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Abstract: Biodiversity loss is increasing in freshwater systems due to habitat modification, pollution, sedimentation,
and loss of riparian vegetation that alter ecosystem functions. This research paper brings together biological
assessment and habitat diagnosis to develop an approach to identify the restoration actions needed in degraded
freshwater ecosystems. The methodological process involves assessing fish, benthic macroinvertebrates, and
vegetation communities, along with analyzing habitat structure and water quality across three degradation categories.
Environmental science assessments include riparian cover, fine-sediment cover, channelization, dissolved oxygen,
turbidity, and nutrients. Numerical examples of comparisons before and after the interventions include fish richness
dropping from 18 to 7 species (a 61.1% reduction) and macroinvertebrate richness decreasing from 32 to 12 taxa.
Shannon diversity drops from 2.86 to 1.48, which is a 48.3% reduction. Abundance of sensitive macroinvertebrates
falls from 42.5% to 9.6%, while that of non-native fish rises from 6.8% to 31.2%. Riparian cover drops from 78% to
19%, fine-sediment cover rises from 15% to 64%, and dissolved oxygen falls from 7.8 to 4.2 mg/L. The above
numerical examples illustrate how the framework can be applied, not the actual data collected from the field. The
framework links diagnosed pressure to pollution reduction, native vegetation restoration, sedimentation control, and
appropriate connectivity interventions. Verification requires seasonal replication and monitoring of restored sites
compared with intact sites.
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I. Freshwater Degradation and the Need for Ecological Recovery

Freshwater ecosystems have a wide range of biological communities and provide many services such as
water purification, nutrient cycling, fisheries production, and flood regulation. Rivers, lakes, streams, and
wetlands support livelihoods and connect habitats. Pollution, over-abstraction of water, habitat conversion,
invasive species, and changes in flow regimes are among the factors that threaten the integrity of these
ecosystems. Combining biodiversity conservation, water quality enhancement, habitat conservation, and
natural connectivity restoration is necessary to manage these pressures (Tickner et al., 2020). Habitat
conservation and restoration of degraded habitats offer an initial step towards safeguarding freshwater
biodiversity and ecological restoration (Piczak et al., 2023).

Degradation of habitats impacts aquatic organisms by altering substratum characteristics, vegetative
cover, channel morphology, and availability of habitats for feeding and reproduction. These factors
influence the distribution of species, composition of the community, and the functioning of aquatic food
webs. Restoration needs to focus on habitat maintenance processes and not only physical reconstruction of
the habitats. Hydrologic processes, habitat heterogeneity, and reduced environmental stresses are key
aspects of aquatic ecosystem restoration (Geist & Hawkins, 2016). Ecological corridors aid restoration by
linking fragmented ecosystems, making them an integral part of freshwater ecosystem management (Lin et
al., 2022).

Biodiversity evaluation helps detect patterns of degradation and choose appropriate actions. Richness
of species, abundance, evenness, and community composition complement each other in describing the
state of ecosystems. However, increased richness of species does not reflect resilience, especially in cases
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where tolerant and invasive organisms prevail. Therefore, biological indices should be taken into account
along with the habitat and environmental conditions. Studies related to the impact of restoration on
biodiversity and ecosystem services reveal the necessity to fill the gap in knowledge in order to evaluate
different techniques of restoration (Birk et al., 2025). Fish species can also be considered an important
aspect since restoration affects the habitat (Huang & Han, 2025).

Although there have been improvements in the implementation of restoration practices, linking
ecological assessments to the choice of interventions remains difficult. Biological inventories and habitat
assessments may provide distinct characterizations without providing information on what pressures limit
the recovery process and on what interventions should be prioritized. Restoration practices therefore need
to be evaluated within a larger context that takes into account the health of the river, its biodiversity and the
functioning of the ecosystem (Li et al., 2022).

This study aims to fill the gap in knowledge by combining the assessment of biodiversity, the habitat
analysis and the restoration planning of degraded freshwater ecosystems. Specifically, the goals of this
study are to characterize aquatic biodiversity, assess the condition of the habitats, explore the relationship
between environmental stresses and biological communities, and identify the restoration approaches
appropriate for the main causes of degradation. The hypothesis of this study is that the improvement of
habitat diversity, connectivity, and quality will create the conditions conducive to the recovery of
biodiversity.

Section 1 discusses the problem of degradation of freshwater ecosystems and the need for ecological
restoration. Section 2 gives an overview of biodiversity and resilience of ecosystems. Section 3 highlights
the methods of assessment and restoration planning. Section 4 covers the patterns of biodiversity and
degradation of habitats. Section 5 discusses the priorities for restoration and recovery.

Scientific Foundations of Biodiversity and Ecosystem Resilience

Freshwater restoration acknowledges the dynamic nature of rivers and the impacts of hydrology,
geomorphology, land use, and climate change on them. It is therefore important to have a flexible design
that accommodates changes in the environment. Research on the resiliency of river restoration incorporates
practitioner views as well as the assessment of the design. The research highlights the difficulties involved
in designing restoration for systems that will continue to change in the future (Tullos et al., 2021).

It is equally important to resolve uncertainties surrounding ecological responses and the effectiveness
of management actions for biodiversity conservation. The twenty-five key questions identified in freshwater
research address knowledge gaps that limit conservation and restoration activities (Harper et al., 2021).
These questions highlight the need for incorporating scientific assessment in the management process. For
this case study, it will be necessary to incorporate biodiversity indicators in order to identify ecological
constraints and intervention points, acknowledging the fact that one assessment is not enough to measure
resilience and recovery after disturbance.

Catchment vegetation serves as another basis for freshwater restoration efforts. Literature on forest
restoration indicates that natural regeneration, reforestation, and enrichment planting are some of the
methods used to increase biodiversity, reduce soil erosion, and enhance ecosystem services (Sharma et al.,
2022). Likewise, literature on native tree restoration in Rwanda addresses issues related to biodiversity
enhancement, water resources, and climate change adaptation (Areo et al., 2025). Though these two bodies
of literature mostly address the issue of terrestrial restoration, they may be useful in considering the issue
of catchment and riparian vegetation in freshwater planning.

Loss of habitat, fragmentation, and degradation form interrelated problems with varied ecological
consequences depending on the landscape characteristics. Literature on restoration makes it clear that
alterations in biodiversity, functions, and services do not progress in the same way. Functional redundancy
may play a part in increasing the resilience of ecosystems; therefore, counting species alone does not help

www.aquaticfrontiers.com 71



Aquatic Ecosystems and Environmental Frontiers, Volume 4, Issue 3, September 2026 ISSN: 3049-186X
DOI: https://doi.org/10.70102/AEEF/V413/AF260308

one to understand ecosystem health (Banks-Leite et al., 2020). The literature on freshwater threats places
the issue of biodiversity decline in the context of both local and global factors (Cazzolla Gatti, 2016).

In combination, these experiments have justified the need for combining biological evaluation, habitat
analysis, and restoration design. Nonetheless, the different ecosystems where these experiments were
conducted, and the various objectives they serve, should be considered when choosing metrics for a given
freshwater habitat. The current approach links environmental stressors to relevant strategies, as well as the
metrics that can be used to measure them. This approach looks at resilience not as an output of habitat
restoration, but as something that needs to be assessed periodically.

I1. Ecological Assessment and Restoration Planning Framework

Research Design and Site Classification

The research methodology involves the integration of biodiversity assessments, habitat evaluations,
water quality testing, and the selection of priority sites for restoration. Sampling locations are characterized
by different levels of freshwater degradation such that biological communities and environmental
conditions can be compared along a gradient of disturbance. The site classification includes land use within
the vicinity of the site, point sources of pollution, riparian vegetation, channel alteration, and presence of
barriers to aquatic connectivity. Locations characterized by low levels of disturbance serve as references,
provided that a comparable environment is available.

Site Selection and Seasonal Sampling

v

Field Assessment

v
| ]

Field Assessment

Biodiversity Surveys

v

Integrated Ecological Analysis

v

Identification of Degradation Pressures

v

Restoration Prioritization

Recovery Monitoring and Adaptive Management

Figure 1: Methodology Pipeline for Biodiversity Assessment and Freshwater Restoration Planning

The process of site selection, seasonal sampling, biological assessment, and environmental measures is
illustrated in figure 1. This method analyzes stressors of degradation and helps in prioritizing the restoration
efforts. Monitoring following this analysis assesses the impact on the ecosystem and allows for adaptive
management.
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Aquatic Biodiversity Characterization

Assessment of biodiversity involves fish, benthic macroinvertebrates, and aquatic vegetation, since
these organisms comprise complementary elements of freshwater ecosystems. The fish assessment is
conducted through methodologies depending on the depth of the water body and flow rate and any
permission for sampling at particular locations. The macroinvertebrates are sampled in a variety of
substrates and habitats with either a consistent sampled area or duration of sampling.

The identification of these organisms is made to the lowest possible taxonomic classification levels, with
standardization of identification. Species richness, Shannon diversity, and evenness provide information on
the diversity of the community, while abundance and taxonomic composition provide information on the
changes that cannot be observed in the index of aggregation. The fish abundance is standardized by
sampling effort.

Shannon diversity index

s
H' = —Z p; In(p;)
=1

Here, H' represents species diversity, S is the number of species, and p; = n;/N is the proportion of
individuals belonging to species i.

Pielou’s evenness index
~ In(S)

In this case, J' is the index for species abundance evenness and varies between 0 and 1, where high
values represent even abundance. The index is used where S > 1.

]l

Habitat Condition and Environmental Measurements

Habitat characterization includes substrate composition, sedimentation, bank stability, riparian cover,
habitat diversity, and connectivity. Channel width, water depth, and flow velocity provide information on
physical parameters influencing habitat availability. Photographs and geographic coordinates serve to mark
sampling sites and enable future characterization.

Water quality measurements encompass temperature, pH, dissolved oxygen, electrical conductivity, and
turbidity. Nutrient analysis in the laboratory is done following proper sample preservation and analysis
methods. Measurements and biological sampling occur simultaneously where feasible. Data quality control
is achieved through instrument calibration, replicate samples, and laboratory blanks. All individual habitat
parameters are independently meaningful, and any index needs clear scoring criteria and justification before
analysis.

Biodiversity and Habitat Relationship Analysis

Descriptive statistics provide summaries of biological and environmental variation by site and season.
The differences between degradation classes are analyzed using statistical methods based on the distribution
assumptions and the design of sampling. The models include repeated measures of the same site if such
data are collected at different seasons.

Community composition is analyzed using ordination with an ecological measure of dissimilarity
chosen appropriately. The relationship between biodiversity and environmental variables is analyzed using
regression analysis or constrained ordination, after testing for collinearity between predictor variables.
Effect sizes and confidence intervals accompany hypothesis testing. Relationships can be used to define the
potential ecological constraints but not to prove the cause-and-effect relationship.

www.aquaticfrontiers.com 73



Aquatic Ecosystems and Environmental Frontiers, Volume 4, Issue 3, September 2026 ISSN: 3049-186X
DOI: https://doi.org/10.70102/AEEF/V4I3/AF260308

Biodiversity Assessment Habitat Condition Assessment

N i

Restoration Planning

Habitat Restoration

v

Biodiversity recovery

v

Enhanced Ecosystem Resilience

Figure 2: Conceptual Model of Freshwater Ecosystem Restoration

Figure 2 highlights the relationship between biodiversity and habitat assessment as well as restoration
planning. The proposed actions should help in improving the state of the habitat and recovering the
biodiversity. Arrows indicate proposed relationships, while monitoring will be required to see if there are
any ecological benefits from restoration.

Restoration Priority Development

Restoration actions are chosen based on the pressures revealed by the assessment process. The lack of
riparian vegetation makes it relevant to consider rehabilitation of native vegetation, whereas the high level
of sediments indicates the need to find erosion sources and manage the sediments. Barriers to connectivity
call for analysis of the restoration opportunities.

The order of intervention takes into account ecological need, benefits to be gained, feasibility, and
possible negative consequences. The criteria and weights used for scoring are presented clearly, as well as
their sensitivity with respect to different weight alternatives. The proposed benefits are considered the
management expectations until verified by monitoring.

Recovery Monitoring and Resilience Evaluation

The restoration assessment method involves taking repeated biological, habitat, and water quality
measures at the intervention and control areas. With the use of the method, when there is implementation,
the before-and-after approach using sites that have not been subjected to intervention can be used to
differentiate the effects of the interventions from broader environmental changes. The factors measured in
the process of the evaluation include the native community structure, indicator taxa, habitat connectivity,
and seasonality. The resilience assessment approach requires the indication of resilience.

III. Biodiversity Patterns and Habitat Degradation Profiles

Species Richness and Community Diversity

Table 1 illustrates biodiversity indicators in the form of three degradation categories. Biodiversity in the
category of fish is 18 and 7 for low and high degradation levels, respectively. This implies that there is a
61.1% reduction. Macroinvertebrates decline in numbers from 32 to 12, while aquatic vegetation declines
from 14 to 5. This is what the numerical illustration indicates.
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Table 1: Biodiversity Indicators Across Freshwater Degradation Classes

Indicator Low degradation | Moderate degradation | High degradation
Fish species richness 18 12 7
Macroinvertebrate taxon richness 32 22 12
Aquatic vegetation species richness 14 9 5
Macroinvertebrate Shannon diversity 2.86 2.21 1.48
Macroinvertebrate Pielou’s evenness 0.83 0.71 0.60
Sensitive macroinvertebrate individuals (%) 42.5 24.8 9.6
Non-native fish abundance (%) 6.8 17.5 31.2

In table 1, the parameters of richness, diversity, evenness, and community structure are combined.
Richness is associated with lower diversity and evenness values, depending on degradation levels. The
sensitive macroinvertebrate organisms become rarer in number, while non-native fishes become more
abundant. All of the parameters together represent complementary information for describing ecological
condition.

Community Composition and Ecological Sensitivity

The Shannon diversity of macroinvertebrates declines from 2.86 to 1.48 on the provided gradient, which
is equivalent to a 48.3% decrease. Pielou’s evenness decreases from 0.83 to 0.60, suggesting that the number
of individuals in each taxon becomes less uniform. Evenness values correlate with the provided richness
and Shannon diversity values when rounded.

The number of sensitive macroinvertebrates decreases from 42.5% to 9.6% of macroinvertebrate
abundance, which constitutes a decline of 32.9 percentage points. The abundance of non-native fish
increases from 6.8% to 31.2% of fish abundance, as shown in figure 3. Such indicators allow differentiation
between changes in composition and total abundance. Nevertheless, taxonomic abundance data and proper
classification of sensitivity are required for their validation.
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Figure 3: Biodiversity Patterns Across Degradation Classes (a) Shannon Diversity and Pielou’s Evenness
(b) Sensitive Macroinvertebrate and Non-native Fish Relative Abundance
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Figure 3(a) illustrates the decrease in Shannon diversity and Pielou's evenness in relation to low to high
degradation levels. 3(b) demonstrates the decrease in the relative abundance of sensitive macroinvertebrates
and an increase in the abundance of non-native fish. The values provided serve as an example and are not
real measurements.

Habitat Conditions and Water Quality

Table 2 presents the habitat and water quality parameters in uniform units. Vegetation coverage within
the riparian zone declines from 78.0% to 19.0%, whereas fine sediment coverage rises from 15.0% to
64.0%. Channel modification rises from 8.0% to 71.0% of the channel length that was examined.

Table 2: Habitat and Water Quality Indicators Across Freshwater Degradation Classes

Indicator Low degradation | Moderate degradation | High degradation
Riparian vegetation cover (%) 78.0 46.0 19.0
Fine-sediment cover (%) 15.0 37.0 64.0
Channel modification (% of assessed length) 8.0 33.0 71.0
Dissolved oxygen (mg/L) 7.8 6.1 4.2
Turbidity (NTU) 8.5 24.7 58.3
Total nitrogen (mg/L) 0.65 1.42 2.85
Total phosphorus (mg/L) 0.03 0.09 0.21

Habitat Structure and Water Quality, along with Biodiversity, are provided in table 2. With more
degradation, less cover in terms of vegetation, lower levels of dissolved oxygen, and higher sediment cover,
turbidity, and nutrient levels. This way, reporting each indicator individually ensures its ecological
significance and assists in recognizing the specific environmental situation that needs further research.

Dissolved oxygen levels vary from 7.8 to 4.2 mg/L, and turbidity varies from 8.5 to 58.3 NTU. Total
nitrogen varies from 0.65 to 2.85 mg/L and total phosphorus varies from 0.03 to 0.21 mg/L. Interpretation
of actual data depends on temperature, sampling period, freshwater type, and ecological parameters.

Integrated Biodiversity and Habitat Patterns

In the dataset provided, low richness and diversity also correlate with low riparian cover, more sediment
deposition, and low dissolved oxygen. Such correlations between biotic and abiotic parameters provide an
example of how these variables can be used together. However, they do not indicate which of the pressures
is the main one contributing to community dynamics.

Repeating measurements at individual sites are necessary to quantify the relationships and to take into
consideration the differences related to seasonality and other uncertainties. Thus, no correlation coefficient
or significance value is calculated for these parameters. The connectivity of the habitat must be assessed
directly by considering barriers to passage.

Implications for Restoration Planning

The assessment framework is based on the diagnosed pressures and interventions for these pressures.
Evidence of riparian vegetation loss leads to evaluation of native vegetation restoration, and excess
sedimentation calls for an evaluation of the sources of erosion. Nutrient enrichment points to pollution
prevention measures, whereas habitat modification calls for evaluation of habitat heterogeneity and
hydrology.

Interventions are determined based on diagnosed conditions, feasibility of ecological restoration, and
pressures in the catchment. Baseline assessment determines interventions, and monitoring is used to
evaluate biodiversity restoration. Greater resilience needs further evidence of functionality of the restored
community.
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IV. Restoration Priorities and Pathways to Ecosystem Recovery
Pressure-Based Intervention Selection

Restoration planning identifies degradation stresses and the measures to be taken that target the causes
of those stresses. When riparian plant cover is found to be degraded through field survey, the restoration of
native vegetation takes precedence. The planting program takes into account the local plant species, bank
stability, the need for shade, and maintenance. Sediment deposition calls for identifying the source of
erosion and controlling the influx of sediments before habitat restoration.

Habitat Connectivity and Recovery Opportunities

The process of improving connectivity involves determining the type and extent of barriers, the flow
conditions, and access to appropriate habitat. Improvements for passage or barrier removal are
recommended only where there is more benefit than risk, including that of spreading invasive species. The
improvement of habitat involves restoring substrate types, refuge sites, and water flows. The decision of
which intervention to choose involves catchment conditions as well.

Adaptive Monitoring and Resilience Evaluation

Rehabilitation priorities take into account ecological necessity, practicality, anticipated benefit, and
maintenance considerations. The monitoring process involves comparisons between the biological
diversity, habitat condition, and water quality pre- and post-rehabilitation, ideally in the presence of control
areas which are not subjected to treatment. Indicators of success include the presence of native species,
sensitive species, and long-term community persistence.

V. Conclusion

Degradation of freshwater ecosystems poses risks to biodiversity through the modification of habitats,
destruction of vegetation, sedimentation, and declining water quality. The present paper seeks to bridge the
gap between assessing the impacts on biodiversity and diagnosing the ecological conditions and restoration
options. The illustrative data show large variations among the levels of degradation. The richness of fishes
declines from 18 to 7 species, which means a decrease of 61.1%. At the same time, the number of
macroinvertebrates drops from 32 to 12 taxa. The Shannon diversity drops from 2.86 to 1.48, a decrease of
48.3%. The number of sensitive macroinvertebrates drops from 42.5% to 9.6%, and non-native fishes
increase from 6.8% to 31.2%. Moreover, the percentage of riparian cover declines from 78% to 19%, the
fine-sediment cover increases from 15% to 64%, and the dissolved oxygen decreases from 7.8 to 4.2 mg/L.
The most important point to remember is that the restoration strategies should take into account the forces
causing degradation by reducing pollution, planting native plants, controlling the amount of sediment, and
making proper connections. Biodiversity measures serve as a complement to environmental measures,
enabling open decision-making on management. Seasonal repetitions, field experiments, and comparison
with unmanipulated areas are required to ensure recovery.
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