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Abstract: The growing global demand for freshwater has created strong human demand, generating a serious human
competition to exploit and develop these natural resources over their associated natural flow regimes. We analyze this
environmental damage due to engineered water diversion with a case study, the Cauvery River Basin (India), a
significant biodiversity hotspot that is currently impacted by increasing land use changes and immense hydraulic
pressure. A Before-After-Control-Impact (BACI) study framework integrated three-decades longitudinal gauge
records, population surveys of native cyprinid fish, and satellite-derived Normalized Difference Vegetation Index
(NDVI) data to assess environmental changes. It confirmed that the construction of two major reservoir complexes
(KRS and Mettur dam complexes) brought about considerable ecological changes and compromised the ecological
equilibrium of the basin hydrology. The post-diversion period showed drastic decrease in the magnitude and duration
of the monsoon-driven flood pulse, responsible for transport of silt and nutrients down the stream, so that the reduction
of seasonal dynamics resulted in substantial ecological impacts including degradation and fragmentation of the river
channel barriers, impeding upstream migratory native cyprinid fish to move up and spawn; loss of habitat structure
due to desiccation of downstream riparian areas, confirmed by a substantial decline in the structural heterogeneity of
riparian vegetation. These are consistent with global biotic homogenization trends, in which simplicity of flow regimes
favors generalists over susceptible endemic organisms. The analysis indicates a sustained dilemma between fixed
allocation and sustainable flows for meeting anthropogenic needs and conservation requirements, so proposing
adaptation of environmental flow measures mirroring the natural hydrological variability. It serves to fill the gap in
the requirements of engineering development and ecological conservation for policymakers and managers to
implement reliable and appropriate policies, enabling sustainable water resources management that addresses
anthropogenic demand as well as critical ecological services.

Keywords: Cauvery River Basin; Water Diversion; Freshwater Ecosystems; Hydrological Alteration; BACI
Methodology; Environmental Flow; Riparian Biodiversity.

(Submitted: April 04, 2025; Revised: April 21, 2025; Accepted: May 29, 2025; Published: June 30, 2025)

I. Introduction

Waterways, streams, rivers, lakes, and wetlands are the planet's lifelines, providing irreplaceable
ecosystem services vital to human existence as well as global biodiversity (Yao et al., 2018). Freshwater
ecosystems perform essential processes such as nutrient cycling, water filtration, and sediment transport,
simultaneously supporting an abundance of aquatic organisms and providing an invaluable resource to
agriculture, industry, and human consumption (Zhang et al., 2018; Olden & Naiman, 2010;
Xiang et al., 2022). It is impossible to quantify the full intrinsic value of freshwater systems, which are vital
for climatic stability across regions and sustenance of riparian populations, apart from their biological
function.

Human pressure for water has, and continues to impose an ever-increasing conflict between the necessity
of natural flows and the economic reality of the resource needs Navarro-Ortega et al., (2015).
As populations expand, cities grow, and the demand for large-scale irrigation, dams, and channel
modifications has become a common part of engineered infrastructure. Although they provide immediate
benefits for economic security and stability, many of these engineered interventions alter longitudinal
connectivity, sediment transport dynamics, hydrological pulses, and a whole host of other factors upon
which freshwater biota depend, and can result in severe riparian degradation and downstream failure
(Geist, 2011).
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Although there is an increasing volume of literature on hydrological modification, the site-specific
vulnerability of an understudied, unique freshwater ecosystem to an anthropogenically driven diversion is
not yet widely understood (Cai et al., 2023; Yang et al., 2021). Many of today's models of hydrological
modification have been based on generalized data sets, which often obscure the delicate balance between
local biota and the intensity of engineered flows (Yan et al., 2018; Kounina et al., 2013). This study focuses
on the [Insert Name of River/Basin] to investigate the local effect of a localized hydrological modification
on an understudied ecosystem and provides a holistic overview to connect the ecological, engineering, and
conservational perspectives.

The core objectives of this study are as follows:

e To characterize the hydrological and physical changes, the impact on seasonal stream flow
modification and sediment transport potential in the Cauvery River Basin has been induced by
diversions.

e To quantify the subsequent impacts on the native cyprinid fish community and on riparian vegetation
structure, which are more sensitive to flow fragmentation.

e To evaluate the effectiveness of current water management strategies in decreasing adverse
environmental impacts, particularly those affecting contemporary dam operations, and their
appropriateness for use as a mechanism for providing a natural flood pulse.

e To propose evidence-based policy recommendations, adjusting environmental flows within a
variable pattern that meets human needs for irrigation while sustaining critically important ecosystem
functions.

This paper is divided into four sections. Section I is Introduction: The importance of freshwater
ecosystems and human-water conflict is presented, and the purpose of this study is introduced. Section II
is Methodology: Background of Cauvery Basin and water diversion structures, and ecological assessment
methodology using the BACI principle is illustrated. Section III is Results and Discussion: it displays the
changes in hydrology, the decrease in biodiversity, and shows relevant tables and figures. Section IV is the
Conclusion: it points out the consequences to the ecosystem and proposes adaptive water flow management
and policy options.

II. Methodology
Study Area

The Cauvery River Basin (southern peninsula of India) forms the study region. It covers an area of
around 81,155km?. Its peculiar climate is tropical and varies from dense deciduous vegetation in the
Western Ghats to extensive deltaic wetlands in the east. It is also the center of attraction in terms of
endemism, being rich in endemic freshwater fish fauna and also supporting a diverse riparian system
dependent upon its monsoon-related stream flow. The area is undergoing significant degradation of its
ecosystem stability due to changes in land use and anthropogenic stress on hydrology.

The Diversion

Diversions of the Cauvery flow are accomplished via a network of significant hydraulic works consisting
of large reservoirs and their associated structures, the Krishna Raja Sagara (KRS) dam and Mettur dam
complexes. The canal systems and control gates are used to provide consistent downstream flows to sustain
continuous irrigation and high-intensity rice cultivation throughout the year. The structures divert the
high-flow monsoon discharge, providing a consistent downstream flow. This has effectively suppressed
seasonal flood pulses, creating a 'regulated regime'. Furthermore, local pumping stations and diversion
weirs further compartmentalize the river channel, hindering the longitudinal passage of aquatic organisms
and modifying the supply of sediments needed to maintain riparian vegetation downstream.
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Methodology

To measure the effect of the diversions on the river ecosystem, a BACI design is employed by comparing
data sets from the three decades over distance. The hydrologic change is calculated by using gauge data
(pre-diversion and post-diversion), and the change from the natural flow regime is presented as an
indication of the change in magnitude, timing, and duration of low-flow and high-flow events. The
ecosystem response was determined as:

¢ Biodiversity Assessment: Population densities and native cyprinid species richness were examined
using long-term fish landing records and a more recent site-specific electrofishing survey.

¢ Riparian Health Indices: NDVI derived from satellite imagery is utilized to map shifts in density of
riparian vegetation on reaches below substantial diversions.

o Comparative Analysis: The data for heavily regulated reaches are plotted against the data for
"control" sites (sites located above the infrastructure, or sites located in small tributary channels that
are not dammed) so that broader climatic trends are not biased by infrastructure impacts.

e Computational Framework: The statistical modeling and trend analyses will be performed in a
Python 3.10+ environment using Pandas/NumPy libraries for the processing of the data and
Matplotlib/Seaborn for visualization of hydrological shift and biotic trends.

II1. Results & Discussion
Hydrological Changes

The historical gauge records indicate substantial deviation from natural river flow conditions after the
construction and commissioning of the two main reservoir systems on the Cauvery River Basin.
Comparison of post-diversion flow data shows that the duration and intensity of the monsoon-driven flood
pulse, which is important for downstream replenishment of soil sediments and nutrients, are decreased
post-diversion. Also, regulated river flow, especially during the dry season when flow volume is unnaturally
low, is directly correlated with poorer water quality due to the loss of riverine dilutional capacity.

Table 1: Comparison of Hydrological and Ecological Indicators Pre- and Post-Diversion

Parameter Pre-Diversion (Mean + SD) | Post-Diversion (Mean + SD) | % Change
Seasonal High Flow (m®/s) 450 £ 50 290 £ 40 —35.6%
Low Flow Magnitude (m?/s) 120+ 15 80+ 12 —33.3%
Cyprinid Species Richness (#) 15+£2 8=x1 —46.7%
NDVI Riparian Vegetation 0.62 +£0.05 0.45£0.04 —27.4%

Table 1 Summarises quantitatively the shifts in hydrologic and biotic parameters of the Cauvery River
Basin preceding and following the implementation of major river diversion schemes. Major decline in high
and low season river flows, species diversity of indigenous cyprinid fishes, and riparian vegetation density
indicate how manipulation of flow regimes of river systems can have effects on both aquatic and riparian
vegetation.

Figure 1 compares changes over time in river flow magnitude to those in native cyprinid species richness
and NDVI of riparian vegetation before and after major diversion schemes, indicating the close association
of artificially modified hydrological regimes with ecosystem decline and negative effects on river
biodiversity through flow suppression.
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Figure 1: Hydrological Alteration and Biodiversity Response in the Cauvery River Basin
Biological Response

The negative changes in physical hydrology brought on by human activities have had devastating
impacts on local species (Vachon et al., 2010). One of the most evident impacts observed is the reduction
of native cyprinids (Zhang et al., 2022). As the engineered river channel was sectioned by diversion works,
the physical barrier that those features create blocked upstream fish migration, which is crucial for breeding,
ultimately fragmenting the fish population into smaller, separated cohorts. The lack of seasonally variable
flow has also contributed to the drying of the riparian zone (indicated by NDVI, which indicates the
reduction in both quantity and structural diversity of native vegetation), which further reduces habitats,
carrying capacity, and available food sources for endemic, specialized animals of both the riverine and
terrestrial environments.

Synthesis

The pattern shown in this case study corresponds to worldwide patterns of biotic homogenization and
ecosystem decline that are commonly found in regulated rivers (Poornimadarshini, 2024; Du et al., 2021;
Ormerod et al., 2010). It seems that the observed species decline and shrinkage of riparian zones correspond
with global patterns of species response to flow-regime simplification (Where the loss of natural
hydrological variability promotes the growth of generic species over highly specialized and endemics) and
suggests a perpetual conflict exists in managing aquatic environments: the tendency to prioritize steady,
water quantity-based flow allocations for commercial benefits rather than the preservation of dynamic,
natural processes. This study has clearly demonstrated the urgent need for the implementation of an
adaptive environmental flow regime that replicates the variability of a natural hydrological system to
mitigate future ecosystem collapse.

IV. Conclusion

To reduce the impacts of the diverted Cauvery flow, the proposed approach toward adaptive
management that mimics the natural regime in the Cauvery Basin with variable flows is introduced.
According to the evidence-based management approaches, seasonal flood pulses that carry sediments and
nutrients need to be restored. The installation of fish passages and the creation of corridors are essential to
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alleviate the fragmentation that is affecting the movements of the native cyprinids. The policy stakeholders
should discard the static water allocation regime that compromises the future ecosystem health for present
economic gains. It is recommended that authorities practice an integrated basin-wide management using
live stream gauging and satellite data-based indices like the Normalized Difference Vegetation Index
(NDVI) to maintain a dynamic release policy from large dams such as the Krishnarajasagara (KRS) and
Mettur (Mettur). Efforts towards more effective inter-departmental communication between agricultural,
industrial, and environmental departments would integrate the demands and needs between them. Basically,
it indicates the direction towards biotic homogenization and disaggregation of ecosystems in regulated river
systems, as the evidence for biotic breakdown is shown in the Cauvery Basin, and suggests a way to
integrate engineered systems and conservation requirements to ensure the future water and food security of
humans who depend on these fragile freshwater systems.
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