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Abstract
The Atlantic Forest is one of the most threatened tropical forests in the world, being drastically reduced,
fragmented and disturbed. The drastic process of anthropic occupation and exploitation of this biome
has, in many cases, led to the introduction of exotic species, such as the jackfruits (Artocarpus
heterophyllus). However, studies on the in�uence of jackfruits on the native biota are still scarce. Here we
investigated the in�uence of fruit trees on the seed rain and early recruitment of seedlings in native
remnants, comparing these patterns with those observed for a native species tapirira (Tapirira
guianensis), which similarly to jackfruits, produces many fruits thruought the year, attracting a variety of
frugivore species. Seed rain and seedlings observed under the jackfruits were both more abundant and
equally rich to the assemblages reported under the native tapirira trees. In both species, co-speci�cs
comprise a large part of the number of seeds (> 70%) and seedlings (> 45%) individuals and, although
they attract similar seed assemblages, seedling composition diverge, particularly when co-speci�cs are
excluded. We reported that jackfruits can attract a diverse seed and seedling assemblages, and we �nd
no evidence that the presence of jackfruits negatively affects the arrival and initial recruitment of native
plant species in the study area. These results should be analysed with caution but considered when
evaluating costs and bene�ts of management options to control exotic species.

Introduction
Exotic species, i.e. those occurring outside their natural geographic boundaries, are increasingly
becoming a common feature in human-dominated landscapes (D'Antonio et al. 2001). Some of these
aliens become invasive, aggressively establishing populations into native ecosystems, eventually
becoming a threat to native biotas (Stohlgren et al. 1999). Indeed, biological invasions are among the
leading causes of biodiversity loss (Simberloff et al. 2013; Wonham and Carlton 2005), a process
occurring globally at unprecedented levels (Simberloff et al. 2013). Even those protected, relatively more
pristine areas are now facing the consequences of biological invasions (Pauchard and Alaback 2004;
Sala et al. 2000; Sampaio and Schmidt 2013), although the knowledge regarding its dynamics is still
scarce (Usher et al. 1988). Understanding and predicting the impacts of invasive species depends on
several factors, from the characteristics of the invasive species, the interaction with abiotic and biotic
factors, and even anthropic in�uences on these dynamics (Dick et al. 2017; Ochocki and Miller 2017). 

It has been assumed that invasive species can modify ecological interactions that have emerged
throughout evolutionary times (Christian 2001; Traveset and Richardson 2014). Negative interactions
between exotic and native plants are, therefore, expected as one of the most common and worrying
consequences of biological invasions (Crooks 2002). However, a growing body of research also brings
evidence that facilitating interactions between exotic and native species also occur, i.e. increases in
densities and biomass of one or two interactive counterparts (Duffy and Baltz 1998; Schwindt et al.
2001). In some cases, the arrival of aliens can functionally replace native species lost or severely
decreased by habitat disruptions (Rodriguez 2006), although critics claim for a more cautionary
conclusion (Sotka and Byers 2019). 
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In Brazil, a country most recognized to host a rich and unique biota, the introduction of jackfruits
(Artocarpus heterophyllus, Moraceae) is among the best reported cases with greatest invasive potential
and, therefore, often considered among the major threats to local biota (de Abreu and Rodrigues
2010). Native to Southeast Asia (Thomas 1980), the species was introduced in several countries for food,
landscaping and, in the case of Brazil, was also used to restore a degraded area in the colonial capital of
Rio de Janeiro (Abreu 2008). Jackfruits produce large, nutritious and abundant �eshy fruits highly
appreciated by humans, but the species is also widely consumed by several frugivores from the local
faunas, mainly mammals and birds (Lapenta and Procópio-de-Oliveira 2009; Mileri et al. 2012; Raíces et
al. 2017). As a result of such massive consumption, large quantities of seeds may be dispersed (Faria et
al. 2009; Oliveira et al. 2010), further expanding its distribution and increasing its potential to shape and
structure plant and animal communities (Fabricante 2013). Although such situation often occurs in
degraded areas, jackfruits are reported to be invading several protected areas in Brazil (Abreu 2008;
Bergallo et al. 2016; Fabricante 2013; Raíces et al. 2017; Thomas 1980). Some studies alert that the
presence of this species represents a signi�cant threat to the phytodiversity of the Atlantic Forest (Abreu
2008; Barbosa 2016; Boni et al. 2009; Fabricante 2013; Mileri et al. 2012; Novelli et al. 2010), and
managers are advised to take measures to control populations (Bergallo et al. 2020), including adult
individuals' girdling, seedling withdrawal and chemical applications (Moura et al. 2020). 

In the Atlantic Forest of southern Bahia, the largest remnants of coastal forests in the Northeastern Brazil,
jackfruits are widespread elements in the regional forest mosaic, particulaly within the large area covered
by cacao agroforestry, where this species is planted as fruiting and shading tree (Faria et al. 2009;
Galindo-Leal and de Gusmao Camara 2003; Sambuichi et al. 2012). But it is also reported within native
remnants, particularly those more degraded and secondary areas. For instance, a previous study has
shown that a group of yellow-breasted-capuchins Sapajus xanthosternos, an endemic and threatened
primate species inhabiting a protected area, consume and potentially disperse jackfruits (Canale et al.
2016). While foraging on such exotic species, which is more common on private properties surrounding
the edge of Reserva Biológica de Una (Rebio-Una), these primates drop a rich and abundant seed rain
comprising many native species consumed in mature and secondary forests (Bufalo et al. 2016; Cardoso
et al. 2011; Oliveira et al. 2011). This primate species can potentially disperse jackfruit seeds within the
forest reserve, with jackfruits also competing with native species for dispersal services (Canale et al.
2016). However, it is also important to understand whether seeds from native species drop under the
jackfruits could potentially recruit or whether their development could be suppressed, for instance, by the
high competition of jackfruit seedlings. Despite the potential of invading native areas, information
regarding patterns of seed rain and seedling diversity and composition under the jackfruit crowns would
feed the discussion on whether the ubiquitous presence of such exotics in disturbed areas could function
as drain or sources for forest restoration (D'antonio and Meyerson 2002; Fridley et al. 2007).

In this context, we assessed patterns of seed rain and the early recruitment of seedlings under the canopy
of jackfruits present in a secondary forest within the limits of a protected area in the south of Bahia,
Brazil. We also undertook the same assessment for a native tree species known as tapirira (Tapirira
guianensis), which is a pioneer species locally abundant in both primary and secondary forests, also
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consumed by a variety of frugivores (de Oliveira et al. 2017; Guimarães 2003; Oliveira et al. 2010). We
predict that, once both species can attract a rich assemblage of native frugivores, seed rain will highly
diverse (rich and abundant) under the canopy of both species, but the abundance and richness of
seedlings from native species will be greater under the tapirira canopy because of the greater competitive
pressure – possibly boosted by allelopathy – of  jackfruit seedlings (Perdomo and Magalhaes 2007;
Costalonga and Batitucci 2020).

Materials And Methods
Study area 

The study was carried out in the Una Biological Reserve, here in Rebio-Una (15° 17' S, 39° 04' W), located
in the municipality of Una, Southern Bahia, Brazil (Fig. 1). It is a federally protected area representing one
of the few and most important forest remnants of the Atlantic Forest of northeastern Bahia. The
landscapes in the region are composed of forest fragments under different levels of regeneration,
immersed in a complex matrix that includes pastures, secondary forest, and forest crops such as cocoa
(Theobroma cacao), piaçava (Attalea funifera), and rubber trees (Hevea brasiliensis) (de Oliveira et al.
2017). The original vegetation is classi�ed as wetland rainforest (Oliveira-Filho and Fontes 2000), a
climatic type Af according to the classi�cation of Köppen (Mori et al. 1983), characterized as wet and
warm forests with annual precipitation of 1800 mm, with no de�ned dry season and with average
temperature at about 24 - 25°C (Mori et al. 1983).

Sampling design

We selected 14 individual trees of jackfruits and 14 of tapiriras located within the limits of a foraging
area of a group of yellow-breasted-capuchins, monitored in a previous study conducted at Rebio-
Una (Ferraço 2013). The area is partially located within the Rebio-Una, comprising a mosaic of mature
and secondary forests, but also shade cacao and rubber tree plantations located on private properties
bordering the limits of the reserve. We selected sampling trees in two areas, one with a predominance of
tapiriras and without the presence of jackfruits in a radius of 200 meters, and another with a
predominance of jackfruits and without tapiriras being absent within a radius of 200 meters (Fig. 1). In
each area, a minimum distance of 10 meters between each sampling tree was observed. 

Seed rain and early recruitment

A total of 56 seed traps were installed in the study area, 28 under the canopy of each focal species, 2
traps per plant. Each seed trap was fabricated with a 20mm PVC tube, framing a 60cm x 60cm net
(synthetic - comprising a sampling area of 360cm2), and was installed suspended approximately 50 cm
from the ground. In each monitored tree we also installled one trap for seedling recruitment, basically
consisting of a 60 x 60cm squared frame made by 20mm PVC tube, located under each tree canopy
within which all seedliongs were reported. The area under the canopy of each tree was divided into four
quadrants and the traps were randomly placed near the trunk of the monitored tree, although we pre-
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de�ned that each quadrant would contain only one type of trap. Once in a month we counted and
identi�ed all seed and seedling individuals observed in each trap, accounting for all species and also
excluding those co-speci�cs of each mother plant. After each counting, seeds were removed from traps,
kept in paper bags, sent to the Laboratory of Applied Ecology at UESC where they were compared to a
previous reference collection and identi�ed at the lowest possible taxonomic level. By contrast, seed
recruitment was considered by the set of seedlings recruited in each trap after the start of the study,
including seedlings and juveniles, and each individual was tagged (plastic label attached by a cotton
thread) to avoid counting twice. Seedlings were considered as 1. individuals up to 3mm thick at the base
of the plant; 2. individuals with a single rod; 3. seed recruitment was considered by the set of seedlings
recruited in each trap after the start of the study, including seedlings and juveniles. Individuals with
evidence of seed germination (follow the monthly follow-up for six months of the �eld). Seedlings were
separated into morphospecies and identi�ed at the family level whenever possible using the literature.We
evaluated seed rain and recruitment plots each month for six months, except during July when sampling
was not possible due to personal safety issues in the Rebio-Una. 

Statistical analyses

We used Generalized Linear Models (GLM) to examine the differences in seedling and seed richness and
abundance among A. heterophyllus and T. guianensis species. For this analysis, we assume as a
categorical explanatory variable the combination of two factors, being the type factor (seeds and
seedlings) and group factor (A. heterophyllus and T. guianensis). By combining these two factors we
obtained an explanatory variable with four levels, we thus acquire a complete factorial that demonstrates
the effect of abundance and seedling and seed richness among the focal species. Referring to the
dispersion effect of seed abundance and seedling abundance, we used Poisson error distribution (log-
linear models) and when the data presented over-dispersion, we assumed the quasiponisson
approximation to correct the data.

To evaluate the taxonomic composition of seeds and seedlings between both focal species we performed
a Permutational Multivariate Variance Analyzes (PERMANOVA) (Anderson and Walsh 2013) based on
Bray-Curtis dissimilarity matrices. To understand the possible differences in seed and seedling
composition among predictors, we used the non-metric Multidimensional Scaling (NMDS) analysis.

Results
After monitoring the 28 focal trees, we reported a total of 199 seeds from 30 species (Table 1) and 134
seedlings of 22 species. Under the jackfruits, we observed a total of 129 seeds, 80% comprising jackfruit
seeds and the remaining seeds from 14 different species. Of the 70 seeds found under the Tapirira, 70%
of the seeds were of 22 different species of tapirira (Table 1). In the same period, a total of 134 seedlings
of 22 species were observed recruiting under the canopy of the two focal species. Of these, 79 seedlings
from 11 species were observed under the jackfruit trees, 76% comprising jackfruit seedlings, while under
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the tapirira we observed 55 seedlings from 6 species, with tapirira comprising 45% of these individuals
(Table 2). 

On average, seeds were more abundant than seedlings when all species are considered, but when co-
speci�cs are discarded, i.e. after excluding seed and seedling from the mother plant, the average
abundance of both seeds and seedling was signi�cantly higher in jackfruits than those reported under the
crown of the tapiriras (Fig. 2). However, we found no signi�cant differences on average species richness
of neither seeds nor seedlings between the two focal trees, even when co-speci�cs are excluded (Fig. 3). 

We observed that each tree species comprised different assemblages of seeds under their crowns (Table
3), but only when co-speci�cs are included in the analysis, i.e. when seeds of jackfruits and tapirira are
excluded from the assemblage reported bellow each mother plant, seeds composition did not differ
between jackfruits and tapirira (Table 4). In this case, however, NMDS showed a larger variability on the
composition among jackfruit individuals whereas this was more similar among those tapirira trees (Fig.
4). By contrast, each tree species comprised different assemblages of seedlings even after controlling for
co-speci�cs. Nevertheless, the NMDS revealed that, when co-speci�cs are excluded, the similarity of
seedling composition between both tree species increases (Fig. 4).

Discussion
Our study shows that jackfruits are important perches attracting an abundant and rich seed rain, largely
comprising a variety of native species. On average, seed rain and seedling assemblages under the
jackfruits were both more abundant and equally rich to the assemblages reported under the native tapirira
trees. In both species, co-speci�cs comprise a large part of the number of seeds (>70%) and seedlings
(>45%) individuals. However, while both species attract similar assemblages of seeds, the composition of
seedling assemblages diverge between focal species. Nevertheless, our analysis also showed that when
co-speci�cs were excluded, the divergence between recruitment assemblage decreased.

The tropical climate along a large strip of the Atlantic Forest, with an intense frequency of rainfall and
high average temperatures (Dean 1996), guarantees to the exotic species favorable conditions to
abundant fruiting throughout the year. Each tree can produce more than 100 fruits, each averaging 500
seeds (de Abreu and Rodrigues 2010). Furthermore, the dispersal of the jackfruit seeds occurs mainly
through barocory, therefore a major part of the fruits is deposited under the canopy of the mother
plant (Abreu 2008; Bergallo et al. 2016; de Abreu and Rodrigues 2010; Morton 1965), often with a high
recruitment rate (Fabricante 2013; Silva 2014b). In many cases, the high availability of fruits and seeds
produced by this exotic species is so high that it exceeds the consumption capacity of frugivores, such as
reported for an insular area in Brazil (Oliveira et al. 2010). This de�cit of consumers is likely to be greater
in defaunated areas because the low abundance of consumers further increases the abundance of viable
seeds and recruiting individuals under the canopy of the jackfruits.

In addition to seed predation, terrestrial mammals may also play an important role in the secondary
dispersal of jackfruits, consuming and dispersing the fallen seeds under the mother plant. Raíces et al.
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(2017) evaluating the role of mammals in the Jackfruit seed dispersal in Ilha Grande State Park, Brazil,
found that the terrestrial mammalian species Didelphis aurita, Cuniculus paca, and Trinomys
dimidiatus are among the main dispersers of jackfruit seeds. Plant species can compete for seed
dispersers (Berghallo et al. 2016), particularly in highly defaunated areas. Therefore, the high local
abundance of seeds of exotic species would increase its dispersal in detriment of this service to the
remaining native species (Oliveira et al. 2010). In southern Bahia, primates represent one of the few
frugivorous mammals capable of effectively disperse medium and large seeds, whose original dispersers
are locally extinct due to hunting (Oliveira-Filho and Fontes 2000; Rocha et al. 2015). Oliveira et al. (2011),
studying the use of agroforests in the same region where our study was concentrated reported that
jackfruits are the only ubiquitous species registered in the diet of all groups of primates – the endemic
golden‐headed lion tamarins (Leontopithecus chrysomelas) - present in great abundance and being
consumed during periods of fruit shortage. In this case, primates consume fruits still hanging on the tree,
that is, before falling ripe to the ground. However, at least in the case of the primate S.
xanthosthernos monitored at Rebio-Una, the dispersal effectiveness is quite small (de Oliveira et al.
2017). Even though the entire region of southern Bahia is highly defaunated (Canale et al. 2012), it is
possible that the low density of extant medium-sized species, particularly inhabiting protected areas such
as Rebio-Una, may help to disperse jackfruit seeds from the more urbanized areas surrounding this
protected area to its interior (Cardoso et al. 2011; Mileri et al. 2012). 

Although studies have shown that jackfruits can restrict the initial recruitment of native species, reducing
the diversity of native plant assemblages (de Abreu and Rodrigues 2010; Fabricante 2013;  Morton 1965;
Novelli et al. 2010), we did not �nd any evidence for such effect in our study. The seed rain and recruiting
assemblage reported under the monitored jackfruit individuals are both as diverse and as abundant when
compared to the native tapirira, one of the most common pioneer species in secondary and primary
forests (Oliveira et al. 2011; Silva and Tabarelli 2000). Besides, seed rain composition is similar between
both focal species, even considering that jackfruits and tapirira differ regarding the foraging frugivore
assemblage. The native species tapirira exhibits a high production of small black fruits, attracting a
dispersing fauna different from that reported for the exotic species, like several birds with varied
strategies of capture and manipulation of the seeds (Guimarães 2003; Ribeiro and Silva 2005; Silva
2014b). That is, while the primary and secondary dispersal of the jackfruits occurs, respectively, by
barocory and terrestrial medium and large mammals (Alvino et al. 2005; Morton 1965; Oliveira et al. 2010;
Thomas 1980), birds and small mammals are the main consumers and dispersers of tapirira fruits, even
though primates also consume tapirira fruits. Despite these differences, when we excluded the presence
of seeds produced by the mother plant, we found a high similarity in the composition of the seed rain
between them. Both species present a rich, abundant and diverse seed rain, together comprising at least
21 species of native �ora. 

However, this similarity in the seed rain is not re�ected in the composition of the recruiting assemblages.
Indeed, among the major factors in�uencing plant recruitment are the availability - quantity and quality -
of suitable sites for germination and antagonistic interactions, such as local competition – particularly
regarding co-speci�cs – and predation pressure (Alvino et al. 2005; Crawley 1990). These factors may act
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as barriers limiting seed recruitment at speci�c sites (Zimmerman et al. 2000). Differences in conditions
under the canopy of the two species can determine different responses in the germination capacity, and
survivor likelihood, of the seed assemblage. Among the emergent species highly abundant under the
jackfruit canopies are some species characteristic of secondary succession. In particular, the genus Inga
was very abundant and recruited exclusively under this exotic tree (Alvino et al. 2005). Inga and jackfruit
seeds have similar characteristics, they are recalcitrant, have higher growth rates when exposed to light,
and when water is reduced below 29%, the seeds are unable to germinate (Barrozo et al. 2014; Silva
2014a). Although the jackfruit is classi�ed as shade-tolerant species, its seeds germinate better in
intermediate clearings than in shaded areas (Khan 2004). Nevertheless, it should be emphasized that the
early recruitment of native plants under the jackfruits does not guarantee their establishment into the
subsequent ontogenetic stages (Siqueira 2006). Most likely, as seedlings of this exotic species develop,
these dynamics can change due to density-dependent mortality (Silva 2014a). In fact, Silva
(2014a) evaluating the mortality of regenerant component of native species under jackfruit canopy
revealed a lower abundance of native regenerants in the presence of the exotic species than in areas
where the species was absent.

Implications for conservation

Habitat loss has led to a decrease in fruit availability in the southern region of Bahia, mainly from shade-
tolerant species (Pessoa et al. 2017). The presence of jackfruits within, or on properties in the vicinity of
Rebio-Una might play an important role in the maintenance of frugivore populations in the region, mainly
during periods of fruit shortage (Pessoa et al. 2017). Due to this characteristic, any recommendation or
management strategy should require a deep and careful evaluation. Strategies to eradicate exotic plant
species might also imply more complex and, sometimes, unattended effects such as those impacting
local frugivores (Oliveira et al. 2011). Our results reinforce that this exotic species does attract a rich and
abundant seed rain, comparable to those reported in other native and abundant plant species. More
important, despite the high abundance of both seeds and recruits of jackfruits, which could decrease the
likelihood of native recruits by competition or even allelopathy, we �nd no evidence that this exotic
species limits the early recruitment of the native seedlings. Nevertheless, we don´t know whether this
pattern remains unchanged over time, i.e. it is possible to picture the jackfruits acting as an exotic
element with relevance to forest regeneration and recovery of degraded areas. However, we highlight that
(1) small differences in the composition of native seedlings recruited may represent large differences in
the long term, and (2) the jackfruits may present a greater competitive advantage in later recruitment
stages, limiting the recruitment of native species in more advanced ontogenetic phases and acting as an
ecological �lter with adverse effects under forest regeneration. To propose either the use or the control of
jackfruits as options for management actions, it is essential to investigate in more detail whether recruits
will successfully be established. Thus, it is necessary to move forward to better understand the role of
these exotic trees in the successional trajectory of the local community.
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Tables

Table 1 Composition of seed species deposited under the canopy of the jackfruits (Artocarpus

heterophyllus) and tapirira (Tapirira guianensis) in the Una Biological Reserve, Bahia, Brazil.
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Family Species

Total

collected

jackfruit

trees

tapirira

trees

Anacardiaceae Tapirira guianensis 22 0 22

Arecaceae Elaeis guianensis 6 1 5

Arecaceae Euterpe edulis 1 1 0

Cannabaceae Celtis ehrenbergiana  4 1 3

Erythroxylaceae sp. I 2 0 2

Euphorbiaceae Brasiliocroton mamoninha 3 0 3

Euphorbiaceae  sp. I 1 0 1

Euphorbiaceae Manihot glaziovii 2 1 1

Fabaceae Andira surinamensis 2 0 2

Hernandiaceae

Sparattanthelium

botocudorum 2 0 2

Malvaceae Ceiba ventricosa 3 2 1

Malvaceae Eriotheca globosa 2 1 1

Malvaceae Theobroma cacao 5 4 1

Meliaceae Trichilia casaretti 1 0 1

Moraceae Artocarpus heterophyllus 104 104 0

Moraceae Brosimum glaziovii 2 2 0

Moraceae Brosimum rubescens 1 0 1

Moraceae Ficus clusiifolia 2 0 2

Moraceae Ficus gomelleira 2 0 2

Peraceae Chaetocarpus echinocarpus 3 1 2

Polygonaceae Coccoloba rósea 3 0 3

Rubiaceae sp. I 2 2 0

Sapindaceae Cupania scrobiculata 1 1 0

Sapindaceae Matayba guianensis 2 0 2

 Morfospecies I 1 1 0

 Morfospecies II 1 1 0
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 Morfospecies III 6 1 5

 Morfospecies IV 2 0 2

 Morfospecies V 5 1 4

 Morfospecies VI 4 3 1

 Morfospecies VII 1 0 1

  Morfospecies VIII 1 1 0

 

Table 2 Composition of seedlings recruited under the canopy of the jackfruits (Artocarpus het
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Family Species Total collected jackfruit trees tapirira trees

Anacardiaceae Tapirira guianensis 25 0 25

Apocynaceae sp. I 2 0 2

 sp. II 1 0 1

Burseraceae Protium heptaphyllum 5 0 5

Clusiaceae sp. I 2 0 2

Euphorbiaceae  Mabea sp. 1 0 1

 Sorocea sp. 5 2 3

Fabaceae Inga sp. 6 6 0

Moraceae sp. I 1 1 0
 Artocarpus heterophyllus 60 60 0

Myrtaceae sp. I 2 2 0

Rubiaceae sp. I 4 0 4

 sp. II 3 0 3

 sp. III 1 0 1

Sapindaceae sp. I 2 1 1

Sapotaceae sp. I 1 1 0

Vochysiaceae sp. I 2 0 2

 Morfospecies I 1 1 0

 Morfospecies II 2 1 1

 Morfospecies III 2 1 1

 Morfospecies IV 4 2 2

  Morfospecies V 2 1 1

 

Table 3 Generalized linear model constructed with abundance and richness for assemblanges

for all species and excluding co-specifics with coeficients of tree species, seed and seedlings

and tree species and seed and seedlings of the Artocarpus heterophyllus and Tapirira

guianensis in the Una Biological Reserve, Bahia, Brazil.
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Metric Assemblages Coefficients Estimate Std.Error t.value p

Abundance All species2 Tree species -0.2834 0.2748 -1.0310 0.30

    Seeds and seedlings 0.4845 0.2289 2.116 0.03*

    Tree species and Seeds

and seedlings 

- 0.2409 0.3595 - 0.670 0.50

  Excluding co-

specifics1

Tree species  0.6061 0.2930 2.069 0.03*

    Seeds and seedlings  0.1054 0.3249 0.324 0.74

    Tree species and Seeds

and seedlings

0.3684 0.3934 0.937 0.34

Richness All species1 Tree species 0.3409 0.2312 1.474 0.14

    Seeds and seedlings  0.0307 0.2481 0.124 0.90

    Tree species and Seeds

and seedlings

-0.0532 0.3263 -0.163 0.87

  Excluding co-

specifics1

Tree species 0.5436 0.2963 1.834 0.06

    Seeds and seedlings 0.0540 0.3289 0.164 0.86

    Tree species and Seeds

and seedlings 

0.1495 0.4083 0.366 0.71

Significant p values (p<0.05) are assigned  by*.  Abundance or richness models followed the

Poisson1 or Quasi Poisson2 distributions

Table 4 Results of the PERMANOVA based on the Bray-Curtis similarity matrix for seeds and

seedlings.
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Source of variation F P

Total seeds 12,49 0,0001*

Seeds without mother plant effect  1,651 0,0746

Total seedlings  15,44 0,0001*

Seedlings without mother plant effect  2,721 0,0025*

Significant p values (p<0.05) are assigned by*.

Figures

Figure 1

Study site at the Una Biological Reserve (Rebio-Una) southern Bahia, Brazil.
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Figure 2

Abundance of seeds and seedlings reported under the crown of jackfruits (Artocarpus heterophyllus) and
tapirira (Tapirira guianensis) in southern Bahia, Brazil.

Figure 3



Page 21/21

Mean species richness of seeds (a, b) and seedlings (c, d) reported under the crown of jackfruits
(Artocarpus heterophyllus) and tapirira (Tapirira guianensis) in southern Bahia, Brazil.

Figure 4

Multidimensional Non-Metric Scaling (NMDS) of the composition of seeds (a, b) and seedling (c, d)
assemblages, considering all seedlings assemblages (a, c) and when co-speci�cs (seeds from mother
plant) are not considered (b, d) present under the canopy of the jackfruit (Artocarpus heterophyllus) and
tapirira (Tapirira guianensis) trees, in southern Bahia, Brazil. Full circles (•) and add signs (+) depict the
set of seedlings recruited under jackfruits and tapirira trees, respectively.


