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a b s t r a c t

In plants, narrow geographic distributions are generally associated with low colonization and persistence
abilities, therefore narrowly distributed plants are expected to have lower plant recruitment success than
widespread species. Determining the association between recruitment success and range size requires
the comparison of the success in multiple life-history stages among narrowly distributed and widespread
congeners sharing the same habitat, an integrated approach rarely considered. We compared transition
probabilities from ovule to reproductive adult between the narrowly distributed annual vine Ipomoea
rubriflora O’Donnell (Convolvulaceae) and the widespread Ipomoea purpurea (L.) Roth at sites in Chaco
woodland where they co-occur. I. rubriflora had marginally lower ovule fertilization success, a lower
probability of seed maturation and lower seedling establishment than I. purpurea. The lowest transition
probability for both species was seedling emergence. Seedling establishment in I. rubriflorawas similar to
seedling emergence. Plant recruitment success in I. rubriflora was an order of magnitude lower than that
of I. purpurea. Indeed, I. rubriflora had lower total seed production per plant and smaller seed mass. Our
results suggest that understanding processes determining regeneration (i.e., seedling emergence and
establishment) may be of high importance for understanding narrow distributions in annual plants. The
results also suggest that the narrowly distributed species is not only at a “numerical disadvantage” for
colonizing new sitesdi.e., lower total seed production per plantdbut it also has a lower per-seed
probability of establishing and thus to persist. However, as lower establishment success in this species
seemed to be associated with the lower ability to survive adverse conditions of seedlings from smaller-
seeded species, a narrower regeneration niche might also explain its narrow distribution.

� 2013 Elsevier Masson SAS. All rights reserved.

1. Introduction

Understanding how narrowly distributed plants differ from
geographically widespread species in biological and ecological at-
tributes can provide valuable information for the conservation of
species with narrow distributions, one of the key issues for

conservation biologists (Gaston, 2009). Although the study of the
causes of plant range size has long history (Stebbins, 1942;
Rabinowitz et al., 1987; Gaston, 2003; Lavergne et al., 2004; Van der
Veeken et al., 2007; Luna and Moreno, 2010), a general explanation
for narrow distributions in plants has yet to emerge and thus more
comparative studies are still needed (Murray et al., 2002; Gaston,
2009). In this sense, studies considering several pairs of closely
related species with contrasting distributions may be particularly
valuable (e.g., Lavergne et al., 2004; Van der Veeken et al., 2007).
However, studies that consider only one pair of species allow the
measurement of several attributes and by including standardized
traits may also contribute to an overall understanding of rarity via
future meta-analyses (Young et al., 2007).
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Given that a species’ range size can be viewed as the result of the
establishment of new populationsdi.e., colonization abilitydand
the persistence of extant populations (Gaston, 2003), plant
recruitment success may differ among narrowly distributed and
geographically widespread species. Plant recruitment success de-
pends on the success of individuals at different life-history stages
(e.g., ovule, seed, seedling, adults) (Rey and Alcántara, 2000;
Traveset et al., 2003). The need to studying those different life-
history stages when looking for the demographic causes of nar-
row distributions has been recognized (Bevill et al., 1999) because it
allows the identification of the stages where the mortality of
potentially reproductive individuals is the highest, and thus of
processes that might determine the colonization and persistence
abilities of species. In this sense, although it has been reported that
narrowly distributed species have lower total seed production than
their widespread congeners (Murray et al., 2002; Lavergne et al.,
2004; Van der Veeken et al., 2007), studies that simultaneously
compare the success of these species in pre-dispersal (pollination
success, seed abortion and survival of pre-dispersal predation) and
post-dispersal stages (seedling emergence, seedling establishment,
and plant survival to reproductive maturity) are still scarce (Fiedler,
1987; Byers and Meagher, 1997; Münzbergová, 2005) and to our
knowledge no demographic study included annual speciesdi.e.,
species more dependent on annual recruitment success to persist.
Moreover, few studies controlled for differences between narrowly
distributed and geographically widespread species that may arise
from their growing in different habitat conditions by focusing in
species sharing the same habitat (Buckley and Kelly, 2003;
Münzbergová, 2005; Miller et al., 2007). As a consequence, the
importance of plant recruitment success in determining narrow
distributions remains poorly understood.

In annuals, plant fecundity may be critical for population
growth rate (Kaliz and Mc Peek, 1993; Dostal, 2007; Levine et al.,
2008). Therefore, recruitment success in pre-dispersal stages
may play a central role in determining species persistence. In this
sense, narrowly distributed species may be more ecologically
specialized on pollinators and more dependent on pollinator ser-
vice to produce seeds, which may increase the probability of
pollen limitation occurrence in these species (Rymer et al., 2005;
Carrió et al., 2009; Astegiano et al., 2010; Fernández et al., 2012).
On the other hand, narrowly distributed species may suffer from
higher levels of inbreeding depression due to small population
sizes (Barret and Kohn, 1991; Lavergne et al., 2004), which may
cause higher levels of seed abortion. Moreover, lower seed pro-
duction may reflect higher seed abortion due to lower resource
availability for plant reproduction in narrowly distributed plants
(Lavergne et al., 2004).

Pre-dispersal seed predation has been found to be a key process
determining plant recruitment success (Ehrlén, 2002; studies
reviewed in Maron and Crone, 2006; Kolb et al., 2007) and narrow
geographic distributions (Hegazy and Eesa, 1991; Bevill et al., 1999;
Münzbergová, 2005). Because of the influence of seed predation on
population dynamics will depend on the sensitivity of overall plant
performance to changes in seed production (Horvitz et al., 2005;
Kolb et al., 2007), annual plants would be expected to be particu-
larly sensitive. However, the importance of seed predation levels
for plant recruitment would also depend on seed bank strategy
since in species showing a persistent seed bank population growth
was showed to be less sensitive to seed predation levels (Maron and
Crone, 2006). Moreover, a reduction in seed production caused by
seed predators will negatively influence plant recruitment only
when subsequent density dependent population responses do not
compensate for seed losses (e.g. seedling survival can be enhanced
through reduced intraspecific competition) (Maron and Crone,
2006).

The period between seed emergence and seedling establish-
ment is one of themost vulnerable in the life cycle of plants (Fenner
and Thompson, 2005; Moles and Westoby, 2006) and has been
shown to be critical for the population growth of annual species
(Griffith and Forpeth, 2005; Quintana Ascencio et al., 2011). Mor-
tality during this period may be caused by biotic (e.g., competition
among plants, herbivory, fungal attack, etc.) or abiotic factors (e.g.,
physical damage due to the fall of branches, water stress, etc.;
Boege and Marquis, 2005; Fenner and Thompson, 2005). Seedlings
from larger-seeded species may be more likely to become estab-
lished under adverse conditions (e.g., soil drought, deep shade,
herbivory) because of proportionally higher reserves (Westoby
et al., 2002), and have higher seedling recruitment success. Thus
survival in these life-history stagesmay differ between species with
contrasting seed masses (Leishman et al., 2000). However, this
advantage of larger-seeded species may be temporary and disap-
pear in subsequent life-history stages (Moles and Westoby, 2006;
but see Metz et al., 2010). On the other hand, in species reaching
higher seedling densities due to higher seed production or seedling
establishment success, processes like intra-specific competition or
herbivory could be enhanced resulting in a decrease in the number
of plants becoming reproductive adults (Harms et al., 2000;
Goldberg et al., 2001; Maron and Crone, 2006).

In this study, by means of transition probability analyses we
compare the plant recruitment success of the narrowly distributed
Ipomoea rubriflora and its widespread congener Ipomoea purpurea
at sites in Chaco woodland where these species grow in sympatry.
These two species are particularly interesting to study because it
has been reported that they have contrasting patterns of seed
production and seedling density (Astegiano et al., 2010), in accor-
dance with the idea that narrow geographic distributions in plants
are associated with lower seed production, and thus with lower
colonization and persistence abilities. However, differences in seed
production between these two Ipomoea species could be lower
than differences in seedling density (Astegiano et al., 2010), sug-
gesting that not only pollination or resources can be limiting final
recruitment success (via seed production) in the narrowly distrib-
uted species, but also seed predation and seedling establishment
success among other factors.

Specifically, we addressed the following questions: (1) How
does the narrowly distributed species differ from its widespread
congener in their success in stages prior to seed dispersal (i.e., ovule
fertilization, seed maturation and surviving predation), and post-
dispersal stages (i.e., seedling emergence, seedling establishment
and plant survival to reproductive maturity)? and (2) In which
stage does the narrowly distributed species show the lowest tran-
sition probability (i.e., which stage might potentially be critical to
plant recruitment)? We also compared total seed production per
plant and seed mass as these traits also contributed to the under-
standing of the relative importance of differences in the success in
pre- and post-dispersal stages in determining differences in colo-
nization and persistence abilities between these species with
contrasting range sizes.

2. Materials and methods

2.1. Study species and sites

I. rubriflora O’Donnell (Ipomoea subg. Quamoclit section Mina)
occurs in Paraguay, Bolivia and from north to central Argentina; in
contrast, I. purpurea (L.) Roth (Ipomoea subg. Ipomoea or Quamoclit,
section Pharbitis) is a geographically widespread species, originally
from the Americas but currently with a cosmopolitan distribution
(Austin and Huaman, 1996). The actual geographic distribution of
I. purpurea includes the distribution of I. rubriflora. These two
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species commonly grow in disturbed areas such as abandoned crop
fields, roadsides and gardens (J. Astegiano, personal observation).
Both species are annual vines, with showy flowers (Galetto and
Bernardello, 2004). I. rubriflora generally has four ovules per
flower while I. purpurea has six ovules (Chiarini and Ariza Espinar,
2006). Both species are capable of autonomous self-pollination
(Astegiano et al., 2010). However, I. rubriflora presents a smaller
fruit set than I. purpurea after autonomous self-pollination and in
comparison with natural pollination levels (Astegiano et al., 2010).
Different species of Hymenoptera have been reported as pollinators
of I. purpurea in the study sites, whereas only one hummingbird has
been reported to pollinate I. rubriflora (Astegiano et al., 2010). Both
species produce a dehiscent capsule; that of I. rubriflora with 2e4
seeds and that of I. purpurea with 4e6 seeds. Two morphospecies
of bruchids (Bruchidae, Coleoptera) were identified as seed pred-
ators on the I. rubriflora, and only one morphospecies of weevil
(Curculionidae, Coleoptera) was observed in I. purpurea (Astegiano,
2010). When present, these three seed predators produce severe
damage to the seeds (J. Astegiano, personal observation). Both
species can form persistent seed banks (Astegiano et al., 2010).

This study was done in communities of Chaco woodland of
central Argentinawhere I. rubriflora and I. purpurea coexist, even at
the microsite scale. The Chaco woodland is a dry forest currently
restricted to isolated patches surrounded by intensively managed
matrices (Zak et al., 2004). Data were obtained fromMarch 2008 to
April 2009 from two sites: the CONAE site (from its name in
Spanish: Comisión Nacional de Actividades Espaciales, the Na-
tional Commission for Space Activity; 31�3102800S, 64�2703000W)
which is a 3.5-ha natural reserve surrounded by soybean
and maize fields; and the Santo Domingo site (31�1005900S,
64�1502900W) which is a continuous 1000-ha forest, surrounded by
soybean and maize fields. The CONAE site is 43 km from the Santo
Domingo site.

2.2. Total seed production per plant, seed mass and pre-dispersal
recruitment success: ovule fertilization, seed maturation and
surviving pre-dispersal seed predation

We quantified total seed production, seed mass and success in
pre-dispersal stages of I. rubriflora and I. purpurea for ten randomly
chosen individuals of each species at each site (n ¼ 20). These
variables were evaluated in 10 individuals per species per site
because of the natural low local abundance of I. rubriflora observed
in March 2008 at those sites (11 and 15 individuals of I. rubriflora at
the CONAE and the Santo Domingo sites, respectively; J. Astegiano,
unpublished data).

Total fruit production per plant was obtained by directly
counting fruits and dispersed capsules in plants. Then, ten
randomly chosen mature fruits were harvested from each indi-
vidual after fruit dispersal began. The number of aborted, predated
and undamaged mature seeds per fruit was obtained. The number
of initiated seeds per fruit was calculated as the sum of aborted,
predated and undamaged mature seeds. Then, the mean values of
each of these seed types per plant were calculated to characterize
individuals. The total number of seeds per plant was estimated by
multiplying the total number of fruits produced per plant by the
mean number of undamaged mature seeds per fruit. Although the
number of seeds per fruit, total fruit and seed production per plant
has been evaluated in these species in a previous study performed
during the 2006 reproductive season (Astegiano et al., 2010), we
decided to include them in the present study because of the high
among years variation that reproductive output can show in
flowering plants (e.g., Price et al., 2005). Seed mass was obtained
from 200 undamaged seeds from each species (10 seeds from each
individual from each site).

We calculated three transition probabilities (TP) for the stages
prior to seed dispersal, on a per individual basis:

1. TP1, the probability of an ovule being fertilized, i.e. the number
of initiated seeds relative to the number of ovules per flower.
Since ovule number is relatively constant in both Ipomoea
species (F. Chiarini, pers. comm.), we used the number of ovules
reported in a previous study of Ipomoea species in this study
region (Chiarini and Ariza Espinar, 2006).

2. TP2, the probability of an initiated seed reaching maturity
(estimated as 1- the number of aborted seeds relative to the
number of initiated seeds).

3. TP3, the probability of an initiated seed surviving pre-dispersal
predation (estimated as the number of undamaged seeds ei.e.,
those not preyed uponerelative to the number of initiated
seeds, but excluding aborted seeds).

The pre-dispersal cumulative probability of each species was
calculated as the product of TP1, TP2 and TP3 (see Rey and Alcántara,
2000).

2.3. Post-dispersal recruitment success: seedling emergence,
seedling establishment and plant survival to reproductive maturity

Transition probabilities from seed arrival to reproductive adults
were evaluated in permanent plots established at each study site.
Mature seeds were harvested from at least ten randomly chosen
individuals per species per site between April and June 2008, and
stored in paper bags.

Seeds were sown at the beginning of December 2008, when
the natural emergence of seedlings of both species begins. Seeds
sowed at each site had come from that site. The number of per-
manent plots at each site (n CONAE ¼ 17; n Santo Domingo ¼ 20) was
determined by the number of seeds of I. rubriflora previously
harvested. Three permanent plots of 30 � 30 cm were set up at
each station: I. rubriflora, and I. purpurea, along with a control plot
(no seeds sown) to estimate the number of seedlings of each
Ipomoea species that emerge naturally from sowed plots. Ten
scarified seeds of each species were sown at each corresponding
plot, nine in a matrix of three rows and three columns separated
by 8 cm, and one seed was placed at random. Seeds were scarified
mechanically with a piece of sandpaper because these two species
of Ipomoea exhibit physical dormancy (Baskin and Baskin, 1998; J.
Astegiano, unpublished data). After the first rain (8 days after
sowing) each site was visited approximately every 3 days when
newly emerged seedlings were labeled with tags of different
colors according to their date of emergence. Plots were visited
until no new seedlings had emerged. Twenty days after the first
seedling was labeled, each plot was visited approximately every 3
days to determine the number of established seedlings, defined as
those that had survived more than 20 days. This criterion was
adopted based on a previous study of Ipomoea seedlings
(Astegiano et al., 2010). The apparent cause of seedling death (e.g.,
presence of herbivory, fungal attack, water stress, etc.) was also
recorded. In March, 2009 (ten weeks later), each study site was
visited and the number of plants that had survived to reproduc-
tive maturity (plants with flowers or fruits) at each plot was
recorded.

We calculated three transition probabilities from seed arrival to
reproductive adults, on a per plot basis:

1. TP4, seedling emergence probability (i.e. the number of seed-
lings that emerged in each sowed plot relative to the sum of the
number of seeds sowed in that plot and the number of seed-
lings of the species that emerged in the control plot).
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2. TP5, seedling establishment probability (i.e. the number of
seedlings that survived more than 20 days relative to the
number of emerged seedlings)

3. TP6, probability of reaching reproductive maturity (i.e. the
number of reproductive plants relative to the number of
established seedlings).

The cumulative probability of regeneration was obtained as the
product of TP4 and TP5. The cumulative probability of final
recruitment was calculated as the product of all the probabilities
previously calculated, from TP1 to TP6 (see Rey and Alcántara,
2000).

2.4. Data analyses

Differences in the number of seeds per fruit, seed mass and the
total number of fruits and seeds per plant, between the narrowly
distributed I. rubriflora and the widespread I. purpurea were
determined using an analysis of variance (ANOVA) done with the
SPSS 15.0 statistical package (2006). Species was considered a fixed
factor and sites were blocks. Replicates of each species were rep-
resented by individuals. Assumptions of normality and homoge-
neity of variances were tested using standard techniques.

To analyze differences between species in transition proba-
bilities, different analyses were performed, depending on the
error distribution of each response variable. Since TP1 was nor-
mally distributed, differences between species in this variable
were determined using ANOVA, with species as a fixed factor and
sites as blocks. To determine differences between species in TP2,
TP3, TP4 and TP5 generalized linear mixed models were gener-
ated (GLMM; Pinheiro and Bates, 2004) using the lme4 package
in R (3.0 release, R Development Core Team, 2008). We con-
structed a GLMM model for each transition probability (except
TP6), using a binomial error distribution and a logit link function.
In each model, species was considered a fixed factor and site was
a random factor (i.e., a block). The Laplace criterion was used to
fit the models (Pinheiro and Bates, 2004). The fixed effect of
species on each transition probability was determined with the
Likelihood Ratio Test, which analyzes significant changes in
deviance after the removal of the factor species through Chi-
square tests (Pinheiro and Bates, 2004). As seedlings only
became established at one study site (CONAE), we analyzed
differences between species in TP6 with a generalized linear
model (GLM), using a binomial error distribution and a logit link
function.

3. Results

3.1. Total seed production per plant, seed mass and pre-dispersal
recruitment success

The narrowly distributed I. rubriflora produced significantly
fewer seeds per fruit (F (1, 33) ¼ 187.57, P ¼ 0.0001; Fig. 1) and
a lower total number of fruit (F (1, 33) ¼ 21.77, P ¼ 0.0001; Fig. 1)
and seeds per plant than its widespread congener I. purpurea
(F (1, 33) ¼ 31.58, P ¼ 0.0001; Fig. 1). Seed mass was also smaller in
I. rubriflora than in I. purpurea (F (1,33) ¼ 29.33, P ¼ 0,0001; Fig. 1).

I. rubriflora had a marginally lower probability of ovule fertil-
ization (F (1, 33) TP1¼4.06, P¼ 0.052; Fig. 2) and the probability of an
initiated seed reaching maturity (i.e., to not be aborted) was also
lower for this species (c2

TP2 ¼ 116.1, df ¼ 1, P ¼ 0.0001; Fig. 2). The
probability of an initiated seed of surviving pre-dispersal predation
was not significantly different between species (c2 ¼ 1.69, df ¼ 1,
P ¼ 0.19; Fig. 2).

Fig. 1. (A) Seeds per fruit (B) Total number of fruits per plant, (C) Total number of seeds
per plant and (D) Seed mass of the narrowly distributed I. rubriflora and its
geographically widespread congener I. purpurea. Mean values � SD are shown. Sig-
nificance levels: ***p < 0.0001.

Fig. 2. Diagram of the recruitment success of the narrowly distributed I. rubriflora and
its geographically widespread congener I. purpurea. Mean values � standard errors
estimated from GLMM (TP2-TP5) and GLM (TP6) of the evaluated transition proba-
bilities are shown. For TP1 (Ovule fertilization) observed mean values � SD are shown
(see section 2.4. Data analysis for details). Pre-dispersal (TP1 � TP2 � TP3), regeneration
(TP4 � TP5) and final (TP1 � TP2 xTP3 � TP4 � TP5 � TP6) cumulative probability are
also shown. Thick lines around boxes represent statistically significant differences
between species at P < 0.05 and dashed lines represent tendencies; i.e.,
0.10 > P > 0.05. Abbreviations: PredCP ¼ cumulative pre-dispersal probability,
RegCP ¼ cumulative regeneration probability, FCPRecruit ¼ final cumulative proba-
bility of recruitment.
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3.2. Post-dispersal recruitment success

The probability of seedling emergence did not differ signifi-
cantly between species (c2¼ 2.13; df¼ 1; P¼ 0.14; Fig. 2). However,
the probability of seedling establishment in I. rubriflora was
significantly lower than it was in I. purpurea (c2 ¼ 8; df ¼ 1;
P ¼ 0.004; Fig. 2). No seedling of either species established at the
Santo Domingo site, thus TP6 was evaluated only at the CONAE site.
The probability of an established seedling becoming a reproductive
adult did not differ significantly between species (c2 ¼ 1.42; df ¼ 1;
P ¼ 0.232; Fig. 2).

3.3. Cumulative transition probabilities: pre-dispersal, regeneration
and final plant recruitment success

There was a larger decrease in the number of potential in-
dividuals prior to dispersal for I. rubriflora than for I. purpurea: cu-
mulative pre-dispersal transition probabilities indicated that 24
percent and 71 percent of these individuals reached the mature
seed stage undamaged in these species, respectively (Fig. 2). How-
ever, the most disadvantageous phase for both species was regen-
eration, as evidenced by this phase having the lowest cumulative
transition probability (Fig. 2). The lowest transition probability for
both species was seedling emergence (Fig. 2). In I. rubriflora seedling
establishment showed a probability similar to that of seedling
emergence (Fig. 2). I. rubriflora had a final cumulative probability of
plant recruitment (from ovule to reproductive adult) an order of
magnitude lower than that observed for I. purpurea (Fig. 2).

4. Discussion

Narrowly distributed plant species are expected to have lower
fecundity than widespread congeners (studies reviewed in Murray
et al., 2002; Lavergne et al., 2004; Young et al., 2007), and this may
be associated with greater pollen (Rymer et al., 2005; Carrió et al.,
2009) or resource (Lavergne et al., 2005; but see Lavergne et al.,
2004) limitation. In accordance with the general results reported
in those studies we found that the narrowly distributed I. rubriflora
produced fewer seeds per plant than its widespread congener
I. purpurea. Moreover, as revealed by transition probabilities ana-
lyses, the lower fecundity observed in the narrowly distributed
species may be associated not only with its lower ovule production
(Astegiano et al., 2010) but also with its greater pollen and resource
limitation. The lower probability of an ovule being fertilized may
support the idea of higher pollen limitation whereas the lower
probability of a seed reaching maturity and the lower total fruit
production per plant may be indicative of greater resource limita-
tion in I. rubriflora than in I. purpurea.

Greater resource limitation in the reproduction of narrowly
distributed species has commonly been associated with the idea of
lower competitive ability in these species compared to their more
widespread congeners (Lavergne et al., 2004). However, seed pro-
duction by narrowly distributed species has generally been evalu-
ated for sites different from the site where the widespread
congeners are found, thus the demographic causes of rarity might
be confoundedwith the effects of growing inmore stressful habitats
(Münzbergová, 2005). As this study was performed at sites where
these Ipomoea species coexist, even at themicrosite scale, the higher
seed abortion and consequently the lower seed production of
I. rubriflora might be associated with lower competitive ability.
I. purpurea has been reported as a superior competitor in recent
studies (Chaney and Baucom, 2012). Moreover, the smaller size of
individuals of I. rubriflora than that of I. purpurea at the study sites
(J. Astegiano, personal observation) might support the idea of lower
competitive ability in I. rubriflora. However, the possibility of the

lower seed maturation of I. rubriflora being the result of higher
inbreeding depression cannot be dismissed, as recognized in a
previous study (Astegiano et al., 2010). Since fecundity in “good”
years may be critical for plant population growth in annuals (Kaliz
and Mc Peek, 1993; Dostal, 2007; Levine et al., 2008) experi-
mental studies combining fertilizer addition and pollen supple-
mentation with different pollen sources would certainly improve
our understanding of the mechanisms determining the narrow
distribution of I. rubriflora.

Seed survival to pre-dispersal predation did not differ between
I. rubriflora and I. purpurea, and was higher than the other pre-
dispersal probabilities evaluated in this study (i.e., ovule fertiliza-
tion and seed maturation). These were unexpected results, since
pre-dispersal seed predation by insects is one of themain processes
that can affect plant recruitment (Ehrlén, 2002; Maron and Crone,
2006; Kolb et al., 2007) and several studies have highlighted the
importance of this process in limiting the local, regional and global
distribution of plants (Hegazy and Eesa, 1991; Bevill et al., 1999;
Maron and Crone, 2006). However, when compared with wide-
spread congeners (i.e., controls), narrowly distributed plants
showed opposite trends in pre-dispersal seed predation levels
(Lavergne et al., 2004, 2005; Münzbergová, 2005; Young et al.,
2007; Boieiro et al., 2010). On the other hand, since individuals of
I. rubriflora showed less than half of the seed production of its
widespread congener, their initiated seeds would be expected to
show lower seed predation levels. Similar degree of specialization
by seed predators to these Ipomoea species might explain these
results (Boieiro et al., 2010). However, as seed predation levels were
relatively low (10% of total seed production in both species), seed
predators might also be making use of other plant species also
present at the study sites or these predators might naturally have
low local abundances. Although seed predation can present high
variation among-years (Kolb et al., 2007) and its effects on seed
output can be accumulated into seed banks (Maron and Gardner,
2000), the population growth rate of species with a persistent
seed bank strategy, as is the case of these Ipomoea (Astegiano et al.,
2010), may be less sensitive to variations on seed predation levels
(Maron and Crone, 2006). Consequently, the negative impact of
pre-dispersal seed predators on recruitment success might be
generally low and less important than other processes in deter-
mining the difference in range size between these Ipomoea.

In both species, seedling emergence had the lowest transition
probability. This was another unexpected result since for these
species the germination success of scarified seeds in germination
chambers can be high (83% in I. rubriflora and 94% in I. purpurea;
J. Astegiano, unpublished data). On the other hand, since species
differ in seed mass and larger-seeded species may produce larger
seedlings that may be able to emerge from deeper soil levels or
more developed litter layers (Jurado and Westoby, 1992; Molofsky
and Augspurger, 1992; Pearson et al., 2003), we expected higher
probability of emergence in I. purpurea. We propose that the
generally negative effect of litter on plant regeneration, by either
preventing germination or suppressing seedling growth and which
may be independent of seed size (Dalling and Hubbell, 2002;
Fenner and Thompson, 2005), might explain the similar probability
of emergence recorded for these two species of Ipomoea. Moreover,
negative density-dependent effects diminishing emergence prob-
ability in I. purpurea (Goldberg et al., 2001) might also explain this
result, as in a previous study we found that this species presented
higher seed density in the seed bank (Astegiano et al., 2010). Future
experimental studies focused on the effects of litter and seed
density on seedling emergence success in these Ipomoea species
would provide valuable data on processes determining the
geographic distribution of these species. Indeed, as seedling
emergence can be critical for annual species population growth
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(Griffith and Forpeth, 2005; Quintana Ascencio et al., 2011), un-
derstanding which processes limit the emergence of seedlings of
I. pupurea may provide some clues about how I. rubriflora can
coexist, even at the microsite scale, with its widespread congener
(Chesson, 2000).

Seedling establishment success was similar to seedling emer-
gence in I. rubriflora, showing a significantly lower probability than
in I. purpurea. This difference between species could explain pre-
vious results of significantly lower natural seedling density in
I. rubriflora (Astegiano et al., 2010). Herbivory is one of the main
causes of seedling mortality in plant communities (Hanley, 1998)
and experimental studies have indicated that seedlings from large
seeds tolerate herbivory better than seedlings from small seeds
(Armstrong andWestoby, 1993; Harms and Dalling, 1997). Seedling
mortality in I. rubriflora and I. purpurea seemed tobe associatedwith
cotyledon and foliar herbivory, and also with water stress
(J. Astegiano, personal observation). Thus, lower establishment
success in I. rubriflora might be related to the production of seed-
lings with proportionally fewer reserves that are therefore less
likely to survive adverse conditions such as herbivory, or that have a
less developed root system (Leishman et al., 2000). However, this
recruitment advantage of the widespread I. purpurea may be tem-
porary and may not carry through to the adult phase in accordance
with the hypotheses of a temporal advantage of large-seeded spe-
cies due to proportionally higher reserves (Moles and Westoby,
2006; but see Metz et al., 2010). Herbivory on adult plants of
I. purpurea can be high at the study regioneup to 90 percent of leaf
areaewhile adult plants of I. rubriflora are rarely attacked (J. Aste-
giano, personal observation) and this may explain the lower
(though not significantly so) transition probability to the repro-
ductive adult phase in this geographically widespread species. In
this sense but contrary to our results, studies on the tolerance of
I. purpurea to herbivory have showed that herbivore damage can be
more detrimental for plants in the seedling stage and in adult plants
producing fruits, being plants in intermediate statesdi.e., previous
to the production of flowersdmore tolerants (Tiffin, 2002). How-
ever, high competition environments may diminish plant tolerance
to herbivory (Tiffin, 2002). Thuswe hypothesize that the apparently
beneficious higher seedling survival of I. purpurea might result in
higher plant abundance and thus higher competitive environments
resulting in lower plant tolerance to herbivory, which may lead to
lower survival to reproductive adults. On the other hand, changes in
resource allocation to plant defense with ontogeny might explain
the survival of individuals of I. rubriflora to the reproductive adult
phase (Boege andMarquis, 2005). Understanding how these species
respond to plant herbivory may be also an important avenue of
research for understanding both plant distribution and coexistence
(Hulme, 1996; Chesson, 2000).

In this sense,we cannot discard the possibility that our studies on
these species may correspond, in a broad sense, to bad years for the
narrowly distributed species and good years for its widespread
congener. If this is the case, a stable coexistence via a storage effect
(sensu Chesson, 2000)might be expected. However, previous results
on long-term persistent seed bank density (Astegiano et al., 2010)
may support the idea of a general lower performance of I. rubriflora,
and not simply that our studies reflect bad years for this narrowly
distributed species. Moreover, since in a recent study it has been
reported that I. purpurea exhibits at least nine of Baker’s 12 ideal
weed traits (Chaney and Baucom, 2012) the idea that they might
represent just goodyears for thewidespread species seems even less
likely. In this context, the results of our comparative study suggest
that differences in density-dependent mechanisms acting at post-
dispersal stages might explain how I. purpurea and I. rubriflora
coexist, as suggested for the results obtained for seedling emer-
gence, establishment and individual survival to reproductive adults.

5. Conclusions

The evaluation of transition probabilities from ovule to repro-
ductive adults in two sympatric congeners with contrasting
geographic range sizes showed that thenarrowly distributed species
had lower plant recruitment success. This result may support the
idea of lower capacity for colonization and persistence in narrowly
distributed species (e.g., Van der Veeken et al., 2007). On the other
hand, our results suggest that understanding plant regeneration
(i.e., seedling emergence and establishment) may be central for
understanding plant recruitment success and thus differences in
geographic ranges between these annual species as well as their
coexistence. As regeneration can be critical for plant population
maintenance in annuals, processes acting at these plant stages may
be considered key for understanding narrow distributions.

Overall, our results may highlight the importance of evaluating
the success of individuals at different life-history stages when
looking for the demographic causes of rarity (Münzbergová, 2005):
with its lower total seed production per plant and its lower seed
mass, I. rubriflora is not only at a numerical disadvantage for
reaching local microsites that are favorable for regeneration or
colonizing new sites, but also has a lower per-seed probability of
becoming established which might be critical for the local persis-
tence of this annual species. Indeed, as the lower probability of
successfully establishing in narrowly distributed species may be
related to narrower regeneration niches (e.g., Brändle et al., 2003;
Luna and Moreno, 2010), future experimental studies of the
regeneration niche of these Ipomoea species (sensu Grubb, 1977)
might be of particular importance to disentangling themechanisms
limiting the distribution of I. rubriflora. The lower local abundance of
I. rubriflora at the study sites seems to support the idea of a lower
regeneration niche, as hypothesized for narrowly distributed spe-
cies (Gaston, 2003). However, the fact that this narrowly distributed
species coexists even at the microsite scale with its widespread
congener might suggest that they differ in some resource re-
quirements (Chesson, 2000). Otherwise, coexistence will not be
stable and I. rubriflora will be going to extinction (Chesson, 2000).

Finally, if differential survival until reproductive maturity in
these Ipomoea species is associated with differences in resource
allocation to plant defenses or tolerance to herbivory, then differ-
ences in pre-dispersal recruitment success and reproductive output
might also be explained by differences in resource allocation to
plant functions (Obeso, 2002). As 66% of the potential individuals
can be lost before seed dispersal occurs and seed production seems
to be limited by resources available to mature seeds in I. rubriflora,
the study of the association between range size and resource
allocation strategy might also offer an important avenue of
research.

Acknowledgments

This study was supported by grants from the Agencia Nacional
para la Promoción Científica y Tecnológica, and the Consejo
Nacional de Investigaciones Científicas y Ténicas (CONICET). L.G.
and G.F. are researchers at CONICET and J.A. held a PhD fellowship
from the same institution while doing this research. The authors
thank the CONAE research station and the landowners of the Es-
tancia Santo Domingo for allowing us to conduct this study on their
properties. We also thank A.E. Ferreras, V.M. Rosas Guerrero,
L. Ashworth, A. Calviño, A. Cosacov and S. Higgins for useful com-
ments and discussion of early versions of the manuscript, P. Venier
for field assistance, M.S. Fenoglio for advice in the analyses per-
formed with R, to B. Delfosse for correcting the English and to two
anonymous reviewers which comments considerably improved the
manuscript.

J. Astegiano et al. / Acta Oecologica 48 (2013) 76e82 81



Author's personal copy

References

Armstrong, D.P., Westoby, M., 1993. Seedlings from large seeds tolerated defoliation
better: a test using phylogenetic independent contrasts. Ecology 74, 1094e1100.

Astegiano, J., 2010. ¿Qué relación existe entre las características reproductivas y
regenerativas de las plantas, y su rango de distribución geográfica? PhD
dissertation, National University of Córdoba.

Astegiano, J., Funes, G., Galetto, L., 2010. Comparative studies on plant range size:
linking reproductive and regenerative traits in two Ipomoea species. Acta Oecol.
36, 454e462.

Austin, D.F., Huaman, Z., 1996. A synopsis of Ipomoea (Convolvulaceae) in the
Americas. Taxon 45, 3e38.

Barrett, S.C.H., Kohn, J., 1991. The genetic and evolutionary consequences of small
population size in plant: implications for conservation. In: Falk, D.,
Holsinger, K.E. (Eds.), Genetics and Conservation of Rare Plants. Oxford Uni-
versity Press, pp. 3e30.

Baskin, C.C., Baskin, J.M., 1998. Seeds: Ecology, Biogeography, and Evolution of
Dormancy and Germination. Academic Press, San Diego.

Bevill, R.L., Louda, S.M., Stanforth, L.M., 1999. Protection from natural enemies in
managing rare plant species. Conserv Biol. 13, 1323e1331.

Boege, K., Marquis, R.J., 2005. Facing herbivory as you grow up: the ontogeny of
resistance in plants. Trends Ecol. Evol. 20, 441e448.

Boieiro, M., Rego, C., Serrano, A.R.M., Espadaler, X., 2010. The impact of specialist
and generalist pre-dispersal seed predators on the reproductive output of a
common and a rare Euphorbia species. Acta Oecol. 36, 227e233.

Brändle, M., Stadler, J., Klotz, S., Brandl, R., 2003. Distributional range size of weedy
plant species is correlated to germination patterns. Ecology 84, 133e144.

Buckley, Y.M., Kelly, C.K., 2003. Comparison of population structures and ecology of
a congeneric pair of common and rare neotropical tree species. Plant Ecol. 167,
45e66.

Byers, D.L., Meagher, T.L., 1997. A comparison of demographic characteristics in a
rare and a common species of Eupatorium. Ecol. Appl. 7, 519e530.

Carrió, E., Jiménez, J.F., Sánchez-Gómez, P., Güemes, J., 2009. Reproductive biology
and conservation implications of three endangered snapdragon species
(Antirrhinum, Plantaginaceae). Biol. Conserv. 142, 1854e1863.

Chaney, L., Baucom, R.S., 2012. The evolutionary potential of Baker’s weediness
traits in the common morning glory, common morning glory, Ipomoea pur-
purea (Convolvulaceae). Am. J. Bot. 99, 1524e1530.

Chesson, P., 2000. Mechanisms of maintenance of species diversity. Annu. Rev. Ecol.
Syst., 343e366.

Chiarini, F., Ariza Espinar, L., 2006. Convolvulaceae. In: Anton, A., Zuloaga, F. (Eds.),
Flora Fanerogámica Argentina. Proflora-CONICET, Córdoba, pp. 1e81.

Dalling, J.W., Hubbell, S.P., 2002. Seed size, growth rate and gap microsite condi-
tions as determinants of recruitment success for pioneer species. J. Ecol. 90,
557e568.

Dostal, P., 2007. Population dynamics of annuals in perennials grassland controlled
by ants and environmental stochasticity. J. Veg. Sci. 18, 91e102.

Ehrlén, J., 2002. Assessing the lifetime consequences of plant-animal interactions
for the perennial herb Lathyrus vernus (Fabaceae). Persp Plant Ecol. Evol. Syst. 5,
145e163.

Fenner, M., Thompson, K., 2005. The Ecology of Seeds. Cambridge University Press,
Cambridge.

Fernández, J.D., Bosch, J., Nieto-Ariza, B., Gómez, J.M., 2012. Pollen limitation in a
narrow endemic plant: geographical variation and driving factors. Oecologia
170, 421e431.

Fiedler, P.L., 1987. Life history and population dynamics of rare and common mar-
iposa lilies (Calochortus Pursh: Liliaceae). J. Ecol. 75, 977e995.

Galetto, L., Bernardello, G., 2004. Floral nectaries, nectar production dynamics and
chemical composition in six Ipomoea species (Convolvulaceae) in relation to
pollinators. Ann. Bot. 94, 269e280.

Gaston, K.J., 2003. The Structure and Dynamics of Geographic Ranges. Oxford
University Press, Oxford.

Gaston, K.J., 2009. Geographic range limits of species. Proc. R Soc. B 276, 1391e1393.
Goldberg, D.E., Turkington, R., Olsvig-Wittaker, L., Dyer, A.R., 2001. Density depen-

dence in an annual plant community: variation among life history stages. Ecol.
Mon 71, 423e446.

Griffith, A.B., Forpeth, I.N., 2005. Population matrix models of Aeschynomene virgin-
ica, a rare annual plant: implications for conservation. Ecol. Appl. 15, 222e233.

Grubb, P.J., 1977. The maintenance of species-richness in plant communities: the
importance of the regeneration niche. Biol. Rev. 52, 107e145.

Hanley, M.E., 1998. Seedling herbivory, community composition and plant life
history traits. Persp. Plant Ecol. Evol. Syst. 1, 191e205.

Harms, K.E., Dalling, J.W., 1997. Damage and herbivory tolerance through
resprouting as an advantage of large seed size in tropical trees and lianas.
J. Trop. Ecol. 13, 481e490.

Harms, K.E., Wright, J.S., Calderón, O., Hernández, A., Allen Herre, E., 2000. Pervasive
density-dependent recruitment enhances seedling diversity in a tropical forest.
Nature 404, 493e495.

Hegazy, A.K., Eesa, N.M., 1991. On the ecology, insect seed-predation, and conser-
vation of a rare and endemic plant species: Ebenus armit-gei (Leguminosae).
Conserv Biol. 5, 317e324.

Horvitz, C.C., Tuljapurkar, S., Pascarella, J.B., 2005. Plant-animal interactions in
random environments: habitat-stage elasticity, seed predators, and hurricanes.
Ecology 86, 3312e3322.

Hulme, P.E., 1996. Herbivory, plant regeneration, and species coexistence. Ecology
84, 609e615.

Jurado, E., Westoby, M., 1992. Seedling growth in relation to seed size among
species of arid Australia. J. Ecol. 79, 811e830.

Kaliz, S., Mc Peek, M.A., 1993. Extinction dynamics, population growth and seed
banks. Oecologia 95, 314e320.

Kolb, A., Ehrlén, J., Eriksson, O., 2007. Ecological and evolutionary consequences of
spatial and temporal variation in pre-dispersal seed predation. Persp Plant Ecol.
Evol. Syst. 9, 79e100.

Lavergne, S., Thompson, J.D., Garnier, E., Debussche, M., 2004. The biology and
ecology of narrow endemic and widespread plants: a comparative study of trait
variation in 20 congeneric pairs. Oikos 107, 505e518.

Lavergne, S., Debussche, M., Thompson, J.D., 2005. Limitations on reproductive
success in endemic Aquilegia viscosa (Ranunculaceae) relative to its widespread
congener Aquilegia vulgaris: the interplay of herbivory and pollination. Oeco-
logia 142, 212e220.

Leishman, M., Wright, I.J., Moles, A.T., Westoby, M., 2000. The evolutionary ecology
of seed Size. In: Fenner, M. (Ed.), Seeds: The Ecology of Regeneration in Plant
Communities, second ed. CAB International, Wallingford, pp. 31e57.

Levine, J.M., McEachern, A.K., Cowan, C., 2008. Rainfall effects on rare annual plants.
J. Ecol. 96, 795e806.

Luna, B., Moreno, J.M., 2010. Range-size, local abundance and germination niche-
breadth in Mediterranean plants of two life-forms. Plant Ecol. 210, 85e95.

Maron, J.L., Gardner, S.N., 2000. Consumer pressure, seed versus safe-site limitation,
and plant population dynamics. Oecologia 124, 260e269.

Maron, J.L., Crone, E., 2006. Herbivory: effects on plant abundance, distribution and
population growth. Proc. R Soc. B 273, 2575e2584.

Metz, J., Liancourt, P., Kigel, J., Harel, D., Sternberg, M., Tielborger, K., 2010. Plant
survival in relation to seed size along environmental gradients: a long-term
study from semi-arid and Mediterranean annual plant communities. J. Ecol.
98, 697e704.

Miller, M.T., Antos, J.A., Allen, G.A., 2007. Demographic differences between two
sympatric lilies (Calochortus) with contrasting distributions, as revealed by
matrix analysis. Plant Ecol. 191, 265e278.

Moles, A.T., Westoby, M., 2006. Seed size and plant strategy across the whole life
cycle. Oikos 113, 91e105.

Molofsky, J., Augspurger, C.K., 1992. The effect of leaf litter on early seedling
establishment in a tropical forest. Ecology 73, 68e77.

Murray, B.R., Thral, P.H., Gill, A.M., Nicotra, A.B., 2002. How plant life-history and
ecological traits relate to species rarity and commonness at varying spatial
scales. Aust. Ecol. 27, 291e310.

Münzbergová, Z., 2005. Determinants of species rarity: population growth rates of
species sharing the same habitat. Am. J. Bot. 92, 1987e1994.

Obeso, J.R., 2002. The costs of reproduction in plants. New Phytol. 155, 321e348.
Pearson, T.R.H., Burslem, D.F.R.P., Goeriz, R.E., Dalling, J.W., 2003. Interactions of gap

size and herbivory on establishment, growth and survival of three species of
Neotropical pioneer trees. J. Ecol. 91, 785e796.

Pinheiro, J.C., Bates, D.M., 2004. Mixed-effects Models in S and S-PLUS. Springer,
New York.

Price, M.V., Waser, N.M., Irwin, R.E., Campbell, D.R., Brody, A.K., 2005. Temporal and
spatial variation in pollination of a montane herb: a seven-year study. Ecology
86, 2106e2126.

Quintana Ascencio, P.F., Menges, E.S., Weekley, C.W., Kelrick, M.I., Pace-Aldana, B.,
2011. Biennial cycling caused by demographic delays in a fire-adapted annual
plant. Popul. Ecol. 53, 131e142.

Rabinowitz, D., Cairns, S., Dillon, T., 1987. Seven forms of rarity and their frequency
in the flora of the British Isles. In: Soulé, M.E. (Ed.), Conservation Biology: The
Science of Scarcity and Diversity. Sinauer, Massachusetts, pp. 182e204.

Rey, P.J., Alcántara, J.M., 2000. Recruitment dynamics of a fleshy-fruited plant (Olea
europea): connecting patterns of seed dispersal to seedling establishment.
J. Ecol. 88, 622e633.

Rymer, P.D., Whelan, R.J., Ayre, D.J., Weston, P.H., Russell, K.G., 2005. Reproductive
success and pollinator effectiveness differ in common and rare Persoonia spe-
cies (Proteaceae). Biol. Conserv. 123, 521e532.

R Development Core Team, 2008. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna, Austria, ISBN
3-900051-07-0. Website. http://www.R-project.org.

Stebbins, G.L., 1942. The genetic approach to problems of rare and endemic species.
Madroño 6, 241e272.

Tiffin, P., 2002. Competition and time of damage affect the pattern of selection
acting on plant defense against herbivores. Ecology 83, 1981e1990.

Traveset, A., Gulias, J., Riera, N., Mus, M., 2003. Transition probabilities from polli-
nation to establishment in a rare dioecious shrub species (Rhamnus ludovici-
salvatoris) in two habitats. J. Ecol. 91, 427e437.

Van der Veken, S., Bellemare, J., Verheyen, K., Hermy, M., 2007. Life-history traits are
correlated with geographical distribution patterns of western European forest
herb species. J. Biogeogr. 34, 1723e1735.

Westoby, M., Falster, D.L., Moles, A.T., Vesk, P.A., Wright, I.J., 2002. Plant ecological
strategies: some leading dimensions of variation between species. Annu. Rev.
Ecol. Syst. 33, 125e159.

Young, A.S., Chang, S.-M., Sharitz, R.R., 2007. Reproductive ecology of a federally
endangered legume, Baptisia arachnifera, and its more widespread congener,
B. lanceolata (Fabaceae). Am. J. Bot. 94, 228e236.

Zak, M., Cabido, M., Hogdson, J.G., 2004. Do subtropical seasonal forests in the Gran
Chaco, Argentina, have a future? Biol. Conserv. 120, 589e598.

J. Astegiano et al. / Acta Oecologica 48 (2013) 76e8282


