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Preface

The total water resources of the earth equal to 326 million cubic mile; only
2-5 % of water is fresh water, 97.5 % is salt water. Almost 69 % of fresh
water resources are tied in glaciers and ice caps, about 30 % is ground water
and a mere 0.27 % is surface water. Water resources are important for the
survival of the planet. Aquatic biodiversity is one of the most essential char-
acteristic of the aquatic ecosystem for maintaining its stability and means of
coping with any environmental changes.

India is one of the 17 “megadiverse” countries and is composed of a diver-
sity of ecological habitats like forests, grasslands, wetlands, deserts, and
coastal and marine ecosystems. From the biodiversity point of view, India is
regarded as a mega diversity country. Out of the total estimated species of the
world, about 8.4 million species are reported from India. India has a wealth
of wetland ecosystems distributed in different geographical regions. Most of
the wetlands in India are directly or indirectly linked with major river sys-
tems such as the Ganges, Cauvery, Krishna, Godavari and Tapti. India has
total of 27,403 wetlands, of which 23,444 are inland wetlands and 3,959 are
coastal wetlands. Wetland systems directly and indirectly support lakhs of
people, providing goods and services to them. They help check floods, pre-
vent coastal erosion and mitigate the effects of natural disasters like cyclones
and tidal waves. They store water for long periods.

Biodiversity and conservation are the key concepts in ecology during the
past decades and are considered important elements in elucidating the dynam-
ics of ecosystems disturbed by human activities. Our aquatic ecosystem com-
prises a major regime due to its diversity, thus needs special attention and
conservation approaches. The lakes, marshes, river systems and other wet-
lands in the country are under threat mainly due to domestic pollution from
untreated sewage, industrial pollutant and toxic effluents. India is facing an
alarming danger to the loss of aquatic biodiversity, and about 55 % of aquatic
species are threatened.

This book is a result of detailed observation by reputed researchers work-
ing in the field of aquatic biodiversity in India. There are 19 chapters, and
each effort has been made by an expert or professional in their respective
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fields. The book offers novel information on aquatic biodiversity of India. We
sincerely hope that this book will provide the much needed information in the
field of aquatic biodiversity conservation.

Jodhpur, India Mamta Rawat
New Delhi, India Sumit Dookia
Port Blair, Andaman & Nicobar Chandrakasan Sivaperuman

Islands, India
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K.A. Sujana, R. Saravanan, and Amit Diwakar Pandey

Introduction

Abstract

The qualitative survey was conducted from July 2013 to June 2014 in
different aquatic environment in Balasore district of Odisha, eastern India.
A total of 132 species including 129 flowering plants and 3 Pteridophyte
taxa spread in 82 genera and 41 families were recorded. The most speciose
families were Cyperaceae with 27 species followed by Poaceae (24). The
other dominant families are Linderniaceae, Fabaceae, Onagraceae,
Polygonaceae, Commelinaceae, and Scrophulariaceae. Reclamation of
land and changes in land use pattern are the most serious problems
observed from the study sites. Abundant growth of various macrophytes
including grasses and sedges provides great value of ecological and
economic importance.

Keywords
Aquatic macrophytes ¢ Balasore ¢ Distribution * Odisha

Primary production of macrophytes can surpass
that of other aquatic primary producers (Wetzel
2001; Kalff 2002). Macrophytes generally colo-

Macrophytes colonize many different types of
aquatic ecosystems, such as lakes, reservoirs,
wetlands, streams, rivers, marine environments,
and even rapids and falls. This variety of colo-
nized environments results from a set of adaptive
strategies achieved over evolutionary time.

K.A. Sujana (D<) * R. Saravanan ¢ A.D. Pandey
Central Botanical Laboratory, Botanical Survey of
India, P.O. Botanical Garden, AJCB Indian Botanic
Garden, Howrah, West Bengal 711 103, India
e-mail: sujanakole @gmail.com

nize shallow ecosystems where they become
important components, influencing ecological
processes, and they support many life-forms
including several vascular hydrophytes. The
value of an aquatic environment is often ignored,
and many of the world’s aquatic environments
have been drained and converted for other
profitable uses (Gopal and Zutchi 1998; UNEP-
DEWA 2004; Srivastava et al. 2008). Many of
these ecosystem harbors several kinds of eco-
nomically useful macrophytes. Their ecological
value is yet to be estimated. Studies on aquatic

M. Rawat et al. (eds.), Aquatic Ecosystem: Biodiversity, Ecology and Conservation, 1

DOI 10.1007/978-81-322-2178-4_1, © Springer India 2015


mailto: sujanakole@gmail.com

macrophytes in coastal Odisha are very sporadic
and requires immediate attention. Rivers, soil
moisture, and relatively shallow groundwater
basins are the principal sources of water for
human (Gleick 1996). One percent of the
world’s surface is covered by various freshwater
habitats including the seasonally flooding rice
paddies (Balian et al. 2008). They support life of
7 % of the estimated 1.8 million described spe-
cies (Melzer 1999), including 25 % of the esti-
mated vertebrates. Aquatic macrophytes can be
used as a tool in the determination of pollution
and nutrient level (Clayton and Edwards 2006),
water quality and lake condition (Palmer and
Bell 1992), trophic status of lakes (McCutcheon
and Schnoor 2003), pollutant degradation
(Nahlik and Mitsch 2006), and decontaminate
wastewater (Cook 1996; Nichols 1991).
Urbanization, industrialization, and bursting
human population are the major threats to the
freshwater ecosystem. Human interference is
the main reason for the shrinkage of surface
area and reduction of mean depth of the lakes of
Balasore district of Odisha. For the first time,
we present the aquatic macrophyte wealth of
Balasore district of Odisha state, India.

Methods

Qualitative floristic survey was made in differ-
ent aquatic environment including lentic (pools,
ditches, lakes), lotic (streams, rivers), and
wetlands seasonally through regular field visit
during July 2013-June 2014 to record the
aquatic macrophytic wealth of Balasore district.
Angiosperm and Pteridophyte macrophytes were
observed and collected including submerged,
submerged anchored and floating-leaved
anchored, emergent anchored, and free floating.
The collected plant specimens were identified
and confirmed with regional floras and regional
checklist for hydrophytes. Binomial and author
citation of all collected hydrophytes were checked
with International Plant Names Index (http://
www.ipni.org/ipni/plantnamesearchpage.do).
Voucher specimens were deposited in Herbarium
of Central Botanical Laboratory, Howrah.

K.A. Sujana et al.

Results and Discussion

Aquatic ecosystems perform many important envi-
ronmental functions. They recycle nutrients, purify
water, attenuate floods, recharge groundwater, and
provide habitats for wildlife (Melzer 1999).
Aquatic ecosystems are also used for human recre-
ation and are very important to the tourism indus-
try, especially in coastal regions. From this study, a
total of 132 species including 129 flowering plants
and 3 Pteridophyte species spread in 82 genera and
41 families were recorded (Table 1.1). The most
speciose families were Cyperaceae with 27 species
followed by Poaceae (24 taxa), Linderniaceae
(7 taxa), and 5 species each for Fabaceae,
Onagraceae, and Polygonaceae. Commelinaceae
and Scrophulariaceae were represented by four
species each. For 19 families like Alismataceae,
Aizoaceae, Aponogetonaceae, Ceratophyllaceae,
Sphenocleaceae, and Typhaceae, only one species
each was recorded. Species richness and abun-
dance appears to be influenced by seasonal varia-
tions. In rainy season (July—September), 112
species were collected, whereas in summer season
(April-June), as many as 28 species were recorded.
Cyperus bulbosa, Cyperus rotundus, Ludwigia
adscendens, and Ludwigia perennis mostly grow
during summer in low-depth areas near the
embankment. Some species such as Lemna gibba,
Pistia stratiotes, Eicchorna crassipes, and Salvinia
molesta showed the seasonal appearance. Among
132 plant recorded, 117 taxa (89 %) are herbaceous
plants. Eight shrubs (e.g., Acanthus ilicifolius,
Aeschynomene aspera, Sonneratia caseolaris),
four trees (e.g., Barringtonia
Excoecaria agallocha, Talipariti tiliaceum), and
three climbing plants (e.g., Dalbergia candenaten-
sis, Derris scandens, Derris trifoliata) were also
collected from the study sites which distributed to
the banks of rivers, bunds of paddy fields, and man-
grove forests. Most of the species are distributed
widely, and none of the endemic species or nar-
rowly distributing plants are collected.

Data on freshwater ecosystem, inhabiting life-
forms, and species distribution and richness and
comprehensive taxonomical and ecological
information are needed to assess the impacts of

acutangula,
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1 Distribution of Aquatic Macrophytes

developmental activities on freshwater ecosys-
tem. Increasing sedimentation in the aquatic
environments due to both natural and man-made
causes affect water quality and clarity (Cook
1996). Addition of silt during rainy season, run-
off of garbage from human settlement, and drain-
ing of wastewater into the lake from industries
have resulted shrinkage of this habitat (Nichols
1991). For rural people, this environment is to a
certain extent functions as a bio-resource in a sus-
tainable way. Aponogeton natans, Alternanthera
sessilis, Ipomoea aquatica, Marsilea polycarpa,
Persicaria barbata, and Sesbania javanica, com-
mon leafy greens, are available throughout the
year, and they are harvested from the wetlands
and marshy areas for human consumption.
Ipomoea carnea, an aggressive alien-invasive
weed, is collected from the bunds of the ponds
and ditches for fencing of agriculture lands.
Flowers of sacred plants Nymphaea nouchali and
Nelumbo nucifera are sold in the market; matured
seeds are eaten raw or roasted and made into flour
to make nutritious meal. The presence of Ipomoea
carnea, Pistia stratiotes, Eichhornia crassipes,
and Salvinia molesta is a clear indication of inva-
sion of alien species in this perennial ecosystem.
Centella asiatica, Bacopa monnieri, and Eclipta
prostrata were used in different medicinal formu-
lations. Arundo donax, Cyperus corymbosus,
Cyperus digitatus, Cyperus pangorei, Pandanus
fascicularis, and Typha angustata were used for
basketries and mat-making purposes. However, a
detailed study about the suitability of these plants
for human consumption as supplemental food or
as feed for the cattle has to be carried out as these
are growing in water that is dangerously polluted
both industrially and biologically.

Conclusions

Studies on aquatic plants are crucial in this
ever-changing environment; in India, to assess
life-forms and the aquatic environment.
In-depth knowledge on macrophyte biology

n

will pave the way for formulation of new man-
agement techniques and enhance the efficacy of
the present management practices of the aquatic
ecosystem. Inhabitants around the aquatic envi-
ronments are unaware of the importance and
role of flora and fauna. Anthropogenic activities
such as building construction, accumulation of
garbage, encroachment, industrialization, and
mining of clay or soil are escalating around the
wetlands. Further studies on the impacts of pol-
lutants, nutrient load, microphyte wealth, seed
germination strategies, and water quality and
ecological quantitative studies are needed to
efficiently conserve these important ecosys-
tems and its invaluable biota. Assessment of
biota and continuous monitoring and preserva-
tion of natural resources are important activi-
ties to safeguard the biological wealth of
freshwater ecosystems.
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Introduction

Abstract

Aquatic resources refer to water and its multiple roles as a natural resource
and in supporting all human, animal and plant life. It has a meaning that is
broader than that of water resources alone, in that it encompasses all the
possible roles for water, including human survival needs, supporting
aquatic ecosystems and as an essential component of economic develop-
ment. It considers both the quantity of available water and its quality for its
intended uses. Aquatic resources also encompass the linkage between
fresh water systems and the downstream coastal areas into which it drains,
where it sustains biologically rich and commercially important coast as
ecosystems. This chapter highlights the aquatic resources of Udaipur City,
and the study is based on secondary data collected from various government
and nongovernment organizations.

Keywords
Aquatic * Biodiversity * Lakes ¢ Rajasthan

caps, about 30 % is ground water and a mere
0.27 % is surface water (www.drinkingwater.com).

The total water resources of the earth equal to
326 million cubic mile; only 2-5 % of water is
fresh water; 97.5 % is salt water. Almost 69 % of
fresh water resources are tied in glaciers and ice
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Water resources are important for the survival of
a planet. As water is a prime resource, a basic
need, it is essential to realise its full potential. It
has always played a very important role in human
life since its existence. All human activities are
affiliated to water. Water is a supreme economic
wealth besides its biological importance. It serves
as an ideal medium for biochemical reactions so
necessary for life. Thus water sustains life and
regulates all important economic activities
because of which it has been termed as the richest
of all economic resources. Nearly 70 % of the
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world’s population that is concentrated in the
river valleys and deltas, around lakes and in the
coastal areas speaks volumes of utility of aquatic
resources for man. It seems that water is abun-
dant, but usable water is very limited and creates
a serious conservation problem in many places
where it is needed. While plants and animals
living in oceans are called marine resources,
those living in flowing water like rivers as well as
inland standing water like reservoirs and ponds
are called aquatic resources (fresh water
resources). This chapter highlights the present
scenario of aquatic resources in Udaipur City,
Udaipur being the Kashmir of Rajasthan, Lake
City or Venus of India.

Methods

This chapter has been prepared with the help of
secondary data collected from various govern-
ment and nongovernment organizations and various
websites. Maps are prepared on Corel Draw.

Study Area

Site Udaipur City is located in the southern part
of Rajasthan. It is actually lying in the centre of a
bowl-shaped basin surrounded by the Aravalli
hills and is drained by the Ayad river.

Location Its latitudinal location is from 23° 9’ to
25° 28’ N and longitudinal extension is from 73°
1" to 75° 49" E. Its geographical region is
12,499 km? and is about 577 m above sea level.
Udaipur evolved as a result of a decline in
political power. The decision to site the new
capital was favoured by a number of factors
including having the temple of Eklingji close by,
its isolated position caused by a hilly and forest-
covered terrain, availability of water in abundance
and the area having a quality of defence, to name
a few. The increase in the municipal area of the
town was primarily in response to the increase in
population. Except for the two consecutive
decades, 1891-1901 and 1901-1911, when the
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population recorded decline due to natural
calamities, it has otherwise registered a steady
and continuous growth, except that of 1941-1951
when it had the highest growth due to various
reasons of which the post partition being the most
significant. Besides this the growth rate in
Udaipur City had been in accordance with
Udaipur’s economic and cultural growth. Udaipur
being an important tourist centre has a floating
population of considerable size (Fig. 2.1).

Though demographically it is a class I city,
functionally it is only a medium-sized regional
city without having any major or metropolitan
function (Bhattacharya 2000). Till 2011 Udaipur
continues to develop and expand its commercial,
administrative, educational, cultural, recreational
and tourist interests. Thus, this throws light on
the fact that with the rapid increase in population,
the area of city is also increasing.

Aquatic Resources of Udaipur City

Rain water remains reserved in nature in various
forms called water reservoirs. They can be
broadly classified into surface sources and under-
ground sources.

Surface Water Sources

Udaipur, famous as ‘City of Lakes’, includes riv-
ers, lakes and ponds that are surface water
sources, namely, Fateh Sagar, Pichhola Lake,
Swaroop Sagar, Nandeshwar Talab, Badi, Madar,
Choti Madar, Ayad river, etc. Figure 2.2 gives a
clear picture of all the surface water sources of
Udaipur City (Babel and Gupta 1994). Besides
these, there were 121 baovries of which 83 have
dried up.

Ayad

Berach the main tributary of river Banas rises
originates from the Girwa ranges of Aravalli situ-
ated to the north of Udaipur City. It is called Ayad
river from its fountainhead through Bedla up to
Udai Sagar Lake, in which it falls. It is the princi-
pal river of the Udaipur basin. Beyond Udai
Sagar up to Dabok village, the river passes
through a distance of about 75.5 km and is named
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as Udai Sagar ka nala. Afterwards known as
Berach it runs for another 70 km towards the
northeast and finally merges into river Banas,
near Bigod in the Bhilwara district, which is a
tributary of Chambal river; Chambal again is a
tributary of river Yamuna, and Yamuna is the
principal tributary of the holy river Ganga. Near
the town of Chittorgarh, it receives the water of
Gambhiri river, then it turns northeast, and after
flowing for about 190 km, it joins river Banas at
the place acclaimed as Triveni Sangam near the
village Bigod (Gupta 1991).

Lakes of Udaipur City

Pichhola Lake

Pichhola Lake is in Udaipur, was originally con-
structed by some Banjara, in the fourteenth cen-
tury A.D., and later on was extended to Rang

Sagar and Swaroop Sagar and finally was con-
nected to Fateh Sagar by the successive rulers of
the princely state of Mewar. Pichhola lies to the
west of the majestic ‘City Palace’ providing them
with unique and water frontage which enchants
every tourist’s heart and soul. It is roughly trian-
gular in shape with its base along the palace
ridge. It was renovated and enlarged in 1559 A.D.
along with the establishment of Udaipur itself; it
enjoys a water spread of 10.8 km? and a maxi-
mum depth of 9.15 m. The gross, live and dead
capacities of the lake is 13.67 mcm, 9.00 mcm
and 4.67 mcm, respectively, while the gauge
height above and below sill level is 3.35 and
5.2 m. The lake has a net catchment area of
142 km?, and it has an average yield of 493.5 mcft
water. Presently 13.50 mld of water is drawn
from this lake by the PHED to serve the thickly
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populated areas of the old city lying around this
lake. The lake is extended towards the north and
south forming smaller lakes, viz. Doodh Talai
and Swaroop Sagar, as shown in map 2 which
gives a detailed picture of the lakes of Udaipur
(Sujas 2010).

Swaroop Sagar

It was constructed during 1845-1850 A.D. Its
intermediate position has sluice gates and canal
to feed water to Fateh Sagar Lake which is
towards the north and linked with Pichhola
through Rang Sagar Lake in the south.

Rang Sagar

It has an average depth of 7 m, but its width is
about 245 m, whereas its westward extension is
known as Kalaliya tank.

Fateh Sagar

It is situated in the northwestern part of the city
and almost in the central west of the basin cov-
ering an area of 12.88 km?. It has a pear-like
shape, covering about 4 km? areas and gross,
live and dead capacity of 12.0 mcm, 7.00 mcm,
and 5.09 mcm, respectively. Nearly 20.71 km?
of its catchment area yields annually 71.87 mcft
of water, evidently lower than that of Pichhola.
The daily drawl of water for domestic purposes
has been recorded as 30 lakh litres in 2004
which was 0.00 in 2008, that is, no water was
taken from Fateh Sagar for supply for domestic
purpose which serves about 40 % of the popula-
tion residing in the northern and western part of
Udaipur City.

Bari

Bari ka talab or Lake Bari is lying 10 km away
towards the west from Udaipur City. This lake
was constructed by Maharaja Raj Singh in
1643 A.D. for recreation purpose. The lake is
formed by damming the river Ubheswar coming
from the west. The total length of the canal is
measured as 3,300 m which is constructed for
supplying water to the nearby areas, namely, Bari,
Liyo ka Guda, Hawala Khurd and Dewali vil-
lages. The full gauge of the lake is 9.76 m. Almost
no supply of water is rendered from this lake.

Lakhawali

It is located at a distance of 10 km from the centre
of the basin in the north direction. It ranks fifth
from the point of view of capacity, yield water
level, catchment area and command area of the
six lakes of the region. Its nearby terrain provides
no scope for bed cultivation area. The lake is
comprised of a good canal system spread over a
length of 7.5 km of irrigation about 1,012.50 km?
of land per year. The water of this lake is also
used for domestic purposes.

Goverdhan Vilas

It is the smallest water reservoir of all the major
lakes of the basin lying in the south. The length
of the canals of this lake is also meagre extending
over an area of only 3,750 m.

Udai Sagar

It is one of the largest lakes of the Udaipur basin
constructed by Maharana Udai Singhin 1559 A.D.
and named after him; this lake is situated in the far
south-east of this basin. The lake was formed after
damming river Ahar, particularly for the strategic
and water source point of view.

Vallabh Nagar

Vallabh nagar is in Udaipur, on river Berach. The
total catchment area is 1,188 km?. Its gross, dead
and live capacity is 31.14 mcm, 3.54 mcm and
27.60 mcm, respectively. Its full tank level is
492.71 mcm. Its water is used for irrigation as
well as for drinking purpose (Sujas 2010).

Badgaon

Badgaon is in Udaipur, on river Berach. Its
catchment area is 1,698.3 km?. Its gross capac-
ity is 31.50 mcm, with its dead and live capacity
of 1.34 mcm and 30.16 mcm, respectively. Its
water is used for irrigation as well as for drinking
purpose.

Jaisamand

Also known as Dhebar, Jaisamand is located
51.48 km south-east of Udaipur. It was made by
Maharaja Raj Singh in 4 years from 1687 to
1691. It is more than 14.48 km long, and its
breadth is more than 9.65 km. The dam on this
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lake is made of marble and is in between two
mountains. It is 1,000 ft long at a height of 95 ft.
Behind this another water reservoir at the same
height was constructed which according to Dr.
0.J. Ojha remained empty for about 184 years.
In the year 1875, being afraid of heavy rainfall,
Maharana Sajjan Singh spent Rs. 2 lakh to fill
the two third gap in between the two dams; the
remaining work was completed afterwards (Raju
et al. 2004). Jaisamand is the world-famous arti-
ficial lake. Its catchment area is 1,813 km? and
gross capacity is 414.60 mcm followed by dead
and live capacity of 11846 mcm and
296.14 mcm, respectively. Its water is used for
supplying drinking water to Udaipur and also for
irrigation. All these water bodies stand endan-
gered today because of their misuse.

Baovries of Udaipur City

There are 121 baovries in Udaipur out of which
83 have dried up (Goswami and Mathur 2000).
Most of these baovries are situated in the Sajjan
Niwas Garden area. Maximum load was recorded
on Sarvaritu vilas Baovri and lowest was on the
Chowk Wali Baovri. The other baovries of
Udaipur are Sagasji Ki Baovri, Tarkari Wali
Baovri, Garden Wali Baovri, Nalaka, Chhatriwali,
Jalijiwali, Maji, Ayurvedic Hospital,
Satyanarayan, Toranwali and Om Prakashji Ki
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Baovri, Customwali, Ramdas Colony, Dore
Nagar, Goverdhan Vilas, Phoolji, Jethji, Maliwali,
Bhanbagh, Kalanwali, Khilonawali, Delhi Gate
and Maszidiji Baovri.

Underground Water Sources
of Udaipur City

The Udaipur City average water level pre-
monsoon was 11.44 mbgl and post-monsoon was
6.87 mbgl. All the years show a rise in post-
monsoon water table which was less in 2007 in
comparison to other years as shown in Fig. 2.3.

It becomes clear how rainfall affects the under-
ground water availability. In the years when rain-
fall in two consecutive years had been above mean
average, the underground water level pre-monsoon
and post-monsoon observed a lesser gap which
has been minimized in the year 2011. Although the
post-monsoon water level has fallen down in com-
parison to 2010, water demand has been increas-
ing every year, thus resulting in Udaipur City lying
in an over-exploited zone because of overharvest-
ing of underground water (Swati 2003).

Water Quality

The water quality of the lakes has a high sodium
and bicarbonate content, which is attributed to

Hydrograph of Udaipur City
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