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A framework for biodiversity scenery and sustainability analysis in a
watershed river
Eduarda Romanini, José Eduardo dos Santos, Ângela T. Fushita, Rômulo T. Costa.
Laboratório de Análise e Planejamento Ambiental; Departamento de Hidrobiologia – Centro de Ciências
Biológicas e Saúde - Universidade Federal de São Carlos, campus São Carlos, SP.

SUMMARY
This study used a framework for identifying biodiversity and sustainability scenery, based on
the spatial change of land use, in 2009, associated with sustainability indicators for Middle
Mogi Guaçu watershed river and municipalities inserted at the same. The results showed a
predominantly human occupation for the river basin and municipalities located on it, with the
agricultural anthropic use as main pressure factor, especially for sugarcane cultivation. The UI
values showed low natural landscape, and IVAP showed that the watershed river has a
intermediate degree of vulnerability. The boxplot analysis revealed a condition more likely to
ecological sustainability, related to distribution of indexes values for Analândia and Luiz
Antônio municipalities. The scenery for biodiversity conservation is spread throughout the
watershed river, and Rincão and Guatapará being disadvantaged municipalities. It is essential
to implement conservation policies and also the creation of new areas of legal reserves for
biodiversity conservation scenarios and ecological sustainability improvement for Middle
Mogi Guaçu watershed river and municipalities inserted in it.
INTRODUCTION
Activities associated with land use have transformed the earth's surface at the expense
of environmental degradation, to fulfil the demand of natural resources for human well-being
(FOLEY et al. 2005).
The conservation and ecological sustainability condition of landscape management is
highly dependent on the land use dynamics (BOORI & VOŽENÍLEK 2014). In this point, the
use of geotechnology appears as an effective technique when applied for: (1) the sustainable
natural resource-use planning (SILVA et al. 2009); (2) the diagnosis of fragmentation
(BOGAERT et al. 2011); (3) the identification of scenarios for biodiversity conservation, based
on the landscape condition of remaining natural vegetation (CALEGARI et al. 2010).
This study used a framework for identifying conservation scenarios of biodiversity and
ecological sustainability, based on the spatial distribution of land uses in 2009, associated with
the use of sustainability indicators of the Mogi Guaçu watershed river and municipalities
inserted at the same, helping to decision-making related to regional sustainable development.
METHODS
The study area covers Middle Mogi Guaçu watershed river region, corresponding to the
territory of the municipalities: Américo Brasiliense, Analândia, Araraquara, Descalvado,
Guatapará, Ibaté, Luiz Antônio, Pirassununga, Porto Ferreira, Rincão, Santa Cruz das
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Palmeiras, Santa Lucia, Santa Rita do Passa Quatro, Santa Rosa de Viterbo, São Carlos, São
Simão e Tambaú (Figure 1).
The map of land and cover use was performed by visual interpretation of LandSat-5
image, referring to the orbit/point 220/75. Data processing was realized at ArcMap 10.2
software.

Figura 1. Location of the study area of Middle Mogi-Guaçu watershed river.
The Urbanity Index (UI) reflects the landscape naturalness condition and estimate,
(Equation 1), the extension of how much landscapes are dominates by strongly altered human
systems (WRBKA et al. 2004):
𝑈𝐼 = log 10

(𝑈+𝐴)
(𝐹+𝑊)

(Equation 1)

Where: U: urban areas; A: agricultural areas; F: forest areas, W: water and wetland
areas.
The Landscape Vulnerability Index (LVI), (Equation 2), indicates the landscape
susceptibility related to the incidence of environmental impacts. The higher the landscape
capacity to absorb environmental impacts, the lower its environmental vulnerability (CANTER
1996; TURNER et al. 2003; ADGER 2006).
𝐼𝑉𝐴𝑃 =

𝐼𝑄𝐴−𝐵𝑖𝑜+𝐼𝑄𝐴−𝐻𝑖𝑑𝑟𝑜
2

(Equation 2)

The spatial representation of the UI and LVI values was obtained based on the RASTER
VECTOR, AREA and IMAGE CALCULATOR commands in the IDRISI Selva software
(EATMAN 2012) and fuzzy logic (transformed by a linear function with a minimum value of
0 and a maximum value of 1). This representation considers the maximum degree of
naturalness (UI = 0, and the minimum degree of naturalness (UI = 1), which correspond to the
predominance of strongly human-altered systems; a higher LVI value (1) reflected lower
landscape resilience, and a lower LVI value (zero) reflected higher landscape resilience.
9
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To test the equality of naturalness condition and vulnerability between the
municipalities located in the Middle Mogi Guaçu watershed river in 2009, it was made a
permutation multivariate analysis of variance (PERMANOVA), with a posteriori peer-to-peer
comparison. To analyze the distribution of the indexes medians and quartiles for each
municipality, it was performed the Bloxpot statistical test. Both tests were performed using
Adonis command, vegan package (OKSANEN et al. 2013), and in the R program (R CORE
TEAM 2013).
RESULTS AND DISCUSSION
The Middle Mogi Guaçu watershed river, in 2009, had a predominantly human
occupation (76.41%), with 72.38% of this area occupied by agricultural anthropic use (pasture,
perennial and annual crops, bare soil, forestry, small properties and rural infrastructure),
considered the primary watershed pressure factor (Figure 2). The main highlight was related to
sugarcane cultivation, equivalent to 28.45% of the total watershed river area. The same
performance was observed for all municipalities inserted in the Middle Mogi Guaçu watershed
river.

Figure 2. Spatial distribution and values (ha /%) of the land use and cover types of Middle
Mogi-Guaçu watershed river in 2009.
At regional scale, the changes in life support systems to an increasingly anthropogenic
condition, leads to the potential sustainability reduction. Even for municipalities with the
largest of natural vegetation fragments, the naturalness condition are not satisfactory, because
when the native vegetation cover is less than 30% of landscape limits, the loss of connectivity
is particularly compromising (FISCHER & LINDENMAYER 2007).
The spatial representation of UI and LVI values (Figure 3) shows the low naturalness
(landscape predominance of UI values above 0.4) and intermediate degree of vulnerability of
the study area (LVI values between 0.2 and 0.6). The PERMANOVA statistical test, at the 5%
level of significance (F= 32.647 and p = 0.002), rejected the null hypothesis of equal
municipalities ecological sustainability condition. However, the peer-to-peer analysis a
posteriori indicated the presence of similarities between some pairs.
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Figura 3. Spatial representation of: A) Urbanity Index (UI), and B) Landscape Vulnerability
Index (LVI), of the Middle Mogi-Guaçu watershed river, in 2009.
The Boxplot analysis showed that the distribution of medians and quartiles is uneven
for the UI, and the median position is central in many municipalities for IVAP values. The
municipalities with the highest percentage of natural area, Analândia and Luiz Antônio, the
distribution of values characterize a tendency towards ecological sustainability in both
municipalities, since they have legally protected areas in their territories (Figure 4).

U
I

L
V
I

Figura 4. Boxplots with Urbanity Index (UI) and Landscape Vulnerability Index (IVAP)
medians, for each municipality, in 2009: (1) Américo Brasiliense; (2) Analândia; (3)
Araraquara; (4) Descalvado; (5) Guatapará; (6) Ibaté; (7) Luiz Antônio; (8) Pirassununga; (9)
Porto Ferreira; (10) Rincão; (11) Santa Cruz das Palmeiras; (12) Santa Lúcia; (13) Santa Rita
do Passa Quatro; (14) Santa Rosa do Viterbo; (15) São Carlos; (16) São Simão; (17) Tambaú.
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The overlap of UI and LVI indexes enabled the identification of biodiversity
conservation and ecological sustainability scenery (Figure 5). The UI and LVI values less than
0.3, representing propitious conditions for environmental sustainability, are distributed over
almost the entire watershed river. Rincão e Guatapará municipalities almost do not have
scenery associated with ecological sustainability. Despite the high percentage of naturalness
areas and non-critical areas in relation to the ecological sustainability, Luiz Antônio
municipality has also highly compromising areas with values greater than 0.7, indicating
critical scenery for ecological sustainability. These data show that the amount of natural capital
is not an isolated indicative for sustainability condition.

Figure 5. Biodiversity conservation and ecological sustainability scenarios, in 2009: (1)
Américo Brasiliense; (2) Analândia; (3) Araraquara; (4) Descalvado; (5) Guatapará; (6) Ibaté;
(7) Luiz Antônio; (8) Pirassununga; (9) Porto Ferreira; (10) Rincão; (11) Santa Cruz das
Palmeiras; (12) Santa Lúcia; (13) Santa Rita do Passa Quatro; (14) Santa Rosa do Viterbo; (15)
São Carlos; (16) São Simão; (17) Tambaú.
The legally protected areas represent a basic condition for biodiversity conservation
and cultural values maintenance, once they are associated with the protection of nature (CBHMOGI 2008), contributing to the ecological sustainability condition. However, even the
municipalities that have these areas are not far from the harmful changes of natural to
biocultural areas. Therefore, the implementation of conservation policies and the creation of
new legal reserves areas are essential to support the improvement of biodiversity conservation
and ecological sustainability scenery for Middle Mogi Guaçu Watershed River and on them
inserted municipalities.
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A Nestedness pattern of non-volant small mammal communities on a
seasonally dry tropical forest of Brazil: the Caatinga
Thais K. Martins, Pedro Cordeiro-Estrela
Department of Systematic and Ecology, Center of Exact and Natural Sciences, Federal University of Paraíba.
Email: thaisbio2003@yahoo.com.br

SUMMARY
We found a hyperdispersed nestedness pattern of metacommunities of non-volant small
mammals on caatinga. Together with, an elevated turnover component of betadiversity among
mesic regions. These results may indicate a competition-colonization trade-off between species
that inhabit the dry forest and species of the “brejos de altitude” of the caatinga.
INTRODUCTION
The irreplaceability and complementarity are characteristics of biological communities
that can indicate priority areas for conservation (LE SAOUT et al. 2013). These characteristics
can represent different ecological processes (BROOKS et al. 2010), like the spatial turnover
and the nestedness of species (BASELGA 2010). The higher the spatial turnover between
communities, the more irreplaceable they are. Conversely, the higher the nestedness, less
complementary they are. Indexes of betadiversity can represent these processes (BASELGA
2010).
The spatial structure of communities also may be detected by patterns of site-by- species
incidence matrix, through the elements of metacommunities structure (EMS) (LEIBOLD &
MIKKELSON 2002).Metacommunities are communities potentially but not necessarily
connected by dispersal (LEIBOLD & MIKKELSON 2002). The EMS are detected after the
ordination of the matrix. The first element that must be tested for is the coherence, a metric that
indicates the degree of continuity in species distribution. The lack of coherence indicates a
random pattern. A negative significance suggests a checkerboard pattern and a positive one an
array of other patterns to be tested. To investigate them, the next step is to analyze the turnover
element: if not significant, quasi-structure of matrix emerges; for a negative or a positive
significance, respectively indicates a nestedness or turnover pattern. Finally, from these two
patterns it is possible to detect the degree of overlap on the distribution of total species of each
site/community. Non-significant, positive or negative significance of species boundary
clumping represent, for the nested pattern, a random, a clumped or a hyperdispersed loss of
species. For the turnover patterns, it will represent respectively a Gleasonian, Clementsian or
an evenly spaced metacommunity. All these described patterns together with the distribution
of betadiversity values can help to understand if there is a regionalization of communities
(HOLYOAK et al. 2005). Moreover, aspects of the climate, the geographic distance and the
differential competitiveness of species can be acting on this biotic regionalization. One scheme
of regionalization is ecoregions framework, which is based on phytophisiognomies, climate,
geomorphological and other abiotic characteristics. There are eight ecoregions established for
Caatinga (VELLOSO et al. 2002), an exclusively Brazilian biome composed predominantly by
seasonally dry tropical forest formations. Few works have tested the significance of ecoregions
for faunal components (but see GUEDES et al. 2014, for snakes) and none for non-volant small
14
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mammal communities. There is a reasonable knowledge of regionalization for this group of
mammals in other biomes (COSTA 2003), but not in the Caatinga.
The aim of this work is to understand the regionalization of metacommunities of nonvolant small mammals in the Caatinga biome, at different spatial scales, through hypothetical
patterns of betadiversity and metacommunity structure. For this purpose, we constructed
hypotheses about the effects of climate, geographic distance, ecoregions and competitiveness
of the species on the distributional pattern of betadiversity and metacommunity (Table 1)
Table 1. The hypotheses, theories and models that support the expected values of local to total
betadiversity, their spatial autocorrelation and the patterns of metacommunity structure.
Hypothesis

Theory/ Model

Of all regional pool of
species, there are
groups of species that
share
evolutionary
history and/or
inter-dependent
ecological
relationships with each
ecoregion

Niche
theory
related to physical
distribution
of
organisms
(HUTCHINSON
1957); Historical
biogeographical
regions
(MORRONE
2014)
Environmental
gradients
generated
by
ecological filters
(BASELGA 2010)

The ecological filters
generate less richness
communities like a
subgroup of the more
rich communities

The coexistence in a
heterogeneous habitat
is allowed by a tradeoff between colonizers
and competitors
The
climatic
instability and/or the
low
resources
in
Caatinga generate a
dominant
interespecific
competition
The
climatic
instability on Caatinga
generate
no
predictable
organization
of
communities

Competitioncolonization tradeoff (KNEITEL &
CHASE 2004)

Predicted observation
Local
to
total
betadiversity
At least one sample
unit (municipality or
cell grid) on each
ecoregion presenting
turnover greater than
zero, and nestedness
values
less
than
turnover

It is unlikely to occur
unique species on
sample
unit
and
consequently unlikely
of there is values of
turnover component
greater than zero
Similar values for
nestedness
and
turnover components

Climatic instability
(VELLEND et al.
2014);
Competition
between species
(DIAMOND 1975)

A elevate nestedness
and zero turnover
components

Climatic instability
(VELLEND et al.
2014)

Unpredictable

Spatial
Metacommunity
autocorrelation
structure
No significant. There Clementsian
is
a
distinct pattern
composition
of
communities
on
neighborning areas of
different ecoregions,
spite of the similiar
composition at the
same ecoregion
Significant. Positive
by short geographic
distances
and
negative by large
geographic distances

Clumped
nested pattern

Significant. Positive
by short geographic
distances
and
negative by large
geographic distances
No significant

Hyperdispersed
nested pattern

No significant

No pattern

Checkerboard
pattern
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MATERIAL AND METHODS
We obtained the database of the occurrence of small mammals from bibliographic
review, scientific collections and field sampling. The betadiversity was measured by the
Sorensen index which is partitioned in two additive components: turnover (replacement) of
species, obtained from the Simpson Index, and nestedness, which corresponds to the gain or
loss of species (BASELGA 2010). This index considers these two components on as
independent and complementary. The Sorensen index was calculated considering the species
composition of one sample unit (i.e. municipalities and 1° grid cells) relative to the total species
composition of all other sampling units. This metric, which ranges from zero to one, returns
unique values of betadiversity for each sample units, and higher values of turnover component
may represent the irreplaceability or degree of unicity (BASELGA 2010). We verified the
spatial autocorrelation of this metric through Moran's I (LEGENDRE & LEGENDRE 1998),
which allow the detection of the geographic distance class that has a significant spatial
autocorrelation. The autocorrelation was analyzed at five and ten intervals of distance of
maximum geographic distance between localities. Finally, we utilized the statistical approach
of EMS to detect pattern of communities’ distribution on the site-by-species matrix, for
municipality and grid cell scales. The coherence element is measured by the number of
embedded absences generated by the ordination, and it indicates the response of the majority
of species to an environmental axis (PRESLEY et al. 2010). The nested, turnover or
checkerboard pattern will arise from a coherent matrix (LEIBOLD & MIKKELSON 2002,
PRESLEY et al. 2010). The ordinated matrices were compared with two different null models
with 1000 randomizations. The first null model maintains only the total number of occurrences
(“fixed occurrence”), it enables to estimate the bias of differential sampling on ecoregions,
taxonomic synonyms and oversplittings. The second null model maintains the fixed
frequencies of species (“fixed frequency”), and it does not fix richness for sites but the number
of sites in which a species occurs as well as the species pool, maintaining the relative number
of sites that a species occur and consequently representing a proxy of the degree of rarity of
each species (GOTELLI 2000).
RESULTS AND DISCUSSION
The results suggest a general nested pattern of non-volant small mammal communities
on Caatinga. The analyses of local to total betadiversity indicate that the nestedness component
was higher than the turnover component, for the two spatial scales (ranging from 0.47 to 0.93
for municipalities and from 0.36 to 0.93 for cell grids). We found a zero values of local to total
turnover in virtually all sampling units, except on humid forests, the “brejos de altitude” and at
edge of biome (Figure 1).
There was a significant (p< 0.01) and positive coherence in the dataset for both null
models (for municipalities, “fixed occurrence”: z= 14.70 and “fixed frequency”: z= 2.93; for
1º grid cells, “fixed occurrence”: z= 11.80 and “fixed frequency”: z= 2.65). For the “fixed
occurrence” null model, the turnover was not significant and negative (municipalities: p= 0.06,
z= -1.88; 1º grid cells: p= 0.11, z= -1.58), generating a quasi-nested structure. However, under
the “fixed frequency” null model, the turnover was significant and negative (municipalities: p=
0.016, z= -2.41; 1º grid cells: p= 0.013, z= -2.50) and consequently a nested structure. The
boundary clumping was significant and positive (p=0, Morisita's=2.42 and z= 3.67, for
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municipalities and 1º grid cells and for both null models), resulting on the hyperdispersed
nested pattern.

Figure 1. The municipalities of the database with occurrence of non-volant small mammals
(red points) along the ecoregions of Caatinga. Black dashed indicates the grid cell with turnover
greater than zero.
With the metacommunity approach, we obtained a hyperdispersed (i.e., dispersed
geographically) nested pattern, for the municipality and grid cell scales (Figure 2).

Figure 2. The hyperdispersed nested pattern observed on the ordinated site-by- species
incidence matrix, on a municipality (at left) and a grid cell (right) spatial scales.
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This result may be related of a trade-off occurring between the species that inhabit the
“brejos de altitude”, altitude humid forests and species of the lowland dry forests. The presence
of some species that occur in both dry forests and “brejos de altitude” areas and some exclusive
species of the “brejos de altitude” are indicative of the competition- colonization trade-off (see
in KNEITEL & CHASE 2004). More specifically, fitter colonizers that resist to periodical
droughts are represented by the widespread species and the better competitors in mesic
environments, by the “brejos de altitude” exclusive species. Moreover, the nested pattern and
the elevate nestedness component of local to total betadiversity even on “brejos de altitude”
areas indicate a complementarity between these areas, and not a Clementsian structure expected
if the “brejos de altitude” was a distinct compositional unit. This point is particularly important
since many authors distinguish the altitudinal forests from the Caatinga. The elevate local to
total turnover can indicates a fundamental area for conservation, especially to represent a
region where unique historical and/or ecological phenomena occur (LEGENDRE et al. 2005).
Moreover, if the trade-off in fact exists, there is a dynamic connection between the seasonally
dry and humid forest formations of the Caatinga. Our results provide an analytical basis for
political decisions which operate biome-wise. There is a need, however, of statistical advances
to infer process through of the patterns from an evolutionary perspective (VELLEND et al.
2014).
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SUMMARY
This study presents that the species richness and diversity, and the taxonomic diversity and
distinctness of rotifers may respond to the variations in temperature, total nitrogen, total
phosphorus and dissolved oxygen concentrations in reservoirs embedded in a surround matrix
composed by sugar-cane and orange crops and pasture. The total nitrogen concentration
influenced negatively all diversity parameters, while the total phosphorus benefited the rotifer
species richness and the taxonomic diversity.
INTRODUCTION
Reservoirs are artificial ecosystem of transition between rivers and lakes, and very
important for the humanity, since they provide water for human and animal consumption,
irrigation, industrial activities, energy generation, transport, recreation and others (POSTEL &
CARPENTER 1997). This ecosystem is quite susceptible to anthropogenic aggression that can
alter the water quality patterns, and consequently affect its biota and use (NAIMAN et al. 1995).
Reservoirs present two horizontal limnetic zones: littoral and pelagic. The littoral zone suffers
direct influence from the adjacent terrestrial ecosystem (ESTEVES 1998), and usually is
characterized as the most diverse zone in aquatic ecosystem, including a great variety of a
microflora and fauna (DUGGAN et al. 1998, LANSAC-TÔHA et al. 2003, 2004). This great
diversity is a result of high primary productivity and large variety of ecological niches
(STANFIELD et al. 1997, JEPPESEN et al. 1997), which are established by the vegetation
structure and composition and the physical and chemical factors of water (BONECKER et al.
1998, DUGGAN et al. 1998, RAFAELLI et al. 2000, SCHEFFER 2001). The biota in the
pelagic zone is strongly related to the littoral community, since it is more susceptible to
exchanging of water masses that determines the longitudinal flow between the limnologic
zones (STRASKRABA & TUNDISI 2000; HERZIG et al. 2005).
The rotifers have a relevant role in the ecosystem functioning performing nutrient
cycling and being part of the diet of fish larvae and different species of planktonic fishes
(WOYNAROVICH 1985) Because of this, the rotifers are good indicators of environmental
quality and useful in the monitoring and management of ecosystem (GANNON &
STEMBERGER 1978). The water quality and productivity in reservoir are modulated by the
quantity and the type of external nutrient loadings, so that the nutrient inputs reflect the climatic
regime, soil type and land use (KENNEDY & WALKER 1990). Johnes et al. (1996) reported
that the main source of total loads nutrients (nitrogen and phosphorus) is livestock, and that
cultivated land and human population are the secondary contributors to the total nitrogen and
phosphorus, respectively, in reservoirs.
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This study aimed to analyze the relationships of the alfa diversity of rotifers with the
variations in the total phosphorus and nitrogen concentrations in an agropastoral region,
considering also variations in the concentration of dissolved oxygen and the temperature.
METHODS
Study Area
We sampled 10 reservoirs built by damming of small streams of three watersheds in the
northwestern State of São Paulo: (1) river São José dos Dourados, (2) river Tietê, and (3) river
Turvo. These reservoirs are located in a transition area between the Atlantic Forest and Cerrado
(Brazilian Savanna), with around matrix composed by sugar-cane and orange crops, and
pasture.
Sampling design
The collections of rotifers were performed in the rainy seasons of 2008 and 2009. Both
the pelagic and littoral zones were sampled with plankton net of 45 µm mesh. We filtered 300L
of water and the collected rotifers were anaesthetized with carbonated water and, posteriorly
fixed with 4% formalin. In addition, we measured the temperature, dissolved oxygen and the
total nitrogen and phosphorus concentrations at the same point of the fauna sampling. In the
littoral zone, the thermal profile of the water column was determined measuring the
temperature at the surface and each 0.10 m to the reservoirs’ floor with a thermistor Toho
Dentam Et-3. In the pelagic zone the temperature was also measured each 0.10 m up to 2.0 m
depth and each 0.50 m to the reservoir floor. The dissolved oxygen was measured with the
Winkler’s method, described in Golterman et al. (1978). The total nitrogen concentration was
determined with the method proposed by Mackereth et al. (1978), and the total phosphorus was
estimated with the Strickland & Parsons’ method (1972).
Data Analysis
To analyze the relationships of the alfa diversity of rotifers with the variations in the
total phosphorus and nitrogen concentrations, we estimated the species richness for each
sample using the rarefaction method and Chao1 estimator. The species diversity was calculated
with the Shannon indexes, respectively. We also estimated the taxonomic diversity (Δ) and
distinctness (Δ*) using the indexes proposed by Clarke & Warwick (1998, 2001). All diversity
parameters (dependent variables) were modelled with the temperature and concentrations of
dissolved oxygen, total nitrogen and total phosphorus (independent variables) using the
Generalized Additive Mixed Models (GAMM). We tested all additive combinations of the
independent variables and five spatial correlation structures (exponential, gaussian, linear,
rational and spherical). All models included the zone and type of matrix as random effect, and
the best-fit models were chosen based on Akaike Information Criterion (AIC), adjusted-R2 and
the significant estimates of the independent variables. All statistical analyses were performed
with the program R version 3.1.2 (R CORE TEAM 2014).
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RESULTS
In total, 126 species of rotifers were collected in the 10 reservoirs, with an average of
31 species (±14.84) per reservoir. The species richness estimated by Chao1 was exactly equal
to the values of the sampled species richness, and its variation was best explained by variations
in Temperature and in the concentrations of dissolved oxygen, total phosphorus and total
nitrogen (adj-R2 = 0.543; F5,6 = 403.166; P < 0.0001), with gaussian spatial correlation
structure. The species richness increased linearly with increasing total phosphorus and
dissolved oxygen concentrations and with the temperature, but decreases with the total nitrogen
concentration with a non-linear relationship (Fig. 1). The species diversity estimated by
Shannon index was best explained by the temperature plus the variations in the concentrations
of dissolved oxygen and total nitrogen (adj-R2 = 0.196; F4,7 = 52.377; P < 0.0001), with
gaussian spatial correlation structure. The temperature and the total nitrogen concentration
showed negative and linear relationships with the species diversity, while the dissolved oxygen
related linear and positively (Fig. 2).
The taxonomic diversity (Δ) and distinctness (Δ*) were strongly explained by the
temperature, the dissolved oxygen plus the total nitrogen and phosphorus concentrations (Δ:
adj-R2 = 0.973; F5,6 = 1558.999; P < 0.0001; Δ*: adj-R2 = 0.877; F5,6 = 692.782; P < 0.0001).
The taxonomic diversity showed non-linear relationships with the temperature and total
phosphorus and dissolved oxygen concentrations, and a linear and negative relationship with
the total nitrogen concentration (Fig. 3). Differently, the taxonomic distinctness decreased
linearly with increasing temperature, while the other three independent variables presented
non-linear relationships with it (Fig.4).
DISCUSSION
Results of the present study indicate that the species richness and diversity is only
modestly (<50% variance) explained by the total nutrients, dissolved oxygen and temperature.
In contrast, the taxonomic diversity and distinctness, which incorporate historical aspects in
the community organization, are very strongly explained by such variables. The concentration
of the dissolved oxygen represents the primary productivity and depends on the equilibrium
between the input of oxygen from atmosphere and from the photosynthesis performed by the
aquatic vegetation, and the output by biological and chemical oxidation (WETZEL 2001).
Devetter (1998) also pointed out that the structure of the rotifer communities are influenced by
nutrients, primary production, temperature and other variables, such as that we observed in this
study.
Hessen (1995) also found similar relationship for species richness and temperature,
while Leibold (1999) reported significant quadratic relationships between the zooplankton
diversity and taxonomic richness, and the total nitrogen and total phosphorus concentrations,
decreasing over 50 µg/L and 560 µg/L, respectively. The slight increasing in the species
richness over 2500 µg/L of total nitrogen and the strong decreasing in the taxonomic diversity
of rotifers over 2000 µg/L, indicated that some few species can be benefit by high
concentrations of total nitrogen. On the other hand, the total phosphorus concentration is
beneficial mainly to the species richness and the taxonomic diversity.
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Figure 1. Relationships between the species richness (TSR) and the independent variables. TP = total phosphorus; TN = total nitrogen; DO =
dissolved oxygen. TSR = 2.86 + 1.00 x TP + 2.94 x TN + 1.00 x DO + 2.17 x Temperature + a i
ai ~ N(0, 0.000062).

Figure 2. Relationships between the species diversity estimated with Shannon index (H’) and the independent variables. TN = total nitrogen; DO
= dissolved oxygen. H’ = 0.16 + 1.00 x TN + 1.00 x DO + 1.00 x Temperature + ai
ai ~ N(0, 0.0000000092).
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Figure 3. Relationships between the taxonomic diversity (Δ) and the independent variables. TP = total phosphorus; TN = total nitrogen; DO =
dissolved oxygen. Δ = 40.22 + 3.95 x TP + 1.00 x TN + 3.97 x DO + 3.99 x Temperature + ai
ai ~ N(0, 0.000072).

Figure 4. Relationships between the taxonomic distinctness (Δ*) and the independent variables. TP = total phosphorus; TN = total nitrogen; DO =
dissolved oxygen. Δ* = 59.00 + 2.503 x TP + 2.19 x TN + 3.72 x DO + 1.00 x Temperature + ai
ai ~ N(0, 0.00092).
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Conclusively, in a general way, the rotifer community has been affected by the nutrients
loaded from the agropastoral activities carried out in the northwestern State of São Paulo,
mainly by the total nitrogen concentration, which influenced negatively the rotifer community
structure.
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SUMMARY
The apparent competition is an indirect mechanism by which invasive species improves its
invasive potential. The invasive species increases the predation pressure to the competitive
native species due differentiation of the realized niche generated by its presence. Through
image processing techniques, we analyzed leaves herbivory to verify differences between T.
zebrina invaded and no invaded areas. As result, invaded areas presents higher leaves herbivory
than no invaded areas, indicating apparent competition between T. zebrina and native plant
community.
Keywords: Tradescantia zebrina, competition, herbivory, seasonal semideciduous forest.
INTRODUCTION
The indirect interspecific competition is a complementary effect to direct competition,
widely known at the global ecology. In many cases, indirect competition becomes more
efficient in the process of exclusion than direct competition (LEVINE et al. 2003;
SEABLOOM et al. 2003; WHITE et al. 2006). This type of indirect interaction has been
understudied in invasive species situations. Apparent competition can be defined as an
improvement of ecological niche for herbivorous built by invasive species. The herbivorous
niche in a plant invasion can be optimized for shelter, food reserve or other processes
(CONNELL 1990). In an invasion under apparent competition, native plants are most affected
by herbivory. This negative impact can provide decreases in photosynthesis rates, less
investment in growth and as result, intensification of the direct effects as competitive exclusion
(ORROCK et al. 2008).
Our objective was evaluate if the invasive Tradescantia zebrina (herbaceus,
rhizomateus, ombrophile and endemic to Central American) changes patterns of herbivory on
the plant native community in fragments of Atlantic forest (Seasonal Semideciduous forest).
Our hypothesis raises that in areas invaded by T. zebrina, the native plant community would
presents higher (1) quantity of predated leaves and (2) predated leaf area, when compared with
(a) non-invaded plant communities and (b) T. zebrina in these invaded areas. The greatest
herbivory pressure on the native plant community would increases competitive advantages for
T. zebrina.
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MATERIAL AND METHODS
We made the collections during April 2016 in fragments at Iguazu National Park, Foz
do Iguaçu, PR, Brazil. There were chosen 10 different areas of Seasonal Semideciduous forest,
at least 500m away from each other; 5 were invaded by Tradescantia zebrina and 5 without
the presence of the invasive ones. We randomly established an experimental plot of 1m² on
every chosen area, at least 30m away from the edge of the fragment. In the invaded areas, the
plots were mounted with percentage of coverage of T. zebrina from 50% to 70%. In every plot
we counted all the leaves under 30 cm height (under direct influence of T. zebrina). We
classified the counted leaves between leaves from the plant community and the leaves of T.
zebrina. We removed all the leaves with herbivory records. For the invaded areas, we separated
the leaves in T. zebrina and leaves from the native plant community. We considered the native
plant community being all the plant individuals found in the area, except from T. zebrina. After
remoting, we disposed the leaves with herbivory records on an opaque, white, smooth surface
of 623,7 cm². With a transparent plate superimposing on the leaves, we took pictures with a
regular camera.
Data Analysis
We processed all the pictures using the software “ImageJ”. The pictures were separated
in three groups: non-invaded native plant community (nic), invaded native plant community
(ic) and T. zebrina (tzb). Each picture were transformed into a binary image color (black and
white). We obtained the number of leaves predated at every sample plot by counting. The rate
of predated leaves per m² (sampling plot) was obtained through the relation between the amount
of predated leaves per total amount of leaves, considering separated the native plant community
and T. zebrina. The area of each leaf with predation was estimated using the parameter “wand
tool” and calculated with the parameter “area”, in pixels. To convert the unit from pixels to
cm², we considered the proportionality between the known surface area that the leaves were
disposed to photography (623,7 cm²), and each leaf image. We estimated the original area of
the leaf (i.e. the supposed leaf area without predation) filling all the predation records using the
tool “brush” with the “black” coloration (Figure 1).
(I)

(II)

(III)

Figure 1. Steps of the leaves area achievement: (I) field photography, (II) image process in
binary colors and (III) estimation of the leaf area without herbivory.
The original estimated (without predation) area of each leaf was selected with the
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parameter “wand tool” and transformed into cm². The percentage of leaves herbivory was
obtained using the relation, for each leaf, between the leaf area with predation per estimated
area (without predation). We used the analysis of variance (ANOVA) with post-test Tukey to
verify differences between the non-invaded plant community (nic), invaded native plant
community (ic) and T. zebrina (tzb), for (1) the percentage of predated leaves and (2) the
predation rate per leaf.
RESULTS
We considered 3648 leaves, being 902 of T. zebrina, 885 from the invaded community
and 1861 from the non-invaded community. From that amount, we found 775 leaves predated
being 162 from T. zebrina, 285 from invaded community and 328 from non-invaded
community. The invaded community showed a higher percentage of predated leaves when
compared with the non-invaded community and with T. zebrina (ANOVA; F = 7.91; p = 0.006)
(Figure 2). The invaded community presented higher percentage of predated leaves area when
compared with T. zebrina (ANOVA; F = 4.646; p = 0.032) (Figure 2).
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Figure 2. Average leaves predated (A) and average predated area of leaves (B) of Tradescantia
zebrina, Invaded community and non-invaded community. Different letters indicate significant
differences between groups (ANOVA with a post hoc Tukey test; p<0.05).
DISCUSSION
Our results shows that communities invaded by T. zebrina have higher leave predation
than non-invaded communities. We believe this higher herbivory pressure on the invaded
communities can be assigned to apparent competition imposed by the invasive plant (HOLT &
KOTLER 1987). The apparent competition is even more evident when we verify the herbivory
preferences to native invaded communities instead T. zebrina. Probably, this preference to
native communities is due the native nutrition content and/or by evolutionary relationship
between consumers and resource (WHITE et al. 2006).
The herbivorous niche at the invasion is optimized with places to hide, protection from
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extreme climate conditions or other condition that could be hinder its development or
consumption needed to grow (RUSSELL et al. 2007). Furthermore, T. zebrina could improve
the environmental heterogeneity and, therefore, increase in the number and richness of
herbivorous communities. These changes in quality and quantity of herbivorous can unsettle
trophic relationships (CHIBA et al. 2013) and disserves the native vegetation. Subsequent
studies can approach the diversity of herbivorous that shift their activity to improve their
effectiveness in the presence of invasive species. Thus, the increased predation under invaded
plant communities can increase the direct effects of T. zebrina invasion, decreasing the
development of native species (WHITE et al. 2006).
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Applying the Core-Satellite concept for a fish assemblage of a clear water
lake monitored for two decades in Central Amazon (Batata Lake, PA,
Brazil)
Bruno E. Soares, Érica P. Caramaschi
Universidade Federal do Rio de Janeiro (UFRJ), IB, Laboratório de Ecologia de Peixes

SUMMARY
Inequality is a ubiquitous natural feature of biological communities and, through time, it is
proved that a set of core species dominate in frequency and abundance. Herein, we investigate
the core-satellite concept in a Neotropical fish community during the two-decade monitoring
of Batata Lake, Pará, Brazil. We found that a small set of species are persistent in this lake,
which could provide it a long-term stability.
INTRODUCTION
Ecological communities exhibit inequality in their species abundance as one of their
natural features. We can assess abundance inequality by several methodologies and this
ubiquitous characteristic has major ecological consequences. Despite our understanding that
some species are common and other species are rare, it is not easy to define it. For example,
one can assert that a species is rare on its local abundance based in just a year; still, the species
can be abundant over a broad distribution, except in that local.
Therefore, the task of defining the status of rarity or commonness is harder than taught
at first. Nonetheless, Magurran & Henderson (2003) published a well-grounded routine to
assess rarity and concluded that communities exhibit core species, a group of persistent and
abundant species that follow a lognormal abundance distribution, and satellite species that
appear infrequently, with low abundance and with a log-series distribution. Despite its great
suitability to biological communities, this core-satellite classification may not be a ubiquitous
pattern (see Lobón-Cerviá et al., 2015 for a community that all species seem to be persistent
but unstable). Thus, we assessed the rarity of the fish assemblage of Batata Lake and classified
the species as core or satellite.
MATERIAL AND METHODS
The monitoring was conducted in Batata Lake, located in the right bank of the
Trombetas river, between coordinates 1º 25' and 1º 35' S, and 56º 15’ and 56º 25' W, near Porto
Trombetas, Oriximiná - PA. Samplings were carried out in 22 expeditions between 1991 and
2015 (except 1994-1996). Expeditions were annual, always in the flooding period (usually
March). We sampled in a silted area by bauxite tailings and in a non-silted area. See Bozelli et
al. (2000) for more information. Specimens were captured with standardized batteries of mesh
gillnets (12 to 70 mm between knots) and standardized sampling for both diurnal and nocturnal
fishes.
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We plotted the maximum abundance in every year and the persistence (number of
years that a species occurred). Visually, we identified satellite and core species and,
afterwards, we fitted model distributions (log-series and lognormal distributions) separately
to both satellite and core species. We evaluated the goodness of fit of the four models with a
log-likelihood (LLK) test.
We used the Simpson’s diversity index (D) to track the satellite-to-core transition – log
dominance of series distributed species stabilize after some effort, while lognormal distributed
species would lead to increasing dominance. We calculated D for increasing effort (2-year
intervals) and evaluated its pattern through effort (in years) with general linear models (GLM).
Thus, in the moment that core species are included in analysis, dominance pattern would
change to a positive relationship and reveal the change point that separates satellite and core
species.
We also calculated a Bray-Curtis dissimilarity matrix based on species’ square-rooted
abundances. Community studies usually use these coefficients to assess β-diversity patterns
among sites or seasons. Herein, we used it to observe dissimilarity in occurrence/abundance
patterns among species – thus, species were samples and years of occurrence were “species
traits”. Each value represent similarity between two species regarding its occurrence and
abundance overlap in time. Low Bray-Curtis values mean that both species occur similarly in
time (same years), while high values mean that species do not occur in same years and/or
with extremely different abundance values. We visualized species’ dissimilarity in a NonMetric Multidimensional Scaling.
RESULTS AND DISCUSSION
Our dataset included 10,151 sampled individuals and comprised 141 species from 10
different orders and 33 families. Maximum abundance was a function of the number of years
that species persisted in the Batata Lake (Figure 1a). Until 10 years of persistence, we observed
a more homogeneous relationship among maximum abundance and persistence (satellite
species), while species with ≥11 years of persistence exhibit a positive increase in maximum
abundance (core species). The ten most persistent species (persistence ≥20 years) accounted
for almost 60% of abundance and the remaining core species accounted for 89% of total
abundance. While satellite species appear infrequently in Batata Lake, some of them had high
abundance (e.g. two shoaling-behavior species had outbursts in their abundances in 1993 and
2013).
The maximum abundance exhibits a uniform frequency distribution, with higher
frequencies found in low abundance and in the middle of abundance range (Figure 1b). We
decomposed the frequency distribution into two different histograms based on our previous
classification of satellite and core species. Satellite species exhibited higher frequencies in
lower values (Figure 1c), but a mixed-shape distribution (LLKlog-series = -228.78; LLKlognormal =
-229.57). Core species displayed higher frequencies in the middle of the maximum abundance
range (Figure 1d) and a lognormal distribution (LLKlognormal = -225.43; LLKlog-series = -207.12).
The difference in abundance distribution among core and satellite species provides a clue that
these species are shaped by different ecological processes.
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Figure 1. Maximum abundance/persistence relationship in the ichthyofauna of Batata Lake,
Pará (Figure 1a). Abundance distribution for: all species (Figure 1b), satellite species (Figure
1c) and core species (Figure 1d).
Increasing effort lead to increasing dominance in almost all datasets (Figure 2), even
when only satellite species data were included. Two datasets exhibited no pattern in the
dominance/effort relationship. The first was when we analyzed species that occurred ≤10 years
and is related to the shape of the frequency distribution of satellite species, which achieves the
log-series distribution long tail only when considered species that persisted at least in 10 years.
This pattern highlights the of satellite species. We relate the stabilized and negative
dominance/effort relationships when species that occurred up to 18 and 20 years to the addition
of species that are highly abundant due to outbursts of abundance in only one year.
Core species are located in the center of both two and three-dimensional scaling (Figure
3). In the three-dimensional scaling, satellite species create a dome around core species; thus,
core species constitute a nucleus of high persistent in time and similarly abundant species.
Satellite species acquired a dome-shape because they can be so similar to each other (few
occurrences with similar abundances in simultaneous years) as they can be highly dissimilar
(asynchronous and uneven occurrences).
The constant flow of species into a habitat has an important role in molding abundance
distribution, since immigration rate determine its distribution (BELL 2000), mainly in neutral
communities due to the nuclear role of immigration rate within it. In fact, migration patterns
and rare species may have an important role in Batata Lake ichthyofauna, primarily by the
outbursts of some species that allowed a resemblance to a lognormal distribution for the
satellite species.
However, Magurran & Henderson (2003) highlighted the importance of environmental
requirements – they observed that core species were predominantly estuarine, while satellite
species were mainly associated to deeper waters. Including a functional component in our
analysis could explain our core-satellite characterization, but we disagree that would fully
explain it. Some of our core species have limited capture rates due to our passive sampling
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methodology and others could be in the border of their distribution. Therefore, we claim that
both migration and environmental filtering interact in shaping abundance distribution of
species – while ecological requirements play a major role for core species, which are adapted
to the environment and persist in time, migration may be predominant as frequently outbursts
of migrant species become.

Figure 2. D increased with effort in the majority of datasets and are marked by black lines (F
> 35; p < 0.001). One dataset exhibited a negative slope (≤ 20 years: F = 5.3, p = 0.03) and is
marked with a red line. Two datasets did not display any pattern of dominance related to effort
(≤ 10 years: F = 2.1, p = 0.16; ≤ 18 years: F = 38.1, p = 0.13) and are marked with orange lines.
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class
core
satellite
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Figure 3. Bray-Curtis dissimilarity between core and satellite species of Batata Lake
represented by a Non-Metric Multidimensional Scaling.
Temporal turnover and considerations about the commonness of species have important
implications for conservation planning. Both core and satellite species play a major role in the
temporal stability of communities, since persistent species provide stability under current
ecological features, but occasional species may be related to long-term stability as they furnish
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ecological units in which environmental change can act by replacing former core species by
new ones (HENDERSON & MAGURRAN 2014).
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SUMMARY
The biomonitoring is a helpful tool to evaluate the condition of aquatic ecosystems. The use of
suitable methodology assure a reliable ecological evaluation whereas demonstrates a low
cost/effectiveness ratio. Studies that compare different methodologies for getting ecological
information are essential to improve techniques applied to biomonitoring. In this study, we
conclude that the use of larger mesh-size (500 µm) can lead to erroneous representation of
aquatic insects’ community, while different taxonomic resolution (order and family) seems to
be equally efficient in indicating environmental conditions. Thus, using a 250 µm sieve with
identification in order level combines a feasible proceeding and reliable information.
INTRODUCTION
All of us deeply depend on natural ecosystems and the services they provide. The fast
economic growth and resources’ mismanagement over the past 50 years resulted in substantial
and irreversible loss in the diversity of life on Earth (MILLENIUM ECOSYSTEM
ASSESSMENT 2005). The result of the economical development most of the times lead to
degradation of habitats and accumulation of dejects in the environment.
In aquatic ecosystems, the impact from anthropogenic activities negatively interfere in the
development of organisms and changes communities’ structure (SUGA & TANAKA 2013).
The biomonitoring is a tool to evaluate the quality of ecosystems, which consists in analyze
biological information provided by bioindicators. These are useful information for
environmental management programs. Physical and chemical parameters complement the
environmental evaluation but they are not enough, since they are punctual and instantaneous
measures (HERING et al. 2010). In turn, invertebrates’ communities aggregate long-term
responses of multiple environmental factors (SHARMA & CHOWDHARY 2011).
The use of biomonitoring for aquatic ecosystems assessment implies in carefully define
the ideal tools to be applied, which includes firstly the choice of the biological indicator and
secondly the methodological proceedings. Among aquatic communities, the
macroinvertebrates have been extensively used in biomonitoring programs. The main reasons
for this are: 1. they have a relatively long life cycle; 2. they are sedentary; 3. they are easily
sampled; 4. sampling costs are low; 5. they present a large gradient of sensibility to
environmental changes (ROSEMBERG & RESH 1993). Macroinvertebrates are mainly
composed by insects and use to habit every aquatic ecosystem in the world.
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The appropriate methodology guarantee the achievement of a reliable ecological
evaluation whereas demonstrate a practical and readiness execution. Studies that focus on
comparison of different methodologies for getting ecological information are essential to
improve techniques applied to biomonitoring. Thus, we aimed to: 1. characterize and compare
two streams, one presenting anthropogenic impact and the other without impact, in terms of
ecological attributes of insects’ communities (richness, abundance and diversity), limnological
variables and surroundings characteristics. 2. verify if the use of sieves with different mesh
sizes (250µm/500µm) can modify the selectivity of organisms, changing the interpretation of
biotic index. 3. investigate if the fauna identification in a less specific level (order) is enough
to generate a reliable evaluation of the environmental quality in instead of using a more specific
resolution (family).
MATERIAL AND METHODS
The sampling was conducted into the Ecological and Experimental Station of Itirapina
(Itirapina, São Paulo), in two main tributaries of Lobo Reservoir/Broa Reservoir: Lobo Stream
(22º13’27,8”S e 47º54’03,5”O), a preserved environment with undisturbed riparian vegetation
and Itaqueri Stream, the most impacted in the river basin (22º14’41,8” S e 47º 51’ 42,8” O),
which include the contamination by toxic pollutants from a sand mining and urban effluents.
Our sampling site was upstream from those sources of impact, but the discharge of rural
effluents, especially from animal breeding, occurs in this region (JUNIOR 2013). We used a
hand net (250 µm-mesh size), and we established an effort of 30 seconds of sweeping for each
sampling. Three sampling were done in Lobo Stream and six in Itaqueri Stream.
In the laboratory samples were washed in sieves with different mesh sizes to enable the
comparison. Three samples of each stream were washed in a 250 µm-sieve, while the other
three samples from Itaqueri Stream were washed in a 500 µm-sieve. Organisms were sorted
and identified using specialized bibliography (DOMÍNGUEZ & FERNÁNDEZ 2009). We
compared mesh sizes (250µm x 500µm) using Itaqueri samples and taxonomic resolution
(order x family) using all categories (Lobo 250; Itaqueri 250; Itaqueri 500).
pH, Dissolved oxygen, conductivity, and water temperature were measured with a
multiparameter probe and chemical reagents. A “Rapid Assessment Protocol” (RAP) was
applied to characterize the surrounding environment and other environmental factors. This
protocol classifies the environmental quality into three categories (natural; impacted; very
impacted) by scoring method (CALLISTO et al. 2002). Richness, abundance and diversity, in
addition to the ICBrio (Benthic Community Index for rivers), were calculated for each tested
situation (250 µm x 500 µm and order x family). Differences were statistically tested using
ANOVA.
ICBrio is a multimetric index that takes into account the richness (number of different
taxonomic categories); Shannon Diversity; number of sensitive taxa and; the dominance of
tolerant groups (KULMANN et al. 2005). Each parameter receives a score and the final result
is calculated based on the arithmetic mean of these values, then the river is classified in one
among five categories (very bad, bad, regular, good and very good).
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RESULTS
26 families, belonging to eight orders, of aquatic insects were sampled regarding both
streams, of which Diptera was the most abundant taxa making up 59% of total organisms,
represented by two families; followed by Ephemeroptera (19%, three families) and Coleoptera
(8%, five families).
Physical and chemical analysis did not changed considerably between both streams (mean
temperature (ºC): 23 / 23,5, mean conductivity (µS.cm): 24,7 / 32, mean pH: 7,6 / 7,5, mean
DO (mg.L-1): 4,6 / 3,7, of Lobo and Itaqueri streams, respectively). The RAP characterized
Lobo Stream as “natural”, with 75 points, and Itaqueri stream was considered “impacted”, with
59 points. Comparing ecological attributes of both communities, only abundance was
significantly different between streams (Figure 1). The ICBrio classified the water condition
of Lobo as good and the Itaqueri as regular (Table 1).

Figure 1. Differences in ecological attributes, comparing Lobo and Itaqueri Streams (Richness:
F= 3.45, p= 0.14; Abundance: F= 40.79, p= 0.001, Shannon: 1.35, p= 0.31).
Each mesh size led to different classifications for Itaqueri Stream using the ICBrio, with a
250 µm-sieve the stream was considered regular and with 500 µm, the stream was classified as
good (Table 1). Richness, abundance and diversity did not show significant differences when
using 250 µm or 500 µm-sieve.
The identification level did not lead to different classifications in ICBrio in either stream.
The identification of aquatic insects in family level, according to the index, has classified Lobo
Stream as “good”, the same result occurred for order level. Itaqueri (with 250 µm) has been
classified as “regular” when the insects were identified in both taxonomic levels, and Itaqueri
(with 500 µm) has been classified as “good” in both situations. Only Itaqueri samples washed
in 500 µm-sieve has shown significant different diversity values when the identification level
changed (Table 2). Higher diversity values found for family identification.
DISCUSSION
Regarding the multiple ways that we evaluated the environmental conditions of both
streams we are able to confirm that Lobo has a better quality than Itaqueri Stream. It was
evidenced mainly by the Rapid Assessment Protocol and the ICBrio, since both were in
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accordance that Lobo Stream has good conditions while Itaqueri indicates some degree of
degradation. On the other hand, physical and chemical variables were not clearly different
between the streams. Although dissolved oxygen was lower and conductivity was higher in
Itaqueri Stream, what may indicate a worst condition, these differences were not significant.
This confirms that these parameters are not sufficient for environmental condition evaluation,
the same as for ecological attributes (richness, abundance and diversity), of which only
abundance differentiated the streams. It is preferable to use an integrated assessment in order
to effectively indicate a pollution gradient, as urban effluents and other anthropogenic impacts
are extremely complex, influencing communities in different ways (SILVEIRA et al. 2005).
Table 1. Classifications defined by ICBrio for both streams (Lobo and Itaqueri), regarding
different methodologies of communities’ analysis (using a 250 µm and 500 µm mesh-size;
order and family taxonomic resolution)
Order

Family

Lobo 250 µm

GOOD

GOOD

Itaqueri 250 µm

REGULAR

REGULAR

Itaqueri 500 µm

GOOD

GOOD

Table 2. Mean and standard deviation of ecological attributes (S: Richness; H’: Shannon
Diversity) obtained from the two tested taxonomic resolutions (order and family), and F and p
values of ANOVA, significant differences (p<0.05) in bold.
Lobo 250 µm

S

Itaqueri 250 µm

Family

Order

F

8.67 ± 2.08

6±1

4.0

p

Family

Order

Itaqueri 500 µm
F

p

Family

Order

F

p

0.11 5.33 ± 2.31 4.33 ± 1.53 0.40 0.57 11.33 ± 5.13 6.33 ± 1.15 2.71 0.18

H’ 1.4 ± 0.26 1.24 ± 0.27 0.57 0.49 1.14 ± 0.28 1.05 ± 0.26 0.18 0.70 1.49 ± 0.16 1.15 ± 0.07 11.1 0.03

As we did not observe significant differences in ecological attributes when using different
mesh sizes, probably the discrepancy reveled by the index was due to the selection of more
sensitive organisms when using a 500µm-sieve. Since taxa represented by bigger individuals
are more frequently related to sensitive groups (e.g. Plecoptera, Trichoptera, Ephemeroptera,
Coleoptera) than do smaller organisms, which often belong to Diptera, it is possible that 500µm
mesh size interfered in the evaluation by discarding the tiny tolerant organisms. An ideal mesh
size is that with low “cost/effectiveness” ratio, in which samples demand less time to be
analyzed and nevertheless well represent the community (BUSS & BORGES 2008). Although
the authors demonstrated that a 500 µm-sieve is as effective as a 250 µm-sieve, in this study
we recommend the careful use of larger mesh (> 250 µm).
Another indication that the 500 µm mesh-size is not completely reliable in terms of
community representation was demonstrated by the discrepant values of diversity when
identifying insects in different taxonomic levels. In addition, for the other two categories in
which the smaller sieve were used (Lobo Stream with 250 µm-sieve and Itaqueri Stream with
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250 µm-sieve) it was not verified a significant difference in ecological attributes depending on
the identification level. This means that the level of identification do not have the same impact
on environmental assessment than the choice of sieve’s mesh-size. In this study we
demonstrated that is preferable to use a smaller mesh-size to avoid the loss of organisms
compensating this effort with a less strict taxonomic identification. But, if a 500 µm-sieve is
adopted, we recommend the identification to be performed at least in family level. Thus,
according to our study effectiveness of ecological responses decreases in the following
sequence: 250 µm/Family → 250 µm/Order → 500 µm/Family → 500 µm/Order, in which
250 µm/Order appear to be the most adequate choice for biomonitoring studies.
According to Buss and Vitorino (2010), the three most used taxonomic resolutions in
assessment protocols of biomonitoring programs (genus, family and order) are efficient to
discriminate sites with different environmental conditions. However, they do not recommend
the use of order taxonomic resolution for Brazilian bioassessment programs due to the low
accuracy in discriminating reference sites from intermediate disturbed sites. Nevertheless,
other studies show that higher taxonomic levels of identification are suitable for environmental
assessment (BUSS 2008; BAILEY et al. 2001). This study highlights the importance of
searching ideal methodologies concerning environmental condition evaluations. Although we
propose the use of particular techniques in biomonitoring works, more studies with higher
sampling effort are necessary in order to avoid possible bias in communities’
representativeness.
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SUMMARY
Brazil is the largest buyer of herbicides in the world and one of the most important is the
glyphosate. We analyzed if some basic ecological attributes (taxa richness, composition, total
abundance, dominance, diversity, evenness) of terrestrial invertebrates identified in high
taxonomic level and they are different when comparing areas with and without pulverization
of glyphosate. This study was carried in a cultivate land in Southeastern São Paulo with cultures
of wheat and corn among other with less importance. Results point clear differences on all
ecological attributes, indicating small values of richness and diversity, and high values of
abundance, dominance and evenness in sites under influence of glyphosate.
INTRODUCTION
Since the 19th century the fast increase of agriculture, livestock, industries and
urbanization have been produced wide modifications in biota, resulting in the necessity of
continuous monitoring of water and sediments quality (REBOUÇAS et al. 2006).
The use of herbicides is one of the main activities that interfere in the environment,
including its biotic component. World trade of herbicides is growing every day, along with the
fast increase of genetic modified organisms (GMO) farming able to support high levels of
pesticides, which have as main function exterminating weeds and perennials. In Brazil, there
are no specific laws regulating drug use in agriculture. However, agencies such as ANVISA
(National Health Surveillance Agency) and PARA (Pesticide Residue Analysis Program in
Foods) are responsible for monitoring the maximum levels of toxicity and the risks that certain
herbicides and pesticides might have.
One of the most currently traded herbicides is the glyphosate [N- (phosphonomethyl)
glycine], C3H8NO5P. It is a non-selective, systemic, post-emergence drug and represents 60%
of the world market (AMARANTE JUNIOR & SANTOS 2001). In Brazil, the consumption of
this herbicide reaches 150 million L / year, representing 30% of the total volume of pesticides
used in the country (TONI et al. 2006).
Glyphosate is highly efficient against weeds and when it comes into contact with leaves of
the plants it is absorbed and transported throughout tissues, inhibiting the metabolism and the
synthesis of enzymes, leading to death of the organism (AMARANTE JUNIOR & SANTOS
2001). In addition to the extermination of unwanted herbs, the percolation of this herbicide
contaminates ground water, rivers, lakes, springs, soils and other organisms. Each species gives
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a specific response to a single toxic agent, but the complex mixture of contaminants can
indiscriminately affect local communities (SLOOF et al. 1983).
The compounds used as pesticides have far-reaching effects throughout the ecological
community ground (MIRSAL 2008), can alter the microbial soil C (CAMELO et al. 2011),
enter the food chain, bioaccumulate organisms and influence soil invertebrates (GILL &
GARG 2014). Thus, it alters the dynamics of the soil (CORTET et al. 1999), such as organic
decomposition processes (PARMELEE & HENDRIX 1985), the maintenance of the structures,
oil transformation and mineralization of organic matter and pest control organisms (GILL &
GARG 2014). Some authors concluded that there are negative effects of the use of herbicides
on the structure of the community of soil invertebrates such as springtails (HAQUE et al. 2011),
nematodes (ZHAO et al. 2013) and worms (GARCÍA-PÉREZ et al. 2014).
This study compared the fauna of terrestrial invertebrates in two sites in the São Paulo
State (Brazil), one with continuous and intense influence of application of glyphosate in corn
and wheat cultivation, and another in the middle of a forest remnant free of effects of the
herbicide. We tested if high taxonomic level classification as classes and orders are useful to
detect impacts of herbicide on invertebrate fauna.
MATERIAL AND METHODS
The fourth and newest campus of Federal University of São Carlos (UFSCar) in the São
Paulo State (Figure 1) is inserted in a productive farm with 643 hectares, where it is cultivated
corn, soy and wheat. For the latter, a large volume of glyphosate is applied, because it does not
cause damage to wheat, but eliminates other weed within the farming.

Figure 1. Map of study area in the São Paulo State, Brazil(23º35’45” S and 48º31’53” W),
where two locations were studied on invertebrates from soil, one with glyphosate and close to
cultivated site, and another without herbicide application and inside a forest remnant.
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We selected two sites: one (i) in the border of wheat farming, with severe effects of
glyphosate (Paraquat®) applied intensively and daily in a traditional culture of wheat, and
another (ii), in a remnant of secondary Atlantic Forest, ca. 500m far from site (i) (Figure 1).
The experiments were performed consecutively in four days, in June/2016. We delimited
3 squares of 3x3 meters in each site (i and ii) (see Figure 1), which we divided in four parts for
better analysis. Each square was extensively checked for invertebrates larger that 3mm. We
optimized the search using a magnifying glass to better found invertebrates. Specimens were
captured and putted in plastic bottles with alcohol 70%, and in laboratory they were identified
in high taxonomic level (as order and classes) to obtain ecological attributes. Specialized
references were used to identification of orders and classes of Annelida, Arthropoda (Insecta,
Crustacea, Diplopoda, Chilopoda, Arachnida) and Mollusca. Stereomicroscope was used for
the identification and counting of the organisms.
Some ecological attributes were estimated as taxa richness, abundance, two diversity
indexes (Shannon-Wiener and Simpson) valorizing differently rare and non-rare species,
dominance and evenness. At first we used descriptive statistics to obtain mean±standard
deviation to explore the values found for ecological attributes. Then, we used analysis of
variance one-way (ANOVA, p<0.05, DF=1) to compare the ecological attributes in the squares
with and free of influence of glyphosate applications. All indexes and statistical analysis were
performed in R software 3.3.0 (R Core Development Team, 2016).
RESULTS
A total of 16 taxa in high taxonomic level was found, and two-hundred specimens were
sampled in all quadrants performed (Table 1). Hymenoptera, Aranae and Coleoptera were the
most abundant and not differ between areas. More taxa were exclusive of forest remnant than
cultivation site.
Table 1. List of taxa found in the study, in high taxonomic level (classes and
orders), with means values of abundance by quadrant (individual/9m2) in sites
with and free of effects of glyphosate.
Classes

Orders

With glyphosate

Without

1.00

4.00

Gastropoda

0.00

0.67

Araneae

7.67

9.33

Ixodida

0.33

0.33

Annelida
Mollusca

Arthropoda
Aracnida
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Chilopoda
Scolopendromorpha

0.33

1.33

Isopoda

0.67

0.00

0.33

1.67

Blattodea

0.00

1.00

Coleoptera

2.00

2.67

Dermaptera

0.00

2.33

Hemiptera

0.00

2.33

Hymenoptera

8.00

13.33

Homoptera

0.00

0.67

Isoptera

0.00

1.00

Lepidoptera

0.33

0.67

Mantodea

0.33

0.00

Ortoptera

0.33

0.00

Crustacea

Diplopoda
Insecta

All ecological attributes analyzed pointed negative effects from the glyphosate area on
biodiversity patterns of terrestrial invertebrates (Figure 2), however, only taxa richness and
diversity (H’) showed significant differences detected by ANOVA. In general neither square
located in the impacted area exhibit a great number of richness, diversity or abundance in
contrast with forest fragment. Richness, abundance and the two diversity indexes exhibit major
values in the forest fragment, without application of glyphosate. In the other side, dominance
and evenness, which indicates homogeneity in the community while close to 1, showed major
values in the area on effects of glyphosate.
DISCUSSION
All ecological attributes of the terrestrial invertebrate fauna were affected negatively by
glyphosate applications. The results were very clear comparing between the area with
continuous pulverization and inside the forest remnant.
High taxonomic level identifications of terrestrial invertebrates as classes and orders
showed an interesting, easy and low cost method to analyze impacts of herbicide discards and
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applications in situ, especially intensively. Our hypothesis proposed was accepted, pointing
lower diversity and more homogeneity in impacted areas.

Figure 2. Ecological attributes (richness, abundance, dominance, diversity H’ = ShannonWiener index, diversity S = Simpson index, evenness) of taxa found in the study comparing
sampling sites under and free of effects of glyphosate.
There are many studies reporting the effects of glyphosate and other herbicides on fauna,
especially terrestrial and aquatic invertebrates and fishes (KELLY et al. 2010). However, other
group of studies and especially information generated by herbicide producers highlight null or
minimum effects on several organisms (FOLMER et al. 1979). Our results point to damage
effects of glyphosate on the terrestrial invertebrates, but attention must be given for the intense
and consecutive use of this product, resulting in an accumulative and prolonged effect. The
negative effects on biodiversity of invertebrates can be a result of continuous discard in this
place. Although there is a forest close to this impacted site, the continuous application of
herbicide inhibits the increase of ecological attributes as diversity and richness.
The results indicate the urgent need to reconsider the overuse of herbicides in Brazil,
among the various impacts on environment. We found negative effect of glyphosate on the
ecological attributes of terrestrial invertebrates in traditional and productive cultivation of
wheat and corn.
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SUMMARY
The invasion by exotic species is a great threat to native biodiversity worldwide. Invasive
plants, additionally to compete and eliminate native plant species, may change habitats and
disturb fauna from different ways, such as increasing nests predation rates, reducing bird
reproductive success. Although Cerrado (Brazilian savanna) is widely dominated by invasive
grasses, there are few studies about their effects on bird nest predation. This study aimed to
compare the predation rates in areas dominated by native vegetation and by different invasive
grasses using artificial nests containing quail eggs. Unexpectedly, we did not find significant
differences on the predation rates between the types of vegetation. Our results suggest that
different groups of generalist nest predators may occur in invaded and non-invaded areas
according to the disturbance tolerance of their species, offsetting predation rates between both
environments.
Keywords: Invasive grasses. Reproductive success. Birds.
INTRODUCTION
Invasion by exotic species and habitat fragmentation are currently the main threats to
native biodiversity (MOONEY & CLELAND 2001; PRIMACK 2005). In case of plants,
invasive species may eliminate the native vegetation through competition, usually presenting
a set of features that confer them advantages over native species (WILLIAMSON & FITTER
1996; REJMÁNEK et al. 2005). Moreover, invasive plants are able to produce habitat changes
and effects which may extend to other trophic levels (VILÀ et al. 2011).
In Brazil, diverse African grasses were introduced since the colonial period,
accidentally or to livestock and other finalities, becoming aggressive invasive and impacting
natural ecosystems (PIVELLO et al. 1999; KLINK & MACHADO 2005). In the Brazilian
savanna (hereafter named Cerrado), a highly threatened tropical biome which is among the
global hotspots, these species have caused several impacts, outcompeting native plant species,
changing habitats, nutrient cycling and fire regime (FREITAS & PIVELLO 2005; FARIA et
al. 2015).
Studies indicate that changes in habitat and micro-habitat occasioned by invasive plants
may favor nest predation, one of main factors for low reproductive success in bird populations,
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acting as “ecological traps” (SCHMIDT & WHELAN 1999; REMEŠ 2003; LLOYD &
MARTIN 2005). However, similar studies on tropical environments are scarce.
Although experiments using artificial nests and quail eggs have some limitations, quail
eggs have been widely use, because are easily acquired and have similar size to small and
medium bird eggs, and have given satisfactory results to understand natural nest predation
patterns (ROBINSON et al. 2005; FRANÇA et al. 2009; LEITE et al. 2014).
In this context, this study aimed to compare artificial nests predation rates between
native vegetation and invaded areas by different exotic grasses species in a fragment of
Cerrado.
MATERIAL AND METHODS
We conducted the study in a fragment of Cerrado (approximately 124.68 ha total area),
within the campus of Universidade Federal de São Carlos – UFSCar (21°58'S, 47°52'W). Four
transects were established, and 50 artificial nests (diameter: 8.0 cm; deep: 4.0 cm) containing
one quail egg (Coturnix coturnix japonica Linnaeus) were placed alternately on both sides in
points to 15 m perpendicular to transect, keeping a distance of 100 m between the nests in the
same side. Nests were put on tree forks or shrubs, approximately 1.5 m above ground, aiming
to avoid the predation by domestic animals. The dominance by different species of African
invasive grasses (Urochloa decumbens Stapf., Melinis minutiflora Beauv. and Pennisetum
purpureum Schumach.) and the number of trees in a 5 m radius were recorded. The points
immersed in areas with less than 50% of coverage by invasive grasses were classified as
“control”, and the points in areas with dominance by invasive grasses above 50% were
classified as “invaded”; points with exactly 50% of coverage by invasive grasses were
considered “invaded” if the number of trees was less than or equal to 14 (average number of
trees considering all the points). In total, 23 points were classified as “control” and 27 as
“invaded”, being five dominated by P. purpureum, eight dominated by U. decumbens, ten by
M. minutiflora and four dominated by the last two species in the same proportion.
Nests were exposed by 13 days (approximated incubation period for Cerrado birds,
according to Medeiros & Marini 2007; Duca et al. 2009), and were inspected every 4-5 days,
being considered the predation occurrence if the egg was absent, perforated or broken.
We estimated total and periodic (considering the survival days before the predation,
based on Mayfield, 1961) predation rates from the proportion of predated eggs for each
vegetation category. The statistical differences were tested using the Chi-Square test (X²),
considering a 5% (0.05) significance level.
RESULTS AND DISCUSSION
No significant difference was observed in the total predation rates for nests located in
native and exotic vegetation. In total, 25 nests were preyed (50%), 52% (n=12) in control areas
and 48% (n=13) in invaded areas (Figure 1.A).
When considered the survival days before the predation (considering time since the
beginning of experiment), on the first period, after 2.5 days, though the predation rate was
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slightly higher in invaded areas, where 26% of eggs were preyed, while control areas had a
17% predation rate, this difference was not significant (X² = 1.05, DF = 1, p > 0.05). On the
second exposition period, after 7 days, the predation rate in control areas (32%) was higher
than in invaded areas (20%), but the difference was not significant too (X² = 0.69, DF = 1, p >
0.05). Finally, on the last period, after 11 survival days, control and invaded areas had similar
predation rates, 15% and 13%, respectively (X² = 0.05, DF = 1; p > 0.05) (Figure 1.B). Thus,
the results set did not indicate differences on the predation rates between invaded and control
areas.
We expected higher predation rates in invaded areas, because they exhibit a more open
environment than native Cerrado, showing lower canopy cover, and it may facilitate nest
location by predators, mainly the aerial (e.g. birds), since the nests are less protected and may
be more easily seen (PICMAN 1988; LEITE et al. 2014). However, our results did not confirm
our hypothesis. In the other hand, while birds use mainly vision to localize and prey eggs,
mammals find the nests using mostly the olfaction (BATÁRY et al. 2004). Thus, the predation
by birds may have been favored on invaded areas, but in control areas, where the canopy cover
hinders the viewing, probably arboreal mammals may have been the main predators
(ALVAREZ & GALETTI 2007).
Although small mammals and reptiles are considered the commonest nest predators by
most studies (MELO & MARINI 1997; ROBINSON & ROBINSON 2001; ROBINSON et al.
2005), birds seem to be the most representative group in Cerrado (FRANÇA & MARINI 2009;
FRANÇA et al. 2009; LEITE et al. 2014). Furthermore, terrestrial predators, in general, are
responsible for the highest predation rates for nests placed on the ground than to nests placed
on heights above 1.0 m, while nests on shrubs or trees are more frequently preyed by birds,
although some mammals have arboreal habits (BAYNE & HOBSON 1997; ALVAREZ &
GALETTI 2007; LEITE et al. 2014). Thus, placing of the nests on more elevated heights may
have limited the predation by terrestrial animals, leading to underestimated rates.
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Figure 1. A. Total predation rate. B. Predation rate according the survival days before the
predation. Black bars represent invaded areas and grey bars represent control areas.
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The egg remains found on nests may indicate the likely predator group (MARINI &
MELO 1998; ALVAREZ & GALETTI 2007). On most of nests (76%), the egg was totally
removed or swallowed whole, and it indicates that predation was most likely by reptiles (e. g.
Lacertilia) or some birds (e. g. Psiformes and Gruiformes), not by mammals (MARINI &
MELO 1998; ALVAREZ & GALLETTI 2007). Eggs found fragmented (16%) may indicate
that predation was mostly by birds (e. g. Gruiformes) or mammals (e. g. Carnivora and
Rodentia), and perforated eggs (8%) was likely predated by birds (e. g. Falconiformes,
Gruiformes and Passeriformes). Two eggs were found scratched, and although we didn’t
consider it predated, it could indicate a tentative of predation by small mammals, such as
rodents, that may not be able to break quail eggs (ALVAREZ & GALLETTI 2007; MARINI
& MELO 1998). Different mammals and birds considered potential nest predators were
recorded in study site (MOTTA-JUNIOR et al. 1996; MOTTA-JUNIOR & VASCONCELLOS
1996).
On disturbed areas, small fragments, and areas next to urban zones, generalist predators,
or mesopredators, are favored, increasing their abundance and diversity (MELO & MARINI
1997; BAYNE & HOBSON 2007; BATÁRY et al. 2004). Considering the fragmentation,
disturbances and proximity to urban areas of our study site, besides the proximity between
invaded and control areas, generalist predators of different groups (birds, reptiles and
mammals) may have preyed the eggs and moved on between invaded and control areas,
resulting in similar predation rates.
CONCLUSIONS
The results indicate that generalist predators of different groups may occur and prey
nests on invaded and non-invaded areas by exotic grasses in this Cerrado fragment, generating
similar predation rates between both types of vegetation.
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SUMMARY
Here we evaluated the hypothesis that the abundance of Marmosops incanus, a Neotropical
marsupial species, is determined by environmental suitability. In addition, we also considered
where populations were located within the species geographic range as an abundance predictor,
described here by the distance from its range center. We found that not only environmental
suitability, but mostly the distance from range center, can explain the maximum abundance
that M. incanus can reach. We conclude that spatial processes may help explain the abundance
variation of a species and suggest that spatial variables must be taken into account when
investigating the determinants of species abundance.
INTRODUCTION
The abundance variation within a species geographic range is a key to understand
processes that shape the geographic distribution of organisms. For example, the abundantcenter hypothesis predicts that the abundance of a species decreases from center to range
borders (BROWN 1984). This hypothesis relies on the assumption that populations at center
of its range experience more suitable environmental conditions, and at range margins
populations should be subjected to unfavorable conditions. High environmental suitability may
enhance species abundance due to increased reproductive and survival rates and decreased
extinction rate, in which factors like climate, biotic interactions, and habitat quality determine
the favorable environment. At geographic scales, abiotic factors, such as climate conditions,
play a main role in determining species occurrence and, in most cases, are satisfactory
predictors to map species geographic distributions.
Ecological Niche Models (ENMs) are usually adopted to estimate species geographic
distribution and environmental suitability within its range (PETERSON et al. 2011). The
correlative models, as the most popular ENMs approach, needs a set of species presence
records and predictors variables, in a georeferenced system, as input data. A sort of algorithms
is available to date, but those that need only presence data as input are more usual due to the
difficulty of obtaining absence information in most cases. The output of these algorithms can
be interpreted as the environmental suitability, in a given area, for the species occurrence. This
measure provides the basis to map the potential distribution of species, where it can be more
abundant, or estimate its ecological niche. Many studies use ENMs to identify where a species
is potentially undetected, to choose where field efforts have to be made, and guide conservation
planning. Most authors assume, explicitly or implicitly, that species abundance is positively
related with environmental suitability without any previous assessment of this assumption.
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Despite being usually assumed, the relationship between species abundance and
environmental suitability has been poorly investigated. Few studies evaluated this relationship,
using ENMs techniques to estimate suitability, and results are controversial. For example,
Weber and Grelle (2012) identified a strong positive linear relationship between abundance
and suitability in a bat species (Anoura caudifer). Tôrres et al. (2012), studying Panthera onca,
found that this relation is better explained by a triangular constraint envelope, rather than by a
linear relation – i.e. low species abundance are found in both low and high suitable areas, but
high abundance occurred only under high suitability. Pearce and Ferrier (2001), on the other
hand, found that less than 17% of the species analyzed species have its abundance related with
environmental suitability. Therefore, considering these few studies in literature, no pattern can
be assumed a priori.
The Gray slender opossum, Marmosops incanus (Lund, 1840), is a Neotropical
marsupial, common to southeastern Brazilian Atlantic Forest. This species has a well-known
ecology and distribution. M. incanus can occur at both preserved and highly disturbed Brazilian
Atlantic Forest remnants. Here, we evaluated the relationship between suitability and
abundance for the Gray slender opossum, throughout its geographic range. Additionally, we
also evaluated if the distance from the range center (as a geographic variable) is also related
with the abundance variation of M. incanus. We expected that M. incanus abundance is
positively related with the environmental suitability addressed by two ENM methods, but
related to distance from range center only when this variable is correlated with suitability.
METHODS
To test our hypothesis about the relationship between Marmosops incanus abundance
and environmental suitability, we reviewed the scientific literature searching for local
abundance information and generated ENMs to obtain environmental suitability for species
occurrence.
Dataset and abundance
We compiled 223 occurrence records of M. incanus from collections and 38 scientific
articles containing information about the species abundance throughout its distribution. The
species relative abundance for each site was calculated as the proportion of M. incanus
individuals captured in non-volant small mammals sampling. Occurrence data from collections
ranges from 1944 to date while abundance studies were conducted from 1991 to date.
Predictors variables and Ecological Niche Modeling
To predict the environmental suitability for M. incanus, we used six low-correlated
bioclimatic variables (Spearman's ρ < |0.7|) from WorldClim database: mean diurnal range,
temperature seasonality, mean temperature of warmest month, precipitation of wettest quarter,
precipitation of warmest quarter, and precipitation of coldest quarter. As an endemic species
from Brazilian Atlantic Forest, modeling procedures were conducted using bioclimatic
variables within the biome, including a buffer of 100 km beyond its limits. We selected a subset
of the species presence records for model calibration, based on a minimum distance of five km
between points, in order to account the spatial autocorrelation of our dataset. Models were
calibrated using two algorithms: Maximum Entropy (MaxEnt) and Bioclim. Models outputs
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range from 0 (unsuitable) to 1 (highly suitable). MaxEnt was generated using Maxent, version
3.3.3k, and Bioclim using dismo package, implemented in R version 3.3.0 environment. Both
calibrations were conducted using 80% of the presences, with 10 replicates, to calculate models’
performance. We adopted the Area Under the ROC Curve (AUC) to evaluate each model and
selected the one with the best performance for each algorithm.
We also considered the distance from the center of species range as a geographic
variable to explain M. incanus relative abundance. It was calculated by the linear distance (in
km), for each locality, from the range center, defined by the centroid of the minimum convex
polygon created using all species records.
Statistical approach
To test our hypothesis that relative abundance of M. incanus is positively related with
environmental suitability and with the distance from range center, we used generalized linear
regression. Environmental suitability was log-transformed to linearize the relationship with the
response variable. In order to properly consider a constraint envelope or a triangular
relationship between abundance and suitability, we also fitted models by quantile regression
using four percentiles (70%, 80%, 90%, 95%). Five models were fitted for each regression
method, in which three of these used each predictor variables, and two considered the
interactions between suitability (one for Bioclim and another for MaxEnt) and distance from
range center. Finally, we selected the best statistical models based on corrected Akaike
information criterion (AICc), including a null model using a constant to approximate our
response variable (i.e. relative abundance mean). Additionally, we tested the correlation
between the suitability and the distance from range center based on a non-parametric index,
Spearman's ρ. All statistical analyses were conducted in R version 3.3.0, with quantreg and
MuMIn packages.
RESULTS AND DISCUSSION
We found a positive relationship between Marmosops incanus abundance and
environmental suitability given by Bioclim only in 90% percentile analyses, and a negative
relationship between distance from range center and abundance in 90% and 95% percentiles.
Best ENMs, which were used to estimate species environmental suitability, obtained high
(MaxEnt, AUC = 0.91) and good performances (Bioclim, AUC = 0.75). Highly suitable areas
for M. incanus occurrence are mainly concentrated within Atlantic Forest limits between 13º S
and 25º S. In general, these suitable areas are found at the species range center, mainly for the
Bioclim model. However, many regions such as those with high elevation are exceptions to
this generalization.
Generalized linear models and the quantiles regressions with percentiles lower than 90%
showed that relative abundance of M. incanus is not related with both environmental suitability
and distance from range center (Table 1). At 90% and 95% percentiles, quantiles regression
models with distance from range center were the best fit to our data, in which models including
suitability given by Bioclim and distance from range center were similarly well fitted at 90%
percentile (∆AICc < 1.25; Table 1). The distance from range center was negatively correlated
with suitability provided by Bioclim (ρ = -0.353, P < 0.05), but was not correlated with
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suitability provided by MaxEnt (ρ = 0.108, P = 0.516).
Table 1: Model selection results, showing the ∆AICc and Akaike weight (w) for each
regression method. Values in bold highlight the best fitted models (∆AICc < 2.0).
Quantile regression
Generalized
linear model

75%

80%

90%

95%

∆AICc

W

∆AICc

w

∆AICc

w

∆AICc

w

∆AICc

w

Bioclim

2.00

0.139

1.96

0.172

1.32

0.216

0.48

0.295

10.22

0.004

MaxEnt

2.32

0.118

2.23

0.150

2.09

0.148

8.74

0.005

20.12

0.000

Distance

0.59

0.282

2.23

0.150

1.77

0.173

0.00

0.376

0.00

0.657

Bioclim + distance 3.64

0.061

5.21

0.034

5.71

0.024

1.21

0.206

2.34

0.204

MaxEnt + distance 5.74

0.021

5.04

0.037

6.17

0.019

2.49

0.108

3.17

0.135

Null model

0.378

0.00

0.457

0.00

0.420

7.14

0.011

21.39

0.000

0.00

Our results show that abundance of M. incanus is not linearly related to environmental
suitability or distance from range center, and it is better described by a constraint envelope.
This means that environmental suitability, described here by climatic conditions, determines
the maximum limit that the abundance of M. incanus can reach at local scales. When
environment is suitable, abundance is not determined only by environmental suitability, but
also by spatial processes and factors that act at local scales. For example, at local scales, M.
incanus can potentially compete for resources with other non-volant small mammals.
Furthermore, forest fragment features, productivity, and predators can also affect species
abundance and its variance in high suitable conditions.
Our results do not support our expectation that species abundance is determined mainly
by the environmental suitability, and they suggest that spatial processes like location of species
population in relation to its range center contributes to determine local abundance. As asserted
by the abundant-center hypothesis, species abundance may differ from the center to range
borders when environmental suitability is spatially autocorrelated with the distance from range
center. However it is not possible to assume this condition in many cases. For example,
variation in elevation levels located at the range center (e.g. mountains and valleys) may
preclude this assumption and weaken the hypothesis prediction. However, populations at low
suitable environments can receive migrants due to individual’s movement from nearby
populations under highest environmental suitability. In this case, a geographic variable can
help to explain abundance variation within species range and, when correlated with
environmental suitability, distance from range center works as a proxy of abundance.
Furthermore, factors like movement ability of species probably can affect how much the spatial
processes contribute to determine local abundance.
The relationship between abundance and environmental suitability, as well as the
processes involved, must be better investigated. We showed that environmental suitability is
not the main determinant of M. incanus abundance and discussed how species particularities,
at local scales, may weaken this relation. However, our main contribution in this study is that
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spatial processes may help explain the abundance variation of a species throughout its range.
We highlight the importance of considering spatial variables that describe these processes and
we call the attention of researches to be careful when adopting this relationship in ecological
studies. Although few, increasingly case studies are revealing that this relation is not clearly
recognized yet.
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SUMMARY
Increased demand for both agricultural production and forest restoration can result in increased
competition for land in the next decades. Sustainable increase in cattle ranching productivity
is a potential solution to reconcile different land uses, while also improving biodiversity
conservation and the provision of ecosystem services. Nevertheless, if not strategically
implemented in integration with complementary policies, sustainable intensification can result
in negative environmental, economic and social effects. We analyzed the potential for
sustainable intensification as a solution for a conflict between agricultural expansion and forest
restoration in the Paraitinga Watershed at the Brazilian Atlantic Forest, a global biodiversity
hotspot. We found that the Paraitinga Watershed has the potential to increase its cattle-ranching
productivity and as a result spare land for other uses, and that restoration is a promising activity
to promote sustainable development in the region, thus potentially increasing food production
and mitigating competition for land. Our study conciliates for the first time for this region
biophysical potential analysis for productivity increase and socioeconomic interviews, thus
offering robust insights into practical solutions on how to pursue sustainable development in
one of the five global hottest hotspots.
INTRODUCTION
Two billion hectares of forests have been lost worldwide (MINNEMEYER et al. 2011),
and pressures over forests and other natural ecosystems are likely to continue due to increasing
demand for agricultural products to support population growth (SMITH et al. 2010).
Concomitantly, there is increasing interest for forest restoration initiatives at large scale to
mitigate the loss of biodiversity and ecosystem services (NAZARENO & LAURANCE 2015).
It is, therefore, likely that in the next years increased demand for both agricultural production
and forest restoration will result in further competition for land (SMITH et al. 2010). Thus,
there is an ongoing debate about the challenge of increasing agriculture productivity while
guaranteeing the implementation of large-scale restoration projects (LATAWIEC et al. 2015).
Increasing cattle ranching productivity in a sustainable manner has been proposed as a
potential solution to reconcile increasing demand for different land-uses, reduce competition
for land, improve provision of ecosystem services and increase biodiversity conservation
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(SMITH et al. 2010; BUSTAMANTE et al. 2012; COHN et al. 2014; LATAWIEC et al.
2014a). Nevertheless, if not implemented correctly, sustainable intensification can have
negative effects on environmental, economic and social aspects. Delivering sustainable
intensification without environmental and social adverse effects is a great challenge, and it
should be developed and implemented concomitantly with complementary public policies and
strategies.
In Brazil, agriculture and cattle ranching are among the main drivers of land-use
change, with cattle ranching being the most important driver of deforestation (COHN et al.
2011). Although the country is among the biggest beef producers worldwide (FAOSTAT
2015), the activity is based on an extensive system with low pasture efficiency (its carrying
capacity is approximately 33% of the sustainable potential; STRASSBURG et al. 2014a). On
the other hand, in order to become compliant to the new Forest Code (National Law No.
12.651/2012), Brazilian landowners need to restore approximately 21 million ha of native
vegetation, and 12.5 million ha in the Atlantic Forest (SOARES-FILHO et al. 2014). Thus, a
great challenge is how to integrate large-scale restoration and agricultural production in the
Brazilian Atlantic Forest (LATAWIEC et al. 2015).
The aim of this study is to propose strategies and policies for conciliating agriculture
production and sustainable development based on sustainable intensification modeling and
interviews with local actors in the Paraitinga Watershed in the Brazilian Atlantic Forest. Our
central hypothesis is that by increasing the stocking rates to sustainable levels, cattle production
could be concentrated in areas with higher potential productivity while the remaining land
could be spared for other uses, including large-scale forest restoration (e.g. STRASSBURG et
al. 2014a).
METHODS
The study was developed in the Paraitinga Watershed (-45,6535, -23,4019; -44,6435, 22,7057), located in the northeast of the state of São Paulo, in the Atlantic Forest. The
watershed is part of a major Basin – Paraíba do Sul – that is responsible for providing water to
the most populated regions of the country.
In order to develop cattle ranching scenarios, we assessed the current cattle productivity
and calculated the potential sustainable carrying capacity of pastures in the region. We
calculated the potential increase on productivity in different sustainable intensification
scenarios and the amount of land that could be spared in each of them. Further, we calculated
the average productivity in Animal Units (AU) per hectare, being 1 AU equivalent to 454 Kg
of live animal weight (FGTC 1992).
In order to calculate the potential sustainable carrying capacity of pastures, we gathered
spatial data of potential biomass growth (in Kg/ha) from the project FAO/IIASA Global AgroEcological Zones (GAEZ) (FAO/IIASA 2012) for all pasture areas. The sustainable carrying
capacity (in AU/ha) was obtained based on a standard grazing efficiency (8 Kg/day of
consumed dry biomass per head, and 50% for grazing efficiency). Considering that most of the
feed consumed by cattle comes from pastures (> 95%), we calculated the sustainable stocking
rates assuming that pastures are the only source of cattle feed (STRASSBURG et al. 2014a).
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We developed three scenarios considering sustainable intensification of cattle and calculated
the total land sparing. The three simulated scenarios predict an increase of 50, 75 or 100% of
the potential sustainable carrying capacity of pastures for the Paraitinga Watershed. For each
scenario we calculated the total pasture area that could be spared for different land-uses,
considering clean pastures, degraded pastures and abandoned pastures, following land use
classification from Strassburg et al. (2014b). Policy recommendations are based on the
economic, social and environmental diagnosis of the region. First, both peer-reviewed and grey
literature about the region were explored. Second, based on the content analysis of this data we
developed two questionnaires: one for the local producers and another for local actors. We
interviewed 175 producers in 7 different counties between February and April 2014, and 12
local actors during three field visits between January and June 2014.
RESULTS AND DISCUSSION
The current stocking rate in the region varies between 0.8 and 1.4 AU/ha, whereas the potential
sustainable stocking rate ranges from 2.5 to 3.79 AU/ha. The potential stoking rate increase
can be from 111 to 420% of the current ones (Figure 1).

Figure 1. Map showing the location of the Paraitinga Watershed in Brazil and São Paulo State,
and the distribution of pasture areas with their Potential Stocking Rate increase (%).
In the most conservative scenario (50% of the total sustainable carrying capacity is
reached), the total pasture area spared summed up to 76,702 ha (46% of total pasture area)
(Table 1). In the intermediate scenario (75% of the total sustainable carrying capacity is
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reached), the total pasture area spared equals 105,095 ha (64%). In the best scenario (100% of
the total sustainable carrying capacity is reached), the total pasture area spared was found to be
119,292 ha (73%) (Table 1).
Table 1. Spared land in different pasture types in the Paraitinga Watershed in three
intensification scenarios.
Spared land (hectares)
Land Use
Pasture
Degraded Pasture
Abandoned Pasture
Total

Scenario 100%
54,174.48
43,710.47
21,407.88
119,292.83

Scenario 75%
45,592.16
39,944.73
19,559.06
105,095.95

Scenario 50%
28,427.52
32,413.26
15,861.31
76,702.09

We show that it is possible to increase the stocking rates to sustainable levels in areas
with higher potential carrying capacity, which could thus spare land for other uses, such as
large-scale forest restoration. This corroborates earlier studies that have shown that sustainable
intensification can support high productivity and other land uses concomitantly (e.g.
BUSTAMANTE et al. 2012): the current Brazilian pasturelands carrying capacity corresponds
only to 32-34% of its potential productivity (STRASSBURG et al. 2014a).
We found that forest restoration, if integrated with sustainable intensification, has great
potential for contributing to enhance both biodiversity conservation and the provision of
ecosystem services (DITT et al. 2010). In the Paraitinga Watershed, Restoration was cited as a
potential and necessary activity, since it would help landowners to become compliant with the
new Forest Code. For example, abandoned pastures that are already in initial stages of natural
regeneration occupy around 10% of the Paraitinga Watershed. In other Neotropical regions a
large amount of forested areas are a result of passive recovery following agricultural
abandonment (CHAZDON et al. 2008). Further, restoration may be facilitated given producers’
perception of forests. Eighty four per cent of the interviewees do not think forests are a barrier
for agricultural production, and 86% believe that forests have positive impacts on their
property. The perception of the importance of the forests and landscape integrity, together with
the need for compliance and the increasing incentives for sustainable practices (e.g.
certification and Payment for Ecosystem Services - PES) are positive factors that may motivate
producers to implement forest restoration (DURIGAN et al. 2013).
Land sparing policies can act as a complement to other initiatives for reducing
deforestation (COHN et al. 2014). Strategies should integrate different activities and must be
developed concomitantly and in coordination, as well as be mutually supportive
(BUSTAMANTE et al. 2012).
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SUMMARY
Driving forces on the landscape require regional management and/or local actions, together
with other external factors. To operationalize these concepts in landscape management, this
study approached the dynamics of the intensity changes in land use and conservation conditions
for sustainability and biodiversity scenery, between 2004 and 2014, for the Jacaré-Guaçu and
Jacaré-Pepira watershed Rivers (SP). Maps of the land use and cover dynamics have been based
on visual interpretation of Landsat images. Biodiversity conservation scenery were designed
based on Urbanity Index. Overlapping of Urbanity Index with forest fragments allowed imply
about the sustainability conditions of the watersheds in the 2004 and 2014 period. The results
showed a predominantly anthropogenic scenery, induced by the agricultural anthropic and nonagricultural anthropic expansion areas, and trough conversion of other land cover types in sugar
cane cultivation and forestry. The biodiversity conservation scenery was reduced in area and
spatial displacement between 2004 and 2014, resulting from natural capital fragmentation and
loss of the hydrographic sub-basins.
INTRODUCTION
The conversion of natural landscapes into cultural landscapes have transformed a large
part of earth's surface. Demand and acquisition of natural resources to attend human needs,
often occurs at the expense of environmental degradation. Many land use practices are essential
in supply critical natural resources and ecosystem services to society; on the other hand, some
forms of land use are degrading the ecosystems and the services provided by them (FOLEY et
al. 2005). Researches that aim the characterization and diagnosis of landscape scenery have
used Geographic Information Systems (GIS) and sustainability indicators that facilitate the
activities in extensive areas, through simulations of geographical space and the conditions of
environmental processes (BEIER et al. 2008). This study used a systemic approach to analyze
interferences of driver forces on ecological sustainability conditions and conservation of
biodiversity scenery in Jacaré-Guaçu and Jacaré-Pepira Watersheds Rivers, in the years 20042014, based land and cover dynamics and sustainability indicators.
METHODS
The Jacaré-Guaçu and Jacaré-Pepira Watersheds Rivers, with 416.800ha and
266.350ha of extension, respectively, are two units of the Tiete-Jacaré Watershed River.
Comprise together the municipalities territory of the São Paulo state: Analândia, Araraquara,
Bariri, Boa Esperança do Sul, Bocaina, Brotas, Dois Córregos, Dourado, Jaú, Gavião Peixoto,
Ibaté, Ibitinga, Itajú, Itirapina, Matão, Nova Europa, Ribeirão Bonito, São Carlos, São Pedro,
Tabatinga, Torrinha and Trabiju (Figure 1).
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Figure 1. Map of location and limits of the Jacaré-Guaçu and Jacaré-Pepira watersheds Rivers
and urban areas with the municipal territories limits, partially or completely, inserted in them.
The spacialization of dynamics of land use and cover in Jacaré-Guaçu and Jacaré-Pepira
watershed Rivers for 2004 and 2014 was performed by visual interpretation of Landsat-5/8
images, referring to the orbits/points 220-221/75-76. Data processing war realized in ArcMap
software.
The Urbanity Index (UI) reflects the landscapes naturalness conditions and estimates
(Equation 1) how much the landscapes are dominated by strongly altered human systems
(WRBKA et al. 2004; O'NEILL et al. 2007).
(A+U)

UI = log10 ⌊ F+W ⌋(Equation 1)
Where: A: agriculture areas; U: urban areas; F: natural vegetation; and W: aquatic and
wetland environments.
The spatial representation of the UI values was obtained based on the RASTER
VECTOR, AREA and IMAGE CALCULATOR commands in the IDRISI Selva software,
rescaled by fuzzy logic. This representation considers the maximum degree of naturalness
(UI=0), and the minimum degree of naturalness (UI=1).
To test the equality of naturalness conditions for each and between watersheds, in 2004
and 2014, it was made a permutation variance analysis (PERMANOVA) in R software, with
5% of significance, 4999 permutations and 1,000 sample points without overlap on the UI
scenery, that resulted in 4,000 sample points.
RESULTS AND DISCUSSION
The watersheds territory represent a space of human occupation, resulted of
developmental actions in regional landscape. Anthropic agricultural areas act as the main
driving force in watersheds changes, covering more than 70% of the total territory (Figure 2).
Natural vegetation areas, from 2004 to 2014, showed increased by 19.59% to 19.97%, in the
period due to reduction of agricultural areas, mainly (Figure 2).
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Figure 2. Spatial representation and values (ha/%) of the land uses and cover types of JacaréGuaçu and Jacaré-Pepira watershed Rivers for the years 2004 and 2014.
The Anthropic agricultural use class showed a reduction area of 74.03% to 72.98%
between years of 2004-2014 (Figure 2). The annual crops showed a reduction from 19.40% in
2004 to 19.18% in 2014, and the permanent crops from 10.03% to 5.72% between years.
However, the exposed fields showed increase from 22.96% to 31.80%. The result may be
associated to harvest period of sugar-cane, as well the increased of sugar-cane crops on
permanent crops and grazing areas (TORQUATO 2006).
The class of Non- Anthropic use class increased by 3.70% to 4.29% of the total area of
the watershed rivers between 2004 and 2014 (Figure 2). Urban areas increased by 2.65% to
3.08% between 2004 and 2014.This results corroborate with the increase in the number of
inhabitants in the watershed municipalities, which showed an increased from 766,757 in 2000
to 892,487 in 2010, representing an average of 5,700 inhabitants per municipality in 10 years
(IBGE 2000, 2010).
Aquatic environments showed an increase of 2.68% to 2.76% in the ten-year period in
relation to watershed total areas (Figure 2). Reservoirs areas were down 0.96% in 2004 to
0.93% in 2014. The floodplains increased by 1.73% to 1.83% in ten years. The reduction of
water bodies may be associated with dry season in the region in 2014, with reduced rainfall
and consequently reduced of water reserves that sustain the rivers during the dry season. The
surroundings natural vegetation use part of the stored water, especially during the dry season.
In situations of extreme water scarcity, vegetation competes with rivers in water reserves.
The scenery of the watersheds illustrates the trade-offs, in which human activities
deplete the stocks of natural resources that support the ecosystem services, resulting in social
problems, such as reduced of quality and availability of water in municipalities and biodiversity
decline.
The values of Urbanity Index evidenced the continuity and expansion of the
anthropogenic impact, mainly by the expansion of urban areas, with a significant difference of
natural condition in 2004 and 2014 (F = 4.6117, ρ = 0.026).
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The high naturalness areas (UI<0.3) showed an increase in extent of 13.29% to 13.44%,
while critical naturalness areas (UI>0.7) showed an increase of 7.66% to 9.69%, in the period
from 2004 to 2014 (Figure 3).

Figure 3. Spatial representation of projected scenery based on Urbanity Index (UI) for the
Jacaré-Guaçu and Jacaré-Pepira watershed Rivers, in 2004 and 2014.
The increase of critical natural areas in regional landscape because the inadequate land
use and cover reflects a gradual ecological sustainability loss in the municipalities (PDRF-TJ,
2013).
There were no significant natural condition changes in Jacaré-Guaçu watershed River,
between 2004 and 2014 (F = 2.8266, ρ = 0.106). High naturalness areas (UI<0.3) for the JacaréGuaçu watershed River decreased by 11.92% to 11.84% between 2004 and 2014, and the
critical naturalness areas (UI>0.7) increased by 8.57% in 2004 to 11.47% in 2014 (Figure 3).
Jacaré-Pepira watershed River showed a significant difference in natural scenery
between the years 2004 and 2014 (F = 6.9579, ρ = 0.012). The high naturalness areas (UI<0.3)
increased by 15.43% to 15.95% between 2004 and 2014, while the critical naturalness areas
(UI>0.7) increased by 6.25% in 6.90% in 2004 to 2014 (Figure 3).
The naturalness condictions of the Jacaré-Guaçu and Jacaré-Pepira watersheds rivers
showed significant differences for 2004 (F = 13.462 ρ = 0.002), but were not statistically
different in 2014 (F = 0.2587, ρ = 0.624).
The biodiversity conservation scenery for the two watersheds overlap with high
naturalness areas, between the years 2004 and 2014 (Figure 4), and showed a spatial
displacement between the years in both watersheds. The natural vegetation increases in the two
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watersheds was not enough to keep unchanged scenery. The environmental sustainability refers
to obtain ecosystem services, based on the stock of natural capital that support the society, and
the environment's capacity limits, so that the integrity of natural processes are not irreversibly
compromised. In this way, it is essential to adopt conservation strategies to ensure regional
sustainability, such as the creation and expansion legally protected reserve areas.

Figure 4. Spatial representation of the high naturalness scenery configured by remaining
natural vegetation fragments for Jacaré-Guaçu and Jacaré-Pepira Watersheds River in 2004
and 2014.
The development of municipalities reduces the ecosystem functions provided by the
remaining natural capital in the municipal territory, changing according to the type and
intensity of human occupation.
The changes identified in the scenery of the watersheds, and the growing conversion of
natural to agricultural areas, in 10 years, resulting in an essentially agricultural matrix, which
cover more than 70% of the total area. The highlighted changes can have short or long-term
consequences in the provision of ecosystem services in the two watersheds.
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SUMMARY
Forest restoration programs are intended to use native tree species that quickly recover the
forest floor, remove invasive grasses, and attract the dispersal fauna by the supply of fruit and
seeds. The objectives of this study were to compare the performance of four fast-growing native
tree species in the interception of the photosynthetically active radiation (PAR) in two forest
restoration areas, and to evaluate the characteristics of the crown that most influence PAR
interception. We measured crown projection area, tree and crown height, first branch height,
PAR interception by the crown and calculated the leaf area index. We found that restoration
site has an influence on the PAR interception of each species. However, we did not find a
relationship between crown traits and PAR interception. Our results indicate great variation in
PAR interception even within the group of fast-growing tree species, and suggest variation in
PAR interception and crown traits within species from place to place. Based on these results,
we suggest that selection of framework species for tropical forest restoration plantings should
incorporate direct measures of PAR interception and not only consider the presence of a wide
canopy, as is being currently used.
INTRODUCTION
Ecological restoration is now a global priority (ARONSON & ALEXANDER 2013). A
common requirement for the success of the several ongoing large-scale restoration programs is
the development of cheaper and more effective tropical forest restoration techniques
(BRANCALION et al. 2013). A way to make this possible is by a proper selection of tree
species for restoration planting, prioritizing the use of framework species. Framework species
are defined as those species that have 1 - easily propagation in nurseries and high availability
of seeds and seedlings; 2 - fast growth; 3 - dense crowns that shade herbaceous competitors;
and 4 - provision of resources for seed dispersers at an early age (ELLIOTT et al. 2003; FORRU
2005). The strategy of using framework species was developed in Australian tropical forests
about two decades ago (GOOSEM & TUCKER 1995). However, we still have few studies that
identified framework species for other regions with high demands for forest restoration,
including Brazil (PARROTTA & KNOWLES 2001).
Crown architecture is a key trait for tree species used in forest restoration plantings
because it is related to the understory shading and to grass suppression (REY BENAYAS et al.
2008). Moreover, crown architecture affects the seed establishment in the understory (MELO
et al. 2015) and crown length and width of a tree determine its access to light and distribution
of foliage (POORTER et al. 2006). In spite of this, the intra- and interspecific variability in
crown architecture and light absorption is still poorly understood (GUISASOLA et al. 2015).
Therefore, studies that investigate interspecific variation in crown traits, in restoration
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plantings, are valuable for a better selection of tree species for tropical forest restoration
initiatives.
The photosynthetically active radiation (PAR) is the radiation measured in the
frequency plants use for photosynthesis (400-700 nanometers). Evaluation of the intercepted
PAR is an important measurement of crown development and quality for shading. Thus, our
objectives were 1) to evaluate PAR interception and crown architecture of four trees species in
two different forest restoration sites; 2) to investigate which crown architecture traits of a tree
are related to PAR interception. Our hypotheses were 1) intercepted PAR and other crown traits
will differ among tree species; however, crown architecture traits will not vary for a given
species according to restoration sites, if we consider only sites under similar environmental
conditions; 2) there is a cause-effect relationship between crown traits and the intercepted PAR,
and a higher crown size and height will positively affect PAR interception by a species.
METHODS
The study was carried out in two forest restoration areas, located at Itu-SP (23°15’S;
47°17’W) and Araras-SP (22º18’S; 47º23’W). Both sites are in Southeastern Brazil, in the
transition between the Atlantic Forest and the Brazilian Savanna, but with predominance of the
Seasonally Semideciduous Forest. Areas are in a Cwa climate type (Köppen classification),
characterized as a warm weather with rainy summers and dry winters. Restoration planting in
Itu has 2 ha and was implemented in the end of 2013, with seedlings of 30 native tree species.
Restoration planting in Araras has 3 ha, and was implanted in the beginning of 2014, with 14
tree species. In both sites, a 3x2 m spacing was used.
In each site, we marked 12 to 18 trees from four fast-growing species commonly used
in regional forest restoration plantings: Citharexylum myrianthum Cham., Inga vera Willd.,
Solanum granulosoleprosum Dunal, Schinus terebinthifolius Raddi. For each tree, we
measured crown projection area, tree height, crown height, first branch height, PAR intercepted
by the canopy and the leaf area index (LAI), with the Acupar LP-80 ceptometer. To calculate
the crown projection area we used the area of circles formula and the mean crown diameter,
which was obtained by measuring the longest crown diameter of the tree and its perpendicular
diameter. We measured crow diameter with a measuring tape and height with a graduated ruler.
Height of the crown was measured by subtracting the height of the first branch from tree height.
We used an unpaired Student’s t-test to evaluate the effect of restoration areas on crown
traits of each species. Within each site, we used an analysis of variance to compare species for
the crown traits we measured. A multiple regression analyses was performed to investigate the
relationship of PAR intercepted with other crown variables (dependent variables).
RESULTS AND DISCUSSION
We found differences in PAR interception and LAI according to site for three of the
four investigated species (table 1). Higher crown traits values were generally found in the
Araras restoration site. The greater difference between the sites was observed for S.
terebinthifolius, in which LAI and PAR interception values in Araras are more than the double
of those in Itu (table 2). Moreover, S. granulosoleprosum and C. myrianthum were taller in
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Araras, and S. granulosoleprosum had a greater crown area in this same site. The 87.4% of
PAR interception for S. terebinthifolius is considerably higher than the 64.6% found for this
same species on a 10- years-old restoration planting, also located in Southeastern Brazil
(MELO et al. 2015).
Table 1: Significance values for the comparison of crown architecture traits for tree species in
two restoration sites: Itu/SP and Araras/SP, Southeastern Brazil. Mean values were compared
between areas by Student’s t-test. Significant results (p < 0.05) are followed by asterisk (*).
Number of trees per species vary from 12 to 18.
Species
Schinus terebinthifolius
Inga vera
Solanum
granulosoleprosum
Citharexylum
myrianthum

Tree
Height (m)

Crown
height (m)

Crown
area (m2)

Intercepted
PAR %

LAI

0.9800
0.4200
0.0410*
0.0459*

0.70
0.39
0.13
0.21

0.1300
0.7800
0.0002*
0.1700

< 0.0001*
0.0509
< 0.0001*
< 0.0001*

< 0.0001*
0.0143
< 0.0001*
< 0.0001*

Our results indicate that local environmental conditions have an influence on crown
architecture of tree species, even on areas under the same climate (our study sites, for example).
Thus, we refute our initial hypothesis. This variation may occur due to trees response to lower
scale variation in environmental factors or due to differences in the management of restoration
plantings (CAMPOE et al. 2010). In the practice of ecological restoration, this suggest that the
best species for shading the soil in forest restoration sites may shift from place to place and
according to site management conditions.
Within site, we found a high variation for crown traits according to species (table 2), as
expected. In Araras and Itu, C. myrianthum had the highest intercepted PAR values, while I
vera presented the lowest (table 2). I. vera had the lowest total height, crown height and crown
area values, while S. granulosoleprosum had the highest values for these traits. For both places,
the species differed for each investigated feature. This set of results indicate that even when we
consider only fast-growing tree species, we find a high variation in most of the crown traits,
including PAR interception.
Tree size and crown height in I. vera in Araras and crown area in S. granulosoleprosum
in Araras were found as determinants of PAR interception (table 3). For the other species, we
found no significant relationship between the PAR intercepted and crown attributes. These
results indicate that there is not a single and major crown trait affecting PAR interception by
the tree species. Therefore, considering the great variation in the crown architecture among
species, and that crown size and PAR interception are not strongly related, we suggest that
selection of framework species for tropical forest restoration plantings should incorporate
direct measures of PAR interception and not only consider the presence of a wide canopy, as
is being currently used (RODRIGUES et al. 2009).
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Table 2. Mean (± standard deviation) values for crown architecture traits from tree species in
two restoration areas, Itu-SP and Araras-SP, Southeastern Brazil. Number of trees per species
vary from 12 to 18. Within each site, means followed by different letters in a same column are
different according to the Tukey test (p < 0.05).
Species
Schinus terebinthifolius Raddi
Inga vera
Solanum granulosoleprosum
Citharexylum myrianthum
Schinus terebinthifolius
Inga vera
Solanum granulosoleprosum
Citharexylum myrianthum

Tree
height
ITU/SP (m)
Anacardiacea 3.1±0.6ab
e
Fabaceae
2.7±0.7b
Solanaceae
4±1.3a
Verbenaceae 3.5±1.1ab
ARARAS/SP
Anacardiacea 3.1±0.7c
e
Fabaceae
2.5±0.6c
Solanaceae
4.9±0.6a
Verbenaceae 4.2±0.7b
Family

Crown
height
(m)
2.8±0.5ab
2±0.5b
3.1±1.6a
3.1±1a

Crown
area (m2)

Intercepte
d PAR %

6.2±3.4b
3.7±2.8b
11.1±8.1a
6.4±4.2ab

43.6±16.1
a
43.1±20.5
c
32±15.3b
55.9±21.6
a

2.7±0.5c
1.8±0.6c
3.9±0.7a
3.5±0.7b

8.7±4.8b
3.5±1.6b
24.3±7.4a
8.9±5b

87.4±8.2a
57.2±15.4
c
76.1±8.5b
89.4±7a

Table 3. Multiple regression analyses to investigate the relationship of PAR intercepted
(independent variable) with height, first branch height, crown height and crown area
(dependent variables).
p
Species

2

r

Schinus terebinthifolius
Inga vera
Solanum granulosoleprosum
Citharexylum myrianthum

0.2425
0.4709
0.6757
0.1286

Schinus terebinthifolius
Inga vera
Solanum granulosoleprosum
Citharexylum myrianthum

0.09056
0.6224
0.622
0.5474

Height (m)
ITU/SP
0.972
0.0809
0.146
0.4261
ARARAS/SP
0.735
0.0270 *
0.81547
0.4178

First
branch
height (m)

Crown
height (m)

Crown area
(m2)

0.960
0.1619
0.105
0.2800

0.967
0.4558
0.170
0.4094

0.452
0.9791
0.109
0.9888

0.867
0.0603
0.94141
0.2751

0.689
0.0277 *
0.94253
0.4303

0.982
0.3193
0.01135 *
0.0671
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SUMMARY
Invasive species may affect ecosystems functioning by outcompeting native plants,
however their success depend on both biotic and abiotic characteristics of invaded
communities. Intraspecific competition and their interactions with environmental conditions of
invasive species remain poorly studied. We assessed density effects on sprouting and growth
of Hedychium coronarium under natural light and 50% of shade. As result, we found that
density affected the number of new ramets, and both density and luminosity and their
interaction affected the average height of ramets. Sprouting was negatively related to rhizome
density, as consequence of intraspecific competition, and shaded rizhomes unexpectedly
produced higher ramets in both densities. Our results demonstrated that an optimal rhizome
density can maximize sprouting and that shaded non-invaded areas, as riparian forests, apparent
facilitated the growth of ramets.
INTRODUCTION
Invasive species may affect ecosystems through changes in the habitat, biological and
ecological processes of the community (ELTON 1958). The success of invasive species
depends on their biological traits, biotic and abiotic characteristics of the invaded communities
(SIMBERLOFF & REJMANEK 2011).
Several studies have investigated the competition between invasive and native species
(VILÁ & WEINER 2004; HERRERA et al. 2016) to understand invaders dominance strategies,
but intraspecific competition for invaders remains poorly studied (HUANG & PENG 2016).
Conspecific individuals are similar and may compete for resources, affecting their growth,
survival and reproduction. These effects are greater, higher the density of individuals as result
of intraspecific or environmental pressures. Generally, the species respond negatively to
density effect (UNGAR 1992), which can regulate the population size (BEGON et al. 1996).
Environmental factors such as light availability, nutrients and temperature may regulate
the population of aquatic macrophytes (THOMAZ & BINI, 2003). For some macrophytes
species, light radiation can linearly increasing photosynthetic rates until the saturation, but high
light intensity can inhibit their development, suggesting optimal intensity bands (COSBY et al.
1984).
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Hedychium coronarium J. König (Zingiberaceae) is a successful invader native from
tropical Asia, with rapid growth and easy dispersion in Brazilian riparian zones, causing impact
on the maintenance of biodiversity and ecosystem services (KISSMANN & GROTH 1991). It
presents efficient vegetative reproduction through rhizomes from which small fragments can
be dispersed by water streams (STONE et al. 1992), originating new plants (KISSMANN &
GROTH 1991).
Understand internal and external (environmental) regulatory mechanisms of invasive
plant populations are important to predict fluctuations in birth rates, growth and mortality. The
association between these mechanisms can also show different influences on these rates. Thus,
we assessed density effects on sprouting and growth of H. coronarium under different light
conditions. We expect higher growth rate in height and ramet production in situations of higher
luminosity (more resources) and lower density (lower competition).
MATERIAL AND METHODS
We conducted the experiment at Center of Hydric Resources and Environmental
Studies of University of São Paulo (CRHEA-USP) in Itirapina, São Paulo State (22°10’08”S e
47°53’59”W), using ten 500 L tanks with drain exhaust system in the bottom. We split each
tank in half with impermeable canvas and both sides were filled with ~40 cm height soil layer.
In each half, we transplanted H. coronarium rhizomes of ~20 cm length, establishing two
paired density treatments: (D) high density, with 25 rhizomes and (d) low density, with 5
rhizomes. We choose these densities according previous population dynamic studies (CHIBA
2014). To assess environmental conditions effects on H. coronarium growth, we disposed tanks
in two light conditions: (l) 50% of luminosity; (L) 100% of luminosity, under natural light. In
the first 6 months, we used a dispersion irrigation system over the tanks, for better rhizome
establishment and stimulate the production of new ramets. After this period, the rhizomes were
submitted to natural conditions without irrigation. After 22 months, all ramets were marked,
counted, weighed, and measured for height. We dried ramets at 60 °C ± 2 for a week to obtain
their dry weight. We performed a multifactorial ANOVA to test the influence of luminosity,
density and the interaction of both on the number of ramets per rhizome and height of ramets.
All analysis were performed in the R environment (R Development Core Team 2007).
RESULTS
After 22 months since the beginning of the experiment, we counted 318 ramets of H.
coronarium. We did not find significant influence of luminosity treatment on the average
number of ramets (Table 1), but there was significant effect of density treatment (Figure 1).
Both density and luminosity, as well as the interaction of these two treatments affected the
averaged height of H. coronarium ramets. The higher the density and the lower luminosity, the
higher the height of ramets.
DISCUSSION
The mean number of ramets per rhizome did not varied in response to luminosity,
indicating the preponderance of intraspecific competition rather than light conditions in the
production of new ramets. Consequently, higher density stands produced less ramets of H.
76

II International Symposium of Ecology

“Ecology in the Anthropocene”
16-19 August 2016 - São Carlos - SP

coronarium per rhizome than lower density stands, as a result of intracompetition between
rhyzomes. In the same way, Unger (1992), studying Spegularia marina (Caryophyllaceae),
found a significant density-dependent effect on survival, leaf number, dry mass production and
number of flowers, suggesting that intraspecific competition could play a significant role in
determining the growth parameters.
The results suggest that under natural light conditions the temperature is increased and
water availability is reduced, which may also affect resource abundance. In our study, ramets
were taller in shadow treatment than under natural light, at both densities. In fact, various
growth parameters of H. coronarium can be positively affected by shade levels, as plant height
and total leaf area (ROSAS et al. 2004). Furthermore, King (1994) reported that several forest
tree species can exhibit higher growth rates in shadow environments, increasing investment in
cell elongation, aiming greater obtaining of light.
Unexpectedly, under shadow conditions the height of ramets was positively influenced
by the density of rhyzomes, indicating the occurrence of some facilitation mechanism when
resources are not scarce. Considering the invasiveness of H. coronarium, as registered in Brazil
and other American countries (KISSMANN & GROTH 1991, INSTITUTO HÓRUS 2011),
our results indicates that shaded non-invaded areas, as riparian forests, can facilitate the growth
of ramets, being more susceptible to the expansion of invaded range.
Table 1. Results of Analysis of Variance (ANOVA) of randomized blocks (split-plot) testing
for the effects of luminosity treatment (Luminosity), density treatment (Density) and their
interaction on average number of ramets and average height of H. coronarium per plot at the
end of experiment. * represent significance.
Sums of
Mean
Parameter
Error stratum
Factor
Df
F
P
Squares Square
Error: Block
Residuals
4
3.218
0.804
1
0.233
0.233 0.146 0.722
Error: Block x Luminosity
Luminosity
Residuals
4
6.400
1.600
Number of
Error: Within
Density
1
6.094
6.094 5.975 0.040*
ramets
Luminosity
x Density
1
0.046
0.046 0.045 0.837

Error: Block

Height of
ramets

Error: Block x
Luminosity
Error: Within

Residuals

8

8.159

1.020

-

-

Residuals

4

19.24

4.811

-

-

Luminosity

1

497.6

497.6

24.75

0.008*

Residuals

4

80.4

20.1

-

-

Density
Luminosity
x Density
Residuals

1

150.46

150.46

16.99

0.003*

1

52.92

52.92

5.977

0.040*

8

70.83

8.85

-

-
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Figure 1. Average number (A) and average height (b) of ramets of H. coronarium per plot
with respective standard deviations, at the end of experiment. L = hight luminosity; l = low
luminosity; D = high density; d = low density.
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SUMMARY
Neotropical savanna vegetation is structured by a grassy and a woody layers that have different
ecological/evolutionary origins. They vary in relative proportion to form discrete
physiognomies along environmental gradients of fire, water or nutrient availability. According
to the stress-dominance hypothesis, one might expect the importance of competition for
community assembly to increase from harsher environments, i.e., grasslands, to more favorable
habitats such as woodlands in both layers. Assuming conservatism within evolutionary
lineages, this should increase phylogenetic overdispersion from grasslands towards woodlands.
We tested this hypothesis in a dataset collected in Mussununga vegetation, an azonal savanna
inserted in the Atlantic Forest domain. We calculated the Net Relatedness Index (NRI) and the
Nearest Taxon Index (NTI) among taxa using the unconstrained null model. With NRI and NTI
values reducing from grasslands to woodlands, patterns of phylogenetic community structure
for the whole community and the grassy layer confirm the stress-dominance hypothesis. On
contrast, the woody layer shows higher NRI and NTI values in grasslands and woodlands than
in shrublands, indicating either an additional environmental filter acting in woodlands or a shift
in the importance of niche differences and competitive abilities for community assembly. These
findings confirm the floristic and evolutionary distinctness of distinct layers in savanna
vegetation and form testable hypothesis for the analysis of further tropical savannas.
Keywords: Mussununga, phylogenetic communities, environmental filters, NRI, NTI,
neotropical savannas
INTRODUCTION
Neotropical savannas such as Mussununga vegetation, i.e., patchily distributed savanna
ecosystem from southern Bahia and northern Espirito Santo States (SAPORETTI-JUNIOR et
al. 2012) inserted within the Atlantic Rainforest matrix, comprise different physiognomies,
ranging from more or less open formations (grasslands) to woodlands (BATALHA et al. 2001).
Grasslands are dominated by a comprehensive grassy layer, lacking trees and treelets.
Shrublands show distinct grassy and woody layers, while woodlands are lacking a closed
grassy layer. The occurrence of different physiognomies and richness patterns is correlated
with soil properties (SAPORETTI-JUNIOR et al. 2012). Considering the distinct evolutionary
origins of savanna layers (SWENSON et al. 2009), CIANCIARUSO et al. (2012) state that
ecological patterns and mechanisms of savanna community assembly are not fully understood.
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To close that gap, phylogenetic approaches might enable ecologists to understand the assembly,
the functioning and the maintenance of habitats and their biodiversity (CARVALHO &
BATALHA 2013).
The stress-dominance hypothesis postulates that competition is more important in more
favorable habitats than in harsher ones (SWENSON & ENQUIST 2009). Therefore, we expect
higher phylogenetic overdispersion in physiognomies that occupy the most favorable end of
the environmental gradient, i.e., woodlands. Due to an increasing importance of environmental
filters in environments becoming harsher, we expect phylogenetic clustering on the opposite
ends of these gradients, i.e. grasslands, although due to the different evolutionary origins of
distinct vegetation layers (SIMON et al. 2009), one might expect distinct responses of different
savanna layers to the environmental gradient scheduling physiognomies.
Objective of this study was to outline the phylogenetic community structure of different
Mussununga physiognomies to test if phylogenetic overdispersion increases towards more
favorable ends of the pedological gradient confirming the stress-dominance hypothesis for both
distinct vegetation layers.
METHODS
Field surveys were carried out in a Mussununga patch situated in the Caravelas
municipality, Southern Bahia State, Brazil which presents a small-scaled mosaic of all three
different physiognomies (grasslands, shublands and woodlands).
In each of the three different physiognomies of the Mussununga vegetation (open
savanna, savanna and woodland) two plots of 20 x 20m, subdivided in 40 subplots of 2 x 5 m
were installed. All angiosperm species within these subplots were registered and classified
according to their life forms (RAUNKIAER 1934). Phanerophytes and lianas with growth
points above 1.5m above soil surface were defined as the woody layer, while all other life forms
compose the grassy layer.
Phylogenetic community structure was computed as the Net Relatedness Index (NRI)
and the Nearest Taxon Index (NTI) among different taxa for the complete community as well
as for the woody and the grassy layer. For their computation, all species registered in this study
and by Meira-Neto et al. (2005) were inserted in the mega-tree R20120829mod.new
(GASTAUER & MEIRA-NETO 2016). The resulting community tree was dated with the bladj
algorithm from the PHYLOCOM 4.2 package using the ages_exp from Gastauer and MeiraNeto (2016).
NRI and NTI values were calculated using the unconstrained null model maintaining
the number of species within each subplot constant. We applied one-sample t-tests against zero
to test for phylogenetic overdispersion or clustering for physiognomies; one way ANOVA were
used to check for differences between physiognomies.
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RESULTS AND DISCUSSION
NRI and NTI values indicated significant phylogenetic clustering for grasslands, while
woodlands are phylogenetically overdispersed (Fig. 1). Phylogenetic structure of shrublands is
less overdispersed than woodland or shows no pattern, thus NRI and NTI values being on
intermediate positions between grasslands and woodlands.
These findings fulfill the expectations from the stress-dominance hypothesis, if we
assume functional traits and their values being conserved within evolutionary lineages. Data
indicate that competition plays a minor role within less favorable habitats, such as grasslands,
resulting in a lower degree of competitive exclusion of closely related species. In more
favorable habitats, i.e., woodlands, results suggest that competition as well as further density
dependent processes cause a pattern of phylogenetic overdispersion due to the exclusion of
closely related species with high niche overlap.

Figure 1. Phylogenetic community structure of three Mussununga physiognomies. NRI is Net
Relatedness Index, NTI is Nearest Taxon Index. Different letters indicate significant
differences between physiognomies (p < 0.05). Shaded bars indicate phylogenetic structure
different from the null expectation.
Furthermore, patterns of phylogenetic structure differ between both layers (Fig. 2). The
grassy layer shows a similar pattern as the whole community with phylogenetic clustering
increasing from woodlands to grasslands, which is consistent with the stress-dominance
hypothesis. On contrast, the woody layer shows a U-shaped pattern along the gradient that
causes the different physiognomies to emerge.
Once, higher NRI and NTI values of woody layer in woodland than in shrublands
contradict increasing competition in more favorable habitats if we assume functional traits to
be conserved within evolutionary lineages. Less competition in woodlands’ woody layer might
be due to the effect of an additional environmental filter such as shading by increasing canopy
closure which might exclude some clades from communities. However, we would expect even
a higher performance of such a filter on the grassy layer, reducing also phylogenetic
overdispersion in grassy layer of woodlands.
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Alternatively, competition causes higher phylogenetic clustering when competitive
abilities are conserved within evolutionary lineages and niche differences are unimportant or
unrelated to phylogeny (GODOY et al. 2014). Therefore, pattern found in woody layer might
indicate a shift in the importance of niche differences and competitive abilities for community
assembly along the examined environmental gradient: Reduced phylogenetic overdispersion in
woodland tree species may be caused by phylogenetic signal in competitive abilities while
niche differences are unimportant in more favorable habitats. Therefore, lacking phylogenetic
overdispersion in grassland’s tree species emerges, because conserved niche differences are
more important for community assembly then competitive abilities in less favorable habitats.
Lowest NRI and NTI are found in shrublands which represents an intermediate habitat, where
environmental filters and competition both act with moderate strength.
The grassy layer shows a different performance, perhaps because smaller individuals
show lower competitiveness (PEREZ-HARGUINDEGUY et al. 2013). Their competitive
abilities being less important for community assembly, patterns of decreasing NRI and NTI
decreasing from open savannas to woodlands might be explained by decreasing environmental
severity in combination with niche differences conserved within evolutionary lineages.

Figure 2. Phylogenetic community structure of both layers from three Mussununga
physiognomies. For details see legend of Fig. 1.
Differences in phylogenetic community structure between different layers of
Mussununga vegetation reveal different rules for community assembly. These might be due to
either additional, still unrecognized filters or a switch in the importance of competitive abilities
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or niche differences along the environmental gradient. Both interpretations, once verified by
more comprehensive studies including the examination of competitive traits and niche
differences, should confirm the distinctness between grassy and woody layers of savanna
vegetation as well as their floristic independence, reinforcing furthermore the idea of different
evolutionary origins of distinct layers in tropical savannas.
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SUMMARY
Distribution of richness and abundance of Braconidae, were performed along an altitudinal
gradient at Parque Nacional do Itatiaia, a highly diverse and endemic area in the Atlantic Forest
within Mantiqueira Mountain range. The patterns of richness and abundance observed seems
to be related to the altitude variation and vegetation type.
INTRODUCTION
The knowledge of the altitudinal variation in diversity, abundance, and species
composition of biotas can provide important information on such phenomena as those aspects
of the enviromment limiting the distribution of organisms, factors influencing the structure of
communities, and biogeographical patterns (McCAIN & GRYTNES 2010).
Increasing elevation imposes continuous and rapid climatic changes on ecological
communities, thus providing a useful tool for understanding how species respond to gradients
in both climate and vegetation within mountain ecosystem (MALHI et al. 2010). A common
pattern on the distribution of richness along altitudinal gradients is unimodal distribution with
a mid-elevation peak (RAHBEK 1995). Many distinct processes have been proposed to explain
midelevational peaks: disturbances caused by human activities in low elevations, increasingly
unfavorable environments at both high and low altitudes and even the sampling regimes (shortterm vs. long term sampling regimes) (WOLDA 1987; McCOY 1990; McCAIN & GRYTNES,
2010).
Insects provide many important ecosystem services and are well suited to monitoring
landscape changes because of they are abundant, species rich, and ubiquitous in occurrence.
Among the insects, the Hymenoptera, and in particular the parasitoid wasps, are among the
most species rich and biologically diverse taxa (LASALLE & GAULD 1993; LEWIS &
WHITFIELD 1999).
The Braconidae (Hymenoptera) constitute one of the most species-rich families of
insects, they are typically parasitoids of other insects, parasitizing and ultimately killing their
hosts. Their most common hosts are the larvae of Lepidoptera, Coleoptera, and Diptera
(WHARTON et al. 1997). They occur in very diverse habitats, although there is a lack of
knowledge of their distribution, especially on mountain ecosystems of Brazil, overall at the
Parque Nacional de Itatiaia, a highly endemic and diverse area.
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MATERIAL AND METHODS
This study was performed on Itatiaia National Park. This park was created in 1937,
being the first National Park in Brazil, is located on the Mantiqueira mountain range and has
an area of around 30.000ha, extending over elevations from 500m to 2791m and is covered
mostly by dense ombrophilous forest (PEREIRA et al. 2006) in three phytophysiognomy:
Montane Ombrophilous Forest, High Montane Forest, and Campos de Altitude. Specimens
were collected using seven Malaise traps placed at altitudes of 1.070m, 1.280m and 1.442m
(Montane), 1.642m and 1.846m (High Montane), 2.061m and 2.255m (Campos de Altitude).
Sampling was made monthly, during 14 months between July 2013 and September
2014. All specimens were sorted to genus level. Identification of genera were done following
the keys and diagnostic characters presented by Wharton, Marsh and Sharkey (1997). To
visualize the possibly similarities in composition between the four studied sites we performed
a cluster analysis using the Unweighted Pair Group Method (UPGMA) with the Bray-Curtis
index. This analysis was performed using the software PAST version 3.12. A Venn Diagram
was made for illustrate the exclusive and the common genera between the classes of altitude.
RESULTS AND DISCUSSION
The analyzed samples from the four sites combined yielded a total of 3.382 specimens
belonging to 27 subfamilies and 104 genera. The most abundant subfamilies were Alysiinae
Microgastrinae, Doryctinae, Braconinae e Opiinae. The most abundant genera were Opius,
Heterospilus, e Bracon.
Opius Wesmael, 1835 is a dominant and rich genus of Opiinae subfamily; all species
are parasitoids of Diptera and in particular Tephritidae (fruit fly) (QUICKE 2015); has a broad
host range, attacking more than 15 families distributed in five insect orders. Heterospilus
Haliday, 1836 is a specious genus concentrated in the New World, parasitize mostly larvae of
Coleoptera and Lepidoptera woodborer (MARSH 1997). Bracon Fabricius, 1804, as
Heterospilus and Opius, is a cosmopolitan genus very common and rich, has a broad spectrum
of parasites larvae of the orders Lepidoptera, Coleoptera and Diptera (QUICKE 1997).
These results suggests that the biology of the group may explain much of their
distribution, as they represent the diversity of their hosts, and the availability of other food
resources in the environment (SHAW & HUDDLESTON, 1991).
It was observed a peak of richness in the low altitude and mid-peak of richness on
intermediate altitude, followed by decline with elevation (Figure 1). The mid-peak on richness
is a common pattern for many groups of organisms (MCCain and Grytnes, 2010). As richness,
the abundance showed a peak in the intermediate altitude.
Many factors could explain the observed patterns, as a higher productivity and diversity
of the vegetation, more heterogeneity of habitats, and especially transition zones as ecotones,
that can have species from adjacent zones, what can increase the local diversity (MCCOY,
1990; MCCain and Grytnes, 2010). In this context, once the altitude increases, the vegetation
lose height, and a transition between the High Montane Forest and Campos de Altitude becomes
clearly present as a “Treeline”.
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Figure1. Distribution of richness and abundance of the Braconidae genera.
The richness accumulation curves have not reached the asymptotic stage. A longer
sampling period could increase the observed richness.
The Similarity analysis using Bray Curtis indices showed three groups (Figure 2),
which corresponds to the altitudinal zones and the vegetation types, one for the highest
altitudes, above 2.000 meters (Campos de Altitude), one for intermediate altitude 1.642 e 1.846
meters (High Montane Forest) and one for the low altitudes 1.070 to 1.442 meters (Montane
Forest). The High Montane Forest showed the highest similarity between the sites, and the
highest dissimilarity with the other altitudes and vegetation types.

Figure 2. Bray-Curtis Similarity cluster of Braconidae genera.
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The Venn Diagram shows that the Low altitude class under Montane vegetation, had
more exclusive genera. This may be due to sampling artefact, once in this category three sites
were sampled. Although, the High altitude class had more exclusive genera than the Mid class.
Top of the mountains have a high rate of endemism, and have highly specialized groups to
environmental severities imposed by high altitudes (Hodkinson, 2005).
Considering the vegetation type of this class, Campos de altitude, has a very distinct
composition compared to the other classes. Safford (1999) compared the Campos de altitude
to the Andean “páramos”, due to the similarity of the vegetation, climate and other
environmental conditions.

Figure 3. Venn Diagram for three altitude classes and vegetation types.
Two genera new for science were recognized, and at least 46 new species were
discovered only in the studied gradients at the Park. Studies such as this show the importance
of research in altitude ecosystems, allowing the biodiversity and the ecological importance of
these habitats to be known. The relevance of these results is the expansion of the Braconidae
fauna knowledge in brazilian mountains, considering that this is the first report covering all
Braconidae fauna at Parque Nacional do Itatiaia, and that this is a group understudied in the
Neotropical Region, in comparison with the Nearctic region (Lopez-Martinez et al, 2009).
CONCLUSIONS
The altitude and the vegetation seem to influence the distribution and composition of
the Braconidae fauna. A study considering the vegetation composition could help to understand
the pattern observed. A long period of sampling should increase the observed richness. The
Parque Nacional do Itatiaia showed a high richness of Braconidae genera.
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SUMMARY
The study aimed the analysis the diversity and distribution of urban trees in the Northern Area
of the campus of the Federal University of São Carlos. We take the tree georrefencial data in
the General Map of UFSCar - campus São Carlos (2013) ceded by University; these were
exported to a GIS. We visited 80% of total individuals of stud area and founded 130 species
belonging to 106 genres and 46 families, where 50 species are native to the region, 14 are native
to other states of Brazil and 66 exotic species and a good diversity for an urban ecosystem (H’=
3.89). Although the study reveals low dominance of species, the results indicate the aggregation
of individuals of the species within the area. All species with the highest abundance were
aggregated distribution. The exotic species number present in the area is bigger than the native
species number, and should be avoided, especially when it comes to potentially invasive exotic
species. The analysis of species distribution was a great help to identify the same species
individuals aggregation and to direct management activity on these regions, given the pests and
diseases emergence.
INTRODUCTION
The urban environment has been target of a lot of ecological studies in order to
understand process and improve them, making this environment more balanced, resilient and
less aggressive to the nature (COLDING 2007). Seeing the ecological importance and the
ecosystems services that a periurban area well wooded as university campuses can bring,
Inventorying the trees is frequently the first step in the management of urban biodiversity
(ALVEY 2006). To conduct a good management of urban trees and urban forests is essential
to have a data such as the number of trees, species that compose it, their location, etc. can be
well used to measure biodiversity in urban environments (KENDAL et al. 2014).
Biodiversity is generally considered a good indicator of ecosystem functions, being key
information to assess the environment quality (ALBERTI 2008). The diversity index is a key
parameter to planning urban forest for bringing information on their biodiversity (SILVAFILHO & BORTOLETO 2005). The high density and dominance of a single species or genera,
is not advisable, since the susceptibility of large homogeneous populations to the occurrence
of pests and diseases can increase (SANTAMOUR 1990). The study aims were to characterize
the urban trees of urban North Area of Federal University of Sao Carlos campus (UFSCar –
São Carlos), located at Sao Carlos city, analyzing the composition of species, their diversity,
distribution, dominance relationship and species’ origin.
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METHODS
Study Area
The UFSCar – São Carlos is located in São Carlos city, state of São Paulo, between the
geographical coordinates 21º58 e 22º 00’ south latitude and 47º 51’ e 47º 52’ west longitude
(Figure 1), it’s altitude varies between 895m and 815m and the weather by Köppen is Cwa
(tropical with wet summer and dry winters) and Awa (hot with a well-defined dry season). The
average annual temperature is 19.6° C, the predominant vegetation type is the Cerrado (One
savannah phytophysionome) The campus have 632.42 hectares corresponding to 9.5% of the
São Carlos city urban area (IBGE 2014). Monjolinho stream running through the urban area of
the University dividing the campus area into South and North (with 81.7 hectares).

Figure 1. Study area located in the Federal University of São Carlos (UFSCar – São Carlos).
Data Collection
To characterize our survey area, the UFSCar Campus São Carlos General Map (2013),
ceded by Physical development office (EDF) of UFSCar in CAD, was exported to GIS
(software QGIS). This General Map contains all infrastructure of the university campus. Than
we take the tree data, with the geographic location do the inventory of trees and to geographical
distribution analysis of the species. The tree data show 4,193 trees in the study area. We retired
the trees in remaining vegetation, without building and out of urban core, than remaining 3,769
trees.
We surveyed trees by visiting the individuals randomly raffled that were identified
following the usual procedure in floristic surveys and species names recorded in specialized
sites (www.tropicos.org e/ou www.kew.org.uk/epic). The natural occurrence of each species
was verified according to the literature (FORZZA et al. 2015), to know, natural: occurs
naturally in vegetation types found within the Brazilian territory; native place: occurs naturally
in vegetation types within the São Paulo State; and exotic: it occurs naturally in regions outside
of Brazilian territory.
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For diversity analysis we used the diversity index of Shannon-Weaver (H’). To evaluate
the partition of individuals among species was used Pilou Equity (J) and to check the species
dominance was used Dominance index (D) (Magurran, 1988). To analysis the individuals
geographic distribution of the main species in the area was applied the nearest neighbor (R)
(Davis, 1986). The calculations were made in the statistical program Past V. 2. 17b (Hammer
et al. 2001).
RESULTS
We measured 3020 trees (80% of total trees of study area), 2,548 was identified, 302
was unidentified, 22 was dead and 148 was removed. We founded 130 species belonging to
106 genres and 46 families. Diversity was 3.89 according Shannon-Weaver (H’). The species
dominance (D) was 0.035 and Pielou equity (J) was 0.799. Among the species, 64 was native
to Brazil (51 natural place and 13 from others regions of the country) and 66 was exotic, and
these five species have invasive potential. Of the species, 102 were characterized as arboreal,
21 shrub and seven palms.
The nearest neighbor analysis (Figure 2) revealed that all of the five most abundant
species were present in the area with one aggregate distribution (p < 0.0001). The values for
the species were: C. pluviosa (R = 0.45); S. molle (R = 0.32); T. heptaphylla (R = 0.40) e; L.
lucidum (R = 0.25).

Figure 2. Distribution of the most aggregate species in the study area.
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DISCUSSION
The study area can be considered rich in species in comparison to studies performed in
other urban areas in the São Paulo state with similar numbers of trees (Sucomine 2009;
Andreatta 2011). In other Universities campuses were founded a similar species number, but
with much more tree measureds (KURIHARA et al. 2005; LEAL 2009). Similarly species
diversity (H’= 3.89) is considered high when compared to other studies in similar environments
to the State of São Paulo (MENEGHETTI 2003; BORTOLETO 2004; SUCOMINE 2009). To
these considerations of the urban environment studied, add the observed in surveys conducted
in urban areas of other countries (MAZA et al. 2002; NOWAK 2010).
This study indicates that there is richness beyond founded there is a low dominance
species (D = 0.035) and high equity among then (J = 0.799). We founded that highest frequency
of species does not exceed 8.6%. Regarding the frequency of genres and families, the highest
frequencies arrive at 13.8% in the genre Tabebuia and 24.4% in the Family Bignoniaceae that
is below the proposed by Santamour (1990) as a safe diversity against attack from pests and
diseases (10% of the same species, 20% of the same genre and 30% from the same family).
Although the study reveals low dominance of species, the result that raises concern is the
aggregation of individuals of the species within the area. All species with the highest abundance
were aggregated distribution, and therefore, although their frequency in the study area as a
whole is below 10%, as proposes by Santamour (1990), it’s susceptibility to disease can be
high, since proximity between individuals of the same species can facilitate the transmission
of pests and diseases. In these terms, and for presenting aggregated distribution, these species
should receive special attention during the trees management, as these four species represent
29.2% of the trees and the emergence of a pest can generate big losses.
The large number of found exotic species is another concern (66 spp.), Although this
practice is common in urban area by ornamental issues (ALVEY 2006) they should be avoided,
giving preference to native species that are more adapted to the soil and climate. The
introduction of alien species in urban areas can cause environmental damage to areas of natural
vegetation surrounding. The distribution information shows the species importance to the
planning and choice for future planting location, once the area has aggregated the most
abundant species populations. The exotic species number present in the area is bigger than the
native species number, and should be avoided, especially when it comes to potentially invasive
exotic species. Although several local native species have been founded, considering that the
UFSCar – São Carlos campus has a Cerrado area surrounding, the implementation of native
trees of this vegetation is advised in its urban area.
The Urban tree plan development, with clear guidelines for the activities and actions
related to the management, including making more coherent and informed decisions in the
management of urban trees should address issues that go beyond those discussed in this study,
raising the university as an example of this important urban component planning and
management.
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SUMMARY
Studies of animal personality are increasingly being shown to have high utility in correctly
predicting the behavioural responses of individuals, with benefits to conservation and animal
welfare. Using individuals of a species of frog, endemic to the Atlantic Forest (Hypsiboas
semilineatus), from the same population, we conducted laboratory experiments to determine
their respective personalities (boldness to shyness) and correlated this behavioral trait to a
defensive behavior, the death feigning behavior (thanatosis). We hypothesised that individuals
with greater exploratory tendencies expose themselves to increased predation risk and thus we
predicted that bold individuals compensate for this by having a quicker defensive response than
shy individuals who are less exposed to risk. Our results show bold individuals had a faster
response (lower latency) for thanatosis. These results are unprecedented and show for the first
time how different personalities can influence an anti-predator behavior.
INTRODUCTION
In various taxonomic groups, individuals have relatively stable behavior, over time and
across different contexts (REALE & DINGEMANSE 2012). These individual variations in
behavior are called “animal personality”, which have also been referred to as "temperament"
(REALE et al. 2007), "behavioral syndromes" (SIH et al. 2004) and adaptive individual
differences (WILSON et al. 1994). Several studies suggest that personality may have important
ecological and evolutionary implications (DOSMANN & MATEO 2014; WOLF et al. 2007),
affecting several behavioral traits and ecological characteristics such as dispersion and habitat
use, social and parental behaviors, sexual selection and different life histories strategies
(REALE & DINGEMANSE 2012).
Boldness is a personality trait that has been associated with predation risk and
propensity to dispersion (DUGATKIN 1992) and can be defined as the acceptance of a large
degree of risk in return for potential benefits in sexual selection and foraging (WARD et al.
2004). Bold individuals are characterized by having risk prone behaviors, such as emerging
sooner from a shelter in an unfamiliar environment (COTE et al. 2010). Shy individual have
risk averse behaviors, are less exposed to risks, such as predation, for example and take longer
or do not emerge from a shelter to a new and unfamiliar environment (BROWN et al. 2005).
Understanding these differences and predicting behavior based on the variation in these
personality traits is very important as these individual differences in a population form the basis
on which natural selection acts, and consequently potentially shapes many patterns and
ecological processes.
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These strategies are part of the survival and biological necessity of these individuals
and these differences, thereby affect their fitness (SMITH & BLUMSTEIN 2008). Apart from
that, both the social environment and the physical environment are dynamic and subject to
change; different circumstances favor different behavioral phenotypes in different periods,
thereby various personality types will succeed and remain in the environment (WOLF et al.
2007). Among these relationships and that environmental dynamism, an important interaction
is highlighted: predation. To avoid it there are several mechanisms, involving chemical,
morphological and behavioral defenses. Behavioral defense can take many forms. One form of
animal defense is thanatosis, or apparent death, which consists of a motionless state in response
to an external stimulus (MIYATAKE et al. 2004). During this behavior, the individual displays
a stiff body posture (tonic immobility) with lowered respiratory and heart rate (NISHINO et al.
1999). It is a behavior shared by multiple taxa, from mammals (FRANCQ 1969) to amphibians
and insects (EDMUNDS 1974).
In this study, we explore a personality trait (a consistent behavioral trait) of a frog
species endemic to the Atlantic Forest in Brazil, Hypsiboas semilineatus, which features
thanatosis. We note if there is a correlation between personality (boldness, shy and bold
gradient) and the onset and duration of this behavior, as it is a defensive behavior and can
directly affect the fitness of individuals of this species. We hypothesize that bold individuals
would present a lower latency to execute thanatosis and a longer duration of this behavior. That
is because it was expected that these individuals presented characteristics of more exposure
and risk of predation, generating a quicker defensive response.
MATERIAL AND METHODS
All experiments were conducted at the Research Laboratory of the Rio Doce State Park,
Minas Gerais, Brazil (19°42’30’’S; 42°34’10’’), the largest continuous area of Atlantic Forest
of Minas Gerais (IEF 2014). Hypsiboas semilineatus is endemic to the Atlantic Forest (FROST
2011) and is found in various microhabitats.
Eleven individuals of H. semilineatus were collected via active search, four juveniles
(35-40 mm) and seven male adults (50-55 mm, considered males because they vocalized when
captured). When sampled, individuals were placed in plastic bags and taken to the laboratory,
where they were accommodated carefully in an aquarium. They were left one day in this new
environment for acclimatization. All handling was performed by only one person using gloves
and the room lights were controlled in order to reduce the stress of captive individuals.
Individuals were marked with an elastic strip to prevent recapture.
Experiments to assess the personality, latency and duration of thanatosis were
performed individually. Personality was accessed by the introduction of new context objects
(novel experiment / novel object) (VAZIRE et al. 2007) measuring the latency of flight from
the experimental object introduced carefully in the tank and above the individual. This object
consisted of a cylindrical plastic tube open at both ends 9 cm in diameter and 17 cm in height
(for adults) and 6 cm in diameter and 11 cm height (juvenile). Tubes of different sizes were
used to adjust the experiment in proportion to the size of each individual, so that the new
context provided was similar for both adults and juveniles. It had an enlightened outlet end to
simulate the transition out of a dark environment into an open environment with propensity to
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risk (BRODIN et al. 2012). Individuals who presented latency up to 600 seconds (maximum
time for individuals leave the refuge), considered as the maximum time for a faster response,
were coded as Bold. This was deemed a proactive behavior, typical of individuals with this
personality. Individuals who took longer or did not emerge were considered Shy.
To evaluate the latency and duration of thanatosis, the external stimulus used was
handling: an action to catch and carefully tighten the individual, simulating a predator. When
in thanatosis the individual was returned to the aquarium and the duration was recorded. The
individuals were tested once each, to not familiarize them with the handling.
The personality and thanatosis data were log transformed prior to the analyses to meet the
assumption of normality and due to high variance in the data (GOTELLI & ELLISON 2011).
To correlate the latency and duration of thanatosis with the personality we used the Pearson
correlation test.
RESULTS AND DISCUSSION
Of the eleven individuals captured, four were classified as shy, one of which was
juvenile, and seven as bold, and of these, three were juveniles. Bold individuals had a lower
latency time for the execution of thanatosis (r² = 0.63, df = 10, p = 0.03), including in the
analysis both bold and shy individuals. When the correlation is made with only bold
individuals, this becomes highly significant (r² = 0.94, df = 6, p = 0.001).
There was no correlation of personality with duration of thanatosis (p = 0.9). There was
no correlation also, when analyzing only the bold individuals (p = 0.4). In contrast, when we
analyze only the shy individuals, we noticed a significant relation between those two factors (p
= 0.03), however the number of shy individuals was only four, making it difficult to infer some
relation between the personality and the duration of the assessed behavior.
Some studies suggest that the latency to emerge into a new environment (i.e. new
context) must be characterized as exploratory behavior and not boldness (REALE et al. 2007).
However, we followed various papers prior to this study (COTE et al. 2010), suggesting that a
short latency to emerge from a dark refuge into an open, new context, is certain passivity to
risk while exploratory behavior is the space used after emerging from the refuge.
Contrary to our hypothesis, bold individuals had a faster thanatosis response than shy
individuals. An avid explorer, who is also bold and aggressive (or proactive; SIH et al. 2004)
may suffer from the consequences of being exposed to situations of high risk of predation
(QUINN & CRESSWELL 2005). This can lead these individuals to develop faster response
defense. In addition, several studies have found a correlation between boldness and exploratory
behavior (DAMMHAHN & ALMELING 2012; WOLF et al. 2007) and a correlation between
exploratory behavior, aggression and dominance (DAVID et al. 2011; MATEOS GONZÁLEZ
& SENAR 2012). Thus, the personality can be a limiting factor of behavioral plasticity in an
environment where constant change occurs (SIH et al. 2004), at times causing prevalence of
individuals with a trait, at times individuals with other traits. Some studies also show that
individuals with these aforementioned features present more improved anti-predation vigilance
behaviors (CRESSWELL et al. 2003; WHITTINGHAM et al. 2004), thus being able to display
a more rapid and effective defense response.
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As for shy individuals, it was not possible to observe a pattern in relation to this
measured behavioral response due to the number of individuals with this trait. However, we
can hypothesize that this trait presents a slower thanatosis response. This may occur because
shy individuals present less aggressive characteristics and consequently less exploratory
behavior, with less exposure to risk. Still, shy individuals are less effective in detecting the
presence of predators (CRESSWELL et al. 2003), and thus may provide a slower and less
effective response. Cost/ benefit relationships permeate both evaluated personalities (COTE et
al. 2010; BROWN et al. 2005). The environmental fluctuations, such as changing resources
and the incidence of new predators, are likely to dictate the prevalence of these personalities in
the environment, so that there is an alternation of bold and shy individuals (WOLF et al. 2007).
Finally, the inexistence of a correlation between the personality and the duration of
thanatosis may be linked to the previous experience of each individual. Individuals already
subject to greater predation-risk stress may present a thanatosis with greater time duration than
individuals that have not had that kind of experience, working as a learning process (DAVIES
et al. 2012). Such a learning process may hinder the determination of a pattern between
thanatosis duration in relation to each personality.
Bold individuals who expose themselves more and are at greater risk of being preyed
upon, have a faster defensive response (thanatosis), indicating a more effective mechanism to
compensate the risk-taking behaviors in this trait. We emphasize that this correlation was
unprecedented and we emphasize that more studies evaluating this type of relationship should
be conducted. The aim is to clarify and bring the individual issues to a larger ecological and
evolutionary scope, causing the different types of interactions to be considered and the
behavioral responses to these interactions evaluated.
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SUMMARY
Knowledge translation and dissemination is a challenge that must be overcome to increase
application of scientific knowledge in environmental management. Target audience, type and
purpose of the information are important to define the method for communicating scientific
knowledge. In this work we present the conceptual background of an ongoing propose of an
outreach textbook that uses Ecosystem’s Functions, Goods and Services (EFGS) as tools for
translating scientific information for the understanding of the structure and functioning of a
coastal ecosystem. The underlying strategy considers that by understanding ecosystem’s
characteristics provide EGS coastal communities can better comprehend the implications of
human interventions in coastal ecosystems and better engage in a decision making process.
INTRODUCTION
There is an increasing call for greater participation of scientists in policy and for the
application of scientific knowledge in decision-making processes. For such application,
scientific knowledge must be translated and disseminated. Nevertheless translating and
disseminating scientific information for non-scientists remains one of the greatest challenges
in the science-policy relationship since scientists tend to lack the communication skills and the
common language to deliver the data they produce in a way that it can be understood and used
for management (BRADSHAW & BORCHERS 2000; GRAHAM et al. 2006; McNIE 2007).
Scientific information can be disseminated by lectures, workshops, formal meetings,
tools and other products (GRAHAM et al. 2006). The choice for which strategy to apply
depends on the information, the target audience and the purpose of knowledge transfer (LAVIS
et al. 2003). Researchers of Biota-Araçá Project faced such challenge and here we describe
how we structured a product to translate scientific information for a coastal community based
on the benefits they derive from a coastal bay.
The Araçá Bay and the Biota-Araçá Project
The Araçá Bay is located in the city of São Sebastião, in the Northern Coast of São
Paulo State, Brazil. The Bay has great diversity of habitats (mangrove stands, island, rock
shores, beaches, intertidal plain), organisms and usages (fishing, recreation, research, culture
maintenance). Its actual configuration is the result of many human interventions in the
coastline, mainly related to the construction of the Port of São Sebastião, whose landfills
changed coastline and local hydrodynamics and whose project for expansion threatens to cover
great part of the remaining areas of the Bay (AMARAL et al. 2015; MANI-PERES et al. 2016).
Araçá Bay has been historically the site of many scientific researches. The project
entitled “Biodiversity and functioning of a subtropical coastal ecosystem: subsidies for
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integrated management” (Biota-Araçá Project) is one of the most relevant projects actually
being carried in the Area. The Project is composed of twelve different research groups,
focusing in specific characteristics of the Bay, from biotic and abiotic characteristics to
ecosystems services and social practices. The ultimate goal is that the data produced can be
used for the proposition of a participative local plan for sustainable development, and helping
in the ongoing discussions about Port expansion. To achieve this goal, knowledge produced by
the project must be delivered to local community.
METHODS
In order to decide on how to disseminate the information gathered by Biota-Araçá
Project, we addressed three guiding questions (LAVIS et al. 2003): To whom should it be
disseminated? How should it be disseminated? What should be disseminated?
After answering these questions, we selected specific content to be disseminated and
proposed a structured product, which is actually being developed.
RESULTS
It was clear from the beginning that the main audience for the information is local
community, which still is a too broad audience since it is composed of people from different
ages, occupation and educational levels. During our time interacting with them, there was a
recurrent call for more educational activities in the Bay, as a mean to make students understand
the Bay and its importance, both biological and historical. Thus, we decided to target people
with basic education level, which would attend local schools and also other local community
members, as many fishermen and housewives 1.
Additionally, the socio-environmental context of Araçá Bay is representative of other
coastal areas worldwide and we had a strong desire that whatever was produced could also be
used in other likely situations, reaching a greater audience. Thus, resorting to common
strategies as lectures, workshops and formal meetings (GRAHAM et al. 2006) was not viable.
On the other hand, production of a tool/product can facilitate broader dissemination and can
also respond to the community’s request for material to support teaching activities in Araçá
Bay. Thus we decided on the production of a textbook and, since we wanted the textbook to be
a support tool disseminating scientific information in a visual, easily readable way, we opted
for using infographics instead of plain text.
Still considering the possibility of broader usage, we focused on data that, despite being
locally produced, could help understand and manage other coastal areas. From our interactions
with local community we had a list of items provided by Araçá Bay, which were related to
ecosystem’s functions, goods and services (EFGS) (COSTANZA et. al. 1997; de GROOT et
al. 2002). The same EFGS can be found worldwide, depending on similar structures and biotic
and abiotic processes of coastal ecosystems (COSTANZA et. al. 1997; de GROOT et al. 2002;

1

Finding based in our interaction with local community and in ongoing research from our
research group.
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CURTIN & PRELLEZO 2010). Thus, it is a theme that can easily be applied to a great variety
of situations and was deemed adequate to be the central topic of the textbook.
Once we had our main theme, we worked with other researches from our and others
groups from the Biota-Araçá Project to select the information that would be disseminated, and
how specific it would be (for example, we were interested in explaining general characteristics
and groups of the plankton, but did not choose to provide species’ names). After many meetings
and versions, we reached a final proposal that besides presenting information related to EFGS
(biotic and abiotic structure and processes that are related to EFGS) based in a 3D landscape
of the Araçá Bay, include general information on coastal management, scientific research and
social participation in decision-making. The final structure of the textbook is presented in Table
1.
DISCUSSION
Translating scientific information to general public, mainly when done by the scientists
themselves, is certainly a difficult task since it demands different skills from scientists
(BRADSHAW & BORCHERS 2000; GRAHAM et al. 2006; McNIE 2007). The many
versions of the structure of our textbook are but an example. In this task, one of the most
difficult challenges is to detach from scientific preciosity and the urge to present information
in much detail, and to find a simpler (but correct) way of disseminating information that can
be understood and used by general public, in different locals and situations. We assumed that
using Ecosystems’ Goods and Services as the base for translating the information makes the
task easier.
Ecosystem Based Management (EBM) consider the interconnectedness and
interdependence of ecosystem’s components, accounting for ecological, social and
management/governance dimensions (CURTIN & PRELLEZO 2010; LONG et al. 2015). Its
application in coastal and marine areas is a growing subject (RUCKELSHAUS et al. 2008;
CURTIN & PRELLEZO 2010). EBM demands a participative, adaptive, incremental and
collaborative approach (CURTIN & PRELLEZO 2010; LONG et al. 2015), that can only
happen through the interaction of different stakeholders, scientists included. The use of
Ecosystem Services as a common language for EBM has been proposed by Granek et al.
(2010), who discuss that it improves communication among stakeholders and facilitate tradeoff analysis and negotiations. To truly understand the impacts of human interference in the
ecosystem, it is necessary to understand the importance of the ecosystem (EFGS) and the
structures and processes related to them.
Ecosystem goods and services are but the result of ecosystem’s functions, which
represent the combination of different elements of the ecosystems, namely their biotic and
abiotic structure (CURTIN & PRELLEZO 2010). When talking about EFGS, it is possible to
explain the ecosystems as a whole, its history, biotic and abiotic characteristics and processes,
interconnectedness and interdependence, including human usage and consequent
environmental impacts; all subjects that are part of formal education curricula.
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Table 1. Structure of the textbook focusing on Araçá Bay’s main ecosystem functions, goods
and services (EFGS).
Content
Information delivered
Coastal Zone and
Text defining Coastal Zone and Sustainability
Sustainability
Text defining coastal management and informing
about Brazil’s main legislation for Coastal
Management.

Coastal
Management

Challenges
of Coastal Ecosystems’ Goods
Text and illustration defining and exemplifying EGS.
Zone
and Services
Biodiversity

Text defining biodiversity and its importance.

Protected Areas

Text defining Protected Areas and their importance,
providing information about the Brazil’s National
System for Protected Areas.

The
role
of
From the knowledge:
The
Coastal
Biota-Araçá Project
Zone
to
Araçá Bay To understand the
Araçá Bay
The Araçá Bay

Text about the role of knowledge for management and
presenting basic information about the project.
Infographic about research methods applied in the
project.
Text and maps giving basic information about the
Araçá Bay: regional context and ecological importance
Five infographics about the structure of Araçá Bay:

What is the
Araçá Bay?

Structure: the bases
(1) Physic and hydrodynamics; (2) Habitat diversity;
for
ecosystems’
goods and services
(3) The water and the plankton; (4) The water and the
nekton; (5) The bottom and the benthic system.
Importance:
main goods
services

Three infographics about the main EFGS provided by
the
the Bay: (1) Provision, sustaining and regulating
and
importance; (2) Cultural importance; (3) Importance
for biodiversity, research and education.

Four
infographics
about
the
ecosystem’s
Functioning:
the characteristics and processes that result in some of the
processes
that main EFGS of Araçá Bay: (1) Providing food and
generate the services handcraft material; (2) Climate regulation, carbon
sequestration and storage; (3) Effluent depuration and
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pollutant sequestration; (4) Coastal protection, housing
for organisms and vessels, recreation.
Threatens
to
From Araçá
sustainability
Bay to the
future
of
Social Engagement
Coastal
and
Coastal
Zones
Management

Infographic about threatens to sustainability in coastal
areas.
Text about the importance of social engagement in
management.

In our work, we made great use of visual aid in the form of infographics instead of texts
(despite the fact that some text was necessary, they are only secondary information).
Infographics are increasingly being used to display information and can facilitate knowledge
translation for non-researchers (CRICK & HARLING 2015). By opting for using infographics
we were not able to present much detailed information, but general characteristics of Araçá’s
structures and processes. We believe, nonetheless, that the usage of the product will not be
harmed by this, since it is intended to be a support tool, and not as a primary reference book.
Despite the fact that we focused our product in Araçá Bay, presenting EFGS related
information in a 3D landscape of the Bay, the “logic” behind EFGS can be transported to other
coastal ecosystems since the main processes and interactions that are responsible for them
happen everywhere. In this way, we fulfilled our purpose of providing support material for
local community and schools that can also be applied for other coastal areas.
CONCLUSION
Although we cannot yet certify, we believe that EFGS can facilitate the translation of
scientific information to general public. Although still unpublished, we believe that the
textbook we structured can provide enough information to help community to better understand
possible impacts of Port expansion into the Bay, enhancing their engagement in local
management discussions; and also be used as a teaching support tool. EFGS have already been
shown to be a possible common language for management (GRANEK et al. 2010) and
considering the many subjects that can be related to them, they also have the potential to be a
transversal topic for many disciplines of formal education.
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SUMMARY
The degradation of ecosystem services have been highlighted in the recent scientifical scenario.
These services are threatened in estuaries due to the intense growing population around these
environments. The intensification of human activities in estuaries affects fish habitats and its
biodiversity, and there are few studies on how it influences the services provided by fish
communities. The present study identified the ecosystem services assigned to estuarine fishes
and this was related to the existing scenario in the Guanabara Bay, Rio de Janeiro (RJ). The
fundamental and demand-derived ecosystem services provided by estuarine demersal fishes
from soft bottom of Guanabara Bay were evaluated. Only the cultural services (e.g. production
of food and medicine, aesthetic values, recreational activities) seems to be affected by the
environmental conditions of the bay. The need of studies investigating how the constant
environmental change has affected the services provided by the bay is highlighted.
INTRODUCTION
There is a growing debate about the importance of maintaining ecosystem services
(direct and indirect benefits gained by man from ecosystems), because almost 60% of the
ecosystem services were degraded or are not being used sustainably (MEA 2005). According
to Mooney et al. (2009), the main threats to these services are: (i) habitat degradation; (ii)
biodiversity loss; (iii) invasive species; (iv) global warming; (v) eutrophication and; (vi)
environmental pollution.
Estuaries are among coastal environments that cause concern about the loss of
ecosystem services. Estuarine systems represent one of the most productive areas of the planet
(KENNISH 2002), which serve as nursery and habitat for many species (e.g. LAZZARI et al.
2003), and are related to organic matter cycling processes. On the other hand, estuaries
represent great economic importance and are highly valued by man (CONSTANZA et al.
1997), being used for many activities such as fishing, recreation and installation of ports and
industries, which represent significant impacts to these ecosystems (ELLIOT & WHITFIELD
2011).
The intensification of human activities in estuaries have been affecting fish habitats and
its biodiversity. According to Holmlund and Hammer (1999), a variety of ecosystem services
provided by fish populations are at risk, with consequences for biodiversity, ecosystem
functioning, and human welfare. However, there are few studies on how anthropic impacts
influences the services provided by fish communities (see COWX & AYA 2011).
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Guanabara Bay, in Rio de Janeiro (RJ), is an estuarine ecosystem of great
socioeconomic and environmental importance (MARANHO et al. 2009). The bay has a large
population in the surrounding areas (over 11 million), such that the port activity and the nautical
industry are strongly developed, representing great importance for the local economy
(KJERFVE et al. 1997). Due to the large human activity scenario in its surroundings, the
Guanabara Bay is highly contaminated with substances derived from domestic and industrial
effluents as well as urban runoff and agriculture (CARREIRA et al. 2004; PEREIRA et al.
2007).
Despite the Guanabara Bay have been studied through a large variety of environmental
approaches, the ecosystem services of the bay have been barely mentioned. In this way, the
present study aims to identify the ecosystem services assigned to estuarine fishes and relate
them to the existing scenario in the Guanabara Bay.
MATERIAL AND METHODS
Sample collection and processing
Biological surveys were conducted every 15 days during a 24-month period, from July
2005 until June 2007, at seven sampling sites (Fig. 1). One bottom trawl was performed 30
minutes at each site, using a typical boat of the local artisanal fleet. The boat speed was around
1.5-2.0 knots and the trawls were always carried out during daytime. The trawl net was 7 m
long, with a 14-m ground rope and an 18 mm-mesh cod end.
All samples were labeled and stored in a polystyrene box containing ice, and then
conducted to the Laboratory of Fishery Biology and Technology in Federal University of Rio
de Janeiro (UFRJ). In the lab, fishes were identified at species level, weighed (total weight),
measured (total length) and cataloged by date and sampling point.

Figure 1. Position of the trawlers conducted between June 2005 and July 2007 for the sampling
of demersal fishes in Guanabara Bay (Fonte: SILVA JUNIOR et al. 2013).
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Ecosystem services analysis
The ecosystem services provided by fishes were identified according the designations
decribed in Holmlund and Hammer (1999). The authors considered two major categories of
ecosystem services: (i) fundamental ecosystem services, those that are essential for ecosystem
function and resilience, and; (ii) demand-derived ecosystem services, formed by human values
and demands which are not necessarily fundamental for the survival of human societies. For
the Guanabara Bay, its general environmental condition (based on literature) and the demersal
fish data obtained were considered, and each service was categorized as ‘Able’, ‘Threatened’
or ‘Not Able’.
RESULTS AND DISCUSSION
Demersal fishes of Guanabara Bay
Only demersal fishes from soft bottom were considered in the present analysis due to
the selectivity of the sampling method used. A total of 46062 individuals belonging to 93
species were sampled. The marine migrant species Chilomycterus spinosus (22,42%) was the
most abundant, followed by Micropogonias furnieri (18,39%) and Genidens genidens
(15,86%). The fact that marine migrant fishes were most abundant supports the hypothesis that
Guanabara Bay plays a central role in supporting large populations of fishes in the surrounding
area, including commercially important species (e.g. CORRÊA & VIANNA 2015; MULATO
et al. 2015; SANTOS et al. 2015).
Considering the Capture Per Unit Area (CPUA) for number of individuals and weight,
the fishes of the bay were distributed according the estuarine zones (Fig. 2), with higher
diversity found in Lower estuary (entrance of the bay and channel). This is because opportunist
and straggler species were more abundant in the Lower estuary, while estuarine-dependent
species were more associated with the Middle and Upper estuary.

Figure 2. Multivariate ordination (nMDS) for CPUA of individuals (A) and CPUA of weight
(B) considering the estuarine zones: Upper estuary (black triangle); Middle estuary (grey
circle); Lower estuary (grey square).

109

II International Symposium of Ecology

“Ecology in the Anthropocene”
16-19 August 2016 - São Carlos - SP

Ecosytem services from demersal fishes
Fundamental ecosystem services seems to be maintened in Guanabara Bay. However,
for demand-derived ecosystem services, the cultural services seems to be affected by the
environmental conditions of the bay (Table 1). Production of food and medicine, supply of
aesthetic values, and recreational activities were considered as Threatened services.
Furthermore, Aquaculture production and Control of hazardous diseases were targeted as Not
Able. There is only a cultive of mussel in Jurujuba (entrance of the bay) due to the poor quality
of the water along other areas of the bay (mainly in Middle and Upper estuary). The pollution
in the bay is a major threat to the listed services. This sets a clear problem that affects multiple
uses of the water.
Table 1. Fundamental and demand-derived ecosystem services provided by estuarine demersal
fishes from soft bottom of Guanabara Bay (adapted from Holmlund & Hammer, 1999).
Fundamental Ecosystem Services
Regulating services
Regulation of food web dynamics

Status BG
Able

Recycling of nutrients

Able

Regulation of ecosystem resilience

Able

Redistribution of bottom substrates
Regulation of carbon fluxes from
water to atmosphere
Maintenance of sediment process
Maintenance of genetic, species,
ecosystem biodiversity

Able

Linking services
Linkage within aquatic ecosystems
Linkage between aquatic and
terrestrial ecosystems
Transport of nutrients, carbon and
minerals
Transport of energy

Able

Acting as ecologial memory

Status BG
Able
Able
Able
Able
Able

Able
Able

Demand-derived Ecosystem Services
Cultural services
Production of food
Aquaculture production
Production of medicine
Control of hazardous diseases
Control of algae and macrophytes

Status BG
Threatened
Not able
Threatened
Not able
Able

Reduction of waste
Supply of aesthetic values
Supply of recreational activities

Able
Threatened
Threatened

Information services
Assessment of ecosystem stress
Assessment of ecosystem resilience
Revealing evolutionary tracks
Provision of historical information
Provision
of
scientific
and
educational information

Status BG
Able
Able
Able
Able
Able

Once fundamental services are often not linked to any specific economic market value,
great attention should be paid to the maintenance of demand-derived ecosystem services
whereas those depend on natural systems and fundamental ecosystem services provided by
fish, and are not replaceable by technological innovations (HOLMLUND & HAMMER 1999).
For example, in spite of fish stocking (repeated release of fish fry, juveniles, or adults into an
ecosystem) have been used in Europe, is still not clear if the ecosystem services are properly
recovered using this technique (HOLMLUND & HAMMER 2004).
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FINAL CONSIDERATIONS
Although the intense existing anthropogenic pressure surrounding the Guanabara Bay,
it still preserves a significant diversity of fish, which also guarantee some important ecosystem
services. However, despite the large volume of environmental studies, little is yet known about
how the constant change has affected the services provided by the bay, requiring the inclusion
of this approach in multidisciplinary and multi-institutional studies.
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SUMMARY
Antas reservoir (MG, Brazil) receives the neutralized acid solution leaching from the waste
heaps rock piles generated by uranium mining. An evaluation was made of the quality of water
collected from the Antas reservoir and effluent of an uranium mine, based on physicochemical
and ecotoxicological analyses. Toxicity test was carried out using Ceriodaphnia silvestrii and
Daphnia magna. The samples were collected during two periods: February and June 2015, at
four sampling stations. Our investigations demonstrated that fluoride and manganese
concentrations in Antas reservoir were close or above the limits established by current
legislation at the point P41E, where the treated mining effluent was discharged. The toxicity
bioassays revealed acute toxicity for cladocerans exposed to water samples from treated
effluent (P41S) before discharge. This study demonstrated that the effluent discharged by the
UTM affected the the water chemical quality in the Antas Reservoir, especially in the dry
season (June 2015).
INTRODUCTION
Mining is an important contributing to the improvement of living conditions in today’s
society (CARVALHO 2011). However, mining activities may also lead to great environmental
impacts. In most cases, mining areas result on high levels of hazardous elements in surface
water, groundwater and soil, which can pose serious geochemical risks to human health and
environmental health (HOFMANN et al. 2008). This threat is aggravated by the long term
persistence of hazardous elements in the environment impacts on aquatic organisms
downstream of U mines and mills. The aquatic environment usually represents the final
destination of contaminates come from problematic areas, where they can affect local biota. In
order to fully comprehend the ecological effects of releasing treated effluents from mining
activities into the environment, the biological assessment of wastewater using standard
ecotoxicological bioassays should be considered as complementary to the physicochemical
assessment made by examining the “traditional” parameters (e.g. pH, biochemical oxygen
demand, chemical oxygen demand and conductivity), since this integrated approach offers a
more complete assessment of the risk of waste waters on aquatic ecosystems (VASQUEZ &
FATTA-KASSINOS 2013).
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The present study was carried out in the uranium-ore-mining area located in Caldas
(Minas Gerais, Brazil) and in the Antas Reservoir that receives the neutralized acid solution
leaching from the waste rock piles generated by uranium mining. The Antas River
hydrographic basin begin at the Antas reservoir upper region and was constructed in 1982 for
the purpose of providing water for the uranium milling plant of the Ore Treatment Unit of the
Brazilian Nuclear Industries (UTM-INB). The main environmental problem of uranium UTM
mines is the generation of acid water which contains radionuclides and metals in concentrations
above the permissible levels for discharging. Water from the Antas River is used for crop
irrigation and for cattle watering, and the river also supplies the Bortolan dam, near the city of
Poços de Caldas (MG, Brazil). The present study was performed to evaluate the water quality
of the Antas reservoir and of the treated effluent from uranium mine through physicochemical
analyses and toxicity bioassays using microcrustaceans as test organisms.
MATERIAL AND METHODS
The study involved the evaluation of three sampling stations along the Antas reservoir
(Cab, P41E and P14). One point was sampling outside of the reservoir (P41S) correspondent
the treated effluent from uranium mine before to be discharged to the environment. The
sampling sites were located upstream and downstream of the treated effluent discharge: Point
Cab (upstream of the mining effluent discharge), located at the head of the reservoir. Point P41E was shallower and near the middle of the reservoir, where the treated effluent from the UTMINB is discharged. Point P14 was downstream of point P41E, near the dam. Point P41S is
located in the effluent treatment unit, in the area of the Ore Treatment Unit (Figure 1). Sampling
was carried out during two periods: February and June 2015.

Figure 1. Location of the sampling points in the Antas Reservoir and in the UTM found in the
Brazilian Nuclear Industries (Drawing by Albertini, H.L.C., and Filho, E.O.L.)
The water was collected in 5-L Van Dorn bottles, transferred to previously-washed
plastic bottles and stored at 4 °C until the moment of analysis. The conductivity, dissolved
oxygen, pH and temperature were measured using a Horiba U-10 multi-parameter probe. The
total organic nitrogen and total phosphorus (APHA 1995) contents also determined. The
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hardness of the water (Ca2+ and Mg2+) and the metals were quantified by inductively-coupled
plasma atomic-absorption optical emission spectrometry, ICP-OES, using a Varian sequential
equipment, model Liberty RL (Varian, USA). Fluoride was estimated potentiometrically
estimated with an ion-selective electrode, and sulfate by UV-Vis spectrophotometry as
described by ASTM (1980). The water samples taken for the metal determinations were
preserved by adding nitric acid to pH <2 (Ultrapure acid, J. T. Baker) and storing at 4 oC. The
metals were determined according to APHA (1995) and measured by atomic absorption
spectrometry (Varian AA 220). The chemical data obtained for the water sampled from the
Antas Reservoir and treated effluents from UTM/INB were compared with the limits adopted
by the Brazilian guidelines CONAMA Resolution 357/2005 and CONAMA 430/2011,
respectively. The CONAMA resolution regulates the quality of hydrological basins in Brazil,
stipulating the reference limits, and also establishes the conditions and standard practice for
effluent disposal.
Ecotoxicological analyses
Stock cultures of the cladoceran C. silvestrii (ABNT 2010) and D. magna (ABNT 2009)
were kept under controlled conditions The organisms were fed daily with Pseudokirchneriella
subcapitata chlorophycean algae (106 cells mL-1) and vitormonio® (1 mL L-1), a composition
prepared with yeast and fish food. All procedures followed the Brazilian standard (ABNT
2009; ABNT 2010). In the acute toxicity tests with C. silvestrii and Daphnia magna, five
organisms (<24 h old) were used in four replicates, exposed in polycarbonate cups containing
10 mL of water sample for 48 h (ABNT 2004; ABNT 2005). Control treatments with
reconstituted water were also prepared to all bioassays. Fisher’s exact test was used to
distinguish significant differences in the survival of the cladoceran in order to compare the
control treatment with each water samples.
RESULTS AND DISCUSSION
The variation in the physical and chemical parameters of the water samples from Antas
Reservoir was presented in Table 1. The average water temperature during the rainy period (25
°C in February 2015) was higher than that recorded in the dry season (18 °C in June 2015).
The average values of temperature were near 22 °C at all the sampling points. The average pH
values varied from 6.49 (February) to 7.7 (June). The water samples showed average pH value
of 7.0. Water electrical conductivity showed the highest average value in June 2015 (132 S
cm-1) and the lowest in February 2015 (67 S cm-1). The average values registered for electrical
conductivity were between 47 S cm-1 (Cab) and 162.5 S cm-1 (P14). The dissolved oxygen
average values were near 6 mg L-1 at all the sampling points and periods.
For hardness, the values recorded were between 6.61 mg L-1 (Point Cab) and 41.49 mg
L-1 (Point 14) in the rainy season and 9.93 mg L-1 (Point Cab) and 89.5 mg L-1 (Point 41-E) in
the dry season. With respect to the total phosphorus concentrations, the highest average value
was found in the samples collected in February 2015 (14.78 µg L-1), whilst the lowest value
was found in July 2015 (5.02 µg L-1). The values for total phosphorus varied from 8.93 µg L-1
at point P14 to 10.86 µg L-1 at point P41E. The average values for total organic nitrogen ranged
from 608.07 µg L-1 (February 2015) to 653.02 µg L-1 (June 2015), and the average
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concentrations for total nitrogen varied from 543.67 µg L-1 to 608.07 µg L-1 (Points P41E and
P14, respectively). The fluoride levels exceeded the limits defined by the Conama Resolution
357 (CONAMA 2005) in the samples from points P41E and P14, respectively (February and
June 2015). The manganese concentrations determined in the all water samples come from the
Antas reservoir and the treated effluent in June 2015 were above the limit established by
CONAMA Resolutions.
The average concentrations of ions measured in treated effluent samples (P14S) were
as follows: fluoride (22.31 mg L-1), sulfate (221.21 mg L-1), manganese (1.04 mg L-1), hardness
(694.21 mg L-1) and uranium (0.023 mg L-1). The average values for electrical conductivity
and pH were 995.5 S cm-1 and 7.46, respectively. The sulfate concentration exceeded the
limits defined by the Conama Resolution 430 (CONAMA 2011) in the samples from Points
P41S in February 2015.
The physicochemical parameters determined in water from the Antas reservoir showed
that sulfate, manganese and fluoride levels measured exceeded the maximum levels according
to the CONAMA 357/2005. The sulfate and fluoride values from Point P41E (site where
mining effluent is discharged) were higher than those from Point Cab. U concentrations in
Antas reservoir are equivalent than the concentrations measured in other aquatic ecosystems
impacted by uranium mining, while Mn levels were highest (GAGNAIRE et al. 2015).
Table 1. Values found for the physical and chemical variables Antas reservoir and effluent
from UTM/INB: temperature (T, ºC), hydrogen potential (pH), electrical conductivity (CE, µS
cm-1), dissolved oxygen (OD, mg L-1), total nitrogen (TN, µg L-1), total phosphorus (TP, µg L1
), sulfate (mg L-1), fluoride (mg L-1) and metals (mg L-1).
Months
February
2015

Points
Cab
P41E
P14
P41S

Cab
P41E
P14
P41S
CONAMA 357/2006
CONAMA 430/2011
June
2015

TN
TP Hardness
F−
SO42666.4 16.45
<0.5 3.00
6.61
532 15.45 32.56
2.37 20.1
625.8 12.45 41.49
1.90 28.7
460.10 3.15 543.84 12.55 430.3

T
25.8
25
25.2
25.3

pH
5.79
6.82
6.87
7.80

OD
5.98
6.03
7.09
5.81

CE
26
66
108
981

17.9
17.7
18.4
17.6

8.02
8.56
7.17
7.12
6-9
5-9

5.95
5.75
6.12
4.38
>5.0

68 642.13
112 555.33
217 761.6
1010 555.33

3.40
6.27
5.40
1.60
50

9.30
89.5
78.88
844.58

Mn
U
0.30 <0.002
0.36 0.003
0.48 0.003
0.70 0.041

1.40 3.30 0.36 <0.002
2.55 12.7 0.31 <0.002
2.37 10.9 0.30 0.010
32.06 12.40 1.38 0.006
1.40 250 0.10

A statistical analysis of mobility data from the acute toxicity bioassays with C. silvestrii
revealed toxic effects on the test organisms exposed to water samples from the Points Cab
(June 2015), P41E (June 2015), Point P14 (February and June/15) and D. magna showed acute
toxicity when exposed to samples from Points Cab (June/15), P14 (June/15) and P41S
(February and June 2015) (Figure 2). The toxicity bioassays revealed acute toxicity for
cladocerans exposed to water samples from the point of effluent discharge and from
downstream this point. In dry season, all water samples showed acute toxicity to C. silvestrii.
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Figure 2. Percentage (%) of cladoceran survival in the acute toxicity test with water samples.
* indicates significant difference from the Control (Fisher’s test, P<0.05). (a) C. silvestrii and
(b) D. magna
The results of the present study indicate seasonal variation in water toxicity to
cladocerans. This could be associated with the low water flow in the dry season, which allows
the pollutants to accumulate in the reservoir. Similar to the present results, Lee et al. (2009)
studying the effects of acid mine drainage in stream of South Korea, found acute toxic effects
in cladoceran in the dry season, as a result of great element concentrations in the aquatic
ecosystems.
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SUMMARY
We assessed the development of tree regenerants in a seasonal semideciduous forest (Iguaçu
National Park, PR) under T. zebrina invasion in different competitive and luminosity
conditions, through removal experiment. As higher luminosity and invasion pressure, lower
recruitment and height of regenerants. T. zebrina influences negatively the development and
regeneration of native tree plants.
Keywords: Tradescantia zebrina, seasonal semideciduous forest, removal experiment,
environmental conditions
INTRODUCTION
Biological invasion is the process of a new species introduced generating negative
impacts to the environment invaded and its native species (Simberloff, 2005). Between the
characteristics that define an invasive species are high rates of reproduction and dispersal,
phenotypic plasticity and high competitive capacity (Valery et al., 2008; Ribeiro, 2014). The
quest to dominancy reflects the impacts caused by the invader to the environment. To overcome
environmental barriers, the strategy is limiting competition and development of native species,
which as a result may be extinct (Barbosa, 2008).
The inchplant Tradescantia zebrina (Schinz) D. R. Hunt (Commelinaceae) is a strong
competitor of native species, filling the soil surface and interfering with the natural
development of native plants (Pedrosa-Macedo et al., 2007). T. zebrine grows faster in height
than native species, and also presents rapid development and establishment. In addition, this
herbaceous would prevent the entry of light for native regeneration (Rodrigues de Matos,
2014).
Testing the response of native plants to invasion experimentally, with a focus on the
first stages of its development, can provide information on both the degree of influence of the
invasive plant on the community, and how the ecosystem responds to a reduction or removal
of the invasion (Cushman and Gaffney, 2010). In this study, we assessed the development of
new individuals (regenerants) in a plant community invaded by T. zebrina under different
competitive and environmental conditions simultaneously. Using different removal treatments
and natural luminosity, we expect (1) the presence of invasive decrease the arboreal regenerants
growth and (2) as higher luminosity, higher arboreal regeneration.
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MATERIAL AND METHODS
Vegetation removal experiment
We carried out the experiments from October 2015 to April 2016, at the Parque
Nacional do Iguaçu, Foz do Iguaçu city, Paraná state, Brazil. We selected 5 Tradescantia
zebrina invaded sites, 500 m apart, inserted in a fragment of semi deciduous mesophytic forest.
The removal experiment was established with a split- plot design, with 5 independent blocks
(sites), 2 sub- blocks each block (luminosity treatment), and 3 plots in each sub- block (removal
treatment). In each of the five sites (independent blocks), with a dominant 60-90% T. zebrina
cover and without any other dominant species, we delimited one transect with two experimental
sub-blocks. One sub-block was at the border of the fragment, close to a road (denoted high
luminosity). The other was at least 30 m away from the border, inside the fragment (denoted
low luminosity). In each sub- block, we delimited three 2.0 x 2.0 m plots, at least 2 m from
each other, and allocated a vegetation management treatment (removal treatment) randomly to
each one. The three vegetation management treatments were according Chiba et al. (2016)
adapted to arboreal recruits exclusively:
(1) Untreated control (denoted Ctr); where no plants were removed, including T.
zebrina.
(2) T. zebrina removal; all T. zebrina ramets were removed at the start of the experiment
(October 2015), but all other plant species were left intact. This treatment assessed the natural
regeneration capacity of the arboreal plant community in the available niches left after T.
zebrina removal (denoted Tzeb).
(3) Complete removal; all plants, including herbaceous and T. zebrina, were removed
at the start of the experiment. This treatment assessed the regeneration capacity of both T.
zebrina and arboreal plant community species (denoted All).
At the beginning of the experiment, we marked all woody plants in the plots with
numbered plates. In the removal experiment, we cut all the plants at ground level, taking care
to minimize soil disturbance, and then removed all above ground material from the plots (Blane
and Tricia, 2011). Six months later (April 2016), we assessed number and height of all arboreal
recruits in the plots. Although we marked all woody plants in the plots, the data used in the
analyses reported are those of the arboreal individuals recruited during the study, i.e., under
direct influence of the treatments during the experiment.
Statistical analysis
To test for significant differences between treatments, we used a split-plot analysis of
variance (function ‘aov’ within the R statistical environment). We used the number and average
height of the arboreal recruits of each plot on the final of the experiment as the response
variables; luminosity (high versus low luminosity), removal treatments (Ctr, Tzeb, All), and
their interaction as fixed factors with a nested error structure (Block/Luminosity). To test which
treatments in each sub-blocks showed differences between the height and number of plant
community recruits, we used an Analysis of Variance test (ANOVA) with a post hoc Tukey
120

II International Symposium of Ecology

“Ecology in the Anthropocene”
16-19 August 2016 - São Carlos - SP

test. All analyses were run within the R statistical environment (R Development Core Team,
2013).
RESULTS AND DISCUSSION
We obtained 194 arboreal plant community recruits. There was significant effect of
luminosity treatment on number of recruits and average height, significant effect of removal
treatment on number of recruits and significant effect on luminosity and its interaction with
removal treatment on average height (Table 1, Figure 1). Higher luminosity treatment
presented lower average number of recruits (3.67; SD = 2.60) than low luminosity treatment
per plot (10.00; SD = 5.54) (ANOVA; F = 13.25; p = 0.001). Higher luminosity treatment
presented lower average height of recruits (7.08; SD = 4.28) than low luminosity treatment per
plot (11.2; SD = 2.82) (ANOVA; F = 9.053, p = 0.006). In the removal treatment, without
considering the luminosity treatment, the average number of recruits showed the following
ranking: Tzeb = All > Ctrl = Tzeb (ANOVA; F = 3.535; p = 0.045).
Table 1. Results of a split-plot analysis of variance (ANOVA) testing for significant effects of
luminosity treatment, removal treatment and their interaction on the number and average height
of recruits per plot of arboreal plant community species at the end of the experiment. Asterisks
represent significance levels.
Parameter

Number of
recruits

Average
height

Error stratum

Factor

df

Plant community species
Sums of Mean
F
Squares
Square

P

Error: Block

Residuals

2

19.90

9.95

-

Error: Block x
Luminosity

Luminosity

1

267.27

267.27

37.251 0.026*

Residuals

2

14.35

7.18

-

-

Error: Within

Treatment

2

161.35

80.68

4.834

0.027*

Luminosity
x Treatment

2

18.68

9.34

0.560

0.585

Residuals

13 216.97

16.69

-

-

Error: Block

Residuals

2

44.69

22.34

-

-

Error: Block x
Luminosity

Luminosity

1

109.12

109.12

35.393 0.027*

Residuals

2

6.17

3.08

-

-

Error: Within

Treatment
Luminosity
x Treatment
Residuals
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Figure 1. Average number (A) and height (B) of recruits per plot of arboreal plant community
species in sub-blocks with removal and luminosity treatments. Treatment key to: ALL = all
species removed; TZEB = only Tradescantia zebrina removed; CTRL = control – no removal;
high = higher luminosity; low = lower luminosity. Error bars indicate Standard Error.
Our results show that regenerants are affected by the luminosity, competition (removal
treatment) and the interaction between these two factors. About the number of regenerants, as
higher luminosity, lower the number of individuals. These results interact with the invasion
pattern of Tradescantia zebrina. Our field observations corroborate with Rodrigues de Matos
(2014), which found greater density of this invasive at the vegetal border with high luminosity,
comparing with the interior fragment, with low luminosity. The higher density of this invasive
species may represent damage to the diversity of the native community (Ribeiro, 2014).
Regarding regenerant height, as higher luminosity lower average height. We believe
that density of T. zebrina affects negatively the regenerant height of vegetal community, in a
situation of high luminosity. Our preliminary data, not published yet, shows that the mortality
of regenerants at the vegetal border (high luminosity) is higher than in the interior (lower
lightning). This mortality reflects in height, once as higher mortality rates, fewer individuals
ascend in height and lower the general average height of the regenerants.
The removal treatments indicates effects of intra and inter competition. We observed
differences about number and average height at the Ctrl comparing with All treatment. The
average height observed in control conditions (Ctrl), was significantly lower than in total
removal treatment (All treatment). Increased competition in Ctrl explains the lower number of
regenerants comparing with All. Ctrl regenerants are exposed to competitions as both invasive
population and native community already established. T. zebrina is very competitive in relation
to plant tree species, intercepting seed rain, presenting higher nutrient resources assimilation
and/or imposing allelopathic effects (Mantoani, 2013; Martins, 2014). Therefore, this invasive
plant influences negatively in both recruitment and development of plant tree community.
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SUMMARY
Parasitoid wasps are an important component of terrestrial ecosystem, but still poorly studied
and little is known about its latitudinal and elevational distribution. Here the distribution of
richness and abundance of two genera (Centistes and Meteorus) of the family Braconidae are
studied along an altitudinal gradient in Itatiaia National Park, Brazil. For the genus Meteorus
we found a higher richness at higher elevations, agreeing with previous studies. Centistes also
showed a similar pattern of distribution and to our knowledge this is the first report of the
altitudinal distribution on this genus. Our results suggest that the distribution correlates to the
variation in the elevation and the vegetation types.
INTRODUCTION
Altitudinal gradients have been historically recognized as relevant on testing hypothesis
since they offer a large variation on environmental conditions in a short spatial distance.
Therefore facilitating the understanding of how animals and plants interact with climate and its
influence in evolutionary processes. Nevertheless there is still a need to better understand how
different taxa respond to altitudinal gradients (KÖRNER 2007; SUNDQVIST et al. 2013).
Parasitoid wasps are one of the more abundant and rich groups in terrestrial ecosystem
and are highly important both ecologically and economically, but remains poorly studied (LA
SALLE & GAULD 1991), with little knowledge on the patterns of latitudinal and elevational
distribution (VEIJALAINEN et al. 2013).
The present study intended to analyze the variation in abundance and richness on the
parasitoid wasp genera Centistes and Meteorus along an altitudinal gradient at Itatiaia National
Park, Brazil.
METHODS
This study was performed on Itatiaia National Park. This park was created in 1937,
being the first National Park in Brazil. Is located on the Mantiqueira mountain range and has
an area of around 30,000ha, extending over elevations from 500m to 2,791m and is covered
mostly by dense ombrophilous forest (PEREIRA et al. 2006) in two phytophysiognomies:
Montane Ombrophilous Forest and High Montane Forest. Specimens were collected using four
Malaise traps placed at altitudes of 987m (Montane), 1,763m, 2,176m and 2,206m (High
Montane forest).
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Traps were emptied monthly and remained in the field for a total of nine months
between July 2011 and July 2012 (no collections were performed in September 2011, January
and May 2012).
All specimens belonging to the genus Centistes and Meteorus were separated and sorted
to morphospecies level. Identification of morphospecies was done following the keys and
diagnostic characters presented by Shaw (1995) for Centistes and Aguirre et al. (2011, 2015)
for Meteorus.
To visualize the possibly similarities in composition between the four studied sites we
performed a cluster analysis using the Unweighted Pair Group Method (UPGMA) with the
Bray-Curtis index. This analysis was performed using the software PAST version 3.12.
RESULTS AND DISCUSSION
The analyzed samples from the four sites combined yielded a total of 147 specimens
belonging to the genus Meteorus and 44 to Centistes from which we identified respectively 13
and 3 morphospecies.
For the genus Meteorus the elevation of 2,206m had the highest richness with a total of
10 morphospecies, followed by the site at 1,763m with nine, then 2,176m with seven and the
smallest richness was found at 987m with only three morphospecies (Figure 1). Aguirre et al.
(2011) found similar results in Colombia, with a peak in richness at elevations between 2,000
and 2,499m. For other taxa a hump-shaped pattern for elevational species richness, with peak
richness close to mid elevations, is the most commonly found (RAHBEK 2005), but patterns
of distribution could be strongly influenced by the scale used in the study (NOGUÉS-BRAVO
et al. 2008; RAHBEK 2005).
The genus Centistes was not found at the lower elevation, but quickly increased in
abundance towards the higher elevation, despite maintaining a small richness (Figure 1). To
our knowledge no reports on the altitudinal distribution of the genus have been published to
this date.
Cluster analysis grouped the studied sites in the same order as their altitudes (Figure 2),
indicating a relationship between altitude and species composition.
The richness and abundance pattern on the distribution of both genera in the gradient
studied seems to be directly related to altitudinal variation and also to the vegetation types. The
mid (1,763 meters) and highest altitudes (above 2,000 meters) comprises the High Montane
Ombrophilous Forest, a more complex and diverse vegetation, where there must occur a high
diversity of herbivorous insects, such as members of the order Lepidoptera and Coleoptera,
these being the main hosts of the genus Meteorus and Centistes.
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Figure 1. Abundance (bars) and Richness (lines) variation for the Genus Centistes (red) and
Meteorus (blue) between four altitudes at Itatiaia National Park, Brazil

Figure 2. Cluster analysis grouping collection sites at four different altitudes in Itatiaia
National Park, Brazil.
Besides that, there is a patch of Mixed Ombrophilous Forest with the presence of
Araucária angustifolia (Bertol.) Kuntze 1898 between 1,763 and 2,206 meters, this species
hosts many members of herbivorous Lepidoptera and Coleoptera (such as Chrysomelidae,
Curculionidae and others) (MERCKE et al. 2001).
As parasitoids respond directly to their hosts presence (SCATOLINI & PENTEADODIAS, 2003), probably the vegetation type, the presence of such hosts and also the altitude
determine the variation on the distribution of those genera.
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CONCLUSIONS
The small sample size limits the capacity to draw conclusions from the results obtained.
The use of more traps, over a larger portion of the studied altitudinal gradient or the inclusion
of a greater number of genera could all improve this study.
The altitude and the vegetation seems to influence the composition and distribution of
the fauna of both genera. A more robust study considering the vegetation composition and hosts
fauna could help to understand the pattern observed.
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SUMMARY
Human pressures have caused degradation of natural resources and reduction of biodiversity
on the planet with serious consequences to humanity, because of the increasing demands for
water, fibers, food, energy and raw material. It is necessary to reconcile economic, social and
environmental components in a scenario of climate change. Therefore, concerns about this
issue have increased in all sectors of society. Many data on natural resources in the Brazilian
biomes were obtained by research, education, government and non-government institutions in
recent decades, but few of them have a conceptual and methodological focus turned to
ecosystem services. Research aiming at understanding ecosystem and environmental services
has increased worldwide since the Millennium Ecosystem Assessment. Brazilian Agricultural
Research Corporation (Embrapa) has also followed this trend and in 2014 approved a network
of projects entitled Environmental Services in Rural Landscape Arrangement with over 60
related projects. The purpose of this paper is to present the status of research on ecosystem and
environmental services related to agriculture in Brazil developed by Embrapa, and to identify
how the expected results may contribute to the expansion of environmental services in rural
Brazil.
INTRODUCTION
Over-exploitation of natural resources in economic development processes has led to
the destabilization of ecosystems and reduction of ecosystem services in many regions of the
world. Human pressure on ecosystem services is related to the dynamics of land use and land
cover, changes in biogeochemical cycles, the destruction and fragmentation of environments,
the introduction of new species and the interference of human activities on the climate (SALA
et al. 2000).
Socio-cultural and environmental impacts are consequent phenomena of development
processes (MATTOS & HERCOWITZ 2011), which result in degraded landscapes with scarce
natural resources (RODRIGUES et al. 2009). On the other hand, society can change the
landscape in order to preserve it, to obtain environmental benefits, and environmental services.
In this case, environmental services are understood as "environmental benefits of intentional
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intervention of society in the dynamics of the ecosystems" (MURADIAN et al. 2010).
In this context, studies that clarify the relationship between ecosystem services and
human well-being and those focusing on ecosystem services maintenance are very important
in current and future scenarios. And the formation of research networks and the discussion
forums on this subject are relevant alternatives to achieve concrete results, as, by means of
them, a work can be promoted in a synchronized and organized way by using information of
the Brazilian biomes in different databases.
Embrapa, which is the national public agricultural research institution in Brazil, is
increasing its activities in this field and already has several research groups focused on
ecosystem and environmental services in all Brazilian biomes. A research network entitled
Environmental Services in Rural Landscape Arrangement was created to integrate and
exchange experience among research groups, external partners and farmers.
The purpose of this paper is to present the status of research on ecosystem and
environmental services related to agriculture in Brazil, especially the groups and research fields
developed at Embrapa, and to identify how the expected results may contribute to the expansion
of environmental services in rural Brazil.
METHODS
The survey was based on various documents and databases on ecosystem service
research. The survey was done to identify the research production on the theme, giving greater
emphasis to ecosystem services in rural areas. The documents consulted included:


the survey held by Balvanera et al. (2012) on the status of Ecosystem Services
in Latin America (LA);


the survey presented by Prado (2014) referring to various initiatives and
research groups in Brazil and available databases on ecosystem studies;


the survey in Scopus Base to check the Brazilian scientific production on the
theme, 2004-2014;


the database of projects developed by Embrapa or in partnership with Embrapa
- IDEARE System / Embrapa.
RESULTS AND DISCUSSION
The research directly related to ecosystem and environmental services has increased in
Brazil. The survey in Scopus Base in 2014 showed that the Brazilian scientific production on
the theme is 16th in the world ranking.
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Since the creation of Embrapa in the 1970s, the research on conservation of natural
resources has been increasing consistently. More recently, research focusing particularly on
ecosystem and environmental services has grown. We found great interest and investment of
the institution on these themes when researchers exclusively dedicated to the topic were hired
in 2006. The different research groups, which had been working in all the Brazilian biomes,
began to interact and exchange experiences, so that justified the creation of a project network
in 2014. Operating in all biomes and at different scales, Embrapa, through its research units,
has produced data and knowledge on ecosystem and environmental services in all its
dimensions. There are over 60 ongoing projects and planned activities for the next 10 years.
This research network was made official in 2014, as a network of projects of Embrapa
researchers and partners, which was named Environmental Services in Rural Landscape
Arrangement (Arrangement SA). The network aims to develop knowledge and tools to support
programs and policies for the restoration, maintenance and expansion of environmental
services and to strengthen sustainable production systems based on rural landscapes. This
network interacts with other networks, which work on related topics, in Embrapa, in several
universities, as well as national and international research centers, comprising other specific
research networks by biomes or themes. One purpose of Arrangement SA is to make links
between different research groups on the theme of Ecosystem and Environmental Services,
promoting the exchange of experiences, the establishment of common protocols and
methodologies, seeking joint solutions to the organization and dissemination of the data and
knowledge produced, as well as seeking training and integration opportunities in related public
policy discussions.
Arrangement SA identified the reduction and degradation of ecosystem services in rural
areas as the fundamental research problem to be addressed and where all the research questions
converge. Three major network fields of action were prioritized: assessment and integrated
analysis as decision support; development and adaptation of methods and tools; organization
of information and transfer / communication. The impacts expected from this work will occur
from specific results of Arrangement SA, as well as from the results of the projects that
comprise it, as follows: i) reference / conceptual framework on ecosystem and environmental
services in Brazil; ii) tools to support the organization of data in databases on ecosystem and
environmental services; iii) set of indicators to measure, report and verify initiatives on
environmental services and validation of rural production systems as providers of ecosystem
services; iv) methodologies developed and improved for characterization, monitoring and
valuation of ecosystem and environmental services; v) technologies and processes to enhance
the generation of ecosystem and environmental services in rural landscapes; vi) mechanisms
of valuation and compensation of direct and indirect ecosystem services; vii) development of
human resources and internalization of the concept of ecosystem services at Embrapa; viii)
generation of the training support material on the subject in accessible language to technicians,
producers and decision makers; ix) prospecting institutional demands related to environmental
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services and support public policy instruments; x) guidelines for certification processes; xi)
conducting national and international events on the subject; among others.
Some results have been obtained by different groups and projects of Arrangement SA
and are available in order to support the maintenance and recovery of ecosystem and
environmental services in rural areas. Some of these results refer to indicators and methods
obtained to verify the impact of conservation management on ecosystem services (PARRON
et al. 2015), to subsidize ecosystem payment programs (PRADO et al. 2013; TURETTA et al.
2014; GJORUP et al. 2015), to evaluate the degradation of ecosystem services due to different
land uses, as carbon stocks (BERENGUER et al. 2014) and biodiversity (MOURA et al. 2013),
to identify vulnerable areas (THOMPSON & FIDALGO 2013) or priority areas for
conservation (RODRÍGUEZ-OSUNA et al. 2014.) in watersheds, and to strengthen cultural
services as a source of income in rural areas and to value ecosystem services (PEDREIRA et
al. 2014a; PEDREIRA et al. 2014b).
CONCLUSION
The Environmental Services in Rural Landscape Arrangement, created in 2014 by
Embrapa research groups, is comprised of a set of projects, which work in different biomes in
order to contribute to the conservation and expansion of ecosystem services in rural areas.
Opportunities arise from this Arrangement to bring science closer to decision makers; to
support public policies; to promote training; in addition to promoting the exchange of
knowledge and experience among Embrapa, education and research institutions and other
partners.
There are great challenges to set forth a network of projects. However, the results that
may be achieved will help a lot to expand the scope and importance of the topic, with high
potential to benefit Brazilian society.
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SUMMARY
The temporal dynamic of aquatic insects’ emergence in tropical streams shows a continuous
but asynchronous tendency and little is known about the regulating factors of this process. In
this study we demonstrated that significant variation in the number of emergent insects can be
observed in a short period of time (thirteen days) and also that temperature, rainfall and lunar
cycle are the main responsible for these emergence fluctuations. These findings contribute with
the phonological knowledge of aquatic insects from tropical streams.
INTRODUCTION
Freshwater habitats occupy 1% of the Earth’s surface; nevertheless they are considered
hotspots for supporting about 10% of all known species (STRAYER & DUDGEON 2010).
Among animal communities in aquatic ecosystems, insects often dominate in terms of number
of species, individuals and biomass. Since most of aquatic insects spend only the immature
phase into the water, while adults are terrestrial, they represent an important cross-system
component (KRAUS & VONESH 2012); this makes the emergence of aquatic insects the main
responsible for the energy and nutrients’ transference from water to land, where they are
essential food recourse for many terrestrial animals.
Environmental factors related to weather and water conditions are known to control the
emergence of aquatic insects, of which, water temperature is generally considered the most
significant stimulus (IVKOVIC et al. 2013). Among other variables, photoperiod, rainfall and
lunar periodicities seem to be important for some groups of insects, e.g. chironomids
(ARMITAGE 1995). Regarding aquatic insects living in temperate streams, a synchronous life
cycle is expected since they pass through a strongly marked seasonality. However, in tropical
streams seasonal regulation of emergence is not clearly observed, so life cycles are
asynchronous and the emergence patterns tend to be continuous, although temporal fluctuations
occur (CORBET 1964). Yet, there is not a consensus of which factors determine variations on
aquatic insects’ emergence in tropical streams (SIQUEIRA et al. 2008).
In this study we analyzed emergence dynamic of aquatic insects during a 13-days period
of observation, in a shallow tropical stream. We attempt to respond the following questions: 1.
Are fluctuations in emergence rates observed in a short period of time? 2. Is there any evidence
that environmental factors could control emergence patterns?
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MATERIAL AND METHODS
Study area
Fazzari is a first-order stream situated inside a preservation area of Cerrado vegetation,
although it presents a riparian forest along its course (URBANETZ et al. 2013). The study was
conducted in a 40 meters-stretch downstream of Fazzari Reservoir (21º58’28”S/47º53’13”W),
which is located approximately 500 m from the springs, at 845 m a.s.l. (Figure 1).
The reservoir was constructed in 1978 with the purpose of supplying water for the
university’s garden close to it (ALBUQUERQUE 1990) but now it is only intended for research
activities. The water constantly flows through the dam discharging in an artificial channel,
nevertheless the environmental conditions favors the development of a diverse aquatic insects’
community. The downstream of the reservoir is shallow and narrow (about 3 cm depth in the
middle of the channel and 3 m width).

Figure 1. Localization of the study area: Fazzari Stream, Sao Carlos, Sao Paulo, Brazil; and
the downstream of Fazari Reservoir where the emergence traps were installed.
Sampling methods
The study was conduct from November 4th to 17th 2015, in later spring. The emergence
of insects was estimated through emergence traps (SHIMABUKURO et al. 2015). Thirty traps
were installed in the edges of the stream. Every 48 hours, at 2 p.m., five traps were randomly
withdrawn, totalizing six days of observations. All emergent insects from each trap were
identified in family level and counted, though the dominant species of each family was also
determined.
Temperature, dissolved oxygen and pH of the water were measured with a kit of
chemical analysis (AlfaKit®) in each sampling day. In addition, air temperature (minimum and
maximum) and rainfall were obtained from INMET meteorological station located
approximately
1
km
from
the
study
area
(http://www.inmet.gov.br/portal/index.php?r=estacoes/estacoesautomaticas). These weather
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conditions were taken regarding data from 24 hours before each sampling time. We also
accessed data of lunar illumination during the days of study.
Data analysis
In order to verify significant variations in the emergence rate along the study period we
applied an ANOVA, with Tukey test a posteriori. We also tested if these variations have been
induced by environmental factors using a Pearson correlation.
RESULTS
The most abundant taxon in this study was Chironomidae (Diptera), making up 51% of
all emergent insects; followed by Baetidae (Ephemeroptera) - 24%; Simuliidae (Diptera) 22%. Among those cited families, the dominant species were Americabaetis longentron,
Simulium subpalidum, Smicridea dentifera and the genus Corynoneura.
Abiotic variables changed considerably during the experiment (Figure 2).

Figure 2. Variation of environmental factors during the study. A. Aquatic variables; B. Nonaquatic variables.
All families showed peaks of emergence with one or two days duration, and relatively
a constant number of emergent individuals during the other days. Among them only
Chironomidae have significantly changed the emergence rate during the study (Figure 3).
The variation in emergence of some families has been correlated with the measured
environmental factors (Table 1). Temperature was important for Baetidae and Chironomidae,
which showed a positive correlation with this variable. The latter also showed a negative
correlation with lunar illumination. Simuliidae was the only taxon to positively correlate with
rainfall.
DISCUSSION
Unlike temperate regions where ecological trends regarding aquatic insects are better
elucidate, especially concerning temporal patterns of emergence, limited data are available
136

II International Symposium of Ecology

“Ecology in the Anthropocene”
16-19 August 2016 - São Carlos - SP

from the tropical regions. For most of aquatic insects from streams situated in northern
hemisphere, emergence process is controlled by synchronous environmental changes, both diel
and seasonal (CORBET 1964). In this study we demonstrated that emergence fluctuations may
occur even in a short time interval in a tropical stream.

Figure 3. Daily emergence of dominant taxa during the study. Significant variation in
emergence (p<0.05).
Table 1. Correlation values between emergent aquatic insects and environmental factors.
Significant correlations (p<0.05). W_temp: water temperature; DO: dissolved oxygen;
Air_temp: Maximum air temperature.
W_Temp
DO
pH
Rainfall
Air_temp
Lunar
Baetidae
0.13
-0.12
0.32
-0.33
0.37
0.40
p=0.5
p=0.52
p=0.08
p=0.07
p=0.05
p=0.02
Trichoptera
0.27
0.01
-0.15
-0.05
0,.19
-0.17
p=0.15
p=0.98
p=0.42
p=0.79
p=0.32
p=0.37
Chironomidae
0.23
0.17
-0.24
-0.17
0.44
-0.38
p=0.22
p=0.38
p=0.2
p=0.36
p=0.02
p=0.04
Simuliidae
0.24
-0.01
0.00
0.19
-0.05
0.45
p=0.19
p=0.96
p=0.98
p=0.3
p=0.80
p=0.01
Total
0.10
-0.15
0.31
-0.3
0.39
0.46
p=0.58
p=0.42
p=0.10
p=0.11
p=0.03
p=0.01
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Tropical species of aquatic insects seems to have a non-seasonal multivoltine cycle
(BRITAIN 1982), so the emergence tends to be a continuous process as we could observe in
our study. At least in family level a daily emergence of individuals was verified. But, instead
of presenting a constant rate, the emergence of each taxon was marked by one peak of short
duration. According to our results, this fast increase in emergence rate is a reflection of
environmental factors’ influence. Thus, fluctuations of measured variables during the 13-days
study were enough to cause variations on the number of emergent individuals. Each taxon was
affected differently by the environmental factors, but temperature has an important control over
both most abundant families in this study, Chironomidae and Baetidae.
It has been shown that temperature is the most relevant constraining factor of the
emergence of both taxa in temperate streams (BRITAIN 1982; ARMITAGE 1995), although
there is a discussion concerning the influence of this variable in emergence of aquatic insects
from tropical streams. Since temperature variations in low latitudes are less remarkable, it is
expected that variables other than temperature controls emergence dynamics (SIQUEIRA et al.
2008; IVKOVIC et al. 2013).
Lunar cycle influenced chironomids emergence, as a high number has emerged when
luminosity was the lowest, and proportionally decreased in other phases, this is probably
associated to the mechanism of predation avoidance. This relation was also highlighted by
Armitage (1995), who found that many chironomid species pupate just before the new moon.
Simuliidae was controlled by rainfall, and it may be directly related with water flow, which has
a determinant effect over blackflies larvae development. Zhang & Malmqvist (1997) have
demonstrated that rapid water current favors the development of Simuliidae, since they are able
to filter a larger amount of food. Although we have not measured water flow in our study, it is
plausible that this variable is directly related to rainfall, and that Fazari stream is highly affected
by changing in water flow due to its limited morphometric proportions.
Although we have found a variation in aquatic insects’ emergence during this study,
and also associations between this and abiotic variables, we should consider that other nonmeasured factors may be influencing this phenomenon. In addition, working over family-level
identification may mask specific ecological requirements in more precise taxonomic level, so
further investigations are still needed.
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SUMMARY
Ecotourism encourages practices such as hiking, walking to the natural environment, nature
trails, among many others, causing the man to approach nature. Moreover, it presents economic
importance, able to promote environmental conservation initiatives and preservation of natural
and cultural heritage, and represents an important form of environmental education, perhaps
the most effective. This study was to evaluate, through structured questionnaires, the influence
of tree species Prunus campanulata (Okinawa’s-cherry) for tourism in the municipality of
Gonçalves - MG. In total 32 people responded to the questionnaire, most residents of the city,
between 41 and 50 years, with the full graduation. Most know the specie studied, but is in favor
of removing it if harm the environment and tourism. Moreover, most believed to be exuberant
when flowering, but the cherry-of-Okinawa was not considered a tourist attraction for
Gonçalves, being the native landscape, such as Araucaria, the main reason for tourists to visit
the city.
INTRODUCTION
Within the tourism concept, we can find a segment connected to nature, ecotourism.
This segment encourages practices such as hiking, walking to the natural environment, nature
trails, among many others, causing the man to approach nature. According to the International
Ecotourism Society (TIES - The International Ecotourism Society), they are: "responsible
travel to natural areas that conserve the environment and sustain the well-being of local
communities."
According Ruschmann (2002), Brazil is an ideal destination for this new tourist
segment, it is one of most countries for the ecotourism practices. Brazil is one of the best known
places in the world, which has more attractive for all ecotourism profiles. There are caves,
deserts, rivers, lakes, rapids, waterfalls, forests, mountains, canyons, swamps, coastal, island
paradises, plateaus, plains. It also has different cultural attractions such as folk, ethnic, musical.
In addition to its enormous richness in terms of biodiversity, its unspoiled forests and large
number of fauna and flora (RUSCHMANN 2002).
Ecological tourism is from 5 to 8% of the tourism business, according to WTTC data
(World Travel & Tourism Council), the agency that organized tourism statistics worldwide.
Ecotourism has economic importance, able to promote environmental conservation initiatives
and preservation of natural and cultural heritage, and represents an important form of
environmental education, perhaps the most effective.
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The city of Gonçalves, located in southern Minas Gerais’s state, is well known place
because of its natural beauty and the pleasant subtropical mountain climate. Its economy is
based on tourism and agriculture. Since the year 2000, the significant tourism growth,
consolidated the city as a reference among the tourist destinations in the region,
(PREFEITURA MUNICIPAL DE GONÇALVES 2016).
Although the natural scenic view of this city, six years ago the P. campanulata
(Okinawa’s cherry, a Japanese species), was introduced in a private property. this plant has a
lush and blooming beauty remarkable, which stimulated its introduction in other properties and
recently natural population were found within the forests. The aim of this study was to evaluate,
through structured questionnaires, environmental perception of local residentes and tourists on the
invasion of the tree species Prunus campanulata Maxim. (Rosaceae) in the municipality of
Gonçalves.
METHODS
The study was conducted in Gonçalves municipality, located at latitude 22º 39 '32 "S
and longitude 45 ° 51' 21" W, south of the state of Minas Gerais, Brazil. It has an area of 189,
7 m², with approximately 4391 inhabitants. The altitude of the area is between 960 m and 2100
m, summer temperatures range 18-32 ͦ C and in winter can reach -7 ͦ C (IBGE 2016). The
vegetation of the area belongs to the Atlantic Forest Domain however large areas are covered
by Araucaria angustifolia (Bertol.) Kuntze.
This study was based on structured interviews. This is an effective method, it has the
function to collaborate so that you can notice the view of locals and tourists (SILVEIRA 2005).
The questionnaire presented 17 questions about the region and tourism in the city and about
the P. campanulata. Data were compiled in Excel spreadsheet and tabulated as a percentage,
providing graphics for interpreting the answers.
RESULTS AND DISCUSSION
In total, 32 people were interviewed, most residents of the city of Gonçalves (84.4%),
between 41 and 50 years (24.2%) and an undergraduate degree (40.6%) (Figure 1). Most of
them knew the species (93.8%), but not had planted at home (83.9%).
However, most people think that P. campanulata is very beautiful and charming when
flowering (66.7%) but they consider it (90%) harmful to the environment and tourism (Figure
2). For people interviewed other municipal elements attract tourists, such as the A. angustifolia
waterfalls and the local landscaping. So this exotic species was not considered as a tourist
attraction (Figure 3).
Responses to the questionnaire indicated the importance of maintaining the native
landscape, since it is the main tourist attraction and also creates an alert about P. campanulata,
although is out of their range natural it apparently can threaten ecosystems, habitats or species,
due to its competitive advantages.
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Figure 1. Age and schooling of the 32 interviewed people (in %).
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Figure 2. People in favor or against the removal of P. campanulata (in %) and their justification.
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Figure 3. Main touristic attraction of Gonçalves – MG and whether or not the inhabitants of Gonçalves
think the Okinawa cherry tree is an attaction to tourists.

CONCLUDING REMARKS
Studies on environmental awareness when have a clear objective are important for prediagnose to successful mitigate problems (FERNANDES 2004). Thus, our study revealed that
despite P. campanulata is a charming tree species, it is not attractive for local residents neither
for tourists and that natural species such as A. angustifolia and the forested mountains are the
main attraction in this region.
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SUMMARY
Human activities have been changed biological systems and a multifaceted approach could be
useful to identify the effects of anthropogenic impacts in communities. Thus, the aim of this
study was to evaluate taxonomic and functional stream fish responses to local and landscape
variables. We selected 52 streams from Alto Paraná river basin, to obtain a local and landscape
variables data set together with taxonomic and functional indexes from fish assemblages. We
run a model selection to determine the best set of variables that explain the biological
descriptors. More abundant and richer communities were found in stream with higher
conductivity, lower pH and velocity. However, functional diversity was higher in headwater
streams. Our results highlighted that biotic communities can respond to impacts even in
systems with an intense environmental alteration and taxonomic and functional approaches can
show different patterns.
INTRODUCTION
Taxonomic and functional approaches are the most used in ecology studies, since they
can help us to understand patterns and processes occurring in communities (PAVOINE &
BONSALL 2011). Taxonomic approach is one of the oldest ways to study communities.
Normally, taxonomic approach has many indices to estimate species richness and how
abundance and biomass are allocated in the different species within a community
(MAGURRAN 2011). On the other hand, functional approach quantifies the degree of
functional differences between species based on how they use the resources (BARRAGÁN et
al. 2011). Furthermore, functional approach can help us to understand how species attributes
can influence ecosystem functioning (TILMAN 2001). Thus, a multifaceted approach could be
useful to identify the effects of many impacts communities are facing.
The streams from São Paulo State show a long historic of suppression and alteration of
riparian forests (SILVA et al. 2007). Several studies have demonstrated the importance of
riparian forests to maintenance of biological integrity (SWEENEY et al. 2014), due to their
directly and positive relationship with instream habitat complexity (CASATTI et al. 2006),
besides provide allochthones food resources responsible for support fish species (DEKAR et
al. 2012). In this context, identify fish responses to different environmental variables are crucial
to conservation. Thus, our aim of this study was to evaluate the taxonomic and functional fish
response to local and landscape variables.
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MATERIAL AND METHODS
The study was developed in the Alto Paraná river basin that drains most of the São
Paulo State. The drainage area is nearly 900,000 km 2 and includes important tributaries, such
as Grande and Paranapanema and other sub basins (CASTRO et al. 2003). The native
vegetation was replaced by agroecosystems, mainly livestock grazing and agriculture crops
(SILVA et al. 2007). We selected 52 streams that were studied by Castro et al. (2003; 2004;
2005). From these studies we compiled matrices with local variables and fish data. Moreover,
we used streams georeferenced coordinates to quantify the percentage of native forests in two
different scales: (a) Radius (60, 100 and 500m) and (b) Reach (60, 100 and 500m). We used
ArcGIS 9.3 (ESRI, 2012) and LANDSAT-5 TM images (30 x 30m) to obtain these six
landscape variables. Thus, we produced a data set with six landscape and xxxx local variables
that represented the explanatory variables. After that, we run a Spearman correlation with all
the explanatory variables in the software R (R DEVELOPMENT CORE TEAM 2011) to retain
only variables with low dependency among them. To represent response variables, we
quantified species richness, diversity (Shannon-Wiener) and equability (Pielou) in the Past
software (HAMMER et al. 2001). We took linear measures and areas of fish body, fins, head
and mouth to obtain seven functional traits that were related with body shape, habitat and
resource use. Based on these traits, we quantify seven functional indexes (FRic, FEve, FDiv,
NRI, NTI, RAO and FR) in software R. After that, we did a model selection in the software
Spatial Analysis in Macroecology (SAM; RANGEL et al. 2006). We retained only the models
that best explained taxonomic and functional variation and environmental variables (local and
landscape) (∆AICc <2).
RESULTS
Based on the correlation among variables, we retained two landscape (Radius 60 and
Radius 500) and six local variables to be used in the model selection. Only abundance, richness,
FEve and FDiv showed relationships with environmental variables. From these models (∆AICc
<2 and importance > 0.5), abundance was negatively correlated to pH and positively correlated
to conductivity. Despite a weak relationship, richness was positively correlated to width and
negatively correlated to pH and water velocity. Moreover, functional evenness (FEve) was
negatively correlated to width and positively correlated to pH and velocity. Finally, functional
divergence (FDiv) was negatively correlated to width (Table 1).
DISCUSSION
Several studies have demonstrated a positive association between the presence of
forests and taxonomic and functional integrity (TERESA & CASATTI 2012; CRUZ et al.
2013). Thus, we expected that landscape variables and biological descriptors would show a
positive relationship. However, most of descriptors were not related with the presence of
forests. We believed that the method used to obtain the landscape data (images with 30 x 30m
of resolution) influenced the sensitivity of the analysis, since most of riparian forests are
smaller than 10m width and, therefore, were not accounted as a forest patch by the image
software. Because this is an ongoing research, we will obtain new landscape variables through
higher resolution images to improve the data resolution.
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Table 1. Response variables and the importance of each explanatory variable, using Akaike
weights. Most important values are in bold.
variable

Abundance

Richness

FEve

FDiv

R² Adj = 0.356

R² Adj = 0.125

R² Adj = 0.171

R² Adj = 0.124

Importance

Std
Coeff

Importance

Std
Coeff

Importance

Std
Coeff

Importance

Std
Coeff

Radius_60

0.226

0.030

0.230

-0.039

0.234

0.037

0.298

0.123

Radius_500

0.370

0.137

0.250

0.078

0.426

-0.184

0.358

-0.159

Width

0.487

0.170

0.631

0.245

0.580

-0.226

0.920

-0.356

Depth

0.215

-0.014

0.334

0.143

0.290

0.113

0.293

-0.113

Velocity

0.231

-0.050

0.584

-0.234

0.858

0.323

0.432

-0.184

pH

0.992

-0.412

0.636

-0.255

0.709

0.271

0.223

-0.005

Conductivity

0.982

0.382

0.397

0.176

0.245

-0.071

0.240

0.061

Temperature

0.230

0.049

0.236

-0.035

0.261

-0.085

0.390

0.172

The association between biological descriptors and local variables could be an indirect
effect of riparian forests removal. São Paulo State has less than 14% of the original forest cover
(NALON et al. 2008), and the percentage is even smaller in the riparian zones (SILVA et al.
2007). Riparian forest removal combined with intensive soil management and monoculture can
increase superficial runoff of sediments and pesticides to aquatic environments (REBOUÇAS
et al. 2006), besides shifting oligotrophic to eutrophic streams by increasing primary
production (POUILLY et al. 2003). According to our results, higher abundance was recorded
in streams with low pH and high conductivity, which can indicate great primary production.
Productivity has been considered as one the best predictors for species richness and abundance
since it can provide more food resources for basal components of food webs (TEDESCO et al.
2007) and, therefore, it is presumable to have a bottom-up effect. Higher species richness was
associated to slower and wider reaches, with low pH. This condition refers to downstream sites
which are less dependent on allochthonous energy due to higher autotrophic production
(according to the River Continuum Concept of VANNOTE et al. 1980) and, consequently,
providing more resources and niche opportunities to more species.
According to Mason et al. (2005), functional evenness (FEve) is a measure of how species
abundance are distributed in the functional space, wherein higher FEve indicates that most of the
available niche is been occupied in a community. In our case, higher FEve was found in narrow
and fast streams with higher pH, characteristics that can represent headwater reaches. We believe
that headwater streams can favor equitable traits distribution by offering diversified niches.
This hypothesis can be strengthened by the higher functional divergence (FDiv) in headwater
streams (narrow), which indicates that functionally distinct species have higher abundance.
Again, diversified niches can increase the degree of niche differentiation and have more
functional uniqueness (MASON et al. 2005).

It is important to highlight the relationship between taxonomic and functional
approaches. For example, more abundant and richer communities were found in reaches with
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higher conductivity, lower pH and velocity. Combined, these conditions are more associated
to downstream segments and where runs and pools are the dominant mesohabitats. However,
functional diversity (represented by FEve and FDiv) were higher in headwaters that normally
are represented by a more diversified mosaic of mesohabitats. It is noteworthy that biotic
communities can respond to the impacts even in systems with long and intense environmental
alteration and taxonomic and functional approaches can show different patterns. This
reinforces the importance of studies in these systems to identify and understand ecological
patterns and processes, which hereafter will drive management practices.
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SUMMARY
The interval between habitat disturbance due to loss and fragmentation, and extinction events
can be extended for some species, causing extinction debts. These extinction events may be
concentrated on some lineages, or may occur throughout the phylogeny. We evaluated the
occurrence of extinction debts of tree species in a fragmented landscape of the Atlantic Forest,
and effects of fragmentation on the phylogenetic diversity of tree species in this landscape.
Richness of late secondary species was best described by the area and isolation in the past, also
inversely proportional to the fragmentation time, i.e., there is an extinction debt of late
secondary trees. Reduction in fragment area resulted in an increase in the phylogenetic distance
between species, caused by increased competition or local extinction of phenotypically similar,
but not closely related species. Therefore, species extinction occurred throughout lineages, not
through the loss of entire phylogenetic lineages.
INTRODUCTION
The process of forest loss and fragmentation has been a major cause of the reduction in
population size and extinction of tree species in the Atlantic Forest (BALMFORD et al. 2005).
However, the interval between the habitat loss, disturbance, and the extinction event can be
long for some species, potentially generating extinction debts in current landscapes (TILMAN
et al. 1994). If such debts exist, maintenance of the current forest cover is not sufficient to
prevent future extinctions. One approach to evaluate extinction debts is to determine if current
species richness and composition responds to current or past landscaped configuration (e.g.
LINDBORG & ERIKSON 2004). Moreover, incorporating phylogenetic information into
classical approaches to diversity may indicate if extinction is concentrated in some lineages or
occurs throughout the phylogeny (WEBB et al. 2002, CIANCIARUSO et al. 2009).
Phylogentic diversity has become an important tool in selecting priority fragments for
conservation, and the consideration of the phylogeny of species in landscape analysis can help
understand the variables related to long-term maintenance of phylogenetic diversity in
fragmented landscapes (FAITH 1992, FAITH et al. 2010).
Our objectives in this study were to evaluate (1) if there is an extinction debt of tree
species in a fragmented landscape of the Atlantic Forest, and (2) effects of fragmentation on
the phylogenetic diversity of tree species in this landscape.
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MATERIAL AND METHODS
The study area was the Guapi-Macacu river catchment, Rio de Janeiro state, Brazil.
Structure and floristic composition of tree species was measured in 19 forest fragments using
permanent plots, and species were classified according to their successional stage. Extinction
debt was evaluated over a 46-year interval, based on aerial photographs taken in 1969 and
satellite images from 2015. Fragment size and isolation (distance to the nearest fragment) were
measured in 1969 and in 2015 for the 19 forest fragments sampled, which were also classifyed
as (1) having increased in size during this period, (2) reduced, or (3) became fragmented.
Phylogenetic diversity indices Mean Pairwise Distance (MPD) and Mean Nearest Taxon
Distance (MNTD) (WEBB et al. 2002) were calculated for the 19 forest fragments.
Generalized Linear Models were created to evaluate the influence of spatial and
temporal variables on the richness, composition, and phylogentic diversity of late secondary
species, ordered and selected by Akaike Information Criterion (BURNHAM & ANDERSON
2002).
RESULTS AND DISCUSSION
The richness of late secondary species was best described by the historical area and
isolation (1969), also inversely proportional to the fragmentation time. This indicates that only
the maintenance of the current forest cover is not sufficient to prevent future extinctions, i.e.,
there is presence of extinction debt. Previous studies in the Atlantic Forest suggest similar
extinction debts (METZGER et al. 2009, LIRA et al. 2012). Extinction debt was more strongly
associated with the degree of isolation of forest fragments, which refers to importance of
reestablishment of its connectivity to avoid further species loss.
There was a negative relationship between area and MNTD, demonstrating that the
reduction in the remaining area resulted in an increase in average phylogenetic diversity among
related species. Therefore, species loss occurs throughout lineages, but not through loss of
entire lineages, indicating that small fragments are also important for regional conservation
history of the evolutionary tree.
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SUMMARY
A total of 417 woody species was recorded in 18 forest fragments (259 species - 62,1%) and
three Strict Nature Reserves (307 species - 73,6%), with over a quarter of the species (110
species - 26,3%) occurring exclusively within private lands. Turnover was the main component
(97,8%) of overall dissimilarity among sites (β-diversity), which was consistent to the fact that
over 60% of the species were registered in only one or two sites. Our results reinforce that
conservation efforts in ecotonal regions with high species turnover must consider the effective
protection of both protected areas and forest fragments in private lands, in order to successfully
capture the biodiversity variation along spatial or environmental gradients.
INTRODUCTION
The main purpose of this study is to evaluate forest fragments’ biodiversity within
human modified landscapes, as an attempt to better understand the role they play on the
conservation of regional flora. Tropical regions that have experienced intense deforestation and
conversion into agricultural use are composed by highly fragmented landscapes, with drastic
deleterious effects on biodiversity and related ecosystem services (GARDNER et al. 2009,
HADDAD et al. 2015). In these harsh scenarios, we believe that it is vital to evaluate and
embrace the value of the biodiversity occurring in secondary forests (CHAZDON et al. 2009B),
where their role remain poorly studied and understood (TABARELLI et al. 2010).
Despite the fact that remaining vegetation may occur as small and isolated fragments
(RIBEIRO et al. 2009), they comprise a valuable and irreplaceable component within
landscapes where forest cover has nearly vanished. Under these circumstances, fragments act
as biological refuges that shelter persisting fauna and flora species essential to recolonize
surrounding areas, notably those under ecological restoration process (TURNER & CORLETT
1996; PEÑA-DOMENE et al. 2014).
There is a particular lack of studies focusing on private forest remnants, promoting a
significant bias on biodiversity and ecological surveys, which usually target intact biological
reserves and protected areas (CHAZDON et al. 2009A). Studies on forest remnants beyond the
borders of protected areas are crucial to support a shift on the conventional conservation
approach that prevails since the early 70’s, when the creation of protected areas became
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gradually a dominant strategy (RODRIGUES et al. 2004; JENKINS & JOPPA 2009). Although
being a legitimate and valid strategy, the current worldwide net of protected areas are mostly
inadequate to guarantee the conservation of tropical forest biodiversity (PUTZ et al. 2001).
Therefore, private forest remnants are key elements to sustain and complement the role of
protected areas, fostering biological fluxes among communities and the maintenance of
essential ecological processes that are vital to support biodiversity under modified and
changing landscapes (HOWE 2014).
In this sense, it is crucial to evaluate the regional diversity maintenance in local and
regional spatial scales (α and γ), considering the compositional variations amongst assemblages
(β). These spatial dissimilarities in species composition are represented by two patterns:
nestedness, reflecting the differences between sites when they are nested subsets of one another
and turnover, reflecting the species replacement between sites (SOCOLAR et al. 2016).
Measures of local species assemblages (α) and the variation among them (β) can be hard to
translate but might give us relevant information on the mechanisms of regional diversity
maintenance (SOCOLAR et al. 2016) providing insights for conservation strategies within
human modified landscapes.
Considering the above mentioned, the objective of our study is to evaluate woody
diversity of forest fragments located in private agricultural lands and compare sampled
diversity to available species lists of regional Strict Nature Reserves (hereafter SNR) in order
to comprehend their contribution to biodiversity conservation.
MATERIAL AND METHODS
Study region and vegetation sampling
We conducted the study in a Cerrado-Atlantic Forest ecotone, north of São Paulo State,
southeastern Brazil, municipalities of Batatais, São José da Bela Vista and Restinga. This
region has a degradation history that started in the 19th century, with several agricultural cycles
that resulted in the current 10% vegetation cover, restricted to small fragments of secondary
forests in different stages of succession (RIBEIRO et al. 2009).
The region harbors different vegetation formations, mainly semideciduous forests,
wooded savanna (Cerrado sensu latu), semideciduous-wooded savanna transition areas and
riparian forests. The matrix is composed by sugarcane plantations and forestry (Eucalyptus spp.
and Pinus spp.), with a few fruit crops (Citrus spp.), cattle pastures and urban areas.
We selected 18 forest fragments in the region, with sizes ranging from 1 ha to 100 ha,
that represent the vast majority of current remnants (RIBEIRO et al. 2009). Within each
fragment we located 10 4 x 25 m plots (0.1 ha), oriented in north-south direction, and at least
20 m distant from each other (RODRIGUES et al. 2009). We excluded a 10-m-wide edge. We
recorded all trees, palms and shrubs with circumference at breast height (CBH) ≥ 10 cm.
Species not identified in the field were collected for subsequent identification (APG III
2009) and all samples were deposited at Herbarium ESA (University of São Paulo). To
compare the occurrence of species within SNR and private secondary forests, we compiled
available species lists from the WWF database (available at: http://observatorio.wwf.org.br).
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Three SNR occur in a 100 km buffer around the study region, considering the center point of
Batatais city: Ribeirão Preto Ecological Station (Ribeirão Preto,SP), Vassununga State Park
(Santa Rita do Passa Quatro, SP) and Porto Ferreira State Park (Porto Ferreira, SP). We
corrected species names through the Plantminer web tool (www.plantminer.com)
(CARVALHO et al. 2010), linked to the Brazilian Flora 2020 (available on
http://reflora.jbrj.gov.br/). Retrieved information included threat status according to the IUCN
Red List.
Data analysis
Considering only occurrence data of plants identified at the species level we calculated
species richness for each site (i.e. secondary forests and SNR), evaluating their exclusive
occurrence within SNR or private forest fragments. To evaluate the sampling adequacy for
forest fragments we constructed a sample-based rarefaction for all fragments combined
(species accumulation curve). We used the nonparametric species estimator Chao 1 to estimate
true species diversity from the data (CHAO 1984) and verify the percentage of the true diversity
that we have sampled. These analyses were performed on PAST 3.12 (HAMMER et al. 2001).
We used Whittaker plots of relative species abundance distributions to explore
abundance variation among fragments and to elucidate tree community dominance patterns
(WHITTAKER 1967). We built these curves only for the eight most abundant species.
To evaluate the dissimilarity in communities composition (β diversity) we calculated
the multi-site Sorensen dissimilarity index (βSOR) and the turnover Simpson index (βSIM),
while the nestedness (βSNE) component of β diversity resulted from the difference of βSOR
- βSIM (BASELGA 2010). We calculated these indices for the forest fragments on private
lands, for SNR and for all the sites together (i.e. forest fragments+SNR). The results were also
expressed as percentages. We performed these analyses on R program – version 3.3.0 (R CORE
TEAM 2016), packages betapart (BASELGA & ORME 2012) and vegan (OKSANEN et al.
2011).
RESULTS AND DISCUSSION
A total of 417 woody species were recorded in 21 sites located within SNR (n=3) and
private forest fragments (n=18) (Table 1), with over a quarter of them (26,4%) occurring
exclusively on private lands. Regarding their frequency, over 60% of the species are present in
only one or two sites while only 5% occur in more than 10 sites. A total of nine species (2%)
are listed under some threat category by the IUCN Red List (Table 1).
The species accumulation curve for 18 forest fragments did not reach an asymptote
(data not shown). The richness ranged from 41 to 66 species in private lands fragments,
whereas the abundance ranged from 134 to 463 individuals (Table 2). These variations can be
explained by different disturbance histories and the variety of sampled vegetation types in this
ecotonal region (e.g. swamp forest as in F5), which result into distinct levels of species richness
and abundance. For SNR, biological information and sampling bias is also a determinant factor,
as we notice for the Vassununga State Park, with low richness values that are most likely
underestimated by available WWF list of species (Table 2). According to Chao 1 estimator
values, we have sampled from 41 to 87% of true diversities in private forest fragments (Table
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2). Furthermore, the high number of singletons (i.e. species represented by only one individual)
(58 species) suggests that there are potentially more species to be sampled in the fragments.
The abundance of woody species was unevenly distributed among the 18 forest
fragments, with few dominant species, many species with intermediate abundance and over
40% of species occurred with less than five individuals. The dominant species in each fragment
alternated among the ten most dominant species in the study region (Figure 1).
As expected, multiple-site dissimilarity index showed that the turnover component was
much higher in all three calculations, representing at least 70% of total dissimilarity amongst
sites (βSOR) (Figure 2). Considering the values obtained for SNR, we have noticed that βNES
has a greater contribution to total βSOR. That might be explained by the fact that we gathered
information for only three SRN and that two of them presented high local richness (α) (Table
2), enhancing the chances of nested species composition among them.
Table 1. Amount of sampled sites, botanical families and woody species occurring exclusively
in Strict Natural Reserves (SNR), on private lands fragments or both (shared). Threatened
species classified as near threatened (NT), vulnerable (VU) and endangered (E) according to
the IUCN Red List.
Sites (n) Families
Species (%)
Threatened species
SNR

3

6

158 (37,9)

NT(1), VU(2), EN(1)

Forest Fragments

18

6

110 (26,4)

NT(1), VU(1)

Shared

-

55

149 (35,7)

NT(2), VU(1)

Total

21

67

417 (100)

NT(4), VU(4), EN(1)

On the other hand, the turnover component of β diversity among forest fragments is
extremely high (97,7%), indicating that they are very dissimilar in species composition, and,
therefore, harbor unique plant communities. Similar results were found by Arroyo-Roduíguez
et al. (2013), Solar et al. (2015) and Machado et al. (2016), which reinforce the urgent need to
consider and maintain a distributed network of biodiversity refuges, including remaining areas
of undisturbed primary forest, but also disturbed and regenerating forests, to conserve biota.
The processes that maintain biodiversity on highly degraded forest remnants are
complex and poorly known (GARDNER et al., 2009), but evaluation of how diversity is
distributed in such modified landscapes is valuable to underpin conservation policies and
strategies. All results presented in this study corroborate the relative importance that forest
fragments play on a regional conservation scale, showing that their collective value surpass
their individual contribution. Our findings revealed that a great portion of woody regional plant
diversity - at least 60% - was recorded in 18 forest fragments embedded in an intensive
agricultural landscape. If we consider the higher estimated richness values (Chao 1), we could
expect that even more species might be occurring exclusively within private lands, emphasizing
the absolute need for conservation policies that guarantee biodiversity conservation beyond the
borders of officially protected areas.
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Table 2. Richness (S) for each forest fragment (F1 to F18) and Strict Natural Reserves (RP)
Ribeirão Preto Ecological Station, (PF) Porto Ferreira State Park and (VA) Vassununga State
Park. Number of individuals sampled (N), estimated richness (Chao 1) and percentage of
sampled richness for each forest fragment.
Sampled
Sampled
Sites
S
N
Chao 1 richness
Sites S
N
Chao 1 richness
(%)
(%)
F1

44

209

61

72.13

F12

50

212

64.25

77.82

F2

57

258

87.67

65.02

F13

63

181

96.46

65.31

F3

45

226

51.6

87.21

F14

43

134

64.08

67.10

F4

56

226

84.88

65.98

F15

66

203

106.6

61.91

F5

24

463

27.33

87.82

F16

64

221

105.3

60.78

F6

56

246

81.67

68.57

F17

39

220

61.67

63.24

F7

54

205

80.25

67.29

F18

41

167

58.1

70.57

F8

42

177

72

58.33

RP

195

-

-

-

F9

48

261

82.2

58.39

PF

199

-

-

-

F10

56

171

133.5

41.95

VA

27

-

-

-

F11

61

147

90

67.78

Figure 1. Rank-abundance distribution of woody species in 18 forest fragments located in
private lands in a Cerrado-Atlantic Forest ecotone, southeastern Brazil. The numbers represent
the eigth most abundant species: 1—Tapirira guianensis, 2—Calophyllum brasiliense, 3—
Guarea guidonia, 4—Platypodium elegans, 5—Cordiera myrciifolia, 6—Siparuna guianensis,
7— Protium heptaphyllum and 8—Piper arboreum.
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Despite the fact that remaining forest fragments represent a great variety of successional
pathways and that they most likely are in an arrested or retrogressive succession condition
(ARROYO-RODRIGUEZ et al. 2015, GHAZOUL et al. 2015), several studies suggest their
remarkable and surprising resilience against human impacts, translated by the maintenance of
species in secondary forests (ARROYO-RODRIGUEZ et al. 2008, CHAZDON et al. 2009B,
DENT & WRIGHT 2009, NORDEN et al. 2009). Heterogeneity in ecotonal regions is expected
to be notable (MACHADO et al. 2016) and this scenario might be pronounced due to the
varying conditions among small and disturbed patches. In our study this pattern is clear, as we
found an impressive turnover contribution to overall β diversity, suggesting that the landscape
is not dominated by a few species. On the contrary, the Cerrado-Atlantic Forest ecotone species
increases its particularity and value for conservation.

Figure 2. Beta diversity (β) values related to turnover (β.SIM), nestedness (β.SNE) and general
dissimilarity (β.SOR) for woody community of forest fragments (Frags), Strict Natural
Reserves (SNR) and both (Total) in a Cerrado-Atlantic Forest ecotone in southeastern Brazil.
Thus, in agricultural landscapes it is indispensable to propose a conservation plan that
incorporates the complementary roles of protected areas (e.g. SNR) and remaining fragments
located in private lands, preserving a variety of biologically and functionally distinct
components of ecosystems. Another critical issue to be addressed is the ecological restoration
of degraded ecosystems, as an attempt to reestablish connectivity (i.e. forest cover) in order to
promote and maintain biological processes in these landscapes. Based on our findings, we
reinforce that small forest remnants located in private lands should not be underestimated and
neglected, especially in disturbed landscapes where Natural Reserves are absent or distant.
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SUMMARY
The human occupation in different habitats has contributed to the loss and fragmentation of
natural habitats. These factors together with the low reproductive rate, long period of parental
care and high request of home range have caused reduction of the density of population and
giant anteaters’ distribution area. Considering the classification of the species as vulnerable to
extinction in Brazil, is important to understand how the species occupy fragmented areas. The
goal was to determine which variables influence the occupancy rate of giant anteater in a
fragmented landscape. In this study, using camera trap data, we apply a detection/non-detection
sampling technique with environmental variables to estimate giant anteater occupancy from
five patches in Vassununga State Park. Despite of the fragmented landscape of the Park and of
the isolation and small size of the patches, the occupancy of the giant anteater has a small
positive relation with the distance from the site to the patch edge and with the distance from
the site to the nearest patch of native vegetation. These results show the importance of the
remaining native areas, even the smallest to the conservation of a species with large home range
and vulnerable to extinction.
Keywords: patches, edge, area, road
INTRODUCTION
São Paulo is the most populous State of Brazil. Currently, there is about 12% of the
original area of the Atlantic Forest and less than 1% of the “Cerrado” which are distributed
in fragments across the landscape (KRONKA et al. 2005).The reduction of the original cover
and isolation of patches of native vegetation can cause changes in vegetation structure, in
microclimate (CAMARGO & KAPOS 1995) and therefore modify the habitat and abundance
of invertebrates (DIDHAM 1997). Additionally, in areas where the edge effect is
predominant, it is generally observed a reduction in the richness or abundance of species
specialist or with larger home range (HARRINGTON et al. 2001).
The effects of fragmentation and habitat loss on the mammal community have been
variable. The response to fragmentation can be associated with the physical attributes of the
landscape and the specific characteristics of some species such as low density, high request
of home range, low reproductive potential and low or intermediate dispersion power that
make them more susceptible to fragmentation than other (CALAÇA 2009). Large-bodied
species are more sensitive to fragmentation impacts due to a greater home range requirement
(HENLE et al. 2004).
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The giant anteater is a food specialist, because it feeds only ants and termites and the
average size of your home range varies from 2.7 to 11.9 km 2 (CAMILO-ALVES 2003).
Assuming that the spatial distribution of the species is usually determined by the existence of
a suitable habitat, impacts such as reduction of availability of resources, the reduction of the
minimum area required for the perpetuation of a viable population and the limitation of the
flow of individuals between patches (PIRES et al. 2006) may be negatively influencing the
occupation of anteaters in fragmented and isolated areas in the state of São Paulo. Thus, the
goal was to verify which variables influence the occupancy rate of giant anteater in a
fragmented landscape in Vassununga State Park.
METHODS
The study was conducted in Vassununga State Park, located in the county of Santa Rita
do Passa Quatro, SP. The park is divided into six patches whose areas summed correspond to
2071.42 ha and its vegetation consist of “Cerrado” and Forest Semideciduous.
Data collection was conducted in five patches of different sizes (131.52 to 1212.92ha)
from November 2015 to April 2016, through sampling in blocks with digital camera traps
(Bushnell® HD). The total field effort comprised 1586 camera trap nights. The sampling in
blocks was made by installing a set of traps for each fragment by about two months. We set up
one camera per site and left them for two months. The cameras were active 24h a day, set with
an interval of 10 s between exposures and were adjusted to take three images per second. The
definition of sampling points (sites) was made by satellite image forming a grid. Throughout
the study area were distributed twenty-five camera traps at a distance of one kilometer from
each other and the number of traps used in each fragment varied according to the size of the
area.
To evaluate the giant anteater occupancy rate, variables were collected from patches of
native vegetation and the landscape level for each sampling point. The patch variable measured
is the total area of the patch where the camera was installed (in hectare), and using Google
Earth Pro, we calculated four landscape-level variables for each site: (1) Road: straight-line
distance to the nearest road from the camera-trapping site (in kilometres), (2) Water: straightline distance to the nearest waterbodies from the camera-trapping site (in kilometres), (3) Edge:
straight-line distance to the nearest edge of the patch where the camera was installed (in
kilometres), (4) Patch: straight-line distance to the edge of the nearest patch of native vegetation
(in kilometres).
The variables were related to the presence/absence of the species in each sample point
to determine which variables better explain the occupation of the site by the giant anteater.
Photographed anteaters were not individually identified, so consecutive photographs of the
giant anteater at the same camera trap those were detected less than 60 min apart were not
regarded as independent events. The total number of sampling days was divided into periods
of five consecutive days, with each period corresponding to one sample (occasion). Using
photographic records were produced matrices with the species historic of detection where "0"
means that the animal was not detected, and "1" that the animal was detected.
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A logistic regression analysis was performed to identify the variables that better explain
the occupation of the species in the sampled points. The analyzes were done using the Presence
program (HINES 2006) and the Akaike’s information criterion (AIC) was used to classify the
models incorporating the principle of parsimony and searching for models that better explain
the data (Mackenzie et al 2006). The best model is the one with the lowest AIC and the largest
AIC weight (wAIC). We considered more than one model as best if the delta AIC (∆AIC),
which compares the AIC values of a given model to the best model was 2 or more than 2.
RESULTS
The giant anteater was detected in eleven sampling points from twenty-five camera
traps installed thus presenting naive occupation probability of 0.44. The best model was
[psi(.),p(.)] and in the model [psi(edge + patch),p(.)] there is an indication of differing
occupancy probability (parameter psi) of the giant anteater among the sites. The occupancy has
a small positive relation with the distance from the site to the patch edge (β = 0.79; SE ± 0.66)
and with the distance from the site to the nearest patch of native vegetation (β = 1.04; SE ±
0.60) (Table 1).
The variables included in the models are: area: area of the patch where the camera was
installed; road: distance to the nearest road from the camera-trapping site; water: distance to
the nearest waterbodies from the camera-trapping site; edge: distance to the nearest edge of the
patch where the camera was installed; patch: distance to the edge of the nearest patch of native
vegetation. ∆AIC: the difference in AIC value relative to the best model; K: number of
parameters in the model.
DISCUSSION
The degree of human interference in the site of giant anteater occurrence may be an
important element in the choice of area to be occupied by individuals (RODRIGUES et al.
2008). The reduction of the original area and the isolation of patches of native vegetation can
cause changes in microclimate and modify the richness and composition of ants. Changes in
temperature may affect the body temperature of tamanduas due to their low metabolic rate.
The null model was ranked as the best model, this can be happened because variables like
temperature and prey availability that can be more related with the anteater occupancy was
not analyzed. The delta value AIC of the second model (AIC delta = 3.37) supports the
importance of variables in the anteater occupation. The small relation of the sites more distant
of the edge with the occupancy of the giant anteater may be related with the presence of a
healthy habitat in the interior of the patch, once that at the edge can be changes in vegetation
structure, a decrease in richness and increase of the abundance of certain species of ants
(VASCONCELOS 1998) reducing the abundance of species specialist or with larger home
range (HARRINGTON et al. 2001).
The effects of habitat loss and fragmentation on the mammal community have been
variable. In a study of the effects of habitat fragmentation on occupancy of xenarthrans was
not safely concluded that fragmentation status actually influences the occupancy of the giant
anteater (ZIMBRES et al. 2013). In coastal southern California, six species of mammalian
carnivores were sensitive to fragmentation, generally disappearing as habitat patches became
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smaller and more isolated; three species increased abundance in highly fragmented sites; and
two species had little to no effect of landscape variables on their distribution and abundance
(CROOKS 2002). The relation of the occupancy probability of the giant anteater with sites
more distant of the nearest patch of native vegetation indicates that the isolation of the small
patches inside the Park does not restrict the presence of the giant anteater in the patches. Thus,
despite the small sampling size, it is evident the importance of the existence of native areas in
maintaining species vulnerable to extinction and with large home range, such as the giant
anteater, although these areas are small and relatively isolated.
Table 1. Occupancy (psi) and detection (p) probability models to giant anteater in Vassununga
State Park.
Model

AIC

∆ AIC

AIC weight

K

psi(.),p(.)

21,04

0

0,1963

2

psi(patch),p(.)

22,62

1,58

0,0891

3

psi(area),p(.)

22,67

1,63

0,0869

3

psi(edge),p(.)

22,80

1,76

0,4148

3

psi(water),p(.)

23,01

1,97

0,3734

3

psi(road),p(.)

23,03

1,99

0,3697

3

psi(edge + patch),p(.)

24,41

3,37

0,1854

4

psi(area + patch),p(.)

24,56

3,52

0,172

4

psi(road + patch),p(.)

24,58

3,54

0,1703

4

psi(area + edge),p(.)

24,61

3,57

0,1678

4

psi(area + road),p(.)

24,62

3,58

0,167

4

psi(patch + water),p(.)

24,62

3,58

0,167

4

psi(area + water),p(.)

24,65

3,61

0,1645

4

psi(edge + water),p(.)

24,75

3,71

0,1565

4

psi(edge + road),p(.)

24,77

3,73

0,1549

4

psi(road + water),p(.)

24,99

3,95

0,1388

4

psi(area + edge + road + patch + water),p(.)

30,28

9,24

0,0019

7
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INTRODUCTION
Biological invasions are recognised as one of the most serious threats to biodiversity
and appear to be contributing to unprecedented rates of biodiversity change. Although research
on invasive species has dramatically increased in the last decades, we still lack knowledge
about the spread, distribution and impacts of invasive species on native biodiversity. Pine
(Pinus spp.), a major invasive taxon in the southern hemisphere, is increasingly dominating
remaining fragments of a Cerrado biodiversity hotspot in Brazil. Here we contrast sites recently
invaded by Pinus elliottii Engelm. and control within two habitats of the Cerrado and ask which
diversity metrics (both α-diversity and β-diversity) are powerful in detecting changes in
diversity.
MATERIAL AND METHODS
Fieldwork was carried out between November, 2014 to April, 2015 on the Cerrado
vegetation of Itirapina Ecological Station, a legally protected area located in São Paulo state,
Brazil, in two contrasting habitats: the shrub-dominated “campo sujo” and grass-dominated
“campo úmido”. Three hundred 5x5 m randomly placed plots were sampled, 186 in “campo
úmido” and 114 in “campo sujo”. All individuals in these plots were identified to species.
RESULTS
We sampled 68,718 individuals belonging to 423 plant species and 70 families. In this
early invasion stage, we found that α-diversity, measured as extrapolated richness, differed
significantly between invaded and control plots in both habitats. In contrast, while the 2 habitat
types differed substantially in species composition, there was no difference in β-diversity –
measured as Raup-crick dissimilarity - between control and invaded pairs of the same habitat.
These results highlight that the invasive pine has not impacted β-diversity, whereas it does have
an impact on α-diversity. This impact on α-diversity depends on habitat structure.
CONCLUSIONS
This analysis underlines the importance of considering the different components of
biodiversity, and using a range of metrics when investigating changes in community structure
in threatened ecosystems.
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SUMMARY
Invasive macrophytes are harmful to the native macrophyte communities which may affect the
native fauna, habitat and nutrient cycling leading to trophic structure changes. Interactions
among invasive plants and native herbivores have been widely ignored. Hedychium
coronarium is an invasive species in Brazil, where it is widely distributed by the seashore, and
we can already find it 3000 km away from the shore. In 2013, it was observed for the first time
herbivory of H. coronarium outside its natural habitat, made by Hydrochaerus hydrochaeris
(capybara). Our objective is to describe the herbivory of this invasive macrophyte by leafcutting ants (Formicidae-Attinae, Atta sp.). In a population of H. coronarium we found ramets
up to 1,5 m tall whose leaves were eaten, with no lamina mostly on the highest portions of the
ramet. We also observed the presence of cutting-ants (Atta sp.) cutting intact white ginger
leaves and pieces of leaves on the floor, where they were being cut by cutting-ants. We believe
that H. coronarium may be an alternative food intake source to Atta sp., what can contribute to
maintain high density leaf-cutting ant populations even when fresh food should be less
abundant.
Key words: Invasive macrophyte, Hedichium coronarium, Atta sp., herbivory
INTRODUCTION
The biological invasion process concerns about degradation of an environment through
the presence of an exotic species with high rates of population growth as much in size as in
distribution (ELTON 1958). Many times, invasive macrophytes are harmful to the native
macrophyte communities which may affect the native fauna, habitat and nutrient cycling
leading to trophic structure changes (CARPENTER & LODGE 1986). A review written by
Parker and co-workers (2006) concludes that native herbivores can cause strong suppression
of relative and absolute abundancy of exotic plants. Yet, interactions among invasive plants
and native herbivores have been widely ignored (HARVEY et al. 2010).
Hedychium coronarium (white ginger) is a macrophyte originaly from Hymalaia,
naturally occurring in Nepal, India, west of China until Indochina where it can be found in
tropical and subtropical forests of up to 1900 m (MANISH 2013) and Madagascar (JOLY &
BRANDLE 1995). H. coronarium was brought to Brasil over 300 years ago (JOLY &
BRANDLE 1995), being nowadays widely distributed in our seashore, and it’s remarkable the
fact that we can already find it 3000 km away from the shore, occurring in São Paulo, Rio de
Janeiro, Minas Gerais, Goiás, Mato Grosso and Rondônia (SOARES & BARRETO 2008). It’s
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an species of aggressive growth (JOLY & BRANDLE 1995, SOARES & BARRETO 2008)
featuring a danger to riparian forest regeneration where the H. coronarium is invading, since
seeds have no potential to compete with its rhizome propagation (JOLY & BRANDLE 1995)
and once its rapid growth cast shadows preventing slower plants establishment (MOOTOKA
et al. 2003).
In 2013, Chiba and co-workers observed for the first time herbivory of H. coronarium
outside its natural habitat, they observed ramets up to 25 cm high with signs of herbivory (no
adults individuals were eaten). In places where they made their observations, they also found
footprint and feces of Hydrochaerus hydrochaeris (capybara) (CHIBA et al. 2013). Our
objective is to describe the herbivory of this invasive macrophyte by leaf-cutting ants
(Formicidae-Attinae, Atta sp.).
METHODS
From October 2011 to June 2016, we have followed two populations of H. coronarium
within the forest reserve of the Federal University of São Carlos (21° 58’ 15.00” S and 47° 53’
16.45” W). Ramets of different ages and rhyzomes have been studied to access the population
dynamics of both populations and also to quantify their montly biomass.
RESULTS AND DISCUSSION
In May of 2016 in one of the H. coronarium populations we found ramets up to 1,5 m
tall whose leaves were eaten partially in their margin or entirely, with no lamina mostly on the
highest portions of the ramet, but keeping their main vein intact (fig. 1). We also observed the
presence of cutting-ants (Atta sp.) cutting intact white ginger leaves (fig. 2) and pieces of leaves
on the floor, where they were being cut by cutting-ants (fig. 3).
Herbivory by leaf-cutting ants over the leaves of H. coronarium was also observed in
the laboratory. We set up a terrarium with the 10 individuals of Atta and 100 g of leaves of H.
coronarium. After four days, we observed that the ants cut the leaves as shown at figure 4.
Cutting-ants from genus Atta are considered pests because they attack and cut the leaves
out of innumerous plant species of productive interests (MAGISTRALI & ANJOS 2011). The
diet of an adult ant consists basically on sap ingested during the cutting of leaves and the fungus
they cultivated with leaf pieces (HOLLDOBLER & WILSON 1990) and, although it has been
documented seasonal variation in feeding preferences by ants, the diet of a colony in any season
is composed of leaves of a small number of preferred plants (ROCKWOOD & HUBBELL
1987).
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Figure 1. Hedychium coronarium ramets. Figure 2. Leaf-cutting ants on ramets of
Hedychium coronarium damaged by leafcutting ants.

Figure 3. Leaf-cutting ants attacking leaves of Hedychium coronarium on the forest
floor after being cut from the ramets.
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Figure 4. Herbivory in Hedychium coronarium leaves in a terrarium caused by leafcutting ants (Formicidae-Attinae, Atta sp.).
Since H. coronarium is an abundant invasive species in São Paulo State, we believe that
it may be an alternative food intake source to Atta sp. during not only the dry season, when leaf
availability is smaller than during wet season, but all year long, what can contribute to maintain
high density leaf-cutting ant populations even when fresh food should be less abundant.
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SUMMARY
Environmental changes such as eutrophication contribute for shifts in phytoplankton
composition often resulting in occurrence of Cyanobacteria blooms in freshwater ecosystems.
Alterations in phytoplankton composition can then result in cascading effects leading to
changes in zooplankton community. In this context, functional ecology can help on providing
links between changes in environmental conditions of the systems and their biological
communities. Our main goal in this study is to analyze the way in which zooplankton species
respond to changes in the phytoplankton resource quality by using a functional approach. To
accomplish that, we sampled zooplankton and phytoplankton communities and limnological
characteristics in a small eutrophic lake in the Southeast Brazil from April 2013 to October
2014. Multiple regressions were made in order to assess the relationship between local
environmental conditions of the lakes (total phosphorus and both total and spectral chlorophyll
a), phytoplankton heterogeneity and the zooplankton functional diversity. In general, we found
that less-edible phytoplankton, such as Cyanobacteria, was negatively related to zooplankton
functional divergence, and Cyanobacteria dominance led to higher zooplankton functional
dispersion. Those results highlight that the eutrophication in freshwater ecosystems can
negatively alter zooplankton dynamics, thus compromising ecosystem functioning.
Keywords: Zooplankton; functional diversity; Cyanobacteria dominance; food quality;
eutrophication.
INTRODUCTION
The urban growth and different forms of land use and occupation have generated serious
consequences for the aquatic ecosystems, often resulting in eutrophication and habitat and
biodiversity losses (JACKSON et al. 2001). Eutrophication is pointed out as a consequence of
constant inputs of nutrients in the water bodies, resulting in high levels of algal biomass and
changes in water physical and chemical characteristics (PAERL et al. 2001; PAERL & PAUL
2012). For instance, in hypereutrophic ecosystems, nutrient enrichment coupled to rising water
temperatures can especially favor a huge proliferation of phytoplankton, especially
Cyanobacteria, often called “blooms”. Those can lead to rapid oxygen depletion and are also
able to produce toxic secondary metabolites which can cause a disruption of aquatic food webs
(HAVENS 2008; DIAZ & ROSENBERG 2008). The zooplankton community, which
comprises the main phytoplankton consumers, has been reported to show significant changes
on its density, composition and diversity in response to Cyanobacterial blooms (HANSSON et
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al. 2007). Moreover, Cyanobacteria has been acknowledged for its low edibility and poor
nutritional quality to zooplankton (AHLGREN et al. 1992).
The novel functional ecological approaches, such as the functional diversity, refer to
the representation of species and their abundances in a multi-dimensional space defined by
functional traits. The functional traits are any morphological, physiological, or phenological
features found at the individual level (MOUILLOT et al. 2013). Those traits can be
quantitatively compared and their variations in a multidimensional trait space can be
interpreted in an ecological context (PETCHEY & GASTON 2006; VILLÉGER et al. 2008;
LALIBERTÉ & LEGENDRE 2010; MOUILLOT et al. 2013), such as eutrophcation for
example. In this context, we expect eutrophication to affect the zooplankton functional traits
such as body size and feeding type. Our main goal in this study is to analyze the way in which
zooplankton species respond to changes in their phytoplankton resource quality by using a
functional approach.
MATERIAL AND METHODS
Study area
The Museum Mariano Procópio Lake is located in Juiz de Fora (Brazil, MG), with
surface area of 12.23 m2. It is shallow, with minimum and maximum depth of 0.75 m and 1.5
m, respectively and was classified as hypereutrophic, with dominance of Cyanobacteria along
most of the sampling period.
Sampling and analytical methods
Sampling was monthly carried out from April 2013 to October 2014 in two stations
within the lake: station 1 – located in a canal-like region and station 2 – located in central and
deepest area of the lake. Phytoplankton was sampled at water subsurface (~ 0.30 m) and
preserved with Lugol’s solution. Zooplankton was sampled from 100 L of water of system
using a 68 μm mesh net and preserved with 4% formalin solution. Photosynthetic pigments
concentrations, both total and spectral chlorophyll a (Chl a ) per groups (blue – cyanobacteria,
green – green algae and brown – diatoms) were measured in situ using PHYTO-PAM (Heins
Walz GmbH, Effeltrich, Germany). In the field were performed measurements of pH, turbidity,
dissolved oxygen (DO) and water temperature by using a YSI 6920A probe. The water
transparency was measured by using a Secchi disk (SD). Water samples for total and dissolved
nutrients were collected in the respective points and the analyses were performed according to
APHA (1995).
Phytoplankton was categorized as major taxonomic groups and specific biomass was
expressed as fresh weight (mg L−1). Zooplankton species were counted in subsamples and
identified to the highest taxonomic level possible. Species richness was estimated according
the number of species in a sample. Zooplankton functional diversity based in adult body size,
trophic group and feeding type was calculated using four functional diversity indices (Villéger
et al., 2008; Laliberté and Legendre 2010): Functional richness (FRic), Functional evenness
(FEve), Functional divergence (FDiv) and Functional dispersion (FDis).
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In order to assess the relation of total phosphorus (TP - main contributor for the
hypereutrophic state of the lake) with primary production, TP was regressed with total Chl a
and spectral Chl a per groups (used here as proxies of primary production). TP was regressed
with species richness and functional divergence, to evaluate hypereutrophic relationship with
zooplankton richness and functional diversity. Coefficient of variation (CV) based on the
biomass of different phytoplankton groups along the sampling period was calculated in order
to evaluate the effect of phytoplankton temporal variability on zooplankton, with greater CV
representing the dominance of some phytoplankton groups. Further, CV was then regressed
with zooplankton species richness and functional indices. All regression analyses of this study
were based on log10 - transformed data. Regressions were performed using Sigmaplot version
12.2 (Systat Software, San Jose, California USA, www.sigmaplot.com). Functional diversity
indices were performed using R programing version 3.2.2 (R Core Team 2015). All analyses
were based on two sample stations data averages.
RESULTS AND DISCUSSION
Along the sampling period, TP concentrations ranged from 155.53 μg L-1 (January
2014) to 452.22 μg L-1 (October 2014) and total Chl a concentrations ranged from 124.85μg L1
(September 2014) to 626.76 μg L-1 (October 2014) (Table 1).
Table 1. Mean and standard deviation (SD) values of limnological
characteristics in the Lake Mariano Procópio along the sampling period.
Mean ± SD
Photic zone (m)
Water temperature (ºC)
DO (mg L-1)
pH
Turbidity (NTU)
NO3- (μg L-1)

0.57 ± 0.11
20.87 ± 2.85
7.07 ± 1.18
8.18 ± 0.64
48.06 ± 18.50
640.43 ± 307.32

NO2- (μg L-1)

4.60 ± 2.41

NH4- (μg L-1)

60.40 ± 37.18

TON (μg L )

988.28 ± 374.25

PO43- (μg L-1)

27.78 ± 33.14

-1

PT (μg L-1)
Blue spectral Chl a (μg L-1)

256.62 ± 57.85
170.62 ± 116.23

Green spectral Chl a (μg L-1)
Brown spectral Chl a (μg L-1)
Total Chl a (μg L-1)

33.78 ± 13.69
45.23 ± 21.72
247.29 ± 114.13

Phytoplankton biomass varied from 26.6 mm 3 L-1 (June 2013) to 90.38 mm3 L-1
(October 2014). TP enrichment led to changes in phytoplankton resource causing enhance of
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less-edible species by zooplankton, with major contribution of Cyanobacteria represented by
Microcystis aeruginosa Kützing 1846, Merismopedia tenuissima Lemmermann 1898.
Regressions of TP to total Chl a and spectral Chl a per groups demonstrated that TP
concentration was significantly correlated with total Chl a (p= 0.0060) and Cyanobacteria
biomass (Blue spectral Chl a) (p = 0.0185). Hence, Cyanobacteria dominance was followed by
an alteration in zooplankton composition. The zooplankton species richness ranged from 6 to
14 per month. Rotifers have been always richest in specie number, relative to Cladocera and
Copepoda. The relationship between nutrients concentration and phytoplankton biomass and
composition has been widely studied (Reynolds, 1998; Muylaert et al., 2010) and also linked
to zooplankton community fluctuations, as they are their major predators (Sommer et al., 2001;
Barnett and Beisner, 2007). Zooplankton Functional diversity varied over the sampling
months. FRic varied from 0.01 (March and April 2014) to 0.23 to (August 2014). FEve varied
from 0.08 (September 2013) to 0.6 to (August 2013). FDiv showed greater values in May 2014
(1.0) and lower in October 2014 (0.57), while FDis was higher in August 2014 (0.43) and lower
in May 2013 (0.02). When testing the direct relationship with eutrophic conditions and
zooplankton diversity, neither Richness nor functional diversity indices showed significantly
relationship with TP concentrations.
CV of phytoplankton groups was biased by Cyanobacteria concentrations, with higher
values related to high Cyanobacteria biomass. The result of CV of phytoplankton resource on
zooplankton biomass regressions, specie richness and functional diversity measures is found
in Table 2. Higher CV of phytoplankton was related to higher FDis (p = 0.002), while FDiv
was negatively related to CV of phytoplankton (p = 0.003). Trends were neither significant nor
visible in regressions between CV of phytoplankton and species richness, FRic or FEve.
Table 2. Summary of log–log regressions between CV of phytoplankton, species richness and
Functional diversity indices (FRic, FEve, FDiv and FDis).
β0 (Intercept) β1 (Slope)
R2
R2adj
P
CV of phytoplankton x Richness
0.75
0.10
0.16
0.12
0.085
CV of phytoplankton x FRic
-1.35
0.22
0.05
0.00
0.346
CV of phytoplankton x FEve
-0.15
-0.20
0.09
0.04
0.208
CV of phytoplankton x FDiv
0.14
-0.09
0.42
0.38
0.003
CV of phytoplankton x FDis
-2.26
0.76
0.43
0.40
0.002
Changes in zooplankton composition and abundance resulted in functional traits
convergence in zooplankton community and segregated species with favorable characteristics.
Cyanobacteria are considered low nutritional food for zooplankton due to low PUFA
concentrations in their composition (BRETT & MÜLLER-NAVARRA 1997). Then, lower
resources availability favored the traits detachment in relation to all traits community centroid.
Higher functional dispersion may promote species ability to co-exist with each other and with
Cyanobacteria. Similar results were found by Barnett and Beisner (2007) that related spatial
heterogeneity of resource phytoplankton to zooplankton functional diversity, estimated by FD
index (PETCHEY & GASTON 2002).
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CONCLUSIONS
Our results suggest that lower availability of palatable phytoplankton resource
influences zooplankton functional diversity, leading a functional convergence and high
functional traits dispersion. Furthermore, our study indicate that approaches based on
functional traits may provide a meaningful view of zooplankton-phytoplankton trophic
relationships in eutrophic environments with Cyanobacteria dominance, and contributed to
better understand the functional diversity benefits for ecological research on the mechanisms
of zooplankton dynamic in eutrophic ecosystems.
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SUMMARY
In this study, we evaluated the influence of a land use disturbance gradient in the body size of
aquatic macroinvertebrates. We selected 12 taxa present in three categories of disturbance,
ranked from low to high disturbance based on the Integrated Disturbance Index. Among the 12
taxa selected, six had the mean body size negatively correlated with the disturbance, two were
positively correlated and four taxa had no differences among the three categories of land use
disturbance. Our results are important for an understanding of the life history and behavioral
characteristics of the groups studied.
INTRODUCTION
The land use and land cover in river basins influence river habitats and, consequently,
the aquatic communities. Anthropogenic activities, mainly agriculture and urbanization,
decrease the coverage of native vegetation, affecting and degrading freshwater ecosystems
(ALLAN 2004). Aquatic macroinvertebrates are widely used as bio-indicators of water quality
(BONADA et al. 2006) and their use in assessing the biotic integrity of tropical streams has
increased in recent years (e.g. MOYA et al. 2007; MACEDO et al. 2016). Often, the studies
have focused on changes in community structure using diversity or biotic indices (e.g.
TOWNSEND et al. 2004; BAPTISTA et al. 2008).
An alternative approach combines structural (species composition) and functional
information by aggregating individuals according to functional groups using biological traits
as functional units (DOLEDEC et al. 2006). Quantifying the life-history traits we can discern
similarities and differences among communities, allowing the development of causal
diagnostic tools that can identify ecological effects (CULP et al. 2011).
Recently, theoretical and experimental studies have focused on body-size abundance
distributions as structural community features (TOWNSEND & HILDREW 1994; BASSET et
al 2004). Body-size abundance distributions can provide tools for the evaluation of aquatic
ecosystem health, which can offer an alternative or complementary perspective to taxonomic
analysis (BASSET et al 2004).
Based on the Habitat Templet Theory (TOWNSEND & HILDREW 1994), that predicts
trends in species traits along gradients of human disturbances, we evaluated the influence of a
land use disturbance gradient in the body size of aquatic macroinvertebrates. We hypothesized
that body size would be negatively correlated with disturbance intensity.
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METHODS
We conducted this study in wadeable 1st-3rd order streams in four neotropical savanna
(Cerrado) hydrological units: Upper Rio Araguari, Upper Rio São Francisco, Upper Rio
Grande and Upper Rio Paranaíba, southeastern Brazil. We randomly selected 160 sampling
sites, 40 in each basin. We sampled benthic macroinvertebrate assemblages in all 160 sites
through the use of D-frame kick nets (30 cm aperture, 500 µm mesh). Eleven sample units were
taken per stream site, one per transect, generating one composite sample for each site, totaling
1 m. The composite samples were placed in individual plastic buckets and preserved with 4%
formalin. In the laboratory, the macroinvertebrates were sorted, and the Ephemeroptera,
Plecoptera and Trichoptera (EPT) individuals were identified to genus level. To determine the
body size of each EPT genus we measured invertebrate linear body lengths under a stereoscope
microscope.
We ranked sites from low to high disturbance based on the Integrated Disturbance Index
(IDI, LIGEIRO et al. 2013). We then calculated the mean and standard deviation (SD) of the
IDI distribution, and defined the least- and most-disturbed sites, respectively, as those deviating
from the mean by +1SD and −1SD. The intermediate disturbed were the sites between those
values. The IDI values revealed a strong anthropogenic pressure gradient across the sites (range
0.01 to 1.47). Among all sites, 30 were classified as least-disturbed (IDI < 0.31), 113 as
intermediate disturbed and 17 classified as most-disturbed (IDI>0.65). Based on the lower
number of disturbed sites (17), we randomly selected 17 sites among the least-disturbed and
17 among the intermediate disturbed. Then we selected those taxa present in sufficient number
(n>5) in each category of disturbance. Differences in the values of body size among the
categories were compared by one-way ANOVAs, after test the normality of residues and
homogeneity of variances. We used the post-hoc Tukey test to identify differences among the
categories when tests were significant (p<0.05).
RESULTS
We collected 53,698 EPT specimens distributed among 74 genera in the 160 stream
sites and 7,600 organisms sampled in the four hydrological units were measured, respecting
the relative abundance of each taxon. We could select 12 taxa present in the three categories of
disturbance: one Plecoptera (Anacroneuria), six Ephemeroptera (Americabaetis, Caenis,
Cloeodes, Hagenulopsis, Leptohyphes, Traverhyphes) and five Trichoptera (Hydroptila,
Itaura, Leptonema, Marilia, Smicridea).
Among the 12 taxa selected, six had the mean body size negatively correlated with the
disturbance, with higher values of body size in reference sites: Americabaetis (ANOVA, F2,93
= 3.40, p=0.037), Cloeodes (F2,27 = 6.82, p=0.004), Hagenulopsis (F2,55 = 26.64, p<0.001),
Hydroptila (F2,16 = 5.29, p=0.017), Leptonema (F2,52 = 3.34, p=0.04) and Marilia (F2,49 = 15.66,
p<0.001) (Figure 1).
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Figure 1: Box-and-whisker plots of body size negatively correlated with the three disturbance
categories based on the Integrated Disturbance Index.
Two taxa had the body size positively correlated with the disturbance: Anacroneuria
(F2,77 = 4.18, p=0.018) and Itaura (F2,58 = 5.19, p=0.008) (Figure 2); and four taxa had no
differences among the three categories of land use disturbance: Caenis (F2,110 = 1.05, p=0.35),
Leptohyphes (F2,42 = 2.65, p=0.81), Smicridea (F2,163 = 2.07, p=0.128) and Traverhyphes (F2,348
= 1.39, p=0.248) (Figure 3).

Figure 2: Box-and-whisker plots of body size positively correlated with the three disturbance
categories based on the Integrated Disturbance Index.
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Figure 3: Box-and-whisker plots of body size not correlated with the three disturbance
categories based on the Integrated Disturbance Index.
DISCUSSION
We confirmed our predictions thus part of the taxa showed significant relation with the
disturbance gradient categories, where organisms with larger body sizes were found in the sites
with lower IDI (least-disturbed) and smaller organisms in the sites with higher IDI values
(most-disturbed). Townsend & Hildrew (1994) developed predictions about how disturbance
might be linked to species traits related to resistance and resilience. They hypothesized that
more frequent disturbance should be associated with traits that confer resilience, like short life
cycles, rapid growth, high reproductive rates and small size. Therefore, these taxa may form a
suite that responds in a predictable manner to land use practices.
On the other hand, body size of some taxa evaluated was not significantly related to
disturbance categories. The size structure of benthic communities can be directly influenced
by ecological drivers, like size-selective predation and size-related risk of dislodgment, which
may override the directly influence of disturbance (TOWNSEND & THOMPSON 2007).
Moreover, some streams possess a greater variety and quantity of physical refuges, such large
substrates and interstitial spaces, where larger species may still even in the face of disturbance
(TOWNSEND & HILDREW 1994).
These results are important for an understanding of the life history and behavioral
characteristics of the groups studied, which allow them to persist in streams along a gradient
of disturbance.
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Invasive wild boar affects the occupancy and distribution of native
mammal species in the Atlantic rainforest
Fernando Puertas, Felipe Pedrosa, Gabrielle Beca, Daiane Buscariol, Mauro Galetti
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SUMMARY
Our study is the first one to analyze the co-occurrence between wild boars and native
mammals. Most attention has been paid to understand potential competition between wild
boards and peccaries, but no attempt has been made to understand the effect of wild boars on
other species. We found strong evidence that wild boars decrease the mammals assemblage
occupancy, probably excluding them when they co-occur.
INTRODUCTION
The coexistence between species is a subject that has been treated for long in
conservation biology, because of its importance in structuring communities (MACARTHUR
& LEVINS 1964; BROWN & DAVIDSON 1977). Different species occur together and can
vary their behavior in order to coexist in the same place, some can change their activity period
(GALETTI et al. 2015; WANG et al. 2015), others change their behavior and their spatial
distribution in front an invasive competitor (BAILEY et al. 2009). Yet, co-occurrence
between species is poorly understood and little is known about the underlying mechanisms
that allow this co-occurrence, the knowledge is more incipient regarding to interactions
between native and invasive species.
The wild boar (Sus scrofa) is one of the oldest introduced species by humans in the
world (COURCHAMP et al. 2003; LONG 2003; MASSEI & GENOV 2004; BARRIOSGARCIA & BALLARI 2012) and is now present as a feral species in every continent except
Antarctica (LONG 2003), being one of the mammalian species with the widest geographical
distribution (MASSEI & GENOV 2004). Part of the success of introduced populations of wild
boars can be attributed to its ecological and biological plasticity, which reproduces rapidly
and has large litters, depending on the environment and resource supply (ROSELL 2001;
TAYLOR et al. 1998). In addition, it is considered an ecosystem engineer (BOUGHTON &
BOUGHTON 2014) since it has capacity to change the environment and its resources
(CUDDINGTON & HASTINGS 2004), being a great modifier agent, that can interfere with
the population dynamics of several species, given that, has the potential to cause severe impact
in novel environments, reason why it is one of the 100 worst invasive species of the world
(ISSG 2000).
Despite being widely studied in several places where it is invasive (South America:
DESBIEZ et al. 2009; SALVADOR 2012; US: CAMPBELL & LONG 2010; PARKES et al
2010; Australia: HONE 1995, 2002), little is known about its influence in these environments,
especially regarding to other mammal species. In Brazil, only few studies were made in order
to investigate the effect of wild boards and its co-occurrence with native species. Most
attention has been paid to understand potential competition between wild boards and peccaries
(DESBIEZ et al. 2009; SALVADOR 2012; GALETTI et al. 2015), but no attempt has been
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made to understand the effect of wild boars on other species. This has been particularly
important because the distribution of wild boars has been increasing greatly in Brazil
(PEDROSA et al. 2014).
Here we test if wild boars affect the occurrence and detection of native mammals in
Atlantic forest fragments. We specifically tested if (1) wild boars affect the occupancy of the
native mammal species and if (2) they affect the detection probabilities of the native
mammals, indicating a behavioral mechanism of co-existence.
MATERIAL AND METHODS
We used a series of camera traps sampling data and applied a two-species cooccurrence models to understand the patterns of co-occurrence between the wild
boars/peccaries and the mammal’s assemblage. We used the analysis with the native peccaries
as a control experiment, due to their similar biology with the invasive boar and to compare
how the invasive and the native peccaries interact with other mammals.
This study was carried out in 22 landscapes of semideciduous forest immersed
predominantly in sugarcane plantations in southeastern Brazil. The selection of landscapes
was performed to guarantee a forest cover gradient (from 3 to 96%) and sugarcane as the
predominant type of matrix.
Surveys using cameras traps were carried out from January 2014 to September 2015,
using eight camera traps, used monthly (30 days per month) in each landscape, without baits,
and with a minimum between-camera distance of 200 m and maximum of 1500 m. We
performed a mosaic-level sampling with sample points only in semideciduous forest, trying
to sample the maximum of fragments within each landscape. The cameras were installed on
tree trunks at 30 cm from the ground, on sites with similar features (for example, local activity
of animals, such as natural tracks, avoiding roads). The sampling effort was standardized in
240 traps/day (5760 hours) in each landscape. Of these 22 landscapes, 7 occurred wild boars
and 6 occurred peccaries. Given that, co-occurrence models were made based in areas where
peccaries and wild boars occurred.
Data analysis
To evaluate the co-occurrence patterns between the wild boars/native peccaries with
the native mammal’s assemblage we used the co-occurrence models proposed by Richmond
et al. (2010), that is an extension of the first occupancy models proposed by Mackenzie et al.
(2002). These models assess the influence in occupancy (Psi) and detection (p) probabilities
of a dominant species A (wild boars/native peccaries) in an subordinate species B (mammals
assemblage). We had the following parameters in our models:
Occupancy:
PsiA
=
probability
site
occupied
by
dominate
species
A
PsiBA = probability site occupied by subordinate species, given dominate species presence
(species B|A)
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PsiBa = probability site occupied by subordinate species, given dominate species absence
(species B|a)
Detection:
= detection probability for dominant species A, given only species A is present
= detection probability for subordinate species B, given only species B is present
= detection probability for dominant species A, given both species are present
= detection probability for subordinate species B, given both species are present, and A
is
detected
= detection probability for subordinate species B, given both species are present, and A
is not detected
In order to strike our biological hypothesis, we manipulated the parameter values, for
example, to consider the boars/native pigs influence in detection probabilities we put =
=
, constructing them a model where there is interference in detection probabilities.
We changed the parameters structure and created 5 models and ranked them according to
Akaike’s Information Criterion (AIC), where models with small AIC values (∆AIC ≤ 2) were
considered good descriptors of the data.
RESULTS AND DISCUSSION
Model selection results and associated parameter estimates provided evidence that the
wild boars may be excluding the mammals assemblage where they occur, different from
peccaries that do not interfere in the mammals occupancy (Table 1 and Fig. 1). As predicted,
we found strong evidence that wild boars decrease the mammals assemblage occupancy,
probably excluding them when they co-occur, but they do not interfere in the detection of
other mammals. For peccaries, there is no difference in the mammals assemblage occupancy
and detection when they are present or absent, providing evidence that peccaries don’t affect
the presence of other mammals.
It is widely known the negative impact of wild boars on bird populations (VAN RIPER
& SCOTT 2001), reptiles (JOLLEY et al. 2010) and even in invertebrates (BALLARI &
BARRIOS-GARCIA 2014), but we have limited information about the impact on mammals,
especially medium and large mammals species.
Our study is the first one to analyze the impact of wild boars on native mammals.
Other studies analyzing interaction between peccaries and wild boars found no evidence of
occupancy disruption by peccaries (DESBIEZ et al. 2009; Salvador 2012), only behavioral
mechanisms changes (GALETTI et al. 2015), usually the impact reported on mammals
assemblage are due to predation (BALLARI & BARRIOS-GARCIA 2014) and habitat
modification (SINGER et al. 1984).
In spite this weak negative interaction, with only a small reduction of the mammals
occupancy, the wild boars were recently introduced in São Paulo State (SALVADOR 2012;
PEDROSA et al. 2015) and already show evidence of native species exclusion, with more
time this occupancy disruption can grow even more and start a collapse of native mammals
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populations in some areas of São Paulo State. This is a really alarming situation, since that
mostly areas that wild boars occur are already impacted with severe anthropogenic activities,
such as sugarcane plantation, native mammals present in this areas already are reminiscent
species that resists these impacts, and already are immerse in extremely fragmented region,
now wild boars are one more dangerous threat.
Table 1. Co-occurrence models between wild boars and other mammals and between
peccaries and other mammals. A is for wild boars or peccaries and B is used for mammals
assemblage. AICc = Aikaike’s Information Criterion corrected. Delta AICc = The AICc best
model minus the AICc current model. Num. par. = Number of parameters present in the
model. AICc Weights = How much the model represents on the explanation.
wild boars X mammals
Model

AICc

Delta AICc

Num. Par

AICc Weights

{PsiA, PsiBA, PsiBa, pa=ra, pb, rBA=rBa} 745,3267

0

6

0,5488

{PsiA, PsiBA, PsiBa, pa=ra, pb, rBA, rBa} 746,3876

1,0609

7

0,32288

{PsiA, PsiBA=PsiBa, pa=ra, pb, rBA, rBa} 748,2511

2,9244

6

0,12717

{PsiA, PsiBA, PsiBa, pa=ra, pb=rBArBa}

758,0963

12,7696

5

0,00093

{PsiA, PsiBA=PsiBa, pa=ra, pb=rBA=rBa} 760,9212

15,5945

4

0,00023

peccaries X mammals
Model

AICc

Delta AICc

Num. Par

AICc Weights

{PsiA, PsiBA, PsiBa, pa=ra, pb=rBArBa}

584,9144

0

5

0,38753

{PsiA, PsiBA=PsiBa, pa=ra, pb=rBA=rBa} 585,4983

0,5839

4

0,28941

{PsiA, PsiBA, PsiBa, pa=ra, pb, rBA=rBa} 586,6637

1,7493

6

0,1616

{PsiA, PsiBA, PsiBa, pa=ra, pb, rBA, rBa} 587,8565

2,9421

7

0,08901

{PsiA, PsiBA=PsiBa, pa=ra, pb, rBA, rBa} 588,2685

3,3541

6

0,07244
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Figure 1. Mammals occupancy related to presence (dark) and absence (gray) of wild boars
and peccaries.
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SUMMARY
We evaluated the vertical distribution of organic matter (OM) promoted by construction and
maintenance of Uca thayeri sedimentary structures. By integrating field and laboratory
approaches, we estimated the amount of OM transported by burrowing activity and chimney
building processes. Construction and maintenance of both burrow and chimneys (biogenic
sedimentary structures) promotes vertical sediment distribution, which in turn modifies OM
disposition in mangrove soil. Our experiments showed complementary results regarding the
bioturbation processes. Unquestionably, fiddler crabs behaved as ecosystems engineers in
estuarine areas. This physical behaviour indirectly affects biogeochemical cycles, which
appears to be a key geomorphological factor in estuarine areas.
INTRODUCTION
An organism’s behaviour is intrinsically related to its immediate environment.
Bioturbation, bioirrigation and biodeposition processes promoted by estuary organisms affect
soil biogeochemistry factors, which in turn can affect carbon, nitrogen cycles, oxygen, pH,
redox potential gradients, granulometry and organic matter (OM) (KRISTENSEN et al. 2012
and literature within). Remineralization and OM lability play an important role in material flow
through ecosystems, mainly in estuarine habitats (i.e. mangroves, salt marshes). Thus, OM is
a valuable energy source in natural processes involving flora and fauna and ecosystem
functioning (BARBIER et al. 2011). Some species construct and maintain sedimentary
structures, which have been described for some estuarine groups (e.g. rays, polychaetes,
mudskippers and crabs). The shapes of these structures and hence their names (e.g. burrows,
hoods) vary as do their functions (e.g. sexual attraction, protection against intruders). As well
as having an ethological purpose, the bioturbation promoted by sedimentary structures is a keyfactor in estuarine ecosystems soil conformation (MEYSMAN et al. 2006). Their builders may
be considered ecosystem engineers, which physically create, maintain and modify surrounding
areas through alterations in biotic and abiotic factors (Jones et al., 1994). Filter feeders, grazers
and burrowers are influential bioengineers on estuaries; among them, decapod crustaceans
predominate in mangrove forests and salt marshes (KRISTENSEN et al. 2012). Burrowing
crabs and their intrinsic behaviour (i.e. feeding, locomotion) are known to increase the exposed
surface area and sediment-water interface, enhancing CO2 release from stocked carbon to the
atmosphere and altering soil nutrient availability to other species (PÜLMANNS et al. 2014).
Crabs of the genus Uca, also known as fiddler crabs, are semiterrestrial intertidal
organisms with widespread distribution in estuarine ecosystems, occupying sandy and muddy
substrates (THURMAN et al. 2013). The fiddler crab U. thayeri (RATHBUN 1900) is one of
the most abundant in the western Atlantic Ocean (COSTA & NEGREIROS-FRANSOZO
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2002; THURMAN et al. 2013). This species prefers muddy soils with high OM content, mainly
in mangrove areas (COSTA & NEGREIROS-FRANSOZO 2002), where they construct and
maintain burrows with associated structures in the shape of chimneys. Previous studies already
recognize the critical role played by fiddler crab influence on mangrove soils (KRISTENSEN
et al. 2012). However, the bioturbation potential promoted by estuarine crabs and its
bioarrangements has not yet been substantially described. In this context, our objective was to
verify if U. thayeri above- (chimney buildings) and below-ground (burrows) biogenic
sedimentary structures reflect the bioturbation process. We hypothesize that the construction
and maintenance of their structures affects OM distribution on mangrove soils. By combining
field and laboratory experiments, we estimated the sediment transportation on mangrove soils,
evaluating the vertical distribution and amount of OM bioturbated.
MATERIAL AND METHODS
Field and laboratory experiment
We carried out a field experiment to verify the distribution of OM in biogenic
sedimentary structures (burrows and chimney buildings) and in the surrounding area, without
visible burrows (non-burrow profile). The experiment was conducted in a mangrove area at
the Itapanhaú River/ Bertioga channel - São Paulo/Brazil (23°50'16.57" S; 46° 9'10.11" W)
between August and September /2012. The field experiment had two treatments (20 replicas
each): (1) non-burrow profile and (2) burrow profile. We collected burrows with chimneys
that were occupied by ovigerous females. We carefully gathered the crabs, measured their
carapace length (mm), and sampled all chimneys [mean structure height (±SE): 23.10±1.59
mm; mean structure width (±SE): 39.37±1.01 mm]. All core-collected samples (20 cm) were
stratified in situ in four layers: upper (0-4 cm), upper intermediate (4-8 cm), lower intermediate
(8-12 cm) and lower layer (12-20 cm). We chose a deeper lower layer based on the maximum
and mean depth of U. thayeri burrows (19.4 cm and 11.88 ± 3.2 cm, respectively – MORETO
2008), which included the bottom surface. Chimney buildings were compared with upper and
lower layer of both treatments to prevent data dependence (see details in data analysis). Organic
matter was obtained by loss on ignition.
In laboratory, we also investigated the effect of crab bioturbation promoted by the
construction and maintenance of sedimentary structures on vertical sediment distribution.
Crabs and sediment were collected in Portinho Mangrove, Praia Grande - São Paulo/Brazil
(23°59'16.74" S 46°24'26.28" W) in June/2012. We collected U. thayeri adult females
[carapace width (±SE): 17.57±0.41] because they actively built and maintain chimneys
(Gusmão-Junior et al., 2012). All crabs were acclimated with constant temperature (25°C) and
photoperiod (daily light regime of 12h light/12h dark) for 48h. Microcosms [35 cm (Ø) x 30
cm (h)] were established with low OM content in the top layer (upper 10 cm) and high OM
content (lower 10 cm) in the bottom layer. Sediment collection was conducted in two different
fiddler crab-habited areas with distinct OM (%) content and similar granulometry; both
sediment with low [3.46 ± 0.22%] and high [20.61 ± 1.12%] OM were sieved (mesh/2mm).
We also removed excess sediment surface water for both samples. There were three
experimental groups (n = 8/each treatment): (1) control - absence of crabs, (2) burrow sampling
and (3) next to burrow sampling. Before allocation of crabs to the microcosms (To), we corecollected (diameter: three cm) three sediment layer samples with 10 cm depth (upper region)
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in each microcosm for posterior comparison. Then, we allocated four adult females per
microcosms, except for the control treatment. After 72h of experiment (T1), chimney buildings
[mean structure height (±SE): 20.67±1.21 mm; mean structure width (±SE): 26.6±1.32 mm] of
crab inclusion treatments and sediment samples (10 cm/upper region) (n=3/each microcosm)
were collected, identified and frozen for posterior analysis. All samples of control, burrow and
next-to-burrow variables were referred to the upper sediment layer (10 cm), except for the
chimneys buildings. Subsequently, OM was also obtained by loss on ignition.
Data analysis
Field data were randomized to assure independence of superior and inferior layers when
compared with chimneys. Collection of vertical sediment sample using a core may promote
dependence of layers; thus, we analyzed ten samples of each layer and treatment (control and
burrows). We applied an Independent t test to relate burrow and control layers and an One-way
ANOVA followed by Tukey’s post hoc to compare chimney and upper and lower layers. In the
laboratory experiment, differences between before and after crab bioturbation and the
comparison between chimney structures and the upper layer (To) were evaluated using a Paired
t test. Data were checked for normality (Shapiro-Wilk’s test) and homoscedasticity (Levene’s
test) and, when necessary, transformed with logit(x) ≡ log[x/(1-x)]. Outliers were removed for
laboratory and field data (OM content data) by Chauvenet’s test. Differences were considered
significant if p < 0.05.
RESULTS AND DISCUSSION
Our field results showed that OM inside fiddler crab burrows is higher than in
surrounding areas. All burrow layers had more OM content than the non-burrow layers
(Independent t test: p < 0.05) with a mean difference of 3.93-fold between layers (Figure 1).
Burrows act as surface traps, causing organic compounds (i.e. carbon sources) and sediment to
be continually incorporated into deeper layers, mainly by tide action (BOTTO et al. 2006).
Fanjul et al. (2015), observing the crab Chasmagnathus granulata, concluded that trapped
organic compounds are remineralized and exported to the soil surface by distinct pathways
(e.g. CO2). Meiofauna, mostly nauplii and adult copepods, are also passively deposited onto
fiddler crab burrows. Moreover, inhibition of aerobic microbial decomposition and lixiviation
processes enhance OM content in deeper layers. In this context, a depth variation in OM content
between treatments (burrow and non-burrow profile) was already expected; however, we did
not find significant differences between upper and lower layers for the same treatments (p >
0.05) (Figure 2a, 2b). Botto & Iribarne (2000) also did not find any depth variation of OM in
U. uruguayensis beds and control areas. Despite beliefs that burrowing crabs promotes
transportation of sediment materials (e.g. organic compounds, nutrients), the construction and
maintenance of crab burrows tend to homogenize the vertical sediment distribution and organic
compounds (see FANJUL et al. 2015); in this sense, the OM content of fiddler crabs burrows
may not vary substantially according to depth (~20cm – U. thayeri) in mangrove soil.
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Figure 1: Mean (±SE) of OM content of different layers [upper (0-4 cm), upper intermediate
(4-8 cm), lower intermediate (8-12 cm) and lower (12-20 cm)] from non-burrow (area without
visible crab burrows) and burrow profiles. Different letters indicate statistical difference within
treatment (Paired t test: upper*upper, t = 4.12, df = 18, p = 0.001; upper intermediate*upper
intermediate, t = 3.74, df = 18, p = 0.0001; lower intermediate*lower intermediate, t = 2.53, df
= 18, p = 0.02; lower*lower, t = 2.86, df = 18, p = 0.01). Outliers were removed from this data
(n = 18-20).

Figure 2: Mean (±SE) of OM content of chimneys and upper and lower layer in both treatments
[(a) chimney and non-burrow profiles, (b) chimney and burrow profiles]. Different letters
indicate statistical difference between variables (One- way ANOVA, p < 0.05).
Chimneys showed a mean OM content of 5.94±1.93%. Organic matter did not differ
between chimneys and non-burrow layers (One-way ANOVA, df = 2, F = 3.218, p = 0.055)
(Figure 2a). However, there was a significant difference when compared to burrow layers (Oneway ANOVA, df = 2, F = 4.165, p = 0.02); OM content in chimneys was significantly lower
than in the lower burrow layer (Tukey’s test: p < 0.05), which was not observed for the upper
burrow layer (Tukey’s test: p > 0.05) (Figure 2b). At this sense, we showed that OM content
of chimneys, in a natural environment, was inferior than in the lower burrow layer. Fiddler crab
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burrows are continuously constructed and maintained, and occasionally abandoned
(KRISTENSEN 2008). The same applies to chimneys (GUSMÃO-JUNIOR et al. 2012). In
turn, OM from the bottom of the burrows is constantly up-taken by physical forces (BOTTO
et al. 2006). Similar OM content in chimney structures was consequently expected when
natural biotic and abiotic forces were absent. Furthermore, the typical oxic thin layer of
estuarine muds is inhabited by microphytobenthos, a rich source of OM components, which
are also carried with the sediment collected by fiddler crabs during construction and
maintenance of above-ground sedimentary structures. However, chimneys are exposed to tide
action and washed by semidiurnal tide flows (Pardo JCF, personal observation), which may
drag aggregated organic compounds through the mangrove soil surface. Additionally,
chimneys buildings are exposed to oxygen, which increases oxidation and may contribute to
the aerobic decomposition processes. Similarly to our results, Fanjul et al. (2015) observed that
mounds of the mudflat crab N. granulata promote spatial heterogeneity of OM, where mounds
showed lower organic content (labile carbon fraction) than deep sediment layers.
Chimney construction is similar in all fiddler crab builders (CRANE 1975; SHIH et al.
2005; GUSMÃO-JUNIOR et al. 2012). Gusmão-Junior et al. (2012) provided extensive detail
on this building process; U. thayeri crabs dig and deposit mud from the substrate at the edge
of the burrow entrance; they also collect, drag and stack sediment from the superficial layer
surrounding the burrow and modify its structure with their pereiopods and chelipeds. In our
laboratory experiment, vertical sediment transportation was reflected on crab burrows, showing
an increase in OM content in the upper layer (Paired t test, t = -2.46, df = 19, p = 0.02).
However, there were no significant differences between To and T1 next to the burrows (Paired
t test, t = - 0.641, df = 22, p = 0.52). Also, OM content did not differ in the control treatment
(Paired t test, t = 1.72, df = 20, p > 0.09) (Figure 3). At this sense, we did not observe a
significant increase of OM content next to the burrows, which may be related to their collection
of surrounding sediment and consequent dragging of excavated pellets from bottom layer to
chimney shaping. Most chimney builders and other fiddler crabs that construct distinct
sedimentary structures (i.e. mudball, rim and hood buildings) shape their sedimentary
structures with material within the burrow (CRANE 1975; SHIH et al. 2005). In turn, crabs
carry sediment from deeper layers and into the soil surface. Thus, mangrove soil compounds
(e.g. OM and its remineralization products) tend to be reincorporated and retained in aboveground biogenic sedimentary structures, as also observed in the laboratory results, which
chimneys showed higher OM content than the upper sediment layer (Paired t test, df = -17,88,
F = 84, p = 0.0001), contrasting with field results and complementing our study conclusions.
Several studies have worked with sedimentary mounds on the seafloor (biogenic
bottom features) (MURRAY et al. 2002 and literature within). Biogenic bottom features affect
erosion, transport and sedimentation patterns and, in greater scales (> 50m), geomorphological
processes (e.g. mass transfer from seabeds to other environments) (MURRAY et al. 2002).
Despite the physical similarities in sediment transportation (bioturbation activity) between
estuarine burrowing crabs and burrowing seafloor organisms, environmental factors (biotic and
abiotic) differ among ecosystems and their influence on anoxic estuarine sediment may affect
soil in a different manner. Interestingly, above-ground biogenic sedimentary structures and
their construction process are similar for other estuarine groups. The mud lobster Thalassina
spp. shapes complex burrows which may be associated with chimneys (NGOC-HO & SAINT
LAURENT, 2009) and the goby fish Periophthalmodon septemradiatus constructs muddy
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volcanic cone-like structures (BHATT et al. 2009), for example. In this sense, sediment vertical
transportation and distribution of OM may have similar functioning on estuarine species.
Analogous approaches may be applied to estimate bioturbation of other above-ground
sedimentary structures.

Figure 3. Mean (±SE) of OM content in the upper layer of sediment before and after 72 h in
the three experimental groups: burrow, next to burrow and control (absence of crabs). Different
letters indicate statistical difference within treatment (Paired t test, p < 0.05). Outliers were
removed from this data (n = 21-24).
In conclusion, we demonstrated that burrows and chimneys building in the fiddler crab
U. thayeri influence OM vertical distribution of mangrove soils. Organic matter from lower
layers (anoxic strata) is carried to the soil surface and upper layers. In turn, organic compounds
are retained in chimney buildings and then involved in soil biogeochemical and physical
processes (e.g. microbial decomposition, lixiviation and/or tide action). These results provide
further support for the hypothesis that the construction and maintenance of above-ground
sedimentary structures, which promotes bioturbation, also affects OM distribution on estuarine
soils. In order to develop a full picture of above-ground biogenic sedimentary structure effects
on ecosystem functioning, additional studies will be needed on biological communities and
organic compounds aggregated in above-ground biogenic sedimentary structures through time.
Along with their ethological functioning (e.g. sexual attraction, territory landmark), these
structures could play an important role in biogeochemical processes and may also create a new
and unexplored ecological niches.
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SUMMARY
A knickzone is a particular kind of fluvial macrohabitat, which is dominated by a partially
exposed continuous rocky substrate. These environments have a worldwide distribution,
mainly associated to upland rivers, but they are still little scientifically known. The study aims
to contribute for the structural and functional understanding of knickzones, based on analyses
of physical, limnological and biotic (ichtyofauna and aquatic macroinvertebrates) components.
The study was carried out in Sapucaí-Mirim River, Southeast Brazil. The knickzones large rock
outcrops determine a complex of habitats composed by riffles, runs and pools with distinct
magnitudes. The amplitude variation for limnological measurements was higher in pools
compared to riffles and runs. The runs were considered more conservative habitats, with lower
variability. In relation to average values of limnological measurements, most of these were
statistically different among habitats (p<0.05). The substrate immersion or exposition condition
is highly variable in terms of volume and level of water, even seasonally (dry and rainy seasons)
or short term variation (occasional storm events and dry spells). The ichthyofauna was
composed by twenty three species, being five of them as the first report in this sub-basin.
Seventy two taxa of aquatic macroinvertebrates were found. This mosaic of distinct habitats
observed in knickzones and the strong influence of seasonality and episodic climatic events
have a potential role for the regional biodiversity maintenance. Despite of their importance for
the regional aquatic biodiversity conservation, knickzones have been rapidly lost by extensive
river regulation for hydropower generation. We hope that this study stimulates debates about
the importance of these environments, which need to be properly valued and protected.
INTRODUCTION
Knickzones are commonly observed in bedrock rivers across the world, including
active orogens, volcanic areas and glacially - or tectonically- deformed areas (HAYAKAWA
& OGUCHI 2006, 2009). Some studies considered the spatial distribution and geological
formation of fluvial knickzones (WALSH et al. 2012; PEDERSON & TRESSLER 2012,
LIMA & BINDA 2013), but none focus on environmental and biotic description. The reason
for the lack of studies is probably related to the difficulties to access these environments
(impossible by conventional boat, for instance), as well as due to their inherent high habitat
complexity, making necessary the use of distinct methodological approaches and techniques
adaptation.
Variation in habitat structure, such as water velocity, substrate characteristics,
bathymetry, shelter, marginal vegetation, declivity (GORMAN & KARR 1978;
ANGERMEIER & KARR 1983; WINEMILLER et al. 2008) and physical and chemical
variables of water (ARAÚJO et al. 2009) are factors that contribute to the habitat heterogeneity.
Aquatic environments that combine high habitat heterogeneity and intensive temporal
dynamics, as expected in the knickzones, are potentially important for biodiversity
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maintenance. Then, the investigation and conservation of such areas should be considered as a
priority (SENDACZ & MONTEIRO JÚNIOR 2003).
Considering the ongoing energetic policy, with the perspective of construction of
thousands of new hydropower plants, especially in emergent countries, it can be assumed an
eminent threat for this kind of unknown habitat, since these natural rocky platforms are
propitious sites for hydroelectric dams axis positioning. Therefore, the study aims to contribute
for the physical, limnological and biotic (ichtyofauna and aquatic macroinvertebrates)
characterization, in addition to highlight the importance of these areas as distinctive ecological
macrohabitat.
METHODS
The study area is located in Sapucaí-Mirim River, a tributary of Grande River basin,
São Paulo/Minas Gerais States, Brazil. The selected knickzone (20°34'34.1''S 47°47'06.5''W)
is found in the upstream zone of Palmeiras small hydropower plant (SHP) and was considered
as functional, because it maintains the natural flow dynamics. Samplings were performed in
pools, runs and riffles, under dry conditions to the physical and limnological characterization.
For biological description, samplings were carried out during dry and rainy periods.
Surface measurements of temperature, dissolved oxygen (DO), conductivity, oxide
reduction potential (ORP), total dissolved solids (TDS) and pH were obtained using a daily
calibrated Horiba probe (U-52). Simultaneously, water samples were collected for
determination of total nitrogen and total phosphorus (STRICKLAND & PARSONS, 1960;
MACKRETH et al., 1989; VALDERAMA, 1981), total solids (TS) (APHA, 2005), organic
suspended solids (OSS), inorganic suspended solids (ISS), total suspended solids (TSS) (sensu
COLE, 1979), and chlorophyll-a (GOLTERMAN et al. 1978).
Ichthyofauna samplings were performed using seine, sieve (mesh size 0.5 cm) and
electrofishing in order to obtain an integrated and representative sample of the whole
community. Sampled fish were immediately sacrificed in a hiperconcentrated solution of
eugenol, fixed in formaline 10% and subsequently transferred to alcohol 70°GL. In laboratory
fish were discriminated according to morphological and meristic features and identified.
Twenty four macroinvertebrates samples were collected in a transversal transect, from left to
right margin, with a surber (0.09 m², 250 µm), fixed in 4% formalin and stored in 70% alcohol.
The organisms were identified to the highest taxonomic level, based on specialized literature.
The mean values of limnological measurements differences were tested by a one way
ANOVA, followed by Tukey test when differences were detected (p < 0.05). Previously,
Kolmogorov Smirnov test was used to check the data normality. A Spearman correlation
analysis was performed between daily values of rain precipitation and outflow in the same day,
one day, two days and three days after precipitation for the evaluation of variation in outflow
by rainy precipitation. The organisms (ichthyofauna and aquatic macroinvertebrates) were
counted and relative abundance was calculated.
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RESULTS
Knickzone is a geologic name used for denomination of shallow stretches located in
upstream and middle river basins, which are characterized by large rock outcrops forming a
complex of habitats composed by riffles, runs and pools with distinct magnitudes (Figure 1).
The substrate immersion or exposition condition is highly variable in terms of volume and level
of water, even seasonally (dry and rainy seasons) or short term variation (occasional storm
events and dry spells). The fluctuation of rain precipitation and river flow were positively
correlated during the studied period (rs = 0.618; p < 0.05).

Figure 1. General view of a knickzone (a) formed by riffle (b), run (c) and pool (d) habitats in
Sapucaí-Mirim River, Brazil
The amplitude of variation for all limnological measurements was higher in pools
compared to riffles and runs. Conversely, the runs were more conservative habitats, with lower
variability. Comparison among habitats data obtained in dry conditions (riffles were not
accessed in rain conditions) is presented in Table 1. Most limnological measurements were
statistically different among habitats (p < 0.05), except for total solids and total phosphorus.
The ichthyofauna was composed by 23 species from 11 families and five orders; 82%
are small size and the others medium size (BRITTO 2003; VAZZOLER 1996). The most
abundant species were Knodus moenkhausii and Astyanax bockmanni, comprising 43.09% and
30.10%, respectively, in a total of 608 specimens captured. The presence of larvae and
juveniles of several fish species, mainly during the rainy season, was observed.
Seventy two taxa belonging to Cnidaria, Nemertea, Platyhelminthes, Nematoda,
Annelida, Crustacea, Entognatha, Insecta and Mollusca were found. Diptera exhibited higher
relative abundance in the knickzone (46% both in dry and rainy season), followed by
Trichoptera (dry season = 23%; rainy season = 19%) and Ephemeroptera (dry season = 10%;
rainy season = 23%).
DISCUSSION
The knickzones exhibit a unique complex structure due to the occurrence of distinctive
kind of habitats: pools, riffles and runs of different magnitudes and degree of connectivity,
distributed in relatively short river stretches. The wide limnological variability observed in the
knickzone macrohabitat results from the inherent high complex structure and an intense
functional dynamics at distinct temporal scales – seasonal and short term fluctuations in
flood/exposition conditions. Comparisons with limnology of non knickzone stretches, which
predominates in the river, could also be a strategy to highlight the particularities of this kind of
macrohabitat.
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Table 1. Environmental variables (maximum and minimum values) for each type of habitat in
the dry condition
VARIABLES
RIFFLES (n=6)
RUNS (n=3)
POOLS (n=7)
Length (m)
3.0 – 10.5
3.2 – 31.7
Width (m)
1.8 – 3.5
4.6 – 10.5
Depth (m)
0.1 – 0.55
0.3 – 1.5
Volume (m³)
5.9 - 200.3
-1
Water velocity (m s )
0.4 - 2
0.7 - 0.8
Water temperature (ºC)
17.9 - 19.3
22.4 - 22.8
19.4 - 24.2
pH
7.1 - 7.8
7.1 - 7.2
7.0 - 9.1
ORP (mV)
181.0 - 222.0
264.0 - 272.0
68.0 - 202.0
-1
Conductivity (µS cm )
68.0 - 70.0
94.0 - 94.0
65.0 - 96.0
Turbidity (NTU)
8.6 - 269.0
11.3 - 17.5
1.9 - 37.5
-1
DO (mg L )
8.8 - 12.8
8.8 - 10.0
5.7 - 14.7
DO (%)
97.5 - 140.9
104.3 - 117.8
67.8 - 164.3
-1
TDS (mg L )
44.0 - 46.0
61.0 - 61.0
42.0 - 63.0
TSS (mg L-1)
2.9 - 7.2
5.0 - 5.7
1.2 - 8.1
-1
ISS (mg L )
2.0 - 5.2
3.4 - 4.1
0.2 - 8.1
-1
OSS (mg L )
1.0 - 2.0
1.5 - 1.6
1.0 - 6.0
-1
TS (mg L )
54.0 - 66.0
64.0 - 70.0
44.6 - 67.0
Total phosphorous (µg L-1)
13.2 - 74.1
19.7 - 20.4
14.1 - 59.2
-1
Total nitrogen (µg L )
1649.0 - 2235.5
1797.0 - 2176.0
846.0 - 2055.0
-1
Chlorophyll-a (µg L )
1.0- 8.0
0.5 - 0.5
0.7 - 9.9
n = number of sampling habitats.
The presently known fishes richness of Sapucaí-Grande basin comprises 99 species and
represents 32% of the richness registered in the upper Paraná basin, although corresponding to
only 1% of this basin area (9,175,42 km² of 891,309 km²) (SOUZA 2014). This relation is even
more prominent if we considered that in the studied knickzone [(0.00032% (0.03 km²) of the
Sapucaí-Mirim area)] we found 23% of the river fish richness. Probably the new fish records
are related to the knickzones structural and functional particularities which may attend specific
ecological requirements.
It was possible to note the higher values of aquatic macroinvertebrates taxa richness
too, although the identification has reached a greater level than that commonly seen in most
studies. The predominant taxa found present structures that allow organisms fixation in the
rocks, such as claws, silks or adhesive disks. Some of them, such as Trichoptera e
Ephemeroptera, are used in biomonitoring programs because their sensibility to environmental
conditions (ROSENBERG & RESH 1993), indicating us the knickzone shows habitat quality.
Great fishes and aquatic macroinvertebrates richness in such small area could be
explained by the high limnological variability, complex interactions of physically different
habitats (pools, runs and riffles) in terms of depth, area, volume and connectivity with the river
flow, as well as the presence of a variety of structures such as rocks and marginal vegetation.
A great abundance of small size species and larval and juveniles of some fish species was also
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found, showing to be an important macrohabitat for the life cycle of this species. The knickzone
is plentiful of shelters, reducing pressure from predators (SCHLOSSER 1987) and providing a
wide spectrum of food resources.
In this way, efforts must be undertake in order to provide the scientific ecological
knowledge of this kind of macrohabitat – structure and functioning, especially due to the fact
that knickzones are in eminent threat by construction of hundreds of hydropower plants all over
the country.
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SUMMARY
Fragmentation process and habitat loss, are recognized as one of the main threats to
biodiversity, leading to the formation of different types of matrix surrounding forest fragments.
Because of their life history characteristics, amphibians are particularly sensitive to habitat
changes. The aim of this study was to understand how the different types of matrix affects the
amphibians occupancy. We created a buffer of 500 m surrounding each forest fragment and we
determined the proportion of each land use type and water bodies. For Rhinella ornata the
percentage of water bodies influence positively. For Proceratophrys boiei the reservoir
influences in a negative way, and for Haddadus binotatus the null model was the most
plausible. The influence of matrix’s type is species-specific and probably dependent on the
type of reproductive mode exhibited by each species. It is clear that conservation and
management measures must consider the species present in the region and not the group as a
whole.
INTRODUCTION
Fragmentation is recognized as the main threats to biodiversity (LAURANCE 2014).
Recent studies have identified the change in land use, a direct consequence of fragmentation
and habitat loss, as the best predictor for the distribution of amphibians (BRUM et al. 2013) or
as important as the climate (MARTINS et al. 2014), demonstrating the importance of
considering this aspect in the current studies. However, most researchs when analyzing the
effect of different matrices, do not consider all types of land use in the landscape, or when they
do, they evaluate specific types or grouped into categories.
Among the most affected groups are amphibians (STUART et al. 2004). Amphibians
exhibit philopatry and low vagility (SINSCH 1990). Although, they are particularly sensitive
to habitat change primarily because of their mainly biphasic life cycle, in which individuals
that reside in terrestrial habitat seek water bodies for breeding, and in doing so, they are often
forced to cross an area of hostile matrix (HARPER et al. 2008).
Therefore, the type of use and land cover in the surrounding habitat fragment can be
decisive for the survival of amphibians (QUESNELLE et al. 2015). With habitat fragmentation,
areas used for breeding and to obtain other resources are disconnected, causing increased
mortality due to desiccation and predation mainly (BECKER et al. 2007; BECKER et al. 2010).
As the species do not respond similarly to matrix presence (NOWAKOWSKI et al. 2013; LEEYAW et al. 2015) there may be a difference in the composition of amphibian communities in
accordance with the surrounding landscape (MANENTI 2013; D’ANUNCIAÇÃO et al. 2013).
In addition, many amphibians are cryptic and difficult to detect causing not only the
underestimation of specie presence, but also misleading conclusions about the spatial
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distribution of species and associations with forest fragment attributes of landscape
(MOILANEN 2002; MAZEROLLE et al. 2005).
The aim of this study is to determine how the landscape composition influences the
occupancy of anurofauna. More specifically, we ask: what is the relative contribution of forest
cover, matrix type and percentage of water bodies in occupancy of amphibians? We expect that
the percentage of water bodies is the most important variable, since most of amphibians have
biphasic life cycle, requiring these places to reproduce.
METHODS
We conducted the study in nine semideciduous seasonal forest fragments in the
surrounding of three cities— Alfenas, Areado and Serrania—in the state of Minas Gerais,
southeastern Brazi. We selected the forest fragments, according to the following four criteria:
(1) minimum distance of 500m between fragments to ensure independence between samples,
(2) area between 15 and 100 ha, (3) shape index (MCGARIGAL & MARKS 1994) between
1.22 and 2.46, (4) presence of a water body in or around the fragment. In each of the nine
fragments, we installed five pitfall traps with drift fences. Each trap array consisted of four 30
L buckets buried in the ground up to the top of the bucket, with a central one and three radial
buckets four meters away from the central bucket and placed at 120∘ from each other. These
radial buckets were connected to the edge of the central bucket by plastic fences 0.5m tall and
4m long. Traps were 50m from the edge of the fragment and 30m apart from each other. We
collect in the rainy season of the years 2011-2013, totaling a sampling effort of 42,680 hourstrap and 101 days.
To evaluate the landscape composition in each of the fragments we created a buffer
500m. Within each buffer we calculate, through ArcGIS 10.1 program, the proportion of forest
cover, matrix type and water bodies from the georeferenced RapidEye satellite images with a
spatial resolution of 5 m. The variable reservoir was considered separate from variable water
body for its high representation in the study site. We use occupancy models (MACKENZIE et
al. 2002) in order to access the occupancy of each species and assemble models with
environmental variables. We selected the models according to the Akaike Information
Criterion (AIC) taking into account only those models that had delta AIC <2. We performed
the analyzes in Mark program.
RESULTS AND DISCUSSION
Occupancy models were generated only for the three most abundant species. For
occupancy and detection of each species, we obtained for R. ornata an average occupancy rate
of 0.8889 (± 0.1049) and a probability of detection 0.6836 (± 0.0619), for H. binotatus an
average occupancy 0.8087 (± 0.1448), and a detection probability 0.4154 (± 0.0742) and for P.
boiei an average occupancy 0.3334 (± 0.1572), and a detection probability of 0,7366 (±
0.1012). In relation to the landscape's influence on the occupation of amphibian species, we
obtained that for R. ornata the model with water bodies variable is the more plausible to explain
the pattern of occupancy displayed by this specie, positively influencing the occupancy of this
species in the landscape (β = 29.10 ± 5.32) (Figure 1). For H. binotatus, the null model best
explains the occupation of this species in the landscape, and there is not relationship of this
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species with some variable of the landscape that we collected. P. boiei we ascertained a
negative influence on it occupancy by the reservoir variable (β = -1.45 ± 0.09) and sugarcane
(β = -1.13 ± 0.08) (Figure 2).
The occupancy of the different species in response to different land uses is speciesspecific. Our hypothesis that percentage of water bodies would be the most important variable
to explain the occupation of amphibians has been confirmed for one of the three species
analyzed. This result is consistent with the dependence of R. ornata of wetlands for breeding
(HADDAD et al. 2013). R.ornata is a generalist species, common in both forested areas and in
edges of disturbed areas (BALDISSERA et al. 2004). His tadpoles is exotrophic and
development occurs in pools or backwaters of rivers (HADDAD et al. 2013).

Figure 1. Model projection of p(.) psi(water) to R. ornata, gray lines are the confidence interval
to 95%, black line is the value predicted by the model.

Figure 2. Model projection of p(.) psi(sugar cane) for P. boiei, gray lines are the confidence
interval to 95%, black line is the value predicted by the model.
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P. boiei can be found in forest litter and also in litter located on the banks of lentic
environments, although it also occurs in altered environments (FEIO et al. 2008). Its
reproduction occurs in backwaters of streams or renewable water pools located inside or edge
of forests (IZECKSOHN & CARVALHO-E-SILVA 2001). The reservoir, when present in the
study site, was located near the edge of the forest fragment. However, this variable influenced
in a negative way the occupancy of this specie, as well as sugar cane matrix. P. boiei is present
only in forest fragments that do not have sugar cane cultivation or presence of reservoir in its
surroundings. Sugarcane uses more pesticides than other matrix types, and there is the cut
regularly and the use of fire (SPENCER & HAUER 1991; MINSHALL et al. 1999). Such
practices may have negative consequences for amphibians, as they leave the most exposed to
predators (DENOËL et al. 2005), high UV-B (BANCROFT et al. 2008), and modify the habitat
conditions, such as low humidity and high temperatures (PREEST & POUGH 2003).
Moreover, the pesticide can be deadly for these organisms because of their permeable skin
(SCHUYTEMA & NEBEKER 1999). But, negative influence of the reservoir could be
consequence of this variable is present in the same fragments of sugar cane. Because of the
high representativity of the reservoir in the landscape, its implementation may have suppressed
habitat areas as well.
H. binotatus inhabits forest areas, found primarily in forest interior leaf litter (DIXO &
VERDADE 2006). His development is direct, it has no dependence on water to reproduce as
most amphibians (IZECKSOHN & CARVALHO-E-SILVA 2001). This feature may be
responsible for the fact that variable water has not caused any influence on the occupancy of
this species. However, the variable percentage of forest does not have any influence on its
occupancy, despite all its life cycle be restricted to forest areas. These results should be
interpreted with caution, since the robustness of the models for this species was not high. In
addition, H. binotatus can escape from pitfall traps (DIXO & VERDADE 2006; DIXO &
MARTINS 2008) and the possible sub-sampling may have masked the true result, what is the
positive influence of forest cover.
Conservation and management measures (eg.: proposal crops in surrounding forest
fragments that would cause the least impact) should consider the species present in the region
and not the group as a whole.
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SUMMARY
Dynamic land use permits assessing changes in landscapes on several spatial scales. In addition,
it can inform biodiversity conservation strategies. On a temporal scale of 20 years, it was
analyzed land use changes in a predominantly agricultural landscape in southern Brazil. Using
images from the Landsat 5 TM sensor and employing GIS techniques, it was obtained land use
maps for 1991, 2001 and 2011. Agricultural land uses (agriculture and bare soil), natural
vegetation and pasture showed differences between the years analyzed. The agricultural land
use and socio-economic factors determined the changes in land and cover uses and in the
composition and landscape scenery. The effects of these changes resulted directly in a
reduction in the agricultural area and the expansion of areas of natural vegetation and pasture.
Key-words: Temporal series; Agricultural land uses; Environmental management;
Conservation purpose.
INTRODUCTION
Land use in certain landscapes and regions is associated with anthropogenic activities
and related to policy and socio-economic functions (PARCERISAS et al. 2012; MELENDEZPASTOR et al. 2014). These interactions are considered to be a series of decisive interventions
related to anthropogenic landscape changes, with the intention of obtaining products and
benefits, with the use of environmental resources (PETERSON et al. 2014). In turn, these
human actions are directly related to the land cover type, be it forest, agricultural, residential
or industrial (BOSSARD et al. 2000).
Changes in land use, especially rural exodus, are increasing due to environmental and
socio-economic factors, such as soil degradation, environmental protection programs,
industrial and economic development and urbanization of regions (DÍAZ et al. 2011;
HERNÁNDEZ et al. 2015). Thus, studies related to the temporal dynamics of land use on
various spatial scales, enable the analysis of the evolution of the socio-economic system over
time, the relationship with changes in land use, and the impacts in environment through
different anthropogenic activities (SIMON & TRENTIN, 2009; OTTINGER et al. 2013).
This study aimed to analyze the spatial and temporal changes in land use in a landscape
in southern Brazil, considering a time scale of 20 years. The study hypothesis is that changes
in land use and its effects result from changes in agricultural uses prevalent in the region under
study.
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MATERIAL AND METHODS
Study Area
This study was conducted in southern Brazil, in a region located between the
geographic coordinates 27º12'59" to 28º00'47"S and 51º49'34" to 52º48'12"W (Figure 1).

Figure 1. Location and municipalities boundaries of study region - Rio Grande do Sul, Brazil.
It has an area of 5,916.28 km2 with an altitude ranging from 400-800m and slope
average quotas between 5-15%. The economic is supported on agriculture, with the cultivation
of soy, corn and wheat, and animal husbandry (chickens, pigs, and cows) (DECIAN et al. 2009).
The climate is classified as Cfb in the Koppen system, with an average annual temperature of
17.6°C, and average annual rainfall of 1,912.3 mm. The geological and edaphic formation
consists of basalt. The soil is composed mainly by Rhodic typical alumino (LVaf) (MORENO
1961; STRECK et al. 2008). The vegetation is characterized by Araucaria Rain Forest that is
considered a component of the Atlantic Rain Forest, in spite of its unique physiognomy and
floristic composition (OLIVEIRA-FILHO et al. 2015).
Digital Sampling Data and Analysis
Satellite Landsat 5 (bands 1, 2, 3, 4, 5, and 7) images, from October 1991, 2001 and
2011, corresponding to the TM sensor, orbit 222 and point 79 was obtained of the National
Institute for Space Research Catalog (INPE). These dates were chosen to be in the same month
(October) and season (spring in the Southern Hemisphere). Landsat imagery with a spatial
resolution of 30 m was georeferenced in IDRISI Selva software, using the UTM projection,
WGS 84 datum and zone 22 South through 41 checkpoints, collected in the field with the aid
of a GPS (Global Positioning System). The composition RGB consisted of the combination of
bands 3, 4, and 5 of the electromagnetic spectrum. The digital treatment of images was
performed in order to improve highlight color, brightness and contrast.
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Sampling Units, Images Classification and Land Use Thematic Maps
For the collection of sample standards of ground truth, the identification of the land use
classes and through a database containing 180 sampling unit patterns. For each sampling unit
standard, it was evaluated in addition to the geographical location, the situation and the type o
land use site, and made collections of photographic field records. From each image of the time
series, was collected land use samples for the classification process (approximately 10% of the
image area). The supervised classification of satellite images pixel by pixel was followed by
the maximum likelihood method (MaxVer). Were categorized six land use classes: natural
vegetation, pasture, agriculture, bare soil, water and urban. The identification of land use
classes was adapted from the systematic classification proposed by the Technical Manual Use
of the Earth’s Brazilian Institute of Geography and Statistics (IBGE, 2013). MapInfo 8.5
software to develop thematic maps of land use was used.
Data Analysis
In this study, was considered the municipalities boundaries as the sampling units. Thus,
at each location, was used the percentage area of each land use as the variable. The difference
between the percentage area of each land use, during the years 1991, 2001, and 2011, was
evaluated through analysis of variance (one-way ANOVA), with the a posteriori Tukey test.
The statistical analyses were performed in the R (R Core Team 2013) environment using
features of the "vegan" package (OKSANEN et al. 2013).
RESULTS
The spatial and temporal analysis of land use, in 1991, 2001 and 2011, highlight that
the trends in changes in the landscape were related to a decrease in agricultural use (agriculture
and bare soil). In addition, there was an increase in area occupied by natural vegetation and
pasture (Figure 2).
Among the land uses quantified, natural vegetation and pasture showed an increase in
area of 8.5% and 12.2%, respectively (F(2,90) = 9.41, p <0.001; F(2,90) = 17.3, p<0.001).
Moreover, agriculture and bare soil reduced their occupation areas during the study period
(total reduction: 22.1%; F(2,90) = 20.4, p<0.001). The urban area was similar over the study
period (F(2,90) = 0.5, p = 0.57; Figure 3).
DISCUSSION
The results demonstrate that the region is being submitted to a landscape composition
and configuration transformation process due to changes in the use and land cover. When
anthropogenic changes in land use are associated with economic activities and policies on a
regional scale, they generate direct effects on the composition and landscape structure
(TURNER 1989; LU et al. 2003). The expansion of natural vegetation and pasture areas was
related to the agriculture discontinuation of agricultural areas with lower fitness for the
mechanization due to the declivity in these areas. The abandonment of agricultural land is seen
as a major factor in the reduction of deforestation, resulting in an increase in natural vegetation
cover (GRAU et al. 2003; PARSONS 2014). In addition, this usually occurs due to the high
costs of agricultural cultivation in these areas.
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Figure 2. Distribution in land use during the period 1991-2011. (A) 1991 (B) 2001 (C) 2011,
and (D) temporal variation each land use class (%) in relation to the total area landscape (U:
Urban, W: Water, BS: Bare soil, A: Agriculture, P: Pasture, and NV: Natural vegetation).
The increase in pasture area is related to new economic activities, especially raising
livestock breeding, and also in livestock production in the region. These activities are checked
in municipalities where the technology associated with monoculture has certain restrictions
implementing its maximum productive potential, mainly due to topography and the small size
of the farms (family farms and smallholdings).
The rural exodus in the region also contributed to the landscape change process (PIRAN
2001). Thus, the rural exodus provides a slight tendency to increased urban areas in some
municipalities, especially those cities that increase their urban perimeter, related to the
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provision of services and jobs in the tertiary economic sector. The continued process of land
abandonment and the reduction of the rural population are common trends and present
subsequent socio-economic and environmental implications (MELENDEZ-PASTOR et al.
2014).

Figure 3. Variation and percentage occupied by each land use class (A) Natural vegetation,
(B) Pasture, (C) Agriculture/Bare soil, and (D) Urban, during 1991, 2001 and 2011.
Throughout the period analyzed, forest regeneration process resulted in the expansion
of areas of natural vegetation. The dynamics of forest regeneration are mainly due to an
increase in natural vegetation in early successional stages at the edges of forest fragments, and
the abandonment of higher slope areas. In general, the increase in forest areas is evident in soils
with lower fitness for agricultural production, and in areas with steep slopes gradients
(NAINGGOLAN et al. 2012). So, when the use of agricultural land is abandoned, the process
of ecological succession inevitably occurs in these areas, leading to the spontaneous
regeneration of natural vegetation.
In conclusion, agricultural uses (agriculture and bare soil) are prevalent in the region is
the main factor responsible for generating changes in the structural composition of the
landscape. This feature indicates that the region is inserted in a predominantly agricultural
landscape matrix. It is important to consider that the effects of changes in land use result in the
expansion of natural vegetation areas, providing greater diversification in the heterogeneity of
the landscape. The study will provide planners and decision makers with tools able to assist
land use planning, the identification of socio-economic alternatives, and environmental land
management in the region. In addition, the increase in natural vegetation area strengthens the
need for environmental action planning, ensuring the biodiversity conservation and the
relevance of native forest permanency in the area.
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SUMMARY
The aim of this study was to characterize the interactions of A. robusta with fruits and seeds in
the Restinga ecosystem through the following aspects: fruits and seeds species foraged by Atta
robusta; the ant behavior toward the seeds; the local which ants place the seeds. We tested the
hypothesis that Atta robusta disperses smaller and lighter seeds for longer distances.The study
was carried out through the monitoring of 10 colonies for a period of 12 months in the Island
of Guriri, São Mateus-ES, Brazil. We verified that A. robusta interacts with fruits and seeds of
35 plant species throughout the year. The seed sizes vary from 6.65mm 2 to 625.23mm2, and
the seeds weights vary from 0.007g to 4.185g. We registeredfour interaction types performed
by A. robusta : a) ants clean the seeds but do not remove them; b) ants clean the seeds while
removing, but abandon them in the foraging trail; c) ants remove the seeds to the interior of the
nest, where they clean and discard them in stacks on the ground surface; d) ants remove the
seeds to the nests but do not discard them. Moreover, our data support the hypothesis that A.
robusta disperses smaller (F1,28=11.4; p=0.002) and lighter (F1,28=8.2; p=0.02) seeds for longer
distances. The observed interactions between A. robusta and the plant species and the restricted
distribution of A. robusta allow us to suggest that it plays an important role in seed dispersion
and, consequently, in the biology of Restinga ecosystems in the southeast coastal of Brazil.
These results represent a starting point to understand the implications of fruit and seed
dispersion by A. robusta for plant species distribution and ecosystem process maintenance in
Restinga ecosystems.
INTRODUCTION
Fruits and seeds represent an important part of ants’ diet (HÖLLDOBLER & WILSON
1990) and these interactions have attracted the attention of researchers in the last decades in
Brazil (PIZO & OLIVEIRA 1999; LEAL & OLIVEIRA 2000; LEAL et al. 2015). One of the
main consequences of these interactions is the dispersion of seeds and it has a great ecological
importance to the plants movement in the space.
Studies on the interaction of ants with fruits and seeds in Restinga environments are
rare, with registers only for the São Paulo State (PASSOS & OLIVEIRA 2002). However,
these studies had not registered the participation of ants of the genus Atta in these interactions.
It is possible that the absence of this group in Restingas is due to the superficiality of water
table (MARICONI 1970). However, Atta robusta has been registered in the Rio de Janeiro and
Espírito Santo States, with strong evidences of endemism for the Restingas (TEIXEIRA et al.
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2003). This species does not possess the status of agricultural pests therefore it has not deserved
the researchers’ attention (FOWLER 1995). Their colonies are restricted to the
phytophysiognomy of the Restingas called Myrtaceae forest (TEIXEIRA & SCHOEREDER
2003), where ants interact with different species of plants, using their fruits and seeds (personal
observation). Therefore, this study represents the first register of the interaction of leaf cutting
ants with fruits and seeds in the Brazilian Restingas and deals particularly with the A.robusta
role in this process.
Our study characterises the relationship between Restinga plants and ants answering
the following questions (1) which fruits and seeds species are foraged by Atta robusta?; (2)
which is the ant behavior toward the seeds?; (3) where do the ants deposit the seeds?.
Additionally the study presents a list of plant species whose seeds and fruits are used by A.
robusta and tests the hypothesis that Atta robusta disperses smaller and lighter seeds for longer
distances.
MATERIAL AND METHODS
Study area
The study was carried out in the Guriri Island (18º 43'S, 39º45'W), São Mateus, Espírito
Santo, Brazil, where the original vegetation is represented by Restingas forests, mangrove, and
gallery forest.
Data collection
Data were collected by monitoring 10 A. robusta nests with areas varying from 54 to
120m . The monitoring was carried throughout 12 months (from April 2005 to March 2006)
and consisted of monthly visits (diurnal and nocturnal) to the nests. In the visits, the ants
foraging trails were followed and we registered the foraging behavior and the dispersion
distance (meters) of the seeds from mother plant. Seeds removed and discarded by the ants
were sampled. The seeds were put in plastic bags classified by nest, and were taken to the
Ecologia de Comunidades laboratory at the Universidade Federal de Viçosa. In the
laboratory, seeds were identified to species, dryed, weighted and measured. The seed size
was obtained by the multiplication of the greater length by the greater width.
2

Statistical analyses
To test the hypothesis that A. robusta disperses smaller and lighter seeds for longer
distances we performed General Linear Model using the average dispersion distance as
response variable and the average seed size and seed weight as explanatory variables in
different models. Residual analyses were carried out to verify error distribution and the
suitability of the models employed. All the analyses were performed in the software R (R
DEVELOPMENT CORE TEAM 2006).
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RESULTS AND DISCUSSION
A. robusta were registered collecting fruits and seeds from a total of 35 plant species,
belonging to 17 families: Tapirira guianensis Aubl., Schinus terebinthifolius Raddi,
Anacardium occidentale L., Allagoptera arenaria (Gomes) Kuntze, Protium heptaphyllum
(Aubl.) Marchand, Couepia schottii (Fritsch), Cayaponia tayuya (Vell.) Cogn., Pera parvifolia
Mull. Arg., Casearia sp, Calophyllum brasiliensis Camb, Coccoloba alnifolia Casar., Rutaceae
sp., Swartzia apetala Raddi, Abrus precatorius L., Ormosia nítida Vog., Abarema filamentosa
Benth, Acacia mangium Willd., Acacia auriculiformes Benth, Leucaena sp., Leguminosae sp.1,
Byrsonima sericea DC., Myrsine sp.1, Myrsine sp.2, Eugenia rotundifolia Casar, Eugenia sp.1,
Cupania emarginata Cambess, Cupania sp., Paulínia riodocensis Sommer, Smilax sp.1,
Smilax sp.2. The highest dispersion distance average was observed for Abrus precatorius
(Leguminosae), Byrsonima sericea (Malpighiaceae) and Myrsine spp (Myrsinaceae), which
were removed up to 100 meters apart from mother plant.
Leguminosae family presented the highest number of species interactions (eigth
species), and some species recorded are exotic and invasive plants: Acacia mangium, A.
auriculiformes and Leucaena sp. The seeds of these species have reduced size and are
beneficiated in the dispersion process, since they can be carried through long distances
(HARPER 1977). It is possible that A. robusta collaborates to species invasion process in the
Restingas ecosystem, since ants may favour the dispersion of Acacia sp. in invaded habitats
(MONTESINOS et al. 2012).
The major foraging behavior performed by the ants was the removal of seeds into the
nests, where they cleaned the seeds, and discarded them in stacks on the ground surface
(occurred with 58% of the plant species collected). This aggregation of seeds in the nest
entrances produces a great amount of seedlings. The second more frequent interaction type
(registered in 48% of the plant species used by ants) is restricted to seed cleaning and
abandoning under the mother plant. A common characteristic observed in these plant species
is the size of the seeds, usually larger than the seeds removed to the nests. The non removal of
these seeds is, possibly, a consequence of limitations in the loading capacity of the foragers
(ROCES & HÖLLDOBLER 1994).
In the case of the removed seeds the benefits can include all those deriving of the seed
dispersion. According to the hypothesis of escape, the predator action and the competition
between seeds and sedlings tend to increase with the proximity to the parent plant (JANZEN
1970). Thus, the dispersers, as birds and mammals, contribute to the reduction of competition
and predation under the mother plant. In addition, ants deposit the seeds nearby the nests, where
chemical and physical properties can be favorable to the germination and development of
seedlings (MOUTINHO et al. 2003). It is possible that these benefits also occur in the nests of
the A. robusta.
Our data support the hypothesis that A. robusta disperses smaller (F1,28=11.4; p=0.002)
and lighter (F1,28=8.2; p=0.02) seeds for longer distances (Figures 1 and 2). We suggest that is
a limitation to seed removal ability performed by A. robusta, which may be explained by the
carrying capacity of workers (VALENTIM et al. 2007). Apparently, leaf-cutting ants carry
loads with weights below their capacity (WETTERER 1994), thus smaller and lighter seeds
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would be more removed that larger ones. Moreover, some studies reported that Attini ants fail
in carrying larger seeds (PASSOS & OLIVEIRA 2003). Furhermore, Davidson (1997) reported
that seed size may limit the seed dispersion by ants, reinforcing our results.
Although the ants are pointed as efficient seed dispersors in tropical forests, some
studies suggest that leaf-cutting ants (Atta and Acromyrmex) do not represent important
dispersal agents in Restinga ecosystems (Passos & Oliveira 2002). However, the A. robusta
interactions with fruits and seeds observed in the present study and the endemism and restricted
distribution of this specie (TEIXEIRA et al. 2003) allow us to suggest that it plays an important
role in seed dispersion and, consequently, in the biology of Restinga ecosystems in the
southeast coastal of Brazil.

Figure 1: Smaler seeds are dispersed over longer
distances (F1,28=11.4; p=0.002).

Figure 2: Lighter seeds are dispersed over longer
distances (F1,28=8.2; p=0.02).

Nevertheless, these results represent a starting point to the development of new studies
that aim to understand the implications of fruit and seed dispersion by A. robusta for plant
distribution and ecosystem functioning in Restinga ecosystems.
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SUMMARY
In this study, we assessed the relative contributions of catchment land cover, local
environmental features and spatial patterns in explaining variation in the α-component of
taxonomic, functional and phylogenetic diversity facets of stream fish. The study was carried
out in 85 reaches (= 85 different catchments) in the Alto Rio Paraná basin, southeastern Brazil.
To quantify functional and phylogenetic facets we used metrics based on distances among
species. We performed a series of multiple regression analysis to explain the three facets of
biodiversity (response variables) as a function of local, catchment or spatial variables retained
by a forward selection procedure (explanatory variables). In general, local-scale environmental
variables best explained taxonomic, functional and phylogenetic facets. Catchment-scale and
spatial variables were not related with any of the facets of biodiversity.
INTRODUCTION
An appropriate framework for understanding biodiversity at various spatial and
temporal scales is provided by metacommunity ecology (HEINO 2013), which can have an
applied dimension. Applied metacommunity ecology could help to detect general patterns and
clarify mechanisms underlying the effects of environmental alteration on biodiversity and for
preserving biodiversity in a metacommunity background (HEINO 2013). Recently, new
research lines in the study of metacommunities have been developed. These include functional
and phylogenetic facets of biodiversity, aiming to link niche properties based on species traits
and phylogeny to environmental and spatial variation (PERES-NETO et al. 2012). The
assessment of these facets has the potential to reveal causal mechanisms of community
assembly that would not be evident from patterns of species distributions or taxonomic
diversity alone (PERES-NETO et al. 2012). Functional and phylogenetic measures may also
provide different and complementary information about species’ differences and communities’
responses to disturbance because ecologically relevant information not captured in selected
traits may still be present in the phylogeny (CADOTTE et al. 2013).
Most ecosystems show considerable heterogeneity in space and time. For example,
streams are heterogeneous systems at multiple spatial scales (FRISSELL et al. 1986), and this
heterogeneity is mirrored in the organization of biological communities (HEINO et al. 2015b).
Much of the stream research has traditionally been conducted at small spatial scales (ALLAN
2004), often within stream reaches of a few hundred meters and their immediate surroundings
(ALLAN 2004). However, it has long been recognized that local habitat and biological
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diversity of streams are strongly influenced by landform and land cover in the surrounding
valley (HYNES 1975). Although researchers have increasingly adopted a catchment-scale
view of streams (ALLAN et al. 1997), the relative impact of local-scale versus catchment-level
factors on stream biota has remained elusive (STRAYER et al. 2003).
In this study, we assessed the relative contributions of catchment land cover, local
environmental features and spatial patterns in explaining variation in the α-component of
taxonomic (i.e., species richness), functional and phylogenetic diversity facets of stream fish.
We aimed to answer the following questions: i) Are species richness, functional and
phylogenetic facets related with local and/or catchment environmental features? ii) Do the three
facets of biodiversity respond in the same way to local and/or catchment features? And iii) Are
these facets spatially structured? We hypothesize that: i) both local and catchment
environmental features will be explain variation in the three diversity facets, indicating that
environmental features measured at different spatial scales have high predictive power on
stream fish metacommunity structure (ALLAN et al. 1997); ii) both functional and
phylogenetic α-diversity will respond in the same way as species richness since studies relating
environmental gradients to this facets suggest that the functional or phylogenetic facets are
positively correlated to the taxonomic facet (PETCHEY et al. 2007). Finally, iii) spatial
structure in biodiversity among sites should be weak at best, as dispersal limitation will not be
important at this spatial extent. Most stream studies have indeed found that environmental
control prevails over spatial constraints within drainage basins (HEINO et al. 2015a).
METHODS
Study area
This study was carried out in 85 stream reaches (= 85 different catchments), in the Alto
Rio Paraná basin, northwest of São Paulo State, Brazil. In each reach, a two-pass electrofishing
technique was conducted for a total of 45 minutes of standardized time. Voucher specimens
were deposited at the DZSJRP fish collection (#19264 - 19326), São José do Rio Preto, São
Paulo, Brazil.
Predictor variables
Catchment and local scale variables
For each catchment, we obtained variables related with catchment land cover
composition and heterogeneity, which were quantified through (a) the number of classes of
land cover (i.e., richness), (b) the relative proportion of each class of land cover, and (c)
Shannon diversity. Additionally, at each reach we registered local variables related to in-stream
features, riparian physical structures, water physicochemical properties, stream morphology,
habitat composition and heterogeneity.
Spatial variables
We used the network distance (i.e., the distance between sites following the dispersal
pathways dictated by the riverine dendritic network sensu Brown & Swan, 2010) to represent
the distance between sites (as suggested by Landeiro et al., 2011). From the network distance
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matrix, principal coordinates of neighbour matrix (PCNM) was calculated to generate spatial
variables.
Response variables
Functional traits and the phylogenetic hypothesis
For each fish species, we obtained or compiled information on 12 functional traits. The
selected traits provide important ecological information about species and have been widely
used to examine the functional structure in Neotropical stream fish (e.g., CARVALHO &
TEJERINA-GARRO 2015).
For all fish species (S = 63), we constructed a composite phylogenetic hypothesis based
on different studies (e.g., Near et al., 2012). Because there is no general consensus on the timing
of diversification among the major actinopterygian and teleostean lineages (Near et al., 2012),
the phylogenetic distance between species was calculated using the ‘bladj’ utility in Phylocom
software.
Functional and phylogenetic indexes
We used the mean pairwise distance (MPD) and the mean nearest taxon distance
(MNTD) (WEBB 2000) to assess functional and phylogenetic diversity. The MPD metric is
often considered to be a “basal” metric of diversity (WEBB 2000). Conversely, MNTD is
considered a “terminal” relatedness measure being more sensitive to variations towards the tips
of the dendrogram (WEBB 2000).
Analytical methods
To reduce the initial number of explanatory variables and strong linear dependencies
among them, we firstly discarded those explanatory variables, assessed separately within each
scale, with Spearman correlation ≥ 0.7. Secondly, we performed a forward selection procedure
(sensu BLANCHET et al. 2008). Finally, we performed a series of multiple regressions to
explain the three facets of biodiversity (response variables) as a function of local, catchment or
spatial variables retained by the forward selection procedure (explanatory variables).
Additionally, to use the beta coefficients to interpret multiple regression, we considered the
structure and commonality coefficients to gain a broader and fuller perspective on the
contributions that independent variables made to the regression equation (NATHANS et al.
2012).
RESULTS AND DISCUSSION
Overall, 63 fish species belonging to 18 families and six orders were sampled. In
general, local-scale environmental variables explained species, functional and phylogenetic
facets the best. Local-scale variables accounted for 33% of the variation in the species richness,
and for 22% and 24% of the variation in the functional MPD and phylogenetic MPD,
respectively (Table 1). Considering the terminal relatedness metrics, local-scale variables
accounted for 31% the variation in the functional MNTD whereas the variation in the
phylogenetic MNTD was not related with any explanatory variable (Table 1). On the other
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hand, catchment-scale and spatial variables were not related with any of the facets of
biodiversity (Table 1).
Table 1. Multiple regression and commonality analysis predicting the three facets of stream
fish diversity by forward selected environmental variables. This table includes P-value,
adjusted R2 (R2Adj.), beta coefficients (β), each predictor’s total unique (U), total common (C),
and total variance (Total) in the regression equation.
Facet
Effects
β
P
Commonality analysis*
Species richness
(P < 0.001; R2Adj. = 0.33)

(Intercept)
dep
widSD

9.024
1.236

< 0.001
0.001

0.959
-1.336
0.993
0.428

0.010
0.000
0.011
< 0.001

U

C

Total

0.100
0.056

0.021
0.058

0.121

0.111
0.054
-

-0.046
0.035
-

0.114
0.065
0.089
-

Functional MPD

Lro
pool
(Intercept)

(P < 0.001; R2Adj. = 0.22)
Phylogenetic MPD
(P < 0.001; R2Adj. = 0.24)

usu
-0.017
0.000
(Intercept) 327.493 < 0.001
dep
-19.485 0.000

0.165

-0.012

0.152

0.103

-0.012

0.090

Functional MNTD
(P < 0.001; R2Adj. = 0.31)

run
-15.374 0.001
(Intercept) 0.253 < 0.001
dep
-0.020
0.000

0.150

-0.027

0.124

wid
-0.020
0.000
0.142
-0.039
0.103
Lro
0.014
0.005
0.068
-0.028
0.040
tem
-0.010
0.049
0.033
-0.011
0.022
2
*Unique (U) represents the R partition uniquely attributed to the independent variable.
Common (C) represents the partition of the R2 the independent variable holds in common with
other independent variables. Total represents the R 2 partition for which the independent
variable has some predictive role (unique variance + common variance; SORICE & CONNER,
2010).
These findings are not completely consistent with our first hypothesis that
environmental features measured at different spatial scales will have high predictive power on
three facets evaluated, but rather they point out the importance of the local scale where fish
directly experience their habitat. One of the possible explanation for having local-scale
variables controlling the aquatic community structure is that catchment variables simply
displayed little variability (e.g., homogeneous landscape) to overwhelm the impact of local
environmental variables (HEINO et al. 2007; CASATTI et al. 2015). This explanation is
plausible since sugarcane (mean proportion = 0.31) and pasture (mean proportion = 0.39) are
the dominant land cover classes in the studied region.
Our results suggest that patterns in stream fish communities are relatively similar in
terms of both taxonomic, functional and phylogenetic structure since similar amounts of total
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explained variation and similar environmental relationships was detected. Our findings are
consistent with our third hypothesis that spatial structure in biodiversity among sites should be
weak at best, indicating that dispersal limitation was not important at this spatial extent
(HEINO et al. 2015a).
Restoration and conservation of stream fish in human-altered landscapes
The restoration of the integrity of streams is performed without an understanding of the
spatial scale required for measurable positive ecological effects; for this reason, there is a risk
that the spatial scale of the restoration will be insufficient to induce an ecosystem response
(SHELDON et al. 2012). Our results suggested that actions on a local-scale could produce
effects on the three facets measured in the study area. However, responses of the facets to each
environmental variable must be better assessed because changes in one variable can generate
dissimilar effects between the facets. For instance, an increase in channel depth can increase
species richness but diminish phylogenetic diversity. Furthermore, the spatial scale may not be
important for every catchment or reach and may not be transferable between catchments
(SHELDON et al. 2012); for this cause, any restoration actions guided by our results would
need to be correctly monitored as a assessment of the efficacy of this scale of intervention (as
suggested by PALMER et al. 2010; SHELDON et al. 2012).
ACKNOWLEDGEMENTS
This study is part of the project: “Diversidade taxonômica e funcional da ictiofauna de
riachos em diferentes agrossistemas no estado de São Paulo” (FAPESP 2012/05983-0; TWASCNPq 190199/2011-3). C.A.R.F. receives a scholarship from the TWAS-CNPq Postgraduate
Fellowship Program (190199/2011-3).
REFERENCES
Allan, J.D. Landscapes and riverscapes: The influence of land use on stream ecosystems. Annu.
Rev. Ecol. Evol. Syst., v. 35, p. 257-284, 2004.
Allan, J.D. et al. The influence of catchment land use on stream integrity across multiple spatial
scales. Freshwater Biology, v. 37, p. 149-161, 1997.
Brown, B.L.; Swan, C.M. Dendritic network structure constrains metacommunity properties in
riverine ecosystems. Journal of Animal Ecology, v. 79, p. 571-580, 2010.
Blanchet, F.G. et al. Forward selection of explanatory variables. Ecology, v. 89, n. 9, p. 26232632, 2008.
Cadotte, M. et al. The ecology of differences: assessing community assembly with trait and
evolutionary distances. Ecology Letters, v. 16, n. 10, p. 1234-1244, 2013.
Carvalho, R.A.; Tejerina-Garro, F.L. The influence of environmental variables on the
functional structure of headwater stream fish assemblages: a study of two tropical basins in
Central Brazil. Neotropical Ichthyology, v. 13, n. 2, p. 349-360, 2015.
Casatti, L. et al. More of the same: High functional redundancy in stream fish assemblages
from Tropical agroecosystems. Environmental Management, v. 55, n. 6, p. 1300-1314, 2015.
Frissell, C.A. et al. A hierarchical framework for stream habitat classification: Viewing streams
in a watershed context. Environmental Management, v. 10, n. 2, p. 199-214, 1986.

224

II International Symposium of Ecology

“Ecology in the Anthropocene”
16-19 August 2016 - São Carlos - SP

Heino, J. et al. Ecological filters and variability in stream macroinvertebrate communities: do
taxonomic and functional structure follow the same path? Ecography, v. 30, p. 217-230, 2007.
Heino, H. The importance of metacommunity ecology for environmental assessment research
in the freshwater realm. Biological Reviews, v. 88, p. 166-178, 2013.
Heino, H. et al. Metacommunity organisation, spatial extent and dispersal in aquatic systems:
patterns, processes and prospects. Freshwater Biology, v. 60, p. 845-869, 2015a.
Heino, H. et al. Reconceptualising the beta diversity-environmental heterogeneity relationship
in running water systems. Freshwater Biology, v. 60, n. 2, p. 223-235, 2015b.
Hynes, H.B.N. The stream and its valley. Verh. Internat. Verein. Limnol., v. 19, p. 1-15, 1975.
Landeiro, V. et al. Spatial eigenfunction analyses in stream networks: do watercourse and
overland distances produce different results? Freshwater Biology, v. 56, p. 1184-1192, 2011.
Nathans, L.L. et al. Interpreting multiple linear regression: A guidebook of variable
importance. Practical Assessment, Research & Evaluation, v. 17, n. 9, p. 1-19, 2012.
Near, T.J. et al. Resolution of ray-finned fish phylogeny and timing of diversification. PNAS,
v. 109, n. 34, p. 13698-13703, 2012.
Palmer, M.A. et al. River restoration, habitat heterogeneity and biodiversity: A failure of theory
or practice? Freshwater Biology, v. 55 (Suppl. 1), p. 205-222, 2010.
Peres-Neto P.R. et al. Assessing the effects of spatial contingency and environmental filtering
on metacommunity phylogenetics. Ecology, v. 93, n. 8, p. S14-S30, 2012.
Petchey, O.L. et al. Low functional diversity and no redundancy in British avian assemblages.
Journal of Animal Ecology, v. 76, p. 977-985, 2007.
Sheldon, F. et al. Identifying the spatial scale of land use that most strongly influences overall
river ecosystem health score. Ecological Applications, v. 22, n. 8, p. 2188-2203, 2012.
Sorice, M.G.; Conner, R. Predicting Ppivate landowner intentions to enroll in an incentive
program to protect endangered species. Human Dimensions of Wildlife, v. 15, p. 77-89, 2010.
Strayer, D.L. et al. Effects of land cover on stream ecosystems: Roles of empirical models and
scaling issues. Ecosystems, v. 6, p. 407-423, 2003.
Webb, C.O. Exploring the phylogenetic structure of ecological communities: An example for
rain forest trees. The American Naturalist, v. 156, n. 2, p. 145-155, 2000.

225

II International Symposium of Ecology

“Ecology in the Anthropocene”
16-19 August 2016 - São Carlos - SP

Loss of phylogenetic diversity (PD) and phylogenetic structure alteration in
avian communities of fragmented landscapes
Lucas A. Maure¹*, Vinícius X. da Silva², Marco T. P. Coelho³, Érica Hasui¹
¹Laboratório de Modelagem Ecológica, Instituto de Ciências da Natureza, Universidade Federal de Alfenas, Minas
Gerais, Brasil. 2Coleção Herpetológica Alfred Russel Wallace, Instituto de Ciências da Natureza, Universidade
Federal de Alfenas, Minas Gerais, Brasil. ³ Departamento de Ecologia, Instituto de Ciências Biológicas,
Universidade Federal de Goiás, Goiânia, Brasil.
E-mail: lucasmaure@hotmail.com

SUMMARY
Communities in landscapes with higher habitat amount, patch aggregation and elevation had
higher PD. The PD increase occurs due the positive effect of patch aggregation and habitat
amount in species richness. The elevation effect on PD is probably due to the Serra do Mar
species richness, result of Atlantic Forest climate and biogeographic history. We also found
that phylogenetic structure pattern was influenced by structural connectivity. Phylogenetically
clustered communities occurred in low connectivity landscapes and phylogenetically
overdispersed in high connectivity landscapes. Thus, low structural connectivity may act as
environmental filter.
INTRODUCTION
The effects of habitat loss and fragmentation on biodiversity has been a central question
in ecological studies for decades. However, most studies ignore the species relatedness. Thus,
phylogenetic information has been used as a proxy to species relatedness and ecological
proximity and have a recognized value in conservation (FAITH 1992). Also, phylogenies allow
to assess involved processes in community assembly by phylogenetic structure of community
species. Clustered phylogenetic structure is commonly found in communities assembled by
environmental filtering acting on conserved traits. In turn, phylogenetic overdispersion may be
a result of environmental filtering on dispersed traits or competition on conserved traits (WEBB
et al. 2002).
Thus, environmental changes by fragmentation can act as an environmental filter
selecting species by traits that allow them to thrive in those environments. In birds, life history
traits are related to fragmentation (BARBARO & VAN HALDER 2009). Also, affinity for
specific habitats types, including altered environments, is conserved in birds (FRISHKOFF et
al. 2014). However, how habitat loss and fragmentation affect animals communities
phylogenetic structure and PD needs more knowledge. Beyond of filling this knowledge gap,
understand this effect can help in strategies for maintaining PD. This study aims to test whether
fragmentation change phylogenetic structure and PD of forest bird communities. Our
hypothesis is that fragmentation acts as an environmental filter resulting in bird communities
phylogenetically clustered in high fragmented landscapes and phylogenetically overdispersed
in low fragmented. Also, fragmentation negatively affects PD. We expect that communities
have phylogenetic clustering and low PD in high fragmented landscapes.
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MATERIAL AND METHODS
This study was conducted in Atlantic Forest ecoregions of Alto Paraná, Mata de
Araucárias and Serra do Mar (Fig. 1). Data of bird species occurrence was obtained through a
studies compilation with georeferenced registers of samples by misty nets in two seasons.
Species set sampled at each 83 selected points was considered a community. Data was
standardized in capture per 100 hours/net. Landscape metrics was calculated in 1 km radius
buffer around each sampling points using Fragstats software. This metrics were habitat amount
(Pland), structural connectivity (Cohesion) and aggregation between patches (Clumpy). For
248 bird species sampled in all points we built a cladogram through strict method based in 500
dated phylogenetic trees of birds of the world sing Mesquite 3.04 (JETZ et al. 2012).
Communities phylogenetic structure and PD were estimated by Phylocom 4.2 using NTI, NRI
and PD indices.

Legend:
Sampling points
Ecoregions
Alto Paraná
Mata de Araucárias
Serra do Mar

Figure 1. Study area map showing sampling points (blue dots) distributed in Alto
Paraná (green), Mata de Araucárias (yellow) and Serra do Mar (red) ecoregions.
Statistical analyses were conducted in environment computing R. We evaluated the
relationship between landscape metrics and phylogenetic structure (significant values of NRI
and/or NTI) by logistic regression models for binomial distribution of data (GLM). We used
non-linear simple and multiple regression models (GLM, GLMM, GAM) to tested the
relationship between landscape metrics and PD. These models had PD as response variable,
landscape metrics as predictive variables and altitude as predictive or random variable. Best
models were selected through Akaike criterion corrected for small samples (AICc). We
estimate ΔAICc values and AICcs weigh. In addition, we identify the intensity of the predictor
variable effect through Walda-test.
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RESULTS
In 83 communities, 81.93% (n=68) was phylogenetically random, 10.84 (n=9)
phylogenetically clustered and 7.23% (n=6) phylogenetically overdispersed. Excluding
random communities, we observed that landscape structural connectivity interfered in
communities phylogenetic structure. Phylogenetic clustered communities occurred in less
connected landscapes and phylogenetic overdispersed communities in more connected
landscapes (Fig. 2). We tested relations with other predictor variables but there were no valid
models.

Figure 2. GLM graphic showing NRI and/or NTI categorical values regarding
structural connectivity (Cohesion) (dAIC=0).
Habitat amount and patch aggregation independently showed a positive effect on PD
but its effects are conditioned by altitude. Thus, high PD values were found in landscapes with
high habitat amount and high patch aggregation at higher altitudes (Fig. 3). We tested other
predictor variables but there was no effect.
DISCUSSION
Structural connectivity increase migration rate and colonization probability. Thus, low
structural connectivity is selecting more related species, resulting in phylogenetic clustering.
On the other hand, phylogenetic overdispersion is because high structural connectivity may
conserve less related species. Phylogenetic random structure of most communities is possibly
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due to stochastic processes such as dispersion, colonization and extinction (KEMBEL &
HUBBELL 2006). Fragmentation intensify stochastic processes inserting communities in a
meta-community context (DRISCOLL 2008).

A

B

Figure 3. GLMM graphic showing PD regarding habitat amount (Pland) (p < 0,00001)
(A) and aggregation (Clumpy) (p < 0,00001) (B) in altitude ranges of 200-6000, 601800 and 801-1100 m.
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The altitude positive effect on PD found is contrary to studies of elevation gradient and
PD (DEHLING et al. 2014) but supports studies with standardized sampling where species
richness reaches maximum value in middle elevations (1400 m) (RAHBEK 1995). Our data
were standardized in hours/net and higher sampling points (maximum 1026 m) are in this
medium lift range. Also, the highest sampling points in this study is located in Serra do Mar
ecoregion where there high species richness. Serra do Mar biodiversity is result of climatic
oscillations during Pleistocene that caused successive periods of connection and isolation of
Atlantic Forest with other South American biomes. Species exchange between biomes during
the connection periods and allopatric speciation in isolation periods contributed to the
composition of Pliocene ancient species and Pleistocene-Holocene recent species of the
Atlantic Forest biota (DA SILVA & CASTELETI 2003). Thus, the divergence time between
old and new species contributed to the increase in PD with elevation. In addition, Serra do Mar
elevation and coast proximity provides the occurrence of orographic rainfall reaching about
4000 mm/year. These conditions reduce environmental stress by increasing of energy and
resources availability in ecosystem, increasing species richness (HAWKINS et al. 2003).
Habitat amount and patch aggregation positive effects on PD can be explained
considering species-area hypothesis and meta-community theory. Large patches have more
habitat area preserved and wider range of suitable environmental conditions for different
species. Large patches are also more likely to receive species distributed in landscape and have
a colonization rate higher than extinction. However, colonization and extinction rate also
depends on patch aggregation because individuals movement in landscape is promoted by
patches proximity. In turn, the movement maintain population dynamics and allows individuals
to seek for resources in other patches, reducing local extinction risk. Thus, higher habitat
amount and patch aggregation in landscape, higher the species richness of their communities
at local scale (SMITH et al. 2011).
CONCLUSION
We conclude that low habitat amount and patch aggregation in landscape reduce the PD
communities mainly at low altitude. Moreover, structural connectivity influenced phylogenetic
structure ranging from clustered to overdispersed with structural connectivity increase. Thus,
structural connectivity in landscape acts as an environmental filter selecting closely related
species.
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SUMMARY
Anthropogenic pressures compromise ecological condition and alter biological diversity. The
goal of our study was to evaluate mayfly responses in streams along a gradient of ecological
condition. We sampled 159 randomly selected stream sites in the tropical cerrado biome.
Most sites (84%) were in intermediate condition. We collected 41,446 nymphs belonging to
41 genera and seven families. Seventy-nine percent of the genera were considered sensitive
and 21% were considered tolerant according to threshold indicator taxa analysis (TITAN).
Our results showed that mayfly are good bioindicators of anthropogenic pressures.
Keywords: land use change, anthropogenic pressure assessment, cerrado, TITAN,
Ephemeroptera.
INTRODUCTION
Anthropogenic pressures compromise water quality for human use as well as for
maintaining aquatic biodiversity (VÖRÖSMARTY et al. 2010). Ecological condition gradients
observed in streams affect both organisms and ecological processes (DAVIES & JACKSON
2006). Least-disturbed streams may represent the best possible conditions of the ecosystems
of a given region (STODDARD et al. 2006). They serve as reference conditions for
comparison with the conditions of test sites (HUGHES et al. 1986). Groups of least- and mostdisturbed sites are actually extremes of a gradient of disturbance conditions in the streams of
a given region. Thus, to be useful ecological indicators, assemblage metrics should be capable
of responding to the whole gradient of anthropogenic pressures (STODDARD et al. 2006).
Tropical rivers and streams, particularly those located in developing countries, have
suffered the effects of land use alterations in their catchments (BOYERO et al. 2009). In
Brazil, activities related to agriculture, livestock ranching, urbanization, and deforestation alter
streams in the cerrado biome (SILVA et al. 2006), modifying their physical, chemical, and
biological habitats (LIGEIRO et al. 2013; MACEDO et al. 2014; RODRIGUES et al. 2015).
Such alterations have resulted in high biodiversity losses (MYERS et al. 2000).
Benthic macroinvertebrate assemblages are commonly used as bioindicators of
ecosystem condition, because decreases of sensitive organisms and increases of tolerant
organisms are observed in streams experiencing increased anthropogenic pressures
(BONADA et al. 2006; DAVIES & JACKSON 2006). The mayfly are considered good
bioindicators because their great morphological differentiation reflects ecological adaptations
to different environments, they exemplify a wide range of tolerances to disturbances, and
they are relatively easy to identify to genus (BUSS & SALLES 2007; BARBER-JAMES et
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al. 2008). The aim of this study was to estimate loss thresholds of biodiversity based on the mayfly
assemblage response in tropical streams in a gradient of anthropogenic pressures.
MATERIALS AND METHODS
We sampled 159 “wadeable” stream sites (that can be traversed by a average height
person), located upstream of four hydropower reservoirs (Três Marias in the São Francisco
River Basin; Volta Grande, São Simão, and Nova Ponte in the Paraná River Basin), between
2010 and 2013. All sampling and processing methods are described in Callisto et al. (2014).
We used TITAN analysis (BAKER & KING 2010) to identify taxa and assemblage
thresholds along a anthropogenic pressures gradient. This approach allows one to detect
change points in environmental gradients where assemblage response becomes most evident.
We used an Integrated Disturbance Index (IDI) (LIGEIRO et al. 2013) as a proxy of the
intensity of anthropogenic pressures on the sites. The IDI combines evidences of
anthropogenic pressures at local and catchment spatial scales, and can be used to quantify the
set of anthropogenic stressors of stream sites (TERRA et al. 2013).
RESULTS AND DISCUSSION
Stream sites along the integrated disturbance gradient
We observed a disturbance gradient across the 159 sites, with most sites in intermediate
condition (figure 1). Twelve percent of sites (N=19) with low IDI scores (up to 0.2) represent
least-disturbed (reference) conditions. Eighty-four percent (N=134) had intermediate IDI
scores (0.2 - 0.8). Four percent of sites (N=6) had high IDI scores (> 0.8) and were considered
impaired. At the local scale, the most frequent human pressures were pasture, trash and
pavement, observed in 82%, 55%, and 38% of the sites, respectively. At the catchment scale,
the most common type of land use were agriculture and pasture, being observed in 92% and
83% of the catchments, respectively. Eucalyptus plantations and urban areas were uncommon,
both were observed in only 2% of the catchments. The highest percentages of intensive land
uses were observed in catchments with highest IDI scores. The negative effects of land use
change are considered a major cause of biodiversity loss, and a major concern of the
Anthropocene (STEFFEN et al. 2015). Sites with low levels of anthropogenic pressures can
be used for setting attainable goals for biodiversity maintenance and rehabilitation because
they represent the best attainable condition given current land use patterns (STODDARD et
al. 2006). Streams with intermediate ecological condition, especially those presenting lower
IDI values, can be targets for rehabilitation efforts because biodiversity responds positively
to actions that minimize perturbation (DAVIES & JACKSON, 2006).
Mayfly thresholds
We collected 41,446 nymphs belonging to 41 genera and seven families. The most
abundant genera represented 55% of all individuals collected and occurred in 93% of the sites.
The assemblage level threshold [sum(Z)] showed that at an IDI score of 0.49 the abundance
and frequency of sensitive mayfly genera declined. Tolerant genera increased at higher
disturbance levels at IDI score of 0.59. The TITAN detected 22 genera (79%) as sensitive (Z), and six genera (21%) as tolerant (Z+) the anthropogenic pressure based on significant IndVal
score (p val < 0.05) (table 1).
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Figure 1. Streams sites ordered by IDI scores. Dashed lines delimit the group of
reference, intermediate, and impaired sites.
Although mayflies are sensitive to environmental alterations, they differ in their
sensitivity to pressures as demonstrated in other tropical stream studies. For instance,
Simothraulopsis and Miroculis are reported as sensitive to pressures in other studies (BRASIL
et al. 2014; SHIMANO et al. 2016). Some genera remained at sites with high pressure levels
and are considered tolerant to anthropogenic disturbances, such as Leptohyphes, Terpides,
Waltzoyphius and Zelusia. Some indicator genera showed a differing response in other studies.
For instance, Brasil et al. (2014) and Dedieu et al. (2015) considered Terpides a sensitive
bioindicator of environmental integrity for riparian disturbance as well as in reference sites for
gold-mined sites. While Shimano & Juen (2016) considered Ulmeritoides as tolerant genus in
streams located in palm oil plantation.
Despite high biodiversity in tropical ecosystems, that biodiversity is little known and
experiencing rapidly increasing anthropogenic pressures (SIQUEIRA et al. 2015;
RODRIGUES et al. 2015) leading to biodiversity losses that can reach worrying limits
(STEFFEN et al. 2015). We conclude that anthropogenic pressures decreased environmental
quality in many sites. The mayfly assemblages responded to those pressures with losses of
sensitive taxa and increases of tolerant taxa along a disturbance gradient.
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Table 1. Results of mayfly showing the change points (C. point) associated with IDI (only
significant mayfly genera were recorded). Frequency (%) (Freq.) of occurrence in the stream
sites, Z score for each genera, purity is the mean proportion of correct response direction (z-) or
(z+) assignments, reliability (rel.) is the mean proportion of p-values ≤0.05 or ≤0.01 among
500 simulation iterations, (-) and (+) indicate whether genera abundance increases or decreases
with IDI score.
Genera

C. point Freq. IndVal p val

Z

Purity Rel. ≤0.05

Rel. ≤0.01

IDI

Americabaetis

0.65

130

55.30

0.03

2.48

0.77

0.76

0.57

-

Aturbina

0.40

61

49.99

0.00

7.88

1.00

1.00

1.00

-

Callibaetis

0.52

67

58.11

0.00 13.79

1.00

1.00

1.00

-

Camelobaetidius

0.55

34

26.10

0.00

5.94

0.99

0.98

0.91

-

Cloeodes

0.52

67

50.79

0.00

9.61

1.00

1.00

1.00

-

Paracloeodes

0.52

73

42.35

0.00

5.66

1.00

1.00

0.95

-

Caenis

0.39

92

65.91

0.00

9.75

1.00

1.00

1.00

-

Campylocia

0.14

13

77.99

0.00 12.14

1.00

1.00

1.00

-

Leptohyphodes

0.22

3

12.64

0.01

4.8

1.00

0.76

0.58

-

Traverhyphes

0.55

114

54.15

0.00

6.24

1.00

1.00

0.98

-

Tricorythopsis

0.16

56

59.84

0.01

4.08

1.00

0.99

0.88

-

Asthenopus

0.39

9

17.61

0.00

6.34

1.00

0.96

0.86

-

Campsurus

0.39

5

13.51

0.00

6.77

1.00

0.95

0.85

-

Askola

0.29

12

18.24

0.01

4.26

0.85

0.81

0.67

-

Hagenulopsis

0.17

42

48.52

0.00

5.31

0.77

0.77

0.66

-

Hermanella

0.48

12

12.93

0.00

3.89

0.94

0.90

0.73

-

Massartella

0.4

12

19.48

0.00

6.44

1.00

1.00

0.98

-

Miroculis

0.28

65

52.73

0.00

6.12

1.00

1.00

0.98

-

Paramaka

0.16

5

11.38

0.00

2.50

0.96

0.71

0.40

-

Simothraulopsis

0.39

19

36.55

0.00 10.93

1.00

1.00

1.00

-

Thraulodes

0.53

67

35.94

0.01

3.79

0.99

0.98

0.85

-

Ulmeritoides

0.18

75

56.5

0.00

4.50

0.99

0.99

0.95

-

Cryptonympha

0.65

40

25.7

0.05

1.94

0.73

0.60

0.32

+

Rivudiva

0.44

17

16.67

0.01

4.38

0.94

0.93

0.72

+

Waltzoyphius

0.59

78

42.82

0.00

4.17

0.97

0.94

0.79

+

Zelusia

0.44

87

42.9

0.00

3.65

0.99

0.97

0.82

+

Leptohyphes

0.59

41

31.03

0.00

4.84

0.99

0.98

0.88

+

Terpides

0.45

30

24.1

0.01

4.38

0.96

0.94

0.84

+
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INTRODUCTION
Among the consequences of habitat loss, there is a reduction in quality and/or quantity
of food resources available, once that plant species and individual are the first to be lost. Habitat
fragmentation has an effect on bee density, primarily as a result of alteration in patch size, but
it also has an impact on bee movement because landscape connectivity is changed, and
therefore affecting bee dispersal and patch colonization (HADLEY & BETTS 2012).
A general pattern in landscapes with intense agriculture is the homogenization of land
uses, where the floral resources diversity is reduced as well as another sort of resources used
by bee species. Several studies have been shown that landscape heterogeneity is important to
maintain bee species richness and abundance (STECKEL et al. 2014; ANDERSSON et al.
2013; MOREIRA et al. 2015; HOPFENMULLER et al. 2014) and in this way best pollination
success levels (FOLDESI et al. 2015; KREMEN et al. 2002). Thus, habitat loss has an effect
on bee populations (through its fitness and development) and bee community (bee species
richness and abundance) resulting in the commitment to success reproduction both crop as wild
plants.
Due the environmental changes, the study of the variability of bees’ population is
important for conservation purposes. In this sense, geometric morphometrics is an efficient and
useful tool in studies on bee populations (TEIXEIRA 2015; DE LYRA NEVES et al. 2012)
and genetic variability (FRANCOY et al. 2011). Here, we compared the patterns of wing
venation of Tetrapedia diversipes Klug, 1810 from different locations in Cantareira hills, São
Paulo state, and correlated it to forest amount gradient. Our objective is to verify if there is a
wing morphological differentiation between bees sampled in sites of Cantareira Hills, São
Paulo, with different degrees of forest amount.
METHODS
Samples of T. diversipes were collected from eleven locations in Cantareira hills, São
Paulo state (Table 1), using trap-nests made of black cardboards of 6 mm in diameter with a
length of 6 cm, in the period from September/2015 to March/2016. These sampled locations
are a gradient of forest amount ranging from 17% to 95% in the scale of 1 km radio, being the
trap-nests placed on the forest fragment edge in the center of each landscape. To calculate the
forest amount was used images from software ArcGIS©’s base map and land use classes were
delimited, thus at mapping end was calculated the percentage of forest vegetation for each of
the eleven landscapes.
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Table 1. Forest amount and number of males analyzed for each of the
eleven landscapes sampled.
Forest amount
Number of males
Landscapes
(in %)
analyzed
1p10
17.23
7
1p9
26.51
13
4p3
27.27
7
3p1
30.8
13
1p3
35.11
6
4p4
54.29
7
2p7
53.51
9
1p7
57.68
7
1p5
57.91
7
2p5
74.28
5
1p8
95
2
For the morphometric approach, we photographed the right forewing of each bee and
manually plotted 18 landmarks in the vein junctions of the right forewing of 84 males of T.
diversipes, sampled in the 11 locations cited above. We performed a Procrustes Analysis to
remove the effects of size and position. After, we performed a Canonical Variate Analysis
(CVA) and calculated Mahalanobis distances to verify morphological differences between the
sampling sites. We compute a Discriminant Function Analysis (DFA) to compare areas with
until 35% of forest amount and areas with more than 35% of forest; with the software MorphoJ
v. 1.6d for Mac OS X. Mantel test was performed from the analysis of Procrustes distances and
geographical distances between sampling locations, with the software Past v. 3.11.
RESULTS AND DISCUSSION
The CVA scatterplot (Figure 1) shows a high overlap of all bee samples from different
sites in both axes. The Canonical Variate 1 (CV1) is responsible for 32.6% of the
morphological variation observed, and CV2 is responsible for 17.1%. The individuals from
1P07 and 1P08 sampling sites separate from other groups by the CV1. The Mahalanobis
Distances ranges between 2.8204 and 7.9719, but the values don’t correspond to the minimum
and maximum geographic distances between sampling sites. The Mantel test (r =-0.21, p=0.83)
doesn’t show a correlation between morphological and geographic distances. When we
compared areas with until 35% of forest amount and areas with more than 35% of forest in
DFA after cross-validation, we found 65% and 62% of correct classifications (p=0.01) (Figure
2).
Our results suggest an absence of population structure in Tetrapedia diversipes. The
bees from all sampling sites are morphologically similar; the morphological distances are not
correlated with geographic distance and bees from areas with lower or higher forest amount
show a high misclassification. Bees are possibly migrating between sampling sites and
maintaining gene flow among populations, suggesting the occurrence of metapopulation in this
area. This can happen due T. diversipes be a polilectic species, this is, collect pollen from
239

II International Symposium of Ecology

“Ecology in the Anthropocene”
16-19 August 2016 - São Carlos - SP

several plant species (ROCHA-FILHO & GARÓFALO 2015), be an abundant species, easily
sampled using trap-nests and already recorded in both remaining native vegetation as urban
areas; all these characteristics makes T. diversipes tolerant to some anthropogenic impacts. The
next step in the present study will be to assess possible links of others landscapes elements,
such as heterogeneity, and T. diversipes morphological diversity.

Figure 1. Canonical Variate Analysis of Tetrapedia diversipes males collected in 11 sampling
sites in Cantareira Hills, São Paulo, Brazil.

Figure 2. Discriminant Function Analysis of Tetrapedia diversipes of sampling sites with until
35% of forest amount and sampling sites with more than 35% of forest amount.
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SUMMARY
Many bee species form aggregation in nesting sites, mainly the ground nesting species, but for
cavities nesting species this characteristic is not expected. However, in artificial conditions, it
is possible to observe nesting dynamic of an aggregation for species that use cavities to nest;
the trap-nest methodology is an example of this artificial condition. The aim of this study was
to describe and analyze the nesting dynamic of an aggregation for the species Centris analis, a
preexisting cavity nesting bee. For this, females (n = 28) were individually marked and
monitored in a nesting site during the period from October to December 2015. Antagonistic
interactions between females were observed, with some of them usurping nests of others,
reaching 23.4% of successful usurpation. From these nests, 46.7% represented nests with brood
cells built by more than one female. Intraspecific parasitism also was observed, but only three
females performed it; in two situations the parasitism was not effective because the nest owner
returned and protected their nest against the attack. Another point, some females returned to
reinforce their oldest nest plug with oil. These facts show that the females recognize the own
nest, and this recognition can be a result of visual and chemical cues. The plug reinforcement
can be associated with the decrease of parasitism attacks (against Leucospis sp., for example),
showing that the energy expend for nest protection is higher than expected, at least for this
species.
INTRODUCTION
Nesting in aggregations seems to be advantageous in several biological aspects to the
bee species that build their nests in these formations, for example, protection against parasites
attacks, and even to the evolution of the social behavior (LIN & MICHENER 1972). Usually,
aggregation formations are reported to ground nesting species, whereas for preexisting cavities
nesting species is expected a sparse distribution of the nests (DANKS 1971). However,
utilizing artificial conditions, as trap-nest methodology (CAMILLO et al. 1995), is possible
observe aggregations of nests for some species that use this kind of substrate.
Studies about the nesting dynamic provide information on several important genetic
population aspects, which are essential to propose conservation and management plans for this
important group of pollinators (ZAYED & PARCKER 2005). Centris (Heterocentris) analis
(Fabricius, 1804) (Apidae, Centridini) is one of the species that nest in artificial cavities. It is
a solitary species with a wide distribution in the Neotropical region, multivoltine and has a
close relationship with oil-producing plants, like Malpighiaceae, due to the utilizing of this
resource to build their nests (VIEIRA DE JESUS & GARÓFALO 2000).
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The aim of this study was to observe and analyze some ecological aspects of the nesting
biology of C. analis in an artificial aggregation, such as interactions between females, and nest
recognize and defense behaviors.
METHODS, RESULTS AND DISCUSSION
The study was conducted on the campus of the University of São Paulo located in
Ribeirão Preto (between 21°05’–21°15’ S / 47°50’–47°55’ W), State of São Paulo, Brazil, from
October to December 2015. In the nesting site we provided approximately 600 artificial cavities
called trap-nests (CAMILLO et al. 1995) made with black cardboard, with one end close with
the same material. The tubes varied in the length (6.0, 7.0, 8.0 and 9.0 cm) and internal diameter
(0.6 and 0.8 cm). The tubes were inserted into horizontal holes drilled into wooden plates of
30.0 x 11.0 x 4.5 cm (each plate had approximately 55 nests). The plates were placed on shelves
installed on the external walls of the laboratory and protected from the weather. The shelves
were 1.10 m and 1.40 m from the ground. The weather conditions (monthly temperature and
accumulated precipitation) for the city were obtained from the CIIAGRO (Centro Integrado de
Informações Agrometeorológicas) database (available in: ciiagro.sp.gov.br). During the
observations, all females were individually marked in the thorax.
Observations were made during 55 consecutive days, except only on rainy days (nine
days), totaling 406 hours (𝑥̅ = 7 hours/day). The period of activity comprised hot and humid
days with temperatures ranging from 22.9 to 29.7ºC and monthly-accumulated rainfall of 16.3
mm to October 2015, 39.9 mm to November 2015 and 36.8 mm to December 2015. Twentyeight females were marked and 64 nests were obtained.
Usurpation behaviour
Despite the high availability of cavities, some females showed an aggressive behavior
to usurp nests of other females of the same species, as reported for C. bicornuta by VINSON
& FRANKIE (2000). Usually this behavior occurred when the owner of the nest was foraging.
Thus, when a female was out of the nest, another female, which typically was inspected cavities
(VIEIRA DE JESUS & GARÓFALO 2000), invaded this nest, turned around, backed into the
hole, and remained there with her head at the entrance. When the owner female returned to the
site, she landed near the nest entrance and started pulling the other female out with her
mandibles and the usurper female counter attack with the mandible too (figure 1). The combat
time between females ranged from a few seconds to more than hours. Usually the owner female
pulled out the usurper female out of the cavity and both fell to the ground, separated, and flew
away. Only in one situation the owner female stayed outside of the nest during more than four
hours making some attacks, and after this period, she flew away and started to search a new
cavity.
Eighteen nests fights were observed, and in 15 combats (83.3%) the usurper female got
the cavity. Of the marked females, 12 (42.9%) started a combat and 11 (39.3%) suffered
attacks. The results showed that an individual can start or suffer an attack more than once
during their nesting activities (figure 2). Of the females that suffered attacks, 10 lost their nest
(one, at least). When a female lost her nest, she can start a new search for cavities or left the
site. Only three females were observed leaving the site after an attack.
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Figure 1. Females of Centris analis competing for a nest under construction. In the left,
outside of the nest the owner female returning to the nesting site with pollen in her scope
and the usurper female inside the cavity. They are fighting with their mandibles. In the
right, after the fight, the owner female recovered her nest and continued nesting activity.
Photos: Diego Moure-Oliveira.

Figure 2. Number of Centris analis females that started fights to usurper cavities and females
that suffered these attacks.
On 15 situations the females were successful in usurper the nests. Although nearly ¼
of the monitored nests have been usurped, in eight of these nests (53.3%) the combat occurred
at the beginning of the nesting activities, and therefore there was no built cell. On seven
situations (46.7%) the usurper female also built brood cells in the nest, characterizing the
formation of a polygynous nest (HUGHES et al. 2008). Besides these seven nests, others two
polygynous nests were formed. One due to the desappearing of the owner female (her nest had
already three built cells) and the other due to an intraespecific parasitism (JESUS VIEIRA &
GARÓFALO 2000) after the owner female be attacked by an usurper female and both leave
the nesting site.
Nest usurpation has been reported as common for some groups of bees, both for ground
nesting species and preexisting nesting species. This behavior may be a result of a possible
advantage for the female usurper because when she uses an already constructed nest structure,
she can spare time and energy, and can increase her fitness (VINSON & FRANKIE 2000;
CERNÁ et al. 2013). However, the energy expend by a female to usurp a nest must be
considered.
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Nest recognition and defense
Six females (21.4% of the total) were observed returning to their oldest nests (one nest
at least) to deposit oil in the plug. This behavior was performed only when the female was
searching for new cavities. These observations indicate that the females recognize their nests,
even after a few days past. Probably chemical cues, like the oil and some glandular compounds
presents in the plug, were important to the nest recognition, as well visual cues (WCISLO 1992;
FERREIRA-CALIMAN et al. 2015).
During the observations, three females (10.7% of the total) performed intraspecific
parasitism (VIEIRA DE JESUS & GARÓFALO 2000). As related before, one female opened
an outer closed cell of a nest without plug and possibly oviposited in it. In the others two events,
the parasitism was not successful because the owner females returned and expelled the usurpers
(figure 3). In both situations, the usurpers had removed the plug nest.

Figure 3. Intraspecific parasitism in Centris analis. In the left, a female (with a purple
mark in her thorax) parasitizing a nest. In the right, the owner female (with a yellow/purple
mark in her thorax) returned to her nest and protected the entrance against the attack.
Photos: Diego Moure-Oliveira.
Nest defense against attacks that compromise the offspring viability requires a lot of
energy investment for both, combats between females, and to build physical structures in the
nests that allow protection when the female founder is no longer in the nest. Some preexisting
cavities nesting females build a plug in the nest entrance, possibly representing this structural
protection, and for build this, a lot of energy stored for reproduction is expend in this activity
(PETERSON et al. 2016). The oil deposited reduces the attacks against closed nests, even for
parasites as Leucospis Fabricius, 1775 (Hymenoptera, Leucospidae) (GAZOLA &
GARÓFALO 2003) as for intraspecific attacks; thus the energy investment in the construction
of this structure may be greater than estimated.
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SUMMARY
This study assessed the decay of nitrogen, phosphorus and carbon from two macrophyte species
during anaerobic decomposition. Samples of aquatic macrophytes and water were collected in
Barra Bonita Reservoir (São Paulo State, Brazil). The plants were washed to remove the coarse
material and the dissolved organic matter was removed by aqueous extraction. Decomposition
chambers with the same N:P ratio of the water from reservoir were prepared with plant
fragments, inoculums and water from the reservoir. On sapling days particulate organic matter
was fractioned and the content of nitrogen, phosphorus and carbon was measured by digestion
or combustion methods. The absorbances were obtained using spectrophotometer and the
concentrations were converted into percentage of decomposed material. Kruskall-Wallys
testing was used to describe the differences among the treatments and between the plants; linear
regressions were performed to assess the relationship between the trophic statuses. The
outcome of nutrients and carbon decay showed high loss of carbon for both plants. The carbon
decay supported the nitrogen loss from Paspalum repens tissues (R2 ≈ 0,97). The phosphorus
decay was twice higher for P. repens than for Pistia stratiotes. Trophic status was important to
predict the carbon decay (approximately 10% faster in eutrophic condition). However, the
statistical test pointed no significant differences among the treatments. The initial content is a
key factor controlling the limiting nutrient and decomposition in aquatic ecosystems.
INTRODUCTION
The high macrophyte productivity make these plants after death important detritus source
for aquatic ecosystems. Macrophyte detritus encompasses about 80% of particulate organic carbon
(POC) and 20% of dissolved organic carbon (DOC) (BIANCHINI JR. 2003). DOC comprises
labile-soluble compounds (protoplasmatic substances) and it is considered the main substrate for
heterotrophic organisms; POC constitutes fibers (i.e. large molecules such as cellulose,
hemicelluloses and lignin). Biotic and abiotic conditions (i.e., temperature, oxygen and nutrients
availability, pH and microbial community) influence the degradation of POC and DOC (BEST et
al. 1990). However intrinsic characteristics (e.g. nutrients and carbon content) support the
degradation of plant tissues contributing to the biogechemical cycling (LI et al. 2013).
The intrinsic characteristics of plant detritus including nutrients and biomass (in terms of
carbon) absorbed by the plants during the growth and released during the decomposition contribute
to sustain the energy chain in aquatic ecosystems. The plant origin determines the amount of
nitrogen (N) and phosphorus (P) in the organic matter derived from macrophytes (HOBBIE 1992).
The environmental condition predicts the plant growth due to limitant nutrient influencing the
intrinsic nitrogen and carbon ratios (C:N ratio) which is essential to generate high quality detritus
(low C:N rations) (QU et al. 2013). Phosphorus (P) is also an essential nutrient for plant biomass
growth and microbial community has high demands of this component (phosphate) during the
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decomposition of macrophytes. Phosphorus limits the bacterial utilization of COD for example that
supports the microbial respiration (FARJALLA et al. 2009).
High proportions of nutrients and carbon in the plant detritus generate low C:N:P ratios
indicating high detritus quality that support decomposition. The detritus characteristics are mainly
related to the initial and fast breakdown of leachable products that are readily available to the
heterotrophs (LAN et al. 2012). The artificial increment of nutrient in natural waters due to
anthropogenic activities (e.g. sewage disposal) increase the nutritional conditions of waters
contributing to the incomplete decomposition of aquatic detritus and consequently sediment
accumulation (SARNEEL et al. 2010). However, the eutrophication may improves the detritus
quality and consequently their decomposition (REJMÁNKOVÁ & SIROVÁ 2007). In the longterm both statements have high impact in the biogeochemical cycles. In this regard, this study
assessed the loss of nutrient (N and P) and carbon (C) content during the decomposition of two
macrophyte species from an eutrophic and multipurpose tropical reservoir.
Considering the eutrophication may produce plants with high detritus quality (HOBBIE
1992) and the high availability of nutrients in the environment decrease their release from plant
detritus during decomposition, we tested the hypothesis that the low environmental nutrient
concentration supports the release of C, N and P in the long-term when the catabolic and processes
of immobilization prevail. To assess this assumption the macrophytes were decomposed under four
nutrient condition (oligotrophic, mesotrophic, eutrophic and hypereutrophic) and the temporal
nutrient and carbon release were measured.
METHODS
Samples of two of aquatic macrophytes (Paspalum repens P. J. Bergius and Pistia
stratiotes L.) and water were collected in Barra Bonita Reservoir (São Paulo State, Brazil). The
hydrosoluble protoplasmatic fraction from plant material was removed by aqueous extraction.
Anaerobic incubations (n = 72 per plant) with particulate detritus were prepared considering
the N:P ratio from reservoir water in order to assay different trophic status (oligotrophic,
mesotrophic, eutrophic and hipereutrophic). The eutrophic status was used as background since
it was the reservoir condition. The incubations (in triplicate for each trophic status per day)
were maintained in the dark under and in controlled temperature (25ºC; representing the annual
average of the water temperature in the reservoir). Periodically during 120 days (in the days
10, 20, 30, 60, 90 and 120 after the incubations; including day 0 – the initial day) the
incubations were fractioned into POC and DOC fractions. Carbon, nitrogen and phosphorus
concentrations were measured in the remaining POC.
The carbon content was measured with a carbon analyzer (Shimadzu TOC-L CPH,
Japan). The particulate nitrogen was analyzed through acid digestion (H2SO4-) (HowardWilliams and Junk 1976); to determine the total particulate phosphorus was performed acid
digestion (HCl – 1N) using the POC ash (GOLTERMAN et al. 1978) and the absorbances were
obtained using spectrophotometer (Ultrospec, 2100 PRO, Sweden). The initial results in the
plant mass were measured in terms of Dry Weight (DW).
The data of nutrient (N and P) and carbon content in the remaining POC were converted
into percentage of decomposed fraction and linear regressions were performed among the data
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in different trophic statuses to compare their influence in the loss of POC content (N, P and C).
The normality and homocedasticity were analyzed for the temporal data (i.e., data from day 0
to 120) of N, P and C. Non-parametric Kruskal-Wallis tests and Dunn´s post hoc tests were
used to assess the differences among treatments. Statistical significance level was 0.05.
RESULTS AND DISCUSSION
The initial content (day 0) of nutrients in P. repens biomass was 2.86 g.gDW-1 of
nitrogen and 0.4 µg.gDW-1 of phosphorus. Carbon content corresponded to 41% of detritus. In
P. stratiotes the nitrogen and phosphorus content were 3.53 g.gDW -1 and 0.5 g.gDW-1,
respectively and the amount of carbon was 39%. These values represent the variation showed
for different species of different life forms (BIANCHINI JR. & CUNHA-SANTINO 2008).
After 120 days, the decomposed nitrogen of P. repens ranged from 36% for oligotrophic
and mesotrophic conditions to 27% and 30% for eutrophic and hypereutrophic statuses,
respectively. The nitrogen decay, in different trophicconditions, showed that this nutrient
decayed approximately 15% faster in hypereutrophic condition (R 2 = 0.73; t = 25.5; p < 0.01).
It suggests the environmental availability of nutrients regulates the microbial demand
improving probably its decomposition. N and C tend to show a decay relationship supporting
the microflora or the formation of proteins complex in dead material (HOWARD-WILLIAMS
& DAVIES, 1979). In fact, the nitrogen and carbon decay showed linear relationship (R 2 ≈
0.97; t ≈ 100; p < 0.05) for all trophic statuses. In the average, the carbon decay was 60% faster
than nitrogen loss. These results suggest the in the long term POC is an important resource
supporting the nitrogen cycling.
Considering the nutrient availability, the carbon decomposition was high in
hypereutrophic treatment (62%) and low in eutrophic condition (48%). In oligotrophic and
mesotrophic conditions, the values were 58.7% and 58.2%, respectively. The carbon
decomposition was faster (approximately 10%) in eutrophic and hypereutrophic than in
oligotrophic condition (R2 = 0.74; t = 19.06; p < 0.01 and R2 = 0.76; t = 34.0; p < 0.05
respectively). The statistical analyzes pointed no significant differences among the carbon
decay in different nutrient conditions of P. repens incubation (p > 0.05). During the phosphorus
decay, a decreased from oligotrophic to eutrophic conditions (oligotrophic: 54%; mesotrophic:
51% and eutrophic: 47%) was observed. In the hypereutrophic trophic state, the percentage of
decomposed phosphorus increased (57.4%). However, the oligotrophic condition showed the
highest temporal variation of phosphorus decay with the highest values recorded at 60th day.
Probably P limitation was not a key factor for decomposition and release of this nutrient. Its
decay comparison indicated no significant differences (p > 0.05) among the trophic statuses.
In relation to P. stratiotes the nitrogen decay was approximately 2 times higher than
nitrogen decay of P. repens and the variation among the trophic status was 95.5% for
oligotrophic, 92.2% for mesotrophic, 71.3% for eutrophic and 80.5% for hypereutrophic. Even
for the plant with high quality detritus the nitrogen loss was ca. 10% slower in nutrient poor
condition (i.e. oligotrophic) than in nutrient rich environment (i.e. eutrophic) (R 2 = 0.77; t =
20.07; p < 0.01) showing the external nutrient concentration improves the microbial activity.
The results were similar among the conditions (p > 0.05) but different between the nitrogen
losses of the plants (p < 0.05). Probably this are due to the detritus quality. The carbon decay
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was faster (ca. 10%) in eutrophic environment (R2 = 0.94; t = 52.4; p < 0.01) than oligotrophic
condition. However, the higher C loss occurred in the hypereutrophic environment (89%). For
this plant, the N and C decay had no significant linear relationship but both declined 10%
slower than in poor nutrient condition (i.e., oligotrophic) denoting the external resource
availability support the biogeochemical cycles. There were no significant differences among
the nutrient conditions (p > 0.05); the C loss was statistically different for both plants (p <
0.05).The phosphorus decay showed high temporal variation but in all trophic statuses there
was an increasing pattern of decay (≈ 17%). The leaching of POC increase in the main process
affecting the P loss mainly due to the phosphoesteres from POC (HILDEBRANDT et al. 2012).
The results pointed no significant differences of phosphorus variation (p > 0.05) except when
both plants (p > 0.01) were compared.
Table 1. Decay of carbon (%), nitrogen (%) and phosphorus in Paspalum repens tissue during
120 days of Particulate Organic Carbon anaerobic decomposition.
Paspalum repens
Compound

Carbon (%)

Nitrogen (%)

Phosphorus (%)

Trophic Status

Day 1

Day 120

Day 1

Day 120

Day 1

Day 120

Oligotrophic

28.7±0.2

58.7±4

15.6±0.8

36±5.0

50.5±0.4

54.3±5

Mesotrophic

28.5±0.3

58.2±1

15.5±0.2

36±6.0

52±0.8

52.2±6

Eutrophic

26.3±0.5

48.6±2

14.3±0.4

27.2±6

42.7±0.9

47.05±6

Hypereutrophic

29±0.9

63±1

15.7±0.7

40±3.2

37.8±1

57.4±4

Table 2. Decay of carbon (%), nitrogen (%) and phosphorus in Pistia stratiotes tissue during
120 days of Particulate Organic Carbon anaerobic decomposition.
Pistia stratiotes
Compound

Carbon (%)

Nitrogen (%)

Phosphorus (%)

Trophic Status

Day 1

Day 120

Day 1

Day 120

Day 1

Day 120

Oligotrophic

48.4±0.2

86±1

39.3±3

79.3±6

18.3±3

23.3±8

Mesotrophic

50.8±0.8

85.8±0.7

42.2±2

94.4±3

15.6±8

17.3±6

Eutrophic

49.5±0.2

90.9±3

38.4±4

74.3±5

5.24±3

17.3±9

Hypereutrophic

52±3

87.8±1

35.4±4

75.92±6

9.9±5

17.8±8

The trophic statuses control mainly carbon release hastening 10-15% of its loss in
nutrient rich environment. It is important for organic matter cycling in aquatic ecosystems
mainly those derived from recalcitrant fraction (POC). Nitrogen is released at the same rates
of carbon but high quality detritus improves its decay with important implications to POC
degradation in the long-term (e.g. formation of binds nitrogen-lignin). Detritus quality also
influenced the P loss. Therefore, the intrinsic characteristics of detritus were important to
predict the amount of loss material and extrinsic factors (trophic status) are related to the
velocity of loss. Probably there are no accumulation of high detritus quality decomposing under
eutrophic and hypereutrophic conditions.
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SUMMARY
A frequent obstacle in field studies with anurans is to detect consistent distribution patterns.
Furthermore, little is known about the relative influence of environmental variables and
sampling process on distribution patterns. Here, we recorded anuran species occupancy in
repeated survey in each sampling site. This sampling design allows evaluating the influence of
environmental variables on distribution patterns of anurans taking into account differences in
species detectability. Our hypothesis is that detection probability varies interspecifically and
temporaly, and that this variation should be considered in occupancy models. We tested eight
models for the 10 most abundant species and assess their fit to the data using the Akaike
Information Criterion (AIC) and Akaike weight (wAIC). The best models for all species
included the distance from streams and the period in which surveys were carried out. Of the 10
species analyzed, eight included detection probability among the three best models. In addition,
detection probability also varied among species, indicating its relevance to interpret species
occupancy patterns. We demonstrate the need takeoff including detectability patterns in the
sampling and analysis, both for species that strongly respond to environmental variation as for
those that do not have strict requirements for reproduction or which have wider occupancy
patterns.
Keywords: Amphibians; Imperfect detection; Occupancy models; Occurrence patterns.
INTRODUCTION
The idea that local characteristics determine local diversity has been dominant for
decades (e.g. TINOCO et al. 2013). Nonetheless, it has become increasingly clear that species
diversity, and the relationships between species and their surrounding environments are
influenced by factors operating at multiple scales (CUSHMAN & MCGARIGAL 2004).
However, the importance of environmental variables in determining species distribution vary
between taxonomic groups (CINTRA et al. 2013). Accordingly, there is no consensus on the
appropriate sampling scale to study species-environment relationships (SCHOOLEY 2006).
Differences in detectability among species are particularly important because the failure
to find an individual in a given location does not necessarily mean it cannot occupy that
environment, but may indicate low detectability (MACKENZIE 2005). In addition, neglecting
differences in detection probabilities can produce false site occupancy rates, complicating the
interpretation of patterns (SOLLA et al. 2005). This problem can be tackled by repeatly
sampling the same site in order to improve the detectability of rare species.
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Ecological data sets are commonly zero-inflated, resulting in poor performance of
statistical inference methods (MARTIN et al. 2005). Sampling errors increase zero inflation,
causing a bias in parameter estimates and their associated uncertainties. When database is
incomplete, missing values are either treated as evidence of absence or simply excluded
(MARGULES et al 2002). Therefore, real zeros must be distinguished from false zeros.
MacKenzie et al. (2002) described an approach to compare temporal changes in site occupancy
when detection probability is less than 30%. Several amphibian monitoring programs have
used this approach to examine occupancy differences while accounting for differences in
detection probabilities (e.g., SOLLA et al. 2005). Usually, these studies involve male anurans
and local occupancy estimates. The detection probabilities of species in these studies is low,
with occupancy patterns varying with search time.
Here, we applied a sampling design based on occupancy models (TYRE et al. 2003),
including repeated visits in sampled sites. We tested the influence of environmental variables
on occupancy patterns of anurans in the Amazon rainforest taking into account differences in
species detection probability. We then created models for the ten most abundant species. Our
hypothesis is that amphibian species have different intrinsic detectabilities, which may affect
the interpretation of occupancy patterns.
MATERIAL AND METHODS
Study area
We conducted this study in the National Forest of Amapá in Ferreira Gomes, Amapá,
Northern Brazil. The study site comprises 412,000 ha of well-preserved humid tropical forest.
Sampling Design
We sampled anurans along gridded trails of the Research Program in Biodiversity PPBio National Forest of Amapá. In each 5-Km trail, we chose 10 1-Km transects, which were
at least 1 Km apart from each other. We walked along each transect four times during the
sampling period. Because environmental variables vary greatly along a transect, we only
surveyed environmentally homogeneous sites. Thus, species occurrence were recorded each
day at 1-Km transects (subdivided into four 250 m stretches). To control for spatial
autocorrelation, we included in model the transect in which a variable was recorded. Samplings
were conducted in single field trip that lasted 40 days during the rainy season (February and
March 2014). Each transect was surveyed day and night four times to sample the greatest
number of species. We surveyed at least two transects each day. Sampling effort was equivalent
to 8 person hours/day for each transect. Thus, each transect had sampling effort of 32 personhours, or 320 person-hours for the 10 transects. We also collected environmental characteristics
(altitude and distance from streams) every 250 m, totaling four measures over 1 km.
Data analysis
Since environmental variables were related to transects and not sampling occasions, we
recorded individual occurrence per 250-m segment, per day, per species. We used PRESENCE
v. 9.5 (HINES 2004) to estimate species occurrence when detection probability is less than
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one. We used three variables to evaluate detection and occupancy probabilities: distance from
stream, altitude, and survey frequency. We also included the sampling site (transects) to test
for an effect of the sampling unit on occupancy probabilities. We built eight models for each
species, and evaluate their fit to the data using the Akaike Information Criterion (AIC), which
takes into account the penalized likelihood and the number of parameters. Only the three best
models are showed (Table 1). The best models were used to obtain estimates of detection and
occupancy probabilities.
RESULTS AND DISCUSSION
For all species, the models that best fit the data included those in which occupancy
probability was affected by the distance to the closest stream (variable "Dist") and also included
variation in probability of detection (variable "Visit"). There was not a single best model for
all species (ΔAIC ≥ 2.0 or wAIC ≥ 0.90). However, the wAIC of the three best models
combined varied from 53% to Leptodactylus rhodomystax to 83% to Pristimantis chiastonotus,
indicating that the variables were strongly associated with species occurrence probability and
detection. Furthermore, environmental variables explained more than 95% of the distribution
pattern of some species (e.g., Pristimantis marmoratus, R2 = 0.98; Atelopus hoogmoedi, R2 =
0.97; Phyllomedusa vaillantii, R2 = 0.96), and more than 70% for five other species (Table 1).
Table 1. Best models for occurrence data for the 10 species analyzed.
Species
Models
AIC
∆AIC
psi(Dist),p(Visit)
65.2
0.00
Atelopus hoogmoedi
psi(.),p(Visit)
65.3
0.10
psi(Alt),p(Visit)
65.3
0.10
psi(Dist),p(Visit)
70.0
0.00
Phyllomedusa vaillantii
psi(Dist+Alt),p(Visit) 71.8
1.88
psi(Alt),p(Visit)
71.9
1.91
psi(Dist),p(.)
45.8
0.00
Hypsiboas geographicus
psi(.),p(.)
46.6
0.81
psi(Alt),p(.)
47.1
1.29
psi(Dist),p(.)
75.9
0.00
Hypsiboas cineracens
psi(Dist+Alt),p(.)
76.3
0.40
psi(Dist),p(Visit)
77.3
1.34
psi(Dist),p(Visit)
116
0.00
Pristimantis chiastonotus
psi(Alt),p(Visit)
117
0.76
psi(.),p(Visit)
117
0.98
psi(Dist),p(.)
108
0.00
Adenomera andreae
psi(Dist+Alt),p(.)
109
0.92
psi(Dist+Alt),p(Visit) 111
2.69
psi(Dist),p(.)
59.8
0.00
Leptodactylus rhodomystax psi(Dist),p(Visit)
60.3
0.42
psi(Dist+Alt),p(.)
60.6
0.80
psi(Dist+Alt),p(.)
97.8
0.00
Osteocephalus taurinus
psi(Alt),p(.)
98.9
1.10
psi(.),p(.)
98.9
1.10

wAIC
0.22
0.21
0.21
0.45
0.17
0.17
0.36
0.24
0.19
0.29
0.24
0.15
0.36
0.24
0.22
0.41
0.26
0.10
0.21
0.17
0.14
0.35
0.20
0.20

R2
0.97
0.22
0.29
0.96
0.96
0.16
0.90
0.00
0.04
0.88
0.88
0.89
0.86
0.14
0.53
0.75
0.75
0.75
0.72
0.74
0.72
0.56
0.04
0.00
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psi(.),p(Visit)
65.3
0.00
0.23
0.35
Pristimantis marmoratus
psi(Alt),p(Visit)
65.3
0.00
0.23
0.23
psi(Dist),p(Visit)
65.6
0.27
0.20
0.98
psi(.),p(Visit)
177
0.00
0.28
<0.01
Rhinella margaritifera
psi(Alt),p(Visit)
178
1.08
0.16
0.10
psi(Dist),p(Visit)
178
1.08
0.16
0.01
AIC = Akaike Information Criterion; ΔAIC = variation AIC; wAIC = model weight; psi =
occupancy probability; p = detection probability; Dist = distance from stream; Alt = altitude;
Visit = repeated visits; R2 = Multiple R-squared.
For four species the occupancy probability was positively influenced by the Dist.
However, the species clearly dependent of streams for their reproduction, had higher
occupancy probability in sites with smallest Dist. In addition, the detection probability also
varied among species. Species detection differences can generate very punctual interpretations
or even confound interpretations of communities patterns, because usually the observed
patterns reflect the heterogeneity of the species occupancy, and represents the influence of one
or a few species detected. The inclusion of detectability in the analysis raised the occupancy
estimation for one species from 0.2 to 100% in the most extreme case (P. marmoratus), and
from 0.25 to 0.30 for the species for which it was less influential (H. cinerascens) (Table 2).
Table 2. Detection probability, occupancy estimate, and occupancy probability for the 10
anuran species analyzed in the National Forest of Amapá, eastern Amazon, Brazil.
Detection probability
Naïve occupancy
Occupancy
Species
Visit1 Visit2 Visit3 Visit4
estimate *
probability **
P. marmoratus
0.03
0.07
0.00
0.19
0.20
1.00
O. taurinus
0.09
0.09
0.09
0.09
0.32
0.90
L. rhodomystax
0.05
0.05
0.05
0.05
0.17
0.78
A. andreae
0.14
0.14
0.14
0.14
0.37
0.75
R. margaritifera
0.39
0.15
0.21
0.39
0.62
0.74
P. chiastonotus
0.13
0.03
0.13
0.37
0.40
0.73
0.07
0.19
0.00
0.03
A. hoogmoedi
0.20
0.63
P. vaillantii
0.00
0.13
0.06
0.47
0.22
0.35
H. geographicus
0.10
0.10
0.10
0.10
0.10
0.31
H. cineracens
0.18
0.18
0.18
0.18
0.25
0.30
* Most conservate estimate of the proportion of sites where the species can be detected.
** Estimates obtained from the best model of occupation for each species.
Although detection is a well-known problem (SOLLA et al. 2005), few studies have
examined factors that affect detection probability (e.g., GU & SWIHART 2004). For example,
no study with amphibians has been published in Brazil on the subject, and it is urgent to develop
sampling protocols taking into account occupancy patterns and differences in detection
probability of anuran species. Furthermore, little is known about how biodiversity patterns
emerge from individual species distribution (LENNON et al. 2004).
Patterns found without considering detection probabilities may reflect just the
heterogeneity of detection and not its occurrence in a particular environment, and,
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consequently, they may not represent the influence of environmental variation, but its detection
probability. We demonstrate the need of include detectability patterns in the sampling and
analysis, both for species that strongly respond to environmental variation as for those that do
not have strict requirements for reproduction or which have wider occupancy patterns.
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People have negative stereotypes of aposematics patterns of snakes?
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SUMMARY
Human behavior toward the presence of snakes is defined primarily by cultural influences and
is often affected by lack of knowledge. Peoples’ inability to differentiate snakes leads to
indiscriminate killing because of a belief they are dangerous. In this study, we observed the
behavior of several people after being exposed the two different morphotypes of snakes made
of modeling clay: a cryptic coloration (brown) and other aposematic coloration in triads format
(black, red and white), and if aversion behavior would have association with the Human
Development Index. There was a significant difference between the values found for the
different reactions between the two morphotypes of snakes, being that the reaction "contempt"
was significantly higher in morphotype aposematic. Moreover, only in aposematic pattern there
was aggression reaction. The probability of snakes being killed it was not correlated with the
Human Development Index, suggesting a strong fear "innate" or cultural. In this sense, the
feeling of aversion can motivate the indiscriminate killing of these animals around the world,
causing including population depletion of some species in certain regions.
Key words: Interactions, Aposematism, Snakes, Human behavior, Conflicts.
INTRODUCTION
Snakes have always been objects of both great curiosity and fear among humans.
Because human behavior toward animals is influenced by cultural perceptions and since there
is often a lack of knowledge about animals and their behavior and role in the food chain and
ecosystem, as well as about how to act during confrontations, certain species face
indiscriminate extermination. In extreme cases this can lead species to a state of decline
(BAPTISTA et al. 2008).
Currently 3,496 snake species are known, belonging to 22 families, forming the second
largest group of reptiles in the world by number of species. In Brazil, 386 species have been
recorded, of which only 15% are considered venomous (Elapidae and Viperidae families).
Another issue would be the lack of basic knowledge, since the practice of environmental
education essential for conservation of this group would be. For example, snakes of the
Elapidae family are morphologically very similar to species of the Oxyrophus genus
(Dipsadidae family). Therefore, peoples’ inability to differentiate snakes leads to
indiscriminate killing because of a belief they are dangerous, whether or not this is really the
case (MOURA et al. 2010).
To most people, snakes are only viewed as potentially dangerous and their trophic
interactions with other animals are ignored. As a result, in various regions of Brazil snakes are
negatively stereotyped as always being “dangerous animals”. This attitude and other aspects of
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popular culture heighten the chance for conflicts between humans and snakes, by influencing
the way people interact with these animals (SILVA 2008).
It is expected that occur a lower extermination of snakes how bigger is the awareness
of the same. Thus, to investigate the knowledge that a particular community shows on the local
wildlife is critical to define and guide environmental education campaigns for the subsequent
conservation of the species. In this sense, in this study, we aimed check if: 1. People are more
inclined to associate the dangerousness of snakes the aposematics morphotypes (patterns in
triads) than cryptic coloration, 2. The probability of snakes being killed is negatively correlated
with the Human Development Index (HDI).
METHODS
Data acquisition
Between 16 and 17 May 2016, we observed the behavior of several people after being
exposed the two different morphotypes of snakes made of modeling clay: a cryptic coloration
(brown) and other aposematic coloration in triads format (black, red and white) (Figure 1), in
the campus of the Universidade Federal de São Carlos, municipality of São Carlos, State of
São Paulo, southeastern Brazil.

Figure 1. Example of morphotype of snake of aposematic coloration made of modeling clay.
We exposed each morphotype on the ground over one hour in two different places on
campus, totaling four hours of observation. We defined five behaviors as the following
reactions: fear, curiosity, contempt and aggression. Additionally, with the aim of extract the
probability of a snake be killed in a particular region, we selected randomly studies in all
regions of Brazil which reported the perception of people about snakes. In our study, and in the
other, we consider the values (quantitative) of fear and / or hatred as probability of the snake
be killed. We obtained the Human Development Index (HDI) for each State, using the reports
of PNUD (2010). We chose the HDI as a proxy for general education level at each location,
since it is measured using the same methods all over the world. Besides education, HDI is a
statistic composed of life expectancy and per capita income.
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Statistical analyses
We used χ2 test (chi-square) to investigate whether the reactions associated with
morphotypes of snakes aposematics (patterns in triads) differ from the cryptic coloration
(hypothesis 1), For hypothesis 2, we also used a correlation, in which the dependent variable
was numerical (probability of the snake be killed) and the independent variable was the HDI
for the location of the study. We use the Spearman correlation coefficient and verify its
significance by function cor.test on R software version 3.2.2 (R CORE TEAM 2015), and
significance levels were established at 0.05.
RESULTS
We observed for four hours, 270 behavior (two hundred seventy) people on the campus
of the Universidade Federal de São Carlos, between 16 and 17 May 2016. We classified the
behavior of people exposed to the two the morphotypes of snakes in five reactions: fear,
curiosity, contempt and aggression. There was a significant difference (x-squared = 18,795, df
= 3, p-value <0.001) between the values found for the different reactions between the two
morphotypes of snakes, corroborating our hypothesis 1, being that the reaction "contempt" was
significantly higher in morphotype aposematic. Moreover, only in aposematic pattern there was
aggression reaction, where four individuals stepped and / or kicked the snake (Table 1).
Table 1. Classification of the people's reactions after contact with the two morphotypes of
snakes. * Significant values.
Reactions
Snake brown
Snake aposematic
p-value
Contempt
22% (n = 10)
55.3% (n = 52)
< 0.001*
Fear
63% (n = 29)
35.1% (n = 33)
0.61
Curiosity
15% (n = 7)
5.3% (n = 5)
0.56
Aggressiveness
0
4.3% (n = 4)
0.10
Almost half of people (48.1%, n = 130) had a neutral reaction to the morphotypes on
the ground. Gets attention for fact that although the aposematic pattern has had a greater neutral
reaction, the percentage of negative reactions was significantly higher than that found for the
cryptic species (Table 2). Moreover, our hypothesis 2 is not corroborated, once that the
probability of snakes being killed it was not negatively correlated (S = 32.694, p-value =
0.1077) with the Human Development Index (HDI) (Figure 2).
Table 2. Types of reactions of the people observed after contact with the two morphotypes of
snakes. * Significant values.
Types of reactions
Snake_brown
Snake_aposematic
p-value
Negative
29% (n = 39)
66% (n = 89)
< 0.01*
Positive
5% (n = 7)
4% (n = 5)
0.56
Neutral
66% (n =89)
30% (n = 41)
0.02*

259

II International Symposium of Ecology

“Ecology in the Anthropocene”
16-19 August 2016 - São Carlos - SP

Figure 2. Correlation between the probability of snakes being killed and the Human
Development Index (HDI).
DISCUSSION
Nearly half of respondents (47.4%) showed negative behaviour towards these animals,
reflecting the influence of potential risk and myths associated with snakes, and supported by a
limited knowledge about these animals and their ecological and utilitarian role. It is observed
in several regions of Brazil the acceptance of a negative stereotype for all the snakes, which
are generally considered dangerous and treacherous animals. This situation associated with
some aspects of popular culture, may potentialize conflicts between humans and snakes
(CARDOSO et al. 2003), influencing in a negative way the way in which people interact with
this group (SILVA 2008).
The aposematism is an honest signal, a strategy anti-predatory. Has been observed that
birds avoid prey on snakes with having coral pattern in comparison discrete colors (BRODIE
& JANZEN 1995). Humans, as many primates, have the vision trichromat, are therefore able
to recognize patterns aposematics. Several studies (e.g. ALVES et al. 2014) have demonstrated,
in general by means of interviews, the perception of people in relation the snakes. However,
are rare the evidence of experimental studies in field demonstrating the reactions of these
people. In this sense, this is the first study to demonstrate, through a behavioral experiment,
the relationship of conflict between people and snakes.
The feeling of aversion justified by the risk of lethality of some snakes, associated with
the fact that some of them are potentially predatory pets, just motivating the indiscriminate
killing of these animals around the world, causing including population depletion of some
species in certain regions (ALVES et al. 2010). In this context, the reduction or local extinction,
regional and global species results in a number of serious negative impacts, especially in the
food chain (SCHLAEPFER et al. 2005). The decrease of the populations of snakes can generate
a lack of control of populations of rodent pests, bringing injuries to human health, agriculture
and wild food chain. Furthermore, prospective studies on the pharmacological action of toxins
may be affected (LIMA-VERDE 1994).
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Human attitudes towards animals are influenced by perception, identification and
classification that each society is the local fauna (DREWS 2002). Though the localities studied
have different levels of Human Development Index, the hostility (determined here as fear or
aversion in reactions in encounter with the snakes) did not show significant relationship with
the HDI. So, the probability of a snake be killed was much more influenced by fear. Overall,
people simply have an aversion for snakes without any obvious reason, suggesting a strong
fear "innate" or cultural. The knowledge in these cases, even in locations developed, seems to
be insufficient on the snakes. This suggests that the fear or aversion to snakes, especially those
of aposematics patterns, still occurs in the collective imagination of communities be they
developed locations or not, resulting in the death of snakes at any opportunity. Our results,
therefore, add an important evolutionary component in the relation of conflict between people
and snakes.
The danger that people associate with snakes contributes to increased hostility to these
animals. Even in places with higher HDI the probability of a snake be killed it was high,
suggesting that the repulse of people in relation to snakes is a factor of fear "innate" or cultural,
which probably contributes to the indiscriminate killing of the species of this group. That way
a higher educational intervention becomes necessary in these populations, mainly in adults for
that this strong cultural factor do not be passed on to future generations.
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SUMMARY
Phytoplankton is the base of the food chain and thus contributing to the support and
maintenance of higher trophic levels. However, this habitat has suffered anthropic influence,
causing imbalances in food webs and biogeochemical cycles. Among these actions is the
exploration of mineral resources, such as copper, one of the most important metals for the
industry. According to forecasts, production will continue for many decades, leading to the
increase of their concentrations in nature, including aquatic environments. Thus, studies on the
effects of copper in organisms are important for understanding the environmental impact of
this element. This study aimed to analyze in the physiology Scenedesmus quadricauda. The
microalgae were cultured in 1L polycarbonate bottle containing 300 ml of culture medium
L.C.Oligo. The experiment lasted 96 hours. Seven different copper concentrations (10 -7, 5x107
, 10-6, 2.5x10-6, 5x10-6, 10-5 and 2.5x10-5 M) were tested. Pure culture medium was used as
control. All treatments were made in experimental triplicates. Cultures were monitored daily
for analysis of cell density by cell counting (optical microscope), concentration of chlorophyll
in vivo and quantum yield (ΦM). At the end of the experiment, measurements were made of
intracellular copper, total carbohydrates, proteins and lipids. Results were analyzed by
ANOVA. According to the results, the microalgae cell density was not affected by the lowest
copper concentration tested. However, from 1 µM was observed a 42% reduction in cell density
in S. quadricauda. Chlorophyll a cel-1 had a directly increase proportional copper added. The
quantum yield was less sensitive, since the S. quadricauda showed only a reduction of 31% at
the highest concentration. The EC50 for the growth was 15 µM and the ΦM was above 46 µM.
Carbohydrates, proteins and lipids have a gradual increase in their concentration as a function
of added copper, as well as the intracellular copper. It was noted that the parameter growth of
S. quadricauda showed higher sensitivity to the effect of copper, while the photosynthetic
efficiency was less influenced by the parameter copper.
INTRODUCTION
In urbanized and industrialized areas, water bodies are subject to anthropogenic activities
that can include the dumping of chemicals. These may alter the water quality and consequently
the structure of aquatic communities. Among the chemicals, metals are important contaminants
because they can be toxic and cannot be degraded (ABO-FARHA et al. 2009). So, they
accumulate in the environment and also in aquatic food webs (HE et al. 1998). However, metals
such as magnesium, iron, zinc, manganese, copper, cobalt, molybdenum and boron are
essential to living organisms, in which they have important metabolic roles (ESTEVES 1998).
Minor nutrients, such as copper and zinc can be toxic if present in concentrations above
those normally found in natural environments. Thus, given the high use in industrial activities,
there is a concern about the fate of metals in natural environments, their effects to aquatic biota
and their biogeochemical cycling (BAIRD 2002). Naturally, metals enter aquatic ecosystems
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through the soil, rocks and sediment. However, anthropogenic domestic and industrial
wastewater, mining process, application of pesticides in agriculture and rainfall contribute to
increased concentrations of trace elements in the environment, causing ecological disturbances
(PEREIRA et al. 2006).
Copper enter aquatic environment either as algicides, fungicides, pesticides, or through
mining and industrial activities. This metal is considered essential for all organisms and is an
important micronutrient for many metabolic processes (ACHARYA & SAIFY 2012). It is used
in a large number of structural proteins and enzymes. Moreover, it acts as cofactor, that is, an
intermediate of electron transfer in enzymatic oxidation / reduction activity, which is important
for physiological homeostasis and in microalgae it is essential to photosynthesis (LOMBARDI
& MALDONADO 2011).
Copper is required in concentrations ~ 10-7- 10-8 mol L-1, but in higher amounts it is a
redox-active and stimulates reactive oxygen species (ROS) by Fenton-Haber-Weiss reactions
(STOHS & BAGCHI 1995). This can damage cell membranes and essential biomolecules. In
situations of stress induced by this metal, some organisms produce specific proteins such as
metallothioneins or phytochelatins that can bind copper, so reducing its availability and hence
toxicity. This is one of the leading metal resistance mechanisms (CAMARGO et al. 2007).
In aquatic environments, phytoplankton, the main primary producer, has suffered direct
and deleterious effects due to copper and other metals. Conditions that affect phytoplankton
can also affect and disturb the whole trophic web in aquatic environments. This can end up
affecting animals of higher trophic levels due to biomagnification and bioaccumulation of these
metals in the food chain (LA ROCCA et al. 2009).
This research aimed at evaluating the effects of copper ions in the physiology and
biochemistry of the freshwater phytoplankton, Scenedesmus quadricauda.
MATERIALS AND METHODS
The freshwater microalgae S. quadricauda (Turpin) Brébisson, was kept in modified L.
C. Oligo culture medium (AFNOR 1980). The modification consisted in 2-fold increase in the
concentration of all nutrients. Polycarbonate bottles with 1000 ml capacity, containing 300 ml
of culture medium were used and the inoculum had initial concentration of 4x104 cells ml-1.
The toxicity experiments included seven treatments, consisting in the addition of
different concentrations of copper (10-7, 5x10-7, 10-6, 2,5x10-6, 5x10-6, 10-5 and 2,5x10-5 M) and
a control without extra addition of Cu containing only the Cu present in the modified LC Oligo
medium (6x10-8 M). All treatments were performed in triplicate experimental. The experiment
lasted 96 h and was performed under controlled lighting conditions (130 μmol m-2s-1) and
temperature (22 ± 1 ° C).
Cultures were monitored daily for cell counts (cells mL-1) using Fuchs-Rosenthal
counting chamber under optical microscope. Chlorophyll a measurements were made through
in vivo fluorescence using a fluorometer (Turner Designs). The photosynthetic efficiency or
maximum quantum yield (ΦM) of photosystem II (PSII) was obtained by a pulse amplitude
modulated fluorometer using a, Phyto PAM (Heinz Walz, Effeltrich, Germany).This
measurement is performed after the algae has been dark acclimated for 15 minutes. Method
details can be found in Lombardi and Maldonado (2011).
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At the end of 96 h, culture samples were taken for biochemical analysis, total proteins,
carbohydrates and lipids determinations. Total carbohydrates followed the methodology
described in Liu et al. (1973), which is based on phenol method - sulfuric acid (DUBOIS et al.
1956), with glucose as a standard. Total proteins were determined using the spectrophotometric
method of Bradford (1976). For the analysis of total lipids a TLC-FID chromatographic system
was used (Iatroscan, Japan); this method followed those in Parrish (1999). Dissolved copper
was determined by atomic absorption technique using spectrophotometer (LSFAAS- Perkin
Elmer®). The details of the method can be found in Lombardi et al. (2002).
Statistical analysis was performed using the program ASSITAT. Normality was verified
for all parameters, and in normal distribution the Tukey test and Kruskal-Wallis one-way
analysis of variance were used.
RESULTS AND DISCUSSION
The growth of S. quadricauda in the selected Cu concentrations was affected at
concentrations 2.5 µM of Cu, resulting in reduction of population size, particularly on the
fourth culture day. For 2.5, 5, 10 and 25 µM copper, biomass in the third and fourth day differed
significantly from the control (p <0.05). In concentrations of 10 and 25 µM copper, 56.7% and
67.8% reduction in the last day, respectively, were observed. In 0.1, 0.5, and 1 µM Cu, a
reduction of 29, 22 and 28% was obtained on the last culture day respectively. Our results are
in agreement with those of Perales-Vela et al. (2007) that observed a decrease in biomass when
S. incrassatulus was exposed to copper for 6 days, showing that growth was the most sensitive
parameter of the metabolism. This shows that the effect of copper on cell growth depends on
the exposure time, concentration and algal species used. Literature data show that inhibition of
algal growth is related to the amount of metal ions that are bound to the surface of algal cells,
and in some cases the chemical nature and amount of intracellular metal ions (Franklin et al.,
2000; Ma et al., 2003).
The copper induced the increase of chlorophyll a per cell on the third day when the
microalgae was exposed to concentrations above 2.5 µM. Statistical comparison among
treatments showed no significant difference (P <0.05). This result agrees with those of
Lombardi and Wangersky (1994) who studied the effects of nutrient depletion in the marine
diatom Chaetoceros gracilis. In our case, such behavior can be explained by stress caused by
copper.
The maximum quantum yield (ΦM), in lower copper concentrations, was not affected,
being similar to the control, around 0.70. However, at higher copper concentrations, 10 and 25
µM, this parameter decreased to 0.59 and 0.53 yield, respectively, representing 21% and 32%
lower than the control (ANOVA p < 0.05). In this study, the maximum quantum yield was less
sensitive to copper toxicity, in opposition to population growth that was more sensitive. Similar
results were observed by Nalewajko & Olaveson (1995), Perales-Vela et al. (2007) and Dinesh
et al. (2014).
Comparing the EC50 based in biomass (15 µM) with that based in photosynthetic yield
(46 µM) it is clear that the photosynthetic yield is less sensitive to the effects of copper than
the biomass. EC50, which shows concentration causing 50% inhibition of a parameter in the
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exposure period, is widely used as toxicity index. Lombardi et al. (2007) showed an EC 50 of
33 µM for S. acuminatus, Perales-Vela et al. (2007) found an EC50 of 0.96 µM for S.
incrassatulus, and Ma et al. (2003) had 5.39 µM for S. subspicatus. These results are evidence
that the toxic effect caused by the metal depends on the species that is exposed to it.
Copper concentrations higher than 2.5 µM affected the biochemical composition of the
biomass. Total carbohydrates, lipids and proteins increased in comparison with copper
concentrations up to 1.0 µM (ANOVA, p < 0.05). The increase in carbohydrates agrees with
the results in Pistocchi et al. (2000). This mechanism may be a general response of cellular
metabolism that can act as a stress signaling. Furthermore, the synthesis of carbohydrates is
used as a defense mechanism against metal toxicity since carbohydrates can bind to copper and
decrease its availability (PISTOCCHI et al. 1997).
In relation to total proteins the results obtained in the present study it agree with Sabatini
et al. (2009), who observed increased proteins in the presence of copper in S. vacuolatus.
Similar results are reported in Maršálek and Rojíčková (1996) and Chia et al. (2013b). It is
known that microalgae exposed to copper can produce special proteins able to complex metals,
so reducing its availability and toxicity thereof. A known protein with such capability is
metallothionein, which has been related to metal detoxification (VITARELLA et al. 1996).
The increase in total lipids content that we obtained was also observed by Chia et al.
(2013b), when C. vulgaris was exposed to Cd. Although this has already been observed, the
reasons underlying such mechanism are not totally clear (GUSHINA & HARWOOD 2006).
We propose that under metal stressing situation, the cells produce biomolecules that may help
its survival, thus proteins can be related to metalothionein that complex the metal (not structural
proteins), lipids with storage lipids, and carbohydrates with metal complexation ability.
With the copper increased in culture medium, its intracellular correspondent increased
after 1.0 µM added metal. This is expected, and as demonstrated in Lombardi and Vieira (2002)
with Kirchneriella aperta, it is only after intracellular accumulation of the metal, that its toxic
effect can be detected.
CONCLUSION
Scenedesmus quadricauda growth was affected by copper ions. Population density
(EC50 15 µM) was the most sensitive parameter to detect copper toxicity, while maximum
quantum yield was less sensitive (EC50 46 µM). Under copper stress (at 2.5 µM Cu and above),
total carbohydrates, total proteins, total lipids and chlorophyll a accumulated in the cells.
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SUMMARY
We live in a scenario where humankind has been affecting the world in scale capable to define
a new geological epoch called Anthropocen, where deforestation, defaunation, climate change
and others are evident. Some highly biodiversity sites such as Brazilian Cerrado is also under
threat, mainly due to land conversion into agricultural and human use areas. University Federal
of Sao Carlos (UFSCar) has in its campus a Cerrado fragment. Aiming to highlight the
importance of this fragment, this work approach ecosystem services (ES) provided. Were
performed observations and floristic sampling using point-centered quarter and fixed area plot.
11 of 17 ES listed by according to Costanza (1997) were found. These results reinforce the
importance to conserve the UFSCar’s Cerrado fragment and enhance its conservation.
Keywords: Cerrado. Ecosystem services. Conservation. Anthropocen.
INTRODUCTION
In 2002, Crutzen assigned the term ‘Anthropocene’ (2002). Since then many authors
have attempted to delimited properly this definition (LEWIS & MASLIN 2015). Although its
fact that Anthropocene is featured as an extensive modification elsewhere. Land conversion
into agriculture and settlement areas (ELLIS et al. 2010), changes on atmosphere composition
due to gas emissions, climate change (LEWIS & MASLIN 2015), ocean over exploitation and
high rates of species extinction (CRUTZEN 2002) have been leading to impacts at global scale.
Land use conversion into agriculture and pasture are consider major threats to
biodiversity. According to Ellis (2010), pasture areas increased six times over the past 300
years and native areas have been converted into croplands. These changes are fragmenting
habitats, causing deforestation, defaunation and easing invasive species to take place (DIRZO
et al. 2014; MALHI et al. 2014).
Brazilian Savanna known as Cerrado is one of the areas under threat. Cerrado had 55%
of its area converted into agriculture, pasture and other human uses (KLINK & MACHADO
2005). This region is highly endemic and accounts with 4,400 plant species being considered
one of the global hotspots (SIQUEIRA & PETERSON 2003). One of the biggest fresh water
reservoirs on the planet is located under its surface (FIORI & FIORAVANTI 2001) and home
of many animals such as birds, mammals (MOTTA-JUNIOR & VASCONCELLOS 1996).
Cerrado is a biome that provide high number of ecosystem services (ES) (TURNER et al.
2012). It is estimate that ES are more valuable than all global gross domestic product
(COSTANZA et al. 1997).This work aims to approach potential ES provided by UFSCAR’s
Cerrado fragment looking at human activities and vegetal composition.
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METHODS
This research has been undertaken in a Cerrado fragment area at UFSCAR, located on
coordinates 21°58’ e 22°00’ South - 47° 51’ e 47°52’ West. This area is surrounded by
Washington Luiz highway, Sao Carlos-Ribeirao Preto highway and Guilherme Scatena district
road. Sugar cane farms and semi deciduous forest within rural properties also surround the
area. The Cerrado fragment have a total area of 643.08 ha, being 124.68 in the north portion
connected with two watercourses: Monjolinho and Fazzari stream. Weather in the study region
is on Köppen climate classification is Cwai (tropical with wet summer and dry winter) and Awi
(warm with dry winter) (URBANETZ; SHIMIZU; LIMA 2013).
Were assessed provision of ES according to Costanza’s categories (1997): Gas
regulation, climate regulation, disturbance regulation, water regulation, water supply, erosion
control and sediment retention, soil formation, nutrient cycling, waste treatment, pollination,
biological control, refuge, food production, raw materials, genetic resources, recreation and
cultural.
Human activity was surveyed based on in situ observation from January, 25th to
February, 2nd of 2016. Additionally, it was performed vegetal sampling from January, 28 th to
February, 2nd of 2016, looking for potential ES provided by them. Individuals were sampled
using point-centered quarter and fixed area plot methods chosen at random. Sampling process
occurred into four 10 m² adjacent plots and 12 point-centered quarters. Were included on
sampling process individuals with diameter at least 5 cm at breast height (DBH). Sampled
specimens were identified using identification keys (LORENZI 2009; SILVA JUNIOR; DOS
SANTOS 2012; SILVA JUNIOR; SILVA PEREIRA 2008).
RESULTS AND DISCUSSION
Were found 11 of 17 categories of ES, being these: gas regulation, climate regulation,
water supply, water regulation, pollination, refuge, food production, raw material, genetic
resources, recreational and cultural. Disturbance regulation, erosion control and sediment
retention, soil formation, nutrient cycling, waste treatment and biological control were not
observed, however they are supposed to be present.
Recreational activities such as mountain bike, walking, hiking and wildlife sightseeing
were observed. This fragment is home of vulnerable iconic species such as giant anteater
(Myrmecophaga tridactlya) and maned wolf (Chrysocyon brachyurus) and many other animal
and vegetal species working as wildlife refuge (COLETIVO DO CERRADO 2016). Wildlife
activities can be a profitable and important tool to enhance people awareness improving
conservation status when it is well planned (EAGLES et al. 2002). As example, 33.8 billion
dollars were spent on wildlife observation on US in 1996 (LOSEY; VAUGHAN 2006).
Several cultural activities have been carried out on the studied Cerrado fragment. Some
activities runs throughout the year such as environmental education activities developed by
Coletivo do Cerrado (Cerrado’s Collective) and Trilha da Natureza (Nature Trail). Coletivo do
Cerrado is a group created to bring awareness about major threats on UFSCAR’s Cerrado. One
of its fights is against a project that intend to build a road, fragmenting more the area. The
Coletivo do Cerrado points out some possible solutions for logistic and deforestation issues
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and at this moment the project is stopped due to legal order (COLETIVO DO CERRADO
2016) since it violates law 13,500 which grants protection to Cerrado (SÃO PAULO 2009).
Guided visits at Trilha da Natureza exists since 1992 managed by university student monitors
and it has as target public students from high school. Its activities aim to improve to provide
opportunities to develop didactic experiences for monitors and enhance community awareness
about conservation importance (DEAEA 2016). Others activities are occasional such as 4th
Ecology Summer School, which occurred in January, 2016 that taught students at
undergraduate level about ecology study methods. There are also many examples of research
done on this fragment (ALLENSPACH; DIAS 2012; MUYLAERT et al. 2014; URBANETZ;
SHIMIZU; LIMA 2013)
Fazzari and Monjolinho watercourses are found in the area and provide water supply
and water regulation to Sao Carlos, the city nearby (URBANETZ; SHIMIZU; LIMA 2013).
On the plant survey, were identified 28 species from 19 families (Table 2). The most
representative family were Fabaceae (20.6%), followed by Melastomataceae, Myrtaceae e
Euphorbiaceae (6% each), accouting to 38.2% of the sample. A total of 48 uses were found for
sampled species, being 43.75% for timber products, 33.33% for forestry and restauration use,
12.5% for medicinal purposes and 10.41% for food. Just two plants identified at genera level
had no economic use found due to it uncertainty. It is important to highlight that timber is and
old activity and can use many tree species, however researches involving non-timber forest
products related to Cerrado’s flora are recent and have great potential to increase over the next
years, which may change these proportions.
Were found that sampled plants provides shelter and food for wildlife (COLETIVO DO
CERRADO 2016; MARTINS 2008). In specific, some can serve as food resource (e.g.
Caryocar brasiliense used as food, oil, liquor and cosmetic products). Many can be used as
raw materials (e.g. lumber). Genetic resources such as plants with medicinal uses are common
among sampled species (e.g. Xylopia aromatica has potential against infectious diseases and
Trichilia pallida has antifungal properties) (ANDRADE PINTO; SOUZA; OLIVEIRA 2010;
DE ALMEIDA ALVES et al. 2000). Some are used for landscaping (e.g. Tibouchina
granulosa, Vochysia tucanorum, Handroanthus ochraceus known by their beautiful and
colourful flowers). The vegetation also provides climate regulation (e.g. Schefflera
macrocarpa has the capability to increase air moisture) (BUCCI et al. 2005).
Even more than half of Cerrado extension being converted into human usage areas, it
is estimated that it provides ES equivalent to 1052 US$ ha -1 year-1 whereas agriculture provides
just 31.3 US$ ha-1 year-1 (VIGLIZZO; FRANK 2006).
CONCLUSION AND FINAL REMARKS
It is known that Cerrado provides several ES showing its great importance. Even being
a small fragment, the studied area ensures existence of ES, holds vulnerable species and has
potential for many sustainable human activities. It is important highlight that given its strategic
location close to a highly renowned academic centre, the area should be used as an exploratory
field of what science can do in matter of conservation strategies and implementation of public
policies through academic research, environmental education and diffusion programs.
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Table 2. List of plant species sampled at UFSCar’s Cerrado fragment with directly human uses.
Uses were classified as food (1), medicinal usage (2), forestry and restauration (3) and timber
products (4) (Fern 2014).
Uses
Family
Species
1
2
3
4
•
Anacardiaceae
Astronium graveolens Jacq.
•
•
Annonaceae
Duguetia lanceolata A. St.-Hil.
•
Xylopia aromatica (Lam.) Mart.
•
Araliaceae
Schefflera macrocarpa (Cham. & Schltdl.) Frodin
•
•
Asteraceae
Piptocarpha rotundifolia G. Lom. Smith
•
Bignoniaceae
Handroanthus ochraceus (Cham.) Mattos
•
•
Caryocaraceae
Caryocar brasiliense Cambess.
•
•
Connaraceae
Connarus suberosus Planch.
•
Ebenaceae
Diospyros burchellii Hiern
•
•
Euphorbiaceae
Maprounea guianensis Aubl.
•
•
Pera glabrata (Schott) Poepp. ex Baill.
•
•
•
Fabaceae
Acosmium subelegans (Mohlenbr.) Yakovle
•
•
•
Anadenanthera colubrina (Vell.) Brenan
•
•
•
Andira anthelmia (Vell.) J.F. Macbr.
Pterodon sp.
•
•
Stryphnodendron adstringens (Mart.) Coville
•
Stryphnodendron polyphyllum Mart.
•
•
•
Malpighiaceae
Byrsonima intermedia A. Juss.
•
Malvaceae
Eriotheca gracilipes (K. Schum.) A. Robyns
Pseudobombax sp.
•
•
•
Melastomataceae Miconia albicans (Sw.) Steud.
•
Tibouchina granulosa (Desr.) Cogn.
•
Meliaceae
Trichilia pallida Sw.
•
Myristicaceae
Virola sebifera Aubl.
•
•
Mysinaceae
Rapanea umbellata (Mart.) Mez
•
•
Siparunaceae
Siparuna guianensis Aubl.
•
•
•
Styracaceae
Styrax ferrugineus Nees & Mart.
•
•
Vochysiaceae
Vochysia tucanorum Mart.
Source: Author.
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SUMMARY
Different structural features of vegetation may influence the nest site selection by birds.
Invasive plants are able to change these features, compromising the quality of ideal nest sites
and harming the reproductive success for some bird species. Those impacts tend to be more
intense for insular populations, due to isolation and restricted geographic space. This study was
conducted in a Brazilian oceanic island, highly invaded by Urochloa decumbens Stapf., an
aggressive invasive grass, and aimed to investigate possible effects for the nest site selection
by the Brown Booby (Sula leucogaster Boddaert). Nests were marked and the dominance by
U. decumbens and presence of exposed rocks in a 2 m radius were recorded. We found a
negative correlation between the number of nests and the cover by invasive grass, and the nests
were frequently associated to rocks. Our results suggest that little covered surfaces are
preferential nest sites for S. leucogaster, and the proliferation of this invasive species may
reduce the ideal nest site availability due to the high biomass production.
Keywords: Reproductive success. Seabirds. Urochloa decumbens.
INTRODUCTION
The vegetation structure may influence on nest site selection by birds, since features as
density and height of grasses may be related with complex characteristics according to the
survival strategies of different species, such as the hiding of nest or best visualization and
opportunities to escape from predators (DAVIS 2004, 2005).
Invasive plants may eliminate native plant species and quickly spread, changing the
vegetation composition and structure, compromising the quality of ideal nesting habitats for
some bird species and harming theirs reproductive success (LLOYD & MARTIN 2005;
FLEISHMAN et al. 2003). On islands, the impacts of invasive plants tend be more intense,
may even lead to local extinctions, because these environments are usually small and isolated,
and theirs populations have reduced sizes and are not adapted to the new competitors and
habitat changes (CADOTTE et al. 2006; PRIMACK 2005; SAX & GAINES 2008).
In Brazil, several species of African grasses were introduced to commercial and cattle
finalities, and became aggressive invasive, impacting the native biodiversity through
competition with plant species, habitat changes and effects on nutrient cycling and fire regime,
disturbing the fauna (FREITAS & PIVELLO 2005; DEVELEY et al. 2005). Among these
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invasive species is Urochloa decumbens Stapf., introduced to training of pastures in the 1950s,
and subsequently became an aggressive and difficult to control invasive (KISSMAN 1997).
Invasion by U. decumbens was recorded on a Brazilian oceanic island, in São Paulo
state, and currently this species occupies more than 40% of its area (BRASIL 2008). The effects
for the native avifauna are still unknown, and it is possible that the changes occasioned on
vegetation composition and structure may be affecting the nest sites of seabirds, among which
the Brown Booby (Sula leucogaster Boddaert).
U. decumbens spreads quickly, producing a dense biomass layer (D’ANTONIO &
VITOUSEK 1992; FREITAS & PIVELLO 2005), possibly decreasing the ideal nest sites
available for S. leucogaster, such as this seabirds species builds nests on the ground, usually
on sites with little or any vegetal cover (COELHO et al. 2004). Thus, this study aimed to
investigate the possible effects of invasion by this exotic species to nest site selection by S.
leucogaster on this island, and we expected to find a less number of nests associated to points
with high proportions of cover by U. decumbens.
MATERIAL AND METHODS
We conducted the study on Castilho’s Island (25°16'S, 47°57'W), an oceanic island
with a land area of 7.32 ha, located 7.5 km from Cananéia town, South of São Paulo state,
Brazil. The native vegetation is composed by shrubs, with dominance of Ficus luschnatiania,
the herbaceous Philodendron bipinnatifidum, Cyperus ferax and Portuluca sp., diversal grasses
and typical species of sandbank, including Bromelia anthiacanta and the cactaceae Cereus
peruvianus. However, more than 40% of its area is currently invaded by the exotic grass U.
decumbens (BRASIL 2008).
We searched for S. leucogaster nests on different sites of the island. We found and
marked 40 nests. For each nest, in a 2 m radius, the coverage proportion by U. decumbens and
canopy cover by shrubs were estimated visually, and the presence of exposed rocks was
recorded. The correlation number of nests and dominance by U. decumbens was tested by
Pearson’s correlation coefficient, using the software PAST (PAleontological Statistics, version
2.17c).
RESULTS AND DISCUSSION
The nests were located predominantly in open vegetation areas, without significate
canopy cover. We found a negative correlation between the number of nests and dominance by
U. decumbens (r = - 0.51; p > 0.05) (Figure 1). Moreover, 60% of nests (n = 24) were associated
to exposed rocks.
Although p-value showed that the relation between the number of nests and dominance
by U. decumbens apparently is not significate, considering the small sample size due to reduced
area of study site and biological features of S. leucogaster, these results may be an evidence
that tends to be more nests on sites little covered by dense vegetation, and that the preferential
nest sites for this seabird species are bare and flat surfaces. This evidences are according with
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the related by other studies, which confirm that S. leucogaster nests are built on the ground,
frequently on rocky basis and sites with few or any grass (COELHO et al. 2004; GROSE et al.
2011; CHAVES-CAMPOS & TORRES 2002).
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Figure 1. Relation between the number of S. leucogaster nests and dominance by U.
decumbens.
U. decumbens spreads quickly, occupying large areas and producing great amounts of
biomass (D’ANTONIO & VITOUSEK 1992; FREITAS & PIVELLO 2005). Thus, it is
possible that the invasion by this species may reduce available bare surfaces, including on
rocks, harming directly S. leucogaster reproductive success on Castilho’s Island.
CONCLUSIONS
The results suggest that there are less S. leucogaster nests on points highly dominated
by the exotic grass, and the preferential nest sites for S. leucogaster are bare and flat surfaces,
usually rocks. In this way, the high biomass produced by U. decumbens proliferation may be
reducing the ideal nest site available for this bird on Castilho’s island, and possibly, it may to
derail S. leucogaster reproduction on this area in a long term.
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SUMMARY
Interspecific relationships are complex and can be responsible for several ecological responses.
Preys can modify aspects of their behavior, physiology and their interaction with other
organisms on the presence of a predator. We tested if the presence of a stone crab predator
changes the herbivory rate of Tegula viridula, affecting indirectly the algae Ulva lactuca, the
food of the gastropod. Unlike we expected, consumption of algae by T. viridula did not change
in the presence of its predator. These data suggest that some animals may not have an
immediate response to the predator presence or that the gastropod used in the experiment
cannot recognize the crab as its predator.
INTRODUCTION
Many organisms interact with other species in the community and the study of these
interactions have great importance on the understanding of the community structure and
functioning. Predation is one of the most known interaction between organisms, wherein
predators can induce several responses in prey species (DODSON & HAVEL 1988, WESTEBERHARD 1989, SKELLY & WERNER 1990), and such responses can force non-lethal
costs on prey, altering resource acquisition abilities. For instance, diet composition and habitat
use may be strongly affected by non-nutritional constraints such as avoidance of predation
(VANCE & SCHMITT 1979, SIH 1982).
Regarding to species interactions and predation, “indirect effects” (ABRAMS 1984,
WOOTTON 1993), or “trait-mediated interaction” (ABRAMS 1995, WERNER & PEACOR
2003) may occur, i.e., when the presence of a species changes phenotypical traits of another
species, and this modification changes the per capita effect of the reacting species on another
species. For example, the predators can diminish prey activity (WOOSTER & SIH 1995,
EKLÖV 2000), making them search for a refuge (TURNER 1996) and/or causing a reduction
in their foraging effort (WISSINGER & MCGRADY 1993, MORRISON 1999), changing their
interactions with another species, as competitors or preys. Predators may also produce the topdown control, being responsible for regulate other levels of the food web.
The rocky intertidal community offers many opportunities to assess biological
interactions. Several studies reports that much of spatial structure of rocky shore communities
depends, besides abiotic factors, on spatial and temporal interactions between predators and
herbivores (MENGE 1976, MENGE & LUBCHENCO 1981). Predators influencing prey diet
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are also reported (VANCE 1978, NELSON & VANCE 1979, VANCE & SCHMITT 1979).
These studies show how trophic interactions involving predator-prey interactions can influence
the evolution and the structure of the community.
In this context, the main goal of this study was to test experimentally the influence of
predator on the prey feeding rate in rocky shore organisms. We hypothesized that there will be
a decrease in the algae consumption by a gastropod when exposed to its natural predator, which
would demonstrate an indirect effect of the gastropod predator in algae abundance.
METHODS
Model Organisms, Collecting Area and Stocking Conditions
In order to assess the indirect effect of a predator in the herbivory rate of the gastropod,
we used the herbivore turban snail Tegula viridula (Tegulidae). The alga provided to T. viridula
was Ulva lactuca, which is part of its diet (personal observation). We used the stone crab
Menippe nodifros as a predator, that has a generalist diet and feeds on T. viridula (Turra et al.
2005, Santana et al. 2009). As a non-predator, we used individuals of the genus Fissurella sp.,
which coexist with T. viridula in the rocky shores (Migotto et al. 1993, Leite et al. 2009). All
the organisms were collected at the rocky shore of the Cibratel beach (24°12’5.84”S
46°48’38.64”W), located in Itanhaem city, São Paulo state, Brazil. The organisms were
collected manually. We used individuals (n = 27) of T. viridula with the major height of the
shell of 22,76 ±1,70 mm (mean ± standard deviation); Individuals of M. nodifrons (n = 9) were
intact and in intermolt stage, with a carapace width of 56,81 ± 5,09 mm; individuals of
Fissurella spp. (n = 9) had the major height of the shell of 20,21± 4,28 mm. In the laboratory,
specimens and algae were kept separately in stock tanks for acclimatization (62 hours) with
constant aeration. The temperature was maintained in 25°C (±1°C) and the photoperiod was of
12h of light and 12h of dark.
Experimental Design and Procedures
We assessed if the presence of a predator affects the feeding rate of a rocky shore
gastropod. For that, we performed a laboratory experiment with microcosms where we looked
if there were differences in the algae consumption by the gastropod when in the presence of
the predator (visual and chemical stimuli, simultaneously). Response to chemical cues are
common in the genus Tegula (PHILLIPS 1978, SCHMITT 1981, JACOBSEN & STABELL
2004). We set an experiment with a unifactorial design. The presence of the predator was the
fixed factor with three levels: absent predator (stimulus control), present predator (predator),
and non-predator present (Non-predator), totaling three experimental groups (n=9). We also
conducted an experimental control (herbivory control) to measure algal mass loss without the
herbivore (n=9). For the microcosms we utilized glass aquariums (30cm x 11.5cm x 20cm)
filled with 4L of filtered sea water. The microcosms were divided in two equally sized areas
(15cm x 11.5cm x 20cm) with a transparent glass division restraining the passage of the animals
but allowing visual contact and water flow between areas (passage of chemical cues).
For the experimentation, one individual of T. viridula was put and left overnight in
one of the compartments of each microcosm (n=27, 9 per treatment) for acclimation. The major
height of the shell of T. viridula did not differed significantly between treatments (one-way
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ANOVA, F (2,24) = 2.88, p>0.05). After acclimatization, approximately 2g (2,03 ± 0,02g) of wet
weight of the alga U. lactuca was introduced in the same compartment of T. viridula. Then, the
stimulus related to each treatment was introduced in the other compartment of the microcosm.
In the herbivory control treatment, approximately 2g (2,05±0,02g) of wet weight of U. lactuca
was placed in order to control the algal wet weight loss for any other reason than herbivory, in
500ml glass beckers filled with filtered sea water, in the same microcosm conditions. The
experiment lasted 48 hours. After this period the non-consumed algae was removed from the
aquariums. The remaining alga weighed in an analytical scale.
Data Analysis
The data was transformed by log (x+1) to meet the premise of parametricity. The
experimental groups were compared with an one-way analysis of variance (ANOVA).
Differences between the experimental groups were assessed with the Fisher HSD test.
Statistical differences were set as α=0.05.
RESULTS
We found an algae wet weight decrease in all treatments (Fig. 1). However, the algal
mass reduction was higher in treatments with presence of T. viridula when compared to the
herbivory control treatment (one-way ANOVA, F (3,32) = 3.07, p<0.05). Tegula viridula
consumed similar amounts of algae independently of treatment.

Figure 1. Wet weight (g) of algae consumed (±SE) in the end of the experiment (after
48 hours). HC: Herbivory control, SC: Stimulus control, Pr: Predator, N-Pr: Non-predator. The
asterisk represents the treatment which differed from others (Fisher HSD, p<0.05).
DISCUSSION
Our results demonstrate that the presence of predator (visually and chemically) do not
alter the T. viridula herbivory rate, in opposite to other studies that demonstrated that predator
presence could induce some response in gastropods (ROCHETTE et al. 1997, AIZAKI &
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YUSA 2010). Based on this data, we denied our hypothesis and assume that some preys may
not be affected by the presence of a predator and/or can’t recognize some predators.
The prey’s response to predator has been long observed and it is related to evolution of
predator recognition systems by preys (BARRETO et al. 2003, OULTON et al. 2013). The
predator recognition can be learned (FERRARI et al. 2007) or innate (FENDT 2006, DU et al.
2012), but in both cases the recognition represents a close ecological and/or evolutionary
relationship between prey and predator. This situation is extremely important, once it may
allow preys to avoid predation. In this sense, due a non-specific predatory relationship between
M. nodifrons and T. viridula, despite the predation occur, since this stone crab is a generalist
predator (MADARNBASHI et al. 2005), the absent of prey response may be related with a low
predatory pressure on prey populations.
The type of recognition of a risky situation by the prey is another important topic to
evaluate prey-predator relationship. Turner (1996) showed that some snails rather respond
behaviorally to dead conspecifics than to predators. We do not exclude that predator may affect
T. viridula resources indirectly, but the herbivore response could be associated to recognition
of a damaged or dead conspecific and not to the predator itself. In this case, the response is not
related with the predator, but with predation. We suggest other studies to approach this
phenomenon in rocky shores.
In conclusion, our results showed that M. nodifrons don´t influence directly the turban
snail T. viridula´s feeding rate and we did not find evidences that the presence of this predator
generates responses that affect T. viridula resources indirectly. However, other types of
interactions can be tested to assess the possible effects that predator may have on T. viridula,
as the gastropod response to dead conspecifics or the impact of the predation on prey
population, and how this affect algal community.
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SUMMARY
In consequence of human activities, biological invasions have being considered one of the most
important cause of biological diversity loss, changes in community and ecosystems. Exotic
species were introduced in many places and in some cases planted for ornamental purposes
without the knowledge of their future implications. Once in a new area these species can
establish persistent populations and spread into surrounding habitats. The goal of this study
was identify the invasion phase of Prunus campanulata, assess the population structure, and if
this species is reproducing and spreading. We hypothesize that P. campanulata is in an early
stage of the invasion process. Our results showed that P. campanulata, as we expected, is in
the establishing stage of invasion showing a greater number of individuals in the early size
stages, especially seedlings. When invasion process is at the beginning its control is easier and
the most effective measure would be removal of seedlings, since they do not have yet welldeveloped structures such as root and stem.
INTRODUCTION
Biological invasion is now considered one of the most important cause of biological
diversity loss (SIMBERLOFF & REJMANEK 2011), and it is mostly human mediated (MACK
et al. 2000) in consequence of human activities (VITOUSEK et al. 1997). In general,
biodiversity loss linked to biological invasions changes community, landscape and ecosystem
structure and functionality, vegetation amount, productivity and food webs including nutrient
cycling and energy flow (BERTNESS 1984, VITOUSEK 1990, PYŠEK & RICHARDSON
2010).
In some cases, exotic species were intentionally introduced without the knowledge of
their future implications. Once in a new area these species can establish persistent populations
and spread into surrounding habitats (RICHARDSON et al. 2000). According to Simberloff
(2003) the best way to deal with invasive species would be to find out the initial process of
invasion and its total eradication or at least try to contain its expansion in the first moments.
However, identifying the early stages of invasion is proving to be the most difficult
strategy because there is not enough data from initial process of invasive species establishment,
communities and habitats invaded (PETENON & PIVELLO 2008; SILVA MATOS &
PIVELLO 2009). Therefore, the goal of this study was identify the invasion phase of the
japanese tree Prunus campanulata Maxim. (Rosaceae) through the assessment the population
size and spatial occupation. Our hypothesis is that P. campanulata is in an early invasion
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process, as it was introduced recently (six years ago) so its control and its future removal will
be easier and more effective.
METHODS
The study was performed in remaining forest patches of Atlantic semideciduous
seasonal forest in Gonçalves, Minas Gerais, Brazil (22°39'32''S, 45°51'15''W). Data were
collected in May 2016. The focal species in study was Prunus campanulata Maxim., a native
cherry from Japan (Okinawa). The tree can reach 4-6m height, with reddish-pink flowers
formed after leaves fall during the winter (May to July), its fruit is small, black when ripe, with
1-2 seeds. This species starts flowering about the age of 4-5 years (LORENZI 1998). It is a
popular ornamental tree for both gardens and public areas. In areas where P. campanulata is
exotic it has the potential to dominate the vegetation and invade natural areas (DEAN 2013).
The first trees were planted 6 years ago in Gonçalves by the residents because its flowering
exuberance.
We colected data in four areas: area 1 was the first where individuals were planted;
areas 2 and 3 were distant at least 100 m from area 1, and P. campanulata was not planted but
dispersed to these areas; area 4 was the farthest away from the point of introduction, where
seeds were dispersed by birds (at least 100 m apart). According to Kaplan et al. (2014), when
an exotic plant expands its range for 100 m or more from the point of its first introduction it
can be considered invasive.
In each area we set up three 10m x 10m plots where we counted all individuals of P.
Campanulata. We classified individuals according to their height: adults (trees taller than 2.5
m, the minimum size of a reproductive tree), immatures (>1.0 – 2.5), juveniles (>0.5 – 1.0 m
tall), and seedlings (≤ 0.5 m tall). Population structure was evaluated through graphics of
frequency of each size class for each area.
RESULTS AND DISCUSSION
The population structure of P. campanulata is in the initial stage of invasion, since there
is a great number of individuals in the early size stages, especially seedlings. These results
corroborate our initial hypothesis. Furthermore, in some areas there are also the presence of
adults, showing that population is established in this habitat and already reproducing (Figure
1).
Area 1 (Figure 1 A) is the only one where intentional planting occured, and the absence
of adults in this area is because the land owner removed the trees. The presence of different
size stages (seedling, juveniles and adults) in the other three areas (Figure 1 B, C and D)
confirms that there is a natural dispersal of P. campanulata, characterizing the invasion process
of these species (DEAN 2013). Besides, the presence of different size classes away from of the
initial planting area (> 100 m) also confirms the invasion (Kaplan et al. 2014). We also found
regrowth of individuals who had been cut. Since other species of the genus also have vegetative
reproduction when analyzed in vitro (ESCALETTES & DOSBA 1993), the regrowth must be
considered in actions to control the invasion process.
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D)

Figure 1. Frequency x population classes for each area studied. A) Source area in which it was
planted the first individual of the species (Area 1). B) Area 100 meters from the source area
(Area 2). C) Area 129 meters from the source area (Area 3). D) Area 9,221 meters from the
source area (Area 4).
Our results revealed that the invasion of the Japanese tree species Prunus campanulata
is at the beginning, which facilitates its control. The most effective measure would be control
of seedlings, since they do not already have well-developed structures such as root and stem.
In addition, care should be taken in cutting of adults, since individuals have vegetative
reproduction, and the simple cut does not prevent reproduction and even dispersion of the
species in studied area.
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SUMMARY
The erosion processes caused by exposure of the soil come causing indirectly the silting of
water bodies, the litter from part of vegetation returns to the soil contribute to their protection,
training and nutrient cycling, and plays in the provision of ecosystem services, in this scenario
the aim of this study was to quantify and verify the litterfall provision of ecosystem services in
riparian Woods in the Federal District. The areas of study is located in the catchment area of
the Black River, in the rural core Tabatinga, Planaltina-DF. The litter was collected monthly
between April/2013 and March 2015, in twenty-four collectors installed in the experimental
area, then the material was taken to the lab for sorting, weighing and drying, Tukey test
(ANOVA 5 α%). The results showed that for the comparison between treatment difference
between APR and MRP in the second year, p > 0.05, the first (F = 26.90) and second year, p <
0.05 (F = 32.74), can also be observed differences throughout the year. Although noted
difference to the amount of litter the results enable point reference values for riparian forests
preserved in the Federal District, the work demonstrates the potential for the provision of
ecosystem services related to litter, on riparian Woods.
Keywords: nutrient cycling, provision, quantify and verify, riparian forests preserved.
INTRODUCTION
The erosion processes come accelerating silting of water bodies, with the material being
washed for bed, often influenced by exposure of soils (CHEN et al. 2003). Attanasio et al.
(2012) stated that the riparian forests provide important ecosystem services, playing a key role
in the protection of water bodies and the preservation of biodiversity. For Watanabe (2008),
ecosystem services are provided by a stable ecosystem able to provide numerous benefits to
human well-being. According to Andrade et al. (2003), the production of litter is important for
contributing to stabilization of erosion processes forming a layer of soil protection. According
to Costa et al. (2004), the action of the decomposition process on the leaf litter provides nutrient
cycling. In this context, the aim of this study was to quantify the contribution of litterfall in
three riparian forests of the Federal District and identify ecosystem services provided by this
magazine.
MATERIAL AND METHODS
The study was conducted in experimental areas of AquaRipária/CNPq Project, located
in Black River basin, in the rural core Tabatinga, Planaltina-DF. In three installments were
demarcated area of 10x40m within the riparian Woods preserved (MRP), and three 21mx21m
plots in the area in the process of restoration (APR), where they were installed four litter
collectors of 0, 25 m2 each, per plot. The collectors were made in wood, with 0.1 mm nylon
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screen ² and surround, 5 cm. The plant material was collected monthly between April 2013 and
March 2015. The samples were sorted, separated into two fractions (leaves/shoots and
reproductive parts/others) and heavy in the laboratory, with the help of precision of 0.0001 g
balance. The material was dried in an oven at 65° C for 72 hours and, again, heavy. The data
was tabulated and analyzed by using ANOVA (α = 5%) in the Software S.A.S. 9.3.1.
comparison between the area was held in the process of restoration (APR) and riparian Woods
(MRP) the identification of ecosystem services related to litter was carried out based on specific
literature.
RESULTS AND DISCUSSION
The average production of leaf litter was 68.42-1 Kg ha year. Observed peaks of
deposition in the months of August and October 2013/2014/, with statistical significance p <
0.05 (F = 11.33) and (F = 13.53) respectively, the values found for the area, seem to point to a
possible pattern of litterfall deposition in riparian Woods studied throughout the year. For the
comparison between treatment difference between APR and MRP in the second year, p > 0.05,
the first (F = 26.90) and second year, p < 0.05 (F = 32.74).
The work of Costanza et al. (1997) highlighted numerous ecosystem services, provided
by the riparian forests, among which the burlap fits on erosion control and sediment retention,
nutrient cycling and soil formation. For Roncón (2011), the dry leaf litter biomass has systemic
functions: regulation of nutrient cycling, the production of food for wildlife and the
preservation of water courses (table 1).
Table 1: Relationship of ecosystem services provided by leaf litter, on the basis of literature.
Ecosystem services provided by litter
Scientific papers
Erosion control and sediment retention

Andrade et al. (2003), Costanza et al. (1997)
Roncón (2011)

Soil formation

Costanza et al. (1997), Andrade (2003)

Nutrient cycling

Andrade et al. (2003), Costa (2004) Roncón
(2011), Vital (2004), Watanabe (2008)

Indirect protection of water bodies

Attanasio (2012), Roncón (2011)

Production of foods for wildlife

Roncón (2011)

The litter contributes to the process of nutrient cycling, second Roncón (2011), the
nutrients entering the system through the root structure of plants and collaborate to nutrient
cycling and the development of biota. Nutrient cycling through the burlap is the main means
of transmission of essential elements of the vegetation to soil (VITAL 2004). According to
Adhikari et al. (2003), the burlap form a new horizon pedological, which provides nutrient
cycling. The formation of the soil is an important ecossistêmico service provided by leaf litter
(RONCÓN 2011).
The leaf litter helps in two ways for the protection of water bodies, providing nutrients
to riparian vegetation and protecting the soil from erosion agents avoiding siltation of water
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bodies. The burlap plays important ecological functions, Brazil et al. (2013) reinforced the role
of burlap for the maintenance of ecosystems and establish a relationship between litterfall and
the provision of environmental services.
The annual and continuous flow of plant material deposited on the soil, found in the
study area, lets continue the ecosystem services associated with this component of riparian
forests. The work demonstrates the potential for the provision of ecosystem services related to
litter, on riparian Woods.
CONCLUSION
Based on the results of the work, there seems to be a pattern of deposition of litter in
the woods that can determine a riparian studied annual and continuous flow of plant material
essential to give continuity to the ecosystem services associated with this component of riparian
forests. It was possible to verify the litterfall potential in providing important ecosystem
services. Funding source (Embrapa and CNPq).
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SUMMARY
We aimed to investigate the fire effects on four species that depend on riparian ecosystems of
São Francisco River, Serra da Canastra, Minas Gerais, Brazil. The Sharp-tailed Streamcreeper
(Lochmias nematura) did not change the use of habitat, but the Sooty Tyrannulet (Serpophaga
nigricans) actively searched for food at farther distances from the river. The critically
endangered Brazilian Merganser (Mergus octosetaceus) did not show any behavioral change
due to the fire events, and 3 new ducklings from a nest in the burned area reached the adulthood.
The Brasilia Tapaculo (Scytalopus novacapitalis) seems to be able to occupy small fragments
affected by burnings after the 2nd post-fire month.
INTRODUCTION
Fire is a natural disturbance that exerts a key role in dynamics of many ecosystems,
particularly in the savannas (COUTINHO 1990; WHELAN 1995). Since ancient times the
Cerrado (Brazilian savanna) coexists with fire, either of natural and anthropogenic origin
(VERNET et al. 1994; PESSENDA et al. 1996; VICENTINI & LABOURIAU 1996). However
little is known about the effects of fire on fauna (FRIZZO et al. 2011; REIS et al. 2016), mainly
on those which are dependent or semi-dependent of gallery forests and other riparian vegetation
that intersperse the fire-prone ecosystems of the Cerrado. According to Marini & Cavalcanti
(1996), typical birds of gallery forest are thought to be less adapted to fires and may suffer a
decrease or alteration in the structure of their populations.
Here we describe the response of four riparian birds to burning events, occurred in the
riverine vegetation along the upper São Francisco River in the main plateau of the Serra da
Canastra National Park, Brazil.
We tested the null hypothesis of no differences between the distance of selected
microhabitats from the river margin by the Sharp-tailed Streamcreeper, Lochmias nematura
and the Sooty Tyrannulet, Serpophaga nigricans, in two different situations: after a prescribed
burning carried out in June/2015 and other periods with no influence of fire (control).
We described the effects of two burning events, occurred in 2012 and 2015, on the
behavior and reproductive success of the critically endangered Brazilian Merganser, Mergus
octosetaceus.
Finally, we tested the hypothesis that fire changed the chances of occupation of forest
patches in wetlands by the near threatened Brasilia Tapaculo, Scytalopus novacapitalis.
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METHODS
The fieldwork was carried out in Serra da Canastra National Park (SCNP), along the
riverbank of upper São Francisco river in its first stretch, entirely in the “Chapadão da
Canastra” plateau. During two different burnings in riparian vegetation of São Francisco River,
occurred in 2012 and 2015, and months later each fire event, we surveyed the affected area in
order to study behavioral responses of bird species that depended on the riverine ecosystems.
We sampled two transects of 1 km each to record and spot mapping (procedure
described by GREGORY et al. 2004) the perches selected by Lochmias nematura and
Serpophaga nigricans, after a prescribed burning occurred in June 2015, in the post-fire period
(2nd month after fire, n = 12 samples), and a contiguous group of two transects of 1 km in a
non-burnt river stretch as a control sample (n = 12 samples), in August 2015, March and April
2016. We proceed with Shapiro-Wilk normality test, and after we used the Mann-Whitney test
for equal medians (ZAR 1999) to compare point data measured in meters away the river.
We used the same method to group samples (post-fire period vs. control with no
influence of fire) to group counts of the presence of Scytalopus novacapitalis, in a pair of forest
patches (1.25 km away from each other), composed by a larger forest patch (5.2 ha) which was
connected to a smaller forest patch (0.65 ha) through riparian vegetation. Both were sampled
in n = 20 visits each, in each of the two periods. The number of observations were compared
using the chi-squared test for observed and expected values (ZAR 1999). We used PAST
Program (HAMMER et al. 2001), version 3.11 (2016) to proceed with all tests.
The studied Brazilian Mergansers, Mergus octosetaceus, live in the last stretch of the
São Francisco River in the altitudinal plateau, before Casca D’Anta waterfall. We applied the
focal-animal method (SUTHERLAND 2004) to study their behavior during and after the fire
events occurred in 2012 and 2015. We describe behavior and counted the couple offspring
through time.
RESULTS AND DISCUSSION
Lochmias nematura and Serpophaga nigricans
The Sharp-tailed Streamcreeper, Lochmias nematura, used micro-habitats whose
distances from the river did not differ significantly between the post-fire period samples, and
the control samples with no influence of burnings (U = 274.5; z: -0.24; p = 0.81). On the other
hand, the records of Sooty Tyrannulet, Serpophaga nigricans, in the post-fire period were
significantly farther away from the river than those of the control sampling (U = 535.5; z: 2.44; p = 0.01) (Figure 1).
In areas with no influence of fire, both species used habitats at the same distance from
the river during control sampling (U = 386.5; z: -0.475; P = 63.82), suggesting an overlap of
microhabitats, including foraging sites. However, they differed from each other after the
burning event because S. nigricans used a broader area adjacent to the riparian ecosystems,
while L. nematura remained restricted to the area near the river bank (U = 295.5; z: -3.076; P
= 0.002).
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The burning event may not had affected habitat use by L. nematura when it perched in
substrates located at different distances from the river. However, fire caused an expressive
change in microhabitats selected by S. nigricans. The change was related exclusively to
foraging activities, the only behavior type registered at farther distances than 6 m from the
river. S. nigricans actively searched for food in dryer habitats, distant from the river.
We concluded that S. nigricans can exploit the changes promoted by the ecosystem
disturbance caused by fire better than L. nematura, that proved to be completely dependent on
the riparian habitats.

Figure 1. Distances from São Francisco River of the microhabitats selected by the Sharp-tailed
Streamcreeper (Lochmias nematura) and Sooty Tyrannulet (Serpophaga nigricans) in two
different situations: after a prescribed burning carried out in June/2015 and other periods with
no influence of fire (control).
Mergus octosetaceus
The Brazilian Merganser, Mergus octosetaceus, used the margins of streams and rivers in Serra
da Canastra for nesting purposes. In August 2012 a fire was observed reaching a margin of the
São Francisco River where a M. octosetaceus nest was installed. The nest was inside a cavity
of a rocky wall, 9 m above ground. During the fire event, the female remained inside the nest,
and continued there even when the nest was shrouded by a dense smoke. At the same time, the
male was fishing around the nest site. There was no direct impact of fire on the nest, although
the burning devastated all the vegetation of the rocky wall.
In June 2015 a territory of another nest was impacted by fire, and again the nest site
was not abandoned by the couple. The couple continued the nesting behavior in June and July,
and 6 nestlings abandoned the nest in August 25. Two little ducks disappeared a day after. In
November, we observed only 3 juveniles. We noticed no fire influence neither on birds during
the burning, nor in the success of nests.
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Since M. octosetaceus used predominantly habitats inside the river channel, such as
rocks, sandy beaches, water surface when floating and under the water when diving for
foraging, the behavior seems not to be affected by burnings (BRUNO et al. 2016). However,
the possibility of some uncontrolled fire event in the vegetation of riverbanks reaches some
Brazilian Merganser nest still exists, mainly for the nests in tree cavities.

Figure 2. Brazilian Merganser (Mergus octosetaceus) family, two adults and three juveniles.
Those individuals were not affected by a fire occurred in riparian vegetation of São Francisco
River, Serra da Canastra. The global population was estimated at 250 individuals in the wild,
mainly in the Serra da Canastra National Park. Photo: © Sávio F. Bruno.
Scytalopus novacapitalis
The Brasilia Tapaculo, Scytalopus novacapitalis, seems to be capable of reoccupy burnt
wetland forests after the 2nd post-fire month, even smaller patches. We found no difference
between observations carried out in the forest patches and the expected values counted during
periods of no fire influence (χ² = 0.85; df: 1; P = 0.35). Nevertheless, it is possible to note a
small reduction in the total counts of its presence in post-fire periods, especially in the smaller
fragment (Figure 3).
We suggest that the larger forest patches influenced the reoccupation of the small
patches, according to the theory of island biogeography (MACARTHUR & WILSON 1967)
and concluded that even when riparian vegetation were recently burned, S. novacapitalis were
capable to move between forest patches, exclusively through the riverine corridors. We
recorded individuals using dense and shadowed, but short height (max. 50 cm), herbaceous
plants of open areas alongside and among rocks in the watercourse, to perform the movement
between other environments.
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Figure 3. Observations of the Brasilia Tapaculo, Scytalopus novacapitalis, in the 2nd month of
the post-fire period, and in a period without fire influence considered as expected observations
(control). We sampled two patches of wetland forests, Frag.A and B.
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SUMMARY
Decomposition of macrophytes is an intricate process that is regulated by characteristics of
detritus and environment factors, wherein bacteria is an important agent involved in litter
breakdown and mineralization. The aim of this study was compared the richness and diversity
of attached bacteria to detritus of two macrophyte species under decomposition, both in situ
and in vitro conditions. The decomposition was examined using a litterbag technique and
decomposition chambers with controlled conditions (anaerobic or aerobic). During 120 days C
mass loss were assessed. The richness and diversity of bacteria were assessed in the 3 and 120
sampling days. The results showed that the C mass loss were faster in field than laboratory.
ANOVA showed that in the 120 sampling day and in the field experiment occurred
significantly higher richness and diversity indexes than in the 3 sampling day and other
experimental conditions (P < 0.05). Considering the macrophyte species, only diversity index
showed significantly difference (P < 0.05). The absence of oxygen not changes the community
of epiphytic bacteria. Time of decomposition and characteristic of detritus affected the richness
and diversity of attached bacteria. Thus, the higher diversity of attached bacteria can be
facilitated the faster POC mass loss for detritus of O. cubense in the field condition.
INTRODUCTION
Emergent macrophytes often constitute a major fraction of the organic matter produced
in freshwater wetlands and littoral zones of lakes (WETZEL 1999). A substantial portion of
macrophyte production eventually enters the detrital pool where microorganisms, mainly
bacteria and fungi, are important agents involved in litter breakdown and mineralization
(KUEHN et al. 1999)
Decomposition of macrophytes is an intricate process regulated by characteristics of
detritus (SARIYILDIZ 2003) and environment factors (CORSTANJE et al. 2006). The
lignocellulosic compounds of macrophytes are broken down into glucose and other simpler C
molecules, that leads to a succession of food source availability (GESSNER et al. 2007), which
can lead to changing communities of microbiota that preferentially consume the more labile
dissolved organic matter (BLUM et al. 2004).
The diversity and abundances of microbial populations are related to both the diversity
and quality of detritus substrates (MOORE et al. 2004), and impact the nutrient cycling rates
(MOORE et al. 2003). However studies in this area are scarce because aquatic bacteria are
difficult to obtain in culture and consequently define their biogeochemical role and understand
the dynamics of populations becomes a challenge (KEMP & ALLER 2004). Moreover,
researchers have conducted studies on the characterization, classification and transformations
of detritus, but generally ignored detritus when examining fundamental questions of microbial
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community organization (MOORE et al. 2004). Much of what is now known of the diversity
of aquatic bacteria is based on distinguishing among different organisms, as represented by
polymerase chain reaction (PCR) of 16S RNA gene, where it is unnecessary culturing them or
having any direct knowledge of their morphology, physiology or ecology (KEMP & ALLER
2009; PETROSINO et al. 2009).
The aim of this study was compared the richness and diversity of attached bacteria to
detritus of two macrophyte species (Pontederia cordata L. and Oxycaryum cubense Poepp. and
Kunth) over time decomposition, over decomposition, under field and laboratory (aerobic and
anaerobic) conditions.
MATERIAL AND METHODS
This study was conducted in the Beija-Flor Reservoir located in the Ecological Station
of Jataí (21°33’to 21°37’S and 47°45’to 47°51’W), a Cerrado Reserve situated in Luiz Antonio
municipality (São Paulo State, Brazil). Beija-Flor Reservoir is a damming of Beija-Flor Stream
(affluent of Mogi-Guaçu River), with an area of 0.1754 km² and it is shallow (mean depth: 1.8
m) (PIRES et al. 2000).
For the field experiment, 30 litterbags (15 g of dried macrophyte fragments) for each
species were incubated close to region with higher occurrence of the corresponding species.
The littoral zones are the regions of higher occurrence of P. cordata in the Beija-Flor Reservoir
whereas O. cubense occurs in large central areas. In laboratory, 30 decomposition chambers
(10 g of dried macrophyte fragments per L) were maintained in the dark, at 22.5 ± 1 °C and
under anaerobic or aerobic conditions. The water utilized for in situ incubations were also
previously collected in the reservoir at two distinct depths (surface and bottom) using the Van
Dorn bottle. In the decomposition chambers also was added a microbial indigenous inoculum,
prepared with fresh sediment and water of reservoir. To inoculate the decomposition chambers
was added 0.1 L of microbial inoculum per liter of filtered sample of reservoir water.
In the sampling days (along 120 days) the carbon contents of remained particulate
detritus (POC) were measured from the in situ and in vitro experiments. To obtain the epiphytic
microorganisms were used detritus of each litter bag (or decomposition chambers) of 3 rd and
120th sampling days, of each experimental condition. The microorganisms were detached by
ultra-sonication (Ultracleaner 1400A – Unique) in polyethylene tube containing 40 ml of
sodium pyrophosphate (0.1 mol L-1). The suspension containing the detached epiphytic bacteria
was applied to a 0.22 μm (Millipore) filter (HE et al. 2012). For DNA extraction, the filter with
epiphytic bacteria was cut into small pieces and processed with UltraClean™ Water DNA
Isolation (MO BIO Laboratory). Metagenomics libraries were constructed using the conserved
regions' V3–V4 primers. The sequencing was realized in the Illumina platform (MiSeq),
following the recommendations of manufacturer. Sequences having difference of 3% or less
were grouped in a single Operating Taxonomy Unit (OUT). Taxonomic richness and diversity
estimators were calculated using Qiime (CAPORASO et al. 2010) software.
The parameterizations of the POC mass loss model (Equation 1; LOUSIER &
PARKINSON 1976) were obtained by fitting the temporal variation of POC. The fittings were
performed by nonlinear regression using the Levenberg-Marquardt iterative algorithm (PRESS
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et al. 2007). According to this model, POC mass loss occur owing the leaching and
mineralization.
POC  LSPOC  ekT t  RPOC  ekRt ,

(1)

where LSPOC is labile/soluble fractions of the detritus on carbon basis (%); RPOC is the
amount of POC refractory portions (e.g., cellulose, hemicellulose, lignin), on carbon basis (%);
kT is the rate constant for the total mass loss related to leaching and oxidation of labile materials
(d-1); kR is the RPOC mineralization rate constant (d-1); t is time (d).
The Main Effects ANOVA was conducted to compare effects of experimental
conditions, macrophyte species, and sampling days on the observed OTUs, richness (Chao1
and ACE) and diversity indexes (Shannon). Tukey’s post hoc test was applied to examine the
significant differences. A confidence level of P < 0.05 was adopted in all comparisons.
RESULTS AND DISCUSSION
During the decomposition RPOC mass losses were relatively slow (O. cubense kR =
0.004 d-1 reservoir, 0.003 d-1 aerobic condition, 0.002 d-1 anaerobic condition; P. cordata kR =
0.003 d-1 reservoir, 0.002 d-1 aerobic and anaerobic conditions). Overall, the values of kinetic
parameters indicated that POC mass losses were always faster in field than in laboratory
conditions, mainly for O. cubense. The table 1 shows the microbial richness and biodiversity
indexes of 3 and 120 sampling days in each experimental condition. Using the analysis of
variance (ANOVA) for comparisons, it was founded that in the 120 th sampling day and in the
field experiment occurred significantly higher OTUs, richness and diversity indexes than in the
3rd sampling day and other experimental conditions (P < 0.05). In the comparison between
macrophyte species only diversity index showed significantly difference (P < 0.05) (Table 2).
After plant death, there are chemical and physical changes that generate a alterations of
the resources (carbon, energy and nutrients) and conditions (habitats and environments) for
producers and consumers. Besides these shifts in forms and composition of detritus also occur
changes in the composition and functioning of biological communities over time (MOORE et
al. 2004). The higher diversity and richness in the 120th sampling day probably is due to change
of substrates quality during the decomposition, and consequently of the necessity of enzymes
array to break the more recalcitrant bonds increases significantly, that result in higher overall
microbial diversity (MOORE et al. 2004).
The absence of oxygen in the macrophytes decomposition not influenced the richness
and diversity of epiphytic bacteria community. However, in situ there was higher diversity than
in vitro experiments, probably due to resources available in the environment, which facilitated
the community developed on the detritus, besides of the existence of a higher natural
community in the environment than in the inoculum entered the decomposition chambers.
Because of this, decomposition results obtained under controlled conditions were not similar
to the bacterial community attached to detritus situated in the natural aquatic ecosystem.
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Table 1. Observed OTUs, Chao1 and ACE indexes, and Shannon index of 3 rd and 120th
sampling days in each experimental condition. OTU = operational taxonomic unit; Oc = O.
cubense; Pc = P. cordata.
Richness indexes Diversity index
Experimental condition Plant Sampling day OTU
Shannon
Chao1 ACE
3
696 930.0
971.9
5.4
Oc
120
1721 1909.4 1915.8
8.2
Aerobic
3
634 1042.8 1051.0
4.4
Pc
120
1099 1337.5 1312.9
7.2
3
715 986.5
1009.8
5.7
Oc
120
927 1154.6 1148.0
6.8
Anaerobic
3
462 741.2
756.3
4.4
Pc
120
1217 1458.1 1430.9
6.9
3
1082 1573.1 1575.8
6.4
Oc
120
1958 2316.9 2302.8
9.0
Field
3
1139 1567.9 1586.7
5.5
Pc
120
1886 2142.2 2126.7
7.8

Table 2. Results of ANOVA comparing effects of experimental conditions, macrophyte
species and sampling days of the observed OTUs, richness (Chao1 and ACE) and diversity
indexes (Shannon). OTU = operational taxonomic unit; Oc = O. cubense; Pc = P. cordata.
Experimental conditions
Macrophyte
Sampling day
Anaerobic Aerobic Field
Oc
Pc
3
120
b
b
a
ns
ns
b
OTU
830.3
1037.5
1516.3
1183.2
1072.8
788.0
1468.0a
b
b
a
ns
ns
b
Chao1
1085.1
1304.9
1900.0
1478.4
1381.6
1140.3 1719.8a
ACE
1086.3b
1312.9b 1898.0a
1487.4ns 1377.4ns
1158.6b 1706.2a
b
b
a
a
b
Shannon 6.0
6.3
7.2
6.9
6.0
5.3b
7.7a
Means followed by similar letters within an effect were not significantly different (P< 0.05).
The results of comparison between macrophyte species also showed that intrinsic
characteristic of detritus can affect the epiphytic bacteria diversity. However, in this study, the
zone of occurrence of macrophyte stands may be influenced the diversity of microorganisms,
since O. cubense stand was denser in the central area of reservoir. Since gradients in microbial
functions (denitrifies, nitrifies, fermenters, methanogens, among others) may correspond to
chemical environment gradients (Findlay & SOBCZAK 2000), microbial diversity may also
respond to differences in chemistry of substrate and environment gradients. Thus, the higher
diversity of attached bacteria can be facilitated the faster POC mass loss for O. cubense in the
field condition.
ACKNOWLEDGEMENTS
The authors are grateful to FAPESP (proc. nº: 2013/22901-0) for financing granted and
CAPES for the scholarship (proc. nº 33001014003P2).

302

II International Symposium of Ecology

“Ecology in the Anthropocene”
16-19 August 2016 - São Carlos - SP

REFERENCES
Blum LK, Roberts MS, Garland JL, Mills AL 2004 Distribution of microbial communities
associated with the dominant high marsh plants and sediments of the United States east coast.
Microbial Ecology 48:375–388.
Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, Bushman FD, Costello EK, Fierer N,
Peña AG, Goodrich JK, Gordon JI, Huttley GA, Kelley ST, Knights D, Koenig JE, Ley RE,
Lozupone CA, McDonald D, Muegge BD, Pirrung M, Reeder J, Sevinsky JR, Turnbaugh PJ,
Walters WA, Widmann J, Yatsunenko T, Zaneveld J, Knight R 2010 QIIME allows analysis
of high-throughput community sequencing data. Nature Methods 7:335–336.
Corstanje R, Reddy KR, Portier KM 2006 Typha latifolia and Cladium jamaicense litter decay
in response to exogenous nutrient enrichment. Aquatic Botany 84:70–78.
Findlay S, Sobczak WV 2000 Microbial communities in hyporheic sediments, in: JB Jones and
PJ Mulholland (Eds.) Streams and Ground Waters, Academic Press, San Diego.
Gessner MO, Gulis V, Kuehn KA, Chauvet E, Suberkropp K 2007 Fungal decomposers of
plant litter in aquatic ecosystems, in: CP Kubicek and IS Druzhinina (Eds.) The Mycota IV.
Environmental and microbial relationships, Springer, Berlin.
He D, Ren L, Wu Q 2012 Epiphytic bacterial communities on two common submerged
macrophytes in Taihu Lake: diversity and host-specificity. Chinese Journal of Oceanology
and Limnology 30:237-247.
Kemp PF, Aller JY 2004 Bacterial diversity in aquatic and other environments: what 16S rDNA
libraries can tell us. FEMS Microbiol Ecology 47:161-177.
Kuehn KA, Gessner MO, Wetzel RG, Suberkropp K 1999 Decomposition and CO 2 evolution
from standing litter of the emergent macrophyte Erianteus giganteus. Microbial Ecology
38:50–57.
Lousier JD, Parkinson D 1976 Litter decomposition in a cool temperate deciduous forest.
Canadian Journal of Botany 54:419–436.
Moore JC, Berlow EL, Coleman DC, de Ruiter PC, Dong Q, Hastings A, Johnson NC, McCann
KS, Melville K, Morin PJ, Nadelhoffer K, Rosemond AD, Post DM, Sabo JL, Scow KM,
Vanni MJ, Wall DH 2004 Detritus, trophic dynamics and biodiversity. Ecology Letters
7:584–600.
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SUMMARY
The myrmecochory, defined as seed dispersal by ants, is a mutualistic relationship. This type
of dispersion, is influenced by anthropogenic disturbances. We investigated if the road that
crosses the Parque Estadual do Rio Doce PERD (Estrada da Lagoa) interferes on seed dispersal
rate by ants. We mounted eight sampling stations with ten seeds each. These stations had 20
meters away from each other, with the aim of forming a gradient and assess if there is variation
in the removal rate from edge to the interior. Generalized linear models using variables were
created: distance, temperature, basal area and relative humidity. Only temperature had a
significant effect. Suggesting that the road does not affect the process, since the distance from
the edge did not interfere.
INTRODUCTION
Some plant species have their reproductive success dependent on dispersal of seeds.
This ecological process is carried out by abiotic and biological agents especially birds,
mammals, and ants (HOWE 1984). The type of seed dispersal carried by ants is called
myrmecochory in which plants have their seeds dispersed and ants benefit by feeding nonreproductive structures, characterized in a mutualistic relationship (BEATTIE 1983). The seed
removal rate, location, and physic-chemical characteristics of seeds interfere with the kind of
dispersing agent (VANDER WALL et al. 2005).
Characteristics of the local deposition, seed morphology and also the behavior of
dispersing agents influence the seed removal rate (CUATLE et al. 2005). Zelikova & Breed
(2008) observed that ant behavior changed in disturbed environments interfering chiefly on the
deposition site. Other studies have shown that the behavior of ants determines not only the site
of deposition of seeds as well as the seeds removal rate, the distance of the dispersion, the
germination and seedling establishment (CUATLE et al. 2005; GILADI 2006).
Human impacts interfere negatively in various ecological processes (ANDERSEN &
MORRISON 1998). The roads are the most common forms of habitat change (SUAREZ –
ESTEBAN; DELIBES; FEDRIANI 2013), because they cause high impact resulting in habitat
fragmentation (LIU et al 2014.). Most studies relating roads to presence of the seed dispersion
process are limited to evaluate the role of vehicles in the dispersion instead what they can cause
in the process carried out by biological agents, as in myrmecochory (BOCHET et al. 2007;
VON DER LIPPE & KOWARIK 2007; KOWARIK & VON DER LIPPE 2011).
Our aim in this study was to evaluate the effect of distance from the road and the effect
of temperature, humidity and basal area in sunflower seed removal rates (Helianthus annuus)
by ants. We expect that the road interferes with the seed removal rate, specifically, we expect
that the greater the distance from the road, the greater the removal.
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METHODS
The study was conducted at the Rio Doce State Park - PERD, in the state of Minas
Gerais (MG). In the main park road (Estrada da Lagoa), which is a paved road and has a length
of seven kilometers, we considered the road as edge area and places with more than 50 m from
this edge as an interior habitat. This road was divided into 4 sections with ~ 1.5km distances
among them. Within each section was established a transect of 140 m perpendicular to the road
and heading to the forest. Each transect was divided into eight stations 20m distant from each
other and at each station were placed 10 sunflower seed under the ground (Figure 1). These
seeds were chosen because of their similar lipid content to fruits and seeds preferred by ants
(PIZO & OLIVEIRA 2000). Furthermore, they are easily handled and have a low cost. The
experiment was conducted for five days, and on the first day the stations were installed and
then checked every 48 hours. We noted the percentage of seeds removed and we not replaced
them. To prevent the action of other species in the seeds we used cages to isolate them.

Figure 1. Experimental design in the Estrada da Lagoa.
In all stations we recorded the temperature and relative humidity with the help of
thermo-hygrometer unit HT 300 on the last day check. We established a plot of 3m² with the
experiment positioned in the center, where each plant with diameter at breast height (DBH) ≥
3 cm was measured. The DBHs were transformed in basal area for each individual (BAi).
Moreover, we count the vehicles flow on the main road through using a Camera Trap Bushnell
model 19436. We scheduled this camera to photograph every five seconds in order to verify
standards relating to heavy flow of vehicles at short intervals. The camera was installed
throughout the sampling road.
We used generalized linear models (GLM) to understand factors that influence the
removal of seeds by ants. The response variable was the removal rate and explanatory
variables: distance, temperature, relative humidity and ABi. Akaike Information Criterion
(AIC) was used to determine the relative importance of variables. The produced model was
simplified by removing the least significant variables to get the proper minimal model
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(CRAWLEY 2007). Statistical analyzes were performed with R software, using Ime4 package
(R CORE TEAM 2014).
RESULTS AND DISCUSSION
The temperature was the only variable that significantly affect the removal rate.
Contrary to expectations, the distance from the edge of road did not significantly influence the
removal of seeds (Table 1). Traffic volume is 5.4 v/day. The temperature range was 5, 95°C
(24, 90°C - 30, 85°C).
Table 1. Results of generalized linear models for each variable collected in the Parque Estadual
do Rio Doce.
Df
F
p (>F)
null
31
Distance (m)
30
0,7893
0,38217
Temperature (ºC)

29

62,081

0,01916

Humidity (m3)

28

0,0007

0,97895

Basal area (cm2)

27

19,327

0,17581

Estrada da Lagoa has no effect on seed removal rate by ants, which might be related to
the low traffic flow (DNIT 2006), high connectivity canopy presented by the forest area and
the road is single lane, characteristics that together can minimize its impact.
The forest interior has several gaps, which cause similar abiotic changes to those caused
by roads. These gaps may be promoting a change in the local microclimate, like roads, causing
no differences between the edge and interior, which can ensure similar seed removal rates.
Only temperature had a significant effect on seed removal rates. It is known that this
variable directly affects the foraging activity of ants, achieving an optimum temperature,
increases the search activity for food resources, which is directly linked to the removal process
(GUIMARÃES & COGNI 2002; KETELHUT 1997; MURCIA 1995). At high temperatures
the activity of ants is also increased and therefore in secondary forests, gaps and edges receive
more incident light (MURCIA 1995). The temperature did not change between the edge of road
and the forest interior, which may be the factor that determined no difference between these
environments.
Estrada da Lagoa causes a neutral effect on myrmecochory process, this may be a result
of high temperatures promoted by gaps inside forest and also by the low vehicle traffic. It is
possible that other roads have negative or positive influence on this ecological process,
interfering with the ecosystem functioning. Since there are no studies evaluating this effect, it
must be considered in future research. Understanding factors that can limit the removal of seed
may serve as a strategy for optimizing the establishment of plants of interest. And thus promote
high diversity of plants in areas of interest for biodiversity conservation.
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SUMMARY
Species distribution has guided biogeography to a new place in knowledge about evolutionary
processes, considering biographic barriers and dispersion events. The understanding of natural
communities would be more efficient if we described it simply enough, to convey useful
information about their structure and functional components. Considering that the lower
disturbance of a habitat results in theoretical higher biomass and functional group diversity,
and also higher productivity potentials, biogeographic barriers are a key to define these
processes. Marine currents besides play role as biobarriers, also favor the dispersion of many
organisms, including seaweeds. The Antarctic Circumpolar Current (ACC) is considered a
barrier to the dispersion of seaweeds. Important in the global circulation, ACC features are
divided in Polar Front and Antarctic Divergence, which are water flow barriers, and thus,
biogeographic barriers. Therefore, it isolates the Antarctic mainland from the subantarctic
archipelagos and lands from the Southern ocean for over 25 million years. We know that it
works as a barrier for some species, but would they select a specific morphotype? This work
tries to correlate distribution patterns to the predominant morphotypes of the major Southen
latitudes, based on macroalgae checklists of the zones: Sub-tropical (Sub-Trop), SubAntarctica Front (Sub-Ant), Polar Front (PF) e Southern Antarctic Circumpolar Front (SACF)
and sections: connected with South America (1: north), influenced by the Ross Sea Gyre (2:
Western Antarctica Peninsula) and by the Weddell Sea Gyre (3: Eastern Antarctica Peninsula).
A dataset was framed from the Algaebase, papers and lists of species, from the localities inside
those areas. Then was generated a binary matrix of presence and absence. The residual species
were classified in functional morphotypes according to Littler and Littler (1984) methodology.
Bray-Curtis similarity was analyzed to the factors: “zones”, “sections”: presence and absence
of morphotypes relative frequency, presented by nMDS. An ANOSIM analysis was performed,
in order to verify similarity among factors. A pairwise test was performed. Results show that
there is a higher number of resistant morphotypes (leathery and terete branched) in PF and
SACF. The ANOSIM statistics showed a global statistic R value of 0.1805 (p= 0.003) for zones
and a R of -0.009 (p=0.538) for sections. The pairwise analysis shows higher dissimilarities
between SACF and Sub-Trop compared to the other zones. Analyzing environmental
parameters and physiological features of the most important morphotypes which explain the
relations, there is an evidence of adaptative selection. Therefore, we can infer that intrinsic
characteristics of each species were important to select those who are inside the ACC fronts
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and the definition of found patterns.
INTRODUCTION
Species distribution has guided biogeography to a new place in knowledge about
evolutionary processes, considering biographic barriers and dispersion events. But, according
to Steneck and Dethier (1994), the understanding of natural communities would be more
efficient if we described it simply enough, to convey useful information about their structure
and functional components. In this behalf, functional-groups categorize species according to
features related to their biology (body plan, size, behavior, life strategy). The importance of
functional-groups is so, that before them, Litter and Litter (1984) compared macroalgae
functional-groups to environmental disturbances, and realized that it is possible to predict
community compositions from knowledge of disturbances levels, based on their morphology.
In the same way, Steneck and Dethier (1994) showed that the lower disturbance of a habitat,
driven higher biomass and functional group diversity, and also higher productivity potentials.
Nonetheless, morphological reproductive and physiological aspects, which determine species
tolerances, were susceptible to evolutionary pressure (VERBRUGEN et al. 2009) reflecting
on the phylogenetic relations among them.
To marine species, the role of marine currents is still being discussed (since Myers,
1997) as biogeographical barriers in terms of limiting dispersal, acting as physical barriers, or
serving as ecological filters based on specific oceanographic properties of the temperature,
salinity, density, pH, or sea surface height. In southern ocean, there is a strong system of
currents named Antarctic Circumpolar Current (ACC). It consists of three major circumpolar
fronts, which are, from north to south, the sub-Antarctic front (SAF), the Antarctic polar front
(PF), and the southern Antarctic circumpolar current front (SACF). The fronts separate distinct
surface water masses and are associated with strong currents and strong lateral gradients in
temperature, salinity and biological productivity (Moore and Abbott 2000, 2002). The PF is
also a strong barrier to permit north–south exchange of water, and thus represents a potential
distinctive biogeographical discontinuity. Sanches et al. (2016) showed that the ACC fronts can
be considered a barrier to the dispersion of several macroalgae species. The onset of the ACC
is related to the break-up of Gondwana and to the separation of Australia from Antarctica, and
of South America from the Antarctic Peninsula (ca. 25 million years ago). This event was
crucial in determining the thermal properties, sea surface height and consequently the
biogeographic isolation of the Southern Ocean, and thus, should generate environmental
disturbances.
Thus, relationships among marine currents, marine barriers, dispersive potential and
tolerances to environmental conditions contribute to diversification patterns in ocean (Floeter
et al. 2008). It is known that inside this point, latitudinal gradients determine richness, in marine
and terrestrial environments. However, according to Kerswell (2006), seaweeds do not respond
to this pattern all the time, and moreover, polar organisms are well adapted to extreme
environmental conditions, although the plasticity against abrupt environmental changes is low
(PECK 2005).
Although Littler and Littler (1984) had considered species of sub-tropical environments,
their criteria can be applied to temperate and polar regions as well. Thus, the aim of this work
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was to verify if differences in morphotypes occurr under the direct or indirect influences of the
ACC, considering four zones: Sub-Tropical, Sub-Antarctic, Polar Front and Southern Antarctic
Circumpolar Current Front; and 3 sections: (1st) the connection between South America and
Antarctic Peninsula; (2nd) the Eastern Antarctica Peninsula or under influence of the Weddell
Sea Gyre; and (3rd) the connection between Southern Australia and New Zealand, and Western
Antarctica Peninsula or areas under influence of the Ross Sea Gyre.
METHODOLOGY
Macroalgae checklists
Localities, zones and sections definition and dataset followed the same methodology
described in Sanches et al. 2016. Species defined in the database were classified based on the
methodology of Littler and Littler (1984), following the criteria listed in the Table 1. Each
macroalgae has its taxonomic, anatomic checked in the bibliography used to generate the
database. Seaweed texture was observed on field and lab material, collected at the Brazilian
Antarctic Program cruises between November 2011 and January 2012 and species from
different places were classified according to external morphology. Ecologic implication was
determined considering physiologic aspects and ecology patterns of each morphotype. A
similarity matrix was generated using all sites considering each specific zone as factors
(CLARKE & WARWICK, 1994). Nonmetric Multidimensional Scaling (nMDS) were
performed to depict relationships among the studied areas considering the Bray Curtis
dissimilarity matrix using transformed data of presence and absence. The percent contribution
by morphotype among each zone was determined using Similarity Percentages (SIMPER)
(CLARKE 1993). In order to verify the effect of zone factor, ANOSIM was performed, fixing
the zones and nesting them into sections, considering morphotypes as variable (software
PRIMER 6.1.15 PRIMER-E Ltd., Plymouth Marine Laboratory, Plymouth, United Kingdom).
RESULTS
The ANOSIM statistics showed a global statistic R value of 0.1805 (p= 0.003) for zones
and a R of -0.009 (p=0.538) for sections. The pairwise analysis shows that the highest
dissimilarities between SACF and Sub-Trop (78.70%) and between PF and Sub-Trop (73.45%).
Both relationships have also highest values of R (0.383 and 0.303, respectively). These zones
are strongly influenced by the current, and more distant to the Sub-Trop area (Table 2).
Confirming, the lowest dissimilarity was also between the former zones (61.77). Among
sections, dissimilarity was not different among all sections and none of the relationships were
significant.
The internal similarity inside zones and sections was low, and the lower similarity was
verified in the intern sites along the ACC front (SACF, with 36.99%) and in the 3 rd section
(30.65%). Major similarity was observed for Sub-Ant zone. Even so, we see that for the two
zones more internal along the ACC, the main contribution was from the morphotype Leatherygroup 38.67% in the PF and 45.94% in SACF. For the other zones, Coarsely branched- group
showed higher percentage contribution: 40.01% in the Sub-Trop and 39.74% in the Sub-Ant.
Considering the sections, Coarsely Branched- Group showed higher percentage of contribution
in the 1st and 3rd sections, however in the 2nd, Thick Leathery was more representative. Jointed
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Calcareous algae are not present in PF and SACF zones (Table 3), in contrast Crustose- group
was well represented besides not significant in the analysis.
Table 1. Criteria to classify macroalgae species into morpho- functional features, based on
Littler and Littler (1984).
Function group

External morphology

Internal Anatomy

Texture

Ecologic Implication

A

Filamentous-Group

delicately branched

uniseriate,
multiseriate or lightly
corticated

Delicate

Very susceptible to
herbivory, rapid life
cycles

B

Sheet-Group

thin tubular and sheet like
(Foliose)

uncorticated, oneseveral cells thick

Soft

Very susceptible to
herbivory, high
photosynthetic rates

C

Coarsely Branched-Group
(terete)

Coarsely branched, upright,
with one or more apexes, in
band form or cilindric

corticated

Fleshy- wiry

Susceptible to
herbivory

D

Thick Leathery-Group

Thick blades and branches in
the base or along the thalus,
thalus with robust aspect

Parenchymatous,
differenciated,
heavily corticated,
thick walled

Leatery- rubbery

Susceptible to
herbivory, high growth
rates, kelp forests

Stony or tough

Foundation species,
substrate coaters,
CaCO3 accumulative,
lower herbivory rates

Stony

CaCO3 accumulative

E

Crustose-Group

epilithic, prostrate, encrusting

Calcified or
uncalcified paralell
cell rows, completely
attached to the
substrate

F

Jointed Calcareous-Group

articulated, calcareous, upright

Calcified genicula,
flexible intergenicula

Table 2. Dissimilarity (%) and significance level of the ANOSIM test and number of cooccurrence for each taxonomic level (species, genera, families and orders) for the given
relationships of the zones: Sub-Tropical (Sub-Trop), Sub-Antarctic Front (Sub-Ant), Polar
Front (PF) and Southern Antarctic Circumpolar Front (SACF).
Relationships
Dissimilarity %
Statistic R
Significance Level
SACF x PF

61.77

-0.02

0.626

SACF x Sub-Ant

66.42

0.103

0.099

SACF x Sub-Trop

78.70

0.383

0.018

PF x Sub-Ant

60.75

0.006

0.366

PF x Sub-Trop

73.45

0.303

0.022

Sub-Ant x Sub-Trop

63.95

0.139

0.149

1x2

63.08

0.016

0.434

1x3

65.17

-0.03

0.328

2x3

64.59

-.016

0.54
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Table 3. Main SIMPER values, Internal Similarity, Average Abundance, Average Similarity
and the percentage of contribution (%) of the main morphotype in each zone: Polar Front (PF),
Sub-Tropical (Sub-Trop), Sub-Antarctic Front (Sub-Ant) and Southern Antarctic Circumpolar
Current Front (SACF) and in each section: 1st is the connection between South America and
Antarctic Peninsula; 2nd is the Eastern Antarctica Peninsula or under influence of the Weddell
Sea Gyre; and 3rd is the connection between Southern Australia and New Zealand, and Western
Antarctica Peninsula or areas under influence of the Ross Sea Gyre.
Zones or
Section

Internal
Similarity

Morphotypes

Average
Abundance

Average
Similarity

Contribution
(%)

FP

37.7

Thick Leathery-Group

7.44

14.58

38.67

SACF

36.99

Thick Leathery-Group

3.96

17

45.94

SubTrop

37.65

Coarsely BranchedGroup

10.5

15.07

40.01

Sub-Ant

42.24

Coarsely BranchedGroup

23.09

16.78

39.74

1

36.33

Coarsely BranchedGroup

14.3

11.92

32.82

2

37.95

Thick Leathery-Group

5.6

20.44

53.85

3

30.65

Coarsely BranchedGroup

29.4

10.46

34.12

DISCUSSION
The differences found in the pairwise analysis when we compare SACF and FP against
the other two zones can be explained by the small chances of algae settlement in Antarctica,
since there is discontinuity and low stability of the substrate and extreme temperature
conditions (RAMIREZ 2011). Also, many characteristics influence directly photosynthesis like:
1) extreme variation of air temperature ; 2) presence of ice over the sea surface during winter;
3) irradiance and oscillation of daylight, been less than 5 hours during winter and more than 20
hours during summer;; 4) high UV radiation (Bischof et al. 2006). Most of algae morphotypes
under the influence of the ACC Fronts (PF and SACF) were Branched Terete and Leathery.
These two morphotypes support ice friction and waves impact. Also, the tallus higher thickness
provides protection against radiation and photic stress (STENECK 1994). Gómez (1997)
verified that some species, here classified as Leathery and Coarsely Branched, developed their
reproductive structures and reproduces by sporophyte during winter, alternatively during spring
and summer, would growth. This observation confirms that these algae are well adapted to long
periods of dark.
However, similarities in SACF and PF were low. Some evidence that there is zonation
patterns in Antarctica Peninsula, Mc. Murdo and Ross Sea, and shows that some algae from
the morphotypes Sheet-Group and Filamentous establishes in protected areas, as tide pools and
shaded crevices in rocks, in the highest zone of the shore. On the fringe between uppertidal and
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low intertidal, there are usually calcareous encrusting (Crustose) morphotype that can
withstand the abrasion of ice. Below this zone, most of algae are sheet-like, and then, Coarsely
terete and Leathery (DELACA & LIPPS 1976; WESTERMEIER et al. 1992; CHUNG et al.
1994; AMSLER et al. 1995; BROUWER 1996; CHUNG et al. 2000; QUARTINO et al. 2001,
2005; WIENCKE & CLAYTON 2002; AMSLER et al. 2005; WIENCKE et al. 2007; WULFF
et al. 2009). Sub-Trop is formed by two distinct areas, which driven differences in flora
composition, as previous discussed in Sanches et al. (2016). Low internal similarity in these
two zones, can also be explained by the "community-level convergence", where communities
that have been established under the same environmental characteristics, but having
independent evolutionary processes, should show similar functional attributes such as body
size and adaptive architecture (VERMEIJ et al. 2008). However, the pattern observed in SubAnt zone can be explained by the possible connection among these islands according to the
direction of the ACC (SANCHES et al. 2016).
When the three sectors analyses were compared we see not high values of dissimilarity,
and this can be explained by the same reason of the dissimilarity of Sub-Ant zone. But, the
internal similarity was not high, because of the differences in localities composition.
CONCLUSION
Although there is no significance in dissimilarities, there is a clear difference in
morphotype composition, considering zones, clustered in: directly influenced by the ACC (PF
and SACF) and less influenced (Sub-Ant and Sub-Trop). Is valid to consider also, that our
study didn't consider abundance and dominance relations among morphotypes.
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SUMMARY
Plant recruitment can be constrained by seed and establishment limitation and these processes
can affect species composition and diversity in a community. In Neotropical savannas the
relative importance of these processes for plant regeneration is unclear because of the scarcity
of studies. The aim of this study was to evaluate the importance of seed and establishment
limitation to plant recruitment in a cerrado savanna in southeast Brazil. We spread 49 seed
traps systematically in a 80 x 80 m plot and monitored seed rain monthly for a year. We also
conducted seed addition experiments. Seed production presented a peak in rainy season, with
zoochoric and anemochoric species producing seeds mainly in rainy or dry season,
respectively. We found a strong influence of seed limitation, with most seed rain species
presenting seed limitation values higher than 65%. Only 34% of woody species in the plot had
at least one seed trapped. Seed and source limitation was negative related to adult numbers
within the plot, indicating that the increase of seed sources enhances the number of suitable
sites reached by seeds. There was no relation between seed, source and dispersal limitation and
plant life form, dispersal syndrome and seed mass. Seed addition was unable to increase
seedling regeneration in the four species tested. Our study shows that Neotropical savanna plant
recruitment is restricted by seed and establishment limitation and highlights the role of seed
production and dispersal to colonization of new sites.
INTRODUCTION
Recruitment limitation is the failure of the plants in recruit new individuals in all
suitable sites for their growth and survival (HUBBELL et al. 1999, MULLER-LANDAU et al.
2002). This limitation may have strong effects on plant community species richness,
abundance, composition and diversity (TILMAN 1997, HUBBELL et al. 1999) and may occur
on different spatial and temporal scales (RIBBENS et al. 1994). Recruitment limitation can
occur due to establishment limitation and seed limitation (ERIKSSON & EHRLÉN 1992,
MULLER-LANDAU et al. 2002). Establishment limitation is defined as the lack of recruitment
in result of the absence of suitable sites to seed and seedling establishment (MULLERLANDAU et al. 2002). Seed limitation occurs when seeds do not reach all suitable sites,
limiting population growth levels and species abundance (ERIKSSON & EHRLÉN 1992).
Seed limitation can be divided into two processes: (1) source limitation, which is limitation due
to the small number of seeds produced; and (2) dispersal limitation, which is the spatially
limited dispersal of available seeds (MULLER-LANDAU et al. 2002, TURNBULL et al.
2000). Increase of dispersal limitation produce aggregate patterns of seedlings of single
species, possible reducing the influence of interspecific competition and increasing
intraspecific (PACALA & LEVIN 1997). Studies in temperate and tropical forests have
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demonstrated that seeds and seedlings of many species are apparently absent in suitable sites
for their establishment, indicating that seed limitation is very common (TURNBULL et al.
2000, CLARK et al. 2007). Despite the great importance for plant populations and
communities, few studies quantified seed limitation (CLARK et al. 2007, MULLERLANDAU et al. 2002), with more studies focusing on woodlands and sand dunes (TURNBULL
et al. 2000).
The aim of this study was to evaluate the importance of seed and establishment
limitation to plant recruitment on a Neotropical savanna. For this we (a) described seed
limitation at community level, (b) evaluate the influence of number of adults, life form,
dispersal syndrome and seed mass on seed limitation, (c) described establishment limitation
for four species and (d) the influence of predation and seed addition on recruitment.
METHODS
This study was carried out at the Estação Experimental de Itirapina, a 127 ha fragment
(22º12’S, 47°52’W) in southeast Brazil (SÃO PAULO 2006). The fragment is covered by
cerrado stricto sensu. Trees may reach up to 8 m tall and Myrtaceae, Rubiaceae and
Melastomataceae stand out in number of species (GIANOTTI & LEITÃO FILHO 1992).
To evaluate seed limitation we quantified seed rain using seed traps from January to
December 2014. In the study site we haphazardly delimitated a 80 x 80 m plot. All wooded
plants within the plot with diameter at the base larger than 3 cm and/or 60 cm tall were mapped,
sampled and identified. According to field observations and other studies (e.g. HOFFMANN
1998), all sampled individuals were considered as adults. The plot was subdivided by each 10
x 10 m generating a grid of 64 quadrats of 100 m² each. In the intersection of the limits of four
adjacent quadrats we set a seed trap, 10 m distant from each other in a systematic design (total
of 49 seed traps in the plot). The content of each trap was collected monthly between January
and December 2014. Seeds and fruits were identified to the lowest taxonomic level based on
specialized literature.
To assess seedling and establishment limitation we conducted seed addition
experiments with four species: Banisteriopsis stellaris, Dalbergia miscolobium, Pyrostegia
venusta and Siparuna guianensis. To evaluate the influence of seed predation on regeneration
an experiment was done with exclusions from predators. For each plant species we combined
four treatments with 10 cm distance from each other in a factorial design (Hoffmann 1996): (i)
seed addition without exclusion of predators; (ii) seed addition and predator exclusion; (iii) no
seed addition and with exclusion of predators; (iv) no seed addition and without predator
exclusion. Each set of treatments (block) was replicated 15 times for each species. The location
of the blocks inside the plot was defined randomly, observing a minimum distance of 20 m
from each other. We added 10 seeds of D. miscolobium, 5 of P. venusta, 7 of B. stellaris and 2
of S. guianensis in each seed addition treatment. The number of seeds added varied with the
availability of seeds for each species. A monthly evaluation of seed germination was carried
out for 6 months.
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RESULTS
Seed rain and seed limitation
We sampled 3,915 individuals of shrubs and trees, belonging to 74 species within the
plot. The three most abundant species (Xylopia aromatica, Miconia albicans and M.
rubiginosa) represented almost 75% of the total. There were 45 zoochoric, 20 anemochoric and
3 autochoric species among the adult plants in the plot. Zoochory also predominates in number
of individuals, followed by anemochory and autochory.
During one year we sampled 367,682 viable seeds in traps belonging to 24 species,
including the exotic Pinus sp. There was a peak of seed rain from February to April, which was
driven by zoochoric seeds. Zoochory exceeded anemochory and autochory in number of seeds,
but zoochory and anemochory had the same number of seed species. There was great variation
of limitation values among species and only two species, the tree M. rubiginosa and the liana
Serjania sp., have zero seed limitation values. Almost 70% of the seed species had seed
limitation values higher than 65%. Notable exceptions were two melastomes, M. albicans and
M. rubiginosa from which more than 99% of total viable seeds came from. There was a
relationship between the number of seeds sampled in traps and the number of traps hit by seeds
of a given species (p<0.01; r²=0.64), indicating that the increase in the seed numbers increases
the number of sites reached by seeds.
Only 34% of the total number of shrub and tree species sampled in the study plot had
at least one seed trapped. Species that had no seeds sampled (66%) presented maximum seed
limitation values. The mean Chao-Jaccard similarity index among seed traps was 0.88 ± 0.24
(mean ± SD), indicating a high similarity of the seed rain between sites. Seed limitation was
not related to life form, dispersal syndrome and seed mass, as well as source and dispersal
limitation. However, seed and source limitation have significant negative relationships with the
number of adult individuals sampled.
Seed addition and seed predation
We found a total of 17 seedlings of D. miscolobium and one of P. venusta in the seed
addition experiments, but no seedlings of B. stellaris and S. guianensis. Seed addition (F=0.49;
p=0.49) and seed predation treatments (F=0.05; p=0.82) had no influence in D. miscolobium
seedling numbers, as the interaction between treatments (F=2.66; p=0.11).
DISCUSSION
Our study indicates a potential influence of seed limitation on recruitment, with most
seed rain species presenting seed limitation values higher than 65%. Similar seed limitation
values were found for tropical forest (HUBBEL et al. 1999, DALLING et al. 2002) and in
another Neotropical savanna (SALAZAR et al. 2012a). A higher number of seeds produced
increased the number of sites reached by seeds, indicating that seed number is an important
determinant for successful colonization of suitable sites. Moreover, the high similarity of the
seed rain between traps highlights the large dispersal capacity of some species, like D.
miscolobium, M. albicans, M. rubiginosa, Serjania sp. and X. aromatica.
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Seed and source limitation had a negative relation with adult numbers, which means
that more adult plants increase the number of sites reached by seeds, as can be illustrated by
M. albicans, M. rubiginosa and X. aromatica. There was no relation between seed, source and
dispersal limitation with plant life form, dispersal syndrome and seed mass. Clark et al. (2007)
found similar results for life form and dispersal syndrome in their meta-analysis with 159
species around the world. However, contrary to the expectations, our findings indicate that seed
mass does not influence seed limitation at community level. Most of seeds trapped were from
M albicans or M. rubiginosa that reached almost all traps, indicating that those species
saturated available sites with seeds.
Our study indicates that establishment limitation may be a strong barrier for plant
regeneration in Cerrado. A low rate of seedling regeneration was also found in tropical forest
(VARGAS & STEVENSON 2013, HUBBEL et al. 1999), savana (HOFFMANN et al. 2004,
SALAZAR et al. 2012b, LIMA et al. 2014) and subtropical forest (LUO et al. 2013), and may
be related to specific requirements for seed germination and survival such as light, temperature
and moisture. Seed and establishment limitation had similar effects on recruitment for D.
miscolobium and S. guianensis, indicating that seed and seedling-related processes have similar
importance in constraining opportunities of plant recruitment for these species. For P. venusta
and B. stellaris establishment limitation had a stronger influence, reaching maximum values.
Thus the relative importance of these processes varies between species.
Our study suggests the importance of seed and establishment limitation to plant
recruitment in Neotropical savannas is high, but with high variation of the relative importance
of each process among species. Seed dispersal also seems to be an important factor that
influences the colonization of new sites and long-term maintenance of the populations,
indicating the value of sexual reproductive processes to recruitment.
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SUMMARY
Due to the sex determination system, when bee females produce a new offspring they can
control the sex ratio of their nests. It can be observed in the arrangement of sexes in nests with
brood cells in a linear array and the amount of food provided to the immatures, particularly for
mass-provisioning species. The aim of this study was to examine the individual productivity
of Centris analis females during nesting activity. We considered productivity as the number of
complete nests and brood cells built, and the sex ratio of the offspring that each female
produced. For this purpose, 28 females were marked and observed from October to December
2015 in a nesting site at USP - Ribeirão Preto. We found that, on average, females built 2.3
nests and 5.7 brood cells, and produced a sex ratio of 1.7♂: 1♀. However, the individual
analysis showed a variation in the productivity, with some females producing more daughters
than sons and others both sexes in the same proportion. Some factors that can influence the sex
ratio were analyzed, and our results showed a male-biased sex ratio in the smaller cavity length.
INTRODUCTION
In bees, as in other Hymenoptera species, males are haploid organisms and develop
from unfertilized eggs while females are diploid organisms originated from fertilized eggs.
This fact is due to sex determination system guided by the CSD locus (Complementary Sex
Determination) (COOK 1993; COOK & CROZIER 1995). So, we assume that a female control
the sex ratio of her offspring. One indication of this is that the brood cell in which each sex will
develop usually have different sizes, being the female brood cell larger than the male cell
(MICHENER 2007). This reflects in the amount of provisioned food and the individual body
size. Thus, we can infer that produce a daughter is more energetically costly for the matriarch,
because the mother needs to provide more food and build bigger brood cells, requiring more
foraging trips.
Another biological characteristic shown by solitary species that nest in preexisting
cavities is that usually females are produced in the innermost cells and the males are produced
in the outermost cells. As usually they are protandrous groups and the arrangement of the cells
is linear, the first emergencies must be from the outermost cells to minimize impairment to the
development and emergence of individuals. Besides, many females are mass provisioners
(MICHENER 2007), and all the necessary food for the immature is deposited before the cell
closing. One species with these biological characteristics is Centris (Heterocentris) analis
(Fabricius, 1804) (Apidae, Centridini), an oil-collecting bee, multivoltine and with a wide
Neotropical distribution (VIEIRA DE JESUS & GARÓFALO 2000). This species is reported
with great potential for crop pollination (MAGALHAES & FREITAS 2013), and further
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knowledge about its biology, notably aspects related to nesting biology, will contribute to a
better understanding for conservation and management plans.
The aim of this study was to observe C. analis females during their nesting activities
and to analyze the productivity per female, which means, how many nests and brood cells were
built by each female, and how many sons and daughters were produced by each of them.
METHODS, RESULTS AND DISCUSSION
The study was conducted on the campus of the University of São Paulo located in
Ribeirão Preto (between 21°05’–21°15’ S / 47°50’–47°55’ W), State of São Paulo, Brazil, from
October to December 2015. In the nesting site we provided approximately 600 artificial cavities
called trap-nests (CAMILLO et al. 1995) made with black cardboard, with one end close with
the same material. The tubes vary in the length (6.0, 7.0, 8.0 and 9.0 cm) and internal diameter
(0.6 and 0.8 cm). The tubes were inserted into horizontal holes drilled into wooden plates of
30.0 x 11.0 x 4.5 cm (each plate had approximately 55 nests). The plates were placed on shelves
installed on the external walls of the laboratory and protected from the weather. The shelves
were 1.10 m and 1.40 m from the ground. The weather conditions (monthly temperature and
accumulated precipitation) for the city were obtained from the CIIAGRO (Centro Integrado de
Informações Agrometeorológicas) database (available in: ciiagro.sp.gov.br).
During the observations, all females in activity were individually marked in the thorax.
All occupied trap-nests were taken to the laboratory 15-20 days after being completed. It was
regarded as “completed nest” the nests that were started and closed by the same female.
Structural analysis of the nest was made with a caliper (standard error of 0.05 mm) to
measure the brood cell length. These measurements were taken at three times independently
and the value used in the analysis was an average of these three measures. With these length
measurements and knowing the diameter of the trap-nest, it was possible to calculate the
volume of each brood cell.
Observations were made during 55 consecutive days, except only on rainy days (nine
days), totaling 406 hours (𝑥̅ = 7 hours/day). The period of activity comprised hot and humid
days with temperatures ranging from 22.9 to 29.7ºC and monthly-accumulated rainfall of 16.3
mm to October 2015, 39.9 mm to November 2015 and 36.8 mm to December 2015. In total,
we marked 28 females and we obtained 64 nests.
Of these 64 nests, 55 (85.9%) were considered “completed nest” while nine (14.1%)
were built by more than one female due to intraspecific parasitism or usurpation (VIEIRA DE
JESUS & GARÓGALO 2000). Of the 28 marked females, 24 (85.7%) built at least one brood
cell while four (14.3%) just searched cavities to nest and/or competed for cavities with others
females. One hundred thirty six brood cells were built, in 113 cells (83.1%) emerged C. analis
individuals, four cells (2.9%) were parasitized, two by Leucospis sp. (Hymenoptera,
Leucospidae) and two by Anthrax sp. (Diptera, Bombyliidae), and in 19 cells (14%) occurred
mortality by unknown causes. The number of cells attacked by parasites was low due to the
absence of parasites in the nesting site during the period. Our results showed that, in average,
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C. analis females built less than three nests and almost six brood cells in that period of nesting
activity (table 1).
The fecundity (i.e. numbers of nests and brood cells built per female) observed in this
study were similar to others studies with C. analis (VIEIRA DE JESUS & GARÓFALO 2000;
ALONSO et al. 2012). As expected, the fecundity of solitary bees is lower than that of eusocial
species, but even for others solitary species, like Osmia cornuta (Latreille) (Megachilidae,
Osmiini), a preexisting cavity nesting species, our results also showed lower values (BOSCH
& VICENS 2005).
Forty-two females and 71 males emerged from the nests resulting a male-biased sex
ratio 1.7♂:1♀ (X2 = 7.57, P < 0.05). Of the 28 analyzed females, 14 females (50%) produced
more sons than daughters, seven (25%) produced more daughters than sons, two (7.1%)
produced both sex in equal proportion and the remaining five (17.6%) did not produce progeny
(table 1). Although the sex ratio of the population showed asymmetry, when the females were
analyzed separately, a variation in sex allocation was detected.
Assuming that C. analis females can control the sex of their offspring, this variation in
the individual sex ratio observed in this study can be a result of some factors that influenced
the founder females in their nesting activities. One of these factors can be the energy expend
in produce each sex. In solitary bees, usually males are less costly to produce than females and
one way to estimate this energy expend by the mother is measure the brood cell volume.
Ninety-one brood cells (female = 37 cells; male = 54 cells) had their length measured.
As all nests were built in trap-nests with 0.6 cm of diameters, it was used 0.03 cm of radius to
calculate the volume of each cell. The brood cells volume ranged from 281.19 to 371.15 mm 3
to females (𝑥̅ = 332.71 ± 2.86) and 273.65 to 352.31 mm3 to males (𝑥̅ = 311.56 ± 2.42) (figure
1). These results showed that the female brood cell is larger than the male brood cell (t = 5.65,
P < 0.05). As the dimensions of the cells have a positive relationship with the amount of food,
it is assumed that the female is the most costly sex. The fact that the founding females make
more trips to provide a female brood cell when compared with a male cell reinforces this
statement (VIEIRA DE JESUS & GARÓFALO 2000).
The dimensions of trap-nests are other factor that can affect the sex ratio of offspring
produced from a nest (ALONSO et al. 2012). In this study, although the females had built nests
only in cavities with 0.6 cm of diameter, they used traps of different lengths. The females built
23, 15, 10 and 16 nests in the traps with lengths of 6.0, 7.0, 8.0 and 9.0 cm, respectively
(considering all the 64 nests). Although the smaller cavity was the mostly used, the statistical
analysis did not show a preference by females for some trap size (X2 = 5.38, P = 0.15). Also,
the statistical analysis showed no differences between the numbers of males or females
produced in the different cavities (X2 = 3.14, P = 0.37 for females; X2 = 6.58, P = 0.09 to males),
and the sex ratio differed from the proportion 1:1 just in the smaller cavity (table 2).
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Table 1 Number of nests built by Centris analis females from October to December 2015 in a nesting
site at USP-Ribeirão Preto, their respective offspring and the sex ratio. An average per female (𝑥̅ ± 𝑆𝐸)
was measured for each parameter analyzed.
Nest
Offspring
Brood cells
Marked
Completed
Female
Sex
(parasitized
Males
Total
females
nest
s
ratio
cells)
A
2
10
7
2
9
3.5:1 NS
B
1
2
1
0
1
C
1
2
2
0
2
D
3
9(1)
7
0
7
E
3
7
5
2
7
2.5:1 NS
F
3
4
3
1
4
3:1 NS
G
0
1
0
1
1
0:1 NS
H
3
4
2
2
4
1:1 NS
I
2
7
3
4
7
0.8:1 NS
J
2
4
2
0
2
K
2
5
2
1
3
2:1 NS
L
3
7
5
2
7
2.5:1 NS
M
2
7(1)
2
1
3
2:1 NS
N
0
3
1
2
3
0.5:1 NS
O
1
1
0
1
1
0:1 NS
P
3
5
1
3
4
0.3:1 NS
Q
3
6(2)
4
0
4
R
4
7
5
2
7
2.5:1 NS
S
5
12
5
6
11
0.8:1 NS
T
1
3
1
0
1
U
3
4
3
1
4
3:1 NS
V
5
16
7
8
15
0.9:1 NS
W
3
8
3
3
6
1:1 NS
X
0
3
0
0
0
Total
55
137
71
42
113
1.7:1*
2.3 (±0.29)
5.7 (±0.77)
3 (±0.45)
1.8 (±0.4)
4.7 (±0.73)
𝑥̅
* significant value for P < 0.05, NS non-significant value for P < 0.05

Figure 1. Boxplot and histogram of Centris analis brood cell volume for each sex.
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Table 2 Number of individuals of Centris analis produced in trap-nests according to
their lengths.
Cavity length (cm)
6.0
7.0
8.0
9.0
Total
Females
11
11
6
14
42
Males
26
12
14
19
71
Total
38
24
18
33
113
Sex ratio (♂:♀)
2.4:1*
1.1:1NS
2.3:1NS
1.4:1NS
1.7:1*
Females per nest
1.0
1.22
1.2
1.6
Males per nest
1.35
1.44
1.75
1.9
* sex ratio differs from 1:1 (P < 0.05); NS sex ratio did not differ from 1:1 (P < 0.05)
Offspring
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SUMMARY
We used a beta diversity (β-div) approach to analyze the possible consequences of the ‘Bento
Rodrigues dam disaster’ over the Doce Basin and six neighbouring basins, by quantifying the
changes in the total β-div and its components (turnover and nestedness). Using five scenarios
of extinction, ranging from no extinction to total extirpation through randomization, we
assessed the possible changes in beta diversity in the Doce Basin region. The contribution of
the turnover for the total beta diversity decreased significantly from 91 to 85%. A higher
contribution of nestedness 8-14% leaded to a significant increase in the pattern of beta diversity
0.75 - 0.81(Sørensen dissimilarity index). On a regional scale, the disaster may have caused
substantial changes on regional patterns of species sharing, probably owing to a process known
as subtractive homogenization. These findings might be relevant for both the local conservation
purposes and the general overview of how disturbance affect different aspects of biodiversity.
INTRODUCTION
Species loss affect multiple facets of biodiversity, including species sharing among
communities on regional scale (i.e., beta diversity; β-div hereafter) (MELO et al. 2011).
However, little is known regarding how species losses alter the components of β-div
(SOCOLAR et al. 2016). These components represent the differences among communities
owing to species replacement (turnover) and discrepancies in local richness (nestedness)
(BASELGA 2010). In fact, understanding how species losses from environmental disturbances
alter these components may not only be relevant for knowing the regional dynamics of
biodiversity, but also to shed light on how ongoing species depletion, due to habitat
degradation, may have affected patterns of β-div and its components in a broader sense
(BURKHEAD 2012; MAGURRAN 2016).
Assessing this issue is more feasible with simulated data, as information on missing
species is difficult to recover. However, we can take advantage from observed and abrupt
environmental disturbances to address this question with real-life data. The Doce Basin
accident in November 2015, when a dam of heavy metal-rich waste from iron mining erupted
nearby Mariana (Minas Gerais state), devastated villages and collapsed the river ecosystem
downstream (ESCOBAR 2015). This environmental havoc provides a case study to simulate
changes in the regional β-div of freshwater fishes from Doce Basin.
Although the magnitude of the impact is unknown, a massive loss of species have
undergone locally. In this regard, we resorted to the available data on the prior fish diversity
from the Doce Basin and adjacent basis to investigate how the components of β-div (turnover
and nestedness) change in their amount and direction in response to a massive environmental
disturbance on a regional scale, when different levels of species loss is presumed.
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MATERIAL AND METHODS
We used the Otto Pfafstetter basins classification to delimitate the Doce Basin and six
other neighbour basins (Fig. 1). The Pfafstetter drainage basins has been broadly used to
classify freshwater environments for research and management purposes (e.g., ANA 2015;
IUCN 2015). We compiled the fish species richness from each basin from articles, books, check
lists and from data available in online databases, namely species link
(http://www.splink.org.br/) and FishBase (FROESE & PAULY 2016).

Figure 1. Seven hydrographic basins used in this study showing the Doce Basin (blue line) and
its neighbour basins. The green point represents the Samarco mining company.
Dissimilarity indices between basins were estimated using incidence matrices built for
each basin. These indices vary from 0 (two communities with the same pool of species) to 1
(two communities with totally dissimilar pool of species). We partitioned the total dissimilarity
across all basins using the Sørensen index to separate the total contribution of the turnover and
nestedness components of β-div, following Baselga and Orme (2012).
We estimated the β-div for 5 different scenarios of species loss: with no extinctions and
with 25%, 50%, 75%, 100% of species extinction. For each extinction level (except for 100%),
we allowed the extinction of each proportion of species by using a 100 runs randomization
procedure. We then estimated the β-div and its components for each run and their average
across all randomizations. Analyses were performed in R environment (R CORE TEAM 2016),
with the package betapart (Baselga and Orme 2012). Differences between scenarios were tested
with ANOVA and Tukey Tests for each β-div component.
RESULTS AND DISCUSSION
The seven basins summed 638 species, with a highest richness in the Grande Basin (309
species), followed by Doce (170), Paraíba do Sul (165), São Francisco Alto (164), Litoral ES
(158), Litoral BA ES (129) and Jequitinhonha (108). Doce Basin had 23 exclusive species.
Altogether, the number species exclusive from a single basin was 374, evidencing the great
importance of each basin to the regional species pool.
The total β-div (β sor) increased, on average, from 0.75 to 0.81 (Fig. 2). The turnover
component (β sim) reduced from 91.5% to 85.6% of the total β-div, a process known as
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subtractive homogenization (SOCOLAR et al. 2016). The contribution of the nestedness (β
sne) increased from 8.4% to 14.4%. For this case study, our simulations showed that after such
an intense environmental disturbance, the increase of β-div was due mainly by the increase of
the nestedness (Fig. 2).
β sne

β sor

Dens
ity

β sim

Extinction rates
Black – 0%
Blue – 25%
Red – 50%
Purple – 75%
Yellow – 100%

Beta Diversity
Figure 2. Total dissimilarities comparisons between the five scenarios. Before the disaster
(black lines) and with 25% (blue lines), 50% (red lines), 75% (purple lines) and 100% (yellow
lines) of extinctions rates. Bsor – Sørensen dissimilarity (solid lines: total β-div). Bsim –
Simpson dissimilarity (dash-dot lines: turnover component of Sørensen dissimilarity). Bsne –
Nestedness (dot lines: nestedness component of Sørensen dissimilarity).
ANOVA showed significant differences between all scenarios (p-value < 0; p = 2.2e16
) (Fig.3). Tukey Test showed significant differences in all (p-values < 0.05), except two
scenarios: 0sne-1sne (p = 0.398) and 1sim-2sim (p = 0.802) (Fig. 3A, B). Regardless the
extinction level prompted by this environmental disturbance, significant changes should have
occurred at the the β-div patterns (Fig. 3 C; p-values < 0.05). These findings highlights the
importance of all aspects of the biodiversity, they are fundamental to practicing biological
conservation, monitoring and restoration. Ultimately to the understanding of how
environmental disturbance affect measures of biodiversity.
B

C

βdiv

A

Extinctions Rates
Figure 3. Comparisons among extinction scenarios in the three components of β-div: A nestedness (sne), B - turnover (sim), C - total β-div (sor). Scenarios are represented by 0, 1, 2,
3 and 4, representing 0, 25, 50, 75 and 100% of extinctions rates, respectively.
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SUMMARY
Different abiotic, biotic, sociocultural and economics factors can interfere in the spatial and
temporal landscape pattern. To identify and analyze the socioeconomics factors is important to
understand the influence of the driver forces trajectories on the ecosystems. Our study aimed
to identify the main socioeconomics drivers based on the spatial and temporal land use changes
in buffer zone of three legally protected areas for sustainable use, located at different latitudinal
gradients in Araucaria Forest Domain of Southern Brazil. We utilized Landsat images 5 TM
for 1986, 1997 and 2011. The socioeconomics drivers were classified in three hierarchical
levels: national, state and regional/district. During the study period was highlighted more
influences by the state level. We conclude that over the past three decades the socioeconomics
actions had an important influence in the landscape setting, including in the conservation
policies used as a tool for ensure the agricultural production.
Key-words: Araucaria forest domain, Public policies, Legally protected areas
INTRODUCTION
The landscape pattern is a result of different process. We can identify biotic and abiotic
aspects as first landscape modelling. However, other factors may have influenced the evolution
of landscape dynamics, especially the cultural and socioeconomics drivers (BALDWIN et al.
2009). To identify and analyze socioeconomics drivers is important to understand the influence
of the driver forces trajectories on ecosystems (MILLENIUM ECOSYSTEM ASSESSMENT
2005). In this regard, the creation and adoption of public policies can guideline these drive
forces (PEREIRA et al. 2010). This study aimed to identify the main socioeconomics drivers
acting in buffer zone of three legally protected areas for sustainable use, located at different
latitudinal gradients in Araucaria Forest Domain of Southern Brazil.
METHODS
Study area
This study was carried out in surrounding areas (10km) of three National Forest
(BRASIL 2000), located in Araucaria Forest Domain of southern Brazil: Irati National Forest
(Paraná State), Três Barras National Forest (Santa Catarina State) and Passo Fundo National
Forest (Rio Grande do Sul State, RS) (Figure 1).
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Figure 1. Buffer zone (10 km) location of: (A) Irati National Forest – PR (SIR); (B) Três Barras
National Forest – SC (STB), and (C) Passo Fundo National Forest – RS (SPF), Southern Brazil.
Land use and cover data
The land use and cover maps of the study region are obtained through Landsat TM5
images, with a pixel size of 30x30 m, orbit 221, point 77 (SIR); orbit 221, point 78 (SIR and
STB); orbit 222, point 79 and orbit 222, point 80 (SPF) for, 1986, 1997, and 2011. The spectral
bands 3, 4, and 5 were processed using the ENVI 4.7 software, resulting in a R5G4B3 color
composition. The land cover/use typologies were discriminated based on tone, texture and
context, as suggested in NOVO (2008), and were classified in the MapInfo 10 and ArcGis 10.2
software, through manually screen digitizing of polygons (visual interpretation).
Bibliographical research
Bibliographical research of the socioeconomics drivers was related to the region where
National Forests are inserted. Papers, books, thesis and laws were consulted. Public policies
that influenced the history of use and occupation of the region surrounding of each National
Forest, as well as national environmental laws, state or local influencing environmental
conservation measure were also searched.
RESULTS AND DISCUSSION
The socioeconomics drivers were classified in three hierarchical levels: national, state
and regional/district. During the time period evaluated it was found more influences by the
state level (Figure 2).
Three different initial landscapes context in each National Forest were observed. For a
better comprehension about the landscape condition in 1986, it was necessary to observe the
factors in the previous decades. In the international level, in the 1970 decade, there was
intention to eradicate the agricultural poverty in developing countries by international
institutions (e.g.FAO, World Bank). In Brazil, this process was evidenced by the rural credit.
In 1986, the SIR was inserted in a natural matrix, where we identified 55% of native vegetation
cover, and areas related to aquatic environment. Ipardes (1982) analyzed the original vegetation
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cover for all Paraná state and found the largest native cover in this region. One important factor
that contribute for these results is the Faxinais system. We can define Faxinais as a traditional
silvopastoral production system that combine animal husbandry and the extraction of nontimber products (Ilex paraguaiensis and Araucaria angustifolia) from Araucaria Forest. Family
farmers are predominant in this region and develop this system since the last centuries (YU
1988).

Figure 2. Land use changes and laws time lines in three hierarchical levels: national, state and
regional/district in buffer zone of three legally protected areas for sustainable use
The others National Forest areas showed an anthropic matrix in 1986. In STB the
landscape reflected intense extrativism and forest devastation in the twentieth century. In 1966,
the state government created the law for fiscal incentives (Figure 2); the main goal was to
improve the forestry with exotic species (TRES et al. 2011). In SPF the main anthropic activity
was the agriculture, covering 80% of the total area. The landscape showed the biggest
agricultural expansion, especially between 1965 and 1975 (BENETTI 2010), encouraged by
rural credits, agricultural technology, high soil fertility, and predominantly plain lands.
The landscape pattern in 1997 resulted from socioeconomic factors since the end of the
1980 decade. The matrix landscape continued natural in SIR. Nonetheless, we observed an
increase in agricultural areas. This scenery was reported also by IBGE, showing that
agricultural areas doubled between 1950 and the end of the 80 decade (YU 1988). The STB
showed an increase in anthropic use, especially forestry and agricultural areas. Both activities
were influenced by socioeconomic factors from the latest decades, and by the industrialization
in the animal husbandry (PINOTTI 2005). In the SPF we found a different scenario in this
decade, we identified a decrease in anthropic areas and an increase in native vegetation. Benetti
(2010) associated these results to factors related with the PROTERRA Program (Federal Law
nº 1.179, 6/07/1971), and to the technology insertion in the agriculture, what made possible to
increase production in a smaller area (Figure 2). The PROTERRA Program was a national
incentive for migration from some regions (including Rio Grande do Sul state) to colonize
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areas in the Brazilian Center-West Region. This migration process caused the abandonment of
many rural properties, previously used for agriculture. In these properties, it was possible to
observe the regeneration of native forest, especially those with steep relief. Another important
factor that we observed in this period, essentially in SIR and in SPF, was the creation of
programs and projects in national and state levels to protect soil and water. In the first region
(SIR) was created Rural Paraná Project and the Water and Soil Integrate Management Program
(Figure 2). In SPF was created the Conservation Agriculture for Sustainable Agriculture and
Rural Development Project (CASÃO JÚNIOR 2012). It is important to highlight that these
programs were created based on agricultural degradation perception. Then, conservation is a
tool for ensure the agricultural production.
Good perspective to biodiversity conservation was accomplished in 2011. In the three
study areas was identified an increase in native areas. These results were also pointed in other
regions (IBGE 2006; PEREIRA 2011). This process can be associated with the intensification
of agricultural mechanization. The use of agricultural implements such as machinery and
harvesters in areas with steep relief became unviable planting and harvesting, so these areas
were abandoned by farmers, allowing the natural recovery process. For this economic process
we identified the National Family Farming Strengthening Program, which contributed
specially by rural credit. We observed an increase of 5% in native areas since 1986 in SPF,
while STB showed an increase of 8%. In this region, we must emphasize a forestry increase of
4%, as a result of Catarinense Forest Program (1999), (Figure 2), which includes several
specific projects (Forestry Project of Work and Income Generation; Santa Catarina Project for
Forestry Development; Forestry Project of Rural Production Integration and Industry;
Generation Project and Forestry Technology Diffusion).
SIR showed an increase in native areas, but did not find the same native cover as in
1986. However, in this decade, were created several projects that could improve the
biodiversity conservation, like Paraná Biodiversity and special laws (Figure 2), related with the
State System Implementation of Permanent Preservation Areas and Legal Reserves (SISLEG
- Decree nº 387, 1999, and Decree nº 3320, 2004) (PARANÁ 1999, 2004). To complete the
list of socioeconomic factors was created in 2007 the State Law nº 15673 (PARANÁ 2007),
which stipulates that the State of Paraná recognizes Faxinais and their territoriality. It is the
first step to implement conservation strategies for this environmental system that contribute for
the biodiversity maintenance. It is possible to conclude that over the past three decades the
socioeconomics actions had an important influence in the landscape pattern. Conservation
strategies were created, but following global efforts for biodiversity conservation
(STOKSTAD 2010), the socioeconomics are the main drive forces in these buffer zones.
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SUMMARY
Feeding patterns of fiddler crabs (genus Uca) are constantly studied, since the idea that they
only eat organic matter until the more recent studies that showed they have a wide range of
food resources (bacteria, protozoa, meiofauna, microalgae). The food consumed may be related
with the microhabitat that the species live within the estuary. The presence or absence of
vegetation in an estuarine microhabitat may be enough to change the food resource available
to these crabs. We chose three species of brazilian fiddler crabs (Uca thayeri, Uca leptodactyla
and Uca maracoani) that live in different microhabitats (muddy mangrove forest, nonvegetated sandflats and non-vegetated mudflats, respectively) and selected two populations for
each species. We collected specimen in each area in two moments and we used stable isotope
analysis to unveil their feeding patterns. We demonstrated that Uca thayeri have a diet based
in phytoplankton while Uca leptodactyla and Uca maracoani fed on microphytobenthos.
Despite the difference in the main food source between vegetated and non-vegetated habitats,
all species have their diet based on microalgae, which is richer in nitrogen than other food
sources, as mangrove detritus.
INTRODUCTION
Fiddler crabs (genus Uca) inhabit estuaries in tropical and temperate zones around the
world (Crane, 1975). There are more than 100 species of fiddler crabs and 10 of then occur in
the Brazil coasts (Crane, 1975; Thurman et al 2013). Although all they live in estuaries,
different species occupy different microhabitats within this ecosystem (Costa and NegreirosFransozo, 2001; Mokhtari et al, 2015). These crabs are classically considered deposit-feeders
that consume organic matter from the sediment (Crane, 1975), however other studies showed
that they may have their diet based also on bacteria, protozoa, microalgae and meiofauna in
general (Hoffman et al, 1084; Wolfrath, 1992; Reinsel, 2004). The variation in their diet may
be related, among other things, with the microhabitat in which populations and species live.
Kon et al (2007) demonstrated using stable isotope analysis that macrofauna, including fiddler
crabs, living in different estuarine microhabitats has different elements as main food source.
Vegetated estuarine areas, as mangrove forests, commonly offer great quantities of organic
matter (mainly mangrove detritus) in the sediment as food source to the organisms (Croll e
McClintock, 2000; Nobbs, 2003; Masunari, 2006). In turn, non-vegetated areas may offer
microalgae as the main food source, since these places have high levels of benthic primary
production (microphytobenthos) due the direct light incidence in the substratum (Alongi, 1994;
McLain e Pratt, 2010; Kon et al., 2010). In this sense, the goal of this study is to describe
feeding patterns for three brazilian species of fiddler crabs (Uca thayeri, Uca leptodactyla and
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Uca maracoani) that lives in different microhabitats (muddy mangrove forests, nom-vegetated
sandflats and non-vegetated mudflats, respectively) using the stable isotope analysis. Stable
isotope ratio analysis has been used in ecology to describe food sources of animals and to trace
food webs, because this method provides an isotopic signature that is very close between
producers and consumers (DeNiro and Epstein, 1978). We hypothesized that Uca thayeri will
exhibit the same isotopic signature from the leaves that comprise forest detritus, while the other
two species will exhibit the same isotopic signature of microphytobenthos.
MATERIAL AND METHODS
Field collections were made along the southeast coast of Brazil and the localities were
chosen due the presence of Uca maracoani (Subgenus Uca), Uca leptodactyla (Subgenus
Leptuca) and Uca thayeri (Subgenus Minuca) populations. The populations of U. maracoani
were found in Portinho (-23.987235, -46.405774 – Praia Grande/SP) and Praia do Jabaquara (23.201078, -44.720919 – Paraty/RJ); U. leptodactyla in estuary of Itaguaré River (-23.201078,
-44.720919 – Bertioga/SP) e estuary of Una River (-24.4384363, -47.072277 – Peruíbe/SP);
and U. thayeri in Portinho (-23.986717, -46.403697 – Praia Grande/SP) e estuary of Indaiá
River (-23.415548, -45.055489 – Ubatuba/SP). We sampled twice in each locality with at least
one moth among then (total of 12 sampling). All sampling occurred during the wet season (end
of September/2014 - early April/2015) and in sunny days at the peak of diurnal low spring tide.
The collections were authorized by the System of Authorization and Information on
Biodiversity (Sistema de Autorização e Informação em Biodiversidade – SISBIO, Brazil) from
the Ministry of Environment (Ministério do Meio Ambiente – MMA, Brazil), protocol number
47761-2.
For analysis, specimen of U. maracoani (n = 15), U. leptodactyla (n = 30) e U. thayeri
(n = 15) were collected in each sampling. The number of specimens was different due the size
of the crabs of each species and the necessary sample size. In the laboratory, crabs were
dissected and we removed their internal contents (entrails, muscles and gills). The material was
oven dried at 60°C for 24 hours, grounded into a fine ponder on a cryogenic mill at -190°C for
3 min, to obtain homogeneity of samples (Ducatti et al., 2016). Each sample was separated in
three subsamples per sampling. Samples were weighed with ≈ 60 µg for carbon and 500 µg
for nitrogen, and then placed in tin capsules. The isotopic ratio of samples was determined
using a mass spectrometer coupled to a elemental analyzer. All stable isotope ratio values of
crabs are reported in the  notation, where 13C or 15N (‰) = [(Rsample/Rstandard) – 1] x 103. The
value of R = 13C/12C or 15N/14N. The global standard is PeeDee Belemnite (PDB) for 13C and
atmospheric nitrogen for 15N.
The stable isotopic data of the crabs were plotted in a 15N versus 13C graph with the
values of the mainly primary producers in estuaries. The values of 13C and 15N to the
estuarine primary producers were compiled from literature (mangrove leaves: n= 62 for 13C
and n = 46 for 15N; microphytobenthos: n = 45 for 13C and n = 34 for 15N; and
phytoplankton: n = 29 for 13C and n = 15 for 15N, Table 1). For mangrove leafs, we only
considered isotopic ratio values described for mangrove genera Rhizophora, Avicennia e
Laguncularia, those that are found in Brazil. None statistical analyses were applied for the
isotopic ratio data, because the values are very specific within groups and the biological
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interpretation of the resource consumption are represented by the insertion of the values of the
consumer in a range of the isotopic signature of primary producers (De Niro e Epstein, 1978).
Standard deviation was used because we worked with descriptive data (Cumming et al, 2007).
Table 1. Bibliographic review of isotopic signature (13C e 15N) of the main estuarine primary
producers (mangroves, microphytobenthos and phytoplankton) and their mean (±SD).
Microphytobenthos

Mangrove

Phytoplankton

δ13C

δ15N

Reference

δ13C

δ15
N

Reference

δ13C

δ15
N

Reference

-16.70

0.80

Craft et al. (1988)

-28.30

-

Rodelli et al. (1984)

-20.60

-

Gearing et al. (1984)

-12.11

3.80

Couch (1989)

-28.30

-

Rodelli et al. (1984)

-19.70

-

Gearing et al. (1984)

-13.46

-

Couch (1989)

-27.40

-

Rodelli et al. (1984)

-20.20

-

Gearing et al. (1984)

-20.60

6.10

Sullivan and Moncreiff (1990)

-26.50

-

Rodelli et al. (1984)

-21.80

-

Gearing et al. (1984)

-17.60

-1.10

Currin et al. (1995)

-26.50

-

Rodelli et al. (1984)

-22.00

-

Gearing et al. (1984)

-15.20

-

Riera and Richard (1996)

-26.70

-

Rodelli et al. (1984)

-22.20

-

Gearing et al. (1984)

-14.90

-

Riera and Richard (1996)

-27.70

-

Rodelli et al. (1984)

-22.20

-

Gearing et al. (1984)

-17.60

-

Riera and Richard (1996)

-25.70

-

Rodelli et al. (1984)

-23.20

-

Gearing et al. (1984)

-16.30

-

Riera and Richard (1996)

-28.00

-

Rodelli et al. (1984)

-22.50

-

Gearing et al. (1984)

-16.10

-

Riera and Richard (1996)

-26.30

-

Rodelli et al. (1984)

-22.40

-

Gearing et al. (1984)

-15.60

6.60

Riera et al. (1996)

-24.50

-

Rodelli et al. (1984)

-21.50

-

Gearing et al. (1984)

-15.60

4.60

Riera et al. (1996)

-27.20

-

Rodelli et al. (1984)

-16.00

-

Fogel et al. (1992)

-16.90

5.90

Riera et al. (1996)

-26.66

5.03

Newell et al. (1995)

-30.00

-

Fogel et al. (1992)

-14.85

-

Stribling and Cornwell (1997)

-28.52

2.24

Newell et al. (1995)

-23.00

-

Fogel et al. (1992)

-14.40

6.00

Créach et al. (1997)

-28.70

1.90

Loneragan et al. (1997)

-22.68

10.42

Newell et al. (1995)

-16.00

5.30

Kang et al. (1999)

-28.20

3.40

Loneragan et al. (1997)

-18.58

7.99

Newell et al. (1995)

-15.00

-

Herman et al. (2000)

-28.30

3.70

Loneragan et al. (1997)

-23.80

0.60

Primavera (1996)

-17.60

5.80

Dittel et al. (2000)

-28.80

1.30

Loneragan et al. (1997)

-21.50

8.00

Cloern et al. (2002)

-19.27

-0.20

Lee et al. (2000)

-27.00

3.60

Loneragan et al. (1997)

-19.80

8.10

Kang et al. (2003)

-17.30

1.70

Bouillon et al. (2002)

-27.70

-

Medina and Francisco (1997)

-21.20

11.30

Kang et al. (2003)

-17.42

-

Moens et al. (2002)

-27.20

-

Medina and Francisco (1997)

-21.30

11.70

Kang et al. (2003)

-18.19

-

Moens et al. (2002)

-28.10

-

Medina and Francisco (1997)

-20.00

9.50

Kang et al. (2003)

-21.09

-

Moens et al. (2002)

-25.40

-

Medina and Francisco (1997)

-23.10

4.80

Kon et al. (2007)

-13.70

10.80

Kang et al. (2003)

-27.40

-

Medina and Francisco (1997)

-23.60

4.10

Kon et al. (2007)

-14.50

10.80

Kang et al. (2003)

-25.60

-

Medina and Francisco (1997)

-23.50

9.90

Hoffman et al. (2008)

-14.00

11.00

Kang et al. (2003)

-28.73

4.35

Hayase et al. (1999)

-30.90

6.60

-14.50

7.70

Moens et al. (2005)

-26.70

6.34

Hayase et al. (1999)

-22.60

9.53

Kanaya et al. (2008)
Howe and Simenstad
(2011)

-15.70

7.40

Moens et al. (2005)

-27.31

12.34

Lee et al. (2000)

-22.30

6.90

Shahraki et al. (2014)

-14.30

8.30

-28.20

2.3

Kuramoto and Minagawa (2001)

-21.80

6.20

Shahraki et al. (2014)

-12.83

-0.75

Moens et al. (2005)
Abed-Navandi and Dworrschak
(2005)

-27.00

1.3

Kuramoto and Minagawa (2001)

-16.10

6.90

Botto et al. (2005)

-25.40

-0.4

Kuramoto and Minagawa (2001)

-16.30

4.90

Botto et al. (2005)

-25.80

2.8

Kuramoto and Minagawa (2001)

-18.20

1.20

Kon et al. (2007)

-28.50

6.4

Fry and Smith III (2002)

-17.50

1.20

Kon et al. (2007)

-30.80

7.3

Fry and Smith III (2002)

-15.40

6.50

-26.80

6.1

Fry and Smith III (2002)

-14.80

7.70

Kanaya et al. (2008)
Kanaya et al. (2008) apud Ito
(2002)

-27.30

7.2

Fry and Smith III (2002)

-19.00

6.00

Galván et al. (2008)

-28.10

5.5

Fry and Smith III (2002)

-21.38

6.08

Prasad and Ramanathan (2009)

-27.50

5.5

Fry and Smith III (2002)

-20.20

2.30

Tue et al. (2012)

-30.00

-3.4

Fry and Smith III (2002)

-19.90

7.60

Vafeiadou et al. (2014)

-29.60

-1.4

Fry and Smith III (2002)

-19.00

2.30

Bui and Lee (2014)

-27.90

4.1

Bouillon et al. (2002)

-14.60

-

Oakes e Eyre (2014)

-26.70

11.4

Wooller et al. (2003)

-17.90

3.20

Shahraki et al. (2014)

-26.50

12.3

Wooller et al. (2003)

-13.10

2.00

Shahraki et al. (2014)

-27.20

9.1

Wooller et al. (2003)
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-13.80

6.00

Mean (±SD)
-16.37
(±
2.30)

5.00
(±
3.21)

Rossi et al. (2015)

-32.80

0.5

Macia (2004)

-30.10

0.8

-26.98

0.73

Macia (2004)
AbedNavandi and Dworrschak
(2005)

-

3.24

Muzuda and Shunula (2006)

-

2.67

Muzuda and Shunula (2006)

-29.10

-1.10

Kon et al. (2007)

-29.20

2.00

Kon et al. (2007)

-28.08

7.80

Prasad and Ramanathan (2009)

-28.31

5.48

Prasad and Ramanathan (2009)

-27.60

2.6

Herbon and Nordhaus (2013)

-29.50

4.2

Herbon and Nordhaus (2013)

-27.70

5.5

Bui and Lee (2014)

-28.20

4.6

Shahraki et al. (2014)

-28.90

5.4

Shahraki et al. (2014)

-24.07

3.40

Claudino et al. (2015)

-28.93

3.49

Claudino et al. (2015)

-26.83

0.00

Claudino et al. (2015)

-23.96

4.01

Claudino et al. (2015)

-26.67
-26.90

1.58
0.52

Claudino et al. (2015)
Claudino et al. (2015)

Mean (±SD)
-27.59
(±
1.53)

3.86
(±
3.38)

Mean (±SD)
-22.21
(±
2.83)

7.71
(±
2.98)

RESULTS
We found that populations of the same species have similar stable isotopic ratio for both
carbon and nitrogen (Figure 1). The values obtained for U. leptodactyla (Bertioga: 13C = 16.13 ± 0.2, 15N = 5.10 ± 0.1; Peruíbe: 13C = -17.34 ± 0.3, 15N = 5.33 ± 0.07) and U.
maracoani (Praia Grande: 13C = -17.03 ± 0.2, 15N = 4.91 ± 0.1; Paraty: 13C = -17.11 ± 0.2,
15N = 5.25 ± 0.2) were close. Their values were enriched with carbon and depleted in nitrogen
when compared with the values obtained for U. thayeri (Praia Grande: 13C = -21.86 ± 0.1,
15N = 7.22 ± 0.02; Ubatuba: 13C = -23.01 ± 0.06, 15N = 7.06 ± 0.2). The isotopic ratio of U.
leptodactyla e U. maracoani are similar of those found for estuarine microphytobenthos (13C
= -16.37 ± 2.30, 15N = 5.0 ± 3.21) and the values of U. thayeri are close to the estuarine
phytoplankton (13C = -22.21 ± 2.83; 15N = 7.71 ± 2.98). None of the species had the values
compatible with those described for mangrove leaves (13C = -27.59 ± 1.53; 15N = 3.86 ±
3.38).
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Figure 1. 15N versus 13C values for estuarine primary producers based on literature (Mangue:
leaves of mangrove, Fito: phytoplankton, and MFB: microphytobenthos), represented by black
dots (mean ± SD), and for three species of fiddler crabs, represented by squares (U. thayeri),
triangles (U. maracoani) and pentagons (U. leptodactyla). Each population has n = 6 and
populations of the same species are represented by the same symbol with different colors.
DISCUSSION
Our results partially confirm our hypothesis. We demonstrated that U. leptodactyla and
U. maracoani, which lives in non-vegetated areas, have their diet based on benthic microalgae.
In turn, U. thayeri exhibited a pattern that represents a diet based on phytoplankton, even living
in an area described in the literature as very rich in mangrove detritus. Kon et al (2007)
described an isotopic signature from mangrove sediment that indicated a combination between
mangrove detritus and phytoplankton, which indicates that naturally this pelagic microalga
may be deposited in sediment. Considering the isotopic signature of crabs very near from the
signature of the primary producers even with the availability of several elements in the sediment, we
may suggest that these crabs are considerably selective in their feed. We conclude that there are
differences in the feeding pattern of brazilian fiddler crabs living in vegetated and non-vegetated
sediments, even that the difference observed was not that expected. However, the prevalence of diets

based on microalgae, either microphytobenthos or phytoplankton, in all species analyzed may
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be related with the fact that microalgae are richer in nitrogen than mangrove detritus (Andersen
and Kristensen, 2002; Thongtham and Kristensen, 2005; Kristensen, 2008).

ACKNOWLEDGMENTS
We thank all partners and friends, who helped in the collections, discussions and
provided assistance during the analysis. This work was developed with structural support from
the Laboratory of Ecology and Animal Behavior (LABECOM) and from the Center of Stable
Isotopes (CIE).
REFERENCES
Alongi, D. M. Zonation and seasonality of benthic primary production and community
respiration in tropical mangrove forests. Oecologia, v. 98, n. 3-4, p. 320-327, 1994.
Andresen, M.; Kristensen, E. The importance of bacteria and microalgae in the diet of the
deposit-feeding polychaete Arenicola marina. Ophelia, v. 56, n. 3, p. 179-196, 2002.
Costa, T. M.; Negreiros-Fransozo, M. L. Morphological adaptation of the second maxilliped
in semiterrestrial crabs of the genus Uca Leach, 1814 (Decapoda, Ocypodidae) from a
subtropical brazilian mangrove. Nauplius, v. 9, n. 2, p. 123-131, 2001.
Crane J (1975) Fiddler crabs of the world. Ocypodidae: genus Uca. Princeton: Princeton
University Press.
Croll, G. A.; McClintock, J. B. An evaluation of lekking behavior in the fiddler crab Uca spp.
. Journal of Experimental Marine Biology and Ecology, v. 254, p. 109-121, 2000.
Cumming, G.; Fidler, F.; Vaux, V. L. Error bars in experimental biology. The Journal of Cell
Biology, v. 177, n.1, p. 7-11, 2007.
DeNiro, M. J.; Epstein, S. Influence of diet on the distribution of carbon isotopes in animals.
Geochimestry Cosmochimestry Acta, v. 42, p. 495-506, 1978.
Ducatti, C.; Sartori, M. M. P.; Denadai, J. C.; Costa, V. E.; Pelícia, V. C.; Macari, M. Modelling
and determination of metabolic pools by stable carbon isotopes in the avian duodenal mucosa
and albumen. Journal of Animal Physiology and Animal Nutrition, v. 100, p. 77-84, 2016.
Hoffman, J.A.; Katz, J.; Bertness, M. D. (1984) Fiddler crab deposit-feeding and meiofaunal
abundance in salt marsh habitat. Journal of Experimental Marine Biology and Ecology, v.
82, p. 161-174, 1984.
Kon, K.; Kurokura, H.; Hayashizaki, K. The role of microhabitats in food web benthic
communities in a mangrove forest. Marine Ecology Progress Series, v. 340, p. 55-62, 2007.
Kon, K.; Kurokura, H.; Tongnunui, P. Effects of the physical structure of mangrove vegetation
on a benthic faunal cmmunity. Journal of Experimental Marine Biology and Ecology, v. 383,
p. 171-180, 2010.
Kristensen, E. Mangrove crabs as ecosystem engineers; with emphasis on sediment processes.
Journal of Sea Research, v. 59, p. 30-43, 2008.
Masunari, S. Distribuição e abundância de caranguejos Uca Leach (Crustacea, Decapoda,
Ocypodidae) na Baía
de Guaratuba, Paraná, Brasil. Revista Brasileira de Zoologia, v. 23, n. 4, p. 901-914, 2006.
McLain, D. K.; Pratt, A. E. Food availability in beach and marsh habitats and the size of the
fiddler crab claw, a sexually selected weapon and signal. Oikos, v. 119, p. 508-513, 2010.

340

II International Symposium of Ecology

“Ecology in the Anthropocene”
16-19 August 2016 - São Carlos - SP

Mokhtari, M.; Ghaffar, M.A.; Usup, G.; Cob, Z. C. Determination of key environmental factors
responsible for distribution patterns of fiddler crabs in a tropical mangrove ecosystem. PLoS
One, v. 10, n.1, e0117467, 2015.
Nobbs, M. (2003) Effects of vegetation differ among three species of fiddler crabs (Uca spp.).
Journal of Experimental Marine Biology and Ecology, v. 284, p. 41-50, 2003.
Reinsel, K.A. Impact of fiddler crab foraging and tidal inundation on an intertidal sandflat:
season-dependent effects in one tidal cycle. Journal of Experimental Marine Biology and
Ecology, v. 313, p. 1-17, 2004.
Thongtham, N.; Kristensen, E. Physical and chemical characteristics of mangrove crab
(Neoepisesarma versicolor) burrows in the Bangrong mangrove forest, Phuket, Thailand;
with emphasis on behavioural response to changing environmental conditions. Vie Milieu, v.
53, n. 4, p. 141-151, 2003.
Thurman, C. L.; Faria, S. C.; McNamara, J. C. The distribution of fiddler crabs (Uca) along
the coast of Brazil: implications for biogeography of the western Atlantic Ocean. Marine
Biodiversity Records, v. 6 (e1), p. 1-21, 2013.
Wolfrath, B. Field experiments on feeding of European fiddler crab Uca tangeri. Marine
Ecology Progress Series, v.90, p. 39-43, 1992.

341

II International Symposium of Ecology

“Ecology in the Anthropocene”
16-19 August 2016 - São Carlos - SP

Study of the Fauna of Doryctinae (Hymenoptera: Braconidae) in Areas of
Semideciduous Seasonal Forest, at Southeast Region in Brazil.
Clóvis S. Castro, Angélica Maria Penteado-Dias
Universidade Federal de São Carlos, Departamento de Ecologia e Biologia Evolutiva, Rod. Washington Luís,
km 235

SUMMARY
The Hymenoptera parasitoids have great importance in maintaining of the environmental
balance in the population control of many insect hosts. For the present study, was made a
faunistic survey of material collected by the Project INCT- Hympar Sudeste. Samples were
collected in 32 localities with five sampling points, excluding São Luís do Paraitinga, SP with
seven points, all with different sampling efforts. The insects were captured with Malaise and
Moericke traps and “sweeping” the vegetation. The total number of individuals captured was
8,210, distributed in 32 valid genera of Doryctinae (Hymenoptera, Braconidae). Although a
quite fragmented biome, and to be quite fragmented, the Atlantic Forest concentrated at
Southeastern region in Brazil presented very abundant and rich fauna of Doryctinae, being
found in this work two of them endemic to this biome: Percnobracon Kieffer and Rimacollus
Marsh. Nunes (2007) studied the Doryctinae fauna at Atlantic Forest and found 12,249
individuals in 41 genera, being 17 found in the present study. Castro (2010) studied the
Doryctinae fauna in 11 localities from Brazilian savannah and founded 2,031 individuals in 36
genera, being 23 found in this study. This study proved that the Atlantic Forest are very
abundant and rich in genera, although remaining less than 7% of the original biome.
INTRODUCTION
Doryctinae is one of the most diverse subfamilies of Braconidae and it is mostly tropical
and subtropical in distribution, especially in the New World tropics (ZALDÍVAR-RIVERÓN
et al. 2008), with 1609 described species and 186 recognized worldwide genera, according Yu
et al. (2012), but the exact number of described genera in the moment is 188, considering
Bolivar (ZALDÍVAR-RIVERÓN & RODRÍGUEZ-JIMÉNEZ 2013), being 54 genera
occuring in Brazil (YU ET AL. 2012). Most species are idiobiont ectoparasitoid of xylophagous
Coleoptera, although several species attack larvae of Lepidoptera and Hymenoptera Symphyta
and in unusual cases they are termitophilic (BELOKOBYLSKIJ et al. 2004) or associated with
figs and galls (MARSH 2002, BELOKOBYLSKIJ et al. 2004, ZALDÍVAR-RIVERÓN et al.
2008).
This study is part of a large project named INCT Hympar Sudeste (Instituto Nacional
de Ciência e Tecnologia dos Hymenoptera parasitoide da região Sudeste brasileira), that aims
know the Brazilian biological biodiversity and promote sustainability. For this, study the
geographic distributions of the studied groups, detect endemic areas and classify the fragments
according with weakness regarding biodiversity loss, and contribute to establishment of
priority areas to conservation. So, in this study, Doryctinae is one of the most diverse groups
within Braconidae, and is an important group of parasitoids insects to balance the population
of pests insects, being very useful in biological control, mainly in agroecosystems.
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METHODS
Samples were collected in 32 localities each one of them with five sampling points,
excluding São Luís do Paraitinga, SP with seven points, all with different sampling efforts. The
insects were captured with Malaise, Moericke traps and “sweeping” of vegetation.
RESULTS AND DISCUSSION
The total number of individuals captured was 8,210 specimens, distributed in 32 valid
genera. The Reserva Biológica da Serra do Japi, Jundiaí, SP had the largest number of
specimens of Doryctinae, with 1,411 individuals and occurrence frequency of 17.18%, and also
with the largest genus richness, with 15 in total. Seven municipalities had a exclusive genus to
the location. Heterospilus Haliday was the dominant genus with 83.11% of the total collected
specimens (6,824). The collection method with which most individuals was captured was
“sweeping” of vegetation with 47.24% of the total Doryctinae collected by this technique
(1,239).
We accepted these authors (CIRELLI AND PENTEADO-DIAS (2003) and NUNES
(2007)) that worked in Atlantic Forest Areas (not necessarily just with Semidecidual Seasonal
Forest), to compare with our results, being Cirelli and Penteado-Dias (2003) analized richness
of Braconidae in an environment protection area in Descalvado, at São Paulo State, Brazil. In
that study 2,262 specimens were studied, 125 were Doryctinae, distributed in 11 genera of
which eight were found in this study. Nunes (2007) studied 12.249 Doryctinae in 18 areas of
Atlantic forest, distributed in 41 genera, being 17 found in this study. Castro (2010) studied
2,031 Doryctinae specimens, distributed in 36 genera, being 23 found in this study.
Although this biome is quite fragmented (NUNES, 2007), the Atlantic Forest
concentrated at Southeastern region in Brazil presented very abundant and rich fauna of
Doryctinae. In this work were found two genera endemic to the Atlantic Forest: Percnobracon
Kieffer and Rimacollus Marsh.
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Table 1. Total abundance of the genera of Doryctinae in the 32 localities from Semideciduous Seasonal Forest.
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SUMMARY
Taxonomic diversity indices (TDI) sometimes don’t reveal the real characteristics of
communities, so they can be complemented by functional diversity indices (FDI). Because they
use biological information of species, FDI can show more clearly the community functioning.
We assessed species richness, five TDI and five FDI for two sets of streams reaches in Amazon,
that represented deforested and forested conditions in the rio Machado basin, Rondônia, Brasil.
These two stream groups did not differ in terms of TDI and richness, but for one FDI, a
significant difference was found. Many studies consider only the TDI as a surrogate to assess
environmental quality and such results normally support important decisions regarding
environmental licensing. So, it is important to consider the combined responses of these two
different approaches to evaluate the multiple aspects of diversity, notably the functional ones,
since functional information shows us the role of species in the communities and ecosystem
processes.
INTRODUCTION
Taxonomic diversity indices (TDI) and richness estimators are often used to show the
structure of biological communities. These metrics include not only the number of species in
the community, but also consider how the individuals are distributed within species
(HUBBELL 2001). Thus, these indices allow us to identify the evenness (MAGURRAN 2011),
an important property of a community. On the other hand, TDI does not consider phylogenetic
nor ecological differences among species that compose these communities and consider that
all of them play the same role in the ecosystem.
Functional diversity indices (FDI) were created to improve the evaluation of the
communities’ attributes, through functional traits to access community composition
information (TILMAN 2001). These traits are acquired through the biological information
about species, especially those ones that indicate species’ performance, such as morphology
(WATSON & BALON 1984), diet (BURRESS et al. 2016), physiology (THOMAS et al.
2016), reproduction (THOMAS et al. 2016) and other important traits that respond to
environmental variation or to ecosystem function (DÍAZ & CABIDO 2001). These kind of
information allow us to comprehend more clearly which species or traits are suffering in
response to environmental disturbance and changes of the original condition, such as pollution,
deforestation, habitat homogenization and degradation (MOUILLOT et al. 2012).
Deforestation around water bodies causes aquatic biodiversity loss and fish, the main
vertebrate group on these environments, suffer with this impact (AGOSTINHO et al. 2005).
Therefore, it is crucial to understand how deforestation process affects the fish fauna structure,
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composition and function in the same way. So, the aim of this study was to compare taxonomic
and functional diversity in two different scenarios, deforested and forested streams, following
the prediction that more heterogeneous reaches (forested ones) support species functions and
unique traits that homogeneous situations (deforested ones) are not able to do (BISWAS &
MALLIK 2011; COLZANI et al. 2013; MOUILLOT et al. 2012).
MATERIAL AND METHODS
This study was conducted in the rio Machado basin, which drains the most populated
area of Rondônia, Northern Brazil, with a total catchment area of 75,400 km 2. This region has
been altered since the 70’s, with settlements along the highway BR-364. The sampled
watersheds are covered by forests (mature and secondary, ranging from 0 to 100% of coverage)
or grasses which are used as pasture for cattle ranching (FERNANDES & GUIMARÃES,
2002). The fieldwork was performed in 2012, from June to July.
From a set of 52 streams, we selected two groups for this study: one with the 14 most
preserved (highest proportion of native forest in the watershed) streams and the other with the
14 most degraded ones (lowest proportion of native forest in the watershed). We named the
most preserved as forested and the most degraded as deforested streams. We obtained a set of
75 species in forested group and 59 species in deforested group. Then, we assessed species
richness, five TDI using an abundance matrix in the PAST software (HAMMER et al. 2001),
and five FDI using an ecomorphological trait matrix in the software R (R Development Core
Team 2011), packages “picante” (KEMBEL et al. 2010) and “vegan” (OKSANEN et al. 2015)
for each set of streams using the fish community of each set. TDI were represented by
dominance (Simpson), Simpson diversity, Shannon diversity, evenness and equability, as
described by Magurran (2011). FDI were represented by functional diversity (FD, PETCHEY
& GASTON 2002), Net Relatedness Index (NRI, WEBB 2000), Nearest Taxon Index (NTI,
WEBB 2000), Rao’s Quadratic Entropy (FDQ, BOTTA-DUKÁT 2005) and functional
redundancy (FR, de BELLO et al. 2007). Then, we compared indices among stream groups
with the ANOVA analysis in the software Statistica 7.0 (STATSOFT 2007).
RESULTS
TDIs did not show differences between the sets of forested and deforested streams
(Table 1). Among FDIs, only NTI index were statistically different between forested and
deforested streams.
DISCUSSION
Our results indicate that the two sets of fish communities do not differ in terms of
species relative abundance, equability and evenness, characteristics considered in TDI
(MAGURRAN 2011). On the other hand, we found differences between these two sets of
communities regarding the NTI. This index is more sensitive to variations towards the tips of
the functional dendrogram, i.e., more functionally related species (WEBB 2000; HIDASINETO et al. 2012), which indicates that the two groups of streams were equally represented by
species from different branches of the functional dendrogram (and then NRI did not vary).
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However, the number of species within each branch varied with the deforestation and, thus,
they were detected by NTI.
Table 1. Taxonomic (TDI) and functional diversity indices (FDI), showing the mean and p
value for each. Bold values indicate significant statistical difference.
Indices
Mean Forested
Mean Deforested
p
Richness
19.79
19.00
0.748
Dominance
0.24
0.31
0.169
TDI
Simpson
0.76
0.69
0.169
Shannon
2.01
1.75
0.160
Evenness
0.43
0.36
0.278
Equability
0.69
0.61
0.162
Functional diversity
1.24
1.36
0.434
FDI
Net Relatedness Index
0.07
0.20
0.857
Nearest Taxon Index
-0.56
0.77
0.0003
Rao’s Quadratic Entropy 0.03
0.03
0.411
Functional Redundancy
0.89
0.89
0.834
Positive values of NTI indicate functional redundancy and negative values indicate
functional complementarity (KEMBEL 2009). Based on this index, we can say that the
assemblages from forested streams are complementary, which means that the species have
different functional traits, so they are overdispersed on functional space and play different roles
on ecosystem functioning (PETCHEY & GASTON 2002). By contrast, assemblages from
deforested streams are redundant. In this last case the species play similar roles on ecosystem
function, standing clustered on the functional space (PETCHEY & GASTON 2002). Such
results are in agreement with Bordignon et al. (2015), who have explored a more numerous set
of stream and associated them to local variables as well.
The greater complementarity in forested watersheds can be attributed to the occurrence
of species with functionally unique traits, as a characteristic of complementary assemblages
(PETCHEY & GASTON 2002). In our case, an emblematic species is Carnegiella, which
occurs preferably at places with roots and branches near the margins from surrounding
vegetation. Carnegiella strigata is strongly associated with vegetation because terrestrial
insects are the main item composing its diet (SILVA 1993). If we assume that functionally
unique species perform functions not carried out by other species (MOUILLOT et al. 2011,
2013), these results suggest that vegetation removal, one of the major threats to biodiversity in
the region, could potentially impair ecosystem structure and functioning in streams (TURNER
1996; LAURANCE et al. 1998).
To conclude, our results show that only taxonomic diversity indices sometimes are not
able to respond to different environmental conditions. It happens because they do not consider
biological differences between species and how these characteristics are associated to the
environment. Many studies consider only the TDI as a surrogate to assess environmental
quality and such results normally support important decisions regarding environmental
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licensing. However, it is important to consider also ecosystem function for this kind of policy
(BATEMAN et al. 2013).
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SUMMARY
Variations of diversity among local assemblages, defined as beta diversity (β-div), have been
widely used to investigate the processes responsible for the formation and maintenance of
biodiversity. The β-div presents two components: replacement of species between
communities (turnover) and 'nesting', with some communities being subsets of richer ones
(nestedness). Brazil is the country with the highest freshwater fish richness, with 3,332 species.
The central goal of this study was to assess and compare the proportional contribution of
turnover and nestedness components to the taxonomic β-diversities of freshwater ray-fined
fishes (Actinopterygii) from Brazil. We adopted three spatial scales of observation, Otto basins
levels 1 and 2, and Brazilian states, in order to assess whether deterministic or stochastic
processes were responsible for the observed patterns. Results showed high levels of taxonomic
turnover, which contributed with 80% to 87% to the total β-div for the three scales adopted.
Evidences indicate that deterministic processes, e.g. competition, predation, niche
differentiation due high heterogeneity among freshwater habitats, were responsible for the
patterns found.
INTRODUCTION
Conservation strategy is better achieved when considering how biodiversity is
structured in time and space, understanding not only the patterns of local diversities (alpha
diversity, α-div) but also the degree of changes among communities (beta diversity, β-div) and
within a regional scale (gamma diversity, γ-div) (MAGURRAN 2016; SOCOLAR et al. 2016).
Investigating the processes responsible for structuring the biological communities requires a
multifaceted framework and has a major impact for the management and conservation of
natural resources (MOUCHET et al. 2010).
Distinct ecological processes could drive different patterns in β-div, allowing for the
observation of geographical patterns in community assembly on multiple scales (SOININEN
et al. 2007). Dissimilarities in the composition of species assemblages between sites are
configured in different ways such as the replacement of some species by others (a phenomenon
known as species turnover) or as a result of species loss where some communities are subsets
of richer ones (nestedness) (BASELGA et al. 2007; HARRISON et al. 1992). The combination
of these two phenomena can also be found (BASELGA 2010). Decomposing β-div into
turnover and nestedness is of utmost importance in the process of understanding biodiversity
and can be applied at the taxonomic component of biodiversity (KOLEFF et al. 2003). This is
because distinct ecological and evolutionary processes can be inferred from the observed
pattern of the turnover–nestedness balance. For instance, strong turnover may suggest biota
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isolation or species replacement, whereas nestedness may indicate dispersal interchange among
biotas with differing α-div (BASELGA 2010).
The Actinopterygii, or ray-finned fishes, present enormous taxonomic, functional, and
phylogenetic diversity, inhabiting a large variety of habitats (Helfman et al. 2009). About
16,000 fish species, i.e. 48% of the total, are associated with freshwater environments, which
represent 0.01% of the world’s total water volume (DUDGEON et al. 2006; PELAYOVILLAMIL et al. 2014). The conservation of its biodiversity is challenging, as freshwater
systems are amongst the most threatened environments of the world (STRAYER &
DUDGEON 2010; XENOPOULOS et al. 2005). Brazil presents the highest freshwater fish
richness known, with 3,316 species, followed by China (1,637 species), Indonesia (1,224), and
Democratic Republic of Congo (1,147) (FROESE & PAULY 2016). The main goal of this
study is to assess and compare the proportional contribution of turnover and nestedness
components to the taxonomic β-diversities of freshwater Actinopterygii from Brazil. We also
assess if deterministic or stochastic processes are responsible for shaping the patterns observed.
METHODS
Distribution data for Actinopterygii was primarily obtained from checklists, scientific
journals, reports, and books. For occurrence by Brazilian state, data were directly uploaded to
the FishBase central database hosted in Philippines using remote data entry - RDE (FROESE
& PAULY 2016). We complemented the compiled data using information from museums,
collections and universities presented in a online database (SpLink 2016). We also corrected
potential errors in species names, excluding cases of non-confirmed species (genus followed
by aff., sp., cf.) and species with wrong coordinates. Three spatial scales were used in our
analysis: the first and second classification levels of Otto Pfafstetter basins (hereafter called
Otto1 and Otto2) and Brazilian states (Fig. 1). The Pfafstetter drainage basin classification has
been broadly used to classify freshwater environments for research and management purposes,
e.g. “Agência Nacional das Águas - ANA” in Brazil (National Agency of Waters) and by the
International Union for Conservation of Nature – IUCN (ANA 2015; IUCN 2015). All
occurrence data were spatialized at the second level (Otto2) using coordinates of streams, rivers
and basins presented on the original sources used or estimated coordinates using the names of
these habitats. All data recorded at the second level were then transferred to the first basin level
(Otto1).
Dissimilarity indices between basins were estimated using incidence matrices built for
each spatial scale (i.e. Otto1, Otto2 and states). These indices vary from 0 (two communities
with the same pool of species) to 1 (two communities with totally dissimilar pool of species).
Firstly, we partitioned the total dissimilarity across all watersheds using the Sørensen index to
separate the total contribution of the turnover and nestedness components of β-div, following
the method proposed by Baselga and Orme (2012). Triangular scatter plots were created to
stablish the relationship among the total proportion of species shared among all basins (a’ –
common species) and the percentage of species exclusive to each basins (b’ – neighbour and
c’ – focal quadrant). The total γ-div is represented as a’ + b’ + c’ (KOLEFF et al. 2003).
Dissimilarity matrices between each two basins were prepared for each level of Otto basins
used (1 and 2) and also between each two states in order to compare the variation in β-div
among the three scales used. We created a null model to assess how the observed composition

352

II International Symposium of Ecology

“Ecology in the Anthropocene”
16-19 August 2016 - São Carlos - SP

of the ichthyofauna differs from a composition randomized 999 times. Analyses were made
using the R environment (R CORE TEAM 2016), with the packages betapart (BASELGA &
ORME 2012) and vegan (OKSANEN et al. 2015).

A

B

C

Figure 1. Spatial scales analyzed in this study; (A) first Pfafstetter basin level - Otto1 (12 major
basins), (B) second Pfafstetter basin level - Otto2 (56 basins) and (C) Brazilian states (27).
RESULTS AND DISCUSSION
The primary database compiled from 70 different references contained about 11.500
occurrence data for 2542 actinopterygians. The species link database used from 14 different
institutions contained about 130.000 georeferenced occurrence data for 2458 species.
Altogether the total number of species used in our analyses was 3035. The 12 basins from Otto1
level presented a mean α-div of 473, Amazon basin had the highest richness with 1549 fish
species. The turnover contributed with 83% of its total β-div. Observed β-div estimated using
the Sørensen index for this level of Otto basins (0.90) was higher compared with the mean of
999 randomizations (0.87). Otto2 level basins, with 56 units, presented a mean α-div of 210.
Madeira Basin had the highest α-div with 839 species and the turnover contributed with 87%
of its total β-div. The observed pattern of β-div for this level (0.96) was also higher compared
with the mean samples (0.85). Brazilian states showed a mean α-div of 349, for this level the
contribution of turnover was 80%.
Patterns of turnover indicated that the dissimilarity among the species composition in
the three scales considered was higher than by chance (observed turnover > randomized
means). In this case, there are evidences of deterministic processes, i.e. competition, predation,
niche differentiation due high heterogeneity among freshwater habitats (Albert and Reis 2011),
shaping the freshwater fish biodiversity. Those results showed that the high level of β-div found
for all scales was due to high levels of turnover. The scatter plots showed a high percentage of
species exclusive to each basin for the three levels analyzed (Fig. 2). Comparing those findings
with the β-div patterns of freshwater fish fauna in Europe (higher latitudes), it is possible to
notice that in the Neotropical Region (here represented by Brazil), the contribution of turnover
played a larger role shaping the total β-div, 80-87% against 77% for Europe (VILLÉGER et al.
2013). As expected, the nestedness component presented the opposite pattern in terms of
contribution, due to the larger influence of glaciations in higher latitudes resulting in higher
levels of nestedness, compared with what was found for the Neotropical Region
(DOBROVOLSKI et al. 2012).
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Figure 2. Three scales of scatter plots showing the patterns of dispersion for the freshwater
Actinopterygii from Brazil, where: a' is the percentage of shared species, b’ is the percentage
of species from neighboring quadrants, c’ is the percentage of species exclusive of the focal
quadrant. The γ-div is represented by a’+b’+c’. A – Otto1, B – Otto2 and C – Brazilian states.
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SUMMARY
This work aimed to evaluate the population conditions of P. brasiliensis at different depths,
with a view to subsidizing sustainable measures for the conservation of species, since the
historical analysis of trawling has pointed to the vulnerability of marine fauna. According to
the ecological importance of the species, which also investigated the age groups most impacts
with trawling. The results to date for the P. brasiliensis species is that young and immature
individuals are most affected by trawling and, with the intensification of this modality, the
recruitment and maintenance of the species, as well as the trophic chain that inserted, they can
be compromised.
INTRODUCTION
The historical analysis of bycatch in the Brazilian Atlantic coast has denounced the
vulnerability of marine fauna exposed artisanal fishing trawler Seabob shrimp (Xiphopenaeus
kroyeri) (FAO 2014). The bycatch is an old problem in the history of many fisheries (ZHOU
2008) and discards threaten the sustainability and marine biodiversity, because they remove
important juvenile and non-target species, compromising dynamic ecosystem (PUSCEDDU
2014). Analysis of bycatch of this fishing mode, the species Paralonchurus brasiliensis
(STEINDACHNER 1875), is among the most frequent, abundant and low commercial value,
leading to high rates of descartes. This species inhabits coastal regions, occurring in the
Atlantic Ocean from Panama to Argentina and Brazil, since the Amazon River delta to Rio
Grande do Sul, in similar habitats to local small-scale fishing of shrimp seven-beards
(BRANCO et al. 2005).
P. brasiliensis is a keystone species of large trophic spectrum and participates in
different food chains. This species has parceled spawning and long breeding period with first
gonadal maturation estimated at 14.8 cm (males) and 15.0 cm (females) in total length
(BRANCO et al. 2005).
Due to the ecological importance of P. brasiliensis, the shrimp fishing areas, this
study aims to assess the impact of trawling on this population in different depths, in order to
support information for future conservation measures species.
METHODS
Samples were collected in the municipality of Penha (26°46'10"S and 48°38' 45''W),
North Central coast of Santa Catarina and has mesothermal humid climate, annual average air
temperature of 20°C and rainfall 1690 mm (IBGE, 2015) .
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The field work followed the methodology of BRANCO et al. (2005) under license of
SISBIO N° 324642. Between the months of June/2013 and July/2014 were performed three
diurnal monthly hauls, lasting 30 min., in the depths of 10 m, 20 m and 30 m.
The product of each trawl was separated on board, packaged in plastic bags, tagged,
kept in coolers with ice and transported to the lab. Each individual of P. brasiliensis was
registered weight (g), with electronic scales, with 0.01 g and the total length (cm), with a
ictiometer, with 0.1 cm accuracy. A representative sample was deposited in the collection of
the biology laboratory reference centre of science and technology, land and sea, CTTMarUNIVALI, Santa Catarina, Brazil.
The measures of total length (Lt) and total fresh weight (Wt) were used for the
preparation of the curve of weight/length relationship through the equation Wt = Lt b (LE CREN
1951), adjusted by the method of least squares. With the estimated values of the coefficients
"a" and "b" weights were calculated theoretically expected (We) of their respective, total length
(Lt). The relative condition factor was calculated by dividing the weight observed by the
expected weight of each individual. In a good condition this value is equal to 1. To assess the
impact of catches, the data were grouped and classes of length were categorized into three
groups: less than 15.0 cm, between 15.0 cm to 18.0 cm and higher than 18.0 cm (BRANCO et
al. 2005). The average relative condition factor (Kn) and overall average catches in isóbatas
groups were compared by Kruskal-Wallis test followed by the post-hoc test of Dunn, at a
significance level of 95% (p > 0.05) (ZAR 2010). The analyses were performed with the help
of software PAST (Paleontological Statistics Software Package for Education and Data
Analysis) (HAMMER et al. 2001).
RESULTS
During the collections were captured 2955 individuals, 882 (29.85%) obtained in the
10 m deep, 869 (29.41%) in the 20 m and 1024 (40.74%) in the 30 m. The total length ranged
from 2.7 cm to 23.3 cm, with a mean of 12.3 ± 3.52 cm.
The equation for the length-weight relationship is Wt = 0.0034Lt3.31 , supported by a
high value of the coefficient of determination (R² = 0.9761) and the slope (b = 3.31), indicating
growth of positive allometric. The average values of the relative condition factor for isobaths
10, 20 and 30 meters were 1.06 ± 0.20 , 1.02 ± 0.19 and 1.00 ± 0.15, respectively, demonstrating
a good physiological condition in the three areas. The total set of data (Figure 1), the most
abundant and significant length in catches was of individuals less than 15.0 cm (75.23%),
followed by those between 15.0 cm to 18.0 cm (19.12%) and greater than 18 cm (5.65%) (Kw
= 42.54, p < 0.001). This pattern remained for the depths of 10 m (Kw = 13.34, p = 0.001), 20
meters (Kw = 20.69, p < 0.001) and 30 meters (Kw = 9.54, p = 0.008).
DISCUSSION
The presence of P. brasiliensis in the X. kroyeri fishing areas may be associated with
higher productivity of these sites, supported by the discharge of nutrients from continental
waters (ARAÚJO et al. 2008), which in turn contributes to the abundance of invertebrates
benthic as polychaetes and crustaceans common in the diet of this species (BRANCO et al.
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2005) . The good physiological condition of the specimens in the regions closer to the beach
suggest greater foraging activity, directed to the development of young and immature.

Figure 1. Total captured individuals of age groups, between the months of July 2013 and June
2014, in the depths of 10 m (a), 20 m (b) and 30 m (c).
The abundance of juvenile and immature fish in the shallow regions, highlights the
importance of these areas in the development of P. brasiliensis, since they are also used for the
same purpose by other coastal species (ROBERT 2007).
As observed in the population of P. brasiliensis in the Armação Itapocoroy, the
artisanal trawl fishery is acting with greater intensity on individuals still in development and
better reproductive potential, which will be important for the recruitment of the species. In this
sense, it is evident the collection of information on the effects of trawling on other species for
the adoption of conservation strategies, enabling the maintenance of inventories and mitigation
of the impact of this fishing mode.
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INTRODUCTION
Pine (Pinus spp.), a major invasive taxon in the southern hemisphere, is increasingly
dominating remaining fragments of a Cerrado biome diversity hotspot in Brazil. Because
Cerrado’s diversity is linked to its habitat heterogeneity we argue that the impact of this
invasive pine will be mediated by differences in local habitat structure.
MATERIAL AND METHODS
To test this hypothesis we contrast control and plots invaded by Pinus elliottii Engelm.
in two habitats within a Brazilian Cerrado hotspot. Fieldwork was carried out between
November, 2014 to April, 2015 on the Cerrado vegetation of Itirapina Ecological Station, a
legally protected area located in São Paulo state, Brazil, in two contrasting habitats: shrubdominated “campo sujo” and grass-dominated “campo úmido” habitat. Three hundred 5x5 m
randomly placed plots were sampled, 186 in “campo úmido” and 114 in “campo sujo”. All
individuals in these plots were identified to species.
RESULTS
We sampled 68,718 individuals belonging to 423 plant species and 70 families. Our
investigation uncovers differences in α-diversity (measured as extrapolated richness) between
invaded and control sites in the dominant vegetation layer of each habitat. Our results show
that consequences of invasion for biodiversity depend both, on habitat structure and plant lifeform dominance.
CONCLUSIONS
This investigation uncovers a fundamental role of habitat structure in mediating
invasions and demonstrates that conservation management needs to take account of local
variation in the structure of vegetation as well as its biodiversity.
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SUMMARY
The objective of this study was to analyze the biodiversity conservation programs in Niassa
National Reserve and the perception of local leaders about these programs. A survey of
community leaders surrounding the NNR was then conducted. Schools are an important link
between traditional knowledge and scientific knowledge to promote the conservation of the
NNR and then were included in the survey. In the communities under study was observed a
dispute of space between traditional populations and animals (usually monkeys and elephants):
animals leave their habitats in search of food and water and move toward the machambas of
traditional populations. Additionally, hunters, illegal loggers, and other unregulated explorers
operate in the region. If the purpose of the implementation of the programs was to alleviate
poverty and improve biodiversity conservation, the results have shown that both have failed to
some extent and need a deep reflection to improve.
INTRODUCTION
Biodiversity plays an important role in the lives of rural populations in southern Africa.
For rural communities, fauna and flora represent much more than natural beauty, they have
useful value. The products from biodiversity provide food, medicine, wood, fiber, among
others, and play an important role in alleviating poverty in rural communities. In Mozambique,
about 70% of the population lives in rural areas and mostly depend directly on a variety of
products that come from nature for their daily subsistence, as well as their economic, spiritual
and cultural needs.
Mozambique experienced a period of colonization and foreign domination, and during
this period, the conservation of biodiversity was practically no part of the local sustainable
development programs. As a result, it has witnessed a deterioration of living conditions in rural
communities and a depletion of natural resources. After independence in June 1975, the country
began to value its natural resources, including flora and fauna, and made them the basis for
development. The creation of new protected areas and the consolidation of already existing
areas, such as the Niassa National Reserve (NNR), marked the post-independence period.
Laws, public policies and strategies were then established and several national programs were
implemented for the conservation of biodiversity in protected areas.
The objective of this study was to analyze the biodiversity conservation programs in
NNR and the perception of local leaders about these programs. An unprecedented survey of
community leaders surrounding the NNR was then conducted which gave an understanding on
the perception of community leaders in relation to biodiversity conservation programs. In this
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context, the authors propose to reflect on the most relevant facts for the conservation of
biodiversity in NNR throughout the post-independence period. This analysis has three parts:
the actions of public authorities, the participation of local communities and the role of local
education authorities in this process.
MATERIAL AND METHODS
With an area of 42,000km2, the NNR is the largest conservation area in Mozambique,
with the highest concentration of wildlife and the third largest conservation area in Africa
(MAQUIA et al. 2013). About 72% of the total reserve area is covered by Miombo zambezian
dry forest. Elephants, buffalos, antelopes, lions, leopards, ox-horses, zebras, hyenas, and wild
dogs (the latter being endangered), comprise the fauna of NNR (FUNDAÇÃO MALONDA
2013).
The research was conducted with the objective to understand the activities of public
bodies in relation to the laws, acts, policies, strategies, government programs and other
documents that directly impact the management of biodiversity in the NNR. Additionally,
organs of civil society actions working in the NNR and education actions for environmental
conservation in local communities were used as bases for analysis.
For the remaining data, semi-structured interviews with categories of standard answers
were applied. At the end of the study, 39 people had answered the questionnaire: 29 traditional
authorities being tribal leaders, chiefs, district secretaries and other members; and 10 actors in
the education process, being school principals and teachers. The interviews were separated for
two target groups: the traditional authorities and education stakeholders.
RESULTS AND DISCUSSION
In the first five years following national independence, legislation on the use of natural
resources was still transferred from colonial legislation, although it has undergone significant
changes. The 7/78 act of 18 April and the ordinance number 177 of 16 May are innovative as
they regulated the hunting methods to be practiced in Mozambique and present a map of species
to be hunted, thus beginning protection of wildlife species which are threatened with extinction
in Mozambique. It should be noticed that the Mozambican environmental legislation and their
policies resulted from a direct influence of international conventions and agreements to which
the country is a signatory or member organizations. Some of these agreements are: African
Convention on the Conservation of Nature and Natural Resources, International Union for
Conservation of Nature (IUCN), the Convention on International Trade in Endangered Species
of Wild Fauna and Flora (CITES) the Convention on Biological Diversity (CBD), the Protocol
on Wildlife Conservation and Law Enforcement in SADC. The consolidation of international
treaties occurred through various regional laws such as the Land Law, Environmental Law and
Forestry and Wildlife Law.
Regarding the data obtained in the survey with the community, the majority of
respondents (86.21%) said that biodiversity conservation in the NNR is good. Those who claim
that biodiversity conservation status in RNN is a little degraded justified their responses, citing
the increasing difficulty to catch fish in the rivers of the region and the disappearance of some
species with cultural value, such as Manis temmintcki (pangolin).
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The community opinion is almost consensual in affirming that there has been a
significant increase in animal species; in particular the elephant is contradictory to the results
of aerial surveys conducted in recent years in the NNR (NTUMI et al. 2009; BOOTH &
DUNHAM 2016; WCS 2015). If taken into consideration that the elephant populations have
fallen by about 50% only in the last five years, it is observed that there was no increase in the
elephant population, but in fact a significant reduction. This increase in elephant population
occurred from 1997 to 2009, but after there was a decline. However, this contradiction between
the elephants and traditional populations can be explained by the fact that there was
fragmentation in some isolated areas in the reserve. Dear (2009) explains that when a habitat
becomes inadequate to accommodate certain species, these species can move along the closest
existing corridor in order to achieve another suitable habitat. What was observed in the
communities under study is a dispute of space between traditional populations and animals
(usually monkeys and elephants). Animals leave their habitats in search of food and water and
move toward the Lugenda river, where there are the machambas of traditional populations.
This creates an impression that there are a high number of elephants in the region. In addition,
it should also be mentioned that elephants cause damage to crops in those clashing areas. This
dispute escalates with the infamous conflict of man versus wild fauna, when traditional
populations try to defend their crops. It is a fact that the share of conservation areas with
agricultural activity is quite contested. However, in the case of conservation areas that are
inhabited by traditional populations, it is expected that some space will be used for the practice
of agricultural activities that meet the needs of these populations.
In the case of a conservation area inhabited by traditional populations, schools can be
an important link between traditional knowledge and scientific knowledge to promote the
conservation of the NNR itself. Regarding interviews with educators, some interviewed
teachers said their schools have had interaction with companies and/or NGOs working in the
conservation of biodiversity. They receive technical support from these institutions, such as
training courses and lectures on sustainable management of biodiversity, in addition to
financial support which consists of awards for students in some contests held at the school.
Additionally, students in some schools participate in practical classes and excursions, and this
may be the materialization of learning in the environmental area. However, it was observed
that the relationship between school and the community can still be greatly improved and then
contribute more to the maintenance of biodiversity.
Due to a historical-political context, the government still keeps local communities apart,
which is an unfavorable situation for biodiversity management. This distance between the
government and local communities contributes to hunters, illegal loggers, and other
unregulated explorers receive the protection of the local communities as partners to achieve
their intentions. If the purpose of the implementation of the programs was to alleviate poverty
and improve biodiversity conservation, the results have shown that both have failed to some
extent and need a deep reflection to improve.
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SUMMARY
The National Park Serra de Itabaiana (PNSI) has a diversity of vegetation types, among them,
the Areias Brancas, a non-forest formation, consisting of diversified undergrowth, as well as
shrubs and trees. The aim was to study the species that make up the vegetal community of the
Areias Brancas of PNSI, SE, Brazil. For this, samples were taken every two weeks (from
September 2015 to May 2016) of fertile botanical material, the main access tracks, as well as
in four fixed plots of 5 x 50 m installed in the study area. We sampled 111 species, 80 genera
and 50 botanical families. The richest family was Fabaceae (nine species), and the most
expressive genre was Aechmea (four species). As for the habit, it was found that 16 species
(14.4%) were trees, 17 (15.3%) shrubs, 15 (13.5%) subshrubs, 50 (45.1%) herbs and 13
(11.7%) climbers. Of the 111 species registered, 86 were identified to specific level, and of
these, 29% occur in the Atlantic Forest, 23% in the Caatinga, 23% in the Cerrado, 18% in the
Amazonia, 4% in the Pantanal and 3% in the Pampas. The area of the Areias Brancas of PNSI
presents atypical vegetation, with its own structure and dynamics, whose associations among
species that compose are not well understood.
Key words: ecotone, Areias Brancas, atypical vegetation
INTRODUCTION
The Sergipe state has a small primitive vegetal cover, having some patches of coastal
forest, restinga forests and caatingas (ANDRADE & SANTOS 1985). From the mouth of the
Sergipe river to northwest, the vegetation is composed of narrow strip of open areas of coastal
restingas and forest fragments, which characterizes the morphoclimatic domain of Atlantic
forest, followed by a vegetation of agreste, with a mitigated caatinga that accompanies a
complex of low hills (where the National Park Serra de Itabaiana (PNSI) is located), to Bahia,
where the terrain flattens, with a predominance of semiarid vegetation (AB’SABER 1967).
The contact of the Atlantic forest with the semiarid region establishes in the National
Park area a transition zone (ecotone) in which coexist species of fauna and flora of both
ecosystems, distributed between closed and open vegetal formations (CARVALHO & VILAR
2005).
Forest vegetal formations (closed areas) of PNSI are composed of secondary forests
located on the slopes and following the creeks that cut the National Park. Non-forest formations
(open areas), which also occur on the slopes and in the higher parts, were classified in four
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different natural habitats: Areias Brancas, Shrubby Vegetation, Humid Areas and Areas with
Poaceae and Cyperaceae (VICENTE et al. 1997).
In non-forest formations of PNSI develop into white sand soils diversified undergrowth,
shrubs and small trees (VICENTE et al. 1997). Some plant groups found in these areas
physiognomically resemble the cerrados, rocky fields and restingas, however, between the
specific physiognomy of the vegetation of the National Park and these ecosystems differences
are greater than the similarities (CARVALHO & VILAR 2005).
The present work aimed to study the species that make up the vegetal community of the
Areias Brancas of National Park Serra de Itabaiana, Sergipe state, Brazil, in order to get
information to help understanding the dynamics of this community.
MATERIAL AND METHODS
The study was developed in the region of the Areias Brancas, open vegetal formation
area of the National Park Serra de Itabaiana. The PNSI is inserted in the cities of Areia Branca,
Itabaiana, Laranjeiras, Itaporanga d'Ajuda and Campo do Brito, Sergipe state, Brazil, and
covers an area of 7966 ha. It is located between the approximate latitude and longitude of
10°40’ S and 37°25’ W, with about 670 meters above sea level and 45 km distant from the
coast.
The regional climate is, according to the classification of Köeppen (KOPPEN &
GEIGER 1928), As'- tropical climate with dry summer and moderate water surplus in winter
with Thorntwaite index (Im) between - 1.3 and 8.8 (VICENTE 1999). The soils are formed by
dystrophic quartzic sand, excessively drained, moderate to highly acidic and low natural
fertility (EMBRAPA 1975).
The collections of fertile botanical material were made, every two weeks (from
September 2015 to May 2016), in the main access tracks and in four fixed plots of 5 x 50 m,
installed in the sampling areas of Areias Brancas of the PNSI. The botanical material collected
was deposited in the Herbarium of the Federal University of Sergipe (ASE), where it was
identified by means of specialized bibliography, comparison with material from the collection
of the Herbarium ASE and consultations with specialists.
The classification system adopted for the Angiosperms was Angiosperm Phylogeny
Group III - APG III (CHASE & REVEAL 2009). For the Pteridophytes, the classification
system adopted was according to TRYON & TRYON (1982). The spelling, authorship of the
species and updating of scientific names were verified after consulting the literature and the
site of the Missouri Botanical Garden’s VAST (VAScular Tropicos) nomenclatural database W3 Tropicos (2006) and of the Flora do Brasil 2020.
RESULTS AND DISCUSSION
We registered 111 species belonging to 80 genera and 50 botanical families. The richest
families were Fabaceae (nine species: three Caesalpinioideae and six Faboideae),
Bromeliaceae, Orchidaceae and Rubiaceae (seven species each), Passifloraceae and Poaceae
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(five species each), Asteraceae and Apocynaceae (four species each), and Dilleniaceae,
Loranthaceae and Myrtaceae (three epecies each).
The most significant genres were Aechmea (Bromeliaceae), with four species – A.
aquilega, A. lingulata, A. mertensii and Aechmea sp. – and Borreria (Rubiaceae),
Chamaecrista (Fabaceae) and Passiflora (Passifloraceae), with three species each – B.
capitata, B. verticillata, Borreria sp., C. cytisoides, C. desvauxii, C. flexuosa, P. misera, P.
silvestres and Passiflora sp.
As for the habit, it was found that 16 species (14.4%) were trees, 17 (15.3%) shrubs, 15
(13.5%) subshrubs, 50 (45.1%) herbs and 13 (11.7%) climbers. The arboreal stratum is thin
and scattered, with trees between 5 and 15 meters high. The shrubs, in most cases, occur
aggregate forming clumps. The subshrubs and herbs occur scattered among the shrubs or the
bare soil.
The geographical position of the National Park assures special characteristics that favor
the existence of several vegetation types depending on the soil and the terrain in which they
find themselves (VICENTE et al. 2005). Of the 111 species registered, 86 were identified to
specific level, and of these, 52% have confirmed occurrence for phytogeographic domains
Atlantic Forest and Caatinga, according to the data obtained from the site Flora do Brasil 2020
(Figure 1).
4% 3%
18%

29%

Atlantic Forest
Caatinga
Cerrado

Amazonia
Pantanal

23%

Pampa

23%

Figure 1. Distribution of species found in the Areias Brancas of National Park Serra de
Itabaiana among phytogeographic domains of Brazil, according to data obtained from Flora do
Brasil 2020.
Although it is a transition zone between the Atlantic Forest and Caatinga, the study area
also presented species of other biomes (Figure 1), including species of restricted occurrence,
according to data from Flora do Brasil 2020, such as Aechmea lingulata and Chamaecrista
cytisoides, restricted to areas of Amazonia and Cerrado, respectively.
It was also verified the occurrence of species of Restinga in the area of Areias Brancas,
such as Allagoptera arenaria, Kielmeyera rugosa, Tetracera boomii, Comanthera imbricata,
Leptolobium bijugum, Neomarica candida, Guapira pernambucensis and Chiococca
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plowmanii. However, the area where the PNSI is located is far from the coast and at high
altitudes what contradicts the concept of Restinga.
FINAL CONSIDERATIONS
The area of the Areias Brancas of National Park Serra de Itabaiana was considered an
Ecological Refuge (IBGE 1992), with atypical vegetation for the region in which it is, because
of soil characteristics, as well as with its own structure and dynamics, whose associations
among species that compose are not well understood.
The production and dissemination of knowledge about the vegetation of the Sergipe
state are intended to provide scientific subsidies required for establishing policies to reduce the
probability of species extinction and ensure the maintenance of environmental services and in
the long-term ecological processes.
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SUMMARY
Urban green areas play important role in maintaining biodiversity that transitis the cities as
well as being fundamental to the well being of the human population that frequents such spaces.
This study evaluated some ecosystem services and the perception of the human population in
a green area in the central region of São Paulo, southestern Brazil. This urban fragment of forest
is very important for carbon storage and also for the maintenance of decomposing biodiversity,
including both arthropod and fungi. Special attention is given for a fungus species described
for the first time in Brazil. The human population that frequents this area believes that the green
area has an important role for the well being and also in other environmental functions such as
climate regulation. Thus, this park shows the various roles assigned to an urban forest and
provides scientific basis for the creation of protected areas in the city of Sao Paulo from some
urban empty spaces, which have fewer functions by being abandoned areas with little use by
human population.
INTRODUCTION
Urban green areas have several beneficial functions to humans, such as recreation,
leisure and relaxation areas, as well as being fundamental in climate regulation, carbon storage
and biodiversity maintenance in the cities (ZHANG et al. 2014). Several studies have shown
the problems of urban forests, such as biotic homogenisation (KÜHN & KLOTZ 2006), their
underrepresentation in the gray matrix of the cities and the low connectivity to other forest
fragments (reference year). However, little attention has been given to the functions of these
individual fragments, even though disconnected or unrepresentative in relation to the size of
the cities.
Although the Atlantic forest is a biodiversity hot spot (MYERS et al. 2000) and also is
home to a great diversity of endemic species in a wide variety of habitats, this biome hosts
approximately 72% of the brazilian population, with the largest human settlements in the
southeast region of the country, exactly in the metropolitan region of São Paulo, with nearly
21 million of human beings (IBGE 2016). According to Brazilian Law No. 11,428 / 06
(Atlantic Forest Law) the biome protection is responsibility of municipalities and they should
create specific conservation mechanisms to each reality. The Municipal Plan of the Atlantic
Forest (PMMA in portuguese) is a planning tool that collects and standardizes information
necessary for the protection, conservation and sustainable recovery of the biome. In São Paulo,
through the department of green areas of the city (DEPAVE), stakeholders evaluate with the
population the fate of some urban empty spaces, which have, in most cases, high potential to
become protected areas. Thus, it becomes important to know the benefits of some isolated
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urban green areas, not only for the human population, but also for biodiversity as a whole and
the various environmental functions that are associated to such spaces. Thus, the aim of this
study was to evaluate the perception of the regulars and some ecosystem services provided by
an urban forest in the central region of São Paulo, especially in relation to support services
(carbon storage in aboveground biomass and decomposing biodiversity) and cultural services
(recreation and education).
MATERIAL E METHODS
The urban forest is located in the central region of São Paulo and has about 13.7 ha of
total area, where 7.9 ha is covered by vegetation. For the assessment of carbon stock in the
aboveground biomass we measured 3519 trees and palm trees at breast height (DBH). In the
presence of calluses or tabular roots measurements were taken 50 cm above the abnormality.
The allometric model used for trees was proposed by EMBRAPA and adopted by Arevaldo et
al. (2002). For palm trees we used the allometric model proposed by Hughes et al. (1999). For
the evaluation of fungal decomposers 3 random points of the forest floor were chosen and in
each point 12 litter samples were collected. For the fungi isolation we used the technique of
successive washing mixed litter, and thereafter their debris were incubated in humid chambers
for a period of thirty days. Afterwards, reproductive structures of fungi were collected and
fixed in blades with PVL resin. All fungal material was analysed using a stereomicroscope. To
evaluate the arthropod diversity four collection of litterfall stock with 12 samples each was
carried out from April to August 2015. We collected all organic matter into the leaked template
(30 x 30 cm) wich was randomly thrown on the forest floor. The material was screened in the
laboratory by separating the arthropods by visual observation and was subsequantly deposited
in bottles with 70% alcohol for later identification. Arthropods were classified until order level.
Cultural ecosystem services were evaluated from the physical structure offered by the
management of the urban green area. The frequenters perception (n=50) about the importance
of this green area was conducted through interviews using a structured questionnaire.
RESULTS
The biomass of trees and palm trees in the total urban green area was estimated at about
193 Mg C ha-1, but considering only the forested area the biomass was estimated at 332 Mg C
ha-1. The trees with a DBH greater than 50 cm were the ones that most contributed to the carbon
stock, but the highest density of trees occurred in the smaller diameter classes (≤10 cm).
Regarding the diversity of decomposing fungi, we identified 21 taxa, with particular emphasis
to Idriella campnospermae, once this species has been firstly registered in Brazil. About
arthropds, Collembola was the order with greater abundance (n=148), followed by
Hymenoptera (n=100) and Araneae (n=19). These identified animals have several functional
aspects, which range from top predator in the web chain to saprophages and phytophagous.
About cultural ecosystem services, the green area offers exercise paths, a large central area for
animal exhibition and entertainment, as well as various courses for elderly such as stiching
courses. The interviewed frequenters of the green area highlighted the importance of the park
for contacting the nature, thermal comfort and, in general, for the well being of the regulars.
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CONCLUSION
These results provide scientific basis that highlight the importance of this urban green area for
various ecosystem services and for the well being of the human population that attends such
spaces. Thus, we emphasize the importance of the stakeholders in considering these
informations when evaluate the use of urban empty spaces in terms of the Municipal Plan of
the Atlantic Forest (PMMA).
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SUMMARY
Alien plants can suppress and eliminate native plant species. The invasion could be enhanced
by the establishment of mutualistic interactions with native dispersers. The study of ecological
interactions using complex networks brings tools to deal with the complexity of interactions
existing in nature. This study aimed to describe the phenological pattern of fruiting and the
traits of mutualistic network between native and alien plant species and birds. We observed
190 feeding bouts, in which 16 species of birds consumed fruits of 13 species of plants. Overall
plant guild presented a segregated pattern in fruiting phenology, but alien plant species have
shown a pattern of aggregate and successive phenology in the colder months of the year.
Absence of some interactions may be due to structural limitations of both the plant and the
dispersers and asynchrony in the time of fruiting and the presence of fruit-eating, resulting in
a low connectance observed (21.63%). The nested pattern observed (19.73%) followed the
pattern of the most studies of seed dispersal networks. Management and restoration strategies
should consider mutualistic interactions to predict the risk of invasion of alien species. Invasive
species pose a challenge for the conservation of native ecosystems in a world that tends toward
biotic homogenization.
INTRODUCTION
Seed dispersal is one of the most critical phases throughout the plant life (BRONSTEIN
2001; WANG & SMITH 2002). Interactions between birds and plants are structured by several
ecological factors, such as vegetation composition, plant reproductive phenology and
morphological traits of fruits, as well as the biological features of birds (JORDANO 2000).
Currently, we add to these factors the occurrence of invasive alien species in natural plant
communities. These alien plants cannot exert negative effects in the beginning of
establishment; however, after later overcoming the environmental restrictions, they can cause
changes in natural ecological processes and become dominant in this community (BRAND
2005). However, alien plants are usually used in urban afforestation in Brazilian cities (SOUZA
et al. 2011), endangering native forest ecosystems (PAUCHARD & ALABACK 2004;
ZILLER & DECHOUM 2013).
The Pampa is a neglected biome in Brazil that is suffering a historical and continual
loss of natural areas (OVERBECK et al. 2007). Studies of seed dispersal in Brazil have
concentrated on the Atlantic Forest, Cerrado and Pantanal regions (PIZO & GALETTI 2010)
with little attention paid to the temperate (MARKL et al. 2012) or sub-tropical regions, such as
southern Brazil. Therefore, the goal of this study was to add to the knowledge base of this
subject for the Brazilian Pampa biome with the following objectives: i) to describe the
phenological pattern of fruiting of plant species (native and alien) in forest patches and ii) to
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describe the structure of the mutualistic network interactions between plants (native and alien)
and frugivore birds and evaluate the role of different plant species in the network structure.
METHODS
The study was performed in two remaining forest patches of semi deciduous seasonal
forest in Pampa biome (30°20'35.75"S, 54°19'18.73"W and 30°21'1.05"S, 54º18'37.73"W).
Data were collected from February 2014 to January 2015. Transects (GALETTI & PIZO 1996)
and focal observations were made (JORDANO & SCHUPP 2000), covered in early morning
and late afternoon (PIZO & GALETTI 2010). All frugivory events (feeding bouts) were
recorded. These interactions observed were arranged in a quantitative matrix that took into
account the frequency of observed frugivory events and were represented by a bipartite graph.
The matrix was used to calculate different metrics of the interaction network using the bipartite
package of the R 3.1.1 software. Furthermore, for fruiting phenology data, the intensity of
fruiting activity was recorded in each period that the plant species offered ripe fruits. To verify
potential differences between random and non-random patterns in fruiting phenology among
plant species, we used the co-occurrence temporal rate (C-score) using Ecosim (Version 7.71).
RESULTS AND DISCUSSION
Frugivore birds and plant composition
Sixteen bird species were observed consuming fruits in the study area. The most
representative family was Thraupidae (37.5%), followed by Turdidae (25%). These families
often appear among the groups with the most interactions with plants in frugivory and seed
dispersal studies (SCHERER et al. 2007; ALVES 2008; ATHIÊ & DÍAS 2012; IKUTA &
MARTINS 2013). Seed dispersal efficacy by individuals of Thraupidae varies according to the
plant consumed. However, Turdidae is an effective disperser for most ornithochoric plant
species (MONTALDO 2005). Turdus amaurochalinus (Cabanis, 1850) and Turdus rufiventris
(Vieillot, 1818) together accounted for 63.7% of all network interactions (121 interactions) and
was also the species that interacted with the greatest diversity of plants during the study (8
spp.). In another study in the Brazilian Pampa, the same species performed the most
interactions and were considered the most effective dispersers (see SCHERER et al. 2007). All
the birds were classified as omnivores, which does not prevent them from being good
dispersers. Opportunistic animals could ensure high rates of frequency and consumption and
enable greater chances of seeds being deposited away from the parent plant (FRANCISCO &
GALETTI 2002).
Thirteen plant species of different families were observed as food resources for birds
during the study. Five plant species in the study (38.46%) were alien (Ligustrum lucidum W.T.
Aiton, Melia azedarach L., Asparagus setaceus (Kunth) Jessop, Eriobotrya japonica (Thunb.)
Lindl. and Morus nigra L.) and are considered invasive in the region. Eight species were native
to Brazil (61.53%) The species of plants that received the highest number of visits were Schinus
terebinthifolius Raddi and Eugenia uniflora L., both natives, accumulating together 45.2% of
network interactions (86 interactions). On the other hand, plant species receiving the fewest
visits were the alien plant A. setaceus and the native plants Guettarda uruguensis Cham. &
Schltdl, Vassobia breviflora (Kunth) Jessop and Tripodanthus acutifolius Thieg.
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Fruiting phenology
Non-random fruiting phenology found in this study (p = 0.02) could be an indication
that ecological factors play a fundamental role in the segregated pattern of fruiting throughout
the year sampled. Despite having fruit availability in all months of the study, there was a
relative scarcity of native foods in the cooler months of the year, a time when alien species
have shown a high fruiting occurrence. This was not reflected in the rate of bird visits, the
native plant species group had a greater rate of visits (66.8%) than alien plant species (33.2%)
in overall interactions observed. The occurrence of the greatest fruiting activity of alien plant
species when most native plant species were not fruiting is a typical strategy of invasive plants
(GOSPER et al. 2005), which could facilitate their dispersal.
Plant-frugivore network
We found a total of 29 species interacting (16 birds and 13 plants). This network size
is similar to studies in the lower latitudes of Brazil: Scherer et al. (2007), 29 spp.; Azambuja
(2009), 33 spp. and in Chile: Reid & Armesto (2011), 26 spp, and could be the result of the
lower proportion of bird-dispersed plant species at high latitudes (MOLES et al. 2007). The
lower rate of realized interactions could also be associated with the conservation status of the
studied area (MARKL et al. 2012).
The connectance observed (Cobs = 21.63%) is relatively low, indicating that many
interactions no longer occur. Other studies performed in the Brazilian Pampa had similarly low
rates of connectance (Scherer et al., 2007, Cobs = 25.3%; Azambuja, 2009, Cobs = 22.6%).
According to Jordano (1987), the absence of some interactions may be due to structural
limitations of both the plant (e.g., size of fruit) and disperser (e.g., beak size) and asynchrony
at the time of fruiting in the presence of frugivorous (Jordano 1987). This has been described
by Jordano et al. (2009) as "interaction-prohibited". Fruiting phenology observed in this study
corroborates this fact because the segregated pattern in the studied plant guild could promote
prohibitive interactions over time. The nestedness value observed in this system (N obs =
19.73%) indicated a highly nested pattern. Therefore, the most generalist species of both
trophic levels of the network interact with one another and generate a subset, with which the
specialist species and both trophic levels are linked (BASCOMPTE et al. 2003). Comparing
the value observed with other nestedness values for seed dispersal networks found by
Bascompte et al. (2003), the present study followed the pattern of nested networks found in
most studies of seed dispersal networks (BASCOMPTE et al. 2003; BASCOMPTE &
JORDANO 2007).
CONCLUDING REMARKS
In our studied system, T. amaurochalinus and T. rufiventris were the birds with the
largest number of associated plant species and which also had the highest frequency of fruit
consumption. Due to the number of visits received and the continuous fruiting, which provides
abundant food resources for a long period, the native S. terebinthifolius is the most important
plant in the study area, followed by E. uniflora.
Alien species are already established in this structure and probably the generalist
behavior of the bird recorded in this study contributes for this. In periods of scarcity of native
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foods, the alien plant becomes attractive although is not necessary consumed by birds. The
alien species in this study are widely distributed near the municipality and are used for urban
forestry. Management and restoration strategies should consider mutualistic interactions to
predict the risk of invasion of alien species. Invasive species pose a challenge for the
conservation of native ecosystems in a world that tends toward biotic homogenization.
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