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ABSTRACT

There is considerable understanding of biodiversity—environment interactions in terms of species

composition and richness, while other categories of biodiversity components, especially beta-
diversity, have been scarcely considered and attended to in the tropics, and no attention at all in
Nigeria. Effects of environmental and spatial factors on beta-diversity were assessed in a tropical
biodiversity hotspot. Fifteen near-pristine/reference streams were surveyed for benthic
macroinvertebrates in the northern part of Nigeria and beta-diversity was calculated based on
combined multiple sites. Variations in each component of beta diversity were examined by
obtaining dissimilarity matrices based on species abundance data and presence-absence data to
quantify the contributions of each component of beta diversity to total beta diversity. Variation
partitioning approach was employed in decomposing variations in community composition of
macroinvertebrates along sets of categorical/predictor variables. Macroinvertebrates communities
revealed that analysis involving both abundance and presence-absence were characterized by
relative high degree of beta diversity. Turnover component of biodiversity accounted for high
levels of total beta diversity, while the effect nestedness component (Simpson) was negligible.
Variation partitioning revealed a relatively large pure fractions for environmental variable for
Bray-Curtis, total, and turnover components as their pure fraction values were 14 %, 14 %, and 10
% respectively. However, small pure fractions were associated with geographical variables for
Bray-Curtis, total, and turnover components with values of 3 %, 4 %, and 3 %, respectively.
Similarly, the shared effects of environmental variables and geographical coordinates for Bray-
Curtis, total, and turnover components were negli gible as they all were associated with 0 % shared
effects. No variable was related with nestedness-related community composition. dbRDA plot
based on Bray-Curtis and total beta diversity revealed strong variation in species structure was
related to environmental conditions. These findings suggest that, while species sorting is an
important driver of ecological community in a small spatial scale metacommunity, the spatial
factors and processes may also assume significance in structuring variations, but such variations
are negligible and could be attributed to co-variance with other unexplained factors.

Keywords: Beta-diversity, variation partitioning, predictor variables, specics sorting,
macroinvertebrates, Nigeria
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the components of beta diversity in tropical stream macroinvertebrates
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Abstract

There is considerable understanding of biodiversity—environment interactions in terms
of species composition and richness, while other categories of biodiversity components,
especially beta-diversity, have been scarcely considered and attended to in the tropics,
and no attention at all in Nigeria. We examined effects of environmental and spatial
factors on beta-diversity in a tropical biodiversity hotspot. We surveyed 15 near-
pristine/reference streams for benthic macroinvertebrates in the northern part of Nigeria.
Beta-diversity was calculated based on multiple sites of the near-pristine/reference
stations combined (15 streams). We examined variation in each component of beta
diversity by obtaining dissimilarity matrices based on species abundance data and
presence-absence data to quantify the contributions of each component of beta diversity
to total beta diversity. We employed variation partitioning approach in decomposing
variations in community composition of macroinvertebrates along sets of
categorical/predictor variables. Macroinvertebrates communities revealed that analysis
involving both abundance and presence-absence were characterized by relative high
degree of beta diversity. Turnover component of biodiversity accounted for high levels
of total beta diversity, while the effect nestedness component (Simpson) was negligible.
Variation partitioning revealed a relatively large pure fractions for environmental

variable for Bray-Curtis, total, and turnover components as their pure fraction values



were 14 %, 14 %, and 10 % respectively. However, small pure fractions were associated
with geographical variables for Bray-Curtis, total, and turnover components with values
of 3 %, 4 %, and 3 %, respectively. Similarly, the shared effects of environmental
variables and geographical coordinates for Bray-Curtis, total, and turnover components
were negligible as they all were associated with 0 % shared effects. No variable was
related with nestedness-related community composition. dbRDA plot based on Bray-
Curtis and total beta diversity revealed strong variation in species structure was related
to environmental conditions. Our finding suggests that while species sorting is an
important driver of ecological community in a small spatial scale metacommunity, the
spatial factors and processes may also assume significance in structuring variations, but
such variations are negligible and could be attributed to co-variance with other

unexplained factors.
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macroinvertebrates, Nigeria
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Introduction

The emphasis on the importance of biodiversity conservation and management
strategies can never be overemphasized, following very serious decline in biodiversity
globally. Hierarchically, two major classifications of biodiversity are rife: First, the one
that recognizes three (3) levels of organization, namely, Intraspecific (that is genetic
diversity or diversity at the generic level), Interspecific (that is species diversity or
diversity at species level), and hyperspecific (referring to ecosystem diversity or

diversity at the ecosystem level). Second, the other by Whittaker (1972) that recognizes
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three (3) types of biodiversity considered over spatial scales, namely, apha (o) diversity
(that describes diversity within the same ecosystem or diversity within species), beta ()
diversity (that describes diversity between species or diversity or variation in species
richness/number between ecosystems of same region), and gamma (y) diversity (that
refers to diversity of ecosystems or the total diversity of different ecosystems of a

particular region).

Apha and gamma diversities are expressed in form of species numbers. Gamma
diversity, on the other hand, is relative; and therefore, expressed as gamma/apha
diversity quotient. Again, beta diversity is driven by its components of turnover
(replacement of some species by others) and nestedness-resultant (species richness
differences between sites or loss or gain of species) (Baselga, 2010; Legendre, 2014). In
modern empirical and theoretical ecological studies, patterns in both Local (o -diversity)
and regional (y -diversity) species richness have been considered with specific reference
to environmental heterogeneity. (Field et al., 2009; Heino et al., 2013). Opposite, the
ecological studies on beta diversity (B-diversity) have been scarcely represented,
especially within the last two (2) decades (Soininen et al., 2007; Heino et al., 2013) —
though substantial advances and efforts have been put in methods of its characterization.

(Koleff et al., 2003, Tuomisto 2010, Anderson et al., 2011).

It has become a fundamental target in community ecology, macroecology, and applied
ecological research to understand how patterns in beta diversity are structured by
disturbance-related mechanisms (Magurran, 2004; Velle et al., 2014; Rolls et al., 2016).
Since the patterns of flooding and drying of rivers and streams differ in time and space
(spatio-temporal dynamics), rivers and streams constitute veritable systems to study and
relate how much disturbance-related mechanisms factor biodiversity on a landscape
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scale. (Townsend, Datry et al., 2016a). Therefore, rivers flow regime characteristics are
classified according to several environmental predictors that showcase their
multifaceted approach (Olden & Poff, 2003; Kennard et al., 2010), thus: the Perennial
streams that refer to streams and rivers that are in continuous flow; and the Intermittent
steams that describes streams and rivers that cease to flow at certain times or
periodically. However, each of these types can further be divided according to their
individual patterns of predictability, seasonality, and flow durations (Kennard et al.,
2010; Rolls et al.,, 2016). It is expected that differing environmental composition of
niches should consequently lead to differences in species composition and beta-
diversity accompanied with spatial variations in their environmental correlates (Heino
and Mykra” 2008, Brown and Swan, 2010; Heino et al, 2013). Interestingly, the
research of decomposing the relationships between various components of beta-
diversity and environmental heterogeneity has been scarce, especially in tropical stream
ecology (Clarke et al., 2008). This is rather very surprising given their high
heterogenous nature portrays the streams as ideal models and platforms to unravel the
relationships between beta-diversity and environmental heterogeneity (Heino et al.,

2013).

Several accounts of stream survey have revealed that different organisms tend to
respond differently to environmental variables ((Paavola et al., 2003; Heino et al., 2005;
Grenouillet et al., 2008; Mykra” et al., 2008; Heino, 2011). For example, algae tend to
be closely related with water acidity and nutrients composition (Griffith et al., 2002;
Heino and Soininen, 2005) while bryophytes are closely related with substratum
characteristics and stream stability (Fritz et al., 2009). Similarly, benthic

macroinvertebrates are associated closely to stream acidity, shading, canopy cover, and



stream size (Heino et al., 2003a; Sandin and Johnson, 2004). Albeit, there seems to be a
weak and problematic link in establishing the influence of these very important
environmental variables on the overall species composition and beta-diversity of
benthic invertebrates. For instance: first, different studies conducted on the possible
effects of decrease in pH resulted an unexpected outcome (Sandin, 2003; Petchey et al.,
2004; Petrin et al., 2007). Second, Donohue et al. (2009) posited from their outcome in
a 45-lake research that there was no significant relationships of whatever dimension
between any of the considered diversity measures of benthic macroinvertebrates and
either of phosphorus concentrations or and/or loads of nutrients. Third, there was a clear
demonstration from a study by Johnson and Hering (2009) in 143 streams in Europe
that there were no relationships between macrobenthos diversity and nutrient
enrichment and/or habitat degradation. However, while it is evidenced that
macroinvertebrates diversity tend to be significantly connected with some sorts of
strong ecological descriptors, including stream productivity or even habitat
heterogeneity, it is also possible for simple and even abiotic environmental variables to
have very strong effects on different benthic invertebrates groups (Voelzl and
McArthur, 2000). This assertion is strongly corroborated by a number of other studies
that abound the world. For instance, Tixier and Guerold (2005) showed that freshwater
acidification was the most environmental predictor of diversity of Plecoptera species.
Again, Koperski (2010a) similarly demonstrated from his study that the taxonomic
diversity of the major dominant groups of benthic macroinvertebrates is a function of
their various responses to differing environmental variables. For example, while
Odonata group responds to or is affected by stream width, the Ephemeroptera group
responds to stream pollution, and; Gastropoda is affected by the nature of the substrate

composition. Similarly, Moore and Palmer (2005) have demonstrated that the EPT
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(Ephmeroptera, Plecoptera, and Trichoptera) species richness sensitivity to oxygen
depletion has become a veritable use as an index of stream pollution, as well as

indicators of land-use patterns and riparian cover characteristics.

In Nigeria, environmental perturbations and land use procedures are major threats to the
biodiversity and integrity of its natural ecosystems. Despite being considered hotspots
of riparian and stream biodiversity, headwater ecosystems have not been studied and
conservation programs for both long and short time have not been earmarked. Our aim
was to fill this gap by disentangling and decomposing the various components of beta-
diversity among 15 streams metacommunity in the northern part of Nigeria. We also

determined the factors that contribute mostly to community structure and beta-diversity.

Methods

We studied a total of 15 streams from Northern Nigeria. The range of the study area was
from 9°N to 10°N and 6°E to 7°E (Figure 1), and it is characteristics of tropical climate
of dry season (from November — March) and wet season (from April — October).
Natural vegetation and mosaic of cropland mainly constitute the land use practices in
the catchment. Albeit, forestry practices were also noted around the riparian and
catchment areas of some of the streams. We ensured that we sampled the sites in the
same season, and within a short period of time, so as to ensure collections portrayed
both spatial and seasonal differences — considering differing timings of insect life cycles

(Heino and Mykra, 2008).

Sampling of the study sites
The fifteen (15) sites were sampled for 24 months in 2016 and 2017, with regards to

channel morphology and the chemistry of water. Each of these sites was sampled twice



in a single year, and same process was repeated the following year. The assessment of
the environmental variables and the sampling of macroinvertebrates were done
simultaneously. To ensure that some sets of potentially interacting species were being
surveyed, we endeavoured that surveys of benthic macroinvertebrates were conducted

within a single period of time (see Leibold et al., 2004)

Environmental variables

Several environmental variables were sampled, including physical and chemical
variables, riparian and physical-in-stream variables, and geographical and regional

variables.

The characteristics of the local habitat

Local habitat characteristics were measured over a 100-m reach at each site and in both
seasons. Depth was measured in the sample area using a calibrated rod. Flow velocity
was measured over 10 m in the mid channel on three occasions by timing a float.
Canopy cover was estimated visually as a percentage along the sampling reach.
Substratum composition in each 100-m sampling reach was estimated visually as
percentage of silt, loam, mud, clay and sand. The integrity (% riparian zone without
obvious human impact) and tree species composition of the riparian zone were assessed
in a 50-m section along both banks directly upstream of the sampling site. Shading by
overhanging vegetation were measured as percent cover at 20 locations in evenly spaced
cross-channel transects, including percentage macropytes, and woods/logs (Ward,
1992). Moss cover and substratum particle size were assessed in 10 randomly spaced 50
cm x 50 cm quadrats. The following classification of particle sizes were used (modified

Wentworth scale): (0) organic matter; (1) sand (diameter 0-25 mm — 2 mm); (2) fine



gravel (2 mm — 6 mm); (3) coarse gravel (6 mm — 16 mm); (4) small pebble (16 mm —
32 mm); (5) large pebble (32 mm — 64 mm); (6) small cobble (62 mm — 128 mm); (7)
large cobble (128 mm — 256 mm); (8) small boulder (256 mm — 400 mm); and (9) large
boulder and bedrock (> 400 mm). The proportion of each size class was estimated for
each quadrat, and these estimates was subsequently averaged to give the mean
substratum particle size for a site. At each stream the following physical and chemical
variables were measured: dissolved oxygen (YSI 55 dissolved oxygen meter),
temperature, pH, conductivity, total dissolved solids (TDS) (portable Hanna HI
991300/1), and turbidity (portable turbidity meter HI 93102). Water samples were taken
for analysis of nitrates and phosphates, measured spectrophotometrically after reduction
with appropriate solutions (APHA 1995). Biochemical oxygen demand (BODS5) was
determined in the laboratory using APHA (1995) methods. Longitudes, latitudes,
altitudes, and land-use types are considered as geographical and regional variable, and

they were determined in the field using GPS navigator.

Macroinvertebrate sampling and processing

At each station, using a 0.09-m? surber sampler with a 250-um mesh,
macroinvertebrates was collected from a 100-m stream reach comprised of three
microhabitats, i.e. pools, riffles and runs, and all different substrata (vegetation, sand,
gravel, etc) identified according to Jeffries and Mills (1990). To avoid bias due to
spatial variations or patchiness, three random samples were collected from each of the
three microhabitats by establishing a transect at each sampling reach with five equally
spaced points from which a sampling point was selected using random numbers. This
procedure was replicated three times for each microhabitat, making nine samples per

reach and then the replicates pooled to form one composite sample per station per

10



sampling event. Samples from the three microhabitats per sampling event per site was
pooled into one composite sample to avoid artificial effects of pseudo-replication since
the reason for the replicate samples from each microhabitat will be to ensure that all
microhabitats are adequately sampled. The samples was preserved in 10 %
formaldehyde solution and transported to the laboratory for sorting and identification. In
the laboratory, samples was washed through a 250-pm mesh sieve, sorted and counted
using a stereomicroscope. Sorted macroinvertebrates were identified to the lowest
taxonomic level possible, mostly genus, according to Merritt and Cummins (1996), Day
et al. (2002) and De Moor et al. (2003). Reference were also made to the taxonomic
lists of species known to be present in Nigeria (e.g. Arimoro and James 2008; Arimoro

etal., 2012).

Data Analysis

All analyses were conducted in the R environment (R Core Team, 2017)

Beta-diversity analysis.

Beta-diversity was calculated based on multiple sites of the reference stations combined
(15 streams). The emphasis is on reference/headwater streams, because their
biodiversity remains generally poorly-known, yet they are sensitive to and severely
threatened by landscape alteration and instream habitat changes. Specifically, distance-
based redundancy analysis (dbRDA; Legendre and Anderson, 1999) was used to
examine variation in each component of beta diversity. We first obtained dissimilarity
matrices based on species presence-absence data using the function “beta.pair” in the R
package betapart (Baselga et al, 2017). The index that we used is a monotonic

transformation of a Sgrensen index, in which turnover (i.e. replacement of some species
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by others) and nestedness (i.e. number of species in subset of richer sites) can be
separated (Baselga, 2010, 2012). This function produces three multiple-site dissimilarity
matrices: (1) Sorenson dissimilarity that measures overall spatial turnover in species
composition; (2) Simpson dissimilarity that measure turnover immune to species
richness variation (i.e. replacement of some species by others), and: (3) nestedness
resulting from species richness differences between sites (i.e. number of species in
subset of richer sites) (Baselga, 2010, 2012). We also obtained dissimilarity matices
based on species abundance data using the function “beta.pair” in the R package
betapart (Baselga et al., 2017). Beta-diversity calculations may help revealing the
degree of differentiation of species composition within and across the streams. Each of

the resulting three dissimilarity matrices was used as response variable/data in dbRDAs.

Selection of explanatory variables.

The final sets of local environmental (phosphorus, nitrates, pH, Conductivity, Cobbles,
sand, canopy cover, etc) and geographical variables (latitude and longitude) were
selected for the constrained ordination (dbRDA) models, using a forward selection
method with two stopping rules (Blanchet et al., 2008b). This method first tests for the
significance of the global model (i.e. a model comprised of all environmental and all
geographical variables), and only if the global model is significant we proceed with
forward selection. The forward selection was stopped when the critical P-value was
reached (P = 0.05) or when the adjusted R2 value of a reduced model exceeded that of
the global model. Forward selection was run using the function ‘ordiR2step’ in the
package vegan in the R environment (Oksanen et al., 2017). Each variable group was
analysed separately, using forward selection as explained above. However, following
the fact that the number of environmental variables sampled (n=20) were far bigger than
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the number of streams sampled (n=15), all the environmental variables were subjected
to pair-wise correlation matrix. This allowed one of the pairs of variables with
correlation > 0.7 to be excluded from the environmental variables that were used to run

the final analyses as explanatory variables.

Variation partitioning.

Variation in a site-by-species matrix variation in macroinvertebrates community
structure across the study sites were analysed (Legendre et al., 2005; Anderson et al.,
2011). After the final sets of variables for each predictor variable group were selected,
variation partitioning in each dissimilarity matrix using X1 (environmental variables)
and X2 (geographical variables) as predictor variables following a partitioning approach
that is widely used (Borcard er al., 1992; Legendre & Legendre, 2012; Heino &
Alahuhta, 2015). Variation partitioning of species data (Y) among two sets of predictor
variables results in pure environment, pure geographical fractions, as well as their
shared effects and unexplained variance (U). Variation partitioning was run, using the
function ‘varpart’ in the R package vegan (Oksanen ef al., 2013). Adjusted R2 values
were reported in all analyses because they are unbiased estimates of explained variation
(Peres-Neto et al., 2006). R2 values rather than P-values, as we were interested in effect
sizes rather than significance alone. However, we also reported P-values. Finally, the
significance of the pure fractions were tested using the function “anova” in the R
package vegan. In all dbRDAs, a Lingoes correction for negative eigenvalues was added

in the script (Oksanen et al., 2017).

Community—environment relationships across the overall metacommunity were
evaluated using distance-based redundancy analysis (dbRDA; Legendre and Anderson

1999). This constrained ordination method is an extension of the original RDA based on
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Euclidean distances (Legendre and Legendre, 1998) and can use any type of distance
matrix as the response. They showed that RDA could be used as a form of ANOVA
which was applicable to community composition data if they were transformed in some
appropriate way, which went through the calculation of a dissimilarity matrix of the
user’s choice. This approach remains fully valid and useful for all dissimilarity
measures that cannot be obtained by a data transformation followed by the calculation
of the FEuclidean distance. Results obtained were compared with the distance

coefficients described above as the basis of the response matrices.

Taxon dbRDA ordination plots and taxon accumulation curves were drawn to ensure
further understanding of the metrics. Taxon accumulation curves were based on the
method “exact” in the function “specaccum” from the R package vegan (Oksanen et al.,

2017).

Results

The macroinvertebrates communities showed relatively high levels of beta diversity.
The distance to centroids considered revealed that the total beta diversity (Sorenson) is
driven by the turnover component (Simpson) while the nestedness components

(Simpson) was almost negligible (Figure 2).

For Bray-Curtis: Conductivity (P < 0.002), pH (P < 0.002), nitrates (P < 0.004), flow
velocity (P < 0.012), depth (P < 0.002), moss (P < 0.008), CPOM (P < 0.022), and
phosphate (0.020) were significant and selected as explanatory variables, and therefore
used in variation partitioning. Similarly, for total beta-diversity (Sorenson): conductivity
(P < 0.002), pH (0.010), depth (P < 0.010), nitrates (P < 0.008), flow velocity (P <
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0.018), moss (P < 0.018), phosphate (P < 0.018), and dissolved oxygen (P < 0.024) were
significant and selected as explanatory variables, and therefore used in variation
partitioning. For turnover component of beta-diversity (Simpson): conductivity (P <
0.002), depth (P < 0.004), nitrates (P < 0.002), moss (P < 0.022), canopy cover (P <
0.008), and macrophytes (P < 0.026) were significant and selected as explanatory
variables, and therefore used in variation partitioning. For Sorenson nestedness resultant
as response: no environmental variable was selected by the model, and this implied that

no variable was significantly related with nestedness-resultant community composition.

Variation partitioning revealed a relatively large pure fractions for environmental variable for
Bray-Curtis, total, and turnover components as their pure fraction values were 14 %, 14 %, and
10 % respectively (Figures 3, 4, and 5). However, small pure fractions were associated with
geographical variables for Bray-Curtis, total, and turnover components with values of 3 %, 4 %,
and 3 %, respectively. Similarly, the shared effects of environmental variables and geographical
coordinates for Bray-Curtis, total, and turnover components were negligible as they all were
associated with 0 % shared effects. Conversely, no variable was related with nestedness-related

community composition.

The dbRDA plot based on Bray-Curtis as response revealed strong variation in species
composition with flow, nitrates, conductivity, and moss, while the dbRDA plot based on
Sorenson revealed that variation in species composition was mostly influenced by conductivity,
flow velocity and northings (latitude) (Figures 6 and 7). The taxon accumulation curve
revealed that there were some taxa that were mixing, probably because they were not sampled
or considered (Figure 8). This is evident in the nature of the curve which didn’t reach any clear

plateau.
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Discussion

The macroinvertebrates encountered in these study streams are composed of the
majority of taxa widely distributed elsewhere in Nigeria, (Emere and Nasiru, 2009;
Odume et al. 2012; Akaahan 2014; Arimoro et al, 2015; Arimoro and Keke, 2016;
Keke et al.,, 2017) and these taxa are also among the widely distributed species with
particular important roles across the food web in the freshwater biotic communities.
However, majority of the previous studies in this regard targeted only biota in single
freshwater bodies. To the knowledge of the author, this is about the second study with
direct focus on the multivariate analysis of ecological communities, besides the study of
Tonkin et al., (2016) that explored stream communities in the Niger Deltan area of

Nigeria.

The analyses based on both abundance and presence-absence revealed that these study
streams harbored varied macroinvertebrates communities. This variability in the
composition of macroinvertebrates communities clearly support the idea that near-
pristine/headwater streams are highly heterogeneous at multiple spatial scales (Heino et
al., 2013). This is also in support of the notion that environmental factors at different
scales filter species from the regional pool to those that coexist at a locality (Heino et
al., 2013). Similarly, the species accumulation curve and decomposition of beta-
diversity further supported this assertion. The beta diversity analysis showed that the
total diversity was chiefly factored by the turnover component of beta-diversity, while
the nestedness effect was almost negligible. This high degree of species turnover and
variation in community composition were strongly associated with the environmental
variables, even though the geographical coordinates had slight association explained. It
is easier at this point to infer that species sorting was probably the most important factor
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that structured the macroinvertebrates community composition and diversity. Previous
studies have associated small-bodied organisms, such as rotifers and cladocerans with
high dispersal mechanisms over long distances, and hence negate the influence of
spatial processes and mechanisms in their community assemblage (Padial ef al., 2014;
Rocha et al., 2017). These small-bodied organisms often occur in high population
densities, such that they are less subject to local extinction events and allow for a very
large production of propagules with high dispersal potentials (Fenchel and Finlay,
2004). These features associated with the small-bodied organisms may have contributed

to the strong species sorting association.

Mykra et al. (2007), Bennett et al. (2010) and Heino (2011) had reported that
geographical coordinates (as spatial factors and structures) and limited dispersal related
mechanisms are always more important in large-scale studies (over 2000 km long
geographical gradient). However, this study differed with this assertion in its entirety as
the variation observed in study tended more to environmental variables than the
geographical coordinates. However, the smaller kilometer gradient covered in this study
in contrast to the over 2000 km long geographical gradient may have been responsible
for the deviance in the above conjectures. Also, there was no observed account of
variation influence from shared effect of environmental variables and geographical
coordinates as the value of the shared effect equaled zero in all the multiple site
dissimilarity matrix employed as responses, including Bray-curtis. It is, therefore,
plausible to affirm that species sorting was solely responsible for structuring the
patterns of macroinvertebrates community observed, and that many factors may have
co-varied with the geographical coordinates of the streams that resulted in pure fraction

effects accounted for by the geographical coorinates. This finding from this study is in
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support of the recent assertion by Rocha ef al. (2017) that most of the variations
observed in macrophyte-associated cladoceran communities were explained by the
environmental variables alone. This study, as well as that of Rocha et al. (2017)
disagrees with the report that metacommuities are driven by influences from both

species sorting and spatial processes (Bennett et al., 2010; Heino et al., 2010).

Even though the findings from this study revealed that macroinvertebrate community
structure and assemblages are driven essentially by environmental variables as
expected, same study also revealed that there were a considerable amount of variation
that the model could not explain. This considerable amount of unexplained variation is
not unconnected from reasons that may include missing environmental metric and
stochastic effects (Heino et al., 2015b; Rocha, 2017). The reason for the considerably
low amount of unexplained variation by our model is also not farfetched as this, or even
unexplained values critically higher than this, are typical of studies that employed
constrained ordination analysis when adjusted R? are considered (Peres-Neto et al.,
2006). Similarly, studies from Cottenie (2005), Nabout et al. (2009), Heino and Mykra
(2008), Landeiro et al. (2012), Heino et al (2012), Souffreau et al. (2015), Heino et al.
(2015b), and Rocha et al., 2017 have found unexplained variation values that were of
similar magnitude to that observed in this study, yet it never foreclosed or threatened the

important aspects about community structure, beta diversity, and their drivers.

Bini et al. (2014) and Heino et al. (2015b) posited that beta diversity is expected to
increase with increasing spatial extent for the following four reasons. First, larger areas
encompass higher environmental heterogeneity than small areas. Therefore, an increase
in environmental heterogeneity is hypothesized to be positively related to the strength of
species sorting processes, although evidence for such a relationship is scant (Landeiro et
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al., 2012; Gr€onroos et al., 2013). Second, the effect of dispersal limitation, promoting
differences in species composition among sites, is expected to increase with spatial
extent (Cottenie, 2005; Heino, 2011). Third, a positive relationship between beta
diversity and spatial extent may arise from sampling different regional species pools
(Heino et al., 2015a). Fourth, the relationship between beta diversity and spatial extent
is also expected due to a negative relationship between pairwise similarity in
assemblage composition and geographic distance (i.c., the distance decay of similarity;
Nekola and White, 1999). Following these reasons, it is not strange that our finding is
opposite to this, since there were no large variation in spatial extent among the
metacommunities we studied, since the underlying factors for such reasons were birthed

on very large spatial extent among metacommunites.

The findings from this research have demonstrated that species sorting is very important
in structuring ecological community, while the effect of spatial factors and mechanisms
like the geographical coordinates of latitude and longitude are largely ineffective in
metacommunity assemblages. Nonetheless, the spatial factors (e.g longitude and
latitude) may assume significance in structuring variations, but such variations are
negligible and could be attributed to co-variance with other unexplained factors.
However, even as environmental variables were largely important in structuring
macroinvertebrates communities, they is also a very high fraction of variation that

cannot be explained.
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Figure 1. Map of the study area showing sampled locations

Source: Geography department, Federal University of Technology, Minna.
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Figure 2: Boxplots of variation in between-site pairwise dissimilarity matrices for
presence-absence based on the total beta diversity (beta.sorensen), turnover

(beta.simpson) and nestedness-resultant (beta.nestedness) for the reference sites
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Figure 3: Plots of variation partitioning results based on Bray-Curtis dissimilarities for

the reference sites. Shown are adjusted R? values
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Figure 4: Plots of variation partitioning results based on total (Sorenson) dissimilarities

for the reference sites. Shown are adjusted R? values
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Figure S: Plots of variation partitioning results based on turnover (Simpson)

dissimilarities for the reference sites. Shown are adjusted R? values
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Figure 6: Distance-based Redundancy Analysis (dbRDA) ordination plots of
macroinvertebrate using Bray—Curtis dissimilarity (abundance data). Open circle show

site scores.
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Figure 7: Distance-based Redundancy Analysis (dbRDA) ordination plots of

macroinvertebrate using Serensen dissimilarity (presence/absence data).
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Taxon accumulation curve for macroinvertebrates of the reference sites
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