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 Source : (1),(2),(3) - Kaveri river and its tributaries running dry (Source : ESRI Digital Globe Imagery)
              (4) Sand Mining in Kaveri River (Credit - Ashvij Putta)
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“ Every species has a role to play in the tapestry of life and 
if we do not protect this biodiversity, if we continue over-consuming and

 wasting natural resources, the tapestry will gradually fall apart.”

Jane Goodall

Images : (L-R) Freshwater Crabs : 1. Gubernatoriana waghi (Credit: Rachit Shah) 2. Ghatiana atropurpurea (Credit: Arjun Kamdar) 
                                                     3. Gubernatoriana thackerayi (Credit: Shailesh Bhosale) 
Odonata : 4. Aciagrion Hisopa 5. Euphea Dispar 6. Calocypha Laidlawi (Source: Indian Foundation for Butterflies, https://www.indianodonata.org/)
Fish : 7. Mahaseer -Tor Musullah 8.Tenualosa Ilisha (Source : https://www.fishbase.in)
         9. Mahaseer -Tor Khudree (Credit: Steve Lockett, Mahaseer Trust)
Others: 10.  Freshwater Jellyfish - Craspedacusta sowerbi (Credit: Amoghavarsha)  11. Molluscs - Lamellidens (Source: https://www.conchology.be/)
            12. Otters (Credit: Nisarg Prakash)

1 2 3

6

9

12

54

87

1110
8

10



vi

ABSTRACT

KEYWORDS  : Environmental Flow (E-Flow) , Biodiversity, Ecosystem Integrity, Flow Alterations, Species Richness, 
Flow Alteration-Ecological Response Relationships, Connectivity, Land Cover Naturalness, Biodiversity

Fig . Global threats to freshwater habitats 
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INTRODUCTION

1.1. Research Motivation

Fig 1.1. Freshwater Living Planet Index (LPI) showing a decline of 83% (Range -73% to -90%) 
in freshwater populations. (Source: (Living planet report, 2018))
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1.2. Problem Statement and Knowledge Gaps
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1.3 Research Objectives and Scope
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1.4 Outline of Thesis
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   THEORY

2.1 Natural Flow Regime

 

Fig 2.1. Influence of flow re-
gime on ecological integrity of 
riverine ecosystems 

(Source: Poff et al., 1997))
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Source of 
Alteration

Hydrologic Changes Geomorphic Responses

Dam Capture of sediment moving 
downstream

Downstream channel erosion and tributary headcutting

Bed Coarsening

Dam, Diversion Reduced magnitude and fre-
quency of high flows

Deposition of fines in gravel

Channel stabilization and narrowing

Reduced formation of point bars , secondary channels, oxbows 
and changes in channel platform

Urbanization, 
Tiling, Drainage

Increased magnitude and fre-
quency of high flows

Reduced infiltration into soil, 
decline in groundwater recharge

Bank erosion and channel widening

Downward incision and floodplain
 disconnection 

Reduced baseflows

Levees, Channel-
ization Reduced overbank flows

Channel restriction causing downcutting

Floodplain deposition and erosion prevented

Reduced channel migrations and formation of secondary channels

Groundwater 
Pumping Lowered water table levels Streambank erosion and channel downcutting after loss of vegeta-

tion stability

2.3 Ecological Response to Flow Alteration

Table 1 Physical responses to altered flow regimes (Source: (Poff et al., 1997))

2.2 Sources of Flow Alteration
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Fig 2.2. Basic principles of influence of flow regime on life history of aquatic biodiversity. 
Principle 1 - Flow is a major determinant of physical habitats in streams, which in turn is a major determinant of biotic composition. Prin-
ciple 2 - Aquatic species have evolved life history strategies in direct response to the natural flow regimes. Principle 3 - Maintenance of 
natural patterns of longitudnal and lateral connectivity is essential to viability of riverine species. Principle 4 - Invasion and success of exotic 
and introduced species in riversis facilitated by altered flow regimes  (Source: (BUNN & ARTHINGTON, 2002) )

Fig 2.3. Per cent change in fish abundance, demographic parameters 
and species diversity (or richness) with respect to percent alteration of 
flow magnitude. (Source: (Poff & Zimmerman, 2010))
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Flow 
Compoent

Alteration
Ecological Response

Aquatic Organisms Riparian & Floodplain

Magnitude

Stable flows (loss of high 
and / low flows)  
 
Greater magnitude of 
extreme high or low 
flows

Reduction in  species diversity and 
abundance 
 
Loss of sensitive species 
 
Increase in non-native species 
 
Life cycle disruption

Lower Species Richness

Altered  assemblage and
 relative abundance of taxa

Frequency

Decreased frequency of 
peak flows

Reduced Reproduction 
 
Reduced habitat for juvenile fishes  
Decrease in abundance of native 
species

Reduction in species richness 
 
Shift in composition of 
community

Duration

Decreased duration of 
floodplain inundation 
 
 
 
 
Prolonged low flows / 
inundation 
 
 
 
 
Prolonged Inundation

Decrease in abundance of juvenile 
fish species 
 
Change in fish assemblage 
 
 
Concentration or entrapment of 
organisms 
 
Loss of downstream transportation 
of organisms 
 
Loss of riffle habitat

Reduced growth rate or 
mortality 
 
Reduced plant or forest cover 
 
Reduction or elimination of 
plant cover 
 
Diminished plant species 
diversity 
 
Tree mortality 
 
Change in functional type of 
vegetation

Timing

Shift in seasonality of 
peak flows

Loss of seasonal flow 
peaks

Disruption of spawning cues

Reduced reproduction 
 
Change in assemblage structure 
 
Disruption of migration cues 
 
Loss of accessibility to wetlands 
 
Modification of food web structure

Reduced plant growth and 
increased mortality 
 
Reduction in species richness 
and plant cover

Table 2  Alteration in flow components and some common ecological responses of aquatic organisms, riparian and floodplain 
vegetation (Source: (Poff et al., 1997))

2.4 Environmental Flows
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2.4.2  Environmental Flow Assessment in India 

2.4.1  Overview of Environmental Flow Assessment Methods

Type
Ecosystem 

Attribute
Requirements Output Example

Hydrological
Whole ecosystem 
condition/health 
or non-specific

Historical flow records (daily, monthly, 
or annual).
Single flow indices or  multiple ecolog-
ically relevant flow metrics characteriz-
ing flow regime/whole hydrograph

Use of historical ecological data ,
hydraulic habitat data, or meta-analysis 
of results of multiple environmental 
water assessments to derive rules.

Flow targets based on esti-
mates of % of annual, seasonal 
or monthly volume (median or 
mean)

Or as limits to change in vital 
flow parameters, commonly 
low flow indices.

Montana
Method, 
Environmental 
Flow Duration 
Curve Analysis, 
Range of Vari-
ability Analysis, 
Desktop Reserve 
Model (DRM)

Hydraulic 
Rating

Aquatic (instream) 
physical habitat for 
target species or 
assemblages

Historical flow records; Discharge linked 
to hydraulic variables, typically single 
river cross-section

Single or multiple hydraulic variables

Hydraulic variables(e.g., wetted 
perimeter, depth) used as 
surrogate for habitat flow 
needs of target species or 
assemblages

Used within 
DRIFT, 
R2Cross Method

Habitat 
Simulation

Instream physical 
habitat for target 
species, guilds ,or 
assemblages

Habitat Suitability

Historical flow records, typically average 
daily discharge and few to many hy-
draulic variables 

Physical habitat availability, utilization 
and preference data, or similar models 
for target biota

Weighted usable area(WUA) 
or similar habitat metrics for 
target biota
Comparative analyses of time 
series of habitat availability, 
and duration and use

PHABSIM, IFIM

Holistic

Entire ecosystem 
All or several 
ecological 
components.

Reliant on mix of data and expert 
judgment, using expert panels. 

Some use both scientific and traditional 
knowledge to develop or infer flow-
ecology-social relationships.

Recommended hydrological 
regime linked to explicit quan-
titative or qualitative ecological 
,geomorphological, and
 Sometimes , social and eco-
nomic responses and conse-
quences

Building Block 
Methodology 
BBM, DRIFT, 
ELOHA, PROBFLO

Table 3  Summary of Environmentalf Flow Assessment Methods (Source: Adapted from (Poff, Tharme, & Arthington, 2017) )
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2.4.3  Ecological Limits of Hydrological Alteration (ELOHA) Framework

Fig 2.4. Conceptual flow alteration-ecological response 
relationship  (A) Linear (B) Threshold (C) Curvilinear

(Source: (Poff et al., 2010))

Fig 2.5. The ELOHA 
(Ecological Limits of 
Hydrological Alterations)
Framework

Hydrological analysis (blue) is 
carried out in parallel with devel-
oping  flow alteration-ecological 
response relationships (green), 
which provide scientific input to 
social process (orange) that sets 
the goals for environmental flow 
standards.

Source : (Poff et al., 2010)
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2.4.4 Review of Global Environmental Flow Methods
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2.4.5  Environmental Flows : For Sustainable River Basin Management

Fig 2.6. Process of River Basin closure over time. 
(Source: (FALKENMARK & MOLDEN, 2008))
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   STUDY AREA

3.1   Study Area :   The Kaveri River Basin

Kaveri Aquatic 
Ecosystems

Fig 3.1. c 
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 3.1.1    Climate and Geography

3.1.2 Land Use

Name of 
Tributary

Length 
(km)

Sub-Tributaries State Gauge Stations

Arkavathy 161 Kumudavathi, Manihalla, 
Kutteholle, Vrishabhavathy Karnataka & Tamil Nadu T. Bekuppe

Harangi 50 Karnataka Kudige
Hemavathy 245 Karnataka MH Halli, Akkihebbal

Kabini 230 Taraka, Heballa, Nugu, Gundal Karnataka, Kerala & 
Tamil Nadu

T. Narasipur, 
Muthankera 

Lakshmana 
Thirtha 131 Ramathirtha Karnataka K M Vadi

Shimsha 221
Veeravaishnavi, Kanihalla, 
Chickkhole,Habbahalla, 

Mullahalla, Kanva
Karnataka TK Halli

Suvarnavathi 88 Tamil Nadu Bendrehalli

Bhavani 217 Moyar Kerala, Tamil Nadu Thengumarhada, 
Nellithurai, Savandapur

Noyyal 180 Tamil Nadu E-Mangalam

Amaravathi 282 Nanganji, Kodavanar Kerala, Tamil Nadu Nalammaranpatti

Table 4 Principal Tributaries of Kaveri River (Compiled from: (“RIVER SYSTEMS OF KARNATAKA,” n.d.))

Fig 3.2. Precipitation in 
Kaveri Basin
July 2010 (Left)
November 2010 (Right)

Data - CHIRPS
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Land Use Classification 
                       (2015)

3.1.3   Irrigation and Cropping Pattern

Fig 3.3. Land Cover/Land Use 
classification for Kaveri river 

basin for the year 2015
Data - ESA CIC Land Cover 
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Agro-Climatic Zones based on
 Global Aridity Index

Crop Rice Jowar Bajra Maize Ragi Sugarcane Total

Water 
Requirement

(in cms.)
150-250 25-30 30-32 50-80 25-30 60-70 -

Area 
1991-92

1136908 394835 77867 51510 664151 181105 2506376

Area 
1997-78

1254082 294698 32453 67460 624288 178073 2451054

Area
2005-06

1125911 206605 11391 231098 367766 194036 2136807

Area
2012-13

1000504 190171 3500 352365 435043 130490 2112073

Table 5 : Acreages and crop water requirement of major crops in Kaveri basin. 
Area mentioned here is in hectares.  Source: (Ghosh, Bandyopadhyay, & Thakur, 2018)

Fig 3.4. Mapping of mean 
Aridity Index from the 
period 1950 - 2000. 
Aridity Index is used to 
quantify precipitation avail-
ability over atmospheric 
water demand. 

Data - Global Aridity 
Index Climate Database v2
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3.1.4 Water Resource Projects:

Fig 3.5. Reservoirs in Kaveri ba-
sin displayed in proportion to 
their storage capacity.
Data -  CWC India 

Reservoirs in Kaveri 
Basin

S.N. Sub-Basin Dams Barrages Weirs Anicuts Lifts Power Houses

1 Lower Kaveri 2 0 1 3 0 0

2 Middle Kaveri 85 10 3 9 2 23

3 Upper Kaveri 9 0 0 0 7 1

Table 6 : List of Water Resources Projects in Kaveri basin Source: CWC India
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3.1.5 Century Old Kaveri River Dispute 

 

1. Phase 1 : Prior to Agreement of 1892 - 

2. Phase 2 : 1892- 1934

3. Phase 3 : 1934 - 1974

4. Phase 4 : 1974 - 1990

Year

Karnataka Tamil Nadu

Command Area
(gross ‘000 hectares)

Estimated 
Utilisation

Command Area
(gross ‘000 hectares)

Estimated 
Utilisation

1901 45 27.2 544 366.9
1928 45 27.2 585 391.2
1971 179 110.2 1024 494.6
1990 866 322.8 1025 501.5

Table 7 - Kaveri Irrigation Development in Karnataka and Tamil Nadu (Source: (Ghosh, Bandyopadhyay, & Thakur, 2018)
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Current Situtation : 

2

1

Figure: 3.6  SPI (Standardized Precipitation  Index) is used to monitor meteorological drought.
1) SPI time series for cumulative periods of 6 months in Tamil Nadu (long 78.6 lat. 9.3).
2) SPI time series for cumulative period of 3months in Karnataka (long.75.5,lat 14.7)  
Source: (“MapViewer—Global Drought Observatory—JRC European Commission,” n.d.)
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   METHODS

4.1   Region of Interest

4.2  Datasets 

4.2.1  IUCN Red List Spatial Dataset

Fig 4.1. Sub-basins delineated in Kaveri basin based on location of gauge stations
Data -  CWC India 
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4.2.2 Free Flowing River Dataset
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4.2.3 Precipitation

4.2.4 Actual Evapotranspiration

4.2.5 Primary Productivity & Enhanced Vegetation Index

4.2.6 River Discharge

4.2.7 Land Use/Land Cover

4.2.8 Global Floodplain Dataset
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4.2.9 Global Surface Water Explorer

4.2.10 Global River Classification

4.3  Methodology

4.3.1  Monthly Hydrological Alteration in Magnitude

4.3.2 Analysis of Flow-Ecology Relationship
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   RESULTS & DISCUSSION

5.1   Adapted Framework for Global E-Flow Assessment

Fig 5.1. Adapted ELOHA Framework for preliminary holistic environmental flow assessment. 
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5.2 River Classification

S.N.
River 
Class

Physio- 
Climatic

Hydrologic Geomorphic Gauge Stations

1 732
very hot,

low moisture region
medium river

medium and high 
stream power

Kollegal, Biligundulu, 
Urachikottai, 
Kodumundi, Musiri

2 731
very hot,

low moisture region
small river

medium and high 
stream power

T. Narasipur

3 721
very hot,

low moisture region
small river low stream power

Thengumarhada, 
Savdanpur, 
Nalammarapati

4 711
very hot,

low moisture region
very small river low stream power T K Halli

5 712
very hot,

low moisture region
very small river

medium and high 
stream power

Nellithurai

6 1021
hot and very hot, high ele-

vation region
very small river

medium and high 
stream power

K M Vadi

7 1022
hot and very hot, high ele-

vation region
small river

medium and high 
stream power

Kudige

8 1023
hot and very hot, high ele-

vation region
small river

lake-wetland influ-
enced

M H Halli

Table 8 - River Classes identified in Kaveri river basin as per GloRic framework 

Fig 5.2. GloRic River classification 
for Kaveri basin.
Data - GloRic
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5.3 Hydrological Alteration in Magnitude

Volume = 3549.086 m3

Volume = 3338.163 

Volume = 3168.041 m3

Volume = 4498.693 m3Volume = 3274.26 m3

MI-HRA1 = 4.327

MI-HRA1 = 4.504 MI-HRA1 = 5.679

MI-HRA1 = 3.1113 MI-HRA1 = 2.797

Fig 5.3. Hydrological Alteration in Magnitude at 14 gauge stations 
in Kaveri river basin. Red lines and markers refer to reference natural 
flow while blue line and marker refer to observed flow conditions. 
Black lines are the 25th and 75th percentiles of natural flow. Coloured 
region depicts the volume of water consumed or diverted causing 
deviation from natural flow regime. 

(Data - Natural Flow - PCR-GLOBWB v1  Observed Flow - CWC India)   
(Source: Author )
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Volume = 256.259 m3

Volume = 402.593 m3

Volume =  86.084 m3

Volume = 57.211 m3

Volume = 4061.756 m3

Volume = 512.512 m3

Volume =  226.525

Volume =  45.528 m3

MI-HRA1 = 4.335

MI-HRA1 = 5.862 MI-HRA1 = 6.554

MI-HRA1 = 4.694

MI-HRA1 = 0.435

MI-HRA1 = 1.356

MI-HRA1 = 2.699

MI-HRA1 = 1.274

Volume = 399.512 m3

MI-HRA1 = 2.231
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1
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5

Fig 5.4. Transitions in river behavior in time period 1984-2015. 
Kaveri river network is divided into 10 sections and surface water classes 
based on long term water occurence data is depicted in pie charts. Reser-
voirs were excluded from the analysis in order to assess the transition in 
behavior of river streches alone. 
Data - JRC Global Surface Water Explorer



31

6

7

8

9

10

6

7

8

9

10 b 10 c

10 a



32

5.4 Ecosystem Integrity
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5.4.1 Degree of Fragmentation

Fig 5.5. Ecosystem Integrity 
Indicator Framework   
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Fig 5.6. Mapping of Degree of Fragmentation in Kaveri river basin. Data - Free Flowing River Dataset  
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5.4.2 Degree of Regulation

Fig 5.7. Population range of threatened migratory fish determined by IUCN regional assessments in the year of 2010 except for Tor 
Remadevi which was included in IUCN red list in 2017. Data - IUCN Spatial Data  

Fig. 5.8 Terrestrialization of river bed downstream of 
a dam in Kaveri basin (Source: ESRI Digital Globe Im-
agery)



36

5.4.3 Sediment Trapping Index

Fig. 5.9 Mapping of Degree of Regulation in Kaveri river basin. Data - Free Flowing River Dataset  
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5.4.4 Land Cover Naturalness

Fig. 5.10 Mapping of Sediment Trapping Index in Kaveri river basin. Data - Free Flowing River Dataset  

Fig. 5.11 Downcutting of river 
channel possibly due to excessive 
groundwater pumping & loss of 
riparian vegetation
(Credit: Sri Harsha Karumanchi)
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Year - 2005Year - 2000

Year - 1995

Fig. 5.12 Mapping of Land Cover Naturalness in Kaveri river basin from 1995 to 2015 . Data - ESA CCI Land Cover  

Year - 2010 Year - 2015
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5.4.5 Infrastructure Development in Floodplain Area

Fig. 5.13 Mapping of Urban Area (URB) (top) and Road Density (RDD) (bottom) in Kaveri Basin . Data - Free Flowing River Dataset  
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5.4.6 Freshwater Biodiversity 

Fig. 5.14 Mapping of 
Ecoregions in Kaveri 
basin. 
Ecoregions are
ecosystems of regional 
extent.

Data - Ecoregions2017
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FISH ODONATA PLANTS

MOLLUSCS
SHRIMPSCRABS

Fig. 5.15 Proportion of freshwater species (Fish, Odonata, Plants, Molluscs, Crabs & Shrimps) in IUCN red list category in Kaveri basin
Data - IUCN Red List  
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Fig. 5.16  Mapping of freshwater fish species richness and species of concern (IUCN Red List category : CR, EN & VU) richness 
in Kaveri basin.  Data - IUCN Red List  
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Migratory Fishes of Kaveri Basin 

Fig. 5.17  Potamodromous migratory fishes in Kaveri basin alongwith their Red List category status (top) 
               Mapping of Potamodromous fish species richness in Kaveri basin (bottom)
               Data - Fish Base &  IUCN Red List  
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5.5 Ecosystem Integrity of Sub-Basins of Kaveri

 

Gauge 
Stations

Connectivity

Land Use
Water 

Use
Hydrological

 Alteration

Ecological Importance

Species 
Richness (Fish)

Species of 
Concern (Fish)

Infrastruc-
ture

Land Cover 
Naturalness

T. K. Halli
DOF - 24.7
DOR - 100
SED - 82.1

URB - 0
RDD - 2.68

*SB - 30
**FP - 30

14.9 0.44
SR -  20

% SR - 4.17
SC -  3

% SC - 15

Nellithurai
DOF - 98.11
DOR - 100

SED - 65.61

URB - 0
RDD - 2.33

SB - 100
FP - 100

19.6 4.69
SR -  70

% SR - 14.6
SC -  5

% SC - 7.14

K. M. Vadi
DOF -  12.14
DOR -  0.41

SED -  20.14

URB - 0
RDD - 0.98

SB - 70
FP - 30

4 6.55
SR -  36

% SR - 7.5
SC -  6

%SC - 16.67

Kollegal
DOF - 68.64
DOR - 58.50
SED - 69.66

URB - 0
RDD - 0

SB - 30
FP - 30 

42.7 4.33
SR -  24
% SR - 5

SC -  3
% SC - 12.5

Biligundulu
DOF -  66.24
DOR -  64.73
SED -  57.41

URB - 0
RDD - 0

SB - 100
FP - 50

56.9 4.51
SR -  20

% SR - 4.17
SC -  3

% SC - 15

Urachikottai
DOF -  97.83
DOR -  98.88
SED -  88.98

URB - 28.13
RDD - 3.22

SB - 70
FP - 30

69.9 5.68
SR -  16

% SR -  3.33
SC -  2

% SC - 12.5

Kodumudi
DOF -  87.14

DOR - 100
SED -  85.31

URB - 0
RDD - 1.55

SB - 30
FP - 30

68.8 3.11
SR -  16

% SR - 3.33
SC -  1

% SC - 6.25

Musiri
DOF -  73.99
DOR -  85.23
SED -  71.52

URB - 2.37
RDD - 3.25

SB - 30
FP - 30

65.9 2.79
SR -  14

% SR - 2.92
SC -  1

% SC - 7.14

Thengumara-
hada

DOF -  77.35
DOR -  54.39
SED -  13.39

URB - 0   
RDD - 3.82

SB - 100
FP - 60

6.3 1.36
SR -  62

% SR -  12.92
SC -  4

% SC - 6.45

Savandapur
DOF -91.35
DOR -  100

SED -  83.75

URB - 3.12
RDD - 4.35

SB - 30
FP - 30

15.5 2.69
SR -  22

% SR - 4.58
SC -  2

% SC - 9.09

Nalammaran-
patti

DOF -  27.27
DOR -  21.33
SED -  40.21

URB - 0
RDD - 0.92

SB - 30
FP - 30

87.9 1.27
SR -  22

% SR - 4.58
SC -  3

% SC - 13.64

Kudige

DOF -  90.87
DOR - 2.38

SED - 24.82

URB - 0
RDD - 4.28

SB - 100
FP - 60

0.5 4.33
SR -  40

% SR - 8.33
SC -  5

% SC - 12.5

M. H. Halli

DOF -   47.39
DOR -  70.53
SED -   55.37

URB - 0
RDD- 1.64

SB - 30
FP - 30

9.4 2.231
SR -  28

% SR - 5.8
SC -  1

%SC - 3.57

T. Narasipur

DOF -  87.90
DOR -  26.17
SED -  44.74

URB -0.74
RDD - 1.22

SB - 30
FP - 30

14.3 5.86
SR -  42

% SR - 8.75
SC -  8

% SC - 19.05

very hot, low moisture region, 
very small river, medium &  high stream power

very hot, low moisture region, 
small river, low stream power

very hot, high elevation region, 
small river, medium &  high stream power

very hot, high to low moisture region, 
small river, medium &  high stream power

very hot, low moisture region, 
medium river, medium &  high stream power

very hot, low moisture; high elevation region, very 
small river, medium &  high stream power

Table 10 - Results of ecosystem integrity indicators for 14 sub-basins of Kaveri basin.

*SB - Sub-basin
**FP - Floodplain
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5.6  Environment Management Class (EMC)

Class Ecological Condition
Connectivity (%) Land Use (%)

(DOF, DOR, SED) URB RDD LCN

Natural rivers with minor modi cation of in-stream and 
riparian habitat  (0-10)  (0-10) (0-10) (80-100)

Slightly modi ed and/or ecologically important 
rivers with largely intact biodiversity and habitats 
despite water resources development and or/ basin 
modi cation

(10-20) (10-20) (10-20) (80-60)

Habitats and dynamics of the biota have been disturbed, 
but basic ecosystem functions are still 
intact, some sensitive species are lost and or 
reduced in extent; alien species present

(20-40) (20-40) (20-40) (60-40)

Large changes in natural habitat, biota, and basic eco-
system functions have occured, species richness is 
clearly lower than expected, much lower presence of 
intolerant species, alien species prevail.

(40-60) (40-60) (40-60) (40-20)

Habitat diversity and availability have declined, species richness 
is strikingly lower than expected, only tolerant species remain, 
indigenous species can no longer remain, alien species have in-
vaded the ecosystem

(60-80) (60-80) (60-80) (20-10)

Modifications have reached a critical level, ecosystem has been 
completely modified with almost total loss of natural habitat and 
biota, in the worst case basic ecosystem functions have been de-
stroyed and changes are irreversible

(80-100) (80-100) (80-100) (10-0)

Table 11-  Framework for Environment Mangement Classes

Fig. 5.18  Conceptual Relationship between Ecosystem Services & 
Ecosystem Condition (Source : (Grizzetti et al., 2019))
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Fig. 5.19  Summary of Ecosystem Integrity and Hydrological Alteration in Sub-basins of kaveri 
                                         Note :  For LCN index, median value of LCN in the Floodplain region is considered here. 

DOF LCN SR - 24

DOR URB SC - 12.5

SED RDD HA - 4.33

DOF LCN SR - 20

DOR URB % SC- 15

SED RDD HA - 4.51

DOF LCN SR - 16

DOR URB %SC - 6.25

SED RDD HA - 3.11

DOF LCN SR-62

DOR URB %SC - 6.45

SED RDD HA - 1.36

DOF LCN SR-22

DOR URB %SC-9.09

SED RDD HA-2.69

DOF LCN SR -40

DOR URB %SC-12.5

SED RDD HA-4.33

DOF LCN SR-70

DOR URB %SC-7.14

SED RDD HA-4.69

DOF LCN SR-42

DOR URB %SC-19.05

SED RDD HA-5.86

DOF LCN SR - 16

DOR URB %SC - 12.5

SED RDD HA - 5.68

DOF LCN SR - 14

DOR URB %SC - 7.14

SED RDD HA - 2.79

DOF LCN SR-22

DOR URB %SC-13.64

SED RDD HA - 1.27

DOF LCN SR-28

DOR URB %SC-3.57

SED RDD HA-2.23

DOF LCN SR-36

DOR URB %SC-16.67

SED RDD HA-6.55

DOF LCN SR-20

DOR URB %SC-15

SED RDD HA-0.44

5.7 Summary of Ecosystem Integrity & Hydrological Alteration of Sub-Basins of Kaveri River
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Fig. 5.20  Species Richness vs Hydrological Alteration in Magnitude (left) Threatened Species Richness vs Hydrological Alteration (right)  

Fig. 5.21  Water 
Diversion structure 
located downstream 
of gauge stations 
TK Halli (left) 
Nalammarapati (right)

(Source: ESRI Digital 
Globe Imagery )

5.8  Flow-Ecology Relationships
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Fig. 5.22  Species Richness vs Hydrological Alteration in Magnitude (left) Threatened Species Richness vs Hydrological Alteration (right)  

Sediment Trapping Index
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Fig. 5.23  Seasonal Variation in GPP, EVI, Precipitation, Actual Evapotranspiration and % Deviation of Flow from Natural Flow Regime  
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5.9 Discussion of overall validity of results

5.9.1 Uncertainity in Datasets 

 5.9.2 Limitations of this study
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 SYNTHESIS

6.1  Conclusion
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6.2 Recommendations

Fig 6.1 Extinction Magnitude of IUCN assessed taxa in compar-
ison to 75% extinction benchmark. Species extinct over past 
500 years (white icon); Currently threatened species with those 
already extinct (black icon); * very few species assessed; Ar-
rows- Extinction % probably infalted; Big Five species losses 
(yellow icon) Source : (Barnosky et al., 2011)
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S.N.
Hydrologic 

Class
Avergage 
Discharge

Flow Regime 
Variability

Gauge Stations

1 12 Low Discharge Low Variability TK Halli

2 13 Medium Discharge Low Variability Thimanahalli,  Kanakpura, 
Nellithurai

3 22 Low Discharge Medium 
Variability Thengumarahada,  E Managlam

4 23 Medium Discharge Medium Variability

Sakleshpur, MH Halli, 
Akkihebbal, Kudige, KM Vadi, 
Muthankera, Savandapur, 
Nalammaranpati

5 33 Medium Discharge High Variability T.Narasipur, Kollegal, Biligundulu

S.N.
Physio-

Climatic Class
CMI Index Elevation Gauge Stations

1 411 Low CMI Low
Elevation

Kanakpura, TK Halli, Narasipur, Kollegal, Biligun-
dulu, Thengumarahada, 
Savandapur, Urachikottai,  
Nellithurai, Kodumundi, E Mangalam, Musiri, 
Nalammaranpatti

2 412 Low CMI High Elevation Thimanahalli, MH Halli, 
Akkihebbal, KM Vadi

3 422 Medium CMI High Elevation Kudige
4 431 High CMI Low Elevation Muthankera
5 432 High CMI High Elevation Sakleshpur

S.N. Geoorphic Class
Lake-wetland 

influenced
Stream Power Gauge Stations

1 11 No Low stream 
power

Thimanahalli, Kanakpura, TK Halli, KM Vadi, 
Narasipur, Thengumarahada,  Savandapur,  
E Mangalam, 
Nalammaranpatti

2 12 No High stream 
power

Sakleshpur,  Kudige, Kollegal, Biligundulu, 
Muthankera, Urachikottai, 
Nellithurai,  Kodumundi, Musiri

3 22 Yes High stream 
power MH Halli, Akkihebbal

Table 12 -  Hydrologic River Classes in Kaveri Basin as per GloRic framework

Table 13 -  Physio-Climatic River Classes in Kaveri Basin as per GloRic  framework

Table 14 -  Geomorphic River Classes in Kaveri Basin as per GloRic framework

Appendix 1
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Appendix 2

S.N. Land Use/Land Cover Type Weightage

Table 15  -  Land Cover Naturalness : Naturalness weights assigned to Land Use/Land Cover Types

S.N. Classes “Naturalness” Weightage

1 Urban Area 0

2 Agricultural Land 30

3 Bare Area 50

4 Cultural Vegetation 60

5 Semi-Natural Vegetation 70

6 Natural Vegetation 100

7 Water Bodies 200
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Fig. A3.1  Mapping of Freshwa-
ter Species Richness (Taxonomic 
Groups : Fish, Molluscs, Odona-
ta, Crabs, Shrimps, Plants) in Ka-
veri basin.  Data - IUCN Spatial 
Data

Fig. A3.2  Extent of Protected Areas alongwith mapping of Connectivity Status Index in Kaveri basin.  
Data - World Database of Protected Areas & Free Flowing River Dataset 

Appendix 3
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Fig. A3.3  Mapping of Odonata Species Richness in Kaveri basin.  Data - IUCN Spatial Data  

Fig. A3.4  Mapping of Molluscs Species Richness in Kaveri basin.  Data - IUCN Spatial Data  
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Fig. A3.5  Mapping of Shrimp Species Richness in Kaveri basin.  Data - IUCN Spatial Data  

Fig. A3.6  Mapping of Crab Species Richness in Kaveri basin.  Data - IUCN Spatial Data  
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Fig. A3.7  Mapping of Plants Species Richness in Kaveri basin.  Data - IUCN Spatial Data  

Fig. A3.8  Mapping of Plants Species of Concern Richness in Kaveri basin.  Data - IUCN Spatial Data  
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Fig. A3.9  Migratory Fishes in Kaveri Basin alongwith IUCN red list category. Anadromous (top) Catadromous (bottom)
Data - Fish Base 
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Fig. A4.1  Time series of reference natural flow (red lines) and observed flow (black lines) at 14 gauge stations in Kaveri river basin,
Data - PCR-GLOWB v1 & CWC India 

Appendix 4
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