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Land use modification is a notable cause of biodiversity loss in streams.
However, the impacts of anthropogenic forest conversion on p-diversity are
difficult to forecast, especially in Afrotropical stream ecosystem, mainly
because: 1) empirical research is scant, and; 2) the few available studies
provide conflicting findings. In our study, we used techniques of
decomposing B-diversity to evaluate the influence of land use changes on
macroinvertebrates p-diversity of 66 stream sites in an Afrotropical
Anthropocene. We also evaluated the potential exclusive and shared
contributions of ecological drivers of community composition and f-
diversity. Our total p-diversity for both forested and modified streams was
driven mainly by the turnover component, while the nestedness-resultant
component was negligible. The dominance of turnover in both forested and
modified streams in our systems stresses the urgency to protect many sites in
order to conserve y-diversity. While B-diversity diminished in our urban + agric
streams in relation to our forest streams, leading to a process of biotic
homogenization, B-diversity of our forest streams was similar to that of the
urban streams, implying that land use does not necessarily lead to a process of
biotic homogenization. The contrasting findings about relationships between
land use and B-diversity in our study showed that the effects of land use on B-
diversity can be variable and context-dependent. Larger parts of variation in
community composition and p-diversity were accounted for by the local
environmental conditions (through environmental filtering) and land use,
while geographical spatial factors (through dispersal limitation) explained
little part of variation in our system—highlighting the importance of species
sorting (environmental filtering) over dispersal-related processes in
metacommunity organization.
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1 Introduction

The most significant signature of the Anthropocene world is
the anthropogenic modification of the ecosystem (McGill et al.,
2015; Petsch et al., 2021a), leading to negative impacts such as
biodiversity loss (Watson et al., 2016) and biotic homogenization
(Dornelas et al., 2015; Magurran et al., 2015), especially in
developing parts of the world (Newbold et al, 2015). These
have resulted in a global biodiversity condition that is equivalent
to earlier worldwide mass extinction incidents (Barnosky et al.,
2011, Ceballos et al.,, 2015), indicating that we are already in a
critical state of biodiversity globally (Feio et al, 2022). In
particular, freshwater ecosystems (for example, rivers and
the by
anthropogenic pressures (Keke et al, 2017; Brittain et al,

streams) are among mainly affected systems
2020; Keke et al., 2021a). Increased human settlements around
the catchments of freshwater systems substantially alter the
neighboring landscape and undermine the ecosystem integrity
(Fugere etal., 2016; Keke et al., 2020b). The dominance of human
settlements around rivers and streams transforms natural forests
into forms of human-induced land uses such as agriculture and
urbanization.

Although some biodiversity aspects, like species diversity,
can be separated into alpha (a), beta (B), and gamma or regional
(y) components (Whittaker 1960), the measurements of [-
diversity are specifically important given they constitute
variability in community composition among sites (Costa and
Melo, 2008; Anderson et al, 2011; Brittain et al., 2020). B-
diversity is fundamental in uncovering the mechanisms that
drive biological assemblage and helps in creating effective
roadmaps for biodiversity conservation (Anderson et al., 2011;
Al-Shami et al., 2013). B-diversity is an important component of
biodiversity, because it provides a direct linkage between a-
diversity and y-diversity (Whittaker 1960; Anderson et al,
2011). The partitioning of total B-diversity into its turnover
and nestedness components gives more understanding of the
perspective of spatial differences in community composition
2010; Legendre 2014). For instance, a higher
contribution of the turnover component to total P-diversity

(Baselga

gives an indication that majority of differences in community
composition is as a result of different species occupying different
sites (Legendre 2014). The conservation implication of
dominance of turnover is that many sites would require
immediate protection in order to conserve y-diversity (Fugere
et al.,, 2016). In opposite, a higher contribution of the nestedness
component to total P-diversity indicates that differences in
community composition is as a result of species-gain or
species-loss (i.e., number of species of a site is a strict subset
of richer sites) caused by variations in species richness among the
sites (Legendre 2014). This implies that a few species-rich sites
require to be protected in order to conserve y-diversity (Fugere
et al, 2016). Despite the fact that variation in turnover and

nestednes difference components does not only supply useful
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insights into the spatial variation of community composition but
also provides biodiversity evaluation and conservation basis, it
has received far less attention in recent freshwater ecological
studies (Anderson et al., 2011; Legendre 2014; Rocha et al., 2018;
Brittain et al., 2020).

While biotic homogenization is widely known to occur when
there is an increase in among-site similarity (i.e., a decrease in {-
diversity) created by human-induced disturbances (e.g., habitat
alteration, introductions of non-natives), biotic differentiation
occurs when there is an increase in among-site dissimilarity (or
variation: an increase in p-diversity; Maloney et al., 2011). Land
use modification is a notable cause of biodiversity loss in
freshwater ecological systems (Siqueira et al., 2015; Arimoro
and Keke 2017; Petsch et al., 2021a). However, the impacts of
anthropogenic forest conversion on stream [-diversity are
difficult
ecosystem, mainly because: 1) empirical research is scant, and;

to forecast, especially in Afrotropical stream
2) the few available studies provide conflicting findings (Fugere
et al., 2016). For instance, on the one hand, forest conversion into
agriculture could induce cultural eutrophication, resulting into
an increase in p-diversity (biotic differentiation) by intensifying
stochastic processes in community assemblage (Bini et al., 2014).
Ideally, the persistence of a greater percentage of the regional
species pool in higher productive sites than lower productive sites
could drive stochasticity in colonization record to result to
diverse stability of community assemblage, consequently
leading to an increase in B-diversity (Chase 2010). Further, a
heterogeneous land use regimen (i.e., having forest, urban,
agriculture land use types within the same catchment locality)
could lead to elevated B-diversity if different taxa are driven by
the environmental states that are related to each land use type
(Siqueira et al., 2015). On the other hand, forest conversion leads
to habitat deterioration which adversely influences a broad suite
of pollution-sensitive species, enabling only a minor percentage
of the regional species pool to sustain viable community at
deforested (Petsch et 2021a)—thereby
diminishing (B-diversity (biotic homogenization). In addition,

localities al,,
some physical effects of deforestation such as silt deposition
on the substratum, paucity of woody debris, flow velocity
changes, reduced addition of coarse organic matter, elevated
loads of sediments and pollutants from allochthonous sources,
and alteration of channel morphology could diminish habitat
heterogeneity (Edegbene et al, 2021la; 2021b), leading to
diminished B-diversity (Passy and Blanchet 2007; Donohue
et al., 2009; Leal et al., 2016; Castro et al., 2018). Lastly, forest
of
macroinvertebrates species with terrestrial life stages, and

conversion can alter  dispersal rates riverine
consequently affects B-diversity (Heino et al, 2015; Petsch
et al,, 2021a). Hence, the influence of land use changes could
ultimately be context-dependent, thereby either diminishing B-
diversity (biotic homogenization; Passy and Blanchet 2007;
Maloney et al, 2011; Siqueira et al, 2015), elevating pB-

diversity (biotic differentiation; Hawkins et al, 2015; Liborio
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et al,, 2016; Fugere et al., 2016; Roa-Fuentes et al., 2019), or not
causing any clear change in B-diversity (Larsen and Ormerod
2014; Heino et al., 2015; Petsch et al., 2021a; Keke et al., 2021b).

The explanatory approach of variance partitioning of
ecological predictors emphasizes that communities are jointly
driven by local environmental condition through environmental
filtering (species sorting) and spatial processes (dispersal-related;
e.g., mass effects, dispersal limitation and patch dynamics),
although their corresponding importance might be dependent
on spatial magnitude of the study extent and dispersal rates of
communities (Leibold et al., 2004; Heino 2011; Al-Shami et al.,
2013; Arimoro et al., 2021; Li et al., 2021). Among these, mass
effects usually happens between sites that are closely-located to
each other in proportionately small spatial extent or in
conditions marked by increased connectivity (Cottenie et al,
2003; Declerck et al, 2011). As for mass effect model, high
dispersal rates may homogenize communities and decrease
beta diversity (Mouquet & Loreau 2003), which might
possibly hamper the role of environmental filtering on
(Li et 2021).

are  generally

community assemblage al,, Nonetheless,

bioassessment initiatives required  at
comparatively wide spatial extents, where dispersal limitation
(hampering a great percentage of individual species from
accessing desirable localities) could influence the effects of
local environmental variables on community assemblage
(Heino 2013). Environmental filtering is anticipated to be
most influential at intermediate extents, where average
dispersal degree enables taxa to trail environmental gradients
(i.e., species sorting; Soininen 2014). Dispersal-related processes
(influenced by reduced dispersal rates and enormous
geographical area) assume importance following increase in
spatial extent, resulting to elevation in compositional
variations between assemblages (Jamoneau et al, 2018; Li
et al, 2021). Although studies on geographical variables
(longitude, latitude, and altitude) have provided important
insights into freshwater studies globally, most of these efforts
have been focused on alpha diversity (see Vinson and Hawkins
2003; Heino 2011; Hansen et al., 2013). To our understanding, no
study has evaluated the relationship dynamics of $-diversity with
geographical variables in the Afrotropic. Similarly, the overall
insights into how p-diversity is jointly driven by local
environmental variables, spatial factors, and land use
associated changes in lotic systems still remain scant globally.

The Afrotropical streams, despite being hugely diverse
ecological systems and biodiversity hotspots (Boyero et al,
2011; Collen et al., 2014; Tonkin et al., 2016; Keke et al,,
2020a; Keke, 2021),

understudied. The Afrotropical region is currently affected by

Arimoro and have remained
massive forest conversion into anthropogenic uses (Feio et al,
2022), and the expected rapid growth of this region will further
deteriorate the current state (Laurance et al.,, 2014; Keke et al,,
2021a). In the light of this, the region has an urgent need to

evaluate the effects of forest conversion in the bid to conserve the
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biodiversity of the tropical ecosystem. In our study, we used
techniques of decomposing B-diversity to evaluate the influence
of land use changes on B-diversity of streams in an Afrotropical
Anthropocene. We also evaluated the ecological drivers of {-
diversity. First, we analysed p-diversity for each land use type,
with the hypothesis that total p-diversity will be driven mostly by
its turnover component. Second, we tested whether land use
associated changes could either increase P-diversity (biotic
differentiation), decrease B-diversity (biotic homogenization)
or do not influence B-diversity in this region. We refrained
from setting up a hypothesis for this objective, because of
both the paucity of study on effects of land use on B-diversity,
and the contradictory accounts provided by empirical studies of
land use effects on P-diversity globally. Third, we explored the
exclusive and shared contributions of local environmental
conditions, spatial factors (geography), land use classes, and
region identity (drainage basin) in driving (-diversity. Here,
we hypothesized that both local environmental conditions and
geographical variables (spatial variables) would be important
drivers of p-diversity. Specifically, we expected local
environmental variables to dominate over spatial variables
given clear variability in the severity of anthropogenic
influence and forest conversion in this region (Fugere et al,

2016).

2 Methods
2.1 Study area

We sampled sixty-six sites located between 5727’ and
6°50'North, and 5°35’ and 6°41’East of southern Nigeria (Edo
and Delta regions) (Figure 1). Edo region represents the upper
western Niger Delta while the Delta region represents the lower
western Niger Delta. The study area consists of the typical
tropical climate of two prominent wet (May to October) and
dry (November to April) seasons, with average yearly relative
humidity of 85% and average yearly temperature of ca. 28°C
(Tonkin et al., 2016). Land use in this area includes rainforest,
natural vegetation, urbanization, and agriculture. Aquatic flora
comprises mostly of macrophytes (submerged and floating;
emergent), Pandanus spp., Mitragyna ciliate, and dense trees
[such as palm trees and Indian bamboo (Bambusia spp.)].

2.2 Site selection

We aimed at sites covering the three major land types in the
sampled area, derived from the riparian and catchment
characteristics: forest, urban, and a combination of both urban
and agriculture (used afterwards in this article as urban + agric).
The riparian and catchment characterization were based on sites
from each land use class having >60% of either forest, urban, or
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FIGURE 1

Map of the study area showing the sampled sites.

urban + agric (see Supplementary Table S1). The magnitude of
forest, urban, and agric + urban in the riparian and catchments of
chosen sites was ascertained by the usage of land cover satellite
imagery generated by data from Shuttle 152, within a 1500-m
buffer size of our studied streams. This approach resulted into
29 forest sites, 20 urban sites, and 17 urban + agric sites.

2.2.1 Macroinvertebrates collection
Macroinvertebrates were collected from each site alongside

broad suites of environmental variables. We took into account

the possible temporal effects by initially analyzing the data
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temporally, but we observed that temporality did not affect
our analyses. Macroinvertebrates were collected within a 25-m
approximation of the wadeable section of each site using a
D-frame net of 500 um mesh size, according to the methods
of Jeffries and Mills (1990). At each sampling site, four 3-min
samples were collected on each sampling occasion to account for
all substrata (stones, sand, silt, mud, and vegetation) and flow
regimes (riffles, run, and pool). The four 3-min samples were
pooled to represent a unit sample for each site. The collected
samples were preserved in 70% ethanol and taken to the
laboratory. In the laboratory, samples were processed by
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washing and sieving through a 500 um mesh size. Processed
samples were then sorted and counted using a dissecting
microscope. Using a stereoscopic microscope
(910 magnification), sorted individuals were identified to the
lowest possible taxonomic level, mostly genus and species, by the
use of regional keys (e.g., de Moor et al,, 2003), keys adapted from
elsewhere (e.g., Merritt and Cummins, 1996) as well as the
assistance of regional specialists. This integrated approach
ensured a mostly genus or species level identification with
90%

voucher

identification over
Thereafter, the
specimens at Albany Museum, Grahamstown, South Africa.

species  level accounting  for

representation. we  deposited

2.2.2 Ecological correlates

Environmental variables were sampled at each site alongside
with macroinvertebrates collection. We measured a broad group
of environmental variables, ranging from physical, chemical, to
riparian variables (indicated as ENV hereafter). Habitat features
for an individual site were determined over a 100-m reach. A
calibrated rod was used for the determination of depth in each
site. Flow velocity was determined following the method of
Gordon et al. (1994). Canopy cover was determined by the
visual percentage estimation along the sampled extent.
Substratum particles composition was determined by the
visual estimation of percentage of sand, clay, loam, stones,
and mud in 100-m sampled extent. The following physical
and chemical variables were determined in-situ from each
sampling site: temperature, pH, conductivity, total dissolved
solids (TDS), using portable Hanna HI 991300/1; turbidity,
using portable turbidity meter HI 93102, and; dissolved
oxygen, using YSI 55 dissolved oxygen meter. After the in-situ
measurements, water samples were taken to the laboratory for
the determination of nitrates, phosphates, and biochemical
oxygen demand (BOD; APHA, 1995). Nitrates and phosphates
were determined spectrophotometrically after reduction with
appropriate solutions (APHA 1995). Geographical variables
consisted of longitude, latitude, and altitude, indicated as GEO
subsequently. We included two dummy variables indicating land
use types (i.e., forest, urban, and urban + agric, indicated as LUT
subsequently) and regional identity (i.e., Edo and Delta regions
where samples were collected from, indicated as REG hereafter).
Our approach did not utilize other sophisticated variables, such
as variables obtained from the usage of Moran eigenvector maps
(Dray etal., 2012; Legendre & Legendre 2012), given that we were
simply focused on the linear geographical and altitudinal
gradients.

2.3 Statistical methods

We computed B-diversity for the land use types (forest,
urban, and urban + agric). We computed p-diversities by
(or indices),

calculating B-diversity components namely
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Serensen (total P-diversity), turnover (Simpson), and
nestedness-resultant. ~ This  approach  involves  the
decomposition of total P-diversity into turnover and

nestedness components. While turnover is defined as species
replacement of species in a system, nestedness typifies the
condition where number of species is subset of richer sites.
Presence-absence data (of Serensen index) is driven by
variations in site-by-site species composition, while abundance
data (of Bray-Curtis) is driven by variations in site-by-site
abundance. In all our analyses involving B-diversity, we used
presence-absence data in our effort to remove bias due to possible
variations in sampling endeavor which can typically influence the
abundance data (Brittain et al., 2020). First, we calculated -
diversity dissimilarity matrices using the function beta.pair in the
R package betapart (Baselga et al, 2017). We employed the
monotonic transformation of a Serensen index where the
turnover and nestedness components are decoupled (Baselga
2010, 2012), leading to the generation of three multiple-site
dissimilarity matrices, namely: 1) Serensen (total) dissimilarity
which computes the total spatial turnover in species composition;
2) Simpson (turnover) dissimilarity which computes turnover
that minimizes or reduces the differences in species richness; and
3) nestedness which is derived from variations in species richness
between sites (Baselga 2012). This analytical approach produced
the three dissimilarity (or distance) matrices that were employed
as response variable (or data) in the following analyses:
permutational multivariate analysis of  variance
(PERMANOVA; Anderson, 2001), multivariate homogeneity
of group dispersions (PERMDISP; Anderson et al., 2006) and
distance-based redundancy analysis (dbRDA; Legendre and
Anderson 1999).

We used PERMDISP to evaluate the variations in average
distances of macroinvertebrates communities to group
multivariate centroids (median) among the land use types
(forest, urban, and urban + agric). This evaluates variations in
B-diversity among the three land use types (forest, urban, and
urban + agric). PERMDISP was run using the function betadisper
(Anderson et al., 2009) in the R package vegan (Oksanen et al,
2017). We also drew Principal coordinates analysis (PCoA) to
evaluate further variations in P-diversity among the land use
types (Rocha et al, 2017). We employed PERMANOVA to
evaluate the variations in community composition among
land use types. We ran PERMANOVA tests using the adonis
function in the R package vegan (Oksanen et al., 2017). In cases
where we found a significant difference, we ran pairwise
comparisons for both PERMDISP and PERMANOVA.

We employed distance-based analyses (dbRDA; Legendre
and Anderson 1999) in evaluating the differences in each
component of B-diversity in relation to the land use types. We
used dbRDA-based forward selection method to select the final
environmental variables (ENV), geographical variables (GEO),
dummy variable regional identity (REG), and dummy variable
land use types (LUT) for the models of each biological
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Forest

Urban+Agric

Urban

FIGURE 2

Venn diagram representing the number of shared and exclusive species among Forest, Urban and Urban + Agric sites.

dissimilarity (distant) matrix using the functions capscale and
ordiR2step in the R package vegan. We conducted variable
selection technique for ENV based on the two stopping rules
described by Blanchet et al. (2008), while GEO (with three
variables), REG (with one variable, two levels), and LUT (with
one variable, three levels) were forced into the analytical models.
In essence, we did not conduct variable selection for variable
groups GEO, REG, and LUT, but only performed variable
selection for ENV variable group (with broad suites of variables).

After selecting the final sets of variables for each predictor
variable group, we continued with variation partitioning of each
dissimilarity matrix (Y) by utilizing ENV, GEO, LUT, and REG
as predictor groups, following a partitioning technique that has
been universally employed (Borcard et al., 1992; Legendre and
Legendre 2012; Heino and Alahuhta 2015). We precisely used
dbRDA in variation partitioning to evaluate the pure and/or
shared contributions of ENV, GEO, LUT, and REG to f-
diversity. Variation partitioning was run using the function
varpart in the R package vegan (Oksanen et al., 2013). For all
our analyses involving dbRDA, a Lingoes correction for negative
eigenvalues was added in our data (Oksanen et al, 2017).
Partitioning variations of macroinvertebrates data (Y) among
the four groups of predictor variables produced: 1) pure fractions
of ENV, GEO, LUT, and REG; 2) shared fractions between any
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two of ENV, GEO, LUT and REG or among sets of ENV, GEO,
LUT, and REG, and; 3) values of unexplained variation (U). We
further tested the significance of the generated pure fractions
using the anova function in the R package vegan. We recorded
the adjusted R* values because they generally represent unbiased
estimates of explained variations since they are corrected for the
number of explanatory variables (Miles 2014). Our explanations
of predictor accounts were based on adjusted R, instead of just
the p-values, since our attention was mainly on the magnitude of
effects and not just significance alone.

3 Results

A total number of 33,901 macroinvertebrate individuals
from 173 species and 55 families were found in the dataset for
forest land use type, while a total of 20,012 individuals from
91 species and 54 families were present in urban land use type,
and a total of 21,160 individuals from 111 species and
55 families were available in urban + agric land use type
2).

genera (i.e., were more heterogeneous) compared to urban

(Figure Forest streams comprised more different
and urban + agric streams which comprised more similar

genera.
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For total p-diversity, the multiple site dissimilarity for all land
use types (forest, urban, and urban + agric; Supplementary Figure
S1) showed that the turnover (Simpson) component of the total
beta diversity (Serensen) was more important than the
nestedness-resultant component.

We found significant differences in B-diversity among the
three land use types (p < 0.05), with forest streams differing
significantly (p < 0.05) from urban + agric streams but not
significantly different (p > 0.05) from urban streams based on
total (Serensen) and turnover (Simpson) dissimilarities
(PERMDISP for total dissimilarity: F = 5.580; p = 0.005;

average distance to median = 0.377, 0.348, and 0.303 for
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forest, urban, and urban + agric, respectively Figures 3, 4.
PERMDISP for turnover dissimilarity: F = 3.299; p = 0.043;
average distance to median = 0.313, 0.293, and 0.249 for forest,
urban, and urban + agric, respectively Figures 3, 4). PERMDISP
pairwise comparisons also showed similarity (p > 0.05) between
urban and urban + agric streams. The nestedness-resultant
component dissimilarity did not vary significantly among the
three land use types (PERMDISP: F = 0.809; p = 0.450; average
distance to median = 0.077, 0.065, and 0.057 for forest, urban,
and urban + agric, respectively Figures 3, 4). Community
composition was significantly different among the land use
types for total B-diversity (PERMANOVA, p = 0.001; Table 1)
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TABLE 1 Permutational Multivariate Analysis of variance (PERMANOVA) result showing differences in community composition among the three land

use types (i.e., forest, urban, and urban + agric).

Distance matrix Sum of square

Mean square

Serensen 0.839 (8.417) 0.419 (0.134)
Simpson 0.778 (5.906) 0.389 (0.094)
Nestedness —0.032 (0.462) —-0.016 (0.007)

Values before parenthesis represent the groups while values in parenthesis represent values of residuals.

F Model Adjusted R* p GF)

3.139 0.091 (0.909) 0.001**

4148 0.116 (0.884) 0.001 **

~2.206 ~0.075 (1.075) 1.000
C

Residuals = 0.89

Residuals =097 Residuals = 0.99

Values <0 not shown

FIGURE 5

Values <0 not shown

Values <0 not shown

Venn diagrams of variation partitioning of macroinvertebrates community composition/structure based on: total dissimilarity as response (A),
turnover component as response (B), and nestedness-resultant component as response (C). ENV, local environmental variables; LUT, land use types;
REG, Regional identity; GEO, latitude, longitude, and altitude. Numbers shown inside Venn diagrams represent the values of adjusted r>.

and the turnover component (PERMANOVA, p = 0.001), with
forest streams differing significantly (p < 0.05) from both

urban and wurban + agric streams. The significant
differences in community composition among land use
types were related to turnover, as the nestedness

component did not vary significantly among the land use
types (PERMANOVA, p = 0.999).

Constrained ordination through dbRDA revealed that
slightly different sets of ENV were selected in the models
for all dissimilarity matrices used as response. For total -
diversity, the ENV selected in their ranks of significance were:
temperature, dissolved oxygen, and biological oxygen
demand. For the turnover component, only pH was selected
for the model. For the nestedness-resultant component,
nitrates, and

biological oxygen demand, temperature,

phosphates entered the model. Variation partitioning

indicated slightly different accounts from the dissimilarity
matrices employed by the model (Figure 5). However,
most of the variations in

generally, community
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compositions in the model were almost jointly accounted
by the local environmental variables (ENV) and land use
types (LUT) as predictors, followed by the geographical
variables (GEO). The regional identity (REG) did not
account for community composition variation as no pure
fraction was associated with it. The range of pure fractions
of ENV, LUT, REG, and GEO for all dissimilarity matrices
used as response were 0.0%-4%, 1%-4%, 0%-0%, and 1%-2%,
respectively. There were no shared fractions of variation
between any two or among the four predictor variable
groups for all dissimilarity matrices used as response. For
total (-diversity, variations were mostly shared equally
between the ENV (4%) and GEO (4%). For the turnover
component, variations in community composition were
slightly explained by the ENV (1%), LUT (1%) and GEO
(1%). In contrast, only ENV could explain variations
among the four predictor variable groups of nestedness-
resultant component, as LUT, REG and GEO were not
important drivers.
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4 Discussion

Although focus is increasingly shifting to the utility of B-
diversity for providing biodiversity insights globally, there is still
considerable paucity of insights into P-diversity processes in
different regions (for example, the tropics), ecological systems
(for example, freshwater bodies), and organism type (for
example, macroinvertebrates). Most of the early studies
centered on oa-diversity (local scale), while site-by-site
differences in community composition (p-diversity) and its
relationship with local environmental condition as well as
has

especially in the tropical stream ecosystems (Jiang et al,

geographical variables been critically understudied,
2021). While a-diversity is important in assessing the
influence of human-induced perturbations on local stream
biodiversity, B-diversity is helpful in tracking homogenization
with corresponding possible recovery from anthropogenic
impairment (Passy and Blanchet 2007).

In support of our hypothesis, our total p-diversity was driven
by the turnover component, while the nestedness-resultant
component was negligible. It is common that the turnover
component of total B-diversity is higher than the nestedness
component, especially when using Baselga approach (Soininen
etal., 2018). A higher contribution of the turnover component to
total B-diversity and species composition gives an indication that
majority of variations in community composition is as a result of
different species occupying different sites (Legendre 2014). The
conservation implication of dominance of turnover is that many
sites would require immediate protection in order to conserve y-
diversity (Fugere et al,, 2016).

Ecological studies of effects of land use on stream B-diversity
have either documented a decrease in B-diversity (biotic
homogenization; Passy and Blanchet 2007; Maloney et al,
2011; Siqueira et al., 2015), an increase in B-diversity (biotic
differentiation; Hawkins et al., 2015; Liborio et al., 2016; Fugere
et al., 2016; Roa-Fuentes et al., 2019) or a weak relationship with
no clear trend (Larsen and Ormerod 2014; Heino et al., 2015;
Petsch et al., 2021a; Keke et al., 2021b; Petsch et al., 2021b). We
found a negative relationship between land use and B-diversity of
urban + agric streams, where land use diminished p-diversity-a
process widely known as biotic homogenization. In our study,
forest streams were more heterogenous with a broad suites of
variable sets of most abundant species, whereas urban + agric
streams showed strong homogeneity with the occurrence of
similar sets of species. We, therefore, put forward that forest
conversion and modification can diminish p-diversity by possibly
On this
perspective of constrained colonization, only taxa with

constraining different taxonomic colonization.
environmental specificity attributes can show resilience and
persistence in colonizing modified freshwater ecosystems,
thereby causing modified streams to exhibit strong similarity
among them (Roque et al, 2010; Siqueira et al., 2015). This
phenomenon may be as a result of impaired environmental
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eroded
environmental conditions of streams magnify the relevance of

condition of modified streams. Impaired and
environmental filtering which subsequently governs community
assemblage, and has minor equilibrium condition (Chase 2007).
Nonetheless, forested streams are typically more heterogeneous
in relation to refuge, and this enhances predatory evasion (Padial
et al, 2009; Keke et al, 2021a). Within the bounds of a
heterogeneous  environmental setting, firm  preference
consequences influenced by different dispersal capacities are
able to create variability in among-stream biotic assemblage,
resulting to an increase in B-diversity (Weiher and Keddy, 1995;
Chase 2003). The negative relationship between land use and p-
diversity of urban + agric streams in our study supports this
assertion given our forest streams had heterogeneous filtering of
variable sets of taxa leading to the creation of heterogeneous
assemblage, while urban + agric streams with homogenous
filtering of similar sets of taxa led to the creation of a more
homogenous assemblage. Reductions in stream B-diversity are
generally caused by human-induced perturbations, including
forest land-use conversion (Siqueira et al., 2015) and biotic
invasions caused by the introduction of non-natives (Solar
et al, 2015). Homogenization is therefore caused by an
increase in biotic similarities among sites (a decrease in (-
diversity),

Elevation in the dispersal rates of unstable reaches caused by

created by human-influenced disturbances.

constant substratum erosion and biofilm transport into the drift
may hugely be responsible for the diminished B-diversity in our
urban + agric sites, although we lack requisite information on
dispersal rates to underpin this assertion.

We did not find evidence of biotic homogenization between
land use and B-diversity in our urban stream system, implying
that land use does not necessarily lead to a process of biotic
homogenization. Instead, we observed a weak relationship
between land use and (B-diversity of urban streams where (-
diversity of forested streams was similar to p-diversity of urban
streams, although more studies would be needed to unravel why
B-diversity of forested streams showed contrasting relationships
with different modified land use types. These contrasting results
demonstrating the relationships between land use and p-diversity
are indicative of the fact that land use effects on p-diversity have
no general definition as they still remain context-dependent and
controversial, needing further studies. Another possible inference
drawn from the contrasting findings about relationships between
land use and B-diversity is that B-diversity is unlikely to be
modulated by a singular predictor and the differentiation among
these possible predictors could elicit different context-specific
effects on B-diversity. The contrasting relationship in p-diversity
between forested and modified streams in our system might also
be plausibly due to the fact that the different modified land uses
selected distinct tolerant taxa resulting from increased
environmental disparity among land use types, although we
did not particularly evaluate this possibility. Modified streams
exhibit high environmental heterogeneity resulting from high

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1022776

Keke et al.

environmental differentiation among land uses (Barboza et al.,
2015; Petsch et al, 2021b), leading to marked community
colonization by taxa acclimatized to the prevailing local
conditions (Siqueira et al., 2015; Petsch et al., 2021b). It is
therefore possible that land use differentiation in other local
environmental parameters we did not measure in our study may
likely regulate the relationship.

Forest conversion and modification in both tropical and
temperate streams have been reported to create differences in
community composition between forested and modified streams,
where modified sites presented degraded habitat conditions that
consequently decreased community colonization (Wantzen
2006; Kasangaki et al., 2008; Lorion and Kennedy 2009; FAO,
2010; Larsen and Ormerod 2014; Masese et al., 2014; Fugere et al.,
2016). This might explain the difference in community
composition between our forest streams and modified streams
(urban and urban + agric). The occurrence of many taxa in our
forest streams revealed that they are key components of
biodiversity, but the growing urbanization and agriculture are
rapidly modifying forested sites. In our bid to conserve the
biodiversity and ecological integrity of the tropical region, the
forested streams need to be urgently protected.

Our dbRDA -based constrained ordination model indicated that
just a relatively small percentage of community variation could be
explained by our predictor variable groups. Such low or even
critically lower percentage of explained variations are largely
typical of community composition studies that employed similar
methods of constrained ordinations based on adjusted R* values (see
for example, Beisner et al., 2006; Peres- Neto et al., 2006; Gothe et al.,
2013; Heino et al., 2013, 2015; Souffreau et al., 2015; Tonkin et al.,
2016; Rocha et al., 2017; Alahuhta et al., 2018; Li et al., 2019, 2020,
2021; Brittain et al., 2020; Keke et al, 2021b). Nonetheless, the
inability to explain large percentage of variance does not undermine
evaluation of important processes of community assemblage, as they
meaningfully reveal that elucidating variations in assemblage
structure is hugely difficult (see for example, Low-Décarie et al.,
2014; Li et al., 2020). However, we observed that the percentage of
explained variation in our study was critically lower than the usual
percentages of explained variations presented by most works, but
equally as low as our previous work in this Afrotropical region (Keke
et al, 2021a). Afrotropical freshwater bodies are prone to massive
anthropogenic disturbances which endanger their biodiversity
integrity (Fugere et al, 2016; Keke et al,, 2021b), so this may also
plausibly provide explanation to our critically lower unexplained
variance-as they are capable of transforming ecosystem processes
and cause taxonomic extinction. The relatively lower spatial extent
covered in our study in comparison to other studies that reported
much higher percentages of explained variation might be another
possible reason we recorded much lower percentage of explained
variation. Higher percentages of unexplained variations are often
associated with a broad suite of factors such as insufficient modelling
of spatial factors, stochastic mechanisms, and missing predictor
variables (Heino et al, 2015; Rocha et al, 2017). Although we
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measured a wide range of predictor variables, we cannot rule out the
significance of stochastic mechanisms and missing environmental
variables in modulating much higher percentage of explained
variance in our study. We, therefore, emphasize that more
precise studies are needed to test the aforementioned possibilities,
especially in the Afrotropical region.

Like we expected, the environmental variables (ENV) and land
use types (LUT), related to local environmental conditions, jointly
accounted for the largest proportion of variation in community
composition and B-diversity, reinforcing the hypothesis that species
sorting mechanisms (environmental filtering) usually dominate
above spatial mechanisms (e.g., dispersal limitation) in driving
community structures when using variation partitioning and
explanatory techniques (Jamoneau et al., 2018; Nicacio and Juen
2018; Brittain et al., 2020; Li et al., 2020; Lopez-Delgado et al., 2020;
Murray-Stoker and Murray-Stoker 2020; Keke et al, 2021a).
Overall, the variation contributory importance of environmental
filtering in comparison to spatial dynamics is hugely dependent on
the magnitude of environmental gradients. Human-induced
disturbances such as farming activities, forest modifications,
dredging activities, oil production activities, urbanization, among
others, have been documented as important elements of
environmental gradients in present studied area, which are
capable of supplying huge possibilities for species sorting on
aquatic biotic fauna (Boyero et al, 2011; Tonkin et al, 2016).
Environmental variables associated with land use changes must
have provided heterogeneous conditions for environmental
filtering, mirrored into differences in community composition
and f-diversity among land use types in our study. Geographical
predictor group (spatial factor; GEO) explained little part of
variation, suggesting that spatial factors were not important in
community assemblage. The fact that our study did not
encompass considerably large spatial scale might be why spatial
factor could not explain large part of variation. Despite the obvious
fact that species sorting usually seems to be the main driver of
community structure, earlier studies have also highlighted the co-
importance or dominance of spatial processes in modelling
assemblage structure (see Heino et al, 2015; Tonkin et al,, 2016;
Cai et al.,, 2017; Castilloescriva et al., 2017; Nicacio and Juen 2018;
Cai et al., 2019; Li et al.,, 2019, 2020; Brittain et al., 2020), which
stresses the need to consider spatial processes in biodiversity studies.
Astonishingly, fractional (pure and shared) variation contribution
from regional identity (REG) was entirely non-existent in our study.
This could mostly be because geographical influences exert
importance in community structure only when the spatial extent
of the study space is considerably large (Rocha et al., 2017; Yongjiu
et al.,, 2017; Li et al., 2020).

To synthesize the major aspects of our result, we have shown
that the relationship between land use and stream B-diversity can be
variable and context-dependent. Larger parts of variation in
community composition and p-diversity were accounted for by
the local environmental condition (ENV) while the geographical
predictor group (spatial factor; GEO) explained little part of
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variation, negating the importance of spatial factors in our system.
We emphasize the necessity of utilizing approaches of testing the
multivariate homogeneity of group dispersions based on deviations
from the group centroid (PERMDISP) and permutational
multivariate analysis of variance based on location of group
centroids (PERMANOVA) in evaluating effects of anthropogenic
land use modifications on biodiversity. We also emphasize the
importance of considering spatial factors in evaluating how
assemblage composition responds to abiotic factors, given the
influence of species sorting caused by anthropogenic
disturbances may be misconstrued without taking into account
other ecological factors (Cai et al, 2019; Li et al, 2019, 2020).
Second, biotic assemblage structure and overall biodiversity of our
studied area have critically been impaired by anthropogenic
impacts, such that riverine biodiversity assessment in relation to

environmental condition is pressingly required here and elsewhere.
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