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ABSTRACT
Pasture and crop lands restrict seed dispersal near remnant forest fragments, especially by restricting the movements 
of dispersal agents and limiting propagule dispersal. Some factors can improve seed dispersal in open areas, such 
as the presence of high numbers of isolated trees in close proximity to forest fragments. We sought to determine 
if: (i) the structural characteristics and (ii) densities of isolated trees in pasture lands, and (iii) their distances from 
the forest fragments, infl uence seed dispersal. We installed 18 seed traps in each of six pastures (total=108 traps) 
bordering forest fragments distributed over 6 distance classes from the forest edges (0, 5, 10, 20, 40 and 80 m). 
We determined the characteristics of the plants surrounding the traps. GLM and GLMer analyses were performed 
and the best model was selected by AIC. We collected 8162 seeds (4722 anemochorous, 3304 epizoochorous, 72 
autochorous, and 64 endozoochorous) belonging to 26 species. Our results showed that plants with high crown 
coverage close to forest fragments and at high densities in the pastures increased seed dispersal. Th ese results 
may aid future restoration of pasture lands by improving seed dispersal in this harsh habitat and promoting better 
connectivity between forest fragments.
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Introduction
Seed dispersal is crucial to plant regeneration (Janzen 

1970) but can be negatively impacted by forest fragmentation 
– which has direct eff ects on animal populations and plant 
biodiversity (Galetti et al. 2003). Forest fragmentation 
and habitat loss, especially due to pasture establishment 
(Fahrig 2003; Fearnside 2005), results in the isolation of 
plant and animal populations by reducing forest habitats 
and promoting fragment isolation (Forman & Godron 
1986, Damschen et al. 2008). Additionally, the isolation 
of populations in forest fragments creates diffi  culties for the 

movement of pollination and dispersal agents (Tischendorf 
& Fahrig 2001), restricting functional landscape connectivity 
(Roland et al. 2000; Ricketts 2001; Baum et al. 2004) and 
seed dispersal (Laurance et al. 2002).

Distance from the seed source can aff ect forest species 
propagule dispersal into pastures as seeds are not usually 
transported long distances from forest fragment edges 
(Aide & Cavalier 1994; Holl 1999; Cubiña & Aide 2001; 
Dosch et al. 2007; Martínez-Garza et al. 2009) or from 
their parent sources (Maarel 2005) without the help of 
dispersal agents. Th us, the presence of isolated trees in open 
pastures can help maintain biodiversity by facilitating the 
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movements of dispersal agents between habitats (Benayas 
et al. 2008; Arroyo-Rodríguez et al. 2009; Cole et al. 2010). 
Additionally, the structural characteristics of plants that 
growing in pastures (such as their heights, diameters, crown 
coverage, and densities) will influence seed dispersal as 
tall, broad trees can provide shelter, nesting, and foraging 
sites (McDonnell 1986; Dean et al. 1999). Trees with wide 
and more highly branched crowns promote greater seed 
abundance beneath them (McDonnell & Stiles 1983; Holl 
1998; Cole et al. 2010; Derroire et al. 2016) and can serve 
as attractive environments for seed dispersers and will 
provide the immediate microclimate for seed germination 
and seedling growth (Belsky et al. 1989; Callaway 2007; 
Derroire et al. 2016). Trees with a larger diameters and 
hollows in their trunks are important for many bird species 
(Mazurek & Zielinski 2004), and trees with larger diameters 
have greater crown coverage and more branches, and will 
produce more flowers and seeds (Chapman et al. 1992; 
Greene & Johnson 1994).

The presence of isolated trees or clumps of plants 
in pastures can increase resource availability, improve 
the quality of the habitat by increasing the floristic and 
structural complexity of the landscape (Harvey et al. 2004), 
and increases the seed rain from neighboring forest plants 
(Harvey 2000; Peña-Domene et al. 2014). Additionally, 
plants growing in pastures will increase animal and seed 
movements and therefore improve the structural and 
functional connectivity of those fragmented habitats 
(Bennett et al. 1994; Forman 1995; Wunderle 1997; 
Metzger 2000; Godefroid & Koedam 2003), accelerating 
plant succession (Peña-Domene et al. 2014).

The effects of isolated tree densities and the structural 
characteristics of individual trees on seed dispersal processes 
in pastures have only been poorly investigated (Guevara et al. 
1992; Holl 1998; Dean et al. 1999; Slocum & Horvitz 2000; 
Mazurek & Zielinski 2004; Cole et al. 2010), and a better 
understanding of the characteristics of forest fragment 
connectivity in these areas could help efforts to improve 
seed dispersal and increase the biodiversity levels of those 
landscapes. We therefore sought to determine whether (i) 
the structural characteristics of trees growing in pastures, 
(ii) their densities, and (iii) their distances from forest 
fragments influence seed dispersal in pasture habitats. We 

hypothesized that there would be greater seed rain (in terms 
of both abundance and richness) dispersal: (i) closer to forest 
fragments, with seed abundance and richness being lower at 
greater distances from forest fragments (except with species 
that are wind dispersed) (Cubiña & Aide 2001; Dosch et 
al. 2007; Martínez-Garza et al. 2009); (ii) in pastures with 
higher plant densities; and, (iii) around larger plants (with 
greater crown coverage, heights, and diameters), as both 
greater plant densities and larger plants would provide 
better sources of propagules and would attract more seed 
dispersal agents (Holl 1998; Dean et al. 1999; Duncan & 
Chapman 1999; Mazurek & Zielinski 2004; Cole et al. 2010).

Materials and methods

Study area

The present study was undertaken in six different areas 
(all within a 2 km radius) formed by forest fragments 
(20 to 40% forest cover) surrounded by active pastures. 
The six landscapes chosen (Tab. 1) had a wide range of 
isolated pasture tree densities (considering any tree in 
the pasture as a reference tree, and selecting individuals 
with DBH>5 cm) (Fig. 1), and included 30 families and 90 
species of trees/shrubs. Species richness ranged from five 
to 37 species per pasture. The families with the greatest 
numbers of individuals were Fabaceae (262), Asteraceae 
(61), Cannabaceae (57), Apocynaceae (37), Malvaceae (25), 
Lamiaceae (23), and Boraginaceae (21), which together 
accounted for almost 70% of the total number of trees. 
Most pasture trees were represented by small individuals, 
with approximately 75% of the trees having diameters ≤ 
20 cm and 88% being less than 10 m tall. The mean tree 
diameter was 17.9 cm (ranging from 5 to 215 cm) and the 
mean height was 7.1 m (ranging from 1.5 to 25 m). In 
terms of their dispersal syndromes, anemochoric species 
accounted for 57% of the total number of trees and 33% 
of the total number of species, while zoochoric species 
represented 37% of the trees and 55% of the total number 
of species (Gonçalves et al. unpubl. res.).

The study area was situated in the semi-deciduous 
Atlantic Forest domain near Alfenas (45º 56’ 50’’W x 21º 
25’ 45’’S) in Minas Gerais State, Brazil. The climate there 

Table 1. Descriptions of pastures in southern Minas Gerais State, Brazil: municipalities, coordinates of pasture locations (DD°MM´SS´), 
and tree densities.  

Pasture Regional names Municipality Longitude Latitude Tree density in pasture

1 Matão Alfenas 40°95´45´´ 76°21´88.0´´ 3.65/ha

2 Diniz Alfenas 38°13´66´´ 76°28´49.4´´ 16.00/ha

3 P9 Campos Gerais 41°93´01´´ 76°54´26.7´´ 27.92/ha

4 Luiz Carmo do Rio Claro 38°39´93´´ 76°70´36.4´´ 32.50/ha

5 P13 Areado 37°37´21´´ 76°30´65.5´´ 33.33/ha

6 Zé Vânio Campo do Meio 40°21´73´´ 76°60´76.8´´ 83.57/ha
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Figure 1. Six landscapes studied with varying isolated trees densities in each pasture. Pastures: 1(3.65 trees/ha), 2(16.00 trees/ha), 
3(27.92 trees/ha), 4(32.50 trees/ha), 5(33.33 trees/ha) and 6(83.57 trees/ha).

is classified as Cwb (dry Austral winters and temperate 
summers) according to the Köppen-Geiger system, with a 
mean Austral winter temperature of 16.9 ºC, and 21.5 ºC in 
the summer; the average monthly precipitation is 26 mm 
in the winter, and 290 mm in the summer (total annual 
precipitation: 1500 mm) (Alvares et al. 2014). Regional 
elevations range from 720 to 1350 m, with a predominantly 
hilly landscape. The study area contains fragmented forests, 
with only ~9 % of their original cover; the fragments are 
surrounded by different agricultural matrices (such as coffee 
and sugar cane), urban areas, and a high percentage of 
pastures (Olivetti et al. 2015).

Procedures

We established three transects with six seed traps each 
(18 seed traps) in each of the six landscapes, giving a total 
of 108 traps. The seed traps were placed in the pastures at 
six different distances from the forest edge (0, 5, 10, 20, 40, 
and 80 m) in each transect (Fig. 2). We considered distance 
0 m as the point of transition from forest fragment to 
pasture. The transects were all established at least 150 m 
distant from each other (Fig. 2). The traps were composed 
of a square wire frame (0.50 m x 0.50 m) with a nylon mesh 
(1 mm) stretched across it to collect and hold the seeds. 

PVC pipes (20 mm) were positioned as supports to raise 
the frames 30 cm above ground level. The seeds collected in 
each trap were identified and classified according to APG III 
(2009); they were also classified according to their dispersal 
syndromes: anemochorous (wind dispersed), autochorous 
(self-dispersed), and endozoochorous (animal dispersed, 
after passing through their digestive tracts) (Pijl 1982) (Tab. 
2). The seeds were harvested from the traps twice every 
month in March, April and May/2014. A circular plot 4 m 
in diameter was also defined around each trap and the tree 
and shrub densities, diameters at soil height (DSH – used 
here to include all trees and shrubs in those circular plots 
around the traps, especially those that had not been included 
as reference trees), their heights, and crown coverage (of 
all trees and bushes with heights greater than 1 m) were 
determined (Tab. 3). Crown coverage was calculated at 1.30 
m (breast height) using a plan densiometer in the center of 
each circular plot. There was significant variability in plant 
crown coverage and plant densities in the different pastures 
and at different distances from the forest fragment (Fig. 3).

Data selection

The six landscapes chosen presented a range of isolated 
pasture tree densities, as calculated using the ArcGIS 
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Figure 2. Sample layout of the seed trap transects in one of the 6 pastures. All transects were separated from each other by at least 
150 m.

platform (Version 10.0, ESRI). The independent variables 
(pasture parameters) used were: distance from the forest 
fragment; the densities of isolated trees in the pastures 
and isolated trees in the circular plots; and the structural 
characteristics of the plants (height, DSH, and crown 
coverage) around each seed trap. The dependent variables 
were seed richness and abundance. We did not transform 
the data. Vernonanthura sp. (an anemochorous species) was 
excluded from the analyses due to its outlier values (Tab. 2).

Analyses

We sought to understand how the independent variables 
such as the structural characteristics of plants (crown 
coverage, height and DSH), tree density (in pastures and 
in circular plots around the traps), and distance from the 
forest fragments influence the numbers and species richness 
of the seeds (dependent variables) collected in the seed 
traps. We first performed an autocorrelation test to filter for 
the independent variables not related to each other, these 
being: crown coverage (as a structural characteristic of the 
plants), distance from a forest fragment, tree densities in 
the pasture, and tree densities in the circular plots around 
the traps.

We used a generalized linear model (GLM) or generalized 
linear mixed model (GLMer), with a Poison distribution, 
to determine the relationships between the dependent 
variables (numbers and richness of the seeds), which were 
discrete, and the selected independent variables (refer to 
the paragraph above). We also included forest fragments 
as random factors in the model, as we were interested in 

understanding the influence of pasture tree characteristics 
(and not fragment or site quality). We used GLM in R, 
package bblme (Guisan & Zimmermann 2000) and GLMer 
in R package lme4 9 (Bates et al. 2014).

Significant models were validated by normality and 
independence testing of the residues. Akaike Information 
Criterion (AIC) was used to assess model performance 
(Burnham & Anderson 2001), with the best model being 
based on the lowest AIC value (Burnham & Anderson 2001). 
We also considered other indices to evaluate model support 
by considering the difference between the model’s AIC 
and the minimum AIC (ΔAIC). Models having ΔAIC< 2 are 
considered to have substantial support and Akaike weights 
(wAIC), which describe the strength of the evidence for 
that model. This can be interpreted approximately as the 
probability that the model is the best model among the set 
of models being considered (Burnham & Anderson 2001).

Results
We collect a total of 10,299 seeds in all of the traps 

(2,137 grass seeds and 8,162 non-grass seeds). There were 
26 species and 15 families represented among the non-grass 
seeds, with Asteraceae (4,709 seeds, 57.7%) and Lamiaceae 
(3,214 seeds, 39.4%) being the most abundant; Fabaceae 
and Malvaceae (four species, 15.4% each) were the richest 
families. The most abundant species were Vernonanthura 
sp. (57.33%) (Asteraceae) and Peltodon radicans (39.35%) 
(Lamiaceae) (Tab. 2). When the collected seeds were 
separated by dispersal syndromes, there were 4,722 (57.8%) 
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Table 2. Distributions of the seed species according to their dispersal syndromes and total abundances. We excluded Vernonanthura 
sp. from the analyses as it showed outlier values. We also excluded all of the epizoochorous species, because they were not the target 
of our study.

Species Family Dispersal syndrome Disperser Life form Abundance Abundance %
Vernonanthura sp. Asteraceae Anemochorous Wind tree 4680 57.339

Gochnatia sp. Asteraceae Anemochorous Wind shrub and/or tree 20 0.245

Undeterminated 1 Asteraceae Anemochorous Wind herbaceous and/or shrub 9 0.11

Machaerium sp. Fabaceae Anemochorous Wind shrub and/or tree 8 0.098

Machaerium villosum Fabaceae Anemochorous Wind tree 4 0.049

Serjania sp. Sapindaceae Anemochorous Wind vine 1 0.012

Croton urucurana Euphorbiacea Autochorous  shrub and/or tree 59 0.723

Helicteres sp. Malvaceae Autochorous shrub 5 0.061

Pilocarpus pennatifolius Rutaceae Autochorous tree 4 0.049

Croton floribundus Euphorbiacea Autochorous  tree 2 0.025

Luehea divaricata Malvaceae Autochorous tree 2 0.025

Cordia ecalyculata Boraginaceae Endozoochorous Birds tree 25 0.306

Psychotria sp. Rubiaceae Endozoochorous Birds shrub 18 0.221

Solanum sp. Solanaceae Endozoochorous Birds shrub and/or tree 7 0.086

Strychnos brasiliensis Loganiaceae Endozoochorous Animals tree 4 0.049

Alchornea glandulosa Euphorbiacea Endozoochorous Birds tree 3 0.037

Aegiphila integrifólia Lamiaceae Endozoochorous Birds shrub and/or tree 2 0.025

Dicella bracteosa Malpighiaceae Endozoochorous Not found vine 2 0.025

Undeterminated 2 Arecaceae Endozoochorous Birds tree 1 0.012

Persea willdenovii Lauraceae Endozoochorous Birds tree 1 0.012

Xylopia aromatica Annonaceae Endozoochorous Birds tree 1 0.012

Peltodon radicans Lamiaceae Epizoochorous herbaceous and/or shrub 3212 39.353

Sida sp. Malvaceae Epizoochorous herb and/or shrub 34 0.417

Desmodium sp. Fabaceae Epizoochorous shrub 32 0.392

Triumfetta semitriloba Malvaceae Epizoochorous shrub 21 0.257

Mimosa sp. Fabaceae Epizoochorous   shrub 5 0.061

Table 3. Mean (minimum – maximum) values of the parameters of the isolated trees surveyed in the circular plots surrounding each 
trap, in six sites in Minas Gerais State, Brazil.

Site Maximum 
height (m)

Mean
height (m)

Basal area
(cm²)

Plant density
 (number of 
individuals)

DSH*
(cm)

Crown coverage
(%)

Cover**
(%)

P9 3.0 (1.8-9.0) 2.3 (1.7-9.0) 9780.1 (147.5-38542.4) 3.7 (0.0-13.0) 23.5 (4.0-90.0) 31.9 (0.0-79.3) 42.3(0.0-100.0)

Luiz 4.0 (3.1-12) 1.5 (3.0-5.0) 2248.2 (458.7-9537.1) 1.6 (0.0-5.0) 6.1 (16.0-22.5) 26.8 (0.0-81.5) 28.2 (0.0-90.0)

P13 2.2 (1.8-7) 1.5 (1.8-4.3) 2161.7 (35.5-9476.6) 1.8 (0.0-6.0) 10.8 (4.8-42.7) 35.4 (0.0-85.3) 39.5(0.0-100.0)

Zé Vânio 2.2 (1.7-6) 1.4 (1.4-4.2) 2388.2 (45.6-8643.7) 5.1 (0.0-19.0) 8.0 (5.2-20.7) 28.8 (0.0-79.0) 34.0 (0.0-95.0)

Pmatâo 2.0 (1.7-7) 1.7 (1.7-4.8) 956.8 (19.6-4158.7) 0.8 (0.0-2.0) 7.7 (3.5-26.7) 25.0 (0.0-86.8) 30.6(0.0-100.0)

Pdiniz 2.3 (4.0-8.0) 1.3 (2.6-4.2) 491.4 (654.2-2006.7) 1.5 (0.0-5.0) 8.3 (11.8-31.2) 29.1 (0.0-83.3) 32.2(0.0-100.0)

* DSH: diameter at soil height used to include all trees and shrubs surrounding the traps.
** Cover: similar to crown coverage measurements under the circular plots, but we considered the shaded area under each trap 
in the circular plots.

anemochorous seeds, 3,304 (40.5%) epizoochorous, 72 
(0.9%) autochorous, and 64 (0.8%) endozoochorous 
propagules.

Six species and five families of anemochorous seeds were 
collected. The most abundant anemochorous species was 
Gochnatia sp. (0.24%). Autochorous seeds were represented 
by five species and three families, with the most abundant 
species being Croton urucurana (0.72%). Endozoochorous 
seeds were represented by 10 species and 10 families, with 
the most abundant species being Cordia ecalyculata (39.06%) 

and Psychotria sp. (28.13%). Almost all of the species were 
dispersed by birds; only two species were undefined (Tab. 
2). Plant densities (circular plots) and their percentages of 
crown coverage exhibited the same patterns of distribution 
in the six different pasture areas studied (pastures with 
their respective numbers of trees per hectare) (Fig. 3 A-B). A 
similar distribution pattern also occurred when we plotted 
the plant density and crown coverage at different distances 
from the forest fragments (positions of the traps) (Fig. 3 
C-D).
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Crown coverage showed a strong effect on the seed rain 
either alone or with (interacting with) other landscape 
characteristics in terms of the seed dispersal syndromes. 
This variable was present in the best models (ΔAICc < 2, 
wi< 0.001), with significant effects on both seed richness 
and abundance (Tab. S1 in supplementary material). There 
were positive relationships between crown coverage and (i) 
total seed richness (all seed dispersal syndromes), as well as 
with anemo-, auto-, and endozoochorous seeds; and (ii) with 
seed abundance, but always with interactions with another 
independent variable.

Total seed abundance increased under trees with greater 
crown coverage in pastures with high tree densities. The 
abundance of endozoochorous seeds increased, in turn, in 
three different situations: (i) in areas (in circular plots) with 
high plant densities and with high crown coverage; (ii) in 
areas (circular plots) with high plant densities in pastures 
with high tree densities; and (iii) in pastures with high tree 
densities with plants with high crown coverage.

These results corroborate our initial hypothesis that the 
seed rain (seed richness and abundance) is greater beneath 
trees with greater crown coverage and in areas with higher 
tree densities. Our hypothesis, however, was not corroborated 
in two cases: first the seed abundance of autochorous tree 
species increased when pasture trees were further from the 
forest fragments and showed high crown coverage; secondly, 
the seed abundance of anemochorous species was lower in 
seed traps more distant from the forest fragments. Finally, 
the seed abundance of anemochorous species increased 
when there were high tree densities in the pastures and 
high crown coverage (Tab. S2 in supplementary material).

Discussion
Our results show that pasture seed rain is greatest: (i) 

with high crown coverage, (ii) with high tree/shrub densities, 
and (iii) at short distances from the forest fragments. 
High crown coverage will increase the total seed rain, as 
well as all of the seed dispersal syndromes considered 
(anemochory, autochory, and endozoochory). Other studies 
have likewise found greater seed abundances under trees 
with greater crown coverage (Cole et al. 2010) and under 
trees with more branches (McDonnell & Stiles 1983; Holl 
1998). High crown coverage promotes better conditions 
for the dispersal agents of endozoochorous syndromes, by 
providing food resources (Luck & Daily 2003), resting and 
nesting sites, a more amenable microclimate, and protection 
from predators (Wegner & Merriam 1979; McDonnell & 
Stiles 1983; McClanahan & Wolfe 1987; Callaway 2007; 
Derroire et al. 2016). Additionally, high crown coverage 
with greater tree densities (both in open pasture and within 
the circular plots) will increase the abundance of both the 
total and the endozoochorous seed rain. Autochorous and 
anemochorous plants with high crown coverage and also 
provide more abundant sources of propagules for the seed 
rains (McDonnell 1986; Guevara et al. 1992; Duncan & 
Chapman 1999) of those two syndromes.

High plant densities (both trees and shrubs), especially 
associated with high crown coverage, will promote greater 
total, anemo-, and endozoochorous seed rains in pasture 
areas. The pastures studied here showed a preponderance 
of anemochorous seeds because most (63%) of the isolated 

Figure 3. A and B - number of plants and percentage of crown coverage distributed in six different landscapes, respectively (six 
pastures with different number of isolated trees per hectare; pastures: 1(3.65 trees/ha), 2(16.00 trees/ha), 3(27.92 trees/ha), 4(32.50 
trees/ha), 5(33.33 trees/ha) and 6(83.57 trees/ha), respectively); C and D - mean of plants and percentage of crown coverage in six 
different distances from edge forest fragment in all pastures, respectively.
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trees there (Gonçalves et al. unpubl. res.) demonstrated 
that specific seed dispersal syndrome. Vieira et al. (2002) 
and Griz et al. (2002) likewise found that anemochorous 
species develop better in open areas (which are normally 
drier environments) than in forest sites.

The presence and the densities of isolated trees 
in pastures are very important for endozoochorous 
dispersal. Seed dispersal in open areas is difficult for 
endozoochorous forest species because most disperser 
animals show restricted movements across pastures due 
to their unfavorable microclimates and the greater risk of 
predation. Although this was a logical and expected result, 
this study is the first to demonstrate the importance of 
isolated trees to seed dispersal in pastures, and to indicate 
which of their structural characteristics (crown coverage) 
improved seed rain in that habitat. Tewksbury et al. (2002) 
found that fruit production and seed movement was greater 
among connected fragments (South Carolina, USA) than 
non-connected fragments. Nason & Hamrick (1997) likewise 
demonstrated that small fragments and isolated trees 
function as important stopping points for seed dispersers 
in fragmented landscapes. Isolated trees can promote greater 
movement of seed dispersal agents through open areas, 
and act as stepping stones for forest birds in fragmented 
landscapes (Nepstad et al. 1996; Perfecto et al. 1996). Harvey 
(2000) found greater seed dispersal under isolated trees 
and shrubs in Costa Rica because they provided perches 
for birds. Isolated trees can offer nutritional rewards (Luck 
& Daily 2003), good perches, singing sites, nesting sites, 
and protection from predators (Wegner & Merriam 1979; 
McDonnell & Stiles 1983; McClanahan & Wolfe 1987). 
Thus, pastures with isolated trees provide food resources, 
refuge sites, and shade for cattle and wild birds (Harvey & 
Haber 1999), and pastures with high tree densities should 
also increase seed rain and accelerate successional processes 
(Peña-Domene et al. 2014).

The positive relationship found between distance from 
a forest fragment and the seed abundance of autochorous 
tree species, as observed in the present study, was probably 
due to the presence of isolated trees or shrubs in those 
pastures presenting autochorous syndrome. Therefore, 
some of the seed sources were these isolated trees and 
shrubs, which generate this pattern of seed dispersal. Seeds 
of autochorous species tend to show aggregated dispersal 
patterns that limit long distance seed dispersal (Wilson 
1993; Giehl et al. 2007).

Their normal short-distance seed dispersal capacity 
indicates that there were probably adult trees of those 
autochorous species producing seeds near some of the 
most distant traps. However, this pattern was consistent 
for many of the autochorous species, and there was no 
overall relationship between autochorous seed richness 
and distance from the forest fragments. The seeds of only 
two autochorous species, Croton floribundus and Croton 
urucarana, were collected in pasture traps.

The abundance of anemochorous seeds showed a 
negative relationship with distance from the forest 
fragments. Anemochorous seeds require wind action to be 
dispersed over long distances, but our study was undertaken 
in March, April and May – months when there is little wind 
in that region. Additionally, tall isolated trees showing 
other syndromes could function as physical barriers to 
anemochorous seed dispersal.

In general, we collected a considerable number of seed 
samples, and our results offer interesting initial theoretical 
and practical advances that encourage longer studies that 
could answer additional questions about the movements 
of seed dispersal agents through pastures. Our study, and 
its results, have some restrictions, however, that should be 
considered. We studied factors that could influence seed 
dispersal (seed rain) in pastures, although germination, 
seedling survival, and growth will be affected by many other 
parameters that were not investigated. Additionally, our 
study was conducted over a relatively short period of time 
and occurred during poor months for seed production (the 
dry season), and at a time of year without fruiting peaks 
of species showing anemochorous and endozoochorous 
syndromes (Vergne et al. unpubl. res.). We did, however, 
demonstrate valid relationships between a number of 
plant and pasture characteristics that may be accentuated 
when the fruiting peaks of these species occur. The present 
results will help us to understand how seed dispersal occurs 
during the dry season and allow us to presume that the 
presence of isolated plants with high crown coverage and 
densities will promote greater seed rains in pastures. A 
number of authors have shown that isolated trees have 
important roles in pastures, such as improving microclimate 
conditions (Callaway 2007; Derroire et al. 2016), increasing 
soil nutrient levels (Belsky et al. 1989; Guevara & Laborde 
1993; Sarmiento 1997; Rhoades et al. 1998; Otero-Arnaiz 
et al. 1999), facilitating forest recovery (Holl et al. 2000; 
Peña-Domene et al. 2014) and serving as stepping stones 
for species movements between forest fragments.

Our results described some important characteristics 
of individual plants that tend to improve seed dispersal in 
open matrices of fragmented landscapes, and the positive 
influence of high tree densities on seed dispersal (Benayas 
et al. 2008; Cole et al. 2010; Peña-Domene et al. 2014) – with 
high crown coverage and high plant densities (trees and 
shrubs) being very important to seed rains in pastures. In 
conclusion, seed dispersal in pastures depends primarily on 
crown coverage, and secondarily on pasture plant densities 
and the distance to the forest fragment. Seed rain (seed 
abundance and richness) in pastures can be improved by the 
presence of greater numbers of isolated trees and shrubs, 
especially if they have broad crown coverage. Introducing 
trees that produce large crowns in open matrices between 
forest fragments would improve seed movement as well as 
the connectivity of those fragments, improving biodiversity 
in fragmented areas and promoting the regeneration of 
native vegetation in abandoned pastures.
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