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Abstract

The restoration of anthropogenically disturbed sites contributes to biodiversity conservation, but pre-recovery land-use history
affects the restoration and recovery time of impacted forest sites. The objective of the present study was to assess the effects of
different land-use histories (low-impact logging - LL, high-impact logging — HL, and slash-and-burn - SB) on quantitative (diversity
values) and qualitative (floristic composition) measures of forest recovery. This research was conducted in Atlantic rainforest areas
of Bahia State, Brazil, which had remained undisturbed for 50 to 60 years after human disturbance. Surprisingly, the area subjected
to the most aggressive usage (SB) showed intermediate richness and diversity values, but had a floristic composition dominated by
pioneer species similar to early-successional forests. Families typical of preserved areas (Sapotaceae and Myrtaceae) were more
diverse in LL and HL areas. Our results indicate both quantitative and qualitative recovery in areas subjected to LL, which tended to
recover without intervention. Areas subjected to HL showed intermediate qualitative recovery and the lowest quantitative recovery,
and may therefore require enrichment to accelerate recovery. Despite good quantitative (species richness and diversity) recovery,
the slash-and-burn areas had a predominance of early successional species, which indicates that enrichment actions are essential
for the recovery of these forest areas. Knowledge of how land-use history influences forest restoration processes can guide
management actions and thereby contribute to the allocation of resources where they are really needed.
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Resumo

A recuperagdo de dreas antropizadas contribui para a conservagdo da biodiversidade. O histérico de uso interfere na restauragdo e
no tempo de recuperagdo das florestas. O objetivo deste estudo foi investigar o reflexo de diferentes histéricos de uso (corte
seletivo leve - LL, corte seletivo intenso - HL e corte e queima - SB) na recuperagdo quantitativa (valores de diversidade) e qualitativa
(composicdo floristica) de areas de florestas secunddrias. A pesquisa foi realizada em ares de floresta atlantica na Bahia/Brasil,
abandonadas entre 50 e 60 anos apos disturbio. Diferente do esperado, a area com histérico mais agressivo (SB), apresentou valores
de riqueza e diversidade (H’) intermediarios, mas com composi¢do floristica mais similar a florestas em inicio de sucessdo, com
predominio de pioneiras. Ja as familias Sapotaceae e Myrtaceae, caracteristicas de areas conservadas, foram mais diversas nas areas
de LL e HL. Nossos resultados indicam que dreas de corte seletivo leve tém melhor recuperagdo, tanto em termos quantitativos
quanto qualitativos, tendendo a se recuperar sem interven¢do. Areas de corte seletivo intenso apresentaram recuperagio
qualitativa intermedidria e quantitativa mais baixa, podendo necessitar de enriquecimento para acelerar sua recuperagdo. Ja areas
de corte e queima, apesar da boa recuperagdo quantitativa (riqueza e diversidade), tiveram predominio de espécies de inicio de
sucessdo, indicando que agdes de enriquecimento sdo fundamentais nessas areas. O conhecimento da influéncia do histdrico de uso
no processo de restauragdo das florestas pode direcionar agdes de manejo, permitindo direcionar recursos onde eles sdo realmente
necessarios.

Palavras chave: Corte e queima; Corte seletivo; Floresta secundaria
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Introduction

Tropical rainforests are a priority for biodiversity conservation actions due to the current levels
of threat, diversity and endemism [1]. Despite the importance of forests, deforestation is
increasing with the expansion of agricultural activities and commercial logging [2]. The Brazilian
Atlantic rainforest stands out among tropical rainforests due to its high level of species richness
and endemism [1-5]. With only 11-16% of the Atlantic rainforest remaining in Brazil, the quality
of the habitat within the remaining areas is a concern, particularly as 32-40% of remnants are
small fragments and areas of secondary forest [6]. Most of these remaining secondary forests
are located in areas of abandoned agriculture and pasture and are currently undergoing
regeneration [7, 8]. The protection and restoration of secondary forests would therefore be a
way to mitigate the loss of forest cover and biodiversity [9, 10], especially in very disturbed
landscapes [11]. This is considered one of the major actions that can benefit the conservation
of tropical biodiversity [12].

Forest restoration can be influenced by land-use history, such as the type and intensity of
disturbance [13-15]. Several types of land-use history (agriculture, agroforestry, pasture and
crops) lead to severe biodiversity losses, except for light selective logging, which is capable of
maintaining biodiversity values similar to mature forest [12]. In fact, light logging is considered
a less aggressive disturbance than other land uses, as it is capable of maintaining diversity [12],
although it may cause changes in composition [16, 17]. Treefall caused by selective logging
creates open areas that modify forest conditions (e.g. climate) and favors the development of
pioneer species, hence altering floristic composition and ecological interactions [16-21]. In
contrast, the disturbance generated by the slash-and-burn technique is more aggressive
because the use of fire and the subsequent establishment of crops alter the seed bank and
seed rain [22, 23], soil characteristics [15, 24-27], and plant sprouting regeneration and growth
rates [14, 28, 29].

The regeneration of degraded areas can be assessed through measures that show the recovery
of features such as richness, diversity and floristic composition [12, 30]. In general, the more
advanced the recovery stage, the greater its richness and diversity [31-34]. During forest
recovery, changes occur in the floristic composition, with a turnover of the most frequent and
richest families, as well as the most abundant species [33-36]. Furthermore, there is also a
reduction in the relative dominance wherein few species, often the pioneering ones typical of
environments with a high incidence of light, are replaced by species typical of later
successional stages that are more frequently encountered in shaded environments [34, 37]. Yet
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it is not always possible to recover the richness, diversity and floristic composition, as the land-
use history can make these changes irreversible [38, 39]. The impossibility of recovering some
forest characteristics may occur by the “secondarization” process, wherein areas maintain the
characteristics of secondary forests even after many years of recovery [40]. This process has
occurred in Atlantic rainforest areas of northeastern Brazil, where there is a highly aggressive
land-use history [41, 42]. Studies have also shown that it is more difficult to recover areas
subjected to high land-use intensity without outside intervention, compared with less
disturbed areas and areas near to continuous forests [34, 43-46].

The objective of this study was to investigate the effects of different land-use histories on the
restoration process of Atlantic rainforest areas during the same period, in a private nature
reserve in southern Bahia, Brazil. Specifically, our research aimed to answer the following
questions: 1) Is there any difference in the floristic composition of disturbed forest areas with
the same recovery time, but under different intensities and distinct types of anthropogenic
disturbance? 2) Do diversity and richness values differ among areas with the same recovery
time but different land-use histories? 3) Under which kind of land-use history does the
regeneration process occur faster? The initial working hypothesis was that different types and
intensities of land use could have influenced the composition, diversity and regeneration
process of forests. Although we expected that the highest impact and most intense
anthropogenic land-use would be responsible for the greatest changes in forest characteristics,
our results indicate that the richness and diversity of regenerating forest areas do not always
correspond to the intensity of disturbance.

Methods

The study took place at the Michelin Ecological Reserve (“Reserva Ecolégica Michelin” - REM),
located in the municipality of Igrapiuna, Bahia, Brazil (13° 50'S, 39° 10'W), 18 km from the
Atlantic Coast (Fig. 1). The reserve is a 3096 ha area surrounded by diverse agroforestry
systems and forest fragments (most are <30 ha and a few are > 500 ha). The REM is formed by
a mosaic of different forest successional stages that have suffered anthropogenic disturbances
for hundreds of years, including slash-and-burn, palm heart (Euterpe edulis Mart.) extraction,
hunting, and clearing for agriculture [47, 48]. This mosaic is located on a variegated landscape,
where the native vegetation still forms the matrix but has been modified in a variety of ways
[49]. It is a common landscape in southern Bahia and has suffered several levels of disturbance
over the years [50,51]. In general, the most disturbed areas are located near rivers where
adjacent vegetation was repeatedly cleared for agriculture over the past centuries. The most
intact forests are found on areas that are difficult to access, where remnants with old-growth
trees indicate that clear-cutting did not take place during the 20" century [47]. The forest is a
lowland evergreen rainforest and the study area has an annual average temperature of 24.8°C
and average annual rainfall of 1800-2000 mm (climatic data from Michelin’s meteorological
station located at the REM).

The surveys were planned to sample areas that suffered different types of human disturbance
and had recovered (i.e. remained undisturbed) for the same amount of time. Here we refer to
all the disturbed study areas which suffered recent alteration as secondary forest. To sample
the different land-use histories, the choice of possible areas was based on information from
aerial images (1964 and 1974), evidence of flour mills, and information obtained from
interviews with local residents [47]. We distinguished three main types of land-use histories:
slash-and-burn agriculture (SB), mostly for manioc cultivation as a subsistence activity; high-
impact logging (HL), where all medium- and large-sized trees were cut for timber (the timber
was logged with axes, dragged by bullocks and carried to the mill); low-impact logging (LL),
where only the largest trees were removed (logging was more specific, focused on high-value
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timber, due to the difficulty of access). None of the sites had undergone significant
disturbances during the last 50-60 years (Fig. 1).

In each land-use site, three transects of 200 m were randomly established and the point-
guadrant sampling method was applied within these transects [52], with a central point at
every 15 m. Within each quadrant, all individuals with a diameter at breast height (DBH) 210
cm were sampled. Branches from all individuals were collected for taxonomic identification (in
accordance with APG Il [53]), using identified material from the herbarium of the Center for
Cacao Research as a reference.

In order to compare the recovery in the three land-use history sites we used Shannon diversity
(H'), Pielou’s equitability (J) and Jaccard’s index (JI). Estimates of the relative frequency (RF),
relative density (RD) and relative dominance (RDo), were calculated following Martins [54].
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Fig. 1 (a) Location of Michelin Ecological Reserve, Bahia, Brazil (13°50°S, 39°10°W). The reserve area is conspicuous in red;
fragments bigger than 1 ha are in blue. Pictures of recovered areas after (b) low-impact logging (LL), where bigger trees are
more frequent; (c) high-impact logging (HL), where cut trunks are frequent (here indicated by an arrow) and (d) slash and burn
(SB), where the density of thin trees is high.
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Results

Species richness, diversity and floristic composition differed between sites with the same
recovery time and different land-use histories. There were also differences between the most
dominant families and species recorded in the different areas. Areas with a history of slash-
and-burn agriculture (SB), here considered as the most aggressive disturbance, showed
intermediate richness, diversity and evenness values in relation to the other land-use histories
(Table 1). In areas that suffered SB disturbance, 77 species and 38 families were recorded, most
notably Fabaceae, with the largest number of species (10) and individuals (20; Appendix 1).
The area with a history of high-impact logging subject to intermediate disturbance had the
lowest richness, diversity and evenness values amongst the three land-use histories (Table 1).
Its tree community structure comprised 75 species from 32 families, especially Sapotaceae,
which was the richest family (nine species), and Clusiaceae, with the highest abundance (21
individuals). The highest values of richness, diversity and evenness were found in the area with
a history of low-impact logging, the disturbance considered as least aggressive. In this area we
recorded 93 tree species from 35 families, mainly Myrtaceae, with 12 species and 16
individuals (Table 1; Appendix 1).

Table 1. Parameters of richness and diversity of different land-use histories in
secondary forests at the Michelin Ecological Reserve, Bahia, Brazil. Number
of species (SP) and families (Fam.); Shannon diversity index (H') in nats/ind.;
Pielou’s evenness index (J). Land-use: SB - slash and burn for agriculture; HL
— high-impact logging; LL - low-impact logging

SP Fam. H' J
SB 77 38 4.1 0.93
HL 75 32 3.9 0.90
LL 93 35 4.3 0.95

In the SB area, the most dominant and frequently recorded species were Pourouma velutina,
Vochysia acuminata and Helicostylis tomentosa (Table 2). Together, these species accounted for
18% of individuals and 54% of the relative dominance in the slash-and-burn (SB) area. In the HL
area, the three most representative species accounted for 24% of individuals and 50% of the
relative dominance: H. tomentosa, Pogonophora schomburgkiana and Tovomita choisyana. In
LL, Virola officinalis, H. tomentosa and Macrolobium latifolium were the most common,
representing 14% of individuals and 36% of the relative dominance in the area (Table 2).

Floristic similarity was higher in the areas that suffered the same type of disturbance, i.e., in
lightly and heavily logged areas (JI = 18.3%). The similarity index between SB and HL areas was
13.7%, whereas that of LL was 11.8%. Only 6% of species occurred in all three areas (Appendix
1). Singletons (species represented by only one individual) were more frequent in the area
subject to low-impact logging (26% of individuals and 43% of species) than in those subjected
to high-impact logging (18% of individuals and 38% of species) or slash-and-burn (18% of
individuals and 36% of species).

Table 2. Composition of the most representative species in different land-use histories at the Michelin
Ecological Reserve, Bahia, Brazil. Species were sorted, in each disturbance history, according to the
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relative dominance (RDo) and their respective density (RD) and relative frequency values (RF). Land-use
history: SB — slash and burn for agriculture; HL — high-impact logging; LL - low-impact logging

SB HL LL
ESPECIES RDo RD RF RDo RD RF RDo RD FR
%) () (%) (%) ) (%) (B () (W)
Pourouma velutina 21.01 51 5.0 012 06 0.7 - - -
Vochysia acuminata 2098 45 3.6 - - - - - -
Helicostylis tomentosa 11.78 8.3 72 2265 9.0 93 1401 7.1 6.8

Pogonophora schomburgkiana 0.05 0.6 0.7 1639 7.0 57 1.74 3.2 2.0

Tovomita choisyana - - - 1121 7.7 6.4 0.04 0.6 0.7

Virola officinalis - - - 7.14 3.8 3.6 1405 45 4.8

Macrolobium latifolium - - - 0.66 06 0.7 8.48 2.6 2.7
Discussion

Our initial hypothesis that different types and intensities of land-use history would influence
the regeneration process was confirmed. Disturbance history influenced the richness, diversity
and the floristic composition of the disturbed forest studied.

Among the disturbance histories, the area in recovery after low-impact logging (LL) showed the
highest richness and diversity, indicating that this was the disturbance that allowed the fastest
recovery. These results are in line with those of previous studies that show selective logging is
the least damaging disturbance, which is capable of maintaining or even increasing diversity in
relation to mature tropical forests [12, 17, 45, 55]. On the other hand, the area subjected to
high-impact logging showed the lowest richness and diversity, suggesting that the higher the
intensity of exploitation, the longer the time required for the recovery of this forest's
characteristics. Indeed, a higher intensity of selective logging results in fewer remnant
individuals and species, and greater disturbance of forest characteristics, such as forest cover,
which may delay recovery [56]. The recovery of species richness takes longer in areas subjected
to more intensive land-use due to a reduction in the regeneration potential of the seed bank
[44], as well as a reduction in the richness and abundance of seedlings, which increases
recruitment time-lags [14, 57]. Additionally, other studies in the Atlantic Forest of northeastern
Brazil showed that areas subjected to a very aggressive land-use history (decades of sugar cane
monoculture) are suffering from a secondarization process, which makes recovery even more
difficult [41, 42].

The richness and diversity values found in the slash-and-burn area (SB) were similar to the
high-impact logging site (HL). This similarity may be related to the recovery period (about 60
years), which seems long enough for these parameters to reach similar values in areas with
different disturbances. In fact, studies show that slash-and-burn areas only present low
richness in the early years (5-20 years), but after 40-60 years of recovery, these forests present
values that are similar to and maybe even greater than those of less disturbed tropical forests
[14, 35, 45, 58, 59]. It is possible that during this recovery period, the forest may be in a
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transition stage where high richness values are common due to the co-existence of species
from different regeneration niches (early and late successional species), which has been
observed in other tropical forests [35, 58, 59].

The highest species dominances were found in SB and HL, where few species (just three)
accounted for around 50% of the relative dominance. In fact, studies in tropical forests indicate
that the greatest species dominance is found in areas of an early successional stage [32, 34].
The reduction of dominance with the recovery of the forest may be explained by the
population decline of a few pioneer species, which are replaced by several species from later
successional stages [37, 60]. Likewise, it has been shown that a high dominance of pioneer
species at the start of forest succession may hinder the establishment of other species and
prevent the increase of richness and diversity [14, 57]. So, the observed dominance suggests
that the SB and HL histories are at an earlier stage, presenting lower richness and diversity than
the area with a LL history.

Floristic similarity was low among the different land-use histories, with higher values in the
areas subjected to the same type of disturbance i.e. selective logging at different intensities (HL
and LL). Low levels of similarity are common in areas with different land-use history subject to
the same recovery interval [60] and can occur even when species richness and diversity values
are similar [see 44]. This indicates that the type of use seems to cause greater floristic
distinction than the intensity of use. As well as the different use histories, the low similarity
values found may also have resulted from the presence of rare species in the study area, which
is considered normal for tropical forests [32, 36, 37, 61]. The high frequency of rare or exclusive
species that are recorded just once reduces the similarity among the areas and even among
samples in the same area. Alternatively, the number of rare species may be an artifact of the
sample size, which may have contributed to the low similarity of our study areas.

On the one hand, it was difficult to distinguish quantitatively (in terms of richness, diversity,
dominance and similarity) regeneration in the three areas with different land-use histories; on
the other hand, these areas were observed to be very different in qualitative terms (families
and species composition). Fabaceae was the richest and the most abundant family across the
three land-use histories, but its species differed among the histories. The pioneer species
typical of this family (Inga edulis; I. subnuda; I. thibaudiana; I. laurina; Senna multijuga; Balizia
pedicillaris) were more representative in the area subjected to slash-and-burn (SB), followed by
HL and LL. In fact, Fabaceae is the richest and most common family in Atlantic rainforest areas
[62-65], even in different stages of regeneration [35]. Another important family for
understanding the forest regeneration process in the studied area was Melastomataceae,
which showed a high diversity in SB (four species), but was among the least diverse families in
HL and LL (one species in each land-use history). This family is typical of tropical forests in
early-successional stages [66]. It is well known that the importance and representativeness of
this family decrease with the recovery of forests [31, 34]. In the studied area, families typical of
less disturbed forest environments, like Myrtaceae and Sapotaceae, showed a reduced
diversity in the LL site compared to that found in HL and SB areas. These families show a higher
diversity in old-growth forests [31, 34, 57, 59, 65, 66]. The Myrtaceae family can even be
considered as a possible indicator of well-preserved Atlantic rainforest areas [31]. The species
abundance and richness patterns in these families suggest that after 50-60 years of
regeneration, LL areas might have a floristic composition similar to that of primary forests,
whereas HL areas have an intermediate composition and SB areas resemble early-successional
forest stages.
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Generally speaking, our study showed that the type and intensity of land-use influenced the
speed of the regeneration process. This influence is more evident in qualitative aspects
(floristic composition) than in quantitative ones (richness, diversity, dominance and similarity).
In light of these qualitative changes, areas subjected to selective logging, regardless of the
intensity, appear to be in a more advanced stage of recovery than the area subjected to slash-
and-burn. This was also recorded in African tropical forests, when areas that suffered slash-
and-burn were compared to those subjected to selective logging [45]. The differences found in
our study area may be a reflection of the beginning of the regeneration process of each land-
use history. The recovery of slash-and-burn areas is more dependent on external propagules,
while selective logging areas experience a greater in loco contribution, thus accelerating the
regeneration process [44; 67]. Our results also suggest that, in quantitative terms, the more
disturbed areas (slash-and-burn) may recover in a 60 year period. The high recovery potential
of the studied area is favored by the variegated landscape. This recovery has not been
observed in other Atlantic rainforest areas of northeastern Brazil that undergo the
secondarization process, where the fragments are more isolated.

Implications for conservation

In light of the worldwide concern with biodiversity conservation in tropical forests, it is
essential to preserve and recover secondary areas that form many of the forest remnants [6].
Many of these forests have been abandoned after some anthropic activity and are
experiencing a recovery process [51, 55, 60, 68]. Slash-and-burn and selective logging are the
major human activities in such areas [8, 10, 69]. Our results revealed that not only the type of
land-use history (slash-and-burn and selective logging) but also its intensity may influence the
forest successional process.

Although our study focused on dbh> 10 cm and some late successional species with narrower
diameters may have been in the understory, it is not common to find such species in more
disturbed areas, and this was seen during the two-year period of field activities. The fact that
we did not sample a narrower dbh may limit the inference possible from our results, but even
taking into consideration this possibility, our results clearly indicate differences among the
distinct land-use histories. Areas with a history of low-impact logging tended to recover even
without intervention, just by protecting the area, especially in a variegated landscape. After 50-
60 years of recovery, these areas have already presented characteristics typical of a mature
forest, such as a high frequency and diversity of late-successional families (e.g. Myrtaceae and
Sapotaceae). In contrast, areas with a history of high-impact logging (HL) and slash-and-burn
(SB) may not be able to spontaneously recover late successional species and some functional
groups, which makes restoration process more difficult [21, 70, 71]. Our results indicate that
enrichment actions may be necessary to accelerate forest recovery, especially in SB areas.
Enrichment actions should also prioritize the most exploited species that are scarce in the
region. These species are generally late successional species whose propagules are less
common in early successional areas [72]. Such actions may assist in the recovery of ecological
processes such as nutrient cycling, biotic pollination and dispersal, which may have been
corrupted by previous land-use [21, 44]. The fact that a relatively minor intervention is
necessary in areas where forest cover is already established significantly reduces restoration
costs, as it reduces the need for planting seedlings and weeding, which represent high costs
during the restoration process [73, 74]. Knowledge about the influence of land-use history on
the succession of secondary forests can improve the utilization of the restoration potential of
these forests, directing appropriate management actions where they are most needed.

Acknowledgments

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
482



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.5 (4):475-494, 2012
- -

The authors are thankful to the Center for Biodiversity Studies of the Michelin Ecological
Reserve for logistical and financial support, especially to Kevin M. Flesher, Juliana Laufer and
André Santos de Souza. We were granted scholarships by Universidade Estadual Santa Cruz —
UESC (cadastre 00220.1100.707). Larissa Rocha Santos is thankful to FAPESB for the granted
scholarship program (BOL0525/2009; BOL0679/2010); Dainela C. Talora is thankful to CNPq for
the DCR scholarship and to FAPESB for the financial assistant (DCR 0036/2007). We specially
thank Regina H. R. Sambuichi (UESC) for project development, and Jose L. Paixdao (UESC) for his
valuable help in the field and with taxonomic identifications. Finally, the authors are thankful to
Kevin M. Flesher, Gledson Bianconi and the anonymous reviewers who contributed to the
manuscript.

References

[1] Myers, N., Mittermeier, R.A., Mittermeier, C.G., Fonseca, G.A. and Kent, J. 2000. Biodiversity
hotspots for conservation priorities. Nature 403: 853-858.

[2] Wright, S.J. 2010. The future of tropical forests. Annals of the New York Academy of Sciences
1195:1-27.

[3] Morellato, L.P.C. and Haddad, C.F.B. 2000. Introduction: The Brazilian Atlantic Forest.
Biotropica 32(4b): 786-792.

[4] Martini, A.M.Z., Fiaschi, P., Amorim, A.M. and Paixdo, J.L. 2007. A hot-point within a hot-
spot: a high diversity site in Brazil’s Atlantic Forest. Biodiversity and Conservation 16(11):
3111-3128.

[5] Laurance, W.F. 2009. Conserving the hottest of the hotspots. Biological Conservation 142(6):
1137-1137.

[6] Ribeiro, M.C., Metzger, J.P., Martensen, A.C., Ponzoni, F.J. and Hirota, M.M. 2009. The
Brazilian Atlantic Forest: How much is left, and how is the remaining forest distributed?
Implications for conservation. Biological Conservation 142(6): 1141-1153.

[7] Wright, S.J. 2005. Tropical forests in a changing environment. Trends in ecology and
evolution 20(10): 553-560.

[8] Wright, S.J. and Muller-Landau, H.C. 2006. The Future of Tropical Forest Species. Biotropica
38 (3): 287-301.

[9] Lamb, D., Erskine, P.D. and Parrotta, J.A. 2005. Restoration of degraded tropical forest
landscapes. Science 310:1628-1632.

[10] Dent, D.H. and Joseph Wright, S. 2009. The future of tropical species in secondary forests:
A quantitative review. Biological Conservation 142:2833-2843.

[11] Chazdon, R. L. 2008. Beyond deforestation: restoring forests and ecosystem services on
degraded lands. Science 320:1458-1460.

[12] Gibson, L., Lee, T.M., Koh, L.P., Brook, B.W., Gardner, T.A., Barlow, J., Peres, C.A, Bradshaw,
C.J.A., Laurance, W.F,, Lovejoy, T.E. and Sodhi, N.S. 2011. Primary forests are irreplaceable
for sustaining tropical biodiversity. Nature 1-12.

[13] Flinn, K. and Mark, V. 2005. Recovery of forest plant communities in post-agricultural
landscapes. Frontiers in Ecology and the Environment 3:243-250.

[14] Klanderud, K., Mbolatiana, H.Z.H., Vololomboahangy, M.N., Radimbison, M.A., Roger, E.,
Totland, O. and Rajeriarison, C. 2010. Recovery of plant species richness and composition
after slash-and-burn agriculture in a tropical rainforest in Madagascar. Biodiversity and
Conservation 19:187-204.

[15] Paal, J., Turb, M., Koster, T., Rajandu, E. and Liira, J. 2011. Forest land-use history affects
the species composition and soil properties of old-aged hillock forests in Estonia. Journal of
Forest Research 16:244-252.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
483



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.5 (4):475-494, 2012
- -

[16] Kammesheidt, L. 1999. Forest recovery by root suckers and above-ground sprouts after
slash-and-burn agriculture, fire and logging in Paraguay and Venezuela. Journal of Tropical
Ecology 15:143-157.

[17] Berry, N.J., Phillips, O.L., Lewis, S.L., Hill, J.K., Edwards, D.P., Tawatao, N.B., Ahmad, N.,
Magintan, D., Khen, C.V., Maryati, M., Ong, R.C. and Hamer, K.C. 2010. The high value of
logged tropical forests: lessons from northern Borneo. Biodiversity and Conservation, 19,
985-997.

[18] Costa, F. and Magnusson, W.E. 2002. Selective logging effects on abundance, diversity, and
composition of tropical understory herbs. Ecological Applications 12:807-819.

[19] Cartar, R.V. 2005. Short-term effects of experimental boreal forest logging disturbance on
bumble bees, bumble bee-pollinated flowers and the bee—flower match. Biodiversity and
Conservation 14:1895-1907.

[20] Cayuela, L., Murcia, C., Hawk, A.A., Ferndndez-Vega, J. and Oviedo-brenes, F. 2009. Tree
responses to edge effects and canopy openness in a tropical montane forest fragment in
southern Costa Rica. Tropical Conservation Science 2:425-436.

[21] Velho, N. & Krishnadas, M. 2011. Post-logging recovery of animal-dispersed trees in a
tropical forest site in north-east India. Tropical Conservation Science 4:405-419.

[22] UhI, C,, Clark, K. & Clark, H. 1981. Early plant succession after cutting and burning in the
upper Rio Negro region of the Amazon Basin. The Journal of Ecology 69:631-649.

[23] Lawrence, D. 2004. Erosion of tree diversity during 200 years of shifting cultivation in
Bornean rain forest. Ecological Applications, 14, 1855-1869.

[24] Uhl, C. 1987. Factors controlling succession following slash-and-burn agriculture in
Amazonia. The Journal of Ecology, 75, 377—-407.

[25] Raharimalala, O., Buttler, A., Dirac Ramohavelo, C., Razanaka, S., Sorg, J.P. and Gobat, J. M.
2010. Soil-vegetation patterns in secondary slash and burn successions in Central Menabe,
Madagascar. Agriculture, Ecosystems & Environment 139:150-158.

[26] Islam, K.R. and Weil, R.R. 2000. Land use effects on soil quality in a tropical forest
ecosystem of Bangladesh. Agriculture, Ecosystems & Environment 79:9-16.

[27] Moebius-Clune, B.N., Es, H.M. van, Idowu, 0.J., Schindelbeck, R.R., Kimetu, J.M., Ngoze, S.,
Lehmann, J. and Kinyangi, J.M. 2011. Long-term soil quality degradation along a cultivation
chronosequence in western Kenya. Agriculture, Ecosystems & Environment 141:86-99.

[28] Moran, E.F., Brondizio, E.S., Tucker, J.M., Silva-Forsberg, M.C. da, McCracken, S. and Falesi,
I. 2000. Effects of soil fertility and land-use on forest succession in Amazbnia. Forest Ecology
and Management 139:93-108.

[29] Wieland, L.M., Mesquita, R.C.G., Bobrowiec, P.E.D., Bentos, T.V. and Williamson, G.B. 2011.
Seed rain and advance regeneration in secondary succession in the Brazilian Amazon.
Tropical Conservation Science 4:300-316.

[30] Ruiz-Jaen, M.C. and Mitchell Aide, T. 2005. Restoration Success: How Is It Being Measured?
Restoration Ecology 13:569-577.

[31] Tabarelli, M. and Mantovani, W. 1999. A regeneracdo de uma floresta tropical montana
apos corte e queima (Sdo Paulo - Brasil). Revista Brasileira de Biologia 59(2): 239-250.

[32] Pefia-Claros, M. 2003. Changes in Forest Structure and Species Composition during
Secondary Forest Succession in the Bolivian Amazon. Biotropica 35(4): 450-461.

[33] Brearley, F.Q., Prajadinata, S., Kidd, P.S., Proctora, J. and Suriantata 2004. Structure and
floristics of an old secondary rain forest in Central Kalimantan, Indonesia, and a comparison
with adjacent primary forest. Forest Ecology and Management 195(3): 385-397.

[34] Piotto D., Montagnini F.,, Thomas W.W., Ashton M. and Oliver C. 2009. Forest recovery after
swidden cultivation across a 40-year chronosequence in the Atlantic forest of southern
Bahia, Brazil. Plant Ecology 205(2): 261-272.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
484



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.5 (4):475-494, 2012
- -

[35] Kalacska, M., Sanchezazofeifa, G., Calvoalvarado, J., Quesada, M., Rivard, B. and Janzen, D.
2004. Species composition, similarity and diversity in three successional stages of a
seasonally dry tropical forest. Forest Ecology and Management 200: 227-247.

[36] Liebsch, D., Goldenberg, R. and Marques, M.C.M. 2007. Floristica e estrutura de
comunidades vegetais em uma cronoseqliéncia de Floresta Atlantica no Estado do Parana,
Brasil. Acta Botanica Brasilica 21(4): 983-992.

[37] Finegan, B. and Delgado, D. 2000. Structural and Floristic Heterogeneity in a 30-Year-Old
Costa Rican Rain Forest Restored on Pasture Through Natural Secondary Succession.
Restoration Ecology 8(4): 380-393.

[38] Dupouey, J., Dambrine, E. and Laffite, J. 2002 Irreversible impact of past land use on forest
soils and biodiversity. Ecology 83:2978-2984.

[39] Tabarelli, M., Silva, J.M.C. and Gascon, C. 2004. Forest fragmentation, synergisms and the
impoverishment of neotropical forests. Biodiversity and Conservation 13:1419-1425.

[40] Tabarelli, M., Lopes, A.V. and Peres, C.A. 2008. Edge-effects drive tropical forest fragments
towards an early-successional system. Biotropica 40(6): 657-661.

[41] Lopes, AV, Girdo, L.C., Santos, B.A., Peres, C.A. and Tabarelli, M. 2009. Long-term erosion
of tree reproductive trait diversity in edge-dominated Atlantic forest fragments. Biological
Conservation 142(6): 1154-1165.

[42] Lébo, D., Ledo, T., Melo, F.P.L., Santos, A.M.M. and Tabarelli, M. 2011. Forest fragmentation
drives Atlantic forest of northeastern Brazil to biotic homogenization. Diversity and
Distributions 17(2): 287-296.

[43] Guariguata, M.R., Chazdon, R.L., Denslow, J.S., Dupuy, J.M. and Anderson, L. 1997.
Structure and floristics of secondary and old-growth forest stands in lowland Costa Rica.
Plant Ecology 132(1): 107-120.

[44] Guariguata, M.R. and Ostertag, R. 2001. Neotropical secondary forest succession: changes
in structural and functional characteristics. Forest ecology and management 148: 185-206.

[45] Van Gemerden, B.S., Shu, G.N. and OIff, H. 2003. Recovery of conservation values in
Central African rain forest after logging and shifting cultivation. Biodiversity and
Conservation 12:1553-1570.

[46] Karthik, T., Veeraswami, G.G. and Samal, P.K. 2009. Review article Forest recovery following
shifting cultivation : an overview of existing research. Tropical Conservation Science 2:374-
387.

[47] Flesher, K.M. 2006. The Biogeography of the Medium and Large Mammals in a Human-
dominated Landscape in the Atlantic Forest of Bahia, Brazil: Evidence for the Role of
Agroforestry Systems as Wildlife Habitat. University of Reutgers, New Jersey (PhD.
Tesis), 624p.

[48] Vilela, F.S., Flesher, K.M. and Ramalho, M. 2012. Dispersal and predation of Eschweilera
ovata seeds in the Atlantic Forest of Southern Bahia, Brazil. Journal of Tropical Ecology
28:223-226.

[49] Mcintyre, S. 1994. Integrating Agricultural Land-use and Management for Conservation of
a Native Grassland Flora in a Variegated Landscape. Pacific Conservation Biology 1(3):236-
244,

[50] Pardini, R., Faria, D., Accacio, G.M., Laps, R. R., Mariano-Neto, E., Paciencia, M. L.B., Dixo,
M., Baumgarten, J. 2009. The challenge of maintaining Atlantic forest biodiversity: A multi-
taxa conservation assessment of specialist and generalist species in an agro-forestry mosaic
in southern Bahia. Biological Conservation 142(6):1178-1190.

[51] Faria, D., Mariano, E., Martini, A.M.Z., Ortiz, J.V., Montingelli, R., Rosso, S., Paciencia,
M.L.B. and Baumgarten, J. 2009. Forest structure in a mosaic of rainforest sites: The effect
of fragmentation and recovery after clear cut. Forest Ecology and Management 257:2226-
2234,

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
485



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.5 (4):475-494, 2012
- -

[52] Cottam, G. and Curtis, JT. 1956. The use of distance measures in phytossociological
sampling. Ecology 37(4): 451-460.

[53] APG II. 2003. An update of the Angiosperm Phylogeny Group classification for the orders
and families of flowering plants: APG Il. Botanical Journal of the Linnean Society 141(4):
399-436.

[54] Martins, F.R. 1993. Estrutura de uma floresta mesdfila. Campinas, UNICAMP.

[55] Berry, N.J., Phillips, O.L., Ong, R.C. and Hamer, K.C. 2008. Impacts of selective logging on
tree diversity across a rainforest landscape: the importance of spatial scale. Landscape
Ecology 23:915-929.

[56] Bergstedt, J. and Nilberg, P. 2001. The impact of logging intensity on field-layer vegetation
in Swedish boreal forests. Forest Ecology and Management 154:105-115.

[57] Styger, E., Rakotondramasy, H.M., Pfeffer, M.J., Fernandes, E.C.M. and Bates, D.M. 2007.
Influence of slash-and-burn farming practices on fallow succession and land degradation in
the rainforest region of Madagascar. Agriculture, Ecosystems & Environment 119:257-269.

[58] Grau, H.R., Arturi, M., Brown, A. and Acefiolaza, P. 1997. Floristic and structural patterns
along a chronosequence of secondary forest succession in Argentinean subtropical
montane forests. Forest Ecology and Management 95(2):161-171.

[59] Tabarelli, M. and Mantovani, W. 1999. A regeneracdao de uma floresta tropical montana
apos corte e queima (Sdo Paulo-Brasil). Revista Brasileira de Biologia 59:239-250.

[60] Zimmerman, J.K., Aide, T.M., Rosario, M., Serrano, M. and Herrera, L. 1995. Effects of land
management and a recent hurricane on forest structure and composition in the Luquillo
Experimental Forest, Puerto Rico. Forest Ecology and Management 77:65-76.

[61] Padgurschi, M.C.G., Pereira, L.S. and Joly, JYT.C.A. 2011. Composicdo e similaridade
floristica entre duas areas de Floresta Atlantica Montana, S3o Paulo, Brasil. Biota
Neotropica 11(2): 139-152.

[62] Thomas, WW., Carvalho A.M.V., Amorim A.M., Hanks J.G., Santos T.S. 2008. Diversity of
woody plants in the Atlantic coastal forest of southern Bahia. Memoirs of the New York
Botanical Garden 100: 21-66.

[63] Mori, S., Boom, B. and Carvalho, A. 1983. Southern Bahian moist forests. The Botanical
Review 49:155-232.

[64] Peixoto, A.L. and Gentry, A. 1990. Diversidade e composicdo floristica da mata de tabuleiro
na Reserva Florestal de Linhares (Espirito Santo, Brasil). Revta brasil. Bot. 13:19-25.

[65] Lima, R.A.F.,, Dittrich, V.A. O., Souza, V.C., Salino, A., Breier, T.B. and Aguiar, O.T. 2011. Flora
vascular do Parque Estadual Carlos Botelho , Sdo Paulo, Brasil. Biota Neotropica 11:0-42.
[66] Tabarelli, M. and Peres, C.A. 2002. Abiotic and vertebrate seed dispersal in the Brazilian
Atlantic forest: implications for forest regeneration. Biological Conservation 106:165-176.
[67] Pakeman, R.J. and Small, J.L. 2005. The role of the seed bank, seed rain and the timing of

disturbance in gap regeneration. Journal of Vegetation Science 16:121-130.

[68] Makana, J.R. and Thomas, S.C. 2006. Impacts of Selective Logging and Agricultural Clearing
on Forest Structure, Floristic Composition and Diversity, and Timber Tree Regeneration in
the lturi Forest, Democratic Republic of Congo. Biodiversity and Conservation 15:1375-
1397.

[69] Lambin, E.F., Geist, H.). and Lepers, E. 2003. Dynamics of land-use and land-cover change
in tropical regions. Annual Review of Environment and Resources 28:205-241.

[70] Ashton, M.S., Gunatilleke, C\V., Singhakumara, B.M. and Gunatilleke, 1. A. U. 2001.
Restoration pathways for rain forest in southwest Sri Lanka: a review of concepts and
models. Forest Ecology and Management 154: 409-430.

[71] Martinez-Garza, C. and Howe, H. F. 2003. Restoring tropical diversity: beating the time tax
on species loss. Journal of Applied Ecology 40:423-429

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
486



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.5 (4):475-494, 2012
- -

[72] Del Castillo, R.F. and Rios, M. A. P. 2008. Changes in seed rain during secondary succession

in a tropical montane cloud forest region in Oaxaca, Mexico. Journal of Tropical Ecology
24:433-444,

[73] Engel, V. L. and Parrotta, J. A. 2001. An evaluation of direct seeding for reforestation of

degraded lands in central Sao Paulo state, Brazil. Forest Ecology and Management 152:169-
181.

[74] Vieira, D.L.M., Holl, K.D. and Peneireiro, F.M. 2009. Agro-Successional Restoration as a
Strategy to Facilitate Tropical Forest Recovery. Restoration Ecology 17:451-459.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
487



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.5 (4):475-494, 2012
- -

Appendix 1. List of species that occur in different areas of land-use history (slash-and-burn - SB,
high-impact logging - HL; low-impact logging - LL) at the Michelin Ecological Reserve, Bahia
state, Brazil.

Achariaceae
Carpotroche brasiliensis (Raddi) Endl. 5 1 0 6

Anacardiaceae

Tapirira guianensis Aubl. 5 0 0 5
Annonaceae

Anaxagorea dolichocarpa Sprague & Sandwith 0 1 0 1
Guatteria blanchetiana R.E. Fries 0 0 2 2
Guatteria oligocarpa Matrt. 1 0 0 1
Pseudoxandra bahiensis Maas 0 0 1 1
Xylopia ochrantha Mart. 1 0 0 1
Xylopia sp1 2 1 0 3
Xylopia sp2 1 1 0 2
Apocynaceae

Anartia olivacea (Mull.Arg.) Markgr. 1 2 7
Himatanthus bracteatus (A.DC.) Woodson 1 3 0 4
Lacmellea bahiensis J.F.Morales 1

Araliaceae

Schefflera morototoni (Aubl.) Maguire et al. 2 0 0 2
Asteraceae

Vernonia diffusa Less. 1 0 2 3
Bignoniaceae

Bignoniaceae spl 0 1 0 1
Bignoniaceae sp2 0 0 1 1
Tabebuia cassinoides (Lam.) DC. 0 0 1 1
Boraginaceae

Boraginaceae spl 2 0 0 2
Boraginaceae sp2 0 1 0 1
Cordia ecalyculata Vell. 2 3 0 5
Cordia sp. 1 0 0 1
Burseraceae

Burseraceae sp. 0 0 3 3
Protium warmingianum Marchand

Protium aracouchini (Aubl.) Marchand 0 0 1 1
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Protium heptaphyllum (Aubl.) Marchand 0 0 1 1
Protium icicariba var. talmonii Daly 0 0 1 1
Tetragastris catuaba Soares da Cunha 0 1 1 2
Caricaceae

Jacaratia heptaphylla (Vell.) A.DC. 0 1 0 1
Celastraceae

Maytenus sp. 1 0 0 1
Chrysobalanaceae

Chrysobalanaceae sp. 0 1 0 1
Couepia belemii Prance 0 0 1 1
Licania belemii Prance 0 0 1 1
Licania hypoleuca Benth. 0 0 1 1
Licania salzmannii (Hook.f.) Fritsch 0 0 1 1
Clethraceae

Clehtra sp. 3 0 0 3
Clusiaceae

Garcinia macrophylla Mart. 0 7 1
Symphonia globulifera L.f. 2 1 1

Tovomita choisyana Planch. & Triana 1 12 1 14
Tovomita mangle G. Mariz 0 1 1 2
Cunoniaceae

Lamanonia sp. 0 0 3 3
Dichapetalaceae

Stephanopodium blanchetianum Baill. 1 0 0 1
Elaeocarpaceae

Sloanea garckeana K.Schum.

Sloanea monosperma Vell.

Sloanea usurpatrix Sprague & L.Riley.

Erythroxilaceae

Erythroxylum cuspidifolium Mart. 0 0 1 1
Euphorbiaceae

Actinostemon spl 0 1 0 1
Aparisthmium cordatum (A.Juss.) Baill. 2 0 0 2
Bernardia sp. 0 0 1 1
Euphorbiaceae sp. 0 0 1 1
Mabea piriri Aubl. 1 2 2 5
Maprounea guianensis Aubl. 5 0 0 5
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Fabaceae

Albizia pedicellaris (DC.) L.Rico 1 0 0 1
Andira anthelmia (Vell.) Benth. 1 0 0 1
Balizia pedicellaris (DC.) Barneby & Grimes 1 0 0 1
Chamaecrista ensiformis (Vell.) H.S.Irwin & Barneby 0 3 0 3
Fabaceae sp. 0 0 1 1
Inga edulis Mart. 3 1 0 4
Inga laurina (SW.) Wild. 0 2 1 3
Inga subnuda Salzm. ex Benth. 5 0 0 5
Inga thibaudiana DC. 2 0 0 2
Macrolobium latifolium Vogel 0 1 4 5
Parkia pendula (Willd.) Benth. ex Walp. 2 0 1 3
Peltogyne angustiflora Ducke 0 0 1 1
Pterocarpus rohrii Vahl 0 0 2 2
Senna multijuga (Rich.) H.S.lIrwin & Barneby 1 0 0 1
Swartzia riedelii R.S.Cowan 2 0 0 2
Swartzia flaemingii Raddi 0 1 2 3
Swartzia simplex (Sw.) Spreng. 0 0 2 2
Swartzia sp. 0 2 0 2
Tachigali densiflora (Benth.) L.G.Silva & H.C.Lima 0 1 0 1
Tachigali sp. 2 0 0 2
Vataireopsis araroba (Aguiar) Ducke 0 0 1 1
Icacinaceae

Emmotum nitens (Benth.) Miers 0 0 2 2
Lacistemataceae

Lacistema robustum Schnizl. 2 0 1 3
Lauraceae

Beilschmiedia linharensis Sa. Nishida & van der Werff 0 0 1 1
Cryptocarya riedeliana P.L.R.Moraes 1 0 0 1
Nectandra cuspidata Nees 0 1 5 6
Nectandra membranacea (Sw.) Griseb. 3 0 0 3
Ocotea costulata (Hess) Mez Wild. 0 1 0 1
Ocotea corymbosa (Meisn.) Mez 3 0 0 3
Ocotea prolifera (Nees & Mart.) Mez 0 0 1 1
Ocotea divaricata (Nees) Mez 1 0 0 1
Lecythidaceae

Eschweilera ovata (Cambess.) Mart. ex Miers 2 7 4 13
Lecythidaceae sp. 0 1 0 1
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Lecythis pisonis Cambess. 0 0 1 1

Malpighiaceae

Byrsonima crispa A.Juss.

Byrsonima sericea DC. 3 0 0 3
Malvaceae

Apeiba albiflora Ducke 2 0 0 2
Eriotheca globosa (Aubl.) A.Robyns 0 0 1 1
Eriotheca macrophylla (K.Schum.) A.Robyns 0 1 0 1
Hydrogaster trinerve Kuhlmann 0 0 2 2
Sterculia excelsa Mart. 1 1 0 2
Melastomataceae

Henriettea succosa (Aubl.) DC 1 0 0 1
Miconia calvescens DC. 0 1 0 1
Miconia dodecandra Cogn. 2 0 0 2
Miconia hypoleuca (Benth.) Triana 1 0 0 1
Miconia mirabilis (Aubl.) L.O.Williams 0 0 1 1
Tibouchina francavillana Cogn. 2 0 0 2
Meliaceae

Trichilia lepidota Mart. 1 0 2 3
Trichilia sp. 0 1 0 1
Moraceae

Brosimum rubescens Taub. 0 1 1 2
Clarisia biflora Ruiz & Pavon 0 1 0 1
Ficus clusiifolia Schott 1 0 0 1
Ficus sp. 1 0 0 1
Helicostylis tomentosa (Poepp. Et Endl.) Rusby 13 14 11 38
Sorocea racemosa Gaudich. 0 0 1 1

Myristicaceae
Virola gardneri (A.DC.) Warb 1 0 0 1

Virola officinalis Warb. 0 6 13
Myrtaceae

Calyptranthes concinna DC. 0 0 1 1
Eugenia copacabanensi Kiaersk. 0 0 1 1
Eugenia pauciflora DC. 1 0 0 1
Eugenia flamingensis O. Berg. 0 0 2 2
Eugenia fluminensis O.Berg. 0 2 2 4
Eugenia jurujubensis Kiaerisk. 0 0 1 1
Eugenia platyphylla O. Berg. 0 0 1 1
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Eugenia sp. 0 1 2 3
Marlierea sp. 0 1 0 1
Myrcia pubipetala Mig. 0 2 0 2
Myrcia amazonica DC. 0 0 1 1
Myrcia splendens (Sw.) DC. 0 0 1 1
Myrciaria floribunda (H.West ex Willd.) O.Berg 0 1 0 1
Myrciaria guaquiea (Kiaersk.) Mattos & D.Legrand 0 0 1 1
Myrtaceae spl 0 0 2 2
Myrtaceae sp2 0 0 1 1
Plinia muricata Sobral 1 0 0 1
Nyctaginaceae

Guapira nitida (Mart. ex J.A.Schmidt) Lundell 0 0 1 1
Guapira opposita (Vell.) Reitz 2 0 2 4
Nyctaginaceae sp. 0 0 1 1
Pisonia tomentosa Casar. 1 4 1 6
Ochnaceae

Elvasia tricarpellata Sastre 1 0 0 1
Olacaceae

Aptandra tubicina (Poepp.) Benth. ex Miers 0

Heisteria brasiliensis Engl. 1 0 2 3
Tetrastylidium grandifolium (Baill.) Sleumer 2 0 0
Peraceae

Pera glabrata (Schott) Poepp. ex Baill. 0 1 0 1
Pogonophora schomburgkiana Miers 1 11 5 17
Phyllanthaceae

Hieronyma alchorneoides Alleméo 2 0 1
Hieronyma oblonga (Tul.) Mull.Arg.

Margaritaria nobilis L.f. 1 0 0 1
Rubiaceae

Alibertia elliptica (Cham.) Schum. WH. 0 1 0 1
Alseis floribunda Schott 0 1 0 1
Amaioua intermedia Mart. ex Schult. & Schult.f. 0 3 1 4
Coussarea ilheotica Miill.Arg. 1 0 0 1
Guettarda angelica Mart. ex MUll.Arg. 0 2 0 2
Psychotria carthagenensis Jacq. 1 0 0 1
Rubiaceae spl 0 1 0 1
Rubiaceae sp2 1 0 0 1
Simira sp. 0 1 0 1
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Rutaceae

Zanthoxylum retusum (Albuq.) P.G.Waterman 1 0 0 1
Salicaceae

Banara serrata (Vell.) Warb. 1 0 0 1
Casearia commersoniana Cambess. 1 1 0 2
Casearia ulmifolia Vahl ex Vent. 0 1 0 1

Sapindaceae

Cupania oblongifolia Mart. 5 0 2 7
Cupania impressinervia Acev.-Rodr. 1 0 0 1
Talisia coriacea Radlk. 0 1 0 1
Sapotaceae

Chrysophyllum flexuosum Mart. 1 0 0 1
Diploon cuspidatum (Hoehne) Cronquist 0 2 1 3
Ecclinusa ramiflora Mart. 0 2 1 3
Manilkara multifida T.D.Penn. 0 0 1 1
Manilkara triflora (Allem&o) Monach. 0 0 1 1
Micropholis crassipedicellata (Mart. & Eichler) Pierre 0 0 1 1
Micropholis gardneriana (A.DC.) Pierre 0 1 0 1
Micropholis guyanensis (A.DC.) Pierre 0 0 1 1
Pouteria grandiflora (A.DC.) Baehni 0 1 0 1
Pouteria bangii (Rusby) T.D.Penn. 0 0 5 5
Pouteria caimito (Ruiz & Pav.) Radlk. 0 1 1 2
Pouteria ramiflora (Mart.) Radlk. 0 1 0 1
Pouteria reticulata (Engl.) Eyma 0 1 2 3
Pradosia bahiensis Teixeira 0 0 1 1
Pradosia lactescens (Vell.) Radlk. 0 1 0 1
Sapotaceae sp. 0 1 0 1
Simaroubaceae

Simaba guianensis Aubl. 0 0 1 1
Simarouba amara Aubl. 2 1 0
Siparunaceae

Siparuna guianensis Aubl. 0 2 1 3
Urticaceae

Cecropia pachystachya Trécul 2 0 0 2
Pourouma mollis Trécul 2 6 3 11
Pourouma velutina Mart. ex Miqg. 8 1 0 9
Violaceae
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FAMILY / SPECIES SB HL LL Total
Rinorea guianensis Aubl. 1 1 1 3

Vochysiaceae

Qualea magna Kuhim. 0 0 3 3
Vochysia acuminata Bong. 7 0 0 7
Vochysia gardneri Warm. 1 0 0 1
Vochysia riedeliana Stafleu 0 0 1 1
Without Identification

ind. spl 0 0 1 1
ind. sp2 0 1 0 1
Total 156 156 156 468
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