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Neotropical forests are experiencing increased conversion to agriculture through
deforestation, which reduces biodiversity and ecosystem services in these sites. Compared
to active restoration, natural regeneration is a more cost-effective approach to restoring
abandoned agricultural sites when damage is not extremely significant. However, this
passive process can be stagnated, limiting the speed of restoration and impairing the
recovery of biodiversity and ecosystem services. Sprouters, individuals that regrow from a
stump or roots, may be one reason, as they rapidly resprout and dominate the limited
resources following a disturbance. However, literature that makes direct or quantified links
between sprouters and stagnation in succession, specifically a decrease in establishment of
seeds of other species, i1s absent. Knowledge on the relative roles of wind and animal
dispersal vectors in breaking this dominance is also limited. I conducted a literature review
on life history traits of sprouters and seeds, competition between species of different
reproductive strategies, animal versus wind dispersal vectors, and the role of proximity in
dispersal. I found that sprouters achieve dominance through self-replacement and resource
monopolisation; small seeds cannot overcome this barrier while larger seeds likely can,
since their seedlings' greater height and shade tolerance allows them to compete against
sprouter dominance. Since animal dispersers carrying these large seeds only visit partially
recovered sites, proximity to intact forest becomes pivotal, as it controls seed rain supply
and thus initial vegetation development through wind-dispersed seeds that attract animal
dispersers. Effective natural regeneration would therefore build out from existing intact
forests.

natural regeneration, sprouters, seed dispersal, forest proximity, secondary
succession

Many tropical landscapes that were initially covered with intact forests are now degraded, mainly
due to deforestation during conversion to agriculture. The scale of this issue with deforestation is
becoming more common in the neotropics as more forests are converted for agricultural purposes.
Degraded tropical forests provide fewer ecosystem services—such as carbon sequestration, water
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regulation, pollination of crops, and habitat for biodiversity [1, 2] than primary forests. When
agriculture is abandoned, some of these landscapes begin processes of succession and recover as
secondary forests. Though degraded land can be restored through active restoration methods such as
tree planting—and such methods are generally needed for more degraded land where large amounts
of plant cover and animal species are removed [3]— these methods can be costly and hard due to the
scale of certain sites [2-4]. This highlights passive natural regeneration as a promising route to
recover ecological functioning and biodiversity as it is cost-effective [3]. The general problem of
natural regeneration lies in its variability. Due to the passive nature of the process, recovery
outcomes can be unpredictable and context-dependent [5]. Thus, positive recovery outcomes from
passive regeneration are more variable and at lower levels compared to active restoration methods
[2], leading to failure to regain composition of old growth [6]. This can result in a failure to fully
restore biodiversity and ecosystem functions in degraded land.

The slow rate is often due to the stagnation of succession processes [5]. One contributor to
stagnation is sprouters—a resprout is an individual that regenerates from a stump or when it was
connected by roots at the surface of the soil [7] —that dominate the degraded land at early stages of
succession [8]. The sprouters aren't just a short transitional stage. They can maintain dominance for
decades [8], which prevents many secondary forests from transitioning to an old growth forest that
is able to sequester large amounts of carbon dioxide and sustain diverse biodiversity. These plants
favor self-replacement, which is when a species regenerates in the same location from the same
individual instead of being replaced by a different individual from the same or different species [7].
This behaviour reduces the species turnover in the secondary forest [7], meaning there are fewer
new species that enter the community over time. This means that the forest is unable to move
forward in its succession and is stagnant because the same species are continuously replacing
themselves.

One possible key to the persistent stagnation of the secondary forest is a self-reinforcing feedback
loop where new species are unable to survive in the degraded forest due to the dominating sprouters.
If the species needed to break sprouter dominance arrive primarily through animal dispersers [9],
and those dispersers require habitat other than sprouters, then a persistent sprouter state could
develop. Since animals require a range of environmental conditions that secondary forest in early
succession stages with only sprouters does not provide [10, 11], isolated recovering forest fragments
in particular are only able to attract a limited number of generalists [12] and dispersers that are
tolerant and adapted to degraded areas [12]. They are unable to attract bigger animals that carry with
them bigger and shade-tolerant seeds [9] that are likely the species that can overthrow the sprouters
and push the succession process [13].

Proximity to intact forest is increasingly being recognized as a key landscape predictor of
recovery [8, 14, 15]. Seed rain—the seeds dispersed by wind or animals—in areas proximal to intact
forest patches tend to receive seed that is distinct from its community [8], thereby potentially
leading to new species arriving and establishing. Literature has identified a diverse range of other
mechanisms of how proximity also affects the recovery process: soil amendments [16], beneficial
edge effects due to more abundant and diverse seed rain [15], ectomycorrhizal fungal colonizations
that aid seedling physiological performance [17], and many others. A majority of the literature
discusses the role of seed dispersal in the benefits of proximity in which topics are debated: higher
quantity of seed rain [18] versus disperser mediated quality and diversity of seed rain population
[15]; wind dispersal route where proximity enhances edge effect; [18] versus animal dispersal route
where proximity enhances connectivity [19]. However, the literature on how proximity could impact
sprouter dominance or the dominance of a species with a particular functional trait is lacking.
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There are a few questions that this research paper aims to address. First, how does the sprouter
dominance create a 'trap' in which the secondary forest is unable to move in the successional
process. I hypothesize that sprouters dominate with their ability to resprout rapidly following a
disturbance and suppressing seed recruitment by taking up the limited resources at the site. By
inhibiting the establishment of new colonists, sprouters decrease species turnover and stagnate
community compositional change. Second, how does the proximity to a forest fragment or old
growth forest break the dispersal 'trap' through mechanism of seed rain (through vectors of wind and
animal dispersal agents) and how this promotes degraded site recovery through increasing species
richness and functional diversity. I expect that proximity to forest fragments or old growth forests
may break this feedback loop in two ways: increasing the abundance and diversity of incoming
wind-dispersed seeds, which create structural changes in the recovering forest when animal
dispersers are absent.

To address these questions, I conducted a focused literature review on studies examining life
history traits of sprouters and seeds of different sizes, competition between species of different
reproductive strategies during the successional process, animal dispersal vectors versus wind
dispersal vectors, and the possible role of proximity in facilitating dispersal of seeds and animals. I
searched on Semantic Scholar using key words sprouter, seed size, succession, stagnation, functional
trait, seed rain, frugivore dispersal, gape size, wind dispersal, and proximity. I prioritized recent peer
reviewed studies and empirical studies and synthesized the evidence narratively by dividing them
into a few claims that formed a chain of reason. I consider my results in the context of implications
for human actions in targeting degraded areas utilizing knowledge of the impact proximity has on
the natural regeneration of secondary forests.

Sprouters tend to dominate degraded land because their life-history strategy suits disturbed ground.
Following a disturbance, sprouters quickly fill gaps with shoots sprouting from surviving meristems
and stored reserves in roots rather than with seedlings [8]; for example, root starch concentrations
can be 4X-higher in sprouters than in non-sprouters [20]. Sprouters can also remobilize the
surviving shoots above ground to continue photosynthesis [8]. Due to their established large root
systems, sprouters are also better able to access soil resources than non-sprouters [21]. This allows
sprouters to dominate in areas where soil is less productive, whereas in more productive sites they
can be outcompeted by species that regenerate through seeds [21].

For a secondary forest to regenerate, new species have to replace the ones that colonize first, a
process called species turnover. Essentially, species turnover is a door with two locks and both locks
need to be opened: the environmental conditions at the secondary forest need to be suitable (niche
differentiation) and the seeds need to actually arrive at the secondary forest (dispersal).

Niche differentiation is when the availability of resources change and plants are filtered based on
the different functional strategies they employ during the succession process [5]. Established
sprouters prevent this process by occupying space for long periods [8], which lowers the probability
that new species arriving from nearby forests can establish. The SORTIE model, which simulates
crown competition for light and seedling recruitment limited by dispersal and light requirements,
predicted that different disturbance regimes produce drastically different forest compositions once
sprouting is factored in [8]. Sprouting is therefore a determining factor — not a minor trait — in
shaping which species dominate the forest, because it limits the light other plants need to establish.

However, niche differentiation only explains species turnover when it is predictable, which is
usually not the case with natural succession. Seed dispersal introduces the chance factor: whether a
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species establishes depends on species-specific reproduction — a species' own pattern and timing of
seed production — and on whether its seeds actually reach the secondary forest [5]. Sprouter
dominance can persist because the arrival of new species that could replace them depends on
unpredictable chance. This is why proximity to an intact forest matters: a secondary forest depends
on seed dispersal from adjacent forest to gain new species and drive turnover [7].

Larger seeds can break sprouter dominance because their greater seedling height and shade tolerance
let them establish and survive under sprouter cover. Experimental evidence shows that larger seeds
produce seedlings with higher survival rates under competition, shading, drought, and burial by soil
or litter [22].

Firstly, larger seeds gain a competitive advantage in microhabitats with low ground cover because
of their greater seedling height: small differences in height in low vegetation correlate with drastic
changes in light conditions [22]. Taller seedlings from larger seeds can grow above and overshadow
their neighbors [23], including dominating sprouters. This is one way larger seeds break sprouter
dominance.

Secondly, larger seeds survive longer periods in low-light conditions [23], which lets them persist
under established sprouter cover and eventually break through. Grime and Jeffrey [22] showed that
seed size correlates with both maximum seedling height under deep shade and the greatest stem
elongation. Gross [24] similarly found that competitive cover suppressed the growth of larger-
seeded species less than smaller-seeded ones, and that initial seed weight predicted final seedling
weight under cover — evidence that seed size confers competitive ability. Two mechanisms explain
this shade tolerance. First, large seeds carry reserves that let seedlings survive in a net carbon deficit
while shaded, sustaining them until a canopy gap opens above [23]. Under 99% shade, increasing
seed size from 0.03 mg to 30 mg extended survival from 10-15 days to 3040 days — quadrupling
the chance of persisting until a gap forms [23]. Second, larger reserves also support stronger
etiolation responses — stems elongate and leaf number drops, letting shoots reach for light faster
before their energy runs out [23]. Only larger-seeded species showed this response under shade [23].
Larger seeds also establish more readily in shade in the first place. Small seeds require light to
germinate and are limited to bare soil or disturbed patches with high light (Gorski, Gorska, and
Rybicki 1978; Grime et al., 1981, cited in [24], p. 384). Larger seeds do not need high light and can
establish across a wider range of conditions (cited in [24], p. 384).

Despite these advantages, larger seeds face an earlier bottleneck: they depend on frugivores that
rarely reach degraded sites until later in succession. Reduced visitation rates of frugivores in areas of
deforestation are correlated with a reduction in recruitment of larger-seeded tree species [25],
indicating that larger seeds depend on frugivores for dispersal. Frugivores rarely enter degraded land
because the larger fruits their diet requires only appear later in succession [11]. A positive feedback
loop forms: lack of larger fruits result in reduced visitation rates of frugivores, which causes a
reduced recruitment of seeds that produce the larger fruits they consume, leading to further
reduction in the visitation of these frugivores [25]. The size of the seed dispersed also depends on
the disperser: larger animal dispersers carry larger and more diverse seeds. Bird species with broader
gapes (the width of the open mouth) consume a wider range of fruits and larger fruits on average [9].
Larger fruits attract fewer dispersers as a result [9], leaving them dependent on a few specialized
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large-bodied birds. Consequently, recruitment of frugivore-dispersed trees with larger seeds shows
the greatest reduction in degraded land [25] — the largest fruits are the most vulnerable to
disturbance and the hardest to recruit into a recovering site.

5. Proximity to undisturbed forest increases dispersal of seeds through increasing wind
dispersal

If proximity is going to help at all, it will have to work through small-seeded species — but small
seeds cannot readily displace sprouters on their own, because both of their key advantages, rapid
colonization of bare ground and fast seedling growth, diminish under the conditions sprouters create.
Many small-seeded species are monocarpic (i.e., they only set seed once) and depend on continuous
re-colonization of bare ground, so their persistence is bounded by a narrow "window in time" after
disturbance; once bare ground closes as sprouters establish, seeds become dormant as part of the
seedbank [26]. Once sprouters shade the site, small-seeded species lose their growth-rate advantage,
which depends on favorable light, while larger seeds gain the upper hand through their stored
reserves [23].

Even so, proximity to intact forest can boost small-seed dispersal enough for some to establish,
because proximity boosts seed dispersal by letting recovering sites benefit from the concentrated
seed rain at the forest edge. Once sprouters dominate, small-seeded pioneers depend on numbers to
break through, since no single seed can outcompete a sprouter. Small-seeded species therefore
establish disproportionately in degraded areas because they simply have a higher probability of
arriving. A 10-fold increase in seed mass corresponds to a 10-fold decrease in the number of seeds a
plant produces per unit canopy per year [27]. The probability of seedling occurrence rises with
proximity to a seed source [28]. The mechanism behind this edge effect involves wind: as vegetation
changes at the forest edge, winds shift from the vertical patterns produced by tall trees in
undisturbed forest to the horizontal patterns of open, reforested fields [18]. This wind transition
drives the high wind-dispersed seed rain observed at edge areas of both sites [18]. In the reforested
field, captured seed numbers dropped drastically beyond 5 m from the forest edge [18]. Edge density
is therefore a resource that recovering sites can tap for both seed abundance and diversity [15].
Because seed density concentrates at the edge, a degraded area near an undisturbed forest is better
positioned to receive these seeds. Seed abundance matters because low seed numbers cannot support
widespread succession: at Kibale, hundreds of seeds are needed for a single one to establish [29].
The structural complexity of the source forest also matters. A structurally complex forest generates a
more diverse seed rain than a less diverse plantation [18], so a more diverse source raises the
probability that diverse species disperse into the recovering site. For wind-dispersed diversity,
proximity to a structurally complex forest matters more than mere distance to any intact forest.

6. Wind dispersed pioneer species restructure degraded site to attract more animal dispersers
that carry larger seeds

Pioneer trees, which usually have small seeds [13], are carried long distances by wind and colonize
bare sites, establishing low-diversity communities [30-32]. These pioneers then set up the conditions
that attract animal dispersers, which bring in seeds of the tropical trees and shrubs that build a site's
later diversity [10, 11]. In a study in northern Mexico, after 20 months in plots with planted
pioneers, natural recruitment increased because the plantings provided perches, cover, and foraging
sites for birds that eat both insects and fruit [13]. Once the pioneers begin fruiting, they attract bats
and birds that rely on fruit and can import the larger seeds [13] capable of breaking sprouter
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dominance. Because degraded sites have high temperatures, low humidity, direct solar radiation, and
little leaf litter — conditions that prevent late-successional species from germinating and
establishing — pioneers also restructure the environment into something more favorable for the
shade-tolerant colonists that animal dispersers bring in [33]. Late-successional species carried by
animal dispersers accumulated at pioneer-planted sites 10 times faster than in plots without pioneers
[13].

7. Proximity to undisturbed forest also increases dispersal of seeds through increasing animal
dispersal

Proximity to intact forest also matters because it can increase the dispersal of large seeds into
recovering sites by increasing animal dispersal. A study at Kibale found that recruitment density of
animal-dispersed species increases as distance from the forest edge decreases [34]. Two mechanisms
drive this pattern.

First, proximity reduces animal dispersers' reluctance to enter degraded land when attractants are
present. Forest frugivores rarely visit degraded areas because fruit abundance is low there [35] and
the open landscape exposes them to greater predation risk [36]. However, when pioneer species
provide attractants — perches, food, and cover — early in succession, frugivores are more likely to
cross into the site. In southern Queensland, early successional regeneration clustered around
scattered trees that served as perches and contributed to seed input [37]. But isolated trees only work
when they are within reach of a source: a Brazilian study found that isolated trees attracted more
bird dispersers than forest fragments or live fences did, yet how much these seeds contributed to
seed rain depended on their degree of isolation [38]. Proximity to intact forest and the strength of
animal-dispersed input therefore rise together.

Second, proximity to undisturbed forest generates cross-habitat spillover as animal dispersers
move between forest fragments. In Brazil, avian spillovers from secondary forest into degraded sites
exceeded the reverse [39]. So a degraded site close to an intact forest — one that acts as a source for
animal populations — would receive more seeds through spillover. In Costa Rica, adjacent pastures
served as pathways along which frugivorous birds moved between larger forested areas and
defecated or regurgitated seeds of 28 plant species onto stumps scattered across the pasture [40]. A
degraded site near primary forest therefore has the chance to receive seed dispersal from the animal
dispersers that populate those forests.

Bats and birds play different roles at different successional stages. Bats readily cross into open
areas early in succession and disperse pioneer trees and shrubs. Birds require some vegetation
structure — such as trees to perch on — and arrive to disperse later-successional species. Proximity
to intact forest is essential to both, but their contributions to natural regeneration are timed
differently.

One nuance concerns fragment size, not distance: proximity to smaller forest fragments works
nearly as well as proximity to larger ones. In one study, Chaves et al. [12] showed that brown
howlers did not disperse fewer seeds into smaller forest fragments in comparison with larger ones.
The monkeys compensated for a shortage of preferred native fruit in smaller fragments by
consuming second-choice native fruits or cultivated alien fruits. Their generalist, adaptive diet
actually let them disperse more large seeds from cultivated alien species in smaller fragments.
Overall, alpha diversity of dispersed seeds — especially of rare species — was similar or
numerically higher in smaller fragments than in larger ones. Even small fragments therefore serve as
reservoirs of plant propagules with a similar seed diversity to larger fragments, so proximity to them
still aids dispersal.



Proceedings of the Sth International Conference on Modern Medicine and Global Health
DOI: 10.54254/2753-8818/2027.36965

Through my literature review, I showed how sprouter dominance can limit succession and described
a mechanism by which sprouter dominance — which I call "the dispersal trap" — is able to be
broken by proximity to intact forest. Proximity to an intact forest allows a degraded site to benefit
from the forest's abundant and diverse seed rain through wind dispersal, aiding seed establishment in
the site. Such wind-dispersed pioneer species, typically small in size, are unable to break the
dominance of sprouters but can set up the conditions that attract animal dispersers that carry larger
and more shade tolerant seeds, which in turn may be able to compete against sprouters and unblock
succession.

A major caveat to the mechanism is that sprouters can be beneficial in a circumstance where the
differential roles and distinct physiology of seed and sprout regeneration result in a supportive
relationship. Sprouters, because they are spatially bound to the location where the original tree was,
are limited in their dispersal ability [21, 41]. The spatial gaps in which the sprouters can't colonize
are thus filled in by non-sprouters [11] who are favored to do so due to their greater seed production.
Results show that seed regeneration did not affect the growth of sprouts while sprouts increased the
seed regeneration density [21]. Sprouts were able to aid seedlings because seed regeneration benefits
from the moderated temperature and moisture level provided by the partial shading of sprouters that
has a faster growth rate initially [42]. The lack of competition, as shown from the results, between
the two regeneration strategies is because sprouters have already established root systems from
parent trees and thus can access water and nutrients from deeper soil [43, 44], which leaves the
resources from surface soils available for the roots of seed regeneration which are usually less-
established [21]. The established root systems of sprouters provide an additional benefit to
regenerating seeds by releasing water from the deeper soil layers to the shallower layers where the
root systems of seed regeneration lie, allowing seeds to have greater water availability [21, 45].

A second caveat is that there is no single source in the literature review that states that proximity
to old growth is able to break sprouter dominance. Instead, the mechanism is pieced together using
various sources supporting connecting claims.

There are several knowledge gaps that need further research. Critically, I did not identify an
empirical study on whether larger seeds are able to compete well against sprouters specifically and
whether higher proximity leads to higher probability of wind-dispersed seedling establishment
through abundance. There is also little research quantifying the level of proximity that matters,
though some researchers quantify an optimal level of proximity that describes a threshold to access
higher seed availability from an undisturbed forest [15]. This optimal range may be impactful to
future forest restoration methods as the context-dependent nature of natural regeneration means that
the process can occur in different forms and at different rates in sites with different conditions.

My results indicate that a cost-effective method in restoration would be building out from
existing fragments for natural regeneration as this allows higher connectivity and thus benefits in
seed dispersal through wind and frugivores. Another study argues for prioritizing natural
regeneration near forest edges as it can moderate harsh stressors, such as high elevation and
microclimate extremes after a disturbance, that reduces seedling survival [15]. Expanding
restoration outward from these undisturbed forests would thus improve seedling establishment
without the need of artificial shading or microclimate amelioration that can be costly and cause
disturbance to local biodiversity. When a degraded site is not close to an existing forest fragment
however, active restoration may be needed—especially the addition of mature trees with abundant
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and complex seed rain—to break the sprouter dominance as a very little amount of seed is able to
establish and build the mechanism to break the 'dispersal trap.'
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