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A B S T R A C T   

The decomposition of plant litter is a fundamental ecological process in small forest streams. Litter decompo
sition is mostly controlled by litter characteristics and environmental conditions, with shredders playing a critical 
role. The aim of this study was to evaluate the effect of leaf species (Maprounea guianensis and Inga laurina, which 
have contrasting physical and chemical characteristics) and water nutrient enrichment (three levels) on leaf litter 
chemical characteristics and fungal biomass, and subsequent litter preference and consumption by Phylloicus sp. 
(a typical shredder in tropical streams). Maprounea guianensis leaves had lower lignin and nitrogen (N) con
centrations, higher polyphenols concentration and lower lignin:N ratio than I. laurina leaves. Phosphorus con
centrations were higher for both leaf species incubated at the highest water nutrient level. Fungal biomass was 
higher on M. guianensis than on I. laurina leaves, but it did not differ among nutrient levels. Relative consumption 
rates were higher when shredders fed on M. guianensis than on I. laurina leaves, due to the lower lignin:N ratio 
and higher fungal biomass of M. guianensis. Consumption rates on M. guianensis leaves were higher for those 
exposed to low water nutrient levels than for those exposed to moderate water nutrient levels. Feeding prefer
ences by shredders were not affected by leaf species or nutrient level. The low carbon quality on I. laurina leaves 
makes it a less attractive substrate for microbial decomposers and a less palatable resource for shredders. 
Changes in litter input characteristics may be more important than short-term nutrient enrichment of stream 
water on shredder performance and ecosystem functioning.   

1. Introduction 

Plant litter is energetically important for shaded headwater streams, 
as primary production is low and unable to provide energetic support for 
aquatic trophic webs (heterotrophic metabolism; Vannote et al., 1980; 
Wallace et al., 1997). Leaves are the main source of energy and nutrients 
for these ecosystems (60–80% of allochthonous organic matter; Esteves 
and Gonçalves, 2011; Bambi et al., 2017). The energy and nutrients 
contained in leaf litter are incorporated into aquatic food webs through 
leaf decomposition (Gessner et al., 1999; Hieber and Gessner, 2002). 
Leaf decomposition is mainly a biological process mediated by the ac
tivity of microbial decomposers and invertebrate shredders (Gessner 
et al., 1999; Hieber and Gessner, 2002; Baldy et al., 2007). Shredder 
activity on leaves is especially promoted by microbial conditioning that 
increases leaf softness and nutrient concentration (Graça et al., 2001; 

Graça and Cressa, 2010). The activity of both biological groups, and the 
rate at which litter decomposes and nutrients cycle, is controlled by leaf 
characteristics and environmental conditions (Boyero et al., 2016; 
Zhang et al., 2019). 

Leaf characteristics such as toughness (Berg and McClaugherty, 
2003; Zhang et al., 2019), concentrations of lignin (Schindler and 
Gessner, 2009; Jabiol et al., 2019), polyphenols (Moretti et al., 2009), 
nitrogen (N) and phosphorus (P) (García-Palacios et al., 2016), and 
nutrient ratios such as carbon:N (Chauvet et al., 2016) are important 
moderators of leaf decomposition. Soft leaves, with high nutrients 
concentrations (e.g. N and P) and low concentrations of structural (e.g. 
lignin) and secondary (e.g. polyphenols) compounds, are generally 
colonized faster and sustain higher microbial and shredder activity than 
more recalcitrant leaves (Gessner and Chauvet, 1994; Gulis and Sub
erkropp, 2003; Ferreira et al., 2012). Therefore, leaves of high 
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nutritional quality decompose faster than low quality leaves (Gessner 
and Chauvet, 1994; Ferreira et al., 2006a, 2012; Zhang et al., 2019). 

Among the environmental factors that most strongly affect de
composers activity and leaf decomposition are nutrient concentrations 
in stream water (Graça et al., 2015). Moderate nutrient enrichment of 
oligotrophic streams generally stimulates microbial and shredder ac
tivity on leaves (Gulis and Suberkropp, 2003; Ferreira et al., 2006b; 
Greenwood et al., 2007; Medeiros et al., 2015) and leaf decomposition 
rates (Woodward et al., 2012; Ferreira et al., 2015; Rosemond et al., 
2015). Leaf decomposition mediated by shredders is particularly stim
ulated by nutrient enrichment (Gulis et al., 2006; Tant et al., 2015). 

Leaf characteristics, water nutrient concentration and shredder 
presence often interact to control leaf decomposition (Kominoski et al., 
2015; Tant et al., 2015; Jabiol et al., 2019). Tropical streams generally 
have low nutrient concentrations water, receive recalcitrant leaf inputs 
and have a low abundance of shredders (Gonçalves et al., 2006, 2007; 
Wantzen and Wagner, 2006; Boyero et al., 2012; Rezende et al., 2018). 
Nevertheless, even if shredders have low abundance in tropical streams, 
their biomass can attain high values making them important players on 
leaf decomposition (Tonin et al., 2014). 

Within the shredders’ guild, the genus Phylloicus Müller, 1880 (Tri
choptera: Calamoceratidae) has a wide distribution in the neotropics 
(Prather, 2003), being the most abundant shredder genus in tropical and 
subtropical streams (Wantzen and Wagner, 2006; Tonello et al., 2016). 
Phylloicus sp. larvae tend to use leaves with a higher nutrient concen
tration for food and leaves with a higher concentration of lignin and 
polyphenols for the construction of their cases (Rincón and Martínez, 
2006; Moretti et al., 2009; Rezende et al., 2018). 

In this study we assessed the effects of leaf characteristics (two leaf 
species with contrasting initial characteristics) and water nutrient con
centrations (three levels) on microbial leaf colonization and feeding 
preferences and consumption rates of Phylloicus sp. We predicted that: i) 
Higher dissolved nutrient availability would stimulate microbial colo
nization and decomposition of leaf litter (Gomes et al., 2017), ii) Phyl
loicus sp. would have higher consumption rates and prefer to feed on 
leaves with higher nutritional value (Moretti et al., 2009), and iii) 
Higher dissolved nutrient availability would stimulate the rate of leaf 
fragmentation by Phylloicus sp. due to increased microbial conditioning 
(Greenwood et al., 2007). 

2. Methods 

2.1. Leaf collection and microbial conditioning in the stream and in the 
laboratory 

Senescent leaves of Maprounea guianensis Aubl. and Inga laurina (Sw.) 
Willd. were collected in August 2017, in the Ecological Station of the 
Botanical Garden of Brasília (JBB) and in the Fazenda Água Limpa (FAL) 
conservation unit of the University of Brasília, Federal District, Brazil, 
respectively. These are tree species common in the riparian vegetation of 
the Brazilian Cerrado and were selected for having contrasting leaf 
characteristics. Maprounea guianensis has lower concentrations of lignin 
(mean 24 % dry mass, DM), cellulose (16 % DM), N (0.76 % DM) and P 
(0.01 % DM) and lower lignin:N ratio (31) than I. laurina (45 % DM, 32 
% DM, 1.05 % DM, 0.09 % DM and 36, respectively) (Gomes et al., 
2016). Due to the lower concentration of structural compounds, 
M. guianensis is likely of better nutritional quality for shredders when 
compared with I. laurina, despite its lower nutrient concentration. 
Leaves were air-dried at room temperature in the dark and stored in 
paper boxes until used. 

Air-dry leaves were enclosed in fine mesh bags (10 × 15 cm, 0.5 mm 
mesh) and incubated in the Cabeça de Veado stream (15◦53′22.15′′ S, 
47◦50′34.10′′ W), located at JBB, in February 2018 to allow microbial 
conditioning. This stream water is generally warm (20.0 ± 0.9 ◦C), has 
circumneutral pH (7.0 ± 0.8) and moderate oxygenation (7.5 ± 3.0 mg 
O2 L–1); values are mean ± SE (n = 24) between September 2010 and 

August 2012 (Bambi et al., 2017). After seven days incubation, the litter 
bags were collected, placed individually in plastic bags and taken to the 
laboratory in ice boxes. Previous studies have found that the seven-days 
incubation period is enough to guarantee microbial colonization of the 
substrates (Rezende et al., 2015, 2018; Martins et al., 2020). 

In the laboratory, leaves were gently rinsed with distilled water to 
remove sediments and distributed by three containers with media (25 L) 
of different N and P concentrations: low NP concentration correspond
ing to filtered water from Cabeça de Veado stream (18 μg P L–1 and 142 
μg N L–1 ; N:P molar ratio: 17:1), moderate NP concentration (100 μg P 
L–1 and 1390 μg N L–1; 31:1) and high NP concentration (980 μg P L–1 

and 13,860 mg N L–1; 31:1). The N:P molar ratios were the same for the 
moderate and high nutrient concentrations, which only differed in the 
nutrients concentration. The moderate NP concentration was achieved 
by adding 0.5 g MOPS buffer, 0.55 mg K2HPO4 and 10 mg KNO3 per liter 
of distilled water. The high NP concentration was achieved by adding 
0.5 g MOPS buffer, 5.5 mg K2HPO4 and 100 mg KNO3 per liter of 
distilled water. Solutions were neutralized with KOH, and 75.5 mg CaCl2 
and 10 mg MgSO4.7H2O were added inside a flux chamber. The media 
were aerated continuously (1.5 L min–1) and replaced every two days by 
fresh media. Containers were located in a temperature-controlled room 
(20 ◦C), with a 12 h light:12 h dark photoperiod, and leaf incubations 
lasted for one week. This laboratory incubation was aimed at exposing 
microbial decomposers to different nutrient concentrations, which 
would likely stimulate fungal biomass buildup, leaf nutrient enrichment 
and leaf maceration by microbial enzymes at higher nutrient concen
trations (Gulis and Suberkropp, 2003). After incubation, leaf discs 
(12-mm diameter) were cut with a cork borer, avoiding main veins, 
lyophilized and stored to be used in experiments with Phylloicus sp. 
Lyophilization keeps the leaf discs nutritional properties while allowing 
the determination of their exact initial dry mass. 

2.2. Chemical and microbiological litter characterization 

After incubation in the laboratory, leaves from all six treatments (2 
leaf species × 3 nutrient levels) were characterized regarding their 
chemical characteristics. Leaves were oven dried (60 ◦C for at least 72 h 
and until they were completely dry), ground to fine powder and used to 
determine the concentrations of total polyphenols by the Folin- 
Ciocalteau method (Bärlocher and Graça, 2005), lignin by the gravi
metric method (Gessner, 2005a), total P by acid digestion with hydro
chloric acid followed by the ascorbic acid method (Flindt and Lillebø, 
2005), and carbon and N using an elemental analyzer (model Truspec 
CHN628, Leco Instruments Ltda, São José, Michigan, USA 2013). Con
centrations were expressed as % dry mass (DM). 

Sets of 3 leaf discs per treatment were frozen at − 20 ◦C, lyophilized 
for 24 h, weighed (± 0.01 mg) to determine DM and used for ergosterol 
extraction, as a surrogate for fungal biomass, by the solid phase 
extraction method (Gessner, 2005b). Determination of ergosterol con
centration in the extract was made by high-performance liquid chro
matography and results were expressed as μg ergosterol g–1 DM 
(Gessner, 2005b). 

2.3. Collection of Phylloicus sp. individuals 

Phylloicus sp. individuals were collected at Capetinga stream 
(15◦57′40′′ S, 47◦56′33′′ W), located at FAL, through an active search. 
The abundance of Phylloicus sp. larvae is higher in this stream than in 
other streams of the region (e.g. Cabeça de Veado Stream), which 
allowed the collection of enough similar sized individuals in a single 
occasion. The Capetinga stream is generally characterized by warm 
water (18 ± 1 ◦C), circumneutral pH (7 ± 1), moderate oxygenation (7.5 
± 2 mg L–1) (values are mean ± SE (n = 24) between September 2010 
and August 2012; Bambi et al., 2017), and low nutrient concentration 
(30 μg P L–1 and 160 μg N L–1). Individuals with cases of similar size (~ 1 
cm wide) were selected, placed in an ice box and taken to the laboratory. 
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Individuals were placed in an aquarium, with continuously aerated 
mineral water and a layer of stream sediment at the bottom. The 
aquarium was kept in a temperature-controlled room (20 ◦C), with a 12 
h light: 12 h dark photoperiod, to allow acclimatization of individuals to 
the laboratory conditions for 48 h. Individuals’ interocular distance was 
measured with the aid of an electronic magnifying glass with a milli
meter eyepiece and used to estimate their initial biomass with power 
regression model (r2: 0.66; Martins et al., 2014). 

2.4. Leaf consumption experiment by shredders 

Twelve experimental containers (300 mL) were established for each 
of the six treatments (12 containers × 2 leaf species × 3 water nutrient 
levels, 72 containers in total; Fig. 1). Each container received 300 mL of 
mineral water (Martins et al., 2017), which was diluted 100× to show 
low electrical conductivity (20.38 μS cm–1), circumneutral pH (7.37) 
and the following chemical composition (sorted by increasing concen
tration): 0.002 mg L–1, 0.008 mg L–1, 0.009 mg L–1, 0.009 mg N L –1, 
0.010 mg F L–1, 0.011 mg L–1, 0.017 mg L–1, 0.021 mg SO4 L–1, 0.018 mg 
P L–1, 0.148 mg K L–1. The water was continuously aerated during the 
experiment (375 mL min–1). The bottom of each container was covered 
with stream sediment previously ignited in a muffle furnace (550 ◦C, 24 
h). Containers were displayed in a temperature-controlled room (20 ◦C), 
with a 12 h light:12 h dark photoperiod. 

Each container received one shredder individual, three pre-weighed 
leaf discs from one of the six treatments and one fine mesh bag (70 × 50 
mm; 0.5 mm mesh) with three leaf discs from the same treatment, which 
was hanged from the container’s edge and was inaccessible to the 
shredder, to serve as a control for mass loss due to microbial activity 
(Fig. 1). The experiment lasted until approximately 50 % of the initial 
leaf mass from one of the treatments was consumed (7 days). Individuals 
and the remaining mass of exposed and control discs were collected, 
oven dried (60 ◦C, 72 h) and weighed to determine final mass. Leaf 
consumption rates were determined by the formula: ((exposed discs 
initial DM – exposed discs final DM) – (control discs initial DM – control 
discs final DM)) / individual DM /day. Results were expressed as mg leaf 
DM mg–1 individual DM day–1. Leaf mass loss in control discs was 
expressed as percentage of initial DM. 

2.5. Leaf feeding preferences by shredders 

Twelve containers as those described in the ‘Leaf consumption’ 

section above were used. Each container received one shedder individ
ual and six pre-weighed leaf discs, one from each treatment. Each 
container also received six fine-mesh litter bags (70 × 50 mm; 0.5 μm 
mesh opening) with one disc from each treatment, which were hung 
from the container’s edge to serve as a control for mass loss due to mi
crobial activity (Fig. 2). The experiment lasted until approximately 50 % 
of the initial mass of at least one disc was consumed (7 days). Individuals 
and the remaining mass of exposed and control discs were collected, 
oven dried (60 ◦C, 72 h) and weighed to determine the final mass. The 
leaf consumption rates and leaf mass loss in control discs were deter
mined as described above. 

2.6. Statistical analysis 

The two-way factorial generalized linear mixed-effects analysis 
(glmer function in lme4 package) was performed for testing the effect of 
leaf litter species (M. guianesnis vs. I. laurina), water nutrient level (low 
vs. moderate vs. high) and their interaction (explanatory variable) on 
leaf litter consumption by Phylloicus sp. larvae and decomposition by the 
microbial community (response variables; Bates et al., 2015). We per
formed a random effect GLMM analysis considering the microcosm 
identity (each container) to account for the specific features of each 
container, and contrast analysis by pairwise post hoc tests using mult
comp (Hothorn et al., 2014) to interpret which of the factors is different 
from the others. The p-values were obtained by likelihood ratio tests 
(Chi-square distribution) of the full model against a partial model 
without the explanatory variables. All models were tested for error 
distribution by hnp function and package and corrected for over or under 
dispersion. The error distributions with the best fit for all models were 
the Gaussian family. We ran factorial generalized linear models (GLMs; 
Zuur and Ieno, 2016) and contrast analyses using multcomp (Hothorn 
et al., 2014) to test comparisons between initial chemical characteristics 
of leaf litter species, water nutrient concentrationand fungal biomass. 
All analyzes were performed using R software (R Core Team, 2020). 

3. Results 

3.1. Leaf litter characteristics and fungal biomass 

Lignin concentrations differed between leaf species, being ~ 2×
higher for I. laurina leaves (Table 1). Polyphenols concentrations also 
differed between leaf species, being ~ 4× higher for M. guianensis leaves 

Fig. 1. Experimental design of the leaf con
sumption experiment. Twelve containers were 
set for each of six treatments crossing two leaf 
species of contrasting characteristics (Maprou
nea guianesnis and Inga laurina) and three 
nutrient levels (Low NP, Moderate NP and High 
NP) to which leaves had been previously 
exposed (72 containers in total). Each container 
received one shredder individual (Phylloicus 
sp.), three leaf discs that were accessible to the 
shredders, and one fine mesh litter bag with leaf 
discs protected from shredder access that was 
hung on the container’s edge.   
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(Table 1). No effects of water nutrient level or of the interaction between 
leaf species and water nutrient level were found for lignin or poly
phenols concentrations (Table 2). 

Nitrogen concentrations were affected by leaf species and water 
nutrient level (Table 2). N concentrations were ~ 1.6× higher for 
I. laurina than for M. guianensis leaves, but effects of nutrient level were 
found only for M. guianensis leaves with N concentration ~ 16 % lower 
for the moderate than for the other two nutrient levels (Table 1). P 
concentrations were affected only by water nutrient level (Table 2), 
being ~ 2× higher for leaves in the high-water nutrient level than for 
leaves in the other two nutrient levels (Table 1). N:P ratios were affected 
by water nutrient level and the interaction between factors (Table 2), 
being ~ 2.5× higher for M. guianensis at the low than at the high nutrient 
level (Table 1). Lignin:N ratios differed between leaf species (Table 2), 
being ~ 25 % higher for I. laurina (Table 1). 

Fungal biomass associated with the leaves after being incubated in 
the laboratory at three water nutrient levels differed between leaf spe
cies, being ~ 3× higher on M. guianensis than on I. laurina (Table 2, 
Fig. 3). No effects of water nutrient level or of the interaction between 
factors were found for fungal biomass (Table 2). 

3.2. Leaf consumption by shredders 

Relative consumption rates of Phylloicus sp. larvae were affected by 
leaf species and the interaction between leaf species and water nutrient 
level (Table 3). Consumption rates on M. guianensis leaves were higher 
for those exposed to low water nutrient levels than for those exposed to 
moderate water nutrient levels (Fig. 4a, Table 4), while consumption 
rates on I. laurina leaves were not affected by water nutrient levels. 
Consumption rates were higher for M. guianensis than for I. laurina in the 
low and high water nutrient levels, while no effect of leaf species was 

Fig. 2. Experimental design of the leaf feeding 
preferences experiment. Each of 12 containers 
received one shredder individual (Phylloucus 
sp.), one leaf disc of each of six treatments, 
crossing two leaf species of contrasting charac
teristics (Maprounea guianesnis and Inga laurina) 
and three nutrient levels (Low NP, Moderate NP 
and High NP) to which leaves had been previ
ously exposed, and six litter bags (one per litter 
treatment) with one leaf disc each protected 
from shredder access that was hung on the 
container’s edge.   

Table 1 
Chemical characterization (means ± SE) of Maprounea guianensis and Inga laurina leaves after being incubated in the stream for one week followed by one week 
incubation in the laboratory under three different water nutrient conditions (Low, Moderate and High water NP concentrations). Comparisons between leaf species and 
among nutrient levels were done by factorial GLM (treatments with the same letter do not significantly differ, p ≥ 0.050). DM, dry mass; N, nitrogen; P, phosphorus.  

Leaf species Nutrient level Lignin (% DM) Polyphenols (% DM) N (% DM) P (% DM) N:P Lignin:N 

M. guianensis 
Low NP 26.7a ±1.6 30.3a±2.0 1.01b±0.03 0.05a±0.01 23.1b±3.8 23.2a±1.5 
Moderate NP 22.3a±1.2 31.9a±1.6 0.89a±0.01 0.06a±0.01 17.6ab±5.0 25.1a±0.8 
High NP 22.8a ±1.2 27.4a±1.6 1.06b±0.01 0.13b±0.03 9.4a±1.9 21.5a±1.4 

I. laurina 
Low NP 48.5b±3.5 5.0b±0.1 1.56c±0.002 0.06a±0.01 27.1b±1.0 31.0b±1.7 
Moderate NP 47.3b±2.5 9.4b±1.5 1.51c±0.01 0.09a±0.02 10.2ab±3.2 31.3b±1.9 
High NP 48.7b±4.6 8.4b±0.7 1.63c±0.07 0.15b±0.01 19.9ab±3.0 30.3b±4.0  

Table 2 
Summary table of factorial GLM analyses performed on initial chemical char
acteristics and fungal biomass of Maprounea guianensis and Inga laurina leaves 
(Leaf species) after being incubated in the stream for one week followed by one 
week incubation in the laboratory under three different water nutrient con
centrations (Nutrient level).  

Source of variation DF Resid. Dev DF F p 

Lignin      
Leaf species 1 283.9 16 124.727 <0.001 
Nutrient level 2 279.4 14 0.097 0.907 
Leaf species × Nutrient level 2 278.8 12 0.014 0.986 
Polyphenols      
Leaf species 1 136.20 16 369.442 <0.001 
Nutrient level 2 102.73 14 2.767 0.102 
Leaf species × Nutrient level 2 72.56 12 2.495 0.124 
N      
Leaf species 1 0.112 16 405.927 <0.001 
Nutrient level 2 0.048 14 8.443 0.005 
Leaf species × Nutrient level 2 0.045 12 0.481 0.629 
P      
Leaf species 1 0.037 16 2.187 0.164 
Nutrient level 2 0.011 14 14.224 <0.001 
Leaf species × Nutrient level 2 0.011 12 0.151 0.861 
N:P      
Leaf species 1 1095.6 16 0.825 0.381 
Nutrient level 2 625.4 14 7.448 0.007 
Leaf species × Nutrient level 2 378.7 12 3.908 0.049 
Lignin:N      
Leaf species 1 186.6 16 18.805 <0.001 
Nutrient level 2 170.7 14 0.575 0.577 
Leaf species × Nutrient level 2 166.0 12 0.169 0.846 
Ergosterol      
Leaf species 1 1583.4 16 189.148 <0.001 
Nutrient level 2 1299.8 14 1.315 0.304 
Leaf species × Nutrient level 2 1293.6 12 0.028 0.971  
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found for the moderate water nutrient level (Fig. 4a, Table 4). Leaf 
species, water nutrient level and the interaction between factors did not 
affect leaf mass loss by microbial activity (Table 3, Fig. 4b). 

3.3. Leaf feeding preferences by shredders 

Leaf species, water nutrient level and the interaction between factors 
did not affect feeding preferences by Phylloicus sp. larvae (Table 3, 
Fig. 5a). Leaf mass loss in fine mesh bags was not affected by leaf species, 
water nutrient level or the interaction between leaf species and nutrient 
level (Table 3, Fig. 5b). 

4. Discussion 

Most leaf chemical characteristics measured (except P concentra
tion), and leaf-associated fungal biomass were affected by leaf species, 
while only leaf N and P concentrations and N:P ratio were affected by 
water nutrient level. Consequently, stronger effects of leaf species than 
of water nutrient level were found on microbial-driven leaf mass loss 
and leaf consumption by shredders. 

Leaf species naturally differ in their characteristics (Ostrofsky, 1997; 
Jabiol et al., 2019), which control microbial colonization and estab
lishment on leaf litter (Gessner and Chauvet, 1994; Canhoto and Graça, 
1999). Microbial colonization and their activities are generally pro
moted in litter with high nutrient concentration and low concentration 
of structural and secondary compounds (Gessner and Chauvet, 1994; 
Gulis and Suberkropp, 2003; Ferreira et al., 2012). Among the various 
leaf characteristics measured, lignin concentration and lignin:N ratio 
were the most important ones controlling leaf colonization by micro
organisms and its subsequent microbial decomposition and consump
tion by Phylloicus sp. larvae. The lower lignin concentration and lignin:N 
ratio of M. guianensis leaves than of I. laurina leaves likely facilitated 
fungal biomass accumulation. Consumption rates by Phylloicus sp. larvae 
were sensitive to the lower lignin concentration and lignin:N ratio and 
higher fungal biomass accumulation on M. guianensis leaves than of 
I. laurina leaves, on low and high water nutrient levels, but not on 
moderate nutrient levels. The low consumption rate of Phylloicus sp. 
larvae on M. guianensis leaves exposed to moderate nutrient levels may 
result from their lower N concentration. When given a choice between 
both leaf species no preference was found. The lack of feeding prefer
ences by Phylloicus sp. larvae was unexpected since the same shredder 
species showed feeding preferences in another study, although the 
contrasted leaf species differed between studies (Reis et al., 2019). Litter 
decomposition is generally slower when lignin concentration is high, 
likely due to a limitation of microbial and invertebrate activity by low 

Fig. 3. Fungal biomass associated with two leaf species (Inga laurina) and 
Maprounea guianesnis) previously exposed to three water nutrient levels (Low 
NP, Moderate NP and High NP). Boxes represent the quartiles, the bold line 
represents the median and the vertical line represents the upper and 
lower limits. 

Table 3 
Simplified two-way factorial generalized linear mixed-effects analysis performed on leaf consumption by shredders and mass remaining in control leaf discs for 
Maprounea guianensis and Inga laurina leaves (Leaf species) after being incubated in the stream for one week followed by one week incubation in the laboratory under 
three different water nutrient concentrations (Nutrient level).*, see Table 4 for multiple comparisions.  

Model = Mass consumption ~ Plant species * Nutrient level (1 | Microcosm identity) 

GLMM Df AIC BIC logLik Deviance Chisq Chi Df residual Pr(>Chisq) 

Leaf consumption experiment        
Leaf relative consumption rate        
Null model 5 3.55 14.19 3.22 − 6.45    
Leaf species 8 − 4.62 12.39 10.31 − 20.62 14.18 58 0.003 
Null model 4 − 6.37 2.14 7.18 − 14.37    
Nutrient level 8 − 4.62 12.39 10.31 − 20.62 6.26 59 0.181 
Null model 3 2.33 8.71 1.83 − 3.67    
Leaf species × Nutrient level 8 − 4.62 12.39 10.31 − 20.62 16.96 61 0.005* 
Mass loss in control leaf discs        
Null model 5 409.08 420.40 − 199.54 399.08    
Leaf species 8 411.70 429.80 − 197.85 395.70 3.38 58 0.336 
Null model 4 405.30 414.35 − 198.65 397.30    
Nutrient level 8 411.70 429.80 − 197.85 395.70 1.59 59 0.810 
Null model 3 405.56 412.35 − 199.78 399.56    
Leaf species × Nutrient level 8 411.70 429.80 − 197.85 395.70 3.86 61 0.570 
Leaf feeding preferences experiment       
Leaf relative consumption rate        
Null model 5 − 90.86 − 81.20 50.43 − 100.86    
Leaf species 8 − 88.52 − 73.06 52.26 − 104.52 3.66 58 0.301 
Null model 4 − 94.78 − 87.05 51.39 − 102.78    
Nutrient level 8 − 88.52 − 73.06 52.26 − 104.52 1.74 59 0.784 
Null model 3 − 92.98 − 87.18 49.49 − 98.98    
Leaf species × Nutrient level 8 − 88.52 − 73.06 52.26 − 104.52 5.54 61 0.354 
Mass loss in control leaf discs        
Null model 5 597.82 609.13 − 293.91 587.82    
Leaf species 8 600.98 619.08 − 292.49 584.98 2.84 58 0.417 
Null model 4 596.25 605.30 − 294.12 588.25    
Nutrient level 8 600.98 619.08 − 292.49 584.98 3.27 59 0.513 
Null model 3 595.40 602.19 − 294.70 589.40    
Leaf species × Nutrient level 8 600.98 619.08 − 292.49 584.98 4.43 61 0.490  
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quality carbon (Lecerf and Chauvet, 2008; Jabiol et al., 2019; Zhang 
et al., 2019). This implies that, although I. laurina leaves had higher N 
concentration than M. guianensis leaves, its higher concentration of 
structural compounds likely limited nutrient use, while at the same time 
provided low quality carbon (Gessner et al., 1999; Jabiol et al., 2019). 

Increases in water nutrient enrichment generally stimulate decom
poser colonization of leaf litter, biomass buildup and nutrient accumu
lation (Gulis and Suberkropp, 2003; Gulis et al., 2006; Kominoski et al., 
2015). However, effects of water nutrient enrichment on leaf charac
teristics and fungal biomass buildup were mild, with the most remark
able effect being an increase in P concentration on leaves of both species 
incubated at high nutrient levels. There are two non-exclusive expla
nations for the lack of stronger effects of nutrient enrichment in our case. 
Effects of increases in water nutrient concentration on litter colonization 
and decomposition depend on litter characteristics. For instance, water 
nutrient enrichment has stronger effects on leaves with lower (< 15 % 
DM) than higher lignin concentration (Jabiol et al., 2019), while both 
leaf species used here had quite high lignin concentration (> 22 % DM). 
Also, leaves were exposed to the three nutrient levels in the laboratory 
for only seven days, which may not have been enough for nutrient ef
fects to become evident in these high-lignin leaf species. We also need to 
consider that leaves were incubated in a specific stream (Cabeça de 

Veado) and received a specific microbial inoculum, which is adapted to 
the low nutrient levels of that stream. Incubation of leaves in the labo
ratory at different nutrient levels had an impact on leaf quality and 
microbial decomposition, but the microbial community likely remained 
the same. So, we may be observing the response of Phylloicus sp. to a very 
specific microbial community. Furthermore, consumption rates and not 
feeding preferences of Phylloicus sp. larvae were affected by higher in
creases in P concentration only on M. guianensis leaves. This contradicts 
the idea that due to their high body P concentration Phylloicus sp. larvae 
may be less sensitive to changes in litter P concentration (González et al., 
2014). 

Phylloicus sp. consumption rates were higher on the leaf species with 
lower lignin concentration and lignin:N ratio (M. guianensis) than on the 
more recalcitrant leaf species (I. laurina), in agreement with our pre
diction. However, water nutrient enrichment had only mild effects on 
leaf characteristics, consumption and no effects on feeding preferences 
by Phylloicus sp. larvae, contradicting our prediction. Thus, we observed 
that nutrient enrichment was not effective in influencing the diet se
lection by a tropical shredder species in a mesocosm experiment. Yet, 
our results need to be interpreted with caution since the study was 
performed under laboratory conditions with no replication, used a single 
stream as the source of the microbial inoculum, and addressed the 

Fig. 4. Relative consumption rate of Phylloicus sp. larvae (a) and mass loss in control leaf discs protected from shredder access (b) of two leaf litter species (Inga 
laurina and Maprounea guianensis) previously exposed to three water nutrient levels (Low NP, Moderate NP and High NP). Boxes represent the quartiles, the bold line 
represents the median, the vertical line represents the upper and lower limits and circles the outliers. 

Table 4 
Results of contrast analysis by pairwise post hoc tests between leaf species (Maprounea guianensis and Inga laurina), nutrient level (low, moderate and high) and their 
interactions on leaf consumption by Phylloicus sp. larvae.  

Species Nutrient level Contrast Estimate SE df t.ratio p.value 

I. laurina . High × Moderate − 0.011 0.057 56 − 0.196 0.999 
I. laurina . Low × High 0.017 0.054 56 0.313 0.999 
I. laurina . Moderate × Low − 0.005 0.056 56 − 0.105 1.000 
M. guianensis . High × Moderate 0.045 0.056 56 0.807 0.948 
M. guianensis . Low × High 0.076 0.052 56 1.452 0.622 
M. guianensis . Moderate × Low − 0.122 0.054 56 − 2.272 0.017 
. High M. guianensis × I. laurina 0.242 0.102 56 2.376 0.011 
. Low M. guianensis × I. laurina 0.245 0.090 56 2.710 0.052 
. Moderate M. guianensis × I. laurina 0.068 0.094 56 0.727 0.957  
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combined effects of a reduced number of leaf species and water nutrient 
levels on a single Cerrado/Brazilian Savanna shredder species. 
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Gessner, M.O. (Eds.), Methods to Study Litter Decomposition. A Practical Guide. 
Springer, Dordrecht, The Netherlands, pp. 97–100. 
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