Chapter 5
Water Resources in the Rupestrian
Grasslands of the Espinhaco Mountains

Marcos Callisto, José Francisco Goncalves and Raphael Ligeiro

Abstract The rupestrian grasslands in Minas Gerais State comprise headwaters of
important watersheds that drainages for millions citizens in over 400 cities in Sao
Francisco and Doce river basins. The human activities in the rupestrian grasslands
include domestic supply, agriculture, forestry, cattle raising, industry, and mineral
extraction. This chapter addresses the ecological conditions of streams in terms of
water quality (physical and chemical characteristics, nutrient availability), habitat
quality and structure (diversity of benthic macroinvertebrates, structure of the
riparian vegetation, riparian food webs, invertebrate drift), and ecosystem func-
tioning (allochthonous and autochthonous production, dynamics of coarse and fine
particulate organic matter, leaf litter breakdown of native and alien species).
A synthesis of 20 years of ongoing research on the headwaters in the rupestrian
grasslands is included, together with perspectives for future conservation and
management of water resources.
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5.1 The Headwater Streams of the Espinhaco Mountains

Freshwaters harbor a rich diversity of species and habitats. Although they cover
only 0.8 % of the Earth’s surface, 10 % of all animal species live in freshwaters (at
least 126,000 plant and animal species), including 35 % of all vertebrate species.
These species combine to provide a wide range of critical services for humans, such
as flood protection, food, water filtration and carbon sequestration (Collen et al.
2013). Despite the high number of species described in freshwaters and their
importance for biodiversity, anthropogenic disturbances have been increasing
dramatically since the last Century. As a result, the decline in freshwater biodi-
versity is outpacing that of other ecosystems (Dudgeon et al. 2006). Freshwaters are
hotspots of biodiversity that are being threatened by fragmentation and habitat
destruction, introduction of invasive species, pollution, human population growth,
as well as overharvesting (Stendera et al. 2012; Macedo et al. 2014).

The Espinhaco Mountain Range shows headwaters for a large number of
watercourses which house a high number of aquatic and semi-aquatic plant and
animal species. The water quality in the headwaters in this region is excellent and
achieves the highest level of the Brazilian Environmental Legislation (“special
class” according to CONAMA 357/2005). These headwaters form three important
river basins in the Cerrado biome: Sdo Francisco, Doce and Jequitinhonha. The
freshwater biodiversity in the Espinhaco Mountain Range includes 27 endemic fish
species, 162 fish species that inhabit small creeks and low-order streams, and 12
fish species threatened of extinction (Alves et al. 2008); 105 anuran species, of
which 28 are endemics species (Leite et al. 2008).

Human activities in the Espinhaco Mountain Range, including agriculture,
mining, and dam construction, have increased the environmental impacts on the
freshwaters, which change physical habitats, chemical water quality and negatively
influence native plant and animal species. The anthropogenic disturbances by
industrial, urban, agro-cattle and mining are responsible not only for local changes
that threaten aquatic biodiversity but also influence basin water quality due to the
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bioaccumulation and biomagnification of heavy metals, Polycyclic Aromatic
Hydrocarbons (PAHs), insecticides, herbicides, fungicides and other chemical
compounds along the food webs. Experiments in Parque Nacional da Serra do Cip6
streams have been conducted to assess the habitat-species composition associations
and to test global hypotheses in international collaboration networks. In this
chapter, we describe the features of the land and the scientific experience of the last
20 years of studies conducted in Espinhago Mountain Range region.

5.2 River Basin Beta Diversity and Trends
in the Distribution of Aquatic Invertebrates
in the Headwater Streams of the Parque
Nacional da Serra do Cipé

5.2.1 Beta Diversity in River Basins

Headwaters comprise the majority (c. 70 %) of the total length of any river basin
(Benda et al. 2005). Due to the longitudinal linkage, the water quality upstream
affects the water quality downstream. Headwater streams are also important for the
maintenance of the biodiversity of the whole river basin. Many invertebrates and
vertebrates reproduce in headwaters, from which they can potentially colonize
downstream reaches (Clarke et al. 2008).

Whittaker (1960) coined the term “alpha diversity” (o) to account to the variety
of species found locally and the term “beta diversity” (B) to account to the com-
position dissimilarity between local sites. Because headwaters generally have nar-
row and shallow channels, each stream reach usually harbor less species than
medium size river reaches do. Authors argue that medium-size river reaches are
likely to present the highest taxonomic diversity of the river network, small streams
and large rivers presenting lower diversity (Allan and Castillo 2007). Thus, head-
water streams usually present lower alpha diversity when compared to wider and
deeper medium size downstream reaches. On the other hand, because headwater
reaches are usually highly isolated from each other, they typically present higher
beta diversity, especially when landscape features like hilly terrain and dense
vegetation hamper aerial dispersion (Finn and Poff 2005). Consequently, the total
species diversity found in all headwater reaches accounts for the majority of the
total species diversity found in the whole basin. Whittaker named this regional
diversity as “gamma diversity” (y).

For a long time, stream ecologists have focused on the factors driving the
diversity of species at the site scale (i.e., a diversity). More recently, a large number
of studies started to investigate the dissimilarity of species composition among sites
(i.e., B diversity) (Legendre et al. 2005; Tuomisto and Ruokolainen 2006; Melo
et al. 2011). Both aspects of diversity must be considered because it is the inter-
action between alpha and beta diversities that defines the total diversity (gamma)
found in any region.
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Fig. 5.1 Hierarchical approaches in stream ecology, after Frissel et al. (1986)

5.2.2 Assessing Key Spatial Scales

Stream ecosystems can be investigated at many spatial scales, from centimeters to
kilometers. Frissel et al. (1986) recognized several discrete spatial levels, ranging
from microhabitats to river basins (Fig. 5.1). The biological assemblages at any site
are structured by environmental factors acting at all those spatial levels (Allan
2004). For aquatic invertebrates, at the microhabitat level assemblages are con-
strained by the type of bottom substrate, microflow regimes near the streambed and,
possibly, by interactions among species. At the stream reach level, riparian zone
characteristics can play a stronger role; while at the basin level, assemblages are
affected by the vegetation type and human land uses. Identifying the spatial level
that presents the highest beta diversity of biological assemblages is critical to
determine which spatial scale should be mostly considered in conservation and
ecosystem management actions. For instance, if we find that most of the assemblage
dissimilarity is found between stream reaches, it is not worthwhile to apply all the
available resources for conserving a single or few stream reaches. In this scenario,
even if one stream reach is superbly well protected, much of the regional biodi-
versity can be lost because other stream reaches were not considered.

A long term study was performed in the Parque Nacional da Serra do Cip6 to
identify the “key” spatial scales responsible for the highest  diversity of aquatic
invertebrates (Ligeiro et al. 2010a). We used a hierarchical nested sampling design
across multiple spatial levels at the Mascates River basin. The Mascates basin
belongs to the Sdo Francisco River Basin, one of the most important basins for the
Brazilian economy. We selected three headwater streams in this basin, representing
the “stream segment” spatial level of Frissel et al. (1986): the Pedras stream, the
Farofa stream, and the Taioba stream (Fig. 5.2a—c). They are all narrow (~ 4 meters
wide) and shallow (~0.5 meters deep) streams, with sandy/rocky substrate, pre-
senting riffle/pool sequences and ecological preservation but without dense riparian
vegetation. In all aspects, they well represent the typology of the headwater streams
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Fig. 5.2 Representation of typical stream reaches of three headwater streams in Parque Nacional
da Serra do Cip6 (Brazil). a Pedras stream. b Farofa stream. ¢ Taioba stream

found in the Serra do Cipd region. In each stream segment, we sampled in two
stream reaches, longitudinal stretches of the streams of approximately 50 meters
each. In each reach, we sampled in three riffles, representing the “habitat” spatial
level of Frissel et al. (1986). Finally, in each riffle we took three samples of the
stream benthos, the “microhabitat” spatial level of Frissel et al. (1986). We per-
formed this sampling design for each of the three types of substrates, representing
the heterogeneity at the microhabitat level: stones, gravel, and leaf litter. In total,
162 samples were taken from the three types of substrates in the Mascates River
basin (Fig. 5.3). The detailed procedures can be found in Ligeiro et al. (2010a).

For assessing the spatial levels of the greater aquatic invertebrate beta diversity
(“key spatial scales”), we used an additive partitioning diversity approach (Veech
et al. 2002). First, the average species richness is calculated for the sampling units
of each spatial level. Then, the  diversity of each spatial level (L) is defined by
subtracting the average species richness of that level from the average species
richness of the next higher spatial level (L + 1). For instance, the  diversity at the
stream reach level is equal to the average species richness of the stream segment
level minus the average species richness of the stream reach level, and so on for all
the spatial levels considered. Consequently, the y diversity coincides with the sum
of the a diversity (the average species richness found in the smallest spatial level)
with the beta diversity calculated for each spatial level considered (y=a +p 1 +
2+B3+B4).

For the three substrate types selected we determined that most of the variation in
aquatic invertebrates composition was found at the stream segment spatial level,
indicating that the biological dissimilarity between the three headwater streams
studied (B 4) was much greater than the dissimilarities found between stream
reaches (B 3), habitats (B 2), and microhabitats (f 1) (Fig. 5.4). This high similarity
found within each headwater stream can be partially explained by the unidirectional
water flow from upstream to downstream, which promotes the passive and active
dispersion of invertebrate adults and juveniles through water drift, homogenizing
the many sites along the same stream (Allan and Castillo 2007).

In parallel to the partitioning of the aquatic invertebrate diversity across multiple
spatial levels, we found great dissimilarities between the samples of the three
substrate types considered, mainly between the organic substrate (leaf litter) and the
inorganic substrates (stones and gravel) (Ligeiro et al. 2010a). The substrate types
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Fig. 5.3 Sampling design for assessing the beta diversity of macroinvertebrate assemblages across
multiple spatial scales in a small river basin in Parque Nacional da Serra do Cip6 (Brazil). Adapted
from Ligeiro et al. (2010a)
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Fig. 5.4 Distribution of macroinvertebrate di\gersity in Parque Nacional da Serra do Cip6 (Brazil)
across multiple spatial scales according to the additive diversity partitioning approach (more details in
the text), for each of the main substrate types found in the streambeds. a Leaf litter. b Stones. ¢ Gravel
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are very important for aquatic invertebrates, defining the availability of shelter from
predators and natural disturbances (e.g., flashfloods), and also the availability and
quality of food resources (e.g., particulate organic matter, prey).

5.2.3 Implications of f Diversity for Ecosystem
Management and Conservation

The fact that we identified the stream segment (represented in our study by the three
headwater streams sampled) as the key spatial level for the biodiversity of aquatic
invertebrates has important implications for management and conservation thinking
of Serra do Cip6 streams and Cerrado streams in general. First, this result indicates
that sampling many headwater streams is essential to properly represent the bio-
diversity of headwater basins. As resources (money, time, qualified personal) are
often limited for any scientific research or conservation program (Hughes and Peck
2008), it is ineffective to concentrate many samples in one single stream segment,
rather the sampling effort should be spread through the highest possible number of
headwater streams. The substrate type was an important factor differentiating
invertebrate assemblages; therefore, it is also important to consider microhabitat
heterogeneity when conducing biodiversity surveys.

Because most of the diversity of the aquatic invertebrates of Parque Nacional da
Serra do Cipd was generated by the dissimilarities between the headwater streams,
conservation and management actions should invest in protecting the highest
number possible of headwater streams in the region. Each stream impaired by
human activities can mean the loss of aquatic species in the whole region. Because
each stream is relatively internally homogeneous, occasional alterations conducted
in some parts of the streams are likely not to greatly impair the biodiversity at a
larger spatial scale. This scenario suggests that the best management approach is not
to isolate a few streams from human contact, but to wisely promote sustainable
human use (recreational, human and familiar agriculture supply) of the existing
streams, in this way allowing each one to harbor and conserve its unique diversity.

5.3 Leaf Breakdown and Organic Matter Dynamics

In low order streams, tree canopy cover commonly limits light availability to
streambed. Thus, the reduced stream’s primary production and allochthonous
organic matter inputs are the main energysource for the aquatic ecosystems. The
Espinhaco Range is rich in headwater streams, particularly between the altitudes of
500 and 2000 meters a.s.l. In this region different habitats of the rupestrian
grasslands co-occur, including rock outcrops, open grasslands and forests
(Gongalves et al. 2006a, b, c; Chaps. 1, 6 and 7). Headwaters at higher altitudes (1st
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and 2nd order streams) are bordered by woody grasslands, while at the lower
sections rivers flow through forest habitats.

The energetic base is maintained by the production of algae and bacteria
(Callisto et al. 2004). Bacteria use the dissolved organic carbon, which can be
observed by the tea color of the water (Janzen 1974). The waters are generally
nutrient-poor due to the low nutrient content in the soil (Chap. 3), which also limits
the aquatic productivity. We hypothesize that this could lead to the dependency of
the productivity on the biofilm (e.g., algae and periphyton) that colonizes rocks,
gravel, and trunks in the streambed. Along the longitudinal gradient, larger streams
also have low productivity due to lack of light (due to water turbidity), despite
possessing higher concentration of nutrients in the water. In those segments of the
watercourse, energy depends on the organic matter derived from the plants on its
banks (Coarse Particulate Organic Matter, CPOM, and Fine Particulate Organic
Matter, FPOM), while their productivity depends on the dynamics of the alloch-
thonous organic matter. On the other hand, studies on the primary production in
these ecosystems are still rare. Furthermore, little is known about the abundance
and dynamics of dissolved organic matter (DOM) and fine particulate organic
matter (FPOM).

In general, the abundance of gathering-collectors is negatively related with the
FPOM; where the FPOM concentration is low, gathering-collectors drift away
(Castro et al. 2013a). When the FPOM is available in high concentration, the
filtering collectors are abundant. This suggests that invertebrates’ drift is related to
food availability while high drift movement by the gathering-collectors is related to
their searching for deposited FPOM as food. During the rainy seasons and flash-
floods, bottom instability may lead to FPOM drift, the main food resource in
tropical headwater streams (Castro et al. 2013b). For instance, the drift of inver-
tebrate assemblages along a longitudinal gradient in a headwater stream were
mostly composed by aquatic insects. Among the 91 taxa, Chironomidae (Diptera:
33 genera), Trichoptera (18 genera), and Ephemeroptera (13 genera) showed the
highest taxonomic richness values (Callisto and Goulart 2005).

We conducted three studies on the dynamics of organic matter in the Espinhaco
Range (Gongalves et al. 2006a; Franca et al. 2009; Gongalves and Callisto 2013)
(Fig. 5.5). The diversity of plant species in the riparian zone ranged from 15 (stream
reaches surrounded by rocky outcrops) to 192 in areach 1300 m a.s.1. (along with 128
species contributed for inputs of CPOM). In the three sites, 13 species were common
to at least two sites, and the genus Ocotea was common in all sites. The CPOM
productivity from the riparian vegetation (measured by vertical and terrestrial inputs)
ranged from 1.8-4.6 t ha™' year '. This productivity was seasonal being higher
during the transition between periods of drought and rain, with maximum values
occurring in October. Most of the CPOM falling in the soil from the riparian zone
goes to the stream (between 82 and 100 % of the total CPOM that reaches the ground).
This occurs because headwater streams in the Espinhaco Range have a steep slope
and narrow channel morphology. Thus, the decomposition of CPOM (especially
leaves, representing more than 60 % of the total CPOM) is fundamental to understand
the functioning of the stream ecosystems in the Espinhaco Range. We found 9 studies
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Fig. 5.5 Localization of sites studied in the Espinhago range showing the distance among streams

on this topic in the rupestrian grasslands of the Espinhaco Range (Fig. 5.5), where
nine native species were studied (Myrcia guyanensis, Miconia chartacea, Protium
brasiliense, Protium heptaphyllum, Coccoloba cereifera, Ocotea sp., Baccharis
platypoda, Baccharis concinna, Baccharis dracunculifolia), two exotic species
(Eucalyptus grandis and Alnus glutinosa) and two studies of “mixed leaves”
(Gongalves et al. 2006b; Moretti et al. 2007a, b). Most studies were conducted
between April and September during the years 2001-2009.

The leaves of the native plant species had low nitrogen (1.15 %) and phosphorus
(0.0914 %), and high levels of lignin (31 %) and polyphenols (15 %). The leaf
breakdown rate of the native species was —0.0039 day ', mixed leaves
—-0.0111 day™', Eucalyptus grandis —0.005 day ' and Alnus glutinosa
—0.014 day'. The resulting k values indicate that the native leaves have slow
decomposition, while the mixed and exotic species are characterized by intermediate
decomposition (Ligeiro et al. 2010b; Gongalves et al. 2014). There are two factors
that could influence these results: the low quality of the leaf litter of the rupestrian
grassland plants and the low concentration of the nutrients in the headwater streams
in the Espinhaco Range, as demonstrated by Medeiros et al. (2015).

Rupestrian grassland leaves decomposing in streams had low fungal biomass,
measured as ergosterol concentration. Here, ergosterol values ranged from 62 to
278 ug g~ '. On the other hand, for the small leaves of Baccharis dracunculifolia
and B. concinna (Alvim et al. 2015), the ergosterol values were high (908 ug g ' in
both) compared to the concentrations in the leaves of an exotic species widely used
in decomposition experiments (A. glutinosa). This last species was also studied in
the headwater streams at Espinhago Range region, and presented ergosterol max
value of 573 pg g~ (Gongalves et al. 2006c¢).
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The Total Microbial Biomass estimations (fungi, bacteria and other microor-
ganisms through the concentration of ATP) also indicate low participation of the
microbial decomposers (concentration in rupestrian grassland leaves between 42
and 194 nmoles ATP g~', 42784023 nmoles ATP g~ ' B. dracunculifolia and B.
concinna, respectively, and 531 nmoles ATP g~' in A. glutinosa). These results
indicate that, besides fungi, other microorganisms, such as bacteria, proportionally
may play a major role in litter decomposition. We believe that the lack of nutrients
in leaf litter and in the waters negatively affect fungal activity. Before that, bacteria
could be more effective in the decomposition of leaf detritus than fungi, especially
in the first phase of the decomposition process (sensu Degradative Ecological
Succession, Begon et al. 2007; Gongalves et al. 2006b, ¢, 2007).

Detritivorous invertebrates are largely represented by the larvae of
Chironomidae (Diptera) (over 60 % of all assemblages associated with organic
detritus, Callisto et al. 2007). Among the trophic guilds, we found the
gathering-collectors (using fine particles of particulate organic matter—FPOM)
were dominant, representing an average of 62 % of the individuals (mainly chi-
ronomids), while the shredders (which feed directly from particles greater than
1 mm—CPOM) represented 0-20 % of invertebrates. These results indicate that the
influence of invertebrates in leaf fragmentation is low, which is likely due to the low
nutritional value of the leaves associated with the reduced fungal biomass.
However, the aquatic invertebrates preferentially use FPOM with a high biomass of
bacteria and easy digestibility (Callisto and Graca 2013).

Due to the low quality of the leaves from the riparian zone (e.g., low nitrogen
and phosphorus, high cellulose and ligninins), the decomposition is slow, leading to
the accumulation of CPOM on the streambeds. We postulate that this CPOM is
basically processed by physical fragmentation because the biological effect is
reduced. Thus, the energy could be dependent on the FPOM (originated by aquatic
or terrestrial origin by physical and biological factors) when the processing of the
CPOM is inefficient. On the other hand, the FPOM can have a proportionally
greater role as energy and nutrient sources to the trophic web, despite its biomass
being lower when compared to the fraction of the CPOM (Callisto and Graca 2013).
These ecosystems have complex food webs, which are still poorly known. Another
factor to be considered in ecological studies could be the low redundancy in the
components of the trophic web and a dependency on allochthonous organic matter
(CPOM and FPOM) indicating a high ecological fragility of these ecosystems. This
is due to the dependence of the dynamic and complex processes that are connected
by many environmental variables (vegetation composition, climate, roughness,
slope the banks and the stream channel, flow, etc.), which may lead to the decreased
resilience of these ecosystems to anthropic activities or global climate change.

Due to the ecological fragility of the aquatic ecosystems of the Espinhaco Range,
the need for a biodiversity conservation policy is urgently needed. This could be
implemented through policies from the Federal Government that are extended for
Minas Gerais and Bahia states and their watersheds, which involve many more
states. Another important aspect is a network of systematic studies to raise the level
of basic information, allowing the development of an ecological model for
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sustainable growth of the entire mountain range complex. From this, the ecological
and economic zoning of the region should be established, considering the use and
occupation of the soil and water resources.

5.4 The Conservation of Benthic Invertebrates and Their
Use as Bioindicators in a Global Perspective

In addition to its importance as a potential area for water supply and aquatic
resources, Espinhago Range headwater streams have been used for agriculture and
mine companies, and also represent important aquatic resources for other uses, such
as recreation and wildlife maintenance. The stream ecology studies in this region
have been developed during the last 20 years. The first years (1995-2000) were
dedicated to surveys of the distribution and structure of the aquatic communities,
assessments of the existing habitats/micro-habitats, the availability of trophic
resources, and of the distribution patterns of the aquatic communities (Galdean et al.
1999). These studies adopted the utilization of higher taxonomic levels and/or
functional groups of organisms, together with the basic ecological features of the
environments (Barbosa and Galdean 1997). The basic information provided the
basis for defining conservation priorities and sustainable uses for the area in the
Parque Nacional da Serra do Cip6. Some regions located within the Parque Nacional
da Serra do Cip06 are in “nearly” pristine conditions, while some other regions have
been affected by human activities to varying degrees (Galdean et al. 2000). The most
important impacts are related to past deforestation, the disposal of untreated organic
sewage from the riverine human populations, cattle ranching, and agriculture. In
recent years, some parts of the Espinhaco Range have been severely degraded by
iron mining, which caused heavy siltation of the headwaters and deforestation of the
riparian zone, resulting in the local extinctions of native aquatic species.

In general, the waters are dark in color, relatively well oxygenated (>80 %
saturation), nutrient poor (soluble reactive phosphorus <20 pg L7', total
phosphorus <50 pg L") and of low conductivity (<20 uS cm™"), with a pH ranging
between 5 and 6 (Galdean et al. 1999, 2000; Fernandes et al. 2014). The benthic
macroinvertebrate communities are dominated by larvae of the aquatic insects
Ephemeroptera, Plecoptera, Trichoptera, and Diptera-Chironomidae. Crustacea,
Bivalvia and Oligochaeta may also be found in low densities in some areas
(Galdean et al. 1999). These taxa colonize riverbed rocks, clay and stony substrates,
aquatic macrophytes and riparian vegetation. Filamentous algae, mosses and
lichens, and coarse and fine organic detritus, on or in between these habitats, form
the major microhabitats in the headwater streams. These results have been used as
an instrument to assess the present biodiversity, and thus represent an aid in con-
serving the existing rivers’ benthic fauna.

A global survey of the stream fauna (146 sites from 16 areas located in six
continents) included data from the streams at the Espinhaco Range to test the
hypothesis on the scarcity of shredders in tropical sites. Both the evolutionary
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adaptation of shredders to cool waters, which might cause their scarcity in the
tropics for physiological reasons, as well as more plant defenses against herbivores
in tropical areas than those in the temperate zone, were assessed by Boyero et al.
(2011a, b). In fact, tropical streams possess few shredders compared to temperate
streams, but their distribution varies at multiple spatial scales and the great majority
of the variation occurred among areas within zones, particularly when the richness
was quantified as the number of species per site. However, shredder assemblage
composition differs between the temperate and tropical zones, which suggest that
the distribution of several taxa strongly depends on temperature (Boyero et al.
2012). The hypothesis of plant defenses against herbivores was not corroborated,
because leaf toughness was not related to shredder densities or species richness.
Perhaps, this finding is supported by the fact that the richness of litter entering into
and retained in streams is greater in the tropics. Thus, shredders have a lower
chance of re-encountering a leaf of any particular species, which makes it difficult
to find palatable leaves and/or develop anti-herbivore strategies (as proposed by
Wantzen et al. 2002). Additional global biodiversity aspects were discussed in a
series of articles by Boyero et al. (2011a, b, 2012, 2015a, b).

5.5 Anthropogenic Disturbances, Threats to Headwaters,
Future Perspectives and Global Climate Change

Freshwater species are consistently under a greater level of threat than those resi-
dent in terrestrial ecosystems (Collen and Boehm 2012; Collen et al. 2013). These
patterns of threat are mediated by the high rates of habitat loss and degradation,
pollution and overexploitation, which are particularly problematic for species
inhabiting flowing waters. Land-use change driving habitat loss and degradation
affects the majority of threatened freshwater species. As stated by Kominoski and
Rosemond (2012), fluxes and pools of organic matter are critical food and habitat
resources at relatively small scales. On larger scales, alterations in the availability,
retention, and processing rates of detritus can affect the delivery of organic matter to
downstream organisms and fluxes of C to the atmosphere and oceans.

The Espinhaco Range headwater streams are impacted by different human uses.
Climate change is expected to affect aquatic ecosystems strongly by altering the
quantity, characteristics, processing, and retention of inputs of terrestrial detritus
and sediments (www.ipcc.ch). The principal climate drivers affecting detrital
dynamics in aquatic ecosystems are increases in atmospheric CO, and its effects on
terrestrial organic matter, changes in precipitation and associated hydrologic
impacts, and increases in temperature and siltation.

Altered patterns of precipitation will make extreme events (e.g., droughts and
floods) part of flow regimes, which directly influence water quantity and indirectly
influence the availability and biological processing of detrital resources and sedi-
ment deposits. Drought reduces physical breakdown rates and slows biological
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processing. Higher discharge will accelerate the transport of sediments and physical
breakdown of organic matter. High-flow events can scour detritus from stream
reaches.

According to our results the future research projects on headwater streams at the
Espinhaco Range should focus on strategic issues and perspectives for future
conservation and the management of water resources, including:

(i) Incorporate measures of organic matter processing as indices of stream
ecosystem function to complement structural measures (water quality, taxo-
nomic composition) in stream health monitoring (Piggott et al. 2015);

(i) Investigate how deposited fine sediments and elevated nutrient concentrations
interact to affect stream water quality and freshwater biodiversity in a
climate-change future scenario.

The resulting information will allow the testing of individual stressor hypothe-
ses, such as: (i) nutrient enrichment generally increase the measures of decompo-
sition rate; (ii) the positive effect of nutrient enrichment are weaker or suppressed
when fine sediment is also present.
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