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ABSTRACT

Macroinvertebrate identity, not diversity, differed across patches differing in substrate particle size and leaf litter
packsin low order, tropical Atlantic forest streams

The size of streambed sediment particles is an important determinant of habitat complexity for stream-dwelling invertebrates.
In tropical streams we tested if, at the patch scale, sandy substrates were poorer in organisms and taxa when compared with
larger grain-size substrates in three experiments: (a) sampling patches with coarse and fine substrates and leaf packs in eight
low-order streams, (b) manipulating substrate size at the patch scale in a low-order stream and (c) sampling coarse and fine
sediment patches in a larger river. We also investigated the abundance of aquatic hyphomycete conidia in these streams to
relate shredder abundance with the presence of fungal decomposers, given that tropical streams are frequently reported as
being poor in shredders. In the three experiments, there were consistently no differences in terms of the family richness or
total number of invertebrates across the substrate types, but taxa identity differed across substrates. Invertebrate numbers
and taxa were positively correlated with current velocity. Macroinvertebrate densities (150-300 individuals/m?) were lower
than those reported in the literature (500->1500 individuals/m?), but the number of taxa was high (37 families observed, 52
estimated). Shredders comprised 13% of all individuals and 11% of all taxa. The low number of shredders contrasted with
the presence of aquatic hyphomycete spores in stream waters and in leaves sampled from the streams. We concluded that the
high number of taxa and low number of individuals buffer changes in substrate, allowing the presence of invertebrates even in
the less-favorable substrates (sand). Although litter and aquatic hyphomycetes were present in these streams, shredders were
poorly represented; this raises the question as to why litter consumers are scarce when resources are abundant in forested
tropical streams.
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RESUMEN

La identidad de los macroinvertebrados, no su diversidad, difirio entre parcelas de sustrato con diferente tamaiio de
particulas y paquetes de hojarasca en arroyos forestados de orden bajo en la zona tropical Atldntica

La distribucion granulométrica del sustrato determina de forma importante la complejidad del hdbitat para los invertebrados.
En arroyos tropicales comprobamos si, a escala de microhdbitat, los sustratos arenosos son mds pobres en niimero de
organismos y diversidad de taxones que los sustratos de particulas mds grandes, a partir de tres experimentos: (a) muestreo
de secciones con sustratos gruesos y finos y paquetes de hojas en ocho rios de cabecera, (b) manipulacion del sustrato a
pequeria escala en un arroyo y (c) muestreo de parcelas con sustrato grueso y fino en un rio de mayores dimensiones. También
se investigo la abundancia de conidios de hifomicetos acudticos, para relacionar la abundancia de insectos fragmentadores
con la presencia de hongos descomponedores, ya que con frecuencia se hace referencia a que los rios tropicales son pobres
en insectos fragmentadores. Los resultados de los tres experimentos fueron coherentes, mostrando la ausencia de diferencias
en cuanto a riqueza de familias y niimero total de invertebrados entre los diferentes tipos de sustrato, pero se encontrd que
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diferentes taxones colonizaban diferentes sustratos. El niimero de invertebrados y taxones se correlacionaron positivamente
con la velocidad de la corriente. Las densidades de macroinvertebrados (150-300 individuos/m?) fueron inferiores a los
reportados en la literatura (500->1500 individuos/m?), pero la riqueza de taxones fue alta (37 familias observadas, 52
estimadas). Los fragmentadores comprendian el 13% de la abundancia total y el 11% de todos los taxones. El bajo niimero
de fragmentadores contrasta con la presencia de conidios de hifomicetos acudticos en el agua de los arroyos y en las
hojas analizadas. Se concluye que el elevado niimero de taxones y el bajo niimero de individuos permite la presencia
de invertebrados en todos los sustratos, incluso en los menos favorables (arena). A pesar de la presencia de hojarasca e
hifomicetos acudticos en estos arroyos, los fragmentadores estaban poco representados, lo que suscita la pregunta del porqué
de su baja abundancia cuando los recursos no son escasos en estos arroyos.

Palabras clave: Sedimentacion, hifomicetos, hojarasca, rios de cabecera.

INTRODUCTION

Low-order streams are numerically abundant in
watersheds and very important in terms of al-
lochthonous organic matter processing (Abelho,
2001; Downing et al., 2012) conducted by
specific biota, with a predominance of shredder
detritivores, consumers of fine particulate or-
ganic matter (Benfield & Webster, 1985; Graga et
al., 2001) and aquatic hyphomycetes (Birlocher,
1992; Graga et al., 2001). Invertebrate and fungal
consumers promote the energy transference from
leaf litter into the biotic compartments, including
other aquatic invertebrates, fish, and terrestrial
consumers feeding on emergent insects.

Given the ecological importance of low-order
streams, it is important to understand factors
controlling local community structure and func-
tional processes. One of the important factors
in this context is substrate particle size (Allan
& Castillo, 2007). At the patch scale, coarse
inorganic sediments are spatially more complex
than fine sediments (Barnes et al., 2013), retain
more coarse particulate organic matter (CPOM)
(Flores et al., 2013; Larrafiaga ef al., 2003) and
are colonized by a larger biomass of microalgae
(Allan & Castillo, 2007); both CPOM and
microalgae can be used as food resources by
macroinvertebrates (Graga et al., 2004; Jun et
al., 2011). Therefore, litter packs in coarse sed-
iments are expected to house higher numbers of
macroinvertebrates than homogeneous substrates
such as sand and gravel (e.g., Buendia et al.,
2011). Large numbers of macroinvertebrates
in coarser substrates are also likely to result in

high diversity because of sampling effects due to
the positive relationship between the number of
individuals and the number of taxa (Graca et al.,
2004). Additionally, macroinvertebrate species
differ in their substrate preferences and different
species are known to colonize different habitats
(e.g., Sarr et al., 2013; Vasconcelos & Melo, 2008).

Several human practices such as agriculture
and forestry, as well as the construction of pas-
tures, may result in erosion and the consequent
accumulation of fine sediments in low-order
streams (Larsen et al., 2009; Von Bertrab et al.,
2013; Wood & Armitage, 1997). The biological
consequences of fine sediment accumulation
include reduced invertebrate density and diver-
sity (Jones et al., 2012; Larsen et al., 2011)
and reduced retentiveness of coarse particles of
organic matter (Larrafaga et al., 2003). Low
retentiveness may result in changes in the energy
used by the biota: with less coarse particulate or-
ganic matter and biofilm on coarse substrates, the
biota is expected to shift from shredder-scraper-
dominated assemblages to collector-gatherer
assemblages.

The first aim of our study was to relate
invertebrate community structure in tropical sec-
ondary forest headwater streams with substrate
grain size. Our first question was to test if, at
the patch scale, sandy substrates were poorer
in organisms and taxa when compared with
larger grain size substrates. This hypothesis was
tested with three experiments: (a) comparison
of macroinvertebrate abundance and diversity in
natural sandy and stony substrate reaches in eight
streams; (b) substrate manipulation at the patch
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scale in one stream (creation of patches with fine
and coarse inorganic substrate particles); and (c)
comparison in macroinvertebrate abundance and
diversity in sandy and stony substrates in a larger
river dominated by sand.

Our second question addresses the presence
and abundance of aquatic hyphomycetes in the
same low-order streams and its relationship with
shredders abundance. Fungi are facilitators of
leaf litter ingestion by shredders and therefore
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an important element in energy transference
from the litter pool to the biotic compartment
(Gessner & Chauvet, 1994; Pérez et al., 2011).
Some reports suggest that a number of tropical
streams are poor in both aquatic hyphomycetes
and shredders (Jabiol er al., 2013; Wantzen et
al., 2008). The absence or paucity of aquatic
hyphomycetes may result in low resource quality
for shredders and therefore low abundance and
diversity of shredders and slow decomposition.
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Figurel. Location of sampling sites (dark dots) within the conservation unit. Light grey, APA Estadual Cachoeira das Andorinhas;
medium grey, Uaimii Estadual Forest; dark grey, Particular forest of Natural Patrimony RPPN. Lugares de muestreo (puntos negros)
en la unidad de conservacion. Gris claro, APA Estadual Cachoeira das Andorinhas; gris medio, Floresta Estadual Uaimii; gris

oscuro, Floresta Particular Patriménio Natural RPPN.
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We therefore quantified aquatic hyphomycete
spore abundance in stream waters and sporu-
lation rates in a mixture of naturally occurring
leaves in the eight streams.

MATERIALSAND METHODS

Macroinvertebrate abundance and diversity
in relation to substrate particle size

To test the hypothesis that sandy substrates in
headwater streams are species poor when com-
pared with coarse substrates, we sampled eight
headwaters in the Environmental Protection Area
of Andorinhas and State Forest UAMII forests
(Velhas watershed, MG, Brazil; Fig. 1; Table 1);
no human settlements were located upstream
of the sampling zones (experiment 1). The
streams were located at 20°(17'39” — 19’05”)S,
43°(31'15” — 34'47")W. We selected streams
with widths ranging between 1 and 2 meters
and uniform depths that were mostly between
10 and 20 cm. In each stream, we sampled
invertebrates in three discrete patches: fine
substrates (< 2 mm diameter), stony substrates
(> 30 mm diameter) and leaf packs (generally
accumulated over shallow stony substrates); one
sample of each type in each stream. A patch was
defined as a uniform area covered by a Surber
samples. Macroinvertebrates were sampled with
a Surber net (30X 30 cm; 0.25 mm mesh size).
Samples were transported in an ice chest to
the field station, and invertebrates were sorted
alive several hours later, identified to the family

level and preserved in 70% alcohol. Leaf packs
collected in the Surber sampler were air dried in
the field station and oven dried in the laboratory
(60°C) for 72 hours and weighed to the nearest
0.01 g. Grain size of substrates (dominant and
accessory) was measured by placing handful
samples of substrates over a plasticized graph
paper in the location where invertebrates were
sampled. Current velocity (current meter) was
also measured in the place where Surber samples
were collected. At each site, we also measured
pH, conductivity and total suspended solids
(YSI field probes). On the same day, we also
determined oxygen (Winkler method) and total
alkalinity (titration with H,SO,, 0.01 N to pH
4.5). Water samples (250 ml each) were col-
lected, filtered (45 wm glass fiber filter) preserved
in 1 ml of sulfuric acid (only P samples) and
frozen for later analysis. Total nitrogen (N) was
determined by the Kjedahl method, whereas total
phosphorus (P) was determined by the ascorbic
acid method (APHA, 2005).

The hypothesis that fine inorganic substrates
are species poor in comparison with coarser
substrates was also tested with substrate ma-
nipulation in one stream (stream 7, Mata Pau;
Experiment 2). Sandy substrates were taken from
deposition areas of a nearby larger river (Velhas)
given the scarcity of large areas with this sub-
strate in the Mata Pau stream. The fine substrates
were passed through a 15 mm pore size sieve
to eliminate large particles and the resulting
material (0.5 to 12 mm in diameter), trans-
ported to the experimental stream and washed
at the site to eliminate invertebrates and clay.

Table 1. Environmental parameters of eight low-order streams and the Velhas River in Minas Gerais, Brazil. Pardmetros ambien-
tales de ocho arroyos y del rio Velhas en Minas Gerais, Brasil.

Stream 1 2 3 4 5 6 7 8 Velhas
Temperature (°C) 12.8 12.5 13.0 13.2 13.8 15.9 13.8 14.8 14.4
pH 7.1 7.0 7.2 7.3 7.7 7.7 7.8 7.4 7.8
Oxygen (mg/1) 8.1 8.9 9.0 8.7 9.3 9.5 9.1 9.4 9.8
Conductivity (uS/cm) 72.7 62.6 42.6 87.6 70.1 333 27.3 40.0 23.8
TDS (mg/l) 29.7 26.1 4.6 37.0 28.5 10.6 7.4 10.4 5.5
Alkalinity (LEq/1) 46.2 30.4 35.5 99.1 94.9 32.1 27.6 111.3 325
Total N (mg/1) 0.077 0.042 0.042 0.035 0.042 0.049 0.077 0.070 0.049

Total P (ug/l) 8.93 6.58 8.15 12.85 90.43 11.28 27.75 8.15 5.79
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Ten circular aluminum trays (19 cm diameter,
4 cm high) were implanted into the streambed
and filled with sand. Ten additional trays were
filled with cobbles (diameter range 40-65 mm)
taken from the same stream (washed to eliminate
invertebrates). A full hand of sand was added
to the cobble trays to fill the interstitial spaces
among cobbles. After three days, the trays were
recovered in a Surber sampler placed down-
stream of the tray. Samples were transported to
the field station, sorted and identified as previ-
ously described. According with the literature,
maximum invertebrate numbers in substrates
incubated in streams are already attained by day
3 (Hofer & Richardson, 2007) day 4 (Mathooko,
1995; Olomukoro & Okologume, 2008) or day 5
(Miyake et al., 2003).

Because sandy substrate occupied < 10% of
the area of the small streams, we also sampled
a larger river (Velhas; Table 1; Experiment 3).
Here, sandy substrate occupies nearly 75% of
the river bottom. The wet channel was 5-10 m
wide and maximum depth ~ 1 m. The river was
mostly canopy covered. We collected 5 Surber
samples in each of the sandy and stony substrate
types at depths similar to the smaller streams,
i.e., <0.3 m. The samples and the invertebrates
were treated as stated above. Water samples were
also retrieved for chemical analysis as indicated
in experiment 1.

Aquatic hyphomycetes survey

To evaluate the presence of aquatic hyphomy-
cetes, water and litter samples were taken from
the same eight streams referred to in experiment
1. At each site, we took 5 liters of water; the
water was immediately transported to the field
station and filtered (45 um pore size). Given the
high amount of suspended solids, only 500 ml
was filtered to avoid clogging. Filters were pre-
served with lactophenol blue, and spores were
counted under a microscope at 400 X.

From each site, 20 leaves were randomly
collected from the streambed and transported to
the field station in plastic bags. From each leaf, a
10 mm diameter disc was cut with a core borer.
Groups of 10 discs were transferred to 125 ml

Erlenmeyer flasks with 40 ml of stream-filtered
water. The Erlenmeyer flasks were placed on an
orbital shaker at 110 r.p.m. At this rotation, the
wave inside the Erlenmeyer flask was ~2 cm
high. After 48 hours, the liquid was filtered,
the filters were preserved, and the spores were
counted as above. Finally, pieces from the same
leaves were placed in 9 cm diameter petri dishes
with stream water and maintained at the environ-
mental temperature and photoperiod. After 24
hours and 48 hours, petri dishes were inspected
for fungal spores.

Data analysis

Comparisons of the total number of invertebrates
and total number of taxa among the three sub-
strates (leaf packs, coarse and fine substrates; ex-
periment 1) were performed by one-way ANOVA.
To determine if the substrates differed in terms of
invertebrate assemblages, we performed a Bray &
Curtis similarity analysis among the 24 samples,
followed by a multi-dimensional scale analysis
(MDS) using Primer 6 (version 6.1.13) and
Permanova+ (version 1.0.3) software (PRIMER-E
Ltd; Lutton, UK). Differences among groups were
tested by ANOSIM (Clarke & Warwick, 2001).

As an estimator of taxa richness, family
richness per substrate (sand, pebbles and leaf
packs) in the 8 samples streams was expressed in
terms of collector curves in which samples were
randomized (n = 1000), and the cumulative num-
ber of taxa estimated (Sobs rarified Mau Tau)
in each run using EstimateS software, version
8.2 (Colwell, 2006). Indicator value analysis (In-
dVal) was performed to identify representative
taxa for each treatment (Dufrene & Legen-
dre, 1997) using R software, package labdsv
(Roberts, 2013). The analysis used the frequency
and relative abundance of taxa in each treatment.
The IndVal values obtained in each treatment we-
re tested for statistical significance using a Monte
Carlo procedure (10 000 permutations). Corre-
lations between the number of invertebrates and
number of families and between the number of
invertebrates and current and dominant parti-
cle size were performed with Spearman Rank
correlation.
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Figure2. Number of invertebrates and number of taxa in three substrate types in eight low-order streams in Sdo Bartolomeu, MG,
Brazil (mean =+ standard error). Niimero de macroinvertebrados y de taxones, en tres tipos de sustratos, en ocho rios de bajo orden en

Sdo Bartolomeu, MG, Brasil (medias + error standard).

Comparisons of taxa and invertebrate num-
bers between sand and stony substrates in
experiments two and three were performed using
a t-test. Comparison of proportions of functional
feeding groups in the three substrates across
the eight streams (experiment 1) was done by
one way ANOVA or Kruskal-Wallis ANOVA
when the data were not normally distributed
(data was arc-sin transformed; chironomidae
were excluded because of feeding uncertainty).
Comparinson of proportion of functional feed-
ing groups between the two substrates in the
Velhas river (experiment 3) was done by t-test
(or Mann-Whitney when data were not nor-
mally distributed). Here again data was arc-sin
transformed. Aquatic hyphomycetes were not
subjected to statistical treatments because most
samples had zero counts.

RESULTS

Streams sampled in the experiment 1 were cir-
cumneutral (pH 7.0-7.8), with low conductivity
(23.8-87.6 uS/cm), full canopy cover and shal-
low (depths <15 cm; Table 1). The diameter
of the dominant particles in the stony sub-
strates across streams ranged from 20 to 80 mm,
whereas it was <2 mm in the fine sediment areas.
Litter samples (experiment 1) contained 27 +

3 g of leaves (SE)/Surber sample (approx. 300 +
36 g/m?). Water conductivity, alkalinity, nitrogen
and phosphorus were all very low across all
sampled streams. In the same way, oxygen levels
were also near saturation.

Macroinvertebrate abundance and diversity
in relation to substrate particle size

In the eight tested streams, we collected 557
invertebrates classified in 37 families. This corre-
sponded to a density of 258 individuals/m?. The
most abundant taxa were Perlidae (15%), Lep-
tophlebiidae (13%), Elmidae (12%), Leptohy-
phidae (7%), Tipulidae (7%) and Chironomidae
(6%). The mean invertebrate abundance in leaf
packs, coarse substrates and fine substrates was
26, 24 and 20 /sampling unit (Surber 0.09 m?),
respectively, with no differences among sub-
strates (F = 2.035; D.F. = 2; p = 0.362; Fig. 2).
Taxa richness in leaf packs, coarse substrates and
fine substrates were 7, 9 and 8, respectively, with
no differences among substrates (F = 0.352;
D.F. =2; p =0.704; Fig. 2). Taxa richness and
invertebrate abundance were correlated (Pearson,
r*=0.71, n=24; p<0.001); the number of
invertebrates was positively correlated with the
current velocity (r* =0.526, p = 0.008; n = 24;
range 0.05-0.72 m/s). Densities of macroinver-
tebrates were relatively low, but the number of



Macroinvertebrate abundance and substrate particles in tropical streams 35

35 7
30
25 7
20

15
| -O-Fine
10 -@-Coarse
-@-|caf

Cumulative taxa richiness

Streams

Figure 3. Accumulation curves (Mao Tau) of observed
macroinvertebrate richness based on eight streams in Sdo Bar-
tolomeu in three substrate types: fine grain size sediments,
coarse grain size sediments and leaf packs. Curvas de acumu-
lacion (Mao Tau) de la riqueza de taxones de macroinvertebra-
dos observada en ocho arroyos en Sdo Bartolomeu en tres tipos
de sustrato: sedimentos finos, sedimentos gruesos y paquetes de
hojas.

families was high. Accumulation curves for any
of the substrates did not reach asymptote (Fig. 3).

Samples from the sandy substrates differed
from the others in terms of taxonomical com-
position (MDS, ANOSIM; Stress values =0.19;
global R=0.278; p < 0.002; Fig. 4). This was
due to the frequency of some taxa in particular
substrates; this was the case of Gomphidae, Lep-
tohyphidae and Ceratopogonidae, which were as-
sociated with sandy substrates; Leptophlebiidae
and Coenagrionidae were associated with cob-
ble substrates, and Perlidae and Hydropsychidae
were associated with litter and cobbles when both
substrates pooled (Table 2). In terms of func-
tional feeding groups, globally the most abundant
were collectors (53%; 10 families), followed by
predators (33%; 19 families), shredders (13%; 4
families) and scrapers (1%; 1 family). No estatis-
tics differences were observed across the three
substrate types, except for predators, which were
proportionally more abundant in leaf packs than
in sand (F = 4.798; p = 0.019).

In experiment 2, we manipulated substrate
particle size in patches in a low-order stream.
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Figure4. MDS of invertebrate samples taken from leaf packs
(L), coarse (C) and fine (F) substrates. Ordenacion MDS de
muestras de invertebrados recolectados en depdsitos de ho-
jarasca (L), particulas gruesas de sustrato (C) y particulas finas
de sustrato (F).

Globally, 55 invertebrate specimens distributed
into 14 taxa were sampled after three days,
corresponding to 194 individuals/m? (vs. 156
individuals/m? calculated for the stony sub-
strate in the same river). Hydropsychidae (13%)
occurred only in sandy substrates, whereas
Helicopsychidae (15%), Leptophlebiidae (15%)
and Perlidae (22%) occurred only in stony
substrates. Together, these taxa comprised 65%
of the sampled invertebrates in the manipulated
patches. Sand and cobbles did not differ in terms
of individuals/sample (mean=2.8; t=0.992;
n =20; p=0.369) or taxa/sample (mean=2.1;
t=0.608, n = 20, p = 0.551). The mean current
velocity ranged from 0.06 to 0.28 m/s, with no
difference between substrates (t=1.047; n = 20;
p = 0.309).

Experiment 3: invertebratesin sandy and
stony substratesin alarger river

In experiment 3, we sampled fine and coarse
substrates in a larger river where sandy substrates
cover a large area. A total of 192 macroinverte-
brates was collected in the ten Surber samples.
The mean densities of invertebrates in stony and
sandy substrates were 18 and 21 individuals per
Surber sampler respectively, with no significant
differences between substrates (t =0.402, n = 10,
p = 0.799), whereas the number of taxa was 6
in both substrates (t=0.122, n = 10, p = 0.906).
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However, assemblages colonizing both substrates
were significantly different (MDS, ANOSIM,
Stress =0.05; R global =0.322; p = 0.008). Chi-
ronomidae (~11%) and Gomphidae (7%)
occurred exclusively in the sandy substrate,
whereas Simuliidae (9%) occurred only in the
stony substrate. Baetidae (31%) and Leptophle-
biidae (15%) occurred in both substrates. These
taxa comprised 73% of the sampled inverte-
brates; the remaining invertebrates were distri-
buted among 23 taxa, with <5% of the sampled
invertebrates in each taxa.

In terms of functional feeding groups, the
most abundant groups were collectors (65%; 6
families), followed by predators (28%; 12 fa-
milies) and shredders (7%; 4 families), but no

differences in functional feeding groups occurred
between the two substrates (0.469 > p > 0.056).

Aquatic hyphomycetes survey

The densities of spores in the water column
ranged from zero (streams 2 and 4) to ~ 1350/1
(stream 5; Fig. 5). The sporulation rates in leaf
substrates incubated in the field station for 2
days ranged from 100 to 7500 spores cm~2 of
leaf material day~'. Almost all spores belonged
to a single species cf. Lunulospora curvura. Oc-
casionally, other tetra radiate spores occurred as
well as a species similar to Hesliscus submersus,
an unidentified sigmoid and cf. Tripospermum.
There was no relation between spore counts

Table2. Indicator taxa according to the IndVal method (Dufréne & Legendre, 1997). Taxones indicadores de acuerdo con el método

de IndVal (Dufréne & Legendre, 1997)

Three substrates in 8 streams

Taxa Substrate P IndVal
Gomphidae Sand 0.004 0.625
Leptophlebiidae Cobbles 0.009 0.639
Coenagrionidae Cobbles 0.012 0.568
Leptohyphidae Sand 0.021 0.500
Ceratopogonidae Sand 0.021 0.500
Tipulidae Litter 0.062 0.534
Cobbles + Litter treated as a single substrate in 8 streams
Taxa Substrate P IndVal
Perlidae C+L 0.001 0.795
Gomphidae Sand 0.002 0.644
Hydropsychidae C+L 0.005 0.688
Leptohyphidae C+L 0.006 0.500
Ceratopogonidae Sand 0.007 0.500
Leptophlebiidae C+L 0.027 0.608
Elmidae C+L 0.036 0.644
Corydalidae C+L 0.053 0.438
Sediment manipulation in Mata Pau stream
Taxa Substrate P IndVal
Hydropschidade Sand 0.010 0.600
Helicopschidae Cobbles 0.034 0.500
Perlidae Cobbles 0.034 0.583
Velhas River
Taxa Substrate P IndVal
Chironomidae Sand 0.016 0.952
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Figure 5. Spore production (mean and SD) of natural leaf
substrates sampled from eight streams in the Sdo Bartolomeu
forests (bars, left) and spore density in the water (dots, right).
Produccion de conidios (media y DS) en substratos naturales
de hojas, muestreadas en ocho arroyos en el bosque de Sdo
Bartolomeu (barras, izquierda) y densidad de esporas en el
agua (puntos, derecha).

in sporulation tests and in the stream waters
(r = 0.0859, p = 0.794).

DISCUSSION

I nver tebrate assemblages and substrates

Our main finding was that, unlike our initial hy-
pothesis, fine substrates were not poorer in num-
ber of invertebrates and taxa richness than coarse
substrates at the patch scale. However, differ-
ences were observed in the invertebrates inhab-
iting different substrate types. This observation
was consistent across our three experiments. Our
second finding was that aquatic hyphomycetes
were generally present in submerged leaf sub-
strates. We will first analyze the macroinverte-
brate assemblages and then address the aquatic
hyphomycetes and the potential relationship be-
tween both.

The first finding was unexpected and appar-
ently in opposition to the literature because cob-
ble substrates are structurally more complex than
sand (Barnes et al., 2013) and therefore capable
of housing a large number and variety of indi-
viduals when compared with sandy substrates, as
confirmed by other studies (Graga et al., 2004;
Vasconcelos & Melo, 2008).

The lack of differences may be related to the
natural low densities of macroinvertebrates. The

density of invertebrates in our eight low-order
streams ranged from 150 to 300 individuals/m?.
These values were very low when compared with
the literature: 500-3700 in alpine streams (Robin-
son & Doering, 2012), ~ 10000 (median of 177
samples) across Portugal (Graga et al., 2004),
1500-11 000 in Alaska (Wipfli et al., 1999) and
up to 15 000 in Spain (Ortiz & Puig, 2007). Low
numbers may indicate that local energetic re-
sources are scarce or that environmental condi-
tions are adverse and unpredictable. Hence, sub-
strate heterogeneity will not be a limiting factor.
Further studies should address the observed low
densities and the resource levels (quantification
of fine and coarse particulate organic matter and
benthic algae).

Regarding the identity of invertebrates, cad-
disfly and mayfly assemblages colonized prefer-
entially coarser, well-sorted substrates, whereas
invertebrates living within substrate particles,
such as many chironomids and oligochaetes,
were more abundant in fine substrates. This
pattern was consistent across the three experi-
ments. This segregation of taxa across substrates
was also reported in the literature. For example,
Vasconcelos & Melo (2008) found that in sandy
substrates, the number of invertebrates was lower
than that of the control and that the community
structure differed. Additionally, Larsen et al.
(2009) and Buendia et al. (2011) reported that
patches with fine and coarse sediments differed
in invertebrate composition, with a lower EPT
(Ephemeroptera, Plecoptera, Trichoptera) rich-
ness in fine sediments. In a similar experiment,
Larsen et al. (2011) experimentally added fine
sediments to trays for three weeks and observed
a consequent reduction of some taxa such as
mayflies and stoneflies, as well as a reduction in
diversity.

Shredder s and aquatic hyphomycetes

Regarding functional feeding groups, our results
showed a low abundance of shredders as reported
in other studies in the tropics (Wantzen & Wag-
ner, 2006; Gongalves et al., 2007; Boyero et al.,
2011), with a predominance of collector-gatherer
organisms in the low-order streams and the
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Velhas River (higher order). This low abun-
dance of shredders and distribution groups has
been related to the nutritional quality of leaves
(Tomanova et al., 2006; Ferreira et al., 2014). Re-
garding aquatic hyphomycetes, sporulation rates
ranged from 5-10 conidia cm™2 day~!, which
is below the 150-500 reported by Artigas et al.
(2008). Further comparisons are difficult because
the results are normally expressed in terms
of leaf dry mass (unavailable in our case be-
cause of field station restrictions) and because
we used natural substrates; in the literature,
measurements are generally performed in leaves
incubated in rivers. Spore densities in the water
ranged from O to 1-400 conidia/l, which is
in the lower range of the reported from tem-
perate streams: ~200-3500 in North America
(Suberkropp & Wallace, 1992), 600-8500 in
Australia (Kenneth, 1993), 1000-8000 in the
UK (Igbal & Webster 1973), and ~ 10-10000 in
France (Laitung et al., 2002).

The main finding of this survey is that aquatic
hyphomycetes were present in the streams where
they are expected to decompose leaves, increas-
ing their quality for consumers. However, we
found few leaves in the advanced decomposition
stage, which could be easily consumed by shred-
ders. In nearby neotropical savanna streams,
Gongalves et al. (2006, 2007) also found a low
biomass of aquatic hyphomycetes in submerged
leaves. Further, other authors have reported low
fungal biomass, sporulation and species diversity
in other South American streams (Ferreira et al.,
2012; Jabiol et al., 2013). The low abundance of
aquatic hyphomycetes and invertebrates could be
attributed to the low quality of leaves in the tropics
in terms of chemical defenses (Wantzen et al.,
2002) and leaf toughness (Graga & Cressa, 2010).

The low microbial colonization may result in
low substrate quality for invertebrate consump-
tion, limiting the resources available for inverte-
brates. Finally, given the high level of shade in
this habitat, it is plausible that primary produc-
tion in these streams is also low, but this hypoth-
esis needs to be tested in future studies.

In summary, the sampled streams had a low
density but high diversity of macroinvertebrates.
Aquatic hyphomycetes were present in the sub-

merged leaf litter, but shredders were not com-
mon. If these conclusions can be generalized to
other systems in the region, two further questions
need to be addressed: (1) why the invertebrate
densities are low and (2) why shredders are un-
common.
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