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Abstract: Aim: �e maintenance and condition of riparian vegetation are important factors for 
conserving headwater streams and their species diversity. �us, variations in the width of a riparian 
zone can have dramatic e�ects in the structure and functioning of the adjacent freshwater ecosystem. 
In this study, we aimed to determine if increased riparian zone width changed the benthic assemblages’ 
structure (diversity, taxonomic and functional composition) in headwater streams. Methods: We 
tested two predictions: (1) increased riparian zone width will change the diversity and taxonomic 
composition of benthic macroinvertebrate assemblages because narrow riparian zones do not bu�er the 
anthropogenic impacts from the surrounding landscape; (2) wider riparian zones will change benthic 
macroinvertebrate assemblages’ functional structure, due to changes to energetic input and quality. To 
test the �rst prediction, we assessed the benthic macroinvertebrate assemblages’ taxonomic composition, 
richness and Shannon-Wiener diversity index. To test the second prediction, we assessed functional 
feeding groups (FFG) and metrics based on their proportion. Results: Our results showed that our �rst 
prediction was not corroborated, because taxonomic structure and diversity did not show signi�cant 
variation with increased riparian zone width. Our second prediction was partially corroborated, 
because there were signi�cant alterations in the functional structure of benthic macroinvertebrate 
assemblages between the narrowest riparian zone width (30 m) and the others two (50 and 100 m). 
Conclusions: Our results suggest that, contrary to the Brazilian Federal Law 12651/2012, 30-m wide 
riparian zones are insu�cient to protect headwater stream ecosystem functioning. 

Keywords: benthic macroinvertebrates; functional feeding groups; functional metrics; 
bioindicators; ecological processes.

Resumo: Objetivo: A conservação da vegetação ripária é um fator importante para a conservação de 
riachos de cabeceira e sua biodiversidade. Assim, variações na largura da zona ripária podem ter efeitos 
dramáticos na estrutura e funcionamento de ecossistemas lóticos adjacentes. Nesse estudo objetivamos 
determinar se o aumento da largura da zona ripária altera a estrutura de assembleias bentônicas 
(diversidade taxonômica e funcional e composição taxonômica) em riachos de cabeceira. Métodos: 
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are one of the most widely used as bioindicators, 
because of their ability to respond predictably 
to modifications in freshwater environments 
(Bonada  et  al., 2006). �e structure of benthic 
macroinvertebrate assemblages strongly correlates 
with ecological condition at local and regional 
spatial extents, and can provide information on 
the e�ect of anthropogenic disturbances on lotic 
ecosystems (Firmiano et al., 2021, 2017; Libório 
and Tanaka, 2016).

Taxonomic assessments, however, may not 
always su�ciently indicate changes in ecosystem 
functioning (Benke, 1993; Benke & Huryn, 2010). 
Di�erences in habitat are often re�ected mainly 
in ecosystem processes and may not be perceived 
through taxonomic indicators (Aguiar  et  al., 
2015). However, direct measurements of ecosystem 
functioning are di�cult for natural assemblages 
because they require intensive �eld sampling e�orts 
(Dolbeth  et  al., 2012). �erefore, proxy metrics 
based on functional feeding groups may re�ect 
ecosystem functioning (Cummins  et  al., 2005; 
Linares et al., 2019).

In this study, we aimed to determine the 
degree to which increased riparian zone width 
changed the structure (diversity, taxonomic and 
functional composition) of headwater stream 
ecosystems. To do so, we compared 30m, 50m 
and 100m wide riparian zones. We tested two 
predictions. (1) Increased riparian zone width will 
change the diversity and taxonomic composition 
of benthic macroinvertebrate assemblages 
because narrow riparian zones do not bu�er the 
anthropogenic impacts from the surrounding 
landscape. We predicted that sites with greater 
riparian zone widths would have taxonomic 
richness, Shannon diversity index and taxonomic 

1. Introduction

Headwater streams represent the majority, circa 
80%, of the total stream length in river basins 
(MacDonald & Coe, 2007). These ecosystems 
usually harbor high biodiversity and are tightly 
linked to the surrounding terrestrial ecosystems, 
forming a riparian stream meta-ecosystem 
(Callisto  et  al., 2019; Osakpolor  et  al., 2021). 
The condition of riparian ecosystems are very 
important factors for conserving headwater streams 
because they act as bu�ers between streams and 
anthropogenic disturbances in the surrounding 
terrestrial landscape (Gregory et al., 2007; Tonkin, 
2014). Riparian vegetation is also one of the 
main factors in�uencing ecosystem structure and 
functioning in headwater streams (Rezende et al., 
2016). �is is because it regulates temperature and 
controls solar energy availability to stream ecosystem 
metabolism while providing allochthonous detritus 
as an alternative energy source (Linares et al., 2018; 
Santos et al., 2019). �us, variations in the width 
of riparian zones can have dramatic e�ects on the 
structure (taxonomic and functional) of adjacent 
lotic ecosystems (Milner & Gloyne-Phillips, 2005; 
Rios & Bailey, 2006; Stanford et al., 2020).

Riparian vegetation width is an essential 
parameter for biodiversity conservation policies 
(Dala‐Corte et al., 2020). In Brazil, Federal Law 
12651/2012 states that, for streams up to 10m wide, 
at least 30m of riparian vegetation width must be 
protected in all biomes. In spite of this, there is little 
scienti�c support that this minimum riparian zone 
width is adequate to maintain the biodiversity of 
the associated stream ecosystems (Brito et al., 2020; 
Leal et al., 2018; Luke et al., 2019; Metzger, 2010).

Among the many taxa that comprise lotic 
ecosystem biodiversity, benthic macroinvertebrates 

Testamos duas predições: (1) o aumento da largura da zona ripária altera a diversidade e a composição 
taxonômica de assembleias de macroinvertebrados bentônicos, porque as zonas ripárias mais estreitas 
não protegem as pressões antrópicas da paisagem circundante; (2) zonas ripárias mais largas alteram 
a estrutura funcional de assembleias de macroinvertebrados bentônicos, devido a mudanças na 
entrada de energia nos sistemas. Para testar a primeira predição, avaliamos a composição taxonômica 
de assembleias de macroinvertebrados bentônicos, a riqueza taxonômica e o índice de diversidade de 
Shannon-Wiener. Para testar a segunda predição, avaliamos grupos funcionais de alimentação e métricas 
baseadas em sua proporção. Resultados: Nossos resultados revelaram que a primeira predição não foi 
corroborada, pois a estrutura taxonômica e a diversidade não apresentaram variação signi�cativa com 
o aumento da largura de zona ripária. Nossa segunda predição foi parcialmente corroborada, pois 
houve alterações signi�cativas na estrutura funcional de assembleias de macroinvertebrados bentônicos 
entre a largura da zona ribeirinha mais estreita (30 m) e as duas outras (50 e 100 m). Conclusões: 
Nossos resultados sugerem que, ao contrário da Lei Federal 12651/2012, as zonas ribeirinhas de 30 m 
de largura são insu�cientes para proteger o funcionamento de ecossistemas de córregos de cabeceira. 

Palavras-chave: macroinvertebrados bentônicos; grupos funcionais de alimentação; métricas 
funcionais; bioindicadores; processos ecológicos.
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composition signi�cantly di�erent from sites with 
lower riparian zone width; (2) Wider riparian zones 
will change benthic macroinvertebrate assemblages’ 
functional structure, due to changes to energetic 
input and quality. We predicted that the scores of 
the �ve functional feeding group metrics would be 
signi�cantly di�erent in streams with wider riparian 
zones than in those with narrower zones.

2. Material and Methods

2.1. Study area

We conducted this study in the Grande River 
basin, inside the Rio Uberaba Environmental 
Protection Area, Minas Gerais state, southeastern 
Brazil. This area is a biodiversity reserve but 
allows sustainable land uses, mainly pastures 
and cultivations of coffee, soy and sugarcane 
(Mauro et al., 2016). We selected nine stream sites 
among the streams (Figure 1), divided into three 
categories based on the width of the riparian zone: 
three sites with an approximately 30m riparian zone 
width, three with an approximately 50m riparian 
zone width and three with an approximately 100m 
riparian zone width. All sampling sites were chosen 
to have similar physical habitat characteristics: no 
direct human disturbances (reference condition) 

within the streams, predominance of riffle 
habitat, sandy substrate and similar amounts of 
organic matter, water with similar temperature, 
conductivity, turbidity and total dissolved solids 
(Table  1). To guarantee that the conditions 
were similar between sampling sites, we ran a 
series of preliminary analyses comparing the 
physical and chemical variables (Figures  2-6). 
Since we did not �nd any signi�cant di�erences 
on these variables, we can attribute a large 
proportion of the variation observed in the benthic 
macroinvertebrate assemblages to di�erences in 
the riparian zone width. For establishing riparian 
zone width, we used satellite images gathered in 
the Google Earth software, and then veri�ed the 
measurements in situ by using a measuring tape. 
�e measurements were taken in the same area 
where the benthic macroinvertebrate samplings 
were taken. �e sampling campaigns were made in 
both rainy (December/2015) and dry (June/2016) 
seasons, pooled together to sample the full extent 
of the sampling sites seasonal variability.

2.2. Benthic macroinvertebrate sampling & 
processing

In each of the nine stream sites, benthic 
macroinvertebrates were collected using a D-net 

Figure 1. Location of the sampling sites in the Uberaba River drainage basin, a tributary of the Rio Grande basin.
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sampler (250 �m mesh) in a small area (1m2) 
for two minutes, with a single sampling at each 
sampling site (Callisto et al., 2021). �e samples 
were stored in plastic bags, �xed with 70% alcohol 

and transported to the laboratory. In the laboratory, 
the samples were washed over a sieve (250 �m 
mesh). �e invertebrates retained in the sieve were 

Table 1. Measured physical habitat and water quality metrics.

Stream 

Site
Width Season Sediment

Water 

Temperature

Sediment 

Organic 

Matter

Conductivity

Total 

Dissolved 

Solids

Turbidity

30A 30m Rainy Sandy 22.9 0.6 91 45 20.4

30B 30m Rainy Sandy 23.49 0.1 140 69 10

30C 30m Rainy Sandy 22.8 0.1 87 43 12.1

50A 50m Rainy Sandy 23.66 0.1 3 1 4.54

50B 50m Rainy Sandy 23.39 0.1 143 71 9.73

50C 50m Rainy Sandy 23.2 1.3 2 1 2.78

100A 100m Rainy Sandy 24.2 0.8 1 1 2.2

100B 100m Rainy Sandy 23.6 0.1 113 56 11.3

100C 100m Rainy Sandy 22.63 2 198 99 2.41

30A 30m Dry Sandy 15.74 0.4 74 37 4.92

30B 30m Dry Sandy 17.61 1.3 91 45 5.17

30C 30m Dry Sandy 17.8 0.3 54 27 11.5

50A 50m Dry Sandy 16.8 0.5 2 1 5.1

50B 50m Dry Sandy 17.44 0.3 91 45 4.9

50C 50m Dry Sandy 19.1 0.8 2 1 5.24

100A 100m Dry Sandy 18.5 0.5 1 1 1.57

100B 100m Dry Sandy 17.9 0.4 73 36 7.1

100C 100m Dry Sandy 17.7 0.7 168 84 1.5

Figure 2. Post-hoc Tukey HSD test results of Organic 
Matter percentage in the sediment between riparian zone 
width categories.

Figure 3. Post-hoc Tukey HSD test results of Water 
Temperature (°C) between riparian zone width categories.

Figure 4. Post-hoc Tukey HSD test results of Total 
Dissolved Solids (mg/l) in the water column between 
riparian zone width categories.

Figure 5. Post-hoc Tukey HSD test results of Conductivity 
(�S/cm) in the water column between riparian zone width 
categories.
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placed in plastic jars and �xed with 70% ethanol. 
�e specimens were identi�ed to family (Insecta), 
class (Mollusca) or subclass (Annelida) levels using 
Mugnai  et  al. (2010). �at level of taxonomic 
resolution requires markedly less laboratory time 
without compromising the performance of the 
tested indices (Heino et al., 2018; Silva et al., 2017; 
Whittier & van Sickle, 2010).

2.3. Functional feeding group metrics

To test if wider riparian zones will change 
benthic macroinvertebrate assemblages’ functional 
structure, we assessed functional feeding groups 
(FFG) and a series of metrics derived from them 
(Cummins et al., 2005; Table 2). For that, the taxa 
were classi�ed into one of the �ve FFG: gathering-
collectors, �ltering-collectors, shredders, scrapers, or 

predators. �ese groups are de�ned by the way they 
acquire their main food source: gathering FPOM 
deposited in the sediment (gathering-collectors); 
�ltering FPOM on the water column (�ltering-
collectors); shredding CPOM (shredders); scraping 
periphyton on hard surfaces (scrapers); preying on 
other animals (predators) (Cummins et al., 2005; 
Merritt et al., 2008; Ramírez & Gutiérrez-Fonseca, 
2014).

We then calculated �ve metrics based on the 
functional feeding groups that serve as proxies 
for ecosystem functioning (Cummins  et  al., 
2005). 1) �e autotrophy to heterotrophy ratio 

was calculated as + ; 2) A 
surrogate for the amount of coarse organic matter 
(CPOM) versus �ne particulate organic matter 

(FPOM) was calculated as 
; 3) A surrogate for the amount of �ne organic 
sediment (FPOM) transported in the water 
column from that in the bed sediment was 

calculated as  ; 
4) �e substrate stability index was estimated as 

+
+

; 5) �e top-down control index was calculated as 

.

2.4. Data analyses

Due the spatial proximity of stream sites, we 
ran Moran’s I tests for spatial autocorrelation 

Figure 6. Post-hoc Tukey HSD test results of Turbidity 
(NTU) in the water column between riparian zone width 
categories.

Table 2. Functional Feeding Groups (FFG) metrics.

Stream 

Site
Width Season

Production/

Respiration

CPOM/

FPOM

TFPOM/

BFPOM

Stable_

Channel

TOP-

DOWN-

CONTROL

Richness Shannon

30A 30m Rainy 0 0.020134 0.295652 0.288136 0.111842 21 2.433422

30B 30m Rainy 0 0.008658 0.03125 0.030973 0.090129 20 1.745826

30C 30m Rainy 0 0 0.108374 0.108374 0.088889 18 1.583867

50A 50m Rainy 0 0.009259 0.018868 0.018692 0.211009 21 1.653316

50B 50m Rainy 0 0.01487 0.030651 0.030189 0.062271 23 1.865904

50C 50m Rainy 0 0.005128 0.010363 0.010309 1.270408 23 1.73321

100A 100m Rainy 0 0.028169 0.025271 0.024561 0.212329 21 1.928693

100B 100m Rainy 0 0 0.060241 0.060241 0.102273 15 1.756201

100C 100m Rainy 0.002681 0.006748 0.037815 0.040334 0.086898 32 2.071032

30A 30m Dry 0.001464 0.005891 0.014948 0.016345 0.046784 22 0.855798

30B 30m Dry 0 0.045375 0.273333 0.258403 0.100167 23 2.030372

30C 30m Dry 0 0.003436 0.217573 0.216667 0.054795 21 1.22075

50A 50m Dry 0 0.001328 0.00534 0.005333 0.070292 19 0.653139

50B 50m Dry 0 0 0.060729 0.060729 0.072519 16 1.28028

50C 50m Dry 0 0.003802 0.003817 0.003802 0.42803 22 1.591055

100A 100m Dry 0 0 0 0 0.395833 9 1.568822

100B 100m Dry 0.004739 0.009569 0.066327 0.070707 0.141509 16 1.65779

100C 100m Dry 0.004283 0.248663 0.005376 0.008602 0.164179 23 1.954744
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(Lecocq et al., 2019) as preliminary tests for taxa 
richness and Shannon-Wiener diversity index. 
Spatial autocorrelation was not significant for 
both indices. For these analyses we used the ape 
package (Paradis & Schliep, 2019) in R. In order to 
sample the full extent of the sampling sites seasonal 
variability we pooled together the samples taken 
during the rainy and dry seasons, resulting in six 
samples (three for each season) for each riparian 
zone width category.

To test if increased riparian zone width 
changed the taxonomic composition of benthic 
macroinvertebrate assemblages, we used the total 
abundance of each taxon for each sample to run 
a PERMANOVA pairwise contrasts analysis with 
Bray-Curtis distance (Anderson, 2017). To further 
compare the taxonomic structure of the benthic 
macroinvertebrate assemblages, we calculated 
taxonomic richness and Shannon-Wiener diversity 
(Table 2). We then ran a two-way ANOVA with 
�xed (riparian zone width) and random (season) 
factors to determine whether richness and Shannon-
Wiener diversity were correlated to the riparian 
zone width. To test if wider riparian zones will 
change benthic macroinvertebrate assemblages’ 
functional structure, ran a two-way ANOVA with 
�xed (riparian zone width) and random (season) 
factors to determine whether the functional feeding 
group metrics were correlated to the riparian zone 
width. As a complementary test for those variables 
that showed signi�cant correlation with riparian 
zone width, we ran a one-way ANOVA followed 
by a post-hoc Tukey HSD, to determine if they 
di�ered signi�cantly between riparian zone width 
categories. All statistical analyses were performed 
in R (R Development Core Team, 2017), using the 
“FSA”, “labdsv” and “vegan” packages.

3. Results

We collected a total of 7,258 specimens, divided 
among 58 taxa (Table  3). Regarding taxonomic 
composition, we did not �nd signi�cant di�erences 
between the three riparian width categories for the 
taxonomic composition (F value for the whole 
model: 1.0466; Table  4), nor any significant 
correlation between taxonomic richness or 
Shannon-Wiener diversity and riparian zone width 
(Table 5). Only two of the �ve functional feeding 
group metrics showed signi�cant correlation with 
riparian zone width, TFPOM/BFPOM (�lterers/
gatherers) and substrate stability index (scrapers 
and �lterers/shredders and gatherers) (Table  6). 
�e complementary tests showed that the 30m 

sites had signi�cantly higher TFPOM/BFPOM 
(�lterers/gatherers) than the 50m (p = 0.0158) and 
100m (p = 0.0262) sites, but there was no signi�cant 
di�erence between the 50m and 100m sites (p = 
0.9644). �e substrate stability index (scrapers and 
�lterers/shredders and gatherers) showed the same 
pattern, with the 30m sites showing higher values 
than 50m (p = 0.0149) and 100m (p = 0.0273) 
sites, but no signi�cant di�erence between those 
two (p = 0.9494). �e autotrophy to heterotrophy 
index showed values of zero (Table 2) in most of the 
samples, as the functional feeding group Scrapers 
did not have sampled individuals on most of the 
sampling sites.

4. Discussion

Our �rst prediction, that wider riparian zone 
would change the taxonomic composition of 
benthic macroinvertebrate assemblages, was not 
corroborated, because Shannon-Wiener diversity, 
taxonomic richness and taxonomic composition 
showed no signi�cant correlation with riparian zone 
width. �is lack of signi�cant correlation may be 
explained by the good ecological status of the sites 
(Santos et al., 2019). Anthropogenic disturbances 
are some of the most important determinants of the 
structure of benthic macroinvertebrate assemblages, 
acting as environmental �lters in local and regional 
scales (Castro et al., 2017; Firmiano et al., 2021). 
Similar results were found when comparing 
reference condition streams with open and shaded 
canopies, where no significant difference in 
taxonomic indices was found (Linares et al., 2018).

Our second prediction, wider riparian zones 
will change benthic macroinvertebrate assemblages’ 
functional structure, was corroborated by only two 
of �ve metrics, and only between 30m riparian 
widths versus 50m and 100m widths. �e higher 
densities of filtering-collectors compared with 
burrowing collectors in the 30m riparian zones 
versus wider riparian zones suggest that there 
is higher local input of �ne particulate organic 
matter from terrestrial ecosystems in these sites, 
compared to those with wider riparian zones, 
which can be the responsible for the higher, 
but not signi�cantly so, turbidity values in the 
30m sites (Table  1 and Figures  2  to  6). Higher 
levels of �ne inorganic sediment are correlated 
with anthropogenic impacts in the riparian zone 
(Fierro et al., 2017; Firmiano et al., 2017) and the 
basin (Martins et al., 2021; Silva et al., 2017), such 
as agriculture and pasture. Our results suggest that 
a 30m wide riparian zone, as dictated by Brazilian 
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Federal Law Number 12,651/2012, may not su�ce 
as a bu�er against anthropogenic impacts on lotic 
ecosystems. We suggest that future studies verify if 
this pattern can be generalized for streams in the 
neotropical savanna and other Brazilian biomes, as 
it can have big implications in the conservation and 
management of lotic ecosystems.

Our results also indicate that streams with 
30m riparian zone widths appear to have greater 
substrate stability than those with wider riparian 
zones, as indicated by greater abundance of scrapers 
and filterers versus shredders and gatherers in 
30m widths than in wider riparian zones. Greater 
riparian zone development is linked to lower 
substrate stability, due to sites with less stable soils 
and less hard substrates next to the surface, such as 
embedded rocks, allow for more development of 
the riparian zone (Fanny et al., 2013; Galeti et al., 
2020; Milner & Gloyne-Phillips, 2005). Low level 
disturbances are an important factor in maintaining 
the biodiversity in lotic ecosystems, suggesting that 
wider riparian zones may be better in maintaining 
the biodiversity in these ecosystems (Death & 
Winterbourn, 1995; Zimmermann & Death, 
2002).

�ese results suggest that the 30m minimum 
riparian zone width established by the Brazilian 
environmental law (Federal Law Number 
12,651/2012) may be inadequate for maintaining 
the ecosystem functioning of stream ecosystems. 
Previous studies in Brazil suggested that a ~50m 
wide riparian zone is more adequate for protecting 
and maintaining the environmental health of lotic 
ecosystems (Dala‐Corte  et  al., 2020; Metzger, 
2010). �is highlights the necessity for guidelines 
based on biological data for managing riparian 
bu�ers in tropical areas (Luke  et  al., 2019) and 
support environmental policy to conserve the 
freshwater biodiversity and ecosystem structure.

We did not find any significant difference 
between stream sites with 50m and 100m wide 
riparian zone. �is result corroborates with those 
found in a more extensive study about the e�ects 
of riparian zone in tropical streams, that suggested 
that 50m is a better threshold to protecting the 
biodiversity of lotic ecosystems (Dala‐Corte et al., 
2020).

5. Conclusion

Our results suggest that, contrary to what is 
determined by the Brazilian environmental law 

Table 4. PERMANOVA pairwise contrasts comparing the taxonomic composition of benthic macroinvertebrate 
assemblages.

Pairs F Model R2 p

30m vs 50m 1.055 0.095 0.346

30m vs 100m 0.814 0.075 0.592

50m vs 100m 1.319 0.117 0.212

Table 5. Two-way ANOVA with �xed (riparian zone width) and random (season) factors for Shannon-Wiener 
diversity index and Richness of benthic macroinvertebrate assemblages.

Variable
Riparian zone width (昀椀xed factor) Season (random fator)

F Model p F Model p

Shannon-Wiener Diversity 1.45 0.268 6.48 0.023

Richness 0.17 0.846 1.22 0.287

Table 6. Two-way ANOVA with �xed (riparian zone width) and random (season) factors for benthic macroinvertebrate 
functional feeding group (FFG) variable scores.

Variable
Riparian zone width (昀椀xed factor) Season (random fator)

F Model p F Model p

Top Down Control 1.86 0.192 0.24 0.632

Channel Stability 4.83 0.025 0.12 0.736

Transported/Sediment FPOM 4.32 0.035 0.20 0.662

CPOM/FPOM 1.80 0.202 0.01 0.904

Autothrophy/Hetetotrophy 1.43 0.173 0.73 0.478
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(Federal Law Number 12,651/2012), 30m width 
riparian zones may be inadequate for protecting 
the biodiversity of headwater stream ecosystems. 
Streams with 30m riparian zone width showed 
signi�cant di�erences in two of �ve functional 
metrics when compared to those with wider riparian 
zones. It provides technical data for lawmakers 
and environmental managers, suggesting that 
wider riparian zones are necessary for maintaining 
ecosystem biodiversity structure and consequently 
their ecosystem services (e.g., nutrient retention, 
avoid siltation, ecological corridor for many 
terrestrial plant species, semi-aquatic and fly 
animal species). Our results also highlight the 
necessity of studies using indicators based on 
ecosystem structure to support policy decisions 
and biodiversity conservation e�orts in the riparian 
meta-ecosystems (Callisto et al., 2019).

Future studies should focus on the application of 
these methods in other regions of the tropical zone, to 
test the universality of these results. We also suggest 
assessing the e�ciency of riparian zone bu�ers 
against di�erent kinds of anthropogenic pressures 
and that this scienti�c data be used to modernize 
legislation and environmental management as 
needed.
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