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Trait-based approach (TBA) in recent time has received tremendous attention as

complementary tool over taxonomic-based approach in assessing ecological health of

riverine systems in developed countries, but in the Afrotropical region the trait-based

approach is still in its infancy. No trait-based approach has been developed for riverine

systems draining forested catchment in the Afrotropical region. Hence, this study was

conducted to explore and apply macroinvertebrates traits as potential biomonitoring

tools in assessing ecological health of riverine systems draining forested catchments

in the Niger Delta area of Nigeria. Selected physico-chemical variables were sampled

together with macroinvertebrates in 18 stations of 10 riverine systems from 2008 to

2012. The 18 stations were classified into three ecological classes namely near natural

stations (NNS), slightly disturbed stations (SDS), and moderately disturbed stations

(MDS) using physico-chemical-based classification with the aid of principal component

analysis (PCA). The results revealed traits such as possessions of hardshell body

armouring, preferences for clear and transparent water and opaque water, climbing and

crawling mobility mechanisms, large (>20–40mm) body size, preferences for scrapping,

shredding, and grazing feeding habits to be associated with NNS and SDS based on

RLQ (R, physico-chemical variables; L, taxa; Q, traits) analysis performed. Thus, these

traits were deemed to be sensitive to human impact in forested systems. Also, traits

such as tegument/cutaneous respiration, soft and exposed body armouring, burrowing

mobility mechanism, spherical body shape, preference for detritus [fine particulate

organic materials (FPOM)] food materials, small (>5–10mm) body size and preference

for filter feeding mechanism were associated with MDS. Hence, they were deemed

tolerant of human impact in forested systems. A fourth-corner test performed revealed

tegumental/cutaneous respiration preference, soft and exposed body armouring and

burrowing mobility mode, which were associated with the MDS on the RLQ ordination

were also positively correlated to 5 day biochemical oxygen demand (BOD5); while

preference for clear and transparent water, which were positively associated with

MDS, were also positively correlated with pH and negatively correlated to dissolved
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oxygen (DO). Overall, this study affirmed that the TBA can be explored in biomonitoring

riverine systems draining forested catchments. Nevertheless, we suggest the trait-based

approach to be further explored, with a view to developing trait-informed indices for

biomonitoring Afrotropical riverine systems.

Keywords: forestry, trait-based approach, functional feeding groups (FFGs), ecological classes, RLQ and fourth-

corner analyses, Niger Delta, Nigeria

INTRODUCTION

Trait-based approach has recently gained attention as
complementary to taxonomy-based approach when assessing
riverine water quality (Fierro et al., 2017; Krynak and Yates, 2018;
Desrosiers et al., 2019). The trait-based approach is engrained
on the Habitat Template Concept (HTC) postulated by
Townsend and Hildrew (1994). The HTC states that organisms
survive in ecosystems where they possess the appropriate traits
combinations, allowing them to adapt, and thrive in their
external environments (Townsend and Hildrew, 1994). For
instance, the possession of rapid reproductive turn-over has been
postulated to confer resilience on organism in disturbed riverine
systems (Townsend and Hildrew, 1994; Edegbene et al., 2020a).

With regard to forested riverine systems receiving allochthonous
materials from surrounding riparian vegetation, functional
feeding groups (FFGs) such as shredders would dominate such
systems providing a non-taxonomy based approach for assessing

functional changes along the river length (Vannote et al., 1980;
Moares et al., 2014; Brand and Miserendino, 2015).

Vannote et al. (1980) in their popular river continuum concept
postulated the proportional distribution of functional feeding
groups from forested systems dominated by allochthonous
production to open system dominated by autochthonous
production, shredders adapted for breaking down coarse
particulate organic matter (CPOM) are expected to be dominant
in forested system, whereas collector-gatherers and filter-filter
feeders, which are adapted for consuming fine particulate organic
materials (FPOM) are expected to be dominant in large open
river systems (Vannote et al., 1980; Edegbene, 2020).

Although the trait-based approach is being increasingly
applied for biomonitoring purposes (Statzner and Beche,
2010; Castro et al., 2018), the taxonomy-based approach is
still widely used in the assessment of ecological status of
riverine systems (e.g., Tonkin et al., 2016; Arimoro and Keke,
2017; Krynak and Yates, 2018; Edegbene et al., 2019a,b).
In this regard, macroinvertebrates taxonomic structures
are the most explored due to their important position in
aquatic food web, their easy collection, and well-established
biomonitoring protocols (Bonada et al., 2006). The taxonomy-
based approach takes into account the structural distribution
of the abundance, diversity, and composition of aquatic
macroinvertebrates in relation to environmental stress (McGill
et al., 2006). However, one of the short coming of this approach
is that taxonomy is geographically constrained and often
requires adaptation when applied across multiple distant
geographical spaces (Edegbene et al., 2020a; Odume, 2020). In

the Afrotropical context, identification of macroinvertebrates
remains a challenge due to scarcity of taxonomic expertise
further compounding the utility of the taxonomy-based
approach to freshwater biomonitoring. Some authors such
as Akamagwuna et al. (2019), Edegbene et al. (2020a,b), and
Odume (2020) have thus call for the development of the trait-
based approach to complement the taxonomy-based approach
in the Afrotropical region.

Globally, the trait-based approach has grown in popularity
for assessing and monitoring riverine health (e.g., Statzner
and Beche, 2010; Descloux et al., 2014; Kuzmanovic et al.,
2017; Serra et al., 2017; White et al., 2017; Berger et al.,
2018; Castro et al., 2018; Krynak and Yates, 2018; Milosevic
et al., 2018; Desrosiers et al., 2019), but only few studies have
attempted to develop and apply the trait-based biomonitoring
approach for assessing riverine systems health in the Afrotropical
region (e.g., Akamagwuna et al., 2019; Edegbene et al., 2020a,b;
Odume, 2020). The studies of traits in the Afrotropical
region have focused largely on assessing freshwater systems
subject to urban, agricultural, and industrial pollution. For
instance, Odume (2020) developed trait-based approach for
monitoring a river system in an urbanized and industrialized
catchment in South Africa. Apart from the use of FFGs,
the trait-based approach has not been applied to forested
systems. In the present study, we explore the possibility
of using macroinvertebrates traits for biomonitoring riverine
systems draining forested catchments in the Niger Delta area
of Nigeria.

Most of the riverine systems in the Niger Delta area of
Nigeria drain forested catchments with patches of mangrove
swamps dominated by red and white mangroves (Adekola and
Mitchell, 2011; Edegbene et al., 2019b). The area is internationally
recognized as a biodiversity hotspot (Tonkin et al., 2016). Despite
the ecological importance of the area, most of the studies
conducted in assessing the ecological status of riverine systems
within the area is still centered on the use of aquatic biota
composition, diversity and abundance (Edegbene and Arimoro,
2012; Arimoro et al., 2015). No study has been conducted to
explore the importance of using macroinvertebrates traits in
assessing and monitoring the ecological status of the forested
riverine systems within the Niger Delta area. Therefore, the
question was asked “Can macroinvertebrate traits be explored
and applied for biomonitoring riverine systems draining forested
catchments?” In the light of this question, the aim of this
study was to explore and apply macroinvertebrate traits in
biomonitoring riverine systems draining forested catchments in
the Niger Delta region of Nigeria.
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MATERIALS AND METHODS

The Study Area
The Niger Delta area of Nigeria is a tropical rain forest belt

which occupies an area ∼70,000 km2 in the Southern region of

Nigeria (Edegbene et al., 2020a). The area is located within the
interception of 5◦27′-6◦50′N and 5◦35′-6◦41′E of the equator
(Tonkin et al., 2016; Edegbene et al., 2020a). The area is
dominated by rainforest, mangrove and freshwater swamps
(Tonkin et al., 2016). The forests are characterized by dense

FIGURE 1 | Map of the study area showing the sampled stations.

FIGURE 2 | PCA visualizing the 18 stations correlation with selected physico-chemical variables. Water Temp, Water temperature; Flow Vel, Flow velocity; DO,

Dissolved oxygen; BOD, 5-day biochemical oxygen demand; Cond, Electrical conductivity; Phosp, phosphate.

Frontiers in Water | www.frontiersin.org 3 March 2021 | Volume 3 | Article 607556

https://www.frontiersin.org/journals/water
https://www.frontiersin.org
https://www.frontiersin.org/journals/water#articles


Edegbene et al. Macroinvertebrate Trait-Based Biomonitoring of Forested Rivers

canopy of trees which include Pandanus spp., Bambusa spp.,
Mitragyna spp., and Elaeis spp. (Tonkin et al., 2016). Two major
seasons characterized the area (wet and dry) seasons. The wet
season is between March and September, while the dry season is
between October and February (Edegbene and Arimoro, 2012).
In-between the dry season month of December and February, a
short season called harmattan sets-in with relatively cold weather
condition of an average temperature of 10◦C.

Study Rivers and Stations
Eighteen (18) sampling sites located in 10 riverine systems
draining forested catchments were selected for the study
(Figure 1). The sampled rivers include Rivers Umu (Uu1, Uu2),
Utor (Ut1, Ut2, Ut3), Edor (Ed1, Ed2), Ogbomwen (Ow1, Ow2,
Ow3), Orogodo (Or), Oleri (Ol), Adofi (Ad), Eriora (Er1, Er2),
Owan (Oa1, Oa2), and Umoni (Ui) Rivers.

Physico-Chemical Variables and
Macroinvertebrates Sampling and Analysis
In the course of this study, physico-chemical variables were
measured in each station once monthly from 2008 to 2012 (5
years). The physico-chemical variables sampled and analyzed
for this study include water temperature, flow velocity,
depth, electrical conductivity (EC), dissolved oxygen (DO), 5-
day biochemical oxygen demand (BOD5), pH, nitrate, and
phosphate. Details on how physico-chemical variables were
measured and analyzed for this study are contained in an earlier
publication conducted by Edegbene et al. (2019b).

Macroinvertebrates samples were also collected at each
sampling station along with physico-chemical variables for the
5 years period. Collection of macroinvertebrates were done
using kick net of 500µm mesh size as earlier described by
Lazorchak et al. (1998). Also details on macroinvertebrates

FIGURE 3 | Co-variation of the 18 river stations (A), macroinvertebrate traits (B) and physico-chemical variables (C) along the first two components of the RLQ.

Stations: Uu1, Umu River Station 1; Uu2, Umu River Station 2; Ut1, Utor River Station 1; Ut2, Utor River Station 2; Ut3, Utor River Station 3; Ed1, Edor River Station 1;

Ed2, Edor River Station 2; Ow1, Ogbonwen River Station 1; Ow2, Ogbonwen River Station 2; Ow3, Ogbonwen River Station 3; Ol, Oleri River; Or, Orogodo River; Ad,

Adofi River; Er1, Eriora River Station 1; Er2, Eriora Station 2; Oa1, Owan River Station 1; Oa2, Owan River Station 2; Ui, Umoni River. Physico-chemical variables:

Water Temp, Water Temperature; Flow, Flow velocity; DO, Dissolved oxygen; BOD, 5 day biochemical oxygen demand; Cond, Electrical conductivity; Phosp,

Phosphate. Stations ecological classes: NNS, near natural stations; SDS, slightly disturbed stations; MDS, moderately disturbed stations. Macroinvertebrate traits:

“A1, Gills; A2, Tegumental/cutaneous; A3, Aerial: spiracle; A4, Aerial/vegetation: breathing tube, strap/other apparatus; B1, Hardshell; B2, Completely sclerotized; B3,

Partly sclerotized; B4, Soft and exposed; B5, Cased/tubed; C1, Clear and transparent waters; C2, Silty; C3, Turbid waters; C4, No preference; D1, 1 year (Univoltine);

D2, 2 years (Bivoltine); D3, >2 years (Multivoltine); D4, longer than 1 year (Semivoltine); E1, Free-living; E2, Temporary attachment; E3, Permanent attachment; F1,

Climbing; F2, Crawling; F3, Sprawling; F4, Swimming; F5, Skating; F6, Burrowing; G1, Streamlined; G2, Flattened; G3, Spherical; G4, Cylindrical/tubular; H1, Detritus

(FPOM); H2, Detritus (CPOM); H3, Macrophytes/algae; H4, Animal materials; I1, Highly sensitive to oxygen depletion; I2, Moderately sensitive to oxygen depletion; I3,

Moderately tolerant of oxygen depletion; I4, Highly tolerant of oxygen depletion; J1, Very small (<5mm); J2, Small (>5–10mm); J3, Medium (>10–20mm); J4, Large

body size (>20–40mm); J5, Very large body size (>40–80mm); K1, Egg; K2, Larva aquatic stage; K3, Nymph aquatic stage; K4, Pupa aquatic stage; L1, Predating;

L2, Scraping; L3, Grazing; L4, Filter feeding; L5, Deposit feeding; L6, Shredding” (Edegbene et al., 2020b).
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collection, processing, sorting, identification, and enumeration
are contained in an earlier publication by Edegbene et al. (2019b).

Statistical and Data Analyses
Station Ecological Classification Using

Physico-Chemical Variables
The 18 stations sampled during the sampling period were
ecologically classified by visualizing the correlation between
selected physico-chemical variables and sampled stations using
principal component analysis (PCA; Figure 2). The PCA
ordination was computed using vegan package within the R-
programming language (Oksanen et al., 2019) details of the
actual station ecological classification was done following earlier
method employed by Murphy et al. (2013), Edegbene et al.
(2019b, 2020a).

Macroinvertebrate Traits
In this study 12 traits, divided into 53 traits attributes were
selected. The 12 traits were those related to body size, body shape,
body armouring, respiration, turbidity preference, voltinism,
attachment mechanism, mobility, feeding preference, sensitivity
to organic pollution, aquatic stages, and feeding habit (see
Figure 3) for list of selected traits attributes. Most of these
traits have been reported to be suitable for assessing various
kinds of human disturbances. Traits information were primarily
obtained from available literature containing traits information
in Nigeria (Edegbene et al., 2020a), and supplemented and

confirmed by traits literature information from elsewhere
(Odume et al., 2018).

The selected macroinvertebrate traits link with each
macroinvertebrate taxon was affirmed by fuzzy coding method
(Chevenet et al., 1994). Fuzzy coding method shows the trait
affinity with each taxon, and it accounts for any possible
functional differences that may occur among species within
the same taxon (Odume, 2020). Further, the fuzzy coding
method compensates for any variation that would come with
the allocation of a given taxon to a trait attribute (Mondy and
Usseglio-Polatera, 2014). An affinity score of 0–3 was awarded to
describe the taxon affinity to a given trait (Chevenet et al., 1994).
A taxon is awarded a score of 0 if it shows no affinity to a given
trait, while scores of 1, 2, and 3 was awarded to a taxon if it shows
low, moderate and high affinity, respectively to a given trait
(Chevenet et al., 1994). In processing the collated trait affinity,
each trait score was multiplied by the relative abundance of the
macroinvertebrate taxon.

Exploring Macroinvertebrate Traits Distribution
To explore macroinvertebrate traits distribution patterns in the
forested riverine systems, an RLQ ordination plot was performed.
The RLQ is a multivariate ordination which was developed by
Dolédec et al. (1996), and it performs an ordination on three
datasets: environmental variables e.g., physico-chemical variables
(R), taxa (L), and traits (Q). In this study, the RLQ ordination was
used to relate physico-chemical variables (R), macroinvertebrates

TABLE 1 | Stations ecological classification in the present study.

Rivers/station codes Near natural stations

(NNS)

Slightly disturbed

stations (SDS)

Moderately disturbed

stations (MDS)

Catchment size (km2) Land use type

Uu1 X 104 Forestry

Ut1 X 3,598 Forestry

Ut2 X 4,480 Forestry/Urbanization

Ut3 X 4,483 Forestry/Urbanization

Ed1 X 77 Forestry

Ow1 X 525 Forestry

Ow3 X 531 Forestry

Or X 681 Forestry/Urbanization

Ol X 431 Forestry

Ad X 339 Forestry

Ed2 X 530 Forestry

Er1 X 42 Forestry

Er2 X 61 Forestry

Oa1 X 6,184 Forestry/Urbanization

Oa2 X 6,221 Forestry/Urbanization

Ow2 X 511 Forestry

Ui X 57 Forestry

Uu2 X 839 Forestry

Total number of stations per ecological class 3 6 9

Stations abbreviations: Uu1, Umu River Station 1; Uu2, Umu River Station 2; Ut1, Utor River Station 1; Ut2, Utor River Station 2; Ut3, Utor River Station 3; Ed1, Edor River Station 1;

Ed2, Edor River Station 2; Ow1, Ogbonwen River Station 1; Ow2, Ogbonwen River Station 2; Ow3, Ogbonwen River Station 3; Ol, Oleri River; Or, Orogodo River; Ad, Adofi River; Er1,

Eriora River Station 1; Er2, Eriora Station 2; Oa1, Owan River Station 1; Oa2, Owan River Station 2; Ui, Umoni River.
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taxa (L), the traits (Q), and sampled stations. The RLQ first
two components were tested for statistical significance using the
Monte Carlo permutation test at 999 permutations argument
(P = 0.05).

Macroinvertebrate traits relationships with physico-chemical
variables were evaluated using a multivariate test known as
fourth-corner test. The fourth-corner test shows the association
between traits and physico-chemical variables. The test shows
traits that show positive, negative or no association with given
physico-chemical variables.

FIGURE 4 | Summary of the fourth-corner test performed for

macroinvertebrates traits and physico-chemical variables in the selected

riverine systems draining forested catchment. Significant positive relationships

are shown in red colored cells while the significant negative correlations are

shown in blue colored cells. The gray colored cells represent

no-significant relationships.

RESULTS

Stations Ecological Classification Using
Physico-Chemical Variables
From the results of the PCA ordination, Component 1 and 2 had
Eigen values of 456.2 and 101.9, respectively. Station 1 of Edor
and Eriora Rivers were positioned on Component 2 and they had
no correlation with any physico-chemical variable (Figure 2).
Positioned onComponent 1 of the PCAwereOleri River, Stations
1 of Ogbonwen, Owan, and Utor Rivers, Station 3 of Rivers
Ogbonwen, and Stations 2 and 3 of Utor Rivers which were
correlated with DO, flow velocity, water temperature, and depth
(Figure 2). BOD5, electrical conductivity (EC), and pH were
positively correlated with Adofi River, Stations 2 of Eriora and
Ogbonwen Rivers, Edor, Eriora, Utor Rivers, and Orogodo River,
and they were positioned on Component 1. Station 2 of Owan
and Umu Rivers were correlated with nitrate and phosphate on
Component 2 (Figure 2).

The classification of stations into ecological classes was
undertaken by correlating sampled stations with physico-
chemical variables. Initially, stations associating with physico-
chemical variables indicating pollution (e.g., EC, BOD5, nitrate,
and phosphate) were classified as disturbed stations, while
stations associating with physico-chemical variables indicating
good water quality (e.g., DO) were classified as non-disturbed
stations. The actual stations ecological classification in this study
was done by extracting the coordinate values of each station
from the first component of the PCA. Further, the inter-station
distances of each station were calculated following the methods
earlier employed by Murphy et al. (2013). In adopting the
methods employed by Murphy et al. (2013), the 18 stations were
classified into three ecological classes, which include near natural
stations (NNS), slightly disturbed stations (SDS), and moderately
disturbed stations (MDS). The first component of the PCA
was adopted for computing station ecological classes because it
explained the highest percent variation 79% compared to the
second component which explained 17.7% percent variation of
the PCA (Murphy et al., 2013). Similar methods have recently
been used by Edegbene et al. (2019b, 2020a) to classify sites
into ecological categories along urban and agricultural pollution
gradients. The stations classes are shown in Table 1.

Exploring the Distribution Patterns of
Macroinvertebrate Traits
The NNS (Station 1 of Umu and Utor Rivers and Station 2
of Utor River) and SDS (Station 1 of Edor and Ogbonwen,
Station 3 of Utor and Orogodo Rivers) were associated with
Component 1 while all the MDS except Stations 2 of Edor River
were associated with Component 2 on the RLQ ordination plane
(Figure 3). Positioned at the center of the RLQ biplot were
Oleri and Umoni Rivers. Stations classified as NNS and SDS
at Component 1 were positively correlated with pH, phosphate
and water depth, while stations classified as MDS which were
associated with Component 2 and were positively correlated with
decreased concentration of BOD5, EC, and nitrate (Figure 3).

Traits that were associated with the NNS and SDS include
the possessions of hardshell, complete sclerotization of the body,
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partial sclerotization of the body, preferences for clear and
transparent waters and turbid waters, 1 year (univoltinism),
longer than 1 year (semivoltinism), preferences for temporary
and permanent attachment, climbing and crawling, flattened
body shape, cylindrical/tubular body shape, preferences for a
high and moderate sensitivity to oxygen depletion, large (>20–
40mm) body size, preferences for scrapping, shredding, and
grazing feeding habits and nymph aquatic stage (Figure 3).
Thus, signifying their sensitivity to impact in forested systems.
Further, traits that were associated with the MDS include
tegumental/cutaneous respiration, soft and exposed body, a
preference for free-living, burrowing, spherical body shape,
a preference for detritus (FPOM) as food materials, small
body size (>5–10mm), and a preference for filter feeding
(Figure 3). Hence, proving their tolerance to impact in
forested systems.

The Eigen values of the first two components of the RLQ were
3.89 and 1.39, respectively, and the RLQ Component 1 explained
65.74% variation, while Component 2 explained 22.93%. A
projected total inertia of 6.057 was recorded while a variance for
physico-chemical variables for Components 1 and 2 were 3.39
and 5.42, respectively and the traits variance for Component 1
was 19.60 and Component 2 was 12.21. There was no statistically
significant difference between the macroinvertebrates traits and
physico-chemical variables (P > 0.05) as revealed by a Monte-
Carlo test at 999 permutations.

To further confirms traits sensitivity to and tolerant of impact
in forested systems, a fourth-corner test was performed after
the RLQ ordination in a bid to further explore the traits
correlation with physico-chemical variables. The result revealed
that a preference for tegumental/cutaneous respiration, soft and
exposed body and burrowing, which were associated with the
MDS on the RLQ ordination were also positively correlated with
BOD5 on the fourth-corner test (Figure 4). This further confirms
their tolerance of human impact in forested systems owing to
their positive relationship with BOD5 a pollution indicating
physico-chemical variable. On the other hand, preference for
clear and transparent waters and nymph aquatic stage which
were positively associated with MDS on the RLQ ordination
were also positively correlated with pH on the fourth-corner test
(Figure 4), while only preference for clear and transparent waters
was negatively correlated to DO.

DISCUSSION

The present study explored the possibility of biomonitoring
riverine systems draining forested catchments in the Niger Delta
area of Nigeria using macroinvertebrate trait-based approach.
The results revealed traits such as preferences for clear and
transparent water, univoltinism, semivoltinsim, preferences for
climbing and crawling, flattened body shape, cylindrical/tubular
body shape, preferences for high and moderate oxygen depletion,
large body size (>20–40mm), preferences for scrapping, grazing
and shredding to be associated with near natural stations (NNS),
and slightly disturbed stations (SDS). The distributions of these
traits were defined by decreased pH, phosphate, BOD5, EC,
and nitrate concentration, suggesting that they are sensitive to
impact in forested systems. Most of the traits associated with

NNS and SDS have been reported to be positively correlated
with decreased pH (Moyo and Richoux, 2017), and decreased
concentrations of some pollution-indicating physico-chemical
variables such as BOD5, EC, nitrate, and phosphate (Edegbene
et al., 2020a). Thus, these traits are overall sensitive to increasing
human impacts in forested systems and their disappearance
should thus serves as a warning signal. The results pertaining
to the distribution of these traits are similar to those reported
by Guilpart et al. (2012), Pallottini et al. (2017), and Milosevic
et al. (2018) indicating that traits such as shredding and scrapping
were associated with riverine stations close to natural condition.
Functional feeding groups (FFGs) are commonly used for
assessing disturbances in forested systems (Stepenuck et al., 2002;
Mondy and Usseglio-Polatera, 2014). As with other studies, the
results in this study suggest that shredders and scrappers are
sensitive to impact in forested systems. Shredders are particularly
sensitive to changes in the type and quality of leaf litters due
to human impact on forest (Stepenuck et al., 2002; Mondy and
Usseglio-Polatera, 2014). Fierro et al. (2017) and Kuzmanovic
et al. (2017) had reported forested riverine systems receiving
allochthonous materials from surrounding riparian vegetation to
be dominated by organisms that are shredders, scrappers and
collector-gatherers. Therefore, from a biomonitoring perspective,
relative change of shredders and scrappers can serve as good
indicators of water quality impact in forested systems. This is
particularly so because these organisms are sensitive to changes
in allochthonous inputs (Vannote et al., 1980; Moares et al.,
2014; Brand and Miserendino, 2015). This finding showed that
functional traits can be used to assess whether riverine systems
within the Niger Delta area of Nigeria are near to natural
conditions or disturbed. Furthermore, owing to the continuous
urbanization of the Niger Delta area, the outlined functional
traits would serves as gauge to separate rivers that are perturbed
from those that are unperturbed.

Macroinvertebrate taxa with large body size (>20–40mm)
were associated with NNS and SDS on the RLQ ordination. This
finding in the present study is in line with the prediction of the
habitat template concept (HTC), which affirms that organisms
with large body size associates more with sites that are less
disturbed (Townsend and Hildrew, 1994). Organisms with large
body size have been reported to possess a reduced surface area
to volume ratio, which makes them vulnerable to disturbances
(Townsend and Hildrew, 1994; Edegbene et al., 2020a).

Traits such as tegumental/cutaneous respiration, soft and
exposed body, burrowing, possession of a small body size
(>5–10mm), preferences for free-living and filter feeding
were associated with moderately disturbed stations (MDS) on
the RLQ ordination and they were positively correlated with
decreasing dissolved oxygen concentrations. Organisms that
exhibit tegumental/cutaneous are less sensitive to depletion in
dissolved oxygen because of their efficiency in gaseous exchange
with their external environment. These organisms are often
reported in disturbed sites (Lamouroux et al., 2004; Tomanova
and Usseglio-Polatera, 2007; Tomanova et al., 2008; Desrosiers
et al., 2019). Similarly, specialist burrowers are also able to
tolerate fluctuation in vertical DO saturation, enabling them to
cope in systems that are depleted in dissolved oxygen. Overall,
the use of tegumental/cutaneous for respiring as well as a
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preference for burrowing seems to be tolerant of human impact
in forested systems. These suggestions are in line with those
of Lamouroux et al. (2004), Tomanova and Usseglio-Polatera
(2007), and Tomanova et al. (2008) who had earlier reported
these traits to be associated with impacted river systems.

Small body size (<5mm) organisms were also associated
with MDS in the RLQ ordination. This finding is also in line
with the habitat template concept (HTC) which states that small
body sized organisms favorably associate with stations that are
disturbed as they are resilient to disturbance (Townsend and
Hildrew, 1994). The resilience of small body sized organisms
results from their ability to reproduce many offspring in one
reproductive cycle, as well as their possession of large surface area
to volume ratio (Townsend and Hildrew, 1994; Poff et al., 2006;
Edegbene et al., 2020a), and these features possibly support the
non-vulnerability of taxa that possesses small bodies to perturbed
ecological health conditions.

CONCLUSION

The observed results suggest the differential distribution of
traits in forested systems. Traits such as tegumental/cutaneous
respiration, soft and exposed body, a preference for free-
living, burrowing, spherical body shape, FPOM, and small body
size were associated with the moderately disturbed stations,
suggesting that they are tolerant of human impact in forested
systems. Traits such as the possessions of hardshell and complete
sclerotization, preferences for clear and transparent waters,
univoltinism, semivoltinism, preferences for temporary and
permanent attachment, climbing and crawling, flattened body
shape, cylindrical/tubular body shape, preferences for a high and
moderate sensitivity to oxygen depletion, large body size, nymph
aquatic stage, preferences for scrapping, shredding, and grazing
which were observed at the near natural stations and slightly
disturbed stations, but not at the moderately disturbed stations
seemed to be sensitive to human impact in forested systems. The

differential distribution of traits generally indicates their value
for biomonitoring. It is suggested that the trait-based approach
can be further explored, with a view to developing trait-informed
indices such as the proportion of sensitive invertebrate (PSI)
(Extence et al., 2017) and species at risk (SPEAR) (Verberk et al.,
2013) models for Afrotropical riverine systems.
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