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ABSTRACT  

Mining causes changes in natural areas, from the elimination of vegetation and the seed bank to physical 

changes in the soil and water dynamics. The recovery of such impacted areas depends on both the 

natural process of secondary succession and the use of techniques that assist the return of the flora. 

Aiming to evaluate the seed rain in an area of basaltic rock mining, 18 seed collectors of 0.5 m2 were 

installed placed under artificial perches, pioneer trees (natural perches) and control collectors. After 12 

months, 8976 seeds of 33 plant species were quantified with an average density of 997 seeds m2 year-1 

that differed statistically between the different perches. Artificial perches were more efficient in 

facilitating the seed rain, the most abundant of which were Cecropia pachystachya Trécul (n=3218), 

Andropogon bicornis L. (n=1417), Urochloa plantaginea (Link) R.D.Webster (n=1179), and Leucaena 

leucocephala (Lam.) de Wit (n=1138) were more abundant and represented 77.4% of total collected seeds 

and 12.1% of species richness. The installation of artificial perches should be encouraged in degraded 

areas, because they facilitate the visitation of birds and seed dispersal, contributing both to the arrival of 

seeds and to an increase in seed richness in the area. 

Keywords: Artificial perches, Dispersal syndromes, Secondary succession  

RESUMO  

A mineração provoca alterações nas áreas naturais dada pela retirada da vegetação e eliminação do 

banco de sementes e até alterações físicas e estruturais no solo e na dinâmica da água. A recuperação 

das áreas impactadas depende tanto do processo natural de sucessão secundária como do emprego de 

técnicas que auxiliam o retorno da flora ao local. Visando avaliar a ocorrência da chuva de sementes em 

uma área de exploração de rochas basálticas foram instalados 18 coletores de sementes de 0,5 m2 
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posicionados sob poleiros artificiais, poleiros naturais e coletores controle. Após 12 meses foram 

quantificadas 8976 sementes de 33 espécies de plantas com densidade média de 997 sementes m2 

ano-1 que diferiu estatisticamente entre os diferentes  poleiros. Os poleiros artificiais se mostraram mais 

eficientes no recebimento de sementes sendo que as mais abundantes foram de Cecropia pachystachya 

Trécul (n=3218), Andropogon bicornis L. (n=1417), Urochloa plantaginea (Link) R.D.Webster (n=1179) e 

Leucaena leucocephala (Lam.) de Wit (n=1138) que juntas responderam por 77,4% do total e 12,1% da 

riqueza de espécies. A instalação de poleiros artificiais deve ser estimulada em áreas degradadas, pois, 

facilitam a visitação das aves contribuindo para a chegada e aumento da diversidade de sementes na 

área. 

Palavras-chave: Poleiros Artificiais, Síndromes de Dispersão, Sucessão Secundária  

1 INTRODUÇÃO 

The expansion of extensive agriculture and land use intensification in the late 

20th century has led to deforestation, habitat fragmentation and many other 

impacts on ecosystems (MILLER and SPOOLMAN, 2021). These growing human 

activities, in addition to reducing the areas occupied by native vegetation, have led 

to the reduction of biodiversity, ecosystem services and the extinction of many 

species. Mining activities, despite important for society, are among the most 

important drivers of environmental degradation, which, in addition to promoting 

intense changes in the landscape, hinder the recovery process, either due to the 

elimination of biotic components of ecosystems or impacting soils, subsoils and 

surface and groundwater (AMARAL, 2013). 

On the one hand, there is a need to use natural areas for the establishment 

of human activities, on the other, the current Brazilian legislation establishes that 

after the exploration has ceased, the mining areas that are degraded must be 

recovered (GASTAUER et al., 2018). Ecological restoration is attributed to the 

process of assisting the recovery of an ecosystem that has been degraded,  

damaged, or destroyed, which in most cases and due to the damage suffered, is 

generally different from its original condition (GANN et al., 2019).  

According to Reis et al. (2010) in areas that have been impacted, secondary 

ecological succession can occur very slowly due to “in situ” conditions and in these 

cases nucleation techniques may be necessary to start or accelerate the natural 
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process. Among the factors to be considered in the succession are the quantity 

and quality of seeds that arrive in a given area, whether they are already 

regenerating species, but preferably species that are allochthonous, in a 

phenomenon known as seed rain (DEL CASTILLO and RÍOS, 2008). Regarding the 

mechanisms of seed dispersal, it can occur via different vectors such as wind, 

rainwater and rivers, by animals and also by self-dispersion (ALMEIDA, 2016; 

SANTOS JÚNIOR and FERREIRA, 2018). 

The artificial perch technique was developed in order to  facilitate the 

seed dispersal process in open areas with a reduced number of trees 

(ZWIENER et al., 2014). The use of this technique assumes that the structure of 

the perches is interpreted by the birds as dry tree branches and in this way can be 

used as landing sites during the period of foraging and resting (REIS et al., 2003). 

The use of bird perches makes the environment more attractive to seed dispersing 

birds and over time enhance seed dispersal, seedling regeneration and the 

structural complexity of degraded habitats (BOCCHESE et al., 2008; BOANARES and 

AZEVEDO, 2014; SILVEIRA et al., 2015; VOGEL et al., 2018). Thus, bird perches 

promote the arrival of allochthonous plant species in the area, which 

increases the local diversity and contributes to the secondary succession 

process (DIAS et al., 2014). 

As for secondary succession in areas degraded by mining, the 

reestablishment of ecosystem structure and functions are influenced by 

environmental conditions, intensity and duration of impacts (ARAÚJO et al., 2006; 

SALOMÃO et al., 2007; JESUS et al., 2016). Studies that evaluate secondary 

succession in abandoned mining sites are fundamental because they provided 

the identification of species that develop in such degraded areas, environmental 

factors that positively or negatively influence the process of natural 

regeneration and, mainly, generate knowledge that can guide habitat recovery 

(KLEIN et al., 2009). 
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Given the current scenario of biodiversity crisis, considering the impacts 

caused by mining and the shortage of information, this study aimed to assess the 

seed rain and the influence of bird perches on the quantity and richness of seeds 

that arrive in an abandoned mining area in process of natural regeneration. More 

specifically, we aimed to answer the following questions: (i) can the seed rain be 

expected to occur in mined areas? (ii) Is the seed rain regular throughout the year? 

(iii) Does the use of bird perches lead to an increase in the abundance and richness 

of seed rain in areas degraded by mining? 

2 MATERIAL AND METHODS 

This study was conducted at the Minerpal Mining in Palotina/PR (Figure 1) in 

an area of 3.04 ha impacted by rock extraction. The region is part of the Paraná 

Sedimentary Basin, with lithology composed of basalts under a flat relief. 

Approximately thirteen years ago, after exploration ceased, the area received 

layers of soil from the blasting of rocks of other areas of the quarry. Since this 

material was deposited randomly and the soil horizons were mixed with saprolite 

fragments of different sizes, this soil can be classified as an Anthrosol. 

Figure 1 — Location of the study area 

 

Source: Authors (2021) 
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The relief structure shows diverse features, from smooth to wavy with 

depressions and soil ridges with different heights. This irregular topographic 

pattern, associated with the unevenness of the rocky layer, induces the formation 

of flooding points even in periods of low precipitation, lagoons that persist in 

periods of drought, and elevated sites with greater soil thickness, which remain 

well drained for much of the year. The region’s climate type, according to the  

Köppen classification, is Cfa with no dry season, average temperatures from 16 to  

28.7 °C, and average annual precipitation of 1640 mm — with more frequent rains 

between October and February (IDR-PARANÁ, 2021). 

5000 seedlings of native tree species were planted in the area in 2009. Since 

then, no other intervention has been made. Seedling establishment rate, however, 

did not reach 10%. In the same period, secondary succession began with the 

growth of an herbaceous stratum dominated by several species of grasses, in 

addition to the spontaneous arrival of Leucaena leucocephala from adjacent areas 

in the southern and eastern boundaries. Taking into account the current 

characteristics, the area’s vegetation can be classified as the initial stage of 

succession (IAP, 2020).  

The study area was subdivided into two lines, Paredão Line (LP) and Central 

Line (LC), according to vegetation development and environmental characteristics 

(Figure 1). Seed rain assessment was carried out using 18 0.5 m2 collectors installed 

at 1 m above the ground. Nine collectors were placed in each line: three under 

artificial perches (PA), three under natural perches (PN, i.e. pioneer trees), and 

three control collectors (C). Artificial perches were made with two bamboo poles 

fixed together and arranged in a "T" shape 2.0 m high and 1.5 m wide (Fig.2).  

  



6 | Seed Rain in a Degraded Mining Area: The Role of Bird Perches and Pioneer Trees 

 

 

Ci. e Nat., Santa Maria, v.44, e29, 2022 

Figure 2 — Dimensioning of the artificial perch 

 

Source - Maristela Grunevald, 2018 

Collections were carried out between Aug/17 and Jul/18, totaling 12 

samplings per collector. Botanical identification of the seeds was based on the APG 

IV system. The nomenclature of the species was verified using the archives of the 

Brazilian Flora project (FLORA E FUNGA DO BRASIL, 2022). Seeds that could not be 

identified were listed as morphospecies. All material obtained was included in the 

collection of the Laboratory of Agricultural Ecology of the Federal University of 

Paraná, Palotina, PR. The identification of the dispersal syndrome of each 

morphospecies followed criteria proposed by PIJL (1972). 

To compare the efficiency of artificial perches in relation to natural perches 

and control collectors, analysis of variance and Tukey's test (p<0.05) were 

conducted to identify differences between the means, regarding number of seeds, 

dispersal syndromes, abundance, and species richness. We tested the normality of 

ANOVA residuals using the Shapiro-Wilk test and for homoscedasticity, the Levene 

test. In cases where the data were not normally distributed, they were 

logarithmized. All tests were performed in PAST4.03® (HAMMER and RYAN, 2001) 

and SISVAR® (FERREIRA, 2014). 
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3 RESULTS 

During the sampling period, 8976 seeds of 33 species/morphospecies (Table 

1) were collected. 14 of these were identified up to the species level and another 

19 as morphospecies (genus, family, or unidentified). Average seed density, 

considering all collectors, was 997 seeds m2 year-1. Separately, 4731 seeds (1577 

seeds m2 year-1) were collected in collectors positioned under artificial perches, 

2617 seeds (872 seeds m2 year-1) under natural perches, and 1628 seeds (542 seeds 

m2 year-1) in control collectors. In the Central Line, 5618 seeds (1248 seeds m2 year-

1) were quantified: 3133 seeds were collected in artificial perch collectors, 1516 

seeds in natural perch collectors, and 969 seeds in control collectors. For the 

Paredão Line, 3358 seeds (746 seeds m2 year-1) were quantified, 1598 seeds in 

artificial perch collectors, 1101 seeds in natural perch collectors, and 659 seeds in 

control collectors. The most abundant species were Cecropia pachystachya (n=3218), 

Andropogon bicornis (n=1417), Urochloa plantaginea (n=1179), and Leucaena 

leucocephala (n=1138), which represented 77.4% of the total seeds collected and 

12.1% of species richness. 

Table 1 — Floristic list and total number of seeds collected 

Continued... 

Family Genus / Species Code 
Number of 

seeds 
DS 

Anacardiaceae Lithraea molleoides (Vell.) Engl. M24 2 AU 

Asteraceae 

 

Bidens alba (L.) DC. M10 573 AN 

Porophyllum ruderale (Jacq.) Cass. M12 3 AN 

Cecropiaceae Cecropia pachystachya Trecul M02 3218 ZO 

Fabaceae 
Leucena leucocephala (Lam.) de Wit M03 1138 AU 

Mimosa bimucronata (DC.) Kuntze M20 23 AU 
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Table 1 — Floristic list and total number of seeds collected 

Conclusion 

Family Genus / Species Code 
Number of 

seeds 
DS 

Poaceae 

Andropogon bicornis L. M11 1417 AN 

Elionurus sp M08 54 AN 

Melinis repens (Willd.) Zizka M07 105 AN 

Panicum 1 M05 122 AN 

Panicum 2 M06 60 AN 

Sorghum halepense (L.) Pers. M32 35 AN 

Urochloa plantaginea (Link) R. D. 

Webster 
M14 1179 AN 

Grass 1 M09 40 AN 

Grass 2 M13 13 AN 

Grass 3 M17 28 ZO 

Lauraceae Ocotea sp M15 3 ZO 

Lecythidaceae Lecythidaceae sp M18 17 AU 

Onagraceae 
Ludwigia sericea  (Cambess.) H. Hara M30 326 AU 

Ludwigia sp M33 6 AU 

Ulmaceae Trema micrantha (L.) Blume M16 19 ZO 

Primulaceae Myrsine umbellata Mart. M19 15 ZO 

Rubiaceae Rubiaceae sp M22 1 ZO 

Solanaceae Solanum sp M01 134 AU 

Euphorbiaceae 
Alchornea triplinervia (Spreng.) Müll.Arg. M25 1 AU 

Euphorbia sp M26 2 AU 

Family 1 Morphospecies 1 M21 2 AU 

Family 2 Morphospecies 2 M23 2 ZO 

Family 3 Morphospecies 3 M27 39 AU 

Family 4 Morphospecies 4 M28 3 ZO 

Family 5 Morphospecies 5 M29 1 AU 

Family 6 Morphospecies 6 M31 21 AU 

Family 7 Morphospecies 7 M04 374 AN 

DS = dispersion syndrome 

Source: Authors (2021) 
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The number of seeds collected was quite irregular. The F test (0.05;11.60) = 

2.403 revealed differences between the mean values for each month. The peaks of 

the number of seeds collected occurred in Aug/17, Jan, and Apr/18, corresponding 

to the period from late winter to early autumn (Figure 2). 

Figure 3 — Variations in number of seeds collected. Different letters represent 

significant differences between months, tested with Tukey pair-wise comparisons

 

Source: Authors (2021) 

As for the dispersal syndromes, the F test (0.05;2.105) = 9.682 showed significant 

differences between the number of seeds of different syndromes (Table 2). 53.7% 

of seeds (n=4820) were classified as anemochoric, 37.1% (n=3330) as zoochoric, 

and 9.2% (n=826) as autochoric. 
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Table 2 — Efficiency of the collectors 

Continued... 

 

 

 

 

 

 

Variation factor DF SS MS F P 

Overall efficiency of collectors 

Treatment 2 209385.083333 104692.541667 7.084 0.0016 

Error 69 1019748.916667 14778.969807   

Corrected total 71     

CV (%) 97.52     

Overall average 124.66  Number of observations 72 

Efficiency of collectors for zoochoric seeds 

Treatment 2 99753.694444 49876.847222 7.514 0.0011** 

Error 69 458003.583333 6637.733092   

Corrected total 71     

CV (%) 169.05     

Overall average 48.19  Number of observations 72 

Dispersal syndromes 

Treatment 2 245432.055556 122716.027778 9.682 0.0001** 

Error 105 1330822.194444 12674.497090   

Corrected total 107     

CV (%) 130.03     

Overall average 86.58  Number of observations 108 

Comparison between collector lines 

Treatment 1 70938.888889 70938.888889 4.287 0.0421* 

Error 70 1158195.111111 16545.644444   

Corrected total 71     

CV (%) 103.18     

Overall average 124.66  Number of observations 72 

Seed abundance among collectors 

Treatment 2 67555.027778 33777.513889 9.249 0.0001** 

Error 213 777854.972222 3651.901278   

Corrected total 215     

CV (%) 144.46     

Overall average 41.83  Number of observations 216 



BRANCO, A. J. K.; et al. | 11 

 
 

Ci. e Nat., Santa Maria, v.44, e29, 2022 

Table 2 — Efficiency of the collectors  

Conclusion 

Variation factor DF SS MS F P 

Seed richness among collectors 

Treatment 2 2.787037 1.393519 0.369 0.6917ns 

Error 213 803.861111 3.773996   

Corrected total 215     

CV (%) 53.12     

Overall average 3.65  Number of observations 216 

Units = Units; GL = Degrees of freedom; SQ = Sum of squares; QM = Mean Square; CV (%) = Coefficient 

of variation; * = significant at 5% probability; ns = not significant. 

Source: Authors (2021) 

The results showed significant differences (F (0.05;2.69)= 7.084) with respect to 

the number of seeds collected among different types of collectors, regarding the 

efficiency of the collectors for zoochoric syndrome seeds (F (0.05;2.69)= 7.514), seed 

dispersal syndrome (F(0.05;2.105)= 9.682), collector lines (F(0.05;2.69)= 4.287), seed 

abundance (F(0.05;2.213)= 9.249), and seed richness (F(0.05;2.213)= 0.369). The results 

were submitted to Tukey’s test to check for differences between the means of 

number of seeds by type of collector, zoochory, collector lines, seed abundance, 

and seed richness (Table 3). 

Table 3 — Number of seeds collected 

Continued… 

 

Collector efficiency 

Artificial perch Natural perch Control 

 197.12 a 109.04 b 67.83 b 

Dispersal syndromes 

Anemochory Zoochory Autochory 

139.44 a 96.38 a 23.91 b 
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Table 3 — Number of seeds collected  

Conclusion 

Collector efficiency 

Artificial perch Natural perch Control 

 197.12 a 109.04 b 67.83 b 

Dispersal syndromes 

Anemochory Zoochory Autochory 

139.44 a 96.38 a 23.91 b 

Efficiency of collectors for zoochoric seeds 

Artificial perch Natural perch Control 

 97.45 a 39.62 b 7.5 b 

Comparison between collector lines 

Central Line Paredão Line 

156.05 a 93.27 b 

Seed abundance among collectors 

Artificial perch Natural perch Control 

 65.70 a 36.34 b 23.44 b 

Species richness among collectors 

Control Natural perch Artificial perch 

3.79 a 3.66 a 3.51 a 

Source: Authors (2021) 

Lowercase letters compare line means. Means followed by equal letters in 

the lines do not differ statistically by Tukey's test at 5% probability.  

Comparison of seed averages showed that artificial perches were more 

efficient in total seed collection and in receiving zoochoric seeds compared to 

natural perches and control collectors. The total number of seeds and of zoochoric 

syndrome did not statistically differ between natural perches and control collectors. 

Individual analysis by environment showed that the collectors in the Central Line 

received a greater number of seeds and were statistically different in relation to 

those placed in the Paredão Line. 
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Data regarding seed abundance showed that the collectors under artificial 

perches received the highest number of seeds per species. As for the species 

richness analysis, the numerical variation showed no statistical difference among 

collectors. 

4 DISCUSSION 

Considering the data regarding species richness (n=33), total number of 

seeds (n= 8976), and average seed density (n= 997 seeds m -2 year-1), the results 

obtained differ from similar studies such as those of Barbosa and Pizo (2006), who 

found 32.792 seeds (618.7 seeds m-2 year-1) from 31 species, Toscan et al. (2014), 

who reported the collection of 14091 seeds (1565 seeds m -2 year-1) belonging to 75 

morphospecies, and Tomazi et al. (2010), who collected a total of 21864 seeds (2590 

seeds m-2 year-1) from 51 morphospecies. These differences can be explained by 

the use of different sampling methods, such as the number of collectors installed, 

sampling period, and particularities of the studied areas, such as conservation 

conditions, predominant vegetation, and type, duration, and intensity of 

environmental impact. In the present study, species richness and seed abundance 

were affected by the history of basaltic rock exploration in the area. Mining 

activities promoted severe environmental damage with total removal of vegetation 

and elimination of the seed bank, propagules, and soil biota (ELAW, 2010), leading 

to a reduction in natural fertility, changes in soil structure and physics and soil 

water dynamics. 

Seed rain throughout the year had peaks predominantly in the most 

favorable periods, such as late spring and summer. The isolated peak in August 

(period corresponding to late winter and early spring) may have been influenced 

by intrinsic phenological characteristics of species such as Bidens alba, Leucena 

leucocephala and Andropogon bicornis that fruit throughout the year (ORWA et al., 

2009; ZANIN and LONGHI-WAGNER, 2011) and Cecropia pachystachya that release 
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their seeds in winter (LORENZI, 2020). Seed production and arrival is influenced by 

certain climatic conditions such as thermal or water stress (MARQUES and OLIVEIRA, 

2008; SCCOTI et al., 2015), and by the successional stage of surrounding forests 

(CARDOSO et al. 2019).  For these authors, the irregular production of seeds during 

the year compromises the contribution of seeds that arrive in a certain area and, 

in this way, reduces the foraging periods of dispersing species such as birds. 

Despite not being able to say that the entry of seeds in the area follows a seasonal 

rhythm, it is likely that such factors have influenced the observed seed rain peaks.  

When considering monthly collections individually, collectors under 

artificial perches (  = 197.12) received 80% more seeds compared to those under 

natural perches (  = 109.04), and almost three times more than control collectors 

(  = 67.83). Considering only zoochoric seed collection, the number of seeds in 

collectors under artificial perches (  = 97.45) also exceeded that of collectors under 

natural perches and control collectors (  = 39.62 and  = 7.5, respectively). The 

comparison between means (total number of seeds and zoochoric seeds) was 

statistically different between artificial perch collectors and the other collectors, 

regardless of their location. This higher number of seeds in artificial perches 

underscores their nucleating function, as they effectively contributed to the 

entry of animal-dispersed seeds (HEELEMANN et al., 2012; GUIDETTI et al., 2016; 

LA MANTIA et al., 2019).  

On the other hand, the lower amount of seeds recorded in natural perches 

may be a result of the greater extension of the tree canopy, which exceeds 

several times the collector area and thus reduces the number of seeds received 

(ZWIENER et al., 2014). To overcome this limitation, an analysis of regeneration 

around natural perches can be performed, aiming to know and quantify the entry of 

new plant species in the environment (TOMAZI and CASTELLANI, 2016; TESSEMA et al., 2017). 

When comparing the number of seeds in relation to the location of the 

collectors, the results showed that collectors in the Central Line received more 
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seeds. This can be explained by the location of the Central Line since it is close to 

areas of tree vegetation at the outer limits of the mining company. The higher 

number of trees populating the site promotes favorable conditions for the 

transition of dispersers coming from other sites, thus resulting in the introduction 

of zoochoric seeds (PIOTTO et al., 2019) such as those found in the Central Line 

collectors.  

Andropogon bicornis is among the anemochoric species that were most 

prolific in seed production. This species forms the dominant population of the 

herbaceous stratum and is found in reproductive stage throughout the year, while 

also adapting and colonizing diverse environments, and enduring unfavorable 

environmental conditions such as shallow soils, soils of low natural fertility, soils 

with good drainage, or even flooded soils (ZANIN and LONGHI-WAGNER, 2011). 

These characteristics make this grass one of the most important herbaceous 

species at the beginning of secondary vegetation development. Urochloa 

plantaginea was another anemochoric species that predominated, occurring in 

localized patches. However, its seeds were found in collectors of both lines and 

with greater occurrence in summer months when the species is fertile. Because it 

is grown as forage, this species has high invasive power in annual crops, making it 

an aggressive weed (LORENZI, 2008). Its dispersal is explained by the proximity of 

cultivated areas adjacent to the western boundary of the Paredão Line.  

Among the autocoric species, Leucaena leucocephala was the most 

predominant and had many adult individuals already established in the area. For 

Drumond and Ribaski (2010), the presence of this species can help in the recovery 

of degraded environments due to its biological characteristics. However, it can 

easily become an invasive plant due to its high production of easily germinating 

seeds when its population is not controlled. In certain cases, the invasive effect of 

the leucena is neutralized by competition with tree species, leading the species to 
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leave the succession system, while the surviving plants are displaced to the edges 

of the area (COSTA and DURIGAN, 2010). 

Cecropia pachystachya was the most abundant of the plants with zoochoric 

dispersal seeds and was found in 90% of the collectors. Since it is a pioneer species, 

it presents rapid growth and is common in initial areas of natural succession, 

degraded areas, and areas of initial reforestation. This plant is visited by avifauna, 

bats, and various types of insects, such as ants and termites (VICENTINI et al., 2008). 

The ecological characteristics of this species are important for the succession 

process, because, besides providing forage, Cecropia plants provide high natural 

perches in relation to the predominantly herbaceous vegetation, while also 

withstanding soils with water saturation caused by floods that eventually occur in 

the area (SILVA et al., 2012). 

The results show that seed rain is occurring in the studied area, but with 

limitations to the richness of species that mostly belong to the sucession’s 

pioneer group. The absence of secondary and advanced stage trees is largely 

due to the quality of the vegetation resources surrounding the mining site. 

Factors such as quality of surroundings and distance from seed sources were 

raised by PEÑA-DOMENE et al. (2018) and CUBIÑA and AIDE (2001) as the main 

obstacles for seeds, in particular zoochoric, to reach areas undergoing succession 

processes. On the other hand, the predominance of herbaceous and anemochoric 

plants and the absence of larger individuals, like shrubs and trees, is a factor that 

limits avifauna visits to the area in search of forage, and thus intensifies the seed 

dispersal cycle (MARTÍNEZ-GARZA et al., 2009). At the same time, the seeds 

identified were from plants that are already established in the area, indicating the 

occurrence of a feedback process of seed rain by these autochthonous species.  

As recovery initiatives began more than a decade ago and taking into account 

that the area still shows characteristics of an early stage, the succession process of 

this mining area appears to be stagnant or in arrested succession (THRIPPLETON 
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et al., 2017). The interaction of factors such as low fertility, excessively drained, or 

poorly drained soils (BUSTAMANTE-SÁNCHEZ and ARMESTO, 2012), predominance 

of the herbaceous grassy layer, presence of exotic species, low vegetation quality 

of the surrounding area, distance from seed and propagule dispersal sources, and 

absence of zoochoric syndrome dispersers may be responsible for this interruption 

(GRONINGER et al., 2017).  

However, the overall analysis shows that due to the degree of damage that 

the area was subjected to and subsequent isolation, the implementation of the 

seedling planting technique, the predominance of exotic grasses, its geographical 

location, and the quality of its surroundings, the occurrence of seed rain and the 

installation of perches will not be enough to reverse the apparent blocking of 

secondary natural succession. Overcoming limiting factors involves implementing 

other proven nucleation techniques such as introducing plant seedlings from other 

life forms, translocation of litter and soil, planting native trees in clusters and 

ecological steppingstones with functional groups (REIS et al., 2010), as well as the 

management of exotic species (TOBIN, 2018).    

5 CONCLUSION 

The total number and richness of seeds recorded confirmed the occurrence 

of seed rain in a degraded mining area undergoing secondary succession.  

Natural perches and artificial perches enhance zoochoric seed dispersal, 

contributing to an increase in species abundance and richness, even though seed 

rain is not regular throughout the year. 

REFERENCES 

ALMEIDA, DS. Recuperação Ambiental da Mata Atlântica. 3 ed. Ilhéus: Editus, 2016.  



18 | Seed Rain in a Degraded Mining Area: The Role of Bird Perches and Pioneer Trees 

 

 

Ci. e Nat., Santa Maria, v.44, e29, 2022 

AMARAL, W.G.; PEREIRA, I.M.; AMARAL, C.S.; MACHADO, E. L. M.; RABELO, L. D. O. Dinâmica da 

flora arbustivo-arbórea colonizadora em uma área degradada pela extração de ouro em 

Diamantina, MG. Ciência Florestal, [s.l.], v. 24, n. 04, p. 713-725, 2013. 

ARAÚJO, F. S.; MARTINS, S.V.; MEIRA NETO, J. A.A.; LANI, J.L.; PIRES, I. E. Estrutura da vegetação 

arbustivo-arbórea colonizadora de uma área degradada por mineração de caulim, Brás Pires, 

MG. Revista Árvore, [s.l.], v. 30, n. 1, p. 107-116, 2006.     

BARBOSA, K. C.; PIZO, M. A. Seed rain and seed limitation in a planted gallery forest in Brazil. 

Restoration Ecology, [s.l.], v. 14, n.4, p. 504-515, 2006. 

BOANARES, D.; AZEVEDO, C.S. O uso de técnicas de nucleação para restaurar o meio 

ambiente: uma análise bibliométrica. Natureza & Conservação, [s.l.], v. 12, n. 2, p. 93–98, 

2014. 

BOCCHESE, R. A.; OLIVEIRA, A. K. M.; FAVERO, S.; GARNES, S. J. S.; LAURA, V.A. Chuva de 

sementes e estabelecimento de plântulas a partir da utilização de árvores isoladas e poleiros 

artificiais por aves dispersoras de sementes, em área de Cerrado, Mato Grosso do Sul, Brasil. 

Revista Brasileira de Ornitologia, [s.l.], v. 16, n.v1, p. 207-213, 2008. 

BUSTAMANTE‐SÁNCHEZ, M. A.; ARMESTO, J. J. Limitação de sementes durante a sucessão 

florestal precoce em uma paisagem rural na ilha de Chiloé, Chile: implicações para a 

restauração de florestas temperadas. Journal of Applied Ecology, [s.l.], v. 49, n. 5, p. 1103-

1112, 2012. 

CARDOSO, F. C. G.; ZWIENER, V. P.; MARQUES, M. C. M. Tree phenology along a successional 

gradient of tropical Atlantic Forest. Journal of Plant Ecology, [s.l.], v. 12, n. 2, p. 272-280, 2019. 

COSTA, J. N. M. N.; DURIGAN, G. Leucaena leucocephala (Lam.) de Wit (Fabaceae): Invasora ou 

ruderal? Revista Árvore, [s.l], v. 34, n. 5, p. 825-833, 2010. 

CUBIÑA, A.; AIDE, T. M. The effect of distance from forest edge on seed rain and soil seed 

bank in a tropical pasture. Biotropica, [s.l.], v. 33, n. 2, p. 260-267, 2001. 

DEL CASTILLO, R.; RÍOS, M. Changes in seed rain during secondary succession in a tropical 

montane cloud forest region in Oaxaca, Mexico. Journal of Tropical Ecology, [s.l.], v. 24, n. 44, 

p. 433-444, 2008. DOI https://doi.org/10.1017/S0266467408005142. 

DIAS, C. R.; UMETSU, F.; BREIER, T. B. Contribuição dos poleiros artificiais na dispersão de 

sementes e sua aplicação na restauração florestal. Ciência Florestal, [s.l.], 2014; v. 24, n. 2, p. 

501-507, 2014.  

DRUMOND, M. A.; RIBASKI, J. Leucena (Leucaena leucocephala): leguminosa de uso 
múltiplo para o semiárido brasileiro. Colombo: Embrapa Florestas; Petrolina: Embrapa 



BRANCO, A. J. K.; et al. | 19 

 
 

Ci. e Nat., Santa Maria, v.44, e29, 2022 

Semiárido, 2010, 8 p. (Embrapa Florestas. Comunicado técnico, 262; Embrapa Semiárido. 

Comunicado técnico, 142).  

ELAW - ENVIRONMENTAL LAW ALLIANCE WORLDWIDE. Guidebook for Evaluating Mining 
Project EIAs. Eugene, OR-USA: Environmental Law Alliance Worldwide, 2010, 110 p. 

FERREIRA, D. F.; SISVAR: a guide for its bootstrap procedures in multiple comparisons. Ciência 
e Agrotecnologia, [s.l.], v. 38, n. 2, p. 109-112, 2014. 

  



20 | Seed Rain in a Degraded Mining Area: The Role of Bird Perches and Pioneer Trees 

 

 

Ci. e Nat., Santa Maria, v.44, e29, 2022 

FLORA E FUNGA DO BRASIL. Jardim Botânico do Rio de Janeiro. Rio de Janeiro, c2020. 

Disponível em:  

http://floradobrasil.jbrj.gov.br/reflora/listaBrasil/ConsultaPublicaUC/ConsultaPublicaUC.do#C

ondicaoTaxonCP. Acesso em 15 jan. 2022. 

GANN, G. D.; MCDONALD, T.; WALDER, B.; ARONSON, J.; NELSON, C. R.; JONSON, J.; HALLETT, J. 

G.; EISENBERG, C.; GUARIGUATA, M. R.; LIU, J.; HUA, F.; ECHEVERRÍA, C.; GONZALES, E.; SHAW, 

S.; DECLEER, K. and DIXON, K. W International principles and standards for the practiceof 

ecological restoration. Second edition. Restoration Ecology, [s.l.], v. 27. n. S1, p. S1 – S46, 

2019. 

GASTAUER, M.; SOUZA FILHO, P. W.M.; RAMOS, S. J.; CALDEIRA, C. F.; SILVA, J. R.; SIQUEIRA, J. O. 

and FURTINI NETO, A. E. Mine land rehabilitation in Brazil: Goals and techniques in the context 

of legal requirements. Ambio, 48(1), 74–88. DOI 10.1007/s13280-018-1053-8. 

GRONINGER, J.; SKOUSEN, J.; ANGEL, P.; BARTON, C.; BURGER, J.; ZIPPER, C. Chapter 8: Mine 

reclamation practices to enhance forest development through natural succession. In: ADAMS, 

M. B. (Ed.). The Forestry Reclamation Approach: guide to successful reforestation of 
mined lands. Gen. Tech. Rep. NRS-169. Newtown Square, PA: U.S. Department of Agriculture, 

Forest Service, Northern Research Station, p. 81-87, 2017.  

GUIDETTI, BY.; AMICO, G. C.; DARDANELLI, S.; RODRIGUEZ-CABAL, M. A. Artificial perches 

promote vegetation restoration. Plant Ecology, [s.l.], v. 217, n. 7, p. 935–942, 2016. 

HAMMER, Ø.; HARPER, D. A. T.; RYAN, P.D.; PAST: Paleontological statistics software package 

for education and data analysis. Palaeontologia Electronica, [s.l.], v. 4, n. 1, p. 9, 2001. 

Available form:http://palaeo-electronica.org/2001_1/past/issue1_01.htm. Accessed on: 10 out. 

2020. 

HEELEMANN, S.; KRUG, C. B.; ESLER, K. J.; CHRISTOPH R. C.; POSCHLOD, P. Pioneers and 

Perches - Promising Restoration Methods for Degraded Renosterveld Habitats? Restoration 
Ecology, [s.l.], v. 20, n. 1, p. 18-23, 2012. 

INSTITUTO AMBIENTAL DO PARANÁ – IAP. Conceitos de Estágios Sucessionais de uma 
Formação Florestal. Curitiba, c2022. Disponível em: 

https://www.iat.pr.gov.br/Pagina/Conceitos-de-Estagios-Sucessionais-de-uma-Formacao-

Florestal. Acesso em: 10 de out. 2021. 

INSTITUTO ÁGUA E TERRA - IAT. Dados Meteorológicos Históricos e Atuais. Curitiba, c2022. 

Disponível em: 

https://www.idrparana.pr.gov.br/system/files/publico/agrometeorologia/medias-

historicas/Palotina.pdf. Acesso em: 10 de out. 2021. 



BRANCO, A. J. K.; et al. | 21 

 
 

Ci. e Nat., Santa Maria, v.44, e29, 2022 

JESUS, E. N.; SANTOS, T. S.; RIBEIRO, G. T.; ORGE, M. D. R.; AMORIM, V. O.; BATISTA, R. C. R. C. 

Regeneração Natural de Espécies Vegetais em Jazidas Revegetadas. Floresta e Ambiente, 

[s.l.], v. 23, n.2, p. 191-200, 2016. 

KLEIN, A. S.; CITADINI-ZANETTE, V.; LOPES, R. P.; SANTOS, R. Regeneração natural em área 

degradada pela mineração de carvão em Santa Catarina, Brasil. REM: Revista Escola de 
Minas, [s.l.], v. 62, n. 3, p. 297-304, 2009. 

LA MANTIA, T.; RÜHL, J.; MASSA, B.; PIPITONE, S.; LO VERDE, G.; BUENO, R. B. Vertebrate-

mediated seed rain and artificial perches contribute to overcome seed dispersal limitation in a 

Mediterranean old field. Restoration Ecology, [s.l.], v. 27, n. 6, p. 1393–1400, 2019. 

LORENZI, H. Plantas daninhas do Brasil: terrestres, aquáticas, parasitas e tóxicas. 4. ed. 

Nova Odessa: Instituto Plantarum de Estudos da Flora, 2008.  

LORENZI, H. Árvores Brasileiras - Manual de Identificação e Cultivo de Plantas Arbóreas 
Nativas do Brasil. 8. ed. Nova Odessa: Instituto Plantarum de Estudos da Flora, v. 1, 2020.  

MARQUES, M. C. M.; OLIVEIRA, P. E. A. M. Seasonal rhythms of seed rain and seedling 

emergence in two tropical rain forests in southern Brazil. Plant Biology, [s.l.], v. 10, n. 5, p. 

596-603, 2008. https://doi.org/10.1111/j.1438-8677.2008.00061.x 

MARTÍNEZ-GARZA, C.; FLORES-PALACIOS, A.; PEÑA-DOMENE, M.; HOWE, H. F. Seed rain in a 

tropical agricultural landscape. Journal of Tropical Ecology, [s.l.], v. 25, n. 5, p. 541–550, 2009. 

MILLER, GT.; SPOOLMAN, SE. Ciência Ambiental. 3 ed. São Paulo: Cengage Leaning, 2021.  

ORWA, C.; MUTUA, A.; KINDT, R.; JAMNADASS, R.; ANTHONY, S. Agroforestree Database: a tree 
reference and selection guide version 4.0. 2009. Available from: 

https://www.worldagroforestry.org/publication/agroforestree-database-tree-reference-and-

selection-guide-version-40. Accessed on: 30 nov. 2021.  

PEÑA-DOMENE, M.; MARTÍNEZ-GARZA, C.; AYESTARÁN-HERNÁNDEZ, L. M.; HOWE, H. 

Plantattributes that drive dispersal and establishment limitation in tropical agricultural 

landscapes. Forests, [s.l.], v. 9, n. 10, p. 620-636, 2018. 

PIOTTO, D.; CRAVEN, D.; MONTAGNINI, F.; ASHTON, M.; OLIVER, C.; THOMASANIEL, W. W. 

Successional, spatial, and seasonal changes in seed rain in the Atlantic Forest of southern 

Bahia, Brazil. Plos One, [s.l.], v. 14, n. 12, p. 1-15, 2019. 

https://doi.org/10.1371/journal.pone.0226474.  

REIS, A.; BECHARA, F. C.; ESPINDOLA, M. B.; VIEIRA, N. K.; LOPES, E. L. Restauração de áreas 

degradadas: a nucleação como base para os processos sucessionais. Natureza & 
Conservação, [s.l.], v. 1, n. 1, p. 28-36, 2003. 



22 | Seed Rain in a Degraded Mining Area: The Role of Bird Perches and Pioneer Trees 

 

 

Ci. e Nat., Santa Maria, v.44, e29, 2022 

REIS, A.; BECHARA, F. C.; TRES, D. R. Nucleation in tropical ecological restoration. Scientia 
Agricola, [s.l.], v. 67, n. 2, 244-250, 2010. 

SALOMÃO, R. P.; ROSA, N. A.; MORAIS, K. A. C. Dinâmica da regeneração natural de árvores 

em áreas mineradas na Amazônia. Bol. Mus. Para. Emílio Goeldi. Ciências Naturais, [s.l.], v. 2, 

n. 2, p. 85-139, 2007.  

SANTOS JÚNIOR, N. A.; FERREIRA, R. A. Fatores determinantes para a eficiência no uso das 

sementes. In: BARBEDO, CJ, SANTOS JÚNIOR, NA. (Org.) Sementes do Brasil: produção e 
tecnologia para espécies da flora brasileira. São Paulo: Instituto de Botânica, p. 139-160. 

2018. 

SILVA, A. C.; HIGUCHI, P.; BERG, E. V. D.; NUNES, M. H.; CARVALHO, D. A. Florestas 
inundáveis: ecologia, florística e adaptações das espécies. Lavras: Editora da UFLA, 2012.  

SILVEIRA, L. P.; SOUTO, J. S.; DAMASCENO, M. M.; MUCIDA, D. P.; PEREIRA, I. M. Poleiros 

artificiais e enleiramento de galhada na restauração de área degradada no semiárido da 

Paraíba, Brasil. Nativa, [s.l.], v. 3, n. 3, p. 165-170, 2015.  

TESSEMA, Z. K.; EJIGU, B.; NIGATU, L. Tree species determine soil seed bank composition and 

its similarity with understory vegetation in a semi-arid African savanna. Ecological Processes, 
[s.l.], n. 6, p. 9, 2017.  DOI https://doi.org/10.1186/s13717-017-0075-7 

THRIPPLETON, T.; BUGMANN, H.; SNELL, R. S. Herbaceous competition and browsing may 

induce arrested succession in central European forests. Journal Ecology, [s.l.], v. 106, n. 3, p. 

1120–1132, 2018. DOI https://doi.org/10.1111/1365-2745.12889. 

TOBIN, P. C. Managing invasive species. F1000Research, [s.l.], v. 7, 2018. DOI 

https://doi.org/10.12688/f1000research.15414.1 

TOMAZI, A. L.; ZIMMERMANN, C. E.; LAPS, R. R.  Poleiros artificiais como modelo de nucleação 

para restauração de ambientes ciliares: caracterização da chuva de sementes e regeneração 

natural. Biotemas, [s.l.], v. 23, n. 3, p. 125-135, 2010. 

TOMAZI, A. L.; CASTELLANI, T. T. Artificial perches and solarization for forest restoration: 

assessment of their value. Tropical Conservation Science, [s.l.], v. 9, n. 2, p. 809-831, 2016. 

TOSCAN, M. A. G.; TEMPONI, L. G.; GUIMARAES, A. T. B.; CÂNDIDO JR.; JF. Litter production and 

seed rain in semideciduous forest fragments at different successional stages in the western 

part of the state of Paraná, Brazil. Acta Botanica Brasilica, [s.l.], v. 28, n. 3, p. 392-403, 2014. 

VAN DER PIJL, L. Principles of dispersal in higher plants. 2. ed. Berlim: Springer-Verlag, 

1972. 162p. 



BRANCO, A. J. K.; et al. | 23 

 
 

Ci. e Nat., Santa Maria, v.44, e29, 2022 

VICENTINI, E.; REBOUÇAS, M. T.; ARRUDA, R. A. F.; RIBEIRO, L. F. Aspectos demográficos de 

espécies de Cecropia em fragmento de mata ciliar da usina hidrelétrica Rio Bonito, Santa 

Maria de Jetibá- ES. Natureza On Line, [s.l.], v. 6, n. 2, p. 66-73, 2008. 

VOGEL, H. F.; MCCARRON, V. E. A.; ZOCCHE, J. J. Use of artificial perches by birds in ecological 

restoration areas of the Cerrado and Atlantic Forest biomes in Brazil. Neotropical Biology 
and Conservation, [s.l.], v. 13, n. 1, p. 24-36, 2018. 

ZANIN, A.; LONGHI-WAGNER, H. M. Revisão de Andropogon (Poaceae - Andropogoneae) para 

o Brasil. Rodriguésia,[s.l.], v. 62, n. 1, p. 171-202, 2011. 

ZWIENER, V. P.; CARDOSO, F. C. G.; PADIAL, A. A.; MARQUES, M. C. M. Disentangling the effects 

of facilitation on restoration of the Atlantic Forest. Basic and Applied Ecology,[s.l.], v. 15, p. 

34-41, 2014. 

Authorship contributions  

1 – Allencar Jorge Kasper Branco 
Environmental Manager, Graduated in Technology in Environmental Management,  

https://orcid.org/0000-0002-1368-2886 • allencar6@gmail.com 

Contribuição: Data curation, Formal Analysis, Investigation, Methodology, 

Visualization, Writing – original draft. 

2 – Juliano Cordeiro (Corresponding Author) 
Professor of Ecology of Agroecosystems and Systematics of Cultivated Plants, PhD in 

Forest Engineering 

https://orcid.org/0000-0001-8047-7463 • julianocordeiroufpr@gmail.com 

Contribuição: Data curation, Formal Analysis, Investigation, Methodology, Supervision, 

Validation, Visualization, Writing – review & editing. 

3 – Suzana Stefanello  
Professor. from the Department of Biodiversity at UFPR, PhD in Genetics and 

Improvement 

https://orcid.org/0000-0001-7744-0192 • sstefanello@ufpr.br  

Contribuição: Formal Analysis, Methodology, Supervision, Validation, Writing – review 

& editing. 

4 – Victor Pereira Zwiener 
Professor. from the Department of Biodiversity at UFPR, PhD in Ecology and 

Conservation 

https://orcid.org/0000-0003-1693-8960• vzwiener@gmail.com 

Contribuição: Conceptualization, Validation, Writing – review & editing. 

https://orcid.org/0000-0002-1368-2886
https://orcid.org/0000-0001-8047-7463
https://orcid.org/0000-0001-7744-0192
https://orcid.org/0000-0003-1693-8960


24 | Seed Rain in a Degraded Mining Area: The Role of Bird Perches and Pioneer Trees 

 

 

Ci. e Nat., Santa Maria, v.44, e29, 2022 

How to quote this article 

BRANCO, A. J. K.; et al. Seed Rain in a Degraded Mining Area: The Role of Bird Perches 

and Pioneer Trees. Ciência e Natura, Santa Maria, v. 44, e29, 2022. DOI 

10.5902/2179460X68276. Disponível em: https://doi.org/10.5902/2179460X68276. 

https://doi.org/10.5902/2179460X68276

