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ABSTRACT 

Plant species is more important than urbanization for leaf litter breakdown in a semi-arid river.
 

Erythrina velutina, 
Anacardium occidentale, Tabebuia aurea, Croton sonderianus, and Hymenaea courbaril
and coarse mesh) containing senescent leaves were used to evaluate invertebrate density and richness, shredder and scraper 
abundance, and litter mass loss after oven drying. Leaf litter with high nutrient content and a low C:N ratio decomposed 

availability and microbial activity. Ultimately, strong interactions were observed between litter quality, invertebrate access, 
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RESUMO

Espécies vegetais são mais importantes que a urbanização para a decomposição de serapilheira em um rio semiárido. 
 
LA decomposição da serapilheira desempenha um papel crucial nos processos ecossistêmicos, e entender os fatores que 

Erythrina velutina, Anacardium occidentale, Tabebuia aurea, Croton sonderianus e Hymenaea 
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INTRODUCTION 

Leaf litter breakdown is a fundamental process in 
freshwater ecosystems as it regulates nutrient cy-
cling and energy transfer between terrestrial and 

Barreto et al., 2023) and invertebrate decompos-
-

ronmental conditions such as water chemistry and 

2022). Understanding the relative importance of 

is essential for predicting organic matter break-
down and its broader implications for ecosystem 

2016; Rezende et al., 2021; Borges et al., 2024).

-
ro & Rezende, 2024). Leaves with high nitrogen 
and phosphorus concentrations decompose more 
rapidly than those with higher lignin, cellulose, 

et al., 2023), which inhibit microbial and inverte-

et al., 2019). In semi-arid regions, where ripar-
ian vegetation is adapted to drought-prone con-

-
bosa et al., 2012; Baradwal et al., 2023), which 

However, when nutrient-rich litter is introduced 

may increase due to enhanced microbial and in-

al., 2023). 

breakdown have been well-documented in tem-

they remain poorly understood for semi-arid riv-
-

id rivers naturally show low nutrient availability 

-

et al., 2023). In semi-arid environments, where 
shredders are often scarce, scraper-grazers such 
as gastropods may dominate the litter breakdown 

loss in semi-arid rivers remains unclear, although 

microbial decomposition may be the primary 

Ferreira et al., 2023).
Urbanization alters river conditions by in-

courbaril

PALAVRAS-CHAVE: 
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creasing nutrient loads, modifying hydrology, and 

-
cal conductivity, turbidity, and water temperature, 

-

al., 2004; Tagliaferro et al., 2022). These changes 

et al., 2013; Medeiros et al., 2015) while simulta-

Rodríguez et al., 2019), particularly among sensi-

Akamagwuna et al., 2022). In semi-arid rivers, 
where water scarcity already imposes physiologi-

2012), anthropogenic disturbances may further 

2018). Although leaf litter breakdown has been 
shown to respond to urbanization in temperate 

-
otropical semi-arid ecosystems remain poorly 

-
cerning interactions between urbanization, litter 
quality, and invertebrate-mediated breakdown.

Despite increasing recognition of these fac-
tors, few studies have evaluated their combined 

where naturally low water availability may mod-

associated invertebrate communities in a Neo-
tropical semi-arid river. Thus, the present study 
aimed to: i) assess how urbanization and the pres-

Erythrina 
velutina, Anacardium occidentale, Tabebuia au-
rea, Croton sonderianus, and Hymenaea cour-
baril
community composition; and ii) determine which 

river. 
We hypothesized that: i) the location under the 

breakdown rates than he location not under the in-

reduced invertebrate shredder diversity in degrad-
ed habitats; ii) litter quality is the primary driv-
er of litter breakdown rates, with nutrient-rich, 
low-C:N litter decomposing more rapidly than 
recalcitrant litter due to enhanced microbial and 
invertebrate colonization; iii) invertebrate pres-

mass loss than invertebrate absence, particularly 
for the highest abundance of invertebrate scrap-

to be slower; and iv) interactions between factors 
will emerge, with urbanization accelerating litter 
breakdown primarily for high-quality litter, while 

-
nounced for palatable litter types.

MATERIALS AND METHODS 

Study Area

Apodi-Mossoró River, with three located up-

-
stream) were used as replicates. Mossoró, located 
in the state of Rio Grande do Norte, is the second 
most populous municipality in the state, covering 

-
timated population of over 300 thousand inhab-

2022). The region is characterized by an average 
annual rainfall between 550 and 800 mm, an arid-

The Apodi-Mossoró River is one of the main 
watercourses in the semi-arid region of North-

Land use along the watershed is predominantly 

and pasturelands, alongside urban and industrial 
-

typically ranges 10 – 50 meters. The substrate is 
primarily sand and clay, with localized deposits of 

-



Rezende et al.

Limnetica, 45(1): 13-30 (2026)

16

soró River was perennial but became intermittent 
with the construction of dams in the urbanized 
section, within the urban center of the municipal-
ity of limits of Mossoró. For more details see also 

-

-

cover, primarily composed of riparian vegetation 
remnants interspersed with agricultural lands. 
The river in this section has an average width of 

with a sandy and clayey substrate and moderate 

limited, with low population density and minimal 
direct anthropogenic impacts, apart from small-
scale agriculture and livestock activities.

In contrast, the downstream sites are locat-

-

1). These sites have complete canopy openness 

-
-

creased, to an average of 20 meters, with depths 
reaching 5 meters. The substrate is primarily 

-
cumulations of organic debris and pollutant loads 

with frequent occurrences of solid waste, includ-
ing plastic materials and construction debris, 
along the riverbanks. The presence of wastewater 

degradation.

Leaf Litter and Water Physicochemical Cha-
racteristics

Senescent leaves of the species Erythrina ve-
lutina Anacardium occidentale 

Tabebuia aurea
Croton sonderianus Hyme-
naea courbaril

1 m above the ground in riparian vegetation of up-
stream sites. The leaves were air-dried and stored 

Figure 1
Sampling design at each collection point. LB = Litter Bag. 
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Leaves were then dried at room temperature un-
til a constant weight was achieved. These species 
were chosen to represent the predominant vegeta-
tion found in these riparian ecosystems and all are 

The initial chemical composition of leaf litter 

the C:N ratio. Five-leaf pools, one for each spe-
cies, were randomly collected, washed with dis-
tilled water, air-dried, and pulverized for subse-
quent chemical analyses. Total C concentration 
was determined using the Combustion Method 

-

protein concentration was determined using the 
spectrophotometric analysis described by Baer-

The physical and chemical characteristics of 
the water at each sampling site were measured 

the morning. Electrical conductivity, pH, Neph-

multiparameter probe, while water temperature 
was continuously monitored using data loggers 

Leaf Litter Decomposition

Litter bags were prepared by placing 1.25 g of air-
dried leaf litter of each species in separate litter 

each of the three upstream and downstream sites 

types = 60 litter bags). The bags were tied and 
wholly submerged along the river margins at ap-

samples were retrieved and placed individually in 
plastic bags and transported in thermal containers 
to the laboratory, where they were stored in a re-

or hours until processing). 

Leaf litter from all coarse mesh individual lit-
ter bags was washed with distilled water on top of 

-
tebrates that remained on the sieve were preserved 

-
-

tt et al., 2017). The invertebrates were collected 

-

density was determined per gram of remaining 
litter mass. The invertebrates were categorized 

Hamada et al., 2014; Merritt et al., 2017): collec-
-

ers, and predators. However, only the frequencies 
of shredders and scrapers were considered to as-

selected randomly from each litter bag. These 
disks were used to determine ash-free dry mass 

-

determine dry weight for use in determining leaf 
-

cut disks was added to the remaining mass.

Data Analysis

-
-

cal characteristics as the dependent variable. An-

mesh type, location, and plant species, along with 
their interactions, on litter mass loss. Similarly, 

of location, plant species, and their interaction on 
invertebrate richness, invertebrate density, and 
the abundance of shredders and scrapers. Finally, 
water physicochemical characteristics were com-
pared between sampling locations. Comparisons 
of sum of squares in the linear model analyses 
were used to assess the relative contribution of 
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-
-

-
wise comparisons. The distribution and dispersion 
of residuals of all models were inspected using 

were met, and when necessary, data were trans-

evaluated using orthogonal contrast analysis. In 
-

ent categories were ranked in increasing order 

sequentially by adding values to the model that 
-
-

and package).
-
-

to urbanization. This method combines the occur-

rence and frequency of each species at each loca-
tion with each factor during the study to yield in-

technique with 1000 permutations. All analyses 

2024).

RESULTS

Leaf Litter Chemical Characteristics and Wa-
ter Parameters

Hymenaea courbaril and Anacardium occiden-
tale compared to Croton sonderianus, Tabebuia 
aurea and Erythrina velutina

for  compared to  and 
sonderianus, while  and  

, followed 
by , with intermediate values for -
baril and , and the lowest for 
velutina

Electrical conductivity, pH, turbidity and tem-

Figure 2. -
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perature were higher for the sampling location 

Leaf Litter Decomposition

There was greater litter mass loss over the 30-

Fig. 2a). There was also greater mass loss for the 
-

plant species with the greatest litter mass loss 
were -
lowed by  

available at https://www.limnetica.net/en/limnet-
ica). The percentages of the sum of squares in the 
linear model indicated that plant species was by 
far the most important factor controlling leaf litter 

test; Table S1 and Fig. S1; supplementary infor-

mation, available at https://www.limnetica.net/

leaf mass loss among species, sampling loca-
tions, and mesh sizes. Decomposition rates for 
velutina and 
those for the other species, particularly when 
comparing upstream and downstream location. 

velutina upstream compared to  and 
p < 0.0001; Table 

S1 and Fig. S1). Additionally, 
 

and 
0.05; Table S1 and Fig. S1).

urbanization on decomposition were not homoge-

mass loss for 
and protein concentrations) was drastically re-
duced for urban downstream location compared 

p < 0.0001), while 
high carbon concentrations) and  

compounds) showed less variation between lo-
Table 1.

 C:N ratio Nitrogen Protein Carbon

103.29 ± 2.94 0.48 ± 0.01 2.99 ± 0.09 49.47 ± 0.15

54.50 ± 0.31 0.83 ± 0.00 5.19 ± 0.01 45.29 ± 0.24

22.25 ± 0.17 2.01 ± 0.01 12.56 ± 0.06 44.73 ± 0.13

59.84 ± 3.86 0.86 ± 0.06 5.38 ± 0.35 51.37 ± 0.17

88.28 ± 1.83 0.51 ± 0.01 3.18 ± 0.06 44.91 ± 0.16

Total mean 65.63 ± 1.82 0.94 ± 0.02 5.86 ± 0.11 47.15 ± 0.17

F4,10 = 550; p < 0.001 F4,10 = 1652; p < 0.001 F4,10 = 456; p < 0.001 F4,10 = 937; p < 0.001

Table 2.

 pH Electric conductivity mS/cm Turbidity NTU Temperature °C Dissolved oxygen mg/L

Upstream 7.98 ± 0.033 0.60 ± 0.003 0.41 ± 0.002 27.00 ± 0.500 8.18 ± 0.458

Downstream 8.47 ± 0.071 20.60 ± 0.037 2.96 ± 0.051 30.00 ± 0.530 5.01 ± 0.077

Total mean 8.23 ± 0.052 10.60 ± 0.020 1.69 ± 0.026 28.50  0.515 6.59  0.267

ANOVA F1,10 = 45.5; p = 0.006 F1,10 = 14692.1; p = 0.046 F1,10 = 3196.2; p = 0.043 F1,10 = 56.4; p = 0.033 F1,10 = 1035.8; p < 0.001

https://www.limnetica.com/en/limnetica
https://www.limnetica.com/en/limnetica
https://www.limnetica.com/en/limnetica
https://www.limnetica.com/en/limnetica
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-
composition were modulated by the presence of 
shredding invertebrates. Species such as  

-
-

Invertebrate Community

-

-
-

Table 3.

Erythrina velutina = E, Anacardium occidentale = A, Tabebuia 
aurea = T, Croton sonderianus = C, and Hymenaea courbaril

Erythrina velutina Anacardium occidentale Tabebuia aurea Cro-
ton sonderianus Hymenaea courbaril 

 Sum Sq % Num. DF Den. DF F Pr(>F) Contrast analysis

a. Mass loss

Mesh 1.9 1 36 5.11 0.030 Fine < Coarse

o a on 1.7 1 4 4.42 < 0.001 Upstream < Downstream

Plant species 58.2 4 36 38.38 < 0.001 H = A < C < T = E

Mesh oca on 7.6 1 36 20.15 < 0.001 Table S1 and Fig. S2

Mesh:Plant species 12.8 4 36 8.40 < 0.001 Table S1 and Fig. S2

oca on:Plant species 10.1 4 36 6.65 < 0.001 Table S1 and Fig. S2

Mesh: oca on:Plant species 7.7 4 36 5.04 0.002 Table S1 and Fig. S2

b. Richness

oca on 37.1 1 4 1.98 0.232

Plant species 12.6 4 46 0.17 0.954

oca on:Plant species 50.3 4 46 0.67 0.616

c. Density

oca on 4.3 1 4 1.11 0.351

Plant species 65.6 4 46 4.25 0.005 H < A = C = T < E

oca on:Plant species 30.1 4 46 1.96 0.117

d. Shredder

oca on 40.8 1 4 1.25 0.327

Plant species 29.6 4 46 0.23 0.922

oca on:Plant species 29.6 4 46 0.23 0.922

e. Scraper

oca on 20.0 1 4 4.76 0.004 Upstream < Downstream

Plant species 76.9 4 46 4.58 0.003 H < A < C = T < E

oca on:Plant species 3.1 4 46 0.18 0.945  
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sity of leaf-associated invertebrates ranged from 

3b; Fig. 4a and Fig. 5a). Total invertebrate density 

with the highest values for , followed 
by , , , and 

-

Fig. 4c and Fig. 5c) but scraper abundance dif-
fered between locations, being higher upstream 

species, with the highest abundances in the litter 
of , followed by , -
ianus, , and 

between species and location in all cases. The 
percentage of the sum of squares in the linear 

the most important factor controlling invertebrate 

Indicator species analysis showed that lym-
p value = 0.001), 

p value = 
p value 
p value 
p value 

%; p
p value = 0.014) were indicators 

-
dval = 69 %; p value = 0.001) and chironomid 

p value = 0.001) were 
indicators of the downstream location.

DISCUSSION

The results of the present study highlight the dom-
inant role of plant species identity in controlling 
leaf litter breakdown, invertebrate density, and 
scraper abundance in a semi-arid river, compared 

Figure 3. Erythrina velutina, Anacardium occidentale, 
Tabebuia aurea, Croton sonderianus, and Hymenaea courbaril
line in the horizontal represent the median, and the red circles represent the average. 

Erythrina velutina, Anacardium occidentale, Tabebuia aurea, Croton sonderianus e 
Hymenaea courbaril
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Figure 4.

horizontal represent the median, and the red circles represent the average. 

. 

Figure 5.
Erythrina velutina, Anacardium occidentale, Tabebuia aurea, Croton sonderianus, and Hymenaea courbaril) 

represent the average. -
Erythrina velutina, Anacardium occidentale, Tabebuia aurea, Croton 

sonderianus e Hymenaea courbaril
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mesh size). These results are particularly interest-
-

genic systems, such as urban areas, environmen-
tal conditions are often the most important factor 

al., 2019; Wymore et al., 2021). Leaf litter with 
higher nitrogen and protein content or C:N ratio 

Erythrina velutina and Tabebuia aurea -

Anacardium occidentale and Hyme-
naea courbaril). This pattern aligns with previ-
ous studies demonstrating that high-quality litter 
enhances microbial and invertebrate-mediated 

-
al et al., 2018; Sena et al., 2020; Da Silva et al., 
2024). However, the breakdown process was also 

-
ings support the intimate connection between 

al., 2019; Da Silva et al., 2024), especially in the 
less structured riparian vegetation of semi-arid 

-
size the crucial role of riparian vegetation in eco-

The present results also emphasize that leaf 
litter breakdown in semi-arid rivers is shaped by 
strong interactions between plant species identity, 
invertebrate access, and urbanization. The hierar-

of the sum of squares in the linear model) sug-

-
nant of breakdown rates, with high-nutrient litter 
decomposing faster than recalcitrant species; ii) 
invertebrate access enhances mass loss, particu-

the interaction between bag mesh size and plant 
species), supporting the role of scraper-mediated 

-
ter breakdown rates, especially for high-quality 

-

community composition, potentially leading to 
ecosystem-level changes in organic matter pro-

of decomposition dynamics in semi-arid streams 

-
ents and temperature) factors interact to regulate 
the leaf litter breakdown process. Future studies 

particularly given the increasing anthropogenic 
pressures on semi-arid freshwater systems.

Higher mass loss was observed downstream 
than upstream of the urban area, which may be 

turbidity observed for the water downstream 

results in increased nutrient concentrations in 

al., 2014b). Elevated nutrient levels in the wa-

Rezende et al., 2014b), may accelerate the lit-

Rezende et al., 2014a). However, this apparent 
-

ative factors: i) an increase in nutrient availability 
for the decomposer community by pollution dis-

to invertebrate community homogenization, as 
indicated by the presence of only species of Thi-

at the downstream location; and iii) an increase 
in the metabolic activity of decomposers due to 
higher water temperatures in river sections down-

Interactions Between Plant Species And Inver-
tebrate Access

-
er mass loss for coarse-mesh bags, whereby in-
vertebrates had access to the litter. However, this 

 
and 

-
ing that invertebrates played a greater role in the 
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al., 2020; Cararo et al., 2023). In contrast, micro-
bial decomposition dominated for more recalci-

 and ), 

2015; Rezende et al., 2021). This supports the as-
sumption that invertebrate-mediated breakdown 

-
crobial decomposition is the primary pathway 

2010; Rezende et al., 2018).
In the present study, the prevalence of larg-

higher mass loss observed for the coarse mesh 

body size and metabolic capacity, can play a cru-
cial role in driving ecological processes at local 

while our initial interpretation emphasized the 
contribution of larger-bodied scraper species, it 

size spectrum, including both large-bodied and 

-
cally the key players in leaf litter breakdown pro-

-
sity and richness of these organisms compared to 

-
dae, Lymnaeidae, Planorbiidae, and others ob-

et al., 2018). These scrapers use their radulae to 
scrape leaf surfaces, enhancing litter breakdown 

and Lymnaeidae) followed a similar trend, being 

velutina and . These species are known 
to facilitate leaf breakdown in tropical systems 

interaction between plant species and inverte-
brate access suggests that litter quality mediates 
the relative importance of microbial vs. inverte-

2015; Rezende et al., 2019), a pattern consistent 
with other studies in nutrient-limited ecosystems 

Additionally, the leaf litters with the highest 
 and ), which had 

high N and protein concentrations, a low C:N 
ratio, and reduced levels of C, are also species 
known for having high levels of compounds that 
easily leach into water, such as terpenes, tannins, 

al., 2022). A mass loss of around 40% for both 
of these litter types in 30 days is a relevant re-
sult that supports this inference. After leaching 

et al., 2023), allowing for the colonization of the 

 and 
protein concentrations or C:N ratio) compared 
to litter of other plant species and, consequent-

Interactions Between Urbanization and Plant 
Species

modulated by plant species identity. While the 
-
-

nounced for high-quality litter. Mass loss for 
velutina and  increased by nearly 10% in 
urban downstream location compared to the up-
stream location, likely due to enhanced microbial 

et al., 2015; Tagliaferro et al., 2022). Conversely, 
the litter breakdown process for  
and  remained low for both loca-
tions, suggesting that the structural properties of 
these litters limit degradation regardless of envi-

Rezende et al., 2023). This pattern contrasts with 
what is typically observed in most systems, where 

This pattern suggests that urbanization ampli-
-
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cess across litter types, favoring species that are 

2014a). While increased nutrient availability can 

Tagliaferro et al., 2022), the present results also 
indicate that urbanization homogenized the inver-
tebrate community, with a higher dominance of 

-

may further enhance the breakdown process by 
fragmenting leaves and altering microbial coloni-

Additionally, the leaf litters with the highest 
 and ) that had high 

N and protein concentration, or C:N ratio, and 
reduced levels of C, also are species known for 
having high levels of compounds that easily leach 
into water, such as terpenes, tannins, and phenols 

mass loss of around 40% for both litter types in 
30 days is a relevant result that supports this infer-

-
-

tebrate density on  and 
increase of N and protein concentration, or C:N 
ratio) compared to other plant species litter, and 

Interactions Between Urbanization and Inver-
tebrate Access

-

rates for coarse-mesh bags were higher in urban 
downstream location, likely due to the increased 
metabolic activity of decomposers in response to 

microbial activity was isolated, mass loss did not 

location and urban upstream locations. This may 
suggest that urbanization primarily accelerates 
litter breakdown by stimulating invertebrate and 
fungal activity rather than through direct chem-

-

The abundance of scrapers was also higher in 
urban downstream location, further supporting 
the role of invertebrate-driven litter breakdown in 
this environment. However, urban streams often 

-
inance of Thiaridae and Chironomidae suggests 
potential ecological imbalances that could alter 

The homogenization of the downstream inverte-

al., 2019), may result in a functional shift where-
by scraper-mediated leaf litter breakdown re-
places that of shredders as the primary pathway 

CONCLUSION

-

likely due to enhanced microbial and invertebrate 
colonization, corroborating our hypothesis. The 

pronounced for high-quality litter, where inver-

Planorbiidae) played a central role in litter frag-
-

down was higher for the urban downstream loca-
tion, but led to a homogenization of invertebrate 

interactions were observed between litter qual-
ity, invertebrate access, and urbanization. The 

-
ity litter, suggesting that microbial activity in 
nutrient-rich environments selectively enhances 
decomposition of palatable detritus. Likewise, 

high-quality litter, emphasizing that detritivore 
activity is largely dependent on litter palatability. 
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