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Abstract
Land use has transformed landscapes, altered water and soil physical–chemical parameters, reduced habitat availability, and 
limited species occurrence. Here, we investigated the contribution of sites (local contribution to beta diversity—LCBD) and 
species (species contribution to beta diversity—SCBD) to macrophyte total β-diversity in streams inserted in a gradient of 
land use. We also investigated which life forms are important to SCBD and which environmental parameters are related to 
the change in the species composition. Sampling took place in 17 streams located in Paragominas, Pará, Brazil in Septem-
ber 2017. We recorded 36 species and four life forms. We identified five sites with high LCBD. The species with the four 
highest SCBD scores belong to the amphibious life form. CDI (Catchment Disturbance Index) and canopy cover, variables 
that show land use degrees, drove the distribution of macrophyte species in the land use gradient. CDI presented a posi-
tive relationship with LCBD, whereas canopy cover presented a negative relationship, i.e., a greater composition of unique 
species and greater diversity of macrophytes life forms were found in more altered streams than in preserved ones, due to 
canopy openness. Nonetheless, we emphasize that although the environmental characteristics of altered streams favored the 
establishment of more macrophytes species, the species found could be generalists and the pattern for other types of environ-
ments is usually the opposite. Therefore, studies focusing on temporal patterns will be important for this area to understand 
how the macrophyte community will stabilize. This study brings important contributions to elucidate the effects of land use 
on macrophytes distribution and the role played by different life forms.

Keywords  Local contribution to beta diversity · Species contribution to beta diversity · Deforestation · Macrophytes life 
forms · Biodiversity

Introduction

Human activities have caused profound shifts in natural 
landscapes around the world for many decades (Guida-
Johnson & Zuleta, 2013; Morrison et al. 2020; Vitousek 
et al. 1997). However, land use intensification is occurring 
more dramatically in some unexplored regions, such as the 

Amazon Forest (FAO, 2011; Gardner et al. 2013), which 
leads to high deforestation rates (Hansen et al. 2010; Nobre 
et al. 2016). The high rates of deforestation and environmen-
tal degradation in Amazon territories are linked to economic 
activities such as mining, logging, pasture, and agriculture 
(Asner et al. 2013; Gardner et al. 2013) that greatly impact 
the ecosystem functioning (Felipe-Lucia et al. 2020; Wang 
et al. 2022). Land use is expected to reduce the availability 
of natural habitats, modify the communities’ structure, and 
alter natural processes such as primary productivity, pollina-
tion, and decomposition (Felipe-Lucia et al. 2020; Guida-
Johnson & Zuleta, 2013; Johnson & Angeler, 2014; Sonter 
et al. 2018).

Land use affects not only terrestrial environments but also 
lakes, rivers, and streams (Allan, 2004; Castello & Macedo, 
2016). Streams are an important part of the landscape when 
considering the drainage basin, connecting environments, 
and providing species to the regional pool (Besemer, 2015; 
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Finn et al. 2011). Changes on the ground around streams are 
first observed to alter the water’s physical–chemical parame-
ters, such as the input of nutrients, turbidity, light incidence, 
pH, and oxygen availability. As a consequence of that, it 
is observed changes in species composition and ecosystem 
services offered by those environments (Allan, 2004; Casotti 
et al. 2015; de Paiva et al. 2021; Heartsill-Scalley & Aide, 
2003; Leão et al. 2020).

Different levels of land use create a heterogeneous land-
scape that alters stream functioning and species establish-
ment (de Paiva et al. 2021; Fares et al. 2020). An important 
characteristic, when analyzing this issue, is the riparian veg-
etation around the channel, as it controls erosion, the input 
of sediments, and light incidence (due to canopy cover), 
among others (Castello & Macedo, 2016; Johnson & Ange-
ler, 2014; Naiman et al. 2005; Riis et al. 2020). Changes in 
all mentioned parameters act as environmental filters and 
select the species that settle in those environments, depend-
ing if they are sensitive or resistant to that environmental 
degradation (Akasaka et al. 2010; Casotti et al. 2015; John-
son & Angeler, 2014). These environmental filters created 
by land use can reduce species richness, leading to changes 
in species composition among sites. This pattern was already 
reported for ETP (Ephemeroptera, Plecoptera, Trichoptera) 
(Ligeiro et al. 2013), semiaquatic bugs (Heteroptera) (Cunha 
et al. 2022), zooplankton (Gomes et al. 2020), and fish (Leão 
et al. 2020) in streams affected by land use. In this context 
of land use affecting communities’ structure, beta diversity 
can be used to identify streams and species that need more 
attention when elaborating conservation strategies (Heino 
et al. 2015), especially in the Amazon region that is suffering 
from these intense activities.

Beta diversity is defined as the variability in species 
composition among sampling units for a given area (Ander-
son et al. 2006). An approach proposed by Legendre and 
de Cáceres (2013) decomposes this total variation in the 
community (total β-diversity) into the Local Contribution to 
Beta Diversity (LCBD) and the Species Contribution to Beta 
Diversity (SCBD). Values of LCBD represent the degree of 
ecological uniqueness of a specific site sampled in compari-
son with all others and shows strong differences in species 
compositions (i.e., high uniqueness of species composition). 
According to Legendre and de Cáceres (2013), large LCBD 
values may indicate sites that have unusual species combina-
tions and high conservation value or degraded and species-
poor sites in need of ecological restoration, whereas SCBD 
represents the relative contribution of each species to the 
observed patterns of β-diversity and can be related to the 
intrinsic characteristics of each species (Leão et al. 2020; 
Pozzobom et al. 2020). These metrics reflect the response 
of species to environmental filters (Heino, 2009) and their 
spatial distribution (Rocha et al. 2018), which can help to 

prioritize areas and species for conservation, such as in areas 
with intensive land use.

Aquatic macrophytes, for example, can respond to a 
land use gradient with an increase in β-diversity. This occurs 
when the reduction in riparian vegetation in altered sites 
leads to high light incidence and nutrients availability, which 
favor the occurrence of tolerant and opportunistic macro-
phyte species such as amphibious and emergent life forms 
(Akasaka et al. 2010; Kolada, 2010; Quinn et al. 2011), 
including exotic species, whereas submerged and free-float-
ing life forms are usually found in more preserved environ-
ments (Fares et al. 2020). Thus, the response of macrophytes 
to a land use gradient could be positive as light and nutrients 
induce macrophytes growth and increase species richness 
(Elo et al. 2018), or negative if some species dominate the 
community (Akasaka et al. 2010). Negative responses to 
community structure could also come from a high abun-
dance of macrophyte exotic species as they are favored by 
anthropogenic disturbances (Mackay et al. 2010; Quinn 
et al. 2011). Heino et al. (2009) showed that macrophyte 
β-diversity was higher in preserved streams compared to 
the ones impacted by forestry. Johnson and Angeler (2014) 
found high macrophytes β-diversity along agricultural land-
scapes (impacted sites), implying that the diversity of resist-
ant taxa is high, while there is a loss of sensitive taxa due 
to disturbance, whereas a global variation in macrophytes 
β-diversity in lakes was driven by environmental heterogene-
ity (Alahuhta et al. 2017).

Thus, macrophytes can be used as a tool to analyze the 
integrity of different water bodies, including those degraded 
by land use (Alderton et al. 2017; Jiang et al. 2018). Moreo-
ver, macrophytes play an important role in ecosystems func-
tioning by filtering nutrients and elements from the water 
(Jiang et al. 2018; Thomaz, 2021) and supporting the devel-
opment of other communities such as macroinvertebrates 
(Brito et al. 2021; Nicolet et al. 2004), zooplankton (Deosti 
et al. 2021), periphytic algae, and birds (Bilton et al. 2006; 
Scheffer, 2004). Despite their great contribution, there is 
still a lack of information about macrophytes in streams, 
especially considering land use gradients.

In this way, here, (i) we identify which sites (LCBD) 
and macrophyte species (SCBD) that contribute to total 
β-diversity in streams inserted in a gradient of land use (pri-
mary vegetation, secondary vegetation, pasture, and bare 
soil); (ii) evaluate the environmental parameters related to 
macrophytes distribution in those environments; (iii) related 
the different degrees of land use with LCBD to identify pri-
ority areas for stream conservation, and (iv) identify which 
life forms contribute the most to SCBD. We expect that vari-
ables related to degraded streams such as high canopy open-
ness, low oxygen levels, high temperature, and high catch-
ment disturbance, among others will be positively related to 
high uniqueness of species composition (LCBD) because 
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these variables favor the establishment of different macro-
phytes life forms, which will increase the dissimilarity in 
species composition between sites. Also, amphibious species 
will be important for SCBD values because this life form 
includes both tolerant and shading species that are present in 
altered and preserved sites, respectively, along the land use 
gradient leading to a high contribution to β-diversity.

Methods

Study area

Sampling took place in 17 streams located in Paragominas, 
Pará, Brazil, which belong to Capim River Basin (Fig. 1, for 
more information about each site, please see online resource 
Table S1). The climate in this region is characterized as 
humid and hot, with a mean annual temperature of 26 °C, 
mean air humidity of 81%, and mean annual precipitation 
of 1800 mm (Pinto et al. 2009). Paragominas is inside the 
world’s largest remaining tropical forest, the Amazon, its 
natural vegetation is typical of tropical rainforest. However, 
several human activities take place in its territories, such as 
agriculture, livestock, logging, and mining (Gardner et al. 
2013). More than 45% of Paragominas territory are defor-
ested and highly degraded areas (878,000 hectares) due to 
economic activities (Pinto et al. 2009). Livestock, for exam-
ple, occupies 80% of the open areas, familiar agriculture 
14.5%, grain cultivation (rice, corn, and soybeans) 4.5%, and 
1% not identified. Mining activities are mainly about bauxite 
and in minor proportion aluminum, kaolin, and silver (Pinto 
et al. 2009).

Sampling design

The macrophyte community was sampled in July 2017. 
Abundance-based composition data were obtained with 
a 1  m2 (1 m × 1 m) quadrat. The quadrat was randomly 
placed in two macrophyte stands found within a transect of 
150 m in each sampling site (i.e., stream). The percentage 
of cover, i.e., occupancy (%) was assigned to each species 
inside the quadrat and used as a surrogate for macrophyte 
abundance-based composition, for example, if one species 
covered 45% of the quadrat area and another covered 12% 
these were their respective abundances. The quadrat consid-
ers macrophytes that occupy the above and under water area. 
The mean cover of stream was calculated by the sum of the 
cover of each species divided by the number of quadrats (in 
this case, two) (Mackay et al. 2010). Species richness was 
obtained by taking notes of all macrophyte species occurring 
in a 150 m transect of each aquatic ecosystem. Macrophytes 
were first identified in the field, the non-identified material 
was collected and later identified using specialized litera-
ture (Amaral et al. 2008; Lorenzi, 2008; Pott & Pott, 2000). 
Life forms were categorized into four groups: submerged, 
emergent, amphibious, and floating-leaved, following Este-
ves (2011) and Pott and Pott (2000). For more details about 
sampling and identification, please see Fares et al. (2020).

Water physical–chemical parameters were measured 
using a multiparameter probe (Horiba U-50) and consisted 
of pH, temperature (°C), turbidity (NTU), conductivity (µS/
cm), and dissolved oxygen (mg/L). We also measured can-
opy cover above the quadrats using a densitometer, which 
we later converted to a percentage, according to the index 
proposed by Peck et al. (2006).

Fig. 1   Map showing the 17 
sampling sites in the municipal-
ity of Paragominas, State of 
Pará, Brazil. The circle sizes 
represent the LCBD values, 
as big is the circle as high 
is LCBD value. The colors 
represent the CDI values, green 
are low numbers (i.e., more 
preserved streams, bolder green 
represent the most preserved 
streams), orange are high values 
(i.e., more impacted streams, 
bolder orange represent the 
most impacted streams)
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Land use and land cover characterization

To better summarize the effects of different land use degrees 
on macrophytes β-diversity, we calculated the disturbance 
inside a 300 m radius of land surrounding each stream (an 
adaptation of the Catchment Disturbance Index—CDI) for 
each sampling site (de Paiva et al. 2021; Ligeiro et al. 2013). 
For that, we used data from Fares et al. (2020) about remote 
sensing and land use cover that was obtained through differ-
ent geoprocessing software (ArcGIS, PCI, Geomatica, and 
Ecognition) with atmospheric correction, the images used 
were from 2015. Please check all details about the method-
ology applied to obtain the data in Fares et al. (2020). With 
the mentioned data, four land use and land cover classifica-
tions were established: (a) primary vegetation that are areas 
occupied by tropical rainforest; (b) secondary vegetation, 
vegetation originated by natural succession process after 
total or partial primary vegetation suppression after natu-
ral or anthropogenic processes; (c) pastures, areas that are 
occupied by intensive and/or extensive livestock breeding; 
and (d) bare soil, areas of unprotected soil, especially those 
containing road systems such as dirt roads, highways, and 
mining. Thus, we weighted the different types of land use 
depending on the degree of anthropic change in the natural 
environmental conditions (de Paiva et al. 2021), and areas 
of mining and bare soil were weighted more than pasture, 
which was, in turn, weighted more than degraded forest. The 
index was divided by 300 to standardize 75% of its maxi-
mum value (Ligeiro et al. 2013) (CDI = 4 x % bauxite mining 
and bare soil + 2 x % pasture + 1 x % degraded forest /300). 
In this index, lower CDI values reflect more preserved sites. 
In the worst scenario, an extremely degraded stream would 
present a land use of 100% of bauxite mining and bare soil, 
which would lead to a CDI of 1.33 (the maximum value).

Data analysis

The local contribution to β-diversity (LCBD) and the spe-
cies contribution to β-diversity (SCBD) were calculated fol-
lowing Legendre and de Cáceres (2013), using macrophytes 
abundance-composition data. For that, we applied Hellinger-
transformation and ‘beta.div’ function from “adespatial” 
package in R program (Dray et al. 2022). We performed 
999 permutations to obtain the total sum of squares (SStotal) 
from which is calculated total β-diversity (BDtotal), LCBD, 
and SCBD. We also applied adjusted-p using ‘Holm’ method 
to correct multiple comparisons on LCBD. High values of 
LCBD and SCBD indicate the local and species (respec-
tively) that most contribute to total beta diversity.

To analyze which environmental parameters are related 
to the occurrence of macrophytes species, we performed a 
Nonmetric Multidimensional Scaling (NMDS; ‘metaMDS’ 
function) applying ‘envfit’ function. In the NMDS, the abun-
dance of each macrophyte species is transformed into distances 
through “Bray–curtis” method and plotted in an ordination. 
The function ‘envfit’ correlates the environmental parameters 
(canopy cover, pH, conductivity, turbidity, dissolved oxygen, 
temperature, and CDI) with species occurrence. Before run-
ning NMDS and correlations, we standardized the environ-
mental parameters through ‘decostand’ function and tested 
if they were correlated using variance inflation factors (VIF) 
with ‘vif.cca’ function. The variables presented no correla-
tion (VIF < 10), and values are shown in the online resource 
Table S2. All functions are from “vegan” package (Oksanen 
et al. 2019).

To analyze how LCBD is influenced by land use variables, 
we performed linear regressions using ‘lm’ function from 
“stats” package. We ran regression models testing the vari-
ables that were significant and marginally significant in the 
correlations from envfit (canopy cover, CDI, temperature, 
and conductivity). Canopy cover and CDI composed the best 
model tested by Akaike’s Information Criterion (AIC). AIC 
was tested using ‘AIC’ function from “stats” package, the cri-
terion used was the smaller the AIC, the better the fit (usually 
used when comparing models fitted by maximum likelihood to 
the same data). AIC and models tested are shown in the online 
resource Table S3. We also controlled a possible spatial effect 
in the regression models. The spatial factor was built through 
Moran’s eigenvector maps based on distance. Eigenvectors 
are calculated from a distance matrix based on latitude and 
longitude (Borcard & Legendre, 2002; Dray et al. 2006), only 
positive eigenvectors were selected as spatial proxies (Bor-
card & Legendre, 2002). For that, we used ‘dbmem’ function 
from “adespatial” package followed by ‘moran.randtest’ func-
tion with 999 permutations to find significant eigenvectors. 
Three eigenvectors were significant from the permutations and 
used as predictors in the regression models, and they repre-
sent broad spatial structures (regional filters). Also, to further 
understand LCBD values in the gradient of land use, we per-
formed a linear regression using species richness as predictor 
in the ‘lm’ function.

Finally, we created a scatterplot using the SCBD values 
and the number of sites occupied by each species, and their 
life forms, in order to identify which life form contributes the 
most to SCBD. All graphics were performed using “ggplot2” 
package and ‘ggplot’ function. All analyses were performed in 
R version 4.0.2 an R Studio version 1.3.1093 (R Core Team, 
2020).
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Results

Description of the community structure

We recorded 36 species, divided into 23 families and four life 
forms (Table 1). The BDtotal was 0.75 and SStotal was 11.99. 
Values of Local Contribution to Beta Diversity (LCBD) ranged 
from 0.093 (P12) to 0.037 (P16) and five points were signifi-
cant: P1 (LCBD: 0.076, adj-p: 0.026), P2 (LCBD: 0.083, adj-
p: 0.017), P3 (LCBD: 0.081, adj-p: 0.017), P8 (LCBD: 0.087, 
adj-p: 0.017), and P12 (LCBD: 0.093, adj-p: 0.017) (all LCBD 
values are shown in the online resource Table S4).

Values of SCBD ranged from 0.001 to 0.114, with average 
of 0.028. The five species that most contributed were Calyp-
trocarya glomerulata (0.114), Triplophyllum dicksonioides 
(0.076), Scleria microcarpa (0.073), Adiantum humile (0.065), 
and Utricularia sp. (0.064) (Table 1). Most species found in 
the study belonged to the amphibious life form (23 species), 
followed by emergent (eight species). The four species with the 
highest SCBD scores all belong to the amphibious life form 
(Table 1), but they varied in sites occupied: C. glomerulata, for 
example, presented the highest SCBD and the highest occur-
rence (13 sites), T. dicksonioides and A. humile presented an 
occurrence of seven and six sites, respectively, while S. micro-
carpa occurred in only three sites (Fig. 2). The submerged 
macrophyte Utricularia sp occurred in four sites (Fig. 2).

Relationship between environmental and land use 
variables, species occurrence, and LCBD

Of all environmental parameters (canopy cover, pH, conduc-
tivity, turbidity, dissolved oxygen, temperature, and CDI), only 
canopy cover and CDI were significantly related to the occur-
rence of macrophytes species in the streams (Table 2; Fig. 3). 
CDI had great variation among sites, the most impacted site 
had a CDI of 0.75, while canopy cover had a low range (from 
64.9 to 97.06%; Table 2).

Macrophyte LCBD was positively related to CDI index 
(p = 0.045) and negatively related to canopy cover (p = 0.006) 
(Table 3; Fig. 4a, b). Spatial component also had an effect 
on macrophyte LCBD (p = 0.013). The model presented 
an adjusted-R2 of 0.73, F: 8.18, and p value: 0.002. LCBD 
was also positively related to macrophyte species richness 
(adjusted-R2: 0.18, F: 4.56, and p value: 0.039; Fig. 4c).

Discussion

Investigating local and species contribution to beta diversity 
of macrophytes (LCBD and SCBD) helps to better under-
stand the effects of land use on aquatic ecosystems. Here, we 
found that canopy cover and CDI (variables that represent 

land use degrees) drove the occurrence of macrophyte spe-
cies in the land use gradient, as expected. CDI presented 
a positive relationship with LCBD, whereas canopy cover 
presented a negative relationship. This means that higher 
ecological uniqueness of species composition was observed 
in more degraded sites with greater canopy openness and 
greater species richness. And as expected, amphibious spe-
cies (A. humile, C. glomerulata, T. dicksonioides, and S. 
microcarpa) contributed the most to SCBD.

For LCBD, we observed the highest values in more 
impacted streams, which also presented greater canopy 
openness, this means that some species considered unique 
were only favored in those environments. Streams under 
the effect of land use usually present high light incidence 
(Allan, 2004; Casotti et al. 2015) a key factor supporting 
aquatic plants growth (Bleich et al. 2015; Elo et al. 2018). 
Hoyer et al. (2004) reported that little or no aquatic vegeta-
tion can develop where the substrate receives less than 10% 
of light incidence. In this way, although it is expected altered 
environments to have lower species diversity than preserved 
ones (de Paiva et al. 2021; Montag et al. 2019), the pattern 
for macrophytes in streams might be different (Fares et al. 
2020; Hoyer et al. 2004; Kuhar et al. 2007) because of their 
great light dependency and the characteristics of preserved 
streams (a well-preserved riparian forest and consequently 
low light incidence on the channel). The same pattern was 
observed by Schneck et al. (2022) for diatoms that are also 
high light-dependent and for insects. High LCBD values can 
be related to sites in both extremes, with great species rich-
ness and unique species composition, and to sites with low 
species richness and poor species composition (Legendre & 
de Cáceres, 2013). In our study, high values of LCBD were 
related to sites with greater species richness, showing that 
a unique composition of macrophytes was favored by envi-
ronmental factors present in altered environments, which 
contributed to high values of total beta diversity. These 
streams are important to maintain macrophytes diversity 
on a regional scale and should be taken into consideration 
when elaborating conservation strategies for this region. An 
important point to be mentioned is that it was not observed 
extreme values of degradation (CDI reaching 1.33) and very 
degraded streams could lead to a more homogeneous com-
munity with only tolerant species.

Regarding the species contribution to beta diversity, 
amphibious species were the most representative. Amphibi-
ous life forms are usually present in altered environments, 
where the ecological succession is starting and there are 
high light incidence and nutrients availability (Akasaka et al. 
2010; Kolada, 2010; Kuhar et al. 2007; Quinn et al. 2011). 
However, in our study, amphibious macrophytes represented 
also more preserved environments that have greater canopy 
cover (such as P11—following the CDI index). This life form 
is also resistant to more shaded and humid environments 
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Table 1   List of macrophyte species observed in the 17 sampling sites in Paragominas, Pará, Brazil, classified into their lifeforms and their con-
tribution to total beta diversity (SCBD = species contribution to total beta diversity).
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Table 1   (continued)

Bold represents the five species with the highest SCBD values. Gray cells represent the sites that significatively contributed to total beta diversity 
(LCBD)

Fig. 2   Relationship between macrophyte SCBD values and number 
of occurrences. The species were sorted in their respective life forms. 
The dotted line in red represents the average SCBD value. The five 
species that most contributed to SCBD are also named

Table 2   Range of environmental variables sampled, R2, and p value 
from the correlation between environmental variables and the occur-
rence of macrophytes species

CDI  Catchment Disturbance Index. Significant results are shown in 
bold

Environmental variables Min–Max values R2 p value

Canopy cover (%) 64.9–97.06 0.72 0.001
pH 3.93–6.16 0.16 0.283
Conductivity (mS/s) 0.02–0.04 0.30 0.086
Turbidity (NTU) 0.7–27.97 0.01 0.901
Dissolved oxygen (mg/L) 4.15–9.12 0.05 0.675
Water temperature (°C) 22.9–29.9 0.29 0.086
CDI 0.04–0.75 0.52 0.005
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(Drucker et al. 2008; Paixão et al. 2013), which can explain 
their selection on SCBD (with the highest values). They may 
have an advantage in these streams as other macrophyte life 
forms might not resist under great canopy cover (Kuhar 
et al. 2007). T. dicksonioides, for example, was recorded on 
water bodies with great riparian vegetation and canopy cover 
(Fares et al. 2020) that provides a microclimate suitable for 
the development of ferns such as this species (Mackay et al. 
2010). Thus, shade-tolerant species (such as some amphibi-
ous species) can represent environments with great canopy 
cover, i.e., more preserved streams (Fares et al. 2020) instead 
of altered as first thought (Akasaka et al. 2010; Kolada, 
2010; Kuhar et al. 2007; Quinn et al. 2011). However, this 
could also mean that environments with high light incidence 
and greater macrophytes richness are not suitable for this 
amphibious species, because it cannot compete with those 
species established there.

Amphibious was also the richest life form in the study and 
presented the highest number of occurrences. The pattern 
found here was different from Pozzobom et  al. (2020), 
which, despite not using the term amphibious in their study, 
found a relationship between higher values of SCBD and 

intermediate occupancy of floating macrophytes. However, 
Pozzobom et al. (2020) studied lakes from Pantanal wetlands 
that present a very different dynamic compared to Amazon 
streams, these lakes are naturally less shaded still-waters 
and suffer with hydrological stress (flooding/drought phases) 
throughout the year, which lead to a constant turnover of 
species and life forms in the community (Catian et al. 2018). 
The studied streams, on the other hand, are shaded by the 
riparian vegetation and have two hydrological phases: dry 
and rainy season. Furthermore, the lack of clearer relation-
ships between SCBD and occurrence of life forms, espe-
cially floating and submerged, is possible due to the few 
numbers of species representing these life forms and the 
high number of ‘rare’ species we observed.

Alterations promoted by land use create a heterogene-
ous landscape that can increase species dissimilarity among 
sites, i.e., beta diversity (Heino et al. 2015). Most studies 
report that although species dissimilarity is increasing in 
the gradient from preserved to altered environments, the 
macrophyte species that are in altered sites are indicators 
of land use change and belong to emergent life form (Ala-
huhta et al. 2014), which may lead to a more homogeneous 
community (Akasaka et al. 2010; Fares et al. 2020). This is 
because emergent macrophytes are considered resistant and 
opportunistic species (Akasaka et al. 2010). However, we 
observed greater species richness in more altered streams, a 
different pattern than reported in other studies for lakes and 
ponds that observed greater species richness in preserved 
sites (Akasaka et al. 2010; Alahuhta et al. 2014), but in con-
cordance with what is expected for stream systems (Hoyer 
et al. 2004; Kuhar et al. 2007). Variables related to the chan-
nel morphology and the stream bottoms (not analyzed here) 
could be playing a role in the establishment of macrophytes 
species in streams (Bunn & Arthington, 2002; Kuhar et al. 
2007), where more elevated grounds (preserved streams) 
favor only the presence of emergent and amphibious life 

Fig. 3   NMDS ordination show-
ing the distribution of the sam-
pling sites and species and their 
correlation with environmental 
variables. CDI = Catchment 
Disturbance Index. Bold vari-
ables with red arrows are sig-
nificant correlations (p < 0.05). 
Sites with blue labels indicate 
the ones with the highest LCBD 
values. Species named in the 
figure have the highest SCBD 
values

Table 3   Linear model coefficients

CDI  Catchment Disturbance Index, MEMs  eigenvectors from dbmem, 
Std. Error  standard error. Significant results are shown in bold

Estimate Std. Error T p value

(Intercept) 0.138 0.028 4.947 < 0.001
CDI 0.027 0.012 2.293 0.045
Canopy cover − 0.001  < 0.001 − 3.502 0.006
MEM1 0.020 0.034 0.586 0.570
MEM2 0.001 0.0025 0.512 0.620
MEM3 0.007 0.0023 2.974 0.013
Canopy cover: MEM1  < − 0.001  < 0.001 − 0.674 0.516
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forms. The width of the channel is another factor that we did 
not analyze but is positively related to canopy openness and 
doing so could play a role in macrophyte establishment as it 
allows greater light incidence in the channel.

Macrophytes support the development of several commu-
nities. Amphibious and emergent life forms that live in the 
water-land interface create micro-habitats and serve as food 
for insects and birds (Bilton et al. 2006; Scheffer, 2004), 
whereas rooted-submergent and free-submergent support 
aquatic communities (periphyton, zooplankton, and fish) 
also offering refuge, food, and shelter (Deosti et al. 2021; 
Quirino et al. 2021). Thus, macrophytes can have an even 
greater role in impacted streams, reducing the effects of land 
use and offering a more suitable environment for species to 
settle, grow, and develop (Thomaz, 2021). If macrophytes 
were not in those environments, the impacts of land use on 
biodiversity could be worse. Besides that, two other points 
need to be considered, first, natural riparian vegetation 
plays a great role in natural ecosystems supporting species 
adapted to shaded environments, providing resources to sev-
eral organisms (de Paiva et al. 2021; Montag et al. 2019), 
and offering long-term services, such as water purification 

(Bunn & Arthington, 2002) and protection against invasive 
macrophyte species. Secondly, the pattern we observed is on 
a spatial scale, other studies with a temporal approach are 
needed to better identify the consequences of land use on 
macrophytes establishment, as the increase in the diversity 
of morphological forms may change with time and resistant 
forms became dominant leading to a more homogeneous 
community.

Conclusion

We found greater uniqueness of species composition and 
species richness in more altered streams than in preserved 
ones, due to canopy openness, and amphibious macro-
phytes had the greatest contribution to total beta diversity 
in streams. Therefore, in our study, the streams under greater 
disturbance were the ones that most contributed to beta 
diversity and should be considered when elaborating con-
servation strategies in the region, as they can support greater 
species richness and macrophytes diversity contributing to 
increase the regional diversity of macrophytes. However, 

Fig. 4   Graphics displaying the relationship between a Macrophyte Local Contribution to total β-diversity (LCBD) and CDI (Catchment Distur-
bance Index), b Macrophytes LCBD and canopy cover, and c macrophytes LCBD and species richness
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to better understand these patterns, other biological groups 
should be studied in these environments to further support 
the decision-makers.

Our results bring an important contribution to under-
stand the effect of land use on macrophytes distribution 
and the role played by different life forms. Nonetheless, we 
emphasize that although the environmental characteristics 
of altered streams favored the establishment of more macro-
phytes species, the species found could be generalist and the 
pattern for other types of environments is the opposite (Aka-
saka et al. 2010; Alahuhta et al. 2014). Also, long-term stud-
ies could show an inverse pattern with a more homogeneous 
community through the years. Finally, more environmental 
variables should be taken into account to better understand 
the pattern observed and studies focusing on temporal pat-
terns will be important for this area to understand how the 
macrophyte community will stabilize.
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