prosopis
glandulosa var. torreyana, Castela texana, Opuntia
microdasys and Fouquieria splendens (Montafia
1990). In this habitat O. rastrera propagates by veg-
etative means whereas the establishment of seed-de-
rived individuals is almost nil (Mandujano et al.
1998). Grasslands are on clay loam to clay soils in
periodically flooded playas with slopes <1%. They
are dominated by the grass Hilaria mutica with scat-
tered individuals of O. rastrera, O. violacea and P.
glandulosa var. torreyana (Montafia 1990). In this
habitat, O. rastrera reproduces only by seeds
(Mandujano et al. 1998).

Seed removal

After vertebrate dispersal O. rastrera seeds lay on the
soil surface and are exposed to a high risk of being
consumed by granivores as in the case of seeds from
others desert plants (Price and Joyner 1997). In order
to assess the importance of these losses, the seed re-
moval by ants, birds and rodents was experimentally
studied in July 1997 using a methodological approach
implemented earlier in desert environments (e.g.
Brown et al. (1975) and Mares and Rosenzweig
(1978), Reichman (1979), Abramsky (1983)). For
both habitats, four experimental treatments were
used: three of them allowed seed removal by ants,
birds and rodents while excluding the access to other
granivores. The fourth treatment was a control allow-
ing free access to all granivores. Ant exclusion was
achieved by adding masking tape with formicide dust
on the periphery of the dish. Bird and rodent exclu-
sion was made by protecting the dishes with a metal-
lic grid (1-cm mesh size) during the day and during
the night respectively. Seven PVC dishes (10-cm di-
ameter) per treatment and bearing 50 seeds each one
were randomly placed in each plot. The number of
remaining seeds in each dish was quantified every day
during a five-day period and the mean of the seven
dishes of each plot was used for the statistical analy-
ses.
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Seed rain, abundance of seeds in the soil and
germination rates

Seed rain was measured as seed production in 1996
and 1997 by estimating the number of fruits per plot
and multiplying this figure by the average number of
seeds per fruit (208 + 0.13 SE seeds; Mandujano et
al. (1996)). In grasslands, the number of fruits per
plant was counted but in nopaleras it was estimated
by multiplying the number of pads bearing fruits per
plot by the average number of fruits per pad (for de-
tails see Montiel and Montaiia (2000)).

The abundance of seeds in the soil was sampled in
spring (April) of 1996, 1997 and 1998, and in autumn
(October) of 1996 and 1997. Fifty soil cores (625 cm?
area by 5 cm depth) were collected at randomly se-
lected sites in each plot on each sampling date (50
soil samples x 4 plots x 2 habitats x 5 sampling dates
= 2000 samples). After sieving (mesh size 0.7 mm)
the soil samples, seeds were counted and separated
manually using a simple microscope. Seeds were
stored at room temperature until the germination tri-
als.

In July 1998, when all seeds collected in soil sam-
ples had passed the one-year period of primary dor-
mancy, samples of 100 seeds from each of five sam-
pling dates were submitted to germination trials under
laboratory conditions. Only seeds from nopaleras
were used due to the scarcity of seeds collected in
grassland soil samples. Seeds were germinated on 1%
bacteriological agar in Petri dishes (20 seeds per dish)
maintained at 26-30 °C (16 and 8 hours per day re-
spectively) in a Biotronette plant growth chamber.
Temperatures used are those reported as optimum for
Opuntia species by Potter et al. (1986). Germination
percentages were determined after three months and
successful germination was defined as seedlings hav-
ing both a developed radicle and cotyledons. Areoles
with permanent white trichomes characteristic of O.
rastrera seedlings confirmed the species identity of
the seed from the soil samples.

Effective seed bank

To estimate the effective soil seed bank, the annual
rate of soil seed loss (/) was calculated for each plot
as: I =1- (N,/Ny)", where N, and N, are the num-
ber of seeds at the beginning and at the end of the
inter-sample period 7, respectively (Dalling et al.
1998). The first inter-sample period was from 1 Oc-
tober 1996 until 1 April 1997 and the second one was
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from 1 October 1997 until 1 April 1998 (i.e., = 0.5
year in each case). The annual rate of soil seed loss
multiplied by the seed bank measured in October
gives the numbers of seeds coming from the previous
seed rain remaining as effective seed bank at the mo-
ment of the next seed rain. This method underesti-
mates the actual numbers of seeds in the soil because
it does not take into account the seeds remaining from
previous seed rain inputs.

Data analysis

When normal distribution of data was not obtained
through appropriate transformations, count data
(numbers of seeds in the soil samples) and propor-
tions (removal and germination rates) were analysed
by fitting log-linear and logit models, respectively,
using the GLIM (Generalized Linear Interactive
Modelling; Francis et al. (1994)) package, and using
t-tests for multiple comparisons as recommended by
Crawley (1993). Data overdispersion was overcome
by scaling the scalar parameter (Pearson x*/degrees
of freedom, Crawley (1993)). Taking into account the
presence of overdispersion, the significance of each
factor was determined using x>-tests on deviances in
log-linear models and F-tests in the case of logit mod-
els as recommended by Crawley (1993).

A repeated measures ANOVA (ANOVAR, Zar
(1996)) was implemented with GLIM to analyse seed
removal data (proportion of seeds removed in 24 h
periods) using habitat (nopalera and grassland) and
granivore (ants, birds, rodents and control) as the be-
tween-subject factors, and time (n = 5 periods of 24
hours) as the within-subject factor. As z-tests can not
be used in GLIM for multiple comparisons when sev-
eral error terms are involved in the analysis, multiple
comparisons between granivores were made through
separate one-way ANOVAS for each vegetation type
(and using only the final data recorded) and subse-
quent multiple comparisons through #-tests as recom-
mended by Crawley (1993).

Two separate ANOVARs implemented with GLIM
were used to analyse the abundance of seeds in the
soil (seeds/m?) and the seed rain (number of seeds/
m?). In both cases habitat was the between-subject
factor and time was the within-subject factor. As in
the case of seed removal data, comparisons between
dates were done after one-way ANOVAS for each
habitat. Germination rates between dates were com-
pared through a one-way ANOVA implemented with
GLIM.

Annual rates of seed loss (arcsine transformed to
normalise distribution) was analysed through a two-
way ANOVAR using habitat as the between-subject
factor and time as the within-subject factor. JMP sta-
tistical package (SAS Institute. 1995) was used in this
case. The same design (but using GLIM) was used to
analyse the variability of the effective seed bank as
data normality was not obtained with any transforma-
tion.

Results
Seed removal

Despite a strong interaction between habitat and
granivore (F;,, = 5.16, P = 0.0067) and between
habitat and time (F, o = 12.15, P < 0.0001; Figure
2a and 2b), there was a non-significant difference be-
tween habitats in seed removal (F,,, = 3.79, P =
0.063). There was a significant difference in the quan-
tity of seeds removed between granivores (F,, =
10.41, P < 0.0001) and at different times (F, o5 =
99.03, P < 0.0001) and the interaction between these
effects was also significant (F,4 = 5.08, P <
0.0001). The 3-way interaction was non-significant.

In nopaleras, seed removal differed between grani-
vores (F;,, = 25.2, P < 0.0001; Figure 2a). Rodents
were the most important granivores, removing 96.4%
+ 1.7 SE of the seeds. This percentage was not sig-
nificantly different from that registered in the control
treatment (87.98% + 3.0 SE, ¢, = 0.99, P = 0.36).
Birds and ants removed lower quantities of seeds
(10.38% = 3.5 and 5.32% =+ 1.5 SE, respectively).
These percentages did not differ between them (74 =
0.62, P = 0.55) but differed from the control treatment
(ts = 4.27 and 4.38 respectively, P < 0.005; Figure
2a). In grasslands, there was no difference in the
quantities of seeds removed in the different treatments
(F3,4, =0.44, P = 0.72; Figure 2b).

Seed rain, abundance of seeds in the soil and
germination rates

Seed rain in nopaleras was 90.92 (= 191 SE)
seeds/m? in 1996 and 133.47 (= 2.59 SE) seeds/m? in
1997. In grasslands, it was 2.33 (z 0.07 SE) seeds/m?
in 1996 and 12.0 (+ 0.44 SE) seeds/m? in 1997. The
difference between years was highly significant (x? =
10.07, P < 0.0001, Figure 3a and 3b).
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Figure 2. Percentages of O. rastrera seeds (mean + SE) remain-
ing daily in the different treatments of a removal experiment con-
ducted in nopaleras and grasslands from the southern Chihuahuan
Desert.

The seed bank differed between habitats (14.56 =
1.68 seeds/m? in nopaleras versus 1.28 =+ 0.21
seeds/m? in grasslands, x? = 128.5, P = 0.0001) and
time periods (x3 = 30.0, P < 0.0001) but the interac-
tion between these effects was not significant (x2 =
3.51, P = 0.47, Figure 3a and 3b).

The abundance of seeds in the soil in nopaleras
differed between dates (x2 = 18.47, P < 0.01). There
was no difference between the springs of 1996 and
1997 (8.16 + 1.73 seeds/m? versus 5.84 + 1.76 seeds/
m?, 7554 = 0.68, P = 0.49) whereas there was a dif-
ference between these and the spring 1998 seed bank
(17.76 = 3.32 seeds/m?, t,54 = 2.03 and 2.58 respec-
tively, P < 0.05). Despite the huge difference between
annual seed rain, there was no difference either be-
tween the seed banks measured in autumn 1996
(21.28 + 5.76 seeds/m?, 23.40% of the previous seed
rain) and autumn 1997 (19.76 + 4.47 seeds/m?,
14.78% of the previous seed rain, t,5, = 0.26, P =
0.79) nor between these and the seed bank measured
in the spring 1998 (1545 = 0.11, P = 0.91 and t,5 =
0.36, P = 0.71, respectively; Figure 3a).

In grasslands, the seed bank did not differ between
dates (x3 = 8.32, P > 0.05, Figure 3b). The numbers
of seeds found in the autumn samples represented
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very different portions of the previous seed rain. In
October 1996 there were 0.96 + 0.4 seeds/m?, which
represented 41.21% of the previous seed rain,
whereas in the following year a similar seed density
(1.2 £ 0.39 seeds/m?) represented only 5.02% of the
previous seed rain (Figure 3b).

The percentage of seeds from the nopalera soil
seed bank that was able to germinate was 18.6% =
2.6 and there was no difference between the germi-
nation percentages of the seeds collected on the dif-
ferent dates (F,,, = 2.14, P = 0.11). Consequently
and assuming a similar viability of seeds from the soil
bank in both habitats (see Mandujano et al. (1996)),
the potential recruitment in each habitat and each year
was calculated by multiplying the size of the effec-
tive seed bank by the rate of seed viability.

Effective seed bank

Annual rates of seed loss were similar between habi-
tats (F ¢ = 2.7, P = 0.15) but differed between years
(F,¢="1.82, P=0.03). The interaction between these
two factors was not significant (F, = 0.04, P = 0.95).
There was an important reduction in the rate of seed
loss in the 1997-1998 period. In nopaleras the rate of
seed loss was 3.1 times greater in the 1996-1997 pe-
riod (77.3% + 12.5 SE), as compared to the 1997—
1998 period (24.19% + 14.27 SE). In grasslands the
rate of seed loss was 49% =+ 28.3 SE in 1996-1997,
and it was nil in 1997-1998.

The effective seed bank before the seed rains of
1997 and 1998 differed between habitats (x? = 21.92,
P < 0.0001) and years (x? = 16.04, P = 0.62) while
the interaction between these effects was not signifi-
cant (x2 = 0.24, P = 0.62). The seed bank was greater
in nopaleras (7.89 + 2.32 seeds/m?) than in grasslands
(1.36 + 0.51 seeds/m?), and in 1998 (7.46 = 2.25
seeds/m?) as compared to 1997 (1.8 = 1.15 seeds/m?;
Figure 3a and 3b). The effective seed bank of nopal-
eras in 1997 and 1998 (3.26 + 2.17 and 12.52 + 2.47
seeds/m?, respectively) represented only 3.58% and
9.38% of the previous seed rain in each case. The ef-
fective seed bank of grasslands in both years (0.33 +
0.17 and 2.4 * 0.64 seeds/m?) represented 14.6% and
10.0% of the previous seed rain (Figure 3a and 3b).
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Figure 3. Spatial and temporal dynamics of the O. rastrera seed
bank in nopaleras and grasslands from the southern Chihuahuan
Desert. The numbers of seeds (mean + SE) found in the soil at dif-
ferent times from April 1996 until April 1998, the seed rains 1996
and 1997, and the effective seed bank (ESB, numbers of seeds from
the previous seed rain that remain in the soil until the next sum-
mer) estimated to be present in the soil in the summers of 1997
and 1998 are shown.

Discussion
Seed bank dynamics

The seeds incorporated into the soil via endozoo-
chorous dispersal each year are quickly subdued to a
strong granivory in both environments. Indeed, most
seeds (about 75-85% in nopaleras and 60-95% in
grasslands) are lost in the first months during and af-
ter the transition between the boxes of seed rain (SR)
and seed bank (SB) of Figure 1. One year later, when
seed dormancy had been broken and the transition
between SB and effective seed bank (ESB) had taken
place, about 6% of the seeds contained in the original
nopalera seed-rain and 12% of the original grassland
seed-rain remain in the soil. The last box in Figure 1
(Recruitment capacity) is reached after a final loss
due to seed viability problems (SV in Figure 1) and
only about 1% of nopalera seeds and 2% of grassland
seeds are able to fulfil this condition. This mean that
about 15,000 seeds/ha in nopaleras and 2,500

seeds/ha in grasslands remain stored in the soil and
are able to germinate as soon as environmental con-
ditions are suitable.

Consequences for seedling recruitment

Our results clearly indicate that there is an available
O. rastrera seed bank, potentially allowing recruit-
ment via sexual reproduction in the two habitats
where it grows at different densities. The existence of
this seed bank can be considered as evidence that
sexual recruitment is not limited by seed availability.

As a consequence of the between-habitat differ-
ence in O. rastrera density (one order of magnitude
larger in nopaleras than in grasslands; Mandujano et
al. (1996)), seed rain was 8.5 times greater in nopal-
eras than in grasslands. Between-habitat differences

_in seed-bank inputs and similarities in seed-bank out-

puts, resulted in an effective seed bank which is 5.8
times greater in nopaleras than in grasslands. How-
ever, the relative size of seed banks cannot explain the
differences in seedling establishment since far greater
seedling establishment occurs in the grassland. The
between-habitat differences in nurse plant availability
(plant cover is two times greater in grasslands than in
nopaleras; Mandujano et al. (1998)) and in rodent
density (which inflict a strong herbivory upon seed-
lings; Mandujano et al. (1998), and is two times big-
ger in nopaleras than in grasslands; Montiel (1999))
can explain the differences in genet recruitment. The
nurse plant effect (sensu Turner et al. (1966) and
McAuliffe (1984), Nobel (1988)) as manifested by
the amelioration of microclimatic conditions and the
reduction of predation risk under the shade of H. mu-
tica could play a major role in enabling a higher seed-
ling establishment in grasslands than in nopaleras.

It is tempting to speculate that this difficulty in
seedling establishment in the extreme environments
of desert scrublands suggests that the species evolved
in a more mesic environment such as those found in
grasslands, whereas its successful colonisation of
desert scrublands is due to its extraordinary ability for
vegetative propagation.

The strong inter-annual variation in seed produc-
tion arising from aridland climatic unpredictability
makes the abundance of food resources for granivores
also unpredictable and favours the escape from pre-
dation (Reichman 1984; Davidson et al. 1985;
Gonzalez-Espinosa and Quintana-Ascencio 1986;
Kemp 1989), enabling the accumulation of a seed
bank in time of high seed production. However, be-
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sides its size, the functionality of the seed bank de-
pends also on seed viability (Baker 1989). Seeds from
the nopalera soil had a 18.6% germination percent-
age and it can be assumed that seeds from the grass-
land soil have similar viability, as former studies have
shown that the seeds from plants growing in both
habitats have the same germination potential (Mandu-
jano et al. 1996) and are dispersed by the same ver-
tebrate frugivores (Montiel and Montaiia 2000). This
germination rate can be considered a minimum be-
cause it is not known if the non-germinated seeds
were non-viable or dormant. However, the germina-
tion rate of seeds collected from plants before dis-
persal, and submitted to germination trials after one
year of dormancy using the same technique, was
around 70% (Mandujano et al. 1997). This difference
in germination rates may be explained by the fact that
all dispersers, except mule deer (Odocoileus hemio-
nus), negatively affect the germination percentages of
seeds processed in the digestive systems (Mandujano
et al. 1997).

O. rastrera seeds are heavily consumed by grani-
vores, as it has been found for seeds of other peren-
nial species from North American deserts (Soholt
1973; Reichman 1977; Inouye et al. 1980). The rela-
tive importance of rodents, birds and ants varied with
habitat. These three groups consume similar quanti-
ties of seeds in grasslands, while in nopaleras the
most important granivores are rodents. This result is
consistent with those of Gonzéalez-Espinosa and
Quintana-Ascencio (1986) for other Opuntia species
in nopaleras from central Mexico and with those of
Sosa-Fernandez (1997) for seeds of columnar cacti
from the Sonoran Desert. The situation reported by
Mares and Rosenzweig (1978) where ants can have
similar levels of seed consumption than rodents was
only found in grasslands.

The strong pressure of granivory on O. rastrera
seeds may have had an influence on the natural selec-
tion of: 1) the massive production of fruits and seeds
as a strategy to satiate predators (Janzen 1976; Craw-
ley 1992; Louda 1989) and to promote the formation
of a seed bank in the soil; 2) the production of fleshy
and nutritious fruits to attract vertebrate frugivores
able to disperse seeds and facilitate the escape from
density-dependent seed predation (Janzen 1983;
O’Dowd and Hay 1980; Howe and Smallwood 1982;
Willson 1992); and 3) a reliance on vegetative propa-
gation as has been suggested for the persistence of
some species from North American grasslands where
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high seed predation occurs and/or seedling survival is
poor (Platt 1976; Louda 1989).
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