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In this study we have examined the impacts of Nar-
mada Sagar multipurpose hydroelectric project on
the ethnobotanical resource base in the Central In-
dian dry deciduous forests. Impacts have been as-
sessed using an objective approach by developing
certain indices, marking a departure from tradi-
tional EIA studies. The approach presented here is
an attempt to integrate heterogeneity in plant distri-
bution and variation in their uses into impact as-
sessment criteria.

In the two zones of impact — both primary and sec-
ondary — 69 woody species that are utilized by local
communities were recorded from the sample plots
through a random sampling procedure. Each species
was assigned minor or major use-values on the basis
of utilization pattern by the local communities.

The use of indices developed shows that even when
ethnobotanically important species are well repre-
sented almost equally both within and outside the
project area, varying degrees of impacts can be ex-
pected to occur. The indices developed here may be
used to advantage in similar EIA studies in cases
where ethnobotanical losses are likely.

Plants belonging to food, fuel, medicinal and mis-
cellaneous categories were found highly vulnerable
to post-dam impacts. Impacts are also expected to
occur in the availability of useful species such as Tec-
tona grandis, Butea monosperma, Diospyros mela-
noxylon and Cassia fistula.

ONE of the major reasons for declining forest cover in
India is the diversion of forest lands for developmental
projects'>. Narmada Valley Development Project
(NVDP) is one such large project envisaging the con-
struction of 30 major, 135 medium and about 3000 mi-
nor irrigation schemes in the entire stretch of the
densely-forested Narmada river basin. At completion,
NVDP is expected to provide irrigation to 4.8 million
hectares (m ha) of land and generate 2700 MW of elec-
tricity. It will submerge 0.35 m ha of forests and also
displace about a million people, majority of whom be-
long to culturally diverse tribal groups. These forest-
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dwelling communities substantially depend on their
surrounding forests for food, fodder, fuel, medicine,
fibre, dyes and timber. However, in the case of NVDP,
this fact was grossly overlooked during the project for-
mulation phase, including resettlement plan for the af-
fected people’. These displaced people (also termed as
‘ccosystem refugees’ by Gadgil®) are thus liable to face
various social, economic and environmental uncertain-
ties in the future”.

While several attempts have been made to assess the
impacts of various water resource projects on species
and ecosystem diversity®™, impacts on ethnobotanical
values have often been ignored. Since the forests of the
Narmada basin are well known for their high ethno-
botanical values® 2, it is assumed that any developmen-
tal activity in and around these forested tracts would
result in serious ecological and ethnobotanical conse-
quences.

Usually, ethnobotanical studies tend to be qualitative,
often ending up with mere documentation. Recently,
some new approaches have been developed to quantify
ethnobotanical values'>'*. Nevertheless, there are only
few attempts of applying such approaches in EIA stud-
ies. Similarly, the traditional EIA studies adopt one or a
combination of descriptive methods like checklists, ma-
trices, networks and spatial data overlays'.

This study goes beyond the qualitative approaches
and proposes a quantitative analytical framework for
EIA using ethnobotanical values as the assessment cri-
terion. In this paper, we propose new indices for meas-
uring the impact of a development project on the useful
plant species and major use-categories. The proposed
indices combine the abundance of plants with their uses
and utilization pattern. We use these indices in objec-
tively assessing the impacts of the Narmada Sagar Pro-
ject (NSP) —one of the major dams planned under
NVDP.

Study area

The study area is a part of the Narmada river basin and
falls between 22°08 to 22°28 N latitude and 76°10 to
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76°55 E longitude. Predominantly undulating terrain is
interspersed with perennial and ephemeral streams of dif-
ferent orders. The altitude of the area varies between 180
and 460 m above mean sea level. The average annual
rainfall is about 1300 mm and the average temperature
varies between 17.9°C in winter and 33.6°C in summer.

From the study area, 369 plant species of 256 genera
representing 76 families were identified'®. However,
none of them belonged to any category of threatened
plants of India as documented by Jain and Sastry'’. The
forest has been classified as a southern tropical dry de-
ciduous forest with teak (7ectona grandis) as the most
dominant species'®. Anogeissus latifolia, Diospyros
melanoxylon, Hardwickia binata, Lagerstroemia par-
viflora, Terminalia tomentosa and Zizyphus xylopyra
are the other co-dominant species. Based on multivari-
ate classification techniques, Dixit'® identified and dis-
cussed 11 different vegetation communities from the
study area.

A significant proportion (36%) of human population
in the study area belongs to the socially disadvantaged
and economically weaker sections of the society, viz.
scheduled castes and scheduled tribes*’. The population
density of the area is about 88 persons/km®. While agri-
culture is the dominant occupation (68% of total fami-
lies), the proportion of daily wage labourers is also high
(18%). However, the entire population across the occu-
pation types, are significantly dependent on biomass
resollélrzci‘es, placing considerable pressure on the for-
ests .

Narmada Sagar Project (NSP)

The NSP located in the Khandwa district of Madhya
Pradesh (22°17 N latitude and 76°28 E longitude) is
about 40 km upstream of another proposed hydroelec-
tric project — the Omkareshwar Project (OMP). The
NSP is expected to generate 1000 MW of electric power
and irrigate 0.123 m ha of land in Khandwa and Khar-
gone districts. The NSP reservoir will submerge
91,348 ha of land, including 40,332 ha of forest and 254
villages, affecting approximately 1,30,000 people, of
whom about 30,000 belong to tribal communities. The
salient features of the project are presented in Table 1.

Methodology
Zoning of study area

The study area covers the two impact zones — primary
and secondary — of the project. The primary impact
zone is the area that will be converted into a reservoir
once the dam is completed. This zone covers 40,332 ha
of forest area (Figure 1) and is termed as the ‘submer-
gence zone’ (SZ).
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Table 1. Salient features of the Narmada Sagar Project

Height of the dam 914 m
Length of the dam 574 m

Full Reservoir Level (FRL) 262.13 m
Total area to be submerged 91,348 ha
Forest area to be submerged 40,332 ha
Cultivable area to be submerged 44,363 ha
Irrigation potential 1,23,758 ha
Power generation (installed capacity) 1000 MW

Number of villages to be affected 254
Number of people to be affected 1,30,000

The secondary impact zone includes the forest arcas
lying outside the reservoir limits of the dam and covers
40,880 ha. These forests, being contiguous to the SZ,
hereafter referred as ‘Contiguous Forest Zone’ (CZ), are
highly susceptible to project-induced secondary impacts
like construction of roads and residential colonies and
biomass collection. Under these circumstances and on
account of it being a major source of many useful plant
species, the study of this area assumes greater signifi-
cance.

Data collection and analysis

For obtaining relevant information on various uses of
plants from the two study zones, knowledgeable and
reliable informants from different villages of the area
were identified. Information on uses of different plant
species known by their local names and their parts was
compiled through interviews. Cross-checks on species
were undertaken during field visits.

Plants and their products were classified into eight
use-categories, viz. construction (huts and agriculture
implements), fodder, food, fuel, medicinal, religious,
commercial, (i.e. sold in the local market) and miscella-
neous (which includes fibre, thatching, fencing and poi-
son for hunting). Use scores of 1.0 and 0.5,
respectively, were assigned to the major and minor uses
of each species. Assessment of ‘major’ and ‘minor’ uses
and assignment of scores were based on an ordinal
measure of the relative utility of species to the local
population as revealed in the data and, in some cases,
by subjective rating during the field check. Those spe-
cies that have multiple uses were assigned a use-score
of either 1 or 0.5 in each use-category. Use-value for
each species was determined by adding different use-
scores.

A random sampling procedure was adopted to obtain
a representative sample of woody species of the study
area. 115 forested grids of 1 km X 1 km area were ran-
domly selected from the entire study area (61 in SZ and
54 in CZ). The grids with more than 50% forest cover
were considered as forested. Within each selected
grid, five sampling plots of 0.1 ha size were randomly
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Figure 1. Location of the study area showing primary (submergence) and secondary {contiguous forest) zones of impact.

located at every 250 m interval along its diagonal. In
this way, a total of 288 plots, (i.e. 28.8 ha) from the SZ
and 265 plots, (i.e. 26.5 ha) from the CZ were sampled.
In each sample plot, the all-woody plants with more
than 50 cm height were counted. The species—area curve
indicates a steady increase in the number of species that
starts flattening after 16 and 24 ha of sampling in the
two study zones (Figure 2). This suggests that sampling
has been done adequately to record the woody species
richness of the area.

Indices for measuring impacts

The impacts on different use-categories are quantified
by different measures. One of them takes into account
the number of plants in each use-category to be reduced
after submergence and impacts are expressed in terms
of density difference. Absence of significant difference
will imply negligible impact. However, this measure
does not account for either the use-value or relative util-
ity of different species. Species of little use and those
with high values are not differentiated.

To incorporate the use-values and the relative abun-
dance of plants, another measure is contemplated —
Cumulative Use-Values (CUV). For each use-category,
CUV is calculated by taking into account both the den-
sity of plants (number per hectare) and the use-score of
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Figure 2. Species—area curve for the two study zones.

each species. Use-score is an ordinal measure of the
relative ethnobotanical utility of the species on a uni-
form scale and is not a measure of the actual quantum
of extraction. The CUV was calculated separately for
the SZ, CZ and for the entire study area using the fol-
lowing equation:

cuv, = Z
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