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ARTICLE INFO ABSTRACT

Globally, dams severely affect the hydrology of lotic ecosystems, impacting biotic assemblages and ecological
processes. Although their consequences are not fully explored, especially in the tropics, hundreds of small dams
have been constructed worldwide in the last decade for hydropower development and water supply. Here, we
assessed the effects of a small dam (ca. 0.14 km?) on water quality, leaf breakdown and the associated assem-
blages (microbes and invertebrates) in three reaches of a tropical savanna stream (upstream and downstream
and in the reservoir). Water quality measured as pH, dissolved oxygen, and electrical conductivity were similar
in all reaches, but turbidity and temperature were higher and water velocity lower in the downstream reach and
in the reservoir. The upstream reach had higher leaf breakdown (as leaf mass loss, 72, 41 and 53%), microbial
biomass (98, 74 and 73 nmol ATP g AFDM), fungal biomass (347, 240 and 260 ug ergosterol g' AFDM) and
invertebrate richness (4, 2 and 3 taxa sample'l) than the reservoir and downstream reach. These results suggest
that damming a stream can reduce water quality, impoverish invertebrate assemblages, and reduce microbial
biomass and carbon processing.
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1. Introduction

Hundreds of small dams have been constructed globally in the last
decades, especially in tropical areas, for hydropower development and
water supply. A global synthesis estimated that there are more than
82,800 small hydropower plants in operation or under construction
(Couto & Olden, 2018). Despite their widespread dissemination and
potential negative consequences to biodiversity and river habitats,
there is still insufficient scientific information to support their con-
struction and maintenance (e.g., Poff et al., 2007). For instance, in the
Brazilian tropical savanna — which is a strategic biome of South
America in terms of water resources — the abundant fresh waters have
promoted population growth, energy development, industrialization
and urbanization in such an extent that numerous reservoirs have been
constructed in the area (Couto & Olden, 2018).

Small hydropower plants greatly vary in size and operational mode,
and can be classified according their flow control and the presence of
diversion structures (McManamay et al., 2016). In general, hydropower
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plants vary from those that store water in the reservoir to plants that do
not retain much water or intermediate classes that control flow during
some periods of the year. In this sense, reservoirs are created to reduce
variability in water supply, also for human use such as irrigation, li-
vestock farming and urban consumption (Lehner et al., 2011). As a
consequence of reservoir creation, this type of operational mode cause
major alterations to natural flow of rivers and has greater potential to
alter the surrounding environment through flooding natural riparian
vegetation. Alteration in natural flow of streams and rivers has multiple
correlated consequences for the physical structure of habitats, which
resulted from alterations in sediment transport dynamics, wetted width,
water depth, water turbidity, and riverbed substrate type and compo-
sition (Poff & Hart, 2002). In the reservoir area, it is also expected an
increase of tree mortality due to the presence of flood-intolerant plant
species in the inundated riparian vegetation (Nilsson & Berggren,
2000). Additionally, dam construction also restricts the movement of
organisms from downstream to upstream segments, consequently af-
fecting the diversity and composition of aquatic assemblages (Pringle

Received 18 May 2018; Received in revised form 4 April 2019; Accepted 7 April 2019

Available online 24 May 2019
0075-9511/ © 2019 Elsevier GmbH. All rights reserved.


http://www.sciencedirect.com/science/journal/00759511
https://www.elsevier.com/locate/limno
https://doi.org/10.1016/j.limno.2019.125685
https://doi.org/10.1016/j.limno.2019.125685
mailto:jfjunior@unb.br
https://doi.org/10.1016/j.limno.2019.125685
http://crossmark.crossref.org/dialog/?doi=10.1016/j.limno.2019.125685&domain=pdf

V. Prota Salomdo, et al.

et al., 2000). Finally, in addition to the effect on biological commu-
nities, dams also limit carbon and nutrient transport to downstream
segments via physical retention (Poff & Hart, 2002). Thus, several key
ecosystem processes are impaired by stream damming and reservoir
creation, such as leaf breakdown (e.g., Gonzélez et al., 2013; Martinez
et al., 2013), which is the centerpiece of carbon processing and nutrient
recycling.

Plant litter inputs is especially important for forested headwater
streams as leaf litter is the main energy source to stream food webs and
its breakdown is a first step to organic carbon processing (Neres-Lima
et al., 2017, Tonin et al., 2017). Leaf breakdown is driven by physical,
chemical and biological agents, and then, tend to respond to changes in
water characteristics (i.e., water temperature, pH, dissolved nutrients,
current velocity) and biological communities, mainly to invertebrate
shredders and microbial decomposers (Tonin et al., 2018). For instance,
flow reduction due to dam construction is expected to slow physical
abrasion of leaf litter (at least in comparison to stream riffle conditions;
Fonseca et al., 2013) — which is especially relevant as biological frag-
mentation are of low relevance in such systems (Gongalves et al., 2007)
-, decrease sporulation activity of fungal decomposers (which are in-
tensified in more turbulent water; Birlocher, 2005), while temperature
increases stimulate microbial activity upon a certain threshold (Brown
et al., 2004). Invertebrate shredders and other functional groups also
tend to be affected by flow modification, mainly in the reservoir area,
where a lotic ecosystem is converted to a lentic one, and then habitat
homogenization occurs (e.g., loss of rifle-pool configuration, litter pools
and habitats as refuge against predators; Poff et al., 2007).

Although studies on the effect of dams based on leaf breakdown are
infrequent when compared to those assessing impacts on the ecosystem
physical structure and biological communities, they suggested potential
alterations on stream functioning. Most studies evidenced a decrease in
leaf breakdown (Gonzalez et al., 2013, Mendoza-Lera et al., 2012,
Muehlbauer et al., 2009, Nelson & Roline, 2000), whereas others a
potential increase (Short & Ward 1980) or no change in response to
stream dams (Casas et al. 2000). The scarcity of information about
functional consequences of stream dams is even more evident con-
sidering tropical streams as study models, as very few studies on this
topic were performed in the tropics (but see Abril et al., 2013, Quintao
et al., 2013). Here we tested whether a small dam decreases leaf
breakdown (both in the reservoir area — where flow reduction and a
physical barrier promote a greater leaf accumulation — and down-
stream) as would be expected based on previous studies on temperate
and Mediterranean climatic regions. We expected potential negative
effects on leaf breakdown to be driven by changes in water character-
istics — such as an increase in turbidity and temperature that may in-
fluence negatively invertebrates and microbial assemblages - and
stream hydrodynamics - i.e., flow reduction that slow physical abrasion
of leaves and may alter biological communities (e.g., lower microbial
biomass in less turbulent waters and lower proportion of shredders in
simplified habitats that lack riffle-pool configuration and litter avail-
ability is reduced) - that directly regulate the presence, biomass and/or
activity of decomposer assemblages.

2. Materials and Methods
2.1. Study area

The study was conducted in a fourth-order segment of the Ribeirao
do Gama stream located in the Gama Cabeca-de-Veado Environmental
Protection Area in Distrito Federal, Brazil. A small dam was constructed
in 1970s for water supply of local population in this stream, which
caused an increase in riparian plant mortality (due to inundation), bank
erosion and sedimentation both in the reservoir and below the dam. In
the upstream part of reservoir, natural conditions were generally con-
served, mainly riparian vegetation, bank stability and water flow. The
reservoir has an area of 0.14 km? and a maximum depth of 5m, while
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upstream and downstream of the reservoir the maximum depth was
0.40 m.

We, thus, selected three stream reaches to assess the impact of
damming on water parameters, leaf breakdown and associated assem-
blages: a natural stream reach (to be used as a control) located ap-
proximately 2km upstream of the dam (hereafter upstream); the re-
servoir area, which comprised the inundated area after dam
construction (hereafter reservoir) and where a great amount of organic
material (most leaves) are accumulated due to lentic conditions and the
physical barrier imposed by the dam; and a downstream reach of the
reservoir, which was approximately 2km downstream of the dam
(hereafter downstream).

2.2. Experimental design

We collected senescent leaf litter during natural abscission with
suspended nets between July and September 2011. Four common na-
tive riparian tree species of the Brazilian savanna were selected based
on their frequency in riparian vegetation of streams — to represent a
natural mixture of leaf litter entering most streams — and on a gradient
of leaf litter hardness (Maprounea guianensis, 146 g; Protium hepta-
phyllum, 260 g; Copaifera langsdorffii, 294 g; and Calophyllum brasiliensis,
765¢g). Leaf litter hardness was estimated as the mass necessary to
puncture the leaf tissue (Graca & Zimmer, 2005).

Air-dried leaves of each species were weighed into 3.0g + 0.2g
portions and placed in coarse-mesh bags (10 cm x 10 cm, 10-mm mesh
size) to allow the access of microbes and invertebrates to leaf litter. In
total, there were 72 litter bags of each species for the experiment. Litter
bags were arranged in four blocks with six bags per species and in-
cubated in stream reaches. The experiment was performed during the
rainy season (November 2011 to March 2012), and samples were re-
covered after 7, 14, 30, 60, 90, and 120 days (4 litter bags per sampling
per species). Four additional litter bag of each species were set up to
control for the mass loss due to handling and field transport.

We measured in situ at each reach and sampling time several water
parameters such as pH (JENWAY 3510), electrical conductivity (Quimis
Q405 M), temperature (Quimis Q405 M), dissolved oxygen (Digimed —
DM-4 P), turbidity (Quimis — Q279 P) and current velocity (GLOBAL
WATER - FP101 & 201). Additionally, one water sample was collected
in each reach and sampling time, filtered (through 0.45um pore size
cellulose filter) and analyzed in TOC-VCSH (Shimadzu®) for total dis-
solved carbon and total dissolved nitrogen. Four sediment samples were
collected at each reach (using a core of 7.5 cm diameter), placed into
individual plastic bags, transported to the lab and analyzed (following
Suguio, 1973). Sediment samples were first incinerated (550 °C, 4 h) to
remove organic particles, passed through five sieves and classified into
five categories according its size: pebbles and gravel (= 2 mm), coarse
sand (1 mm), medium sand (0.50 mm), fine sand (0.25 - 0.125 mm),
and clay and silt (= 0.063 mm).

2.3. Experimental procedures

In the laboratory, leaves were cleaned with distilled water over a
sieve (120 um) to collect associated invertebrates and remove inorganic
sediments. Invertebrates were stored in 70% alcohol, sorted, identified
using Neotropical taxonomic keys (Mugnai et al., 2010, Pes et al.,
2005), and classified into five main functional feeding groups (gath-
ering-collectors, filtering-collectors, shredders, scrapers, and predators;
Merrit & Cummins, 1996, Cummins et al., 2005). In the case a taxon
belonged to more than one functional feeding group, its abundance was
divided into them. Fifteen discs (12 mm diameter) were cut from each
litter bag sample and separated in three subsamples for subsequent
analyses. One subsample of five discs was oven dried (60 °C, 72h),
weighed (0.01 mg), incinerated (550 °C, 4 h) and reweighed to estimate
dry mass (DM) and ash-free dry mass (AFDM). The last two subsamples
were first frozen (at -20°C) and used to estimate total microbial
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biomass (ATP content; Abelho, 2005) and fungal biomass (ergosterol
content; Gessner, 2005a). The remaining leaves (including those from
which the discs were cut) were oven dried (60 °C for 72 h) to determine
the final DM, ground and stored for chemical analyses. Leaf breakdown
was expressed as the proportion of leaf mass loss (after 7, 14, 30, 60, 90
or 120 days of incubation), which was calculated through the difference
from the initial and the final AFDM (after multiplying discs AFDM by
dry mass) divided by initial AFDM (but in the text, leaf mass loss was
presented as percentage to facilitate interpretation). Litter breakdown
rates (k day™ and degree-day ') were estimated for the upstream, re-
servoir and downstream reaches separately, independently of plant
species (as explained below in the Data analysis section). The natural
logarithm was applied to the quotient of initial mass by final mass (%)
and by elapsed time (in days, for k day'l) or thermal sum (in degree-
days, for k degree-days™).

The chemical composition of leaves over the incubation period was
determined by the concentration of total polyphenols, lignin and cel-
lulose. Polyphenols were extracted in 70% acetone at 4 °C and quanti-
fied using a spectrophotometer (at 760 nm) (Bérlocher & Graca, 2005).
Lignin and cellulose were estimated gravimetrically by successive re-
movals of each constituent from leaf litter with a detergent acidic so-
lution followed by a 72% sulfuric acid solution (Gessner, 2005b). The
chemical composition of leaves (initial and after the incubation period)
is available in the Supplementary Material 1 (SM 1).

2.4. Data analysis

We tested damming effects on water characteristics (pH, dissolved
oxygen, conductivity, turbidity, temperature and water velocity), total
microbial and fungal biomass (as ATP and ergosterol content on de-
composing leaves, respectively), richness (as the number of taxa) and
each functional feeding group (as the relative proportion) of in-
vertebrates by comparing each response variable among the three
stream reaches (upstream, reservoir and downstream). To perform such
comparisons, we fit linear models using the gls function (generalized
least squares) and restricted maximum likelihood (REML) method in
the nlme R package (Pinheiro et al., 2017; R Core Team, 2017, version
3.4.2). Initial data exploration for each response variable revealed that
(for some response variables) there was a violation of homogeneity of
variances assumption for linear models; for such cases, we took it into
account using specific variance structures from nlme package (Zuur
et al. 2009). The optimal variance structure was defined by comparing
AIC from models with different variance structures (using Varldent).
The optimal models allowed residual spread to vary in relation to reach
type only, reach type and plant species or plant species only. Temporal

Table 1
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autocorrelation, which occurred among samples collected on different
sampling times, were considered in all models using the corAR1 cor-
relation structure (Zuur et al. 2009; also using the nlme R package).
When significant damming effect was observed for one response vari-
able, the pairwise multiple comparisons from the linear models were
obtained using the summary function.

We first tested whether the influence of dam on leaf breakdown (as
the proportion of leaf mass loss on each sampling time) depend on plant
species through the interaction between reach type (upstream, reservoir
or downstream reach) and plant species (Calophyllum, Protium,
Maprounea or Copaifera). We fit a linear model using the gls function
and REML method as explained above. We also detected different
variances among reaches and plant species, which required the use of
variance structures (Varldent); temporal autocorrelation was con-
sidered using the corAR1 correlation structure. We did not find an in-
teraction between reach type and plant species (Fg, 265 = 1.32, P =
0.245), which indicated that there is no need to analyse how each plant
species respond to damming effects. Thus, all subsequent analyses were
performed independently of plant species.

We used a backward model selection procedure to explore which
environmental and biological variables best predict leaf breakdown. We
first defined the most relevant and non-correlated variables (through
pair plots) to leaf breakdown such as water temperature (which affect
decomposer metabolism), water current (which enhance physical
abrasion of leaf litter), microbial and fungal biomass (which accelerate
decomposition), total water nitrogen (which can intensify microbial C
acquisition from leaf litter and thus, decomposition) and shredder and
scraper abundance (which both have the potential to promote leaf
breakdown through fragmenting and/or scraping leaf litter surface). All
predictors were standardized using z-scores before fitting the models.
We follow the same steps as above to define the optimal random
structure (Varldent structure, which for this model allowed residual
spread to vary in relation to reach type and plant species) and temporal
autocorrelation (corAR1 correlation structure). However, visual ex-
ploration of residuals showed a much higher variability in leaf mass loss
for one species in particular (i.e., Maprounea), we thus decided to
perform the multiple regression model using a dataset containing the
other three species only.

3. Results
3.1. Dam effects on physic-chemical water characteristics

Water was circumneutral (6.98 + 0.06) with a high level of dis-
solved oxygen (6.92 = 0.07mg L', > 75% of saturation) and low

Mean + SD values (over sampling times) of water environmental parameters (a) and granulometric fractions of the streambed substrate (b) in the upstream,
reservoir, and downstream sites. Summary of linear model results for the comparison of each environmental parameter among reaches (degrees of freedom: 2,
numerator; 18, total). Statistical significant P-values (P < 0.05) are in bold; different superscript letters indicate statistically significant differences (at P < 0.05)

among reaches for turbidity, temperature and water current.

Upstream Reservoir Downstream Statistics
(a) Environmental parameters
pH 6.9 = 0.4 6.8 = 0.4 7.0 = 0.4 F = 0.47, P = 0.636
Dissolved oxygen (mg L) 6.2 = 0.3 7.5 = 0.4 7.6 = 0.8 = 0.96, P = 0.403
Electrical conductivity (uS cm™) 11.6 = 4.2 11.6 + 1.2 16.8 = 2.6 = 3.05, P = 0.077
Turbidity (NTU) 9.4 = 1.9° 59.2 + 16.0° 67.0 * 16.8° = 4.69, P = 0.026
Temperature (°C) 18.4 + 0.3% 23.1 + 0.4° 23.6 + 0.3° F = 4293, P < 0.001
Water current (m s™) 1.3 + 0.1* 0.0 + 0.0° 0.7 = 0.1¢ = 13.49, P < 0.001
Dissolved nitrogen (ug L) 157 = 7 155 = 15 157 = 13 F = 0.01, P = 0.994
Dissolved carbon (mg LY 12.2 + 8.6 16.6 = 21.1 6.1 = 3.5 F=1.95P=0.176
(b) - Granulometric fractions (%)
Pebbles and gravel 98.5 39.5 7.0
Coarse sand 1.2 10.0 12.1
Medium sand 0.3 9.5 18.0
Fine sand 0.0 32.0 329
Silt + Clay 0.0 9.0 30.0
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Fig. 1. Microbial biomass (a; as ATP content),
fungal biomass (b; as ergosterol content) and
invertebrate richness (c; as number of taxa) on
decomposing leaf litter and leaf breakdown (d;
as percentage of leaf mass loss) in the up-
stream, reservoir and downstream reaches.
Circles are means and upper and lower vertical
lines the standard error.
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electrical conductivity (13.89 + 0.14 puS cm’l; Table 1a) in all stream
reaches. However, water turbidity was five times higher and tempera-
ture five degrees higher in the reservoir and downstream than in the
upstream reach (Table 1a). Also, water velocity was 80% higher in the
upstream than in the downstream reach, and virtually zero in the re-
servoir (Table la). In general, the granulometric composition of the
substrate in the reservoir and downstream differed from the upstream
reach (y = 36.9, df = 4, P < 0.001): the percentage of pebbles and
gravel was higher in the upstream reach, while fine sand and silt/clay
predominated in the reservoir and downstream reaches (Table 1b).

3.2. Dam effects on microbial and invertebrate assemblages

Total microbial biomass, measured as ATP content on decomposing
leaves, was on average 33% higher in upstream than in the reservoir
and downstream reaches (98 vs. 74 vs. 73nmol ATP g leaf AFDM,
respectively; F5 065 = 7.59, P < 0.001; Fig. 1b). Consistently, total
microbial biomass was higher after 120 days of leaf incubation
(135 = 17 nmol ATP g leaf AFDM™). Fungal biomass, measured as
ergosterol content on decomposing leaves, was on averaged 39% higher
in upstream than in the reservoir and downstream reaches (347, 240
and 260pg ergosterol g leaf AFDM; Fyj00 =7.59, P < 0.001;
Fig. 1c). In contrast to microbial biomass, the highest fungal biomass
occurred after 60 days of leaf incubation (453 + 52 g ergosterol g leaf
AFDM™).

Invertebrate taxa richness was also reduced due to dam effects
(Fo164 = 10.96, P < 0.001; Fig. 1d). Reservoir and downstream
reaches recorded, approximately, one invertebrate taxa less than the
upstream reach (2, 3 and 4 invertebrate taxa, on average, respectively).
Invertebrate assemblage composition also showed relevant differences
among reaches; in the upstream reach, six invertebrate taxa represent
more than 96% of total abundance (Chironomidae [80.6%], Oli-
gochaeta [7.5%], Simuliidae [2.5%], Leptohyphidae [2.1%], Hydro-
psychidae [2.0%] and Elmidae [1.7%]), while in the reservoir and

oSt

p\eSeNd“ ot yred™

downstream reaches the same proportion was comprised by 2 (Chir-
onomidae [84.2%], Oligochaeta [14.1%]) and 4 taxa (Chironomidae
[46.2%], Oligochaeta [22.3%], Hydropsychidae [14.7%] and Simu-
liidae [13.7%]), respectively. In general, the proportion of in-
vertebrate’s functional feeding groups was also affected by dam (Fig. 2):
the proportion of filtering-collectors were, respectively, 8% and 19%
higher in the reservoir and downstream reaches than in the upstream
reach (Fy139 = 8.13, P < 0.001); gathering-collector proportion was
similar between upstream and reservoir-downstream reaches, but was

.Filtering-collector Gathering-collector Predator Scraper .Shredder

1.00+
0.75 7 - . .

0.50+

0.25-

Proportion of Functional Feeding Groups

— |
Downstream

0.00- G

Upstream Reservoir

Fig. 2. Proportion of each functional feeding group (filtering-collector, gath-
ering-collector, predator, scraper and shredder) on decomposing leaf litter in-
cubated in the upstream, reservoir and downstream reaches.
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6% higher in reservoir than downstream reach (Fpq36 = 3.20, P =
0.044); predator proportion was 10% higher in the dam, but similar
between downstream and upstream reaches (Fyi3¢ = 4.89, P =
0.009); scraper proportion was on average 9% lower in reservoir and
downstream than in upstream reach (Fyi136 = 7.92, P < 0.001); fi-
nally, shredder proportion was similar among reaches (F5136 = 1.92,
P = 0.151), but shredder invertebrates only occurred in upstream and
downstream reaches being absent in the reservoir reach (mean = 5, 2
and 0% of total invertebrate abundance, respectively).

3.3. Dam effects on stream functioning

Damming effects consistently reduced leaf breakdown of the four
plant species by ca. 53% (F2 277 = 5.62, P = 0.004). In the upstream
reach, leaves loss on average 72% of its initial mass (k = -
0.0119 =+ 0.0016 day'l), while in reservoir and downstream reaches
leaf mass loss was 41 and 53%, respectively (k = - 0.0032 + 0.0008
and 0.0057 * 0.0006 day'l; Fig. 1a; Table S2). The model selection
procedure showed that leaf breakdown was reduced by damming due to
lower microbial biomass (slope + SE = 1.73 * 0.52, t-value = 3.36),
lower water current (slope = SE = 1.00 + 0.54, t-value = 1.84) and
higher water temperature (slope = SE = - 0.80 * 0.41, t-value = -
1.94; Table 2; Table S3; SM 3).

4. Discussion

Our results provided evidence of how damming a stream can alter
system morphology and water characteristics (mainly water tempera-
ture, flow and turbidity). Damming a stream limits sediment transport
and increases the sediment retention capacity along its fluvial gradient,
increasing the deposition of fine particles. According to Poff & Hart
(2002), water retention and the subsequent reduction in current caused
by damming directly influences other abiotic factors, such as water
temperature and sediment transport, both in the reservoir and down-
stream reaches. Also, a recent review consistently showed that a re-
duction in water current, and an increase in water temperature and
turbidity are typical consequences of damming effects, which corro-
borate our findings (Mbaka & Mwaniki, 2016). Additionally, the in-
crease in sediment deposition in reservoir and downstream reaches (as
shown by altered proportions of sediment type and size among
reaches), as a result of intensification of stream bank erosion and in-
undation, may led to lower richness of aquatic invertebrates due to
habitat homogenization consequences (Molozzi et al., 2011).

The greater abundance of scrapers in the upstream reach may be
due to higher overall microbial (but also fungal) biomass on decom-
posing leaves. Microbes are key components of stream biofilms, which
are an important energy source for scrapers and shredders that are
capable of scraping or shredding leaf tissues, respectively (Graca,
2001). Also, the greater proportion of scrapers in the upstream reach
suggests that they can make an important contribution to leaf break-
down by scraping the leaf surface. In general, scrapers (such as Gas-
tropoda) may be indicative of advanced stages of leaf breakdown to be
associated with a higher quality leaf litter (i.e., better colonized by
microbes), as observed elsewhere (Quintao et al., 2013). The greater
proportion of filtering-collectors, commonly represented by Bivalvia

Table 2

Results of the model that best predicted leaf mass loss (coefficients + standard
error, t- and P-values) after a backward model selection procedure. Residual
SE = 26.6, degrees of freedom = 50, residual; 54, total.

Coefficient SE t value P-value
Intercept 11.01 1.56 7.06 < 0.001
Water current 1.00 0.54 1.84 0.071
Microbial biomass 1.73 0.52 3.36 0.001
Water temperature -0.81 0.41 —-1.94 0.057
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and Oligochaeta, in the reservoir and downstream reaches may be at-
tributed to invertebrate taxa that are tolerant to environmental al-
terations such as increase in water temperature, turbidity and fine se-
diment transport or deposition, and alteration in natural water flow. In
fact, Oligochaeta occurrence is associated to lentic conditions (no water
flow) and higher abundance is observed in silt, clay and fine sand se-
diments (Verdonschot, 2001). This functional feeding group is capable
of filtering fine organic particles from the water using the leaf litter as a
substrate, and thus play a small role in leaf breakdown (Moulton &
Magalhaes, 2003). The increased proportion of predators in the re-
servoir reach could be explained by a large availability of food re-
sources, such as small larvae (e.g., Chironomidae), supported by the 2-4
times greater abundance of invertebrates observed in the reservoir
reach. Finally, although we found similar proportions of shredder in-
vertebrates among reaches, shredders were not observed in the re-
servoir area. The absence of damming effect in this case could be at-
tributed to a lower frequency of this functional group in natural streams
of Cerrado savanna (e.g., Goncalves et al., 2007), although they have a
prominent role in leaf breakdown when they are present (Tonin et al.,
2014).

We observed negative effects of damming on microbial decomposers
(especially fungi that are key organisms to decomposition), which were
supported by Mbaka & Mwaniki (2016) findings. Microbes are gen-
erally sensitive to even slightly physic-chemical water alterations and
are thus good indicators of stream health and water quality (Solé et al.,
2008). Increases in water temperature (due to reductions in riparian
canopy cover (higher deforestation in our study by dam construction
that led to an increase of solar radiation) and reduced flow were also
previously reported to negatively affect fungal biomass, fungal spor-
ulation activity and, thus species composition and diversity (Fernandes
et al., 2009). Lower total microbial biomass (as ATP content) in the
reservoir and downstream reaches may be a consequence of higher
water turbidity and fine sediment deposition (also on decomposing
leaves), which reduced the transparency of water to algae or other
primary producers (which growth on stream surfaces including de-
composing leaves) and difficult the establishment of microbes on leaf
litter (Pascoal et al., 2005).

Leaf breakdown was reduced by stream damming through a re-
duction in microbial biomass (which were responsible to metabolize
leaf organic carbon) and in leaf physical fragmentation (which was
decreased by lower water current in the reservoir and downstream
reaches). Leaf physical fragmentation is especially important con-
sidering the lower representativeness of shredder invertebrates ob-
served in such systems (Goncalves et al., 2007), as fragmentation is
responsible to produce smaller leaf particles that are consumed by
many other aquatic organisms. Also, leaf breakdown was reduced by an
increase in water temperature — that was on average of 5°C —, which
could have altered the metabolic activity of organisms (including de-
composers; supported by lower microbial and fungal biomass on re-
servoir and downstream reaches) or even exclude some intolerant or-
ganism from the system (e.g., some caddisfly shredder such as the genus
Phylloicus). Negative effects of damming on leaf breakdown were pre-
viously reported for small and large reservoirs and are generally asso-
ciated to reduction in flow and of decomposer activity (e.g., Mendoza-
Lera et al., 2012, Gonzélez et al., 2013, Mbaka and Mwaniki, 2016). In
this context, although our experimental design was restricted to a single
stream (and one dam), we were able to demonstrate that a more general
prediction about damming effects on stream functioning (i.e., stream
dam slow leaf breakdown) may also be valid for tropical streams (but
see Colegrave & Ruxton, 2018 for a discussion of the relevance of a
sample size of one).

Our study provided evidence of multiple environmental alterations
of stream damming, which have repercussions to physical structure of
habitats, stream assemblages (both microbial and invertebrates), but
also to ecosystem functioning. Such repercussions were mainly due to
modifications in stream physic-chemical parameters (e.g., water
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temperature, water turbidity and water current) that may have reduced
invertebrate taxa richness and impaired stream food webs (at least of
invertebrate assemblages, i.e., proportion of each functional feeding
group), and reduced carbon processing and the generation of smaller
leaf particles. Although the ecological significance of our results, they
should be considered with caution until a greater replication and
broader-context studies are performed. Despite this limitation, this
study provide an useful example of how a small dam could affect stream
functioning, and it can be useful for future studies (i.e., identification of
most relevant and sensible parameters) to identify spatial patterns of
damming effects on lotic systems. Finally, our findings supported the
use of microbial estimates (such as ATP and ergosterol content on de-
composing material) and leaf breakdown (using the widely applied
litter bag method) as useful tools and ecological indicators to inform or
monitor stream health, especially by water public agencies and water
managers in much less studied areas such as developing countries at the
tropics.
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