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Taxonomic resolution refinement does not improve understanding of
invertebrate’s role on leaf litter breakdown
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Abstract: The invertebrate biodiversity of subtropical streams depends on the seasonal input of organic matter, as much as the
leaf decomposition process on stream system. However, one of the challenges in determining the importance of invertebrates for
leaf breakdown in subtropical streams is the low taxonomic resolution applied in most studies. To overcome this limitation, here
we used litter bags with senescent leaves to evaluate the impact of different taxonomic resolutions of trophic group classification
to assess the seasonal importance of invertebrate community for leaf litter breakdown in a subtropical stream (Atlantic Forest in
western of Parana state, Brazil). Litterfall was quarterly measured over a year. The leaf litter accumulated in an interval of 30 days
was retrieved, weighed, and used for the leaf breakdown experiments (by litter bags). We found a lower importance of invertebrate
community richness and density (shredders and scrapers) in leaf breakdown process irrespective of the taxonomic resolution (fam-
ily or genus level used). Hyphomycetes biomass and fungi sporulation also did not present changes among sample times, and con-
secutively, importance for leaf breakdown. However, the richness and density of Chironomidae taxa respond differently depending
on the taxonomic resolution used. Low litter breakdown may be explained by the increase of consumption of microorganisms, due
to high density of Chironomidae scrapers evaluated at the genus level. Moreover, temperature is the main factor responsible for
breakdown over the year, in a positive way. Therefore, our results indicated the family level as the taxonomic resolution sufficient
to assess the role of shredders and scrapers in the leaf litter breakdown process of this subtropical stream system.

Abbreviations: AOM-Allochthonous Organic Matter, AFDM-Ash-Free Dry Mass, D.O.-Dissolved Oxygen, El.Cond.—
Electric Conductivity, E:S—Error by Sites, E:R—Error Residuals, FFG—Functional Feeding Group, k—decay rate, PerMANOVA—
Permutational Multivariate Analysis of Variance, RM-ANOVA-Repeated Measures ANOVA, TS-Temporal Sampling, W.T.—
Water Temperature, W.F.—Water Flow

Introduction

Aquatic communities are fueled by allochthonous organic
matter (AOM) entering headwater streams, which are main-
ly composed by leaf litter (Gongalves et al. 2012a, Bambi
et al. 2017). Given the light limitation by canopy shading,
food webs in headwater streams depend upon energy sources
from AOM (Gessner 1999, Graga et al. 2015). The increase in
the environmental heterogeneity by the input of AOM with a
high diversity of leaf substrate (Dolédec et al. 2011, Rezende
et al. 2014b) is one of the main factors controlling the decom-
poser communities (Harper et al. 1997, Rezende et al. 2014b,
Graga et al. 2015). Therefore, the evaluation of these factors
should be taken into account for understanding the ecosys-
tem functioning of tropical headwater streams (Rezende et al.
2014a, Graga et al. 2015).

The interactions among the input of AOM, aquatic com-
munities and environmental heterogeneity may be measured
by leaf litter breakdown process (Rezende et al. 2014a, 2015).
Leaf litter breakdown process is essentially driven by micro-
bial community (mainly bacteria and hyphomycetes; Graca
et al. 2015, 2016), a step known as conditioning. Bacteria
decompose labile molecules as secondary metabolites, and
aquatic fungi (hyphomycetes) mineralize through enzymatic
action the structural and recalcitrant compounds (Graga et al.
2015, 2016). After this time, the quality of leaf litter increas-
es its quality (mainly by hyphomycetes action), influencing
invertebrates’ colonization through degradative ecological
succession and their capacity of feeding of this substrate
(Gongalves et al. 2004, 2012a, Ligeiro et al. 2010).

The leaf litter mineralization by decomposition is a con-
tinuous process in trophic webs, which can be also influ-



enced by abiotic factors (Gessner 1999, Graga et al. 2015).
For example, high water nutrient concentrations can increase
the rate of leaf litter breakdown by increasing the activity of
decomposers (Rezende et al. 2014a, Sales et al. 2015). Also,
natural changes in abiotic factors along a seasonal gradient
may include an increase in the stream width, changes in water
velocity by rain and dry cycles, and light penetration in the
riparian canopy (and increase the temperature) by phenology
of riparian vegetation (Rezende et al. 2016, 2017a). Along
a seasonal gradient, from the rain to the dry season, may be
observed an increase in the abundance of micro-organisms
and a decrease in invertebrates (primarily shredders of AOM;
Rezende et al. 2014b, 2016, 2017a). Therefore, the direct and
indirect effects of leaf breakdown processes on decomposer
communities should be evaluated for better understanding the
trophic interactions of tropical streams (Rezende et al. 2014a,
2017a).

In decomposer communities, shredders constitute the
main trophic group due to the direct use of leaf tissue for
feeding (Graga 2001, Ferreira et al. 2006, Moulton et al.
2010). The shredders activity may increase the incorporation
of litter in secondary production and fine particles which are
used as food by collectors and filterers (Gonzélez and Graga
2005). However, the low shredders abundance found in leaf
colonization remain unclear for tropical streams (Moulton et
al. 2010, Boyero et al. 2011, 2012, Rezende et al. 2015). On
the other hand, studies have shown that scrapers may frag-
ment the plant tissues by consuming the periphyton and also
present a high abundance in tropical streams (Rezende et al.
2010, Rezende et al. 2017a). In this sense, the role of specific
invertebrates and trophic feeding groups in leaf breakdown in
subtropical stream is not well understood (Biasi et al. 2016,
Wang et al. 2017).

The current challenge is to determine the importance
of invertebrates for leaf breakdown in tropical/subtropical
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streams mainly due to the low taxonomic resolution used
in most of the studies (e.g., Compin and Céréghino, 2003,
Rueda-Delgado et al. 2006). For example, the majority of the
studies usually evaluate the invertebrate community at the
family level, classifying organisms into more than one func-
tional group (Cummins et al. 2005, Gongalves et al. 2014).
This is even more dramatic for the Chironomidae family,
which is generally the predominant insect group on decom-
posing leaves (Gongalves et al. 2003, 2016, Biasi et al. 2013,
Rezende et al. 2017c¢,a) and are often neglected in functional
feeding group classification as a consequence of difficul-
ties in genus or species identification (Cummins et al. 2005,
Gongalves et al. 2014, Heino et al. 2018). Therefore, studies
using fine taxonomic resolution at genus or species levels are
an important step to unravel the importance of invertebrates
in subtropical as well as in tropical streams (Biasi et al. 2013,
Heino et al. 2018).

Our objective was to assess the importance of invertebrate
community (using different taxonomic resolutions for trophic
group classification) in leaf litter breakdown in a subtropical
stream during a year. We used models of repeated measures
ANOVA (RM-ANOVA) to verify if the refined taxonomic
resolution would alter the understanding of the invertebrates
influence in leaf breakdown. Differences between taxonomic
resolutions (comparing the RM-ANOVA models patterns) in-
dicate the importance of the factor for leaf breakdown. Also,
the same patterns among any decomposer community with
the mass loss (by RM-ANOVAs models) will highlight the
important factors for leaf breakdown. We, thus, tested two
hypotheses: (1) shredder and scraper invertebrates would be
relatively more important for leaf breakdown than other in-
vertebrates, fungi and environmental variables; and (2) the
degree of taxonomic resolution enhances the accuracy of the
importance of invertebrates for leaf breakdown process.
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Figure 1. Location of the
sampling point in the Quati
Stream on Sao Camilo
State Park, Palotina City,
Parana State.
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Table 1. Mean and standard error values of the environmental variables in sampling times on Quati Stream.

Month W.T. (°C) D.O. (mg.L) pH El. Cond. (uS.cm) W.E. (m’.s)
January 21.12+0.09 9.17+0.04 5.55+0.01 50.72+0.81 0.30+0.01
April 19.14+0.08 9.45+0.11 6.90+0.01 31.00+0.01 0.27+0.02
August 14.2940.18 9.44+0.13 7.39+0.34 36.40+1.50 0.32+0.01
November 20.67+0.05 8.76+0.33 6.91+0.19 64.44+0.92 0.36+0.03

Material and methods

Study area

The experiment was performed in a first order stream
(Quati stream, with ca. 3.3 km extension), located in the
Conservation Unit of Sdo Camilo State Park (total area of
385.34 ha) in the western of Parana state, Brazil (Fig. 1).
Natural vegetation is tropical seasonal semideciduous forest
of Atlantic forest domain (Oliveira-Filho et al. 2006). The cli-
mate is Cfa type (according Koppen classification), with hot
and rainy summers, rare frost formation and with a defined
dry season during the winter season.

Procedures

Litterfall was measured in four different occasions within
a year (December 2013, March, July and October 2014) cov-
ering all periods (seasons) over the year. Litterfall measure-
ments were done in five sampling points (Supplement: Fig.
SM1) spaced 20 meters from each other, for a total length of
100 meters along the stream (additional details are available
in Sales et al. 2015, Rezende et al. 2016, Tonin et al. 2017).
Plant litter (only leaf litter) directly entering in the stream
(vertical input - VI) was measured at each sampling point us-
ing three rows with six buckets each (total area of 0.53 m2),
suspended 2 m above the stream with ropes (Rezende et al.
2017b). The bucket bottoms were perforated to allow rainwa-
ter to evacuate.

The litter accumulated in the buckets in an interval of
30 days was retrieved and weighed in situ (wet weight), and
the contents of the bucket with the highest leaf litter mass
in each row were used for the leaf litter breakdown experi-
ments (1 leaf litter by row x 3 rows x 5 points X 4 months =
60 replicates). The contents of the remaining buckets (only
leaf litter), which were not used in the leaf litter breakdown
experiment were oven dried to a constant mass (60°C, 72 h),
and the resulting weight was used as a correction factor to
estimate the moisture of the litter used in the leaf litter break-
down experiment.

A multianalyzer (model 85, YSI Incorporated) was used
to measure in situ temperature (°C), electrical conductivity
(uS cm!), pH (measured using YSI’s EcoSense pH100A),
and dissolved oxygen (mg L-1). At each sampling occasion
were measured current velocity (m s-!; using a flow meter,
Sigma Sports model FP101, Global Water), water depth and
wetted width of five stream sections (using a measuring tape).
The mean of water temperature was 18°C, with the highest

value in January (21°C; summer) and lowest in August (14°C;
winter). The Quati stream had high discharge (mean flow =
0.31 m.s) and elevated oxygen dissolved in water (range in
8.76 to 9.45 mg.l). Finally, the stream presents circumneutral
water and higher electrical conductivity (Table 1). A sediment
sample was collected from each sampling site using a plastic
container to determine the granulometric composition and
organic matter content of the sediment. The granulometric
composition of the sediment was determined according to the
methodology proposed by Suguio (1973).

Leaf litter breakdown and decomposer community

We only used leaves from the vertical input for leaf lit-
ter breakdown experiment for each period (seasons) over the
year. The leaves were weighed and placed in litter bags (30
cm x 30 cm, with a 10 mm mesh), and submerged for 30
days (each litter bag contained leaf litter from one bucket) on
January, April, August and November. The amount of mate-
rial placed in the bags ranged from 1 to 3 g (litter bags had
different sample weight due to quarterly changes in litterfall
throughout the year), and after a three-month period the leaf
litter samples were removed and replaced with new ones
(Sales et al. 2015, Rezende et al. 2016, 2017a). The collected
litter bags were transported to the laboratory in a cooler.

The leaf litter remains were washed with distilled water
over a 250 um sieve in the laboratory, and the collected inver-
tebrates were fixed in 70% ethanol. Invertebrates were later
identified to family and genus, and classified into functional
trophic groups as follows: gathering-collectors, filtering-
collectors, shredders, scrapers, and predators, according to
Pérez (1988), Cummins (1996), Cummins et al. (2005), and
Hamada et al. (2014).

Leaf discs (12 mm diam.) were removed with a cork
borer from five randomly selected leaves and grouped into
three sets with 5 discs each to be used to determine ash-free
dry mass (AFDM; for correction of inorganic compounds),
and fungi analyses (biomass by ergosterol and sporulation
rates). We calculated the AFDM by subtracting the ash weight
(muffle in 750 °C for 4h) from dry weight. The remaining leaf
litter was placed in aluminum trays and dried in an oven at 60
°C for 72 h to determine dry weight.

The biomass of the fungi associated with the decompos-
ing leaf litter was assessed by ergosterol content according
to Gessner (2005). Ergosterol was extracted by boiling the
samples in KOH/methanol, and the obtained extract was fil-
tered. The ergosterol was then eluted in isopropanol and ana-
lyzed by high-performance liquid chromatography, and then



compared against a standard curve using the curve area as
reference. Conidial production by aquatic hyphomycetes as-
sociated with the decomposing leaf litter was determined by
five leaf discs incubated in Erlenmeyer flasks with 30 mL of
deslilled water on an orbital shaker (900 rpm) for 48 h at 18
°C (Birlocher 2005). Aliquots of conidial suspensions of re-
leased spores (10 mL) were filtered through a Millipore mem-
brane filter (pore size 25 um diameter, Millipore Corporation,
Bedford, MA, USA), stained (0.1% cotton blue in lacto-
phenol) and examined under an optical microscope (x400,
Olympus BX 43) to estimate the number of conidia retained.
Sporulation rates were expressed as number of conidia mg~!
AFDM d-1, also counting and identified to specie according
to Gulis (2005) and aided by Fiuza et al. (2015, 2016).

Statistical analysis

Leaf litter breakdown rates (k) were calculated using a
negative exponential model of the percent of mass lost over
time (W, =W, e *; W,= remaining weight; W, = initial weight;
—k = decay rate; ¢ = time). The normality of the biological
variables was tested using a Kolmogorov-Smirnov test, and
the variables were transformed as necessary (log;, x+1).

We tested the remaining mass, leaf litter input, fungal
biomass (by ergosterol) and sporulation, invertebrate den-
sity, invertebrate richness, shredders abundance and scrapers
abundance (dependent variable) in relation to seasonal sam-
pling times (February, April, August and November) by one-
way repeated measures ANOVA (RM-ANOVA). We used the
stream stretch (5 sampling points) as repeated measurements
to run the RM-ANOVA (Crawley 2007). The RM-ANOVA
is typical for experiments with different error variances and
pseudoreplication corrections (for more see also chapter 11 of
Crawley 2007). Differences among the categorical variables
(sampling times) were assessed through orthogonal contrast
analysis (Crawley 2007). In this analysis, the dependent vari-
ables for the different seasonal sampling times (February,
April, August and November) were ordered (ascending) and
tested pairwise (with the closest values) and sequentially by
adding to the model values with no differences and testing
with the next model in a stepwise model simplification process
(for more see also chapter 9 of Crawley 2007). Comparisons
of the patterns of RM-ANOVA models were used to check
the importance of taxonomic resolution. Similar patterns in-
dicate that the taxonomic resolution is not important for leaf
breakdown. Any similarity among taxonomic resolutions and
mass loss (RM-ANOVAs models), highlight and identify the
importance of taxonomic degree for leaf breakdown. The as-
sociation between some of the variables was assessed with
Spearman’s correlation (Crawley 2007).

The invertebrates and hyphomycetes communities (abun-
dance and richness) were tested to assess whether there are
differences between sampling times using a Permutational
Multivariate Analysis of Variance (PerMANOVA) and par-
contrast analyses (Bonferroni correction). The PerMANOVA
was discriminated by Bonferroni-corrected pairwise com-
parison (distance matrix of Bray-Curtis, 10000 permutation
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and with pseudo-F; Adonis function, vegan package for R;
Oksanen et al. 2008, R Core Team 2019).

Results

Invertebrate community

Total of 2522 specimens from 34 families and 151 gen-
era were collected (Supplement: Table SM2). The mean
density of leaf-associated invertebrates found in this study
was 28 gl (4 Standard Error - SE). The most abundant
taxa were Chironomidae (40%) and Oligochaeta (12%). The
mean species richness was 15 faxa (£2 SE) per litter bag.
The genera with higher abundance were Rheotanytarsus
(10%; Chironomidae) followed by Hexacylloepus (8%;
Elmidae), Heterelmis (6%; Elmidae), Heteragrion (4%;
Megapodagrionidae) and Neoelmis (3%; Elmidae). The in-
vertebrate density and richness did not differ among sam-
pling times (Table 2; Fig. 2). We only found a positive corre-
lation between richness with coarse sand (r = 0.39, p = 0.045;
Spearman correlation) and very coarse sand (r = 0.40, p =
0.045; Spearman correlation). The structure and composi-
tion of invertebrate community changed among sample times
(PerMANOVA; F 4 54 = 2.95; p < 0.001), with the exception
of the comparison between January and April (Bonferroni-
corrected pairwise p < 0.05).

The gathering-collectors was the more abundant func-
tional feeding group (50%), followed by predators (25%) and
scrapers (14%; fragment leaf litter by scraping the perifiton
through the radula). Filtering-collectors trophic group (9%)
and shredders (2%; most important trophic group due to break
down leaf matter) have had lower abundances (Supplement:
Table SM3). Shredders show a higher density in November
compared to other months, but scrapers did not differ among
sampling times (Table 2; Fig. 2). Shredders also show a posi-
tive correlation only with coarse sand (r = 0.72, p = 0.045)
and very coarse sand (r = 0.41, p = 0.044; Spearman cor-
relation). However, scrapers did not present correlation with
the evaluated factors. Finally, the taxonomic resolution did
not change the patterns observed for scrapers and shredders
(family to genus level), presenting the same result also for
Chironomidae in genus level (Table 3 and Fig. 3). However,
an increase was observed in scrapers and shredders abun-
dance along with the increase in taxonomic resolution.

Environmental variables and ecological process

The average mass loss was 27% (+2.2 Standard Error),
with lower values in April (21% +1.2) and higher values in
August (33% +3.4). The mean decomposition coefficient
(“k”) was -0.046 day-! and ranged from -0.037 (August) to
-0.052 (April). August was the month with lower values of re-
maining mass (Table 2; Fig. 2). The mass loss showed a posi-
tive correlation with water temperature (r = 0.42, p = 0.047;
Spearman correlation).

Fungal biomass was higher in April (total mean of er-
gosterol 198 + 20 pg g! AFDM; Fig. 2). Fungal biomass
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Table 2. One-way RM-ANOVA of mass loss (A). fungal biomass
(by ergosterol B). invertebrate density (C). invertebrate richness
(D). shredders abundance (E) and scrapers abundance (F) among
sampling times (January. April. August and November) in a sub-
tropical stream and the contrast analysis (p < 0.05). Error by sites
in repeated measurements (E:S), error residuals (E:R), temporal
sampling (TS) and residuals are represented.

ANOVA DF SumSq Fvalue Pi(>F) gﬁ;‘f;ﬁ;
A. Mass loss
E:S 1 0.08 0.11
E:R 3 2.47
August <
November =
TS 3 19.43 4.24 0.009
January =
April
Residuals 51 78.01
B. Ergosterol
E:S 1 0.438 0.34
E:R 3 3.02
January =
November =
TS 3 86.77 4.32 0.010 August <
April
Residuals 51 9.73
C. Invertebrate Richness
E:S 1 0.02 0.01
E:R 3 12.64
TS 3 12.23 2.60 0.072
Residuals 51 75.11
D. Invertebrate Density
E:S 1 1.75 1.32
E:R 3 3.98
TS 3 3.02 0.53 0.664
Residuals 51 91.25
E. Shredders %
E:S 1 0.07 0.17
E:R 3 1.21
January =
TS 33999 1067 <0001 Aueust=
April <
November

Residuals 51 58.73

F. Scrapers %

E:S 1 0.27 0.27
E:R 3 2.17
TS 3 9.78 1.74 0.171

Residuals 51 87.83

(Table 2) and sporulation (RM-ANOVA; F(335) = 0.52;
p = 0.676) did not correlate with the factors. We found 14
species of hyphomycetes (Anguilospora crassa Ingold,
Anguillospora filiformis Greathead, Anguillospora longis-
sima (Sacc. & P. Syd) Ingold, Campylospora chaetocladia
Ranzoni, Colispora curvata Nawawi & Kuthub, Heliscina
campanulata Marvanova, Heliscus submerses H. 1. Huds.,
Lunulospora curvula Ingold, Mycocentrospora acerina
(R. Hartig) Deighton, Triscelophorus acuminatus Nawawi,

Table 3. One-way RM-ANOVA of abundance values of shred-
ders (A and B), scrapers (C and D) at family level (A and C) and
Chironomidae family (B and D) among sampling times in a sub-
tropical stream and the contrast analysis (p < 0.05). Error by sites
in repeated measurements (E:S), error residuals (E:R), temporal
sampling (TS) and residuals are represented.

Contrast
ANOVA DF SumSq Fvalue Pr(>F) Analysis
A. Invertebrate Shredders % in family level
E:S 1 0.02 0.03
E:R 3 2.45
January =
TS 31713 333 0027 Auewsts
April <
November
Residuals 51 80.40
B. Invertebrate Scrapers % in family level
E:S 1 11525  0.55
E:R 3 624.92
TS 3 799.02 1.82 0.155
Residuals 51 6849.01
C. Chironomidae Shredders % in genus level
E:S 1 221 2.66
E:R 3 0.27
TS 3 5.98 0.82 0.486
Residuals 51 91.52
D. Chironomidae Scrapers % in genus level
E:S 1 2.27 2.29
E:R 3 0.33
January =
TS 3 932 373 0019 hovember=
April <
August

Residuals 51 31.61

Triscelophorus sp., Triscelophorus monosphorus Ingold,
Tripospermum camelopardus Ingold and Tripospermum myr-
ti (Lind) S. Hughes), but the structure and composition of hy-
phomycetes community also did not present changes among
sample times (PerMANOVA; F 5 35 = 1.05; p = 0.379).

Discussion

Invertebrate community

The low influences of invertebrates for leaf break-
down process have been recorded in many tropical streams
(Gongalves et al. 2016, Rezende et al. 2016, 2017c). Our
study corroborated this evidence by showing a clear com-
munity pattern” that specific taxa (by population level) could
make a high effects in the leaf breakdown process. Despite,
the shredders activity increases the litter mass loss (Graga
2001), the low abundance (2%) in tropical streams (Leite
et al. 2016) decreases its importance compared to other de-
composing organisms for breakdown process (Gongalves



Figure 2. Values of mass loss
(A), fungal biomass (by ergoster-
ol B), invertebrate richness (C),
invertebrate density (D), shred-
ders abundance (E) and scrapers
abundance (F) among sampling
times in a subtropical stream.
Different letters (“a” and “b”)
indicate significant differences.
Boxes represent the quartiles, the
bold line represents the median,
horizontal dashed line the mean,
the vertical dashed line represents
the upper and lower limits and
circles the outliers.

Figure 3. Abundance values of
shredders (A and B), scrapers (C
and D) in family level (A and
C) and Chironomidae family (B
and D) among sampling times in
a subtropical stream. Different
letters (“a” and “b”) indicate
significant differences. Boxes
represent the quartiles, the bold
line represents the median, hori-
zontal dashed line the mean, the
vertical dashed line represents
the upper and lower limits and
circles the outliers
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et al. 2016, Rezende et al. 2016). Also, the low shredder’s
abundance may open the opportunity for other group, such as
scrapers, to occupy the same ecological niche (Rezende et al.
2010, 2018, Gongalves et al. 2016).

Studies had shown that the minimum taxonomic resolu-
tion to provide a relatively accurate classification at functional
feeding groups (FFG) is at least the family level (Cummins et
al. 2005, Ferreira et al. 2011), while other studies pointed out
the genus level (Biasi et al. 2013, Ferreira et al. 2017, Heino
et al. 2018). Besides the lack of consensus, the majority of
studies in tropical (Rezende et al. 2014a, 2018, Gongalves et
al. 2016) and subtropical streams (Biasi et al. 2016, Tonin et
al. 2017) are at family level. This predominance in the use of
the family level is probably a response to the fact that the tax-
onomic resolution in FFG was not extensively developed in
the literature and generated some degree of confusion (Biasi
et al. 2013, Ramirez and Gutiérrez-Fonseca 2014, Heino et
al. 2018). In this sense, we believe that the tropical region
needs a strong effort to determine the real FFG for inverte-
brates (studies of the stomach contents merging with isotopic
signatures). We did not find variation in the abundance pat-
tern of shredders and scrapers over time, with the exception
of Chironomidae group. Considering the genus level, higher
density of Chironomidae scrapers explained the low litter
breakdown by the increase in microbial consumed on leaf tis-
sue (Biasi et al. 2016, Tonin et al. 2017). These results also
explained the changes in structure of invertebrate community
(occurrence and frequency) among sample times. This way,
our results indicated the family level as a sufficient taxonomic
resolution to assess the role of shredders and scrapers in the
leaf litter breakdown process. Besides, the Chironomidae
family was the key to explain leaf breakdown in this study
(Biasi et al. 2013, 2016).

Environmental variables and ecological process

Water temperature shows a positive relationship with leaf
litter breakdown rates. Temperature was the most important
factor to drive the leaf breakdown in many tropical streams
(Gongalves et al. 2016, Rezende et al. 2016). High tempera-
ture may accelerate the biological metabolism (mainly in mi-
crobial community), increasing the litter mass loss (Chauvet
and Suberkropp 1998, Rezende et al. 2014a). Higher water
temperature associated with limited nutrients in litter and
water could also be responsible for the low shredders abun-
dance in tropical streams (Boyero et al. 2012, Rezende et al.
2015). However, some tropical (Allan et al. 2009, Boyero et
al. 2011) and subtropical (Tonin et al. 2014, 2017, Biasi et al.
2016) stream systems have high shredders abundance, and
the aspects responsible for this pattern (i.e., water tempera-
ture, water nutrients and litter leaf quality) should be further
studied.

The estimated decay rates (median k = -0.046 day-!) can
be described as fast, according to Gongalves et al. (2014)
categorization for tropical systems. The k& was intermedi-
ary compared to other subtropical (range -0.0021 to -0.238,
Biasi et al. 2013, 2016, Tonin et al. 2014, 2017), and tropical
streams (-0.0001 to -0.077; Abelho, 2001, Moretti et al. 2007,

Gongalves et al. 2012b, Rezende et al. 2014a, 2017a, ¢). The
largest k£ was observed in the warm period, which indicates a
seasonal dynamics, and also explains the positive correlation
with water temperature.

Fungal biomass was in the lower range compared to other
subtropical streams (range 30 to 655 ug.AFDM-!; Lemes
da Silva et al. 2017, Tonin et al. 2017), and tropical streams
(range 50 to 1058 ng. AFDM-1, Gongalves et al. 2006, Moretti
et al. 2007, Rezende et al. 2014a, 2017¢c). The ergosterol
amount was the highest in April compared to other months,
and is probably explained by the low water wash force. The
low water wash force may decrease the physical abrasion
and biofilm loss on the leaf (Santos Fonseca et al. 2012) as
observed by other work on tropical streams (Rezende et al.
2017c). A higher number of fungi species (14 species with
sporulation) was observed in our study than in other tropi-
cal streams (3 to 6 species; Sales et al. 2015, Martins et al.
2016, Rezende et al. 2016, 2017¢), probably due to the lower
temperature compared to tropical streams (Graga et al. 2016).
However, the structure and composition of hyphomycetes
community did not present changes among sample times ei-
ther, probably thanks to the lower temperature range for this
community (Graga et al. 2016).

The invertebrate density and richness did not differ
among sampling times. However, richness shows a positive
correlation with coarse and very coarse sand. The occurrence
of coarse granulometric fractions creates high habitat diver-
sity in the sediment, increasing the availability of shelter for
aquatic organisms (Biicker et al. 2010, Dominguez-Granda et
al. 2011, Rezende et al. 2014b). This corroborates the theory
of natural fluvial processes (Vannote et al. 1980, Vinson and
Hawkins 2003) cause the local habitat characteristics (e.g.,
water velocity, water depth, river width and substrate) to vary
spatially along the stream and structure the invertebrate com-
munities (Rezende et al. 2014b).

Conclusion

We found a low importance of changes in taxonomic
resolution for determining trophic groups to assess the in-
fluence of invertebrate community in leaf litter breakdown
process in this subtropical stream. The most sensitive taxon
was Chironomidae that shows difference on taxonomic reso-
lution pattern. High density of Chironomidae scrapers at ge-
nus level help to explain low litter breakdown by increase in
the consumption of microbial present on leaf tissue. This may
indicate that in subtropical streams the Chironomidae fam-
ily is dominant and these organisms constitute a key taxon
to explain ecological processes when compared to the other
families. Besides the importance of Chironomidae, we found
a low importance of invertebrate community (shredders and
scrapers) in leaf breakdown process, not corroborating our
first hypothesis.

On the other hand, abiotic factors (mainly temperature)
are the main factors responsible for the leaf litter breakdown
in this subtropical system over the year. Also, the taxonomic
resolution (family to genus level) did not change the results of



the most important trophic groups (shredders and scrapers),
not corroborating also our second hypothesis, probably due
to the low importance of invertebrates in the stream system.
Therefore, future studies should be done to investigate the
real importance of invertebrates in leaf breakdown of streams.
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