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INTRODUCTION

INTRODUCTION

The inland freshwaters portray a diverse arraycokgstems such as lakes and river,
ponds and streams, temporary puddles, etc. Althaugimall fraction of the world’s
water resource, these freshwater habitats showtyan their physical and chemical
characteristics in comparison to the marine hahitéhey may be lentic or lotic and
perennial or transient (Subramanian and JaiswaRR®@f these, wetlands are among
the most important and productive ecosystems ofabied, occupying about 6% of
the earth’s surface (Maltby and Turner, 1983). Afeds provide key resources for
different groups of organisms, including humans.sMof their functions can be
classified into three major categories, namely blajic, biogeochemical and
biological (Lewis, 1995). For example, some of tHenctions are improvement of
water quality by retention and export of nutriefiieward-Williams, 1985), supply of
water for aquifer charge and recharge, and flootigation (De Laney, 1995).
Wetlands also provide food for a wide range of &éiguarganisms (van der Valk,
1989). Sustainable management of wetlands, howevequires detailed
understanding of the factors controlling their conmity (Burroniet al., 2011).
According to the Ramsar convention (1971), ‘Wetkarate area of marsh, fen,
peatland, whether natural or artificial, permanenttemporary, with water that is
static or flowing, fresh, brackish or salt, inclngiareas of marine water, the depth of
which at low tide does not exceed six metres.” Quiethe first widely used
classifications systems, devised by Cowardiral., (1979), was associated to its
hydrological, ecological and geological aspectshsas: marine (coastal wetlands

including rock shores and coral reefs), estuarninel(ding deltas, tidal marshes, and
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mangrove swamps), lacustarine (lakes), riverinen@lrivers and streams) and
palustarine (‘'marshy'- marshes, swamps and bogskenGthese characteristics,
wetlands support a large variety of plant and ahisp&cies adapted to fluctuating
water levels, making the wetlands ecologically antically significant. Utility wise,
wetlands directly and indirectly support millionspeople in providing services such
as food, fibre and raw materials, storm and floodtwl, clean water supply, scenic
beauty and educational and recreational benefits.

Freshwater habitats also provide a home to mangiepéncluding phytoplankton,
zooplankton, aquatic plants, insects, mollusc$, &sd birds. They are organized at
many levels from smallest building blocks of lif@ tcomplete ecosystems,
encompassing communities, populations, speciegandtic levels (Piet al., 2010).
These organisms are directly or indirectly depehden the hydrological changes
taking place in the freshwater systems they inhdtieir hydrologic conditions can
directly modify or change chemical and physical pemies such as nutrient
availability, degree of substrate anoxia, soil rsgli sediment properties and pH.
These modifications of the physicochemical envirentn in turn, have a direct
impact on the biotic response in the wetland (GJogsand Turner, 1978).

Wetlands of India

India, with its varied topography and climatic magis support and sustain diverse and
unique wetland habitats. Natural wetlands in Incbasists of the Himalayan lakes at
high altitude, wetlands situated in the flood ptawof the major rivers, saline and
freshwater wetlands of the arid and semi-arid megjiocoastal wetlands such as
lagoons, backwaters and estuaries; mangrove swaongs] reefs and marine

wetlandsgtc. In addition to various types of natural wetlara$arge number of man-
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made wetlands also contribute to the diversity doftlands. These man-made
wetlands, which have resulted from the needs afation, water supply, electricity,
fisheries and flood control, are substantial in bemespecially in arid and semi-arid
zone. The various reservoirs, shallow ponds andenomns tanks support wetland
biodiversity and add to the countries wetland wedlt is estimated that freshwater
wetlands alone support 20% of the known range adilersity in India (Deepa and

Ramachandra, 1999).

Indian wetlands cover an area of about 58.2 millectares (Prasaet al., 2002).
Wetlands in India account for 18.4% of the courstrgeographic area, of which 70%
is under paddy cultivation (Gaseg al., 1998). There are about 14,657 natural inland
wetlands covering about 14,32,628 hectare area 28)d44 man-made Inland
wetlands covering about 35,58,916 hectare areaorlapf the inland wetlands are
directly or indirectly dependent on the major raveike, Ganga, Brahmaputra,
Narmada, Godavari, Krishna, Kaveri, Tapti. Theywcm the hot arid regions of
Gujarat and Rajasthan, the deltaic regions of #e and west coasts, highlands of
central India, wet humid zones of south peninsuatia and the Andaman and
Nicobar as well as Lakshwadeep islands (Pragadl., 2002). A recent study has
shown about 38% loss of inland wetland in Indiairy1971 to 2001 (Prasad al.,
2004). Despite their key role, many wetlands hasenblost or degraded because of
the anthropogenic activities over the past cen(iWjlliams, 1997; Brown, 1998;
Wood et al., 2003). Wetland loss or degradation not only alter community of
aguatic invertebrates, but also affect other osgarilinked to them. Many wetlands,
have been drained, modified or created to produ@nbance agricultural crops and

also treated as waste disposal areas around tHd (@upthaet al., 2011). Recent
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losses for wetlands worldwide have been among dk&e$t of any ecosystem type
(Balmford et al., 2002) with inevitable impacts on their charastgeispecies. Losses
and changes are unlikely to diminish in the futaseeconomic activity, agriculture
intensification, global water scarcity and climateange pressurise remaining wetland
areas (Ramsar Convention, 2002). Loss or deteiooratf wetlands, which represent

highly valuable environments, is a worldwide phepoon.

Wetlands of Gujarat

The state of Gujarat is bounded by Arabian Sedénwest, shares an international
border with Pakistan on its north-western fringel amth Rajasthan in north and

Madhya Pradesh in east. Its total geographical #e&,96,024 sqg.kms. which

comprises of 6% of the total land area of the Indgab-continent. Gujarat has the
longest coastline of 1600 kms. Total wetland aréasojarat is estimated to be

34,74,950 ha, which accounts for about 17.56 %eofygaphical area of the state. The
major wetland types include Intertidal mud flats2,@0,365 ha), River/Stream

(2,75,877 ha), Reservoirs/Barrages (2,48,979 hageks (1,49,898 ha) and Salt

Marsh (1,44,268 ha).

The hydrological regime of the state is governedthg complex geo climatic
condition. Most of the ground water resource iscemtrated in the unconsolidated
formation, covering about 40% of the area of thatest The surface water is
dominantly concentrated in the southern and cepadst of the state.

Wetlands in Gujarat are important habitats for efimg waterbirds. This region is
also a key area for wintering water birds and mamsashorebirds (Deshkar, 2008).

The only breeding sites for the greater and |lei@eringos in Asia are confined to the
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Rann of Kachchh (Stanley, 2004). Information oraftabland wetlands of Gujarat

state and Vadodara district which are rain fedvsmgbelow (See table).

Area estimates of inland wetlands in Gujarat

lﬁ(r).. Wetland Category I:I/vg:lk;rdosf Tol Wa’:l:)nd Area Wetl(?ngfarea
Inland Wetlands — Natural
1 Lakes/Ponds 40 23550 0.68
2 Ox-bow lakes/ Cut-off 1 6 0.00
meanders
3 Waterlogged 278 20660 0.59
4 River/Stream 1039 275877 7.94
Inland Wetlands — Man-made
5 Reservoirs/Barrages 1214 248979 7.16
6 Tanks/Ponds 8818 73873 2.13
7 Waterlogged 34 13951 0.40
8 Salt pans 9 1295 0.04
Total — Inland 11433 658191 18.94
Vadodara District - 35553 1.02

* National Wetland Atlas: Gujarat

Birds in Gujarat are well documented with the piemeg work by Salim Ali and
Dharmakumarsinhji. In continuation of these stadae Prof. R. M. Naik and Prof.
V. C. Soni (Saurashtra University, Rajkot) conttdal to studies on avifauna of
Saurashtra, Prof. B. M. Parasharya of Anand Aguecal University, Anand on
agricultural ornithology, Dr. G. S. Padate of M.U8iversity of Baroda, Vadodara on
birds of central Gujarat, Dr. I. R. Gadhvi of Bhagar University on birds of
Kachchh and Bhavnagar and Dr. Nishith Dharaiya oiftiNGujarat University, Patan
on birds of North Gujarat. However, naturalists abdd watchers like Shri
Shivrajkumar Khachar and Shri Luvkumar Khachar,i shmmatkumarsinhji, Shri

Lalsinh Raol, Dr. Bakul Trivedi and large number ashateurs and photographers
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have contributed to documentation of more than §p€cies of birds of Gujarat.
Gujarat having 17.56% of its geographical area umdgland and also being in part
of Central Asian Migratory Pathway supports hugensity of birds especially
migratory during winter.

Waterbird communities are influenced by food actdgy, which often is limited by
water depth within wetlands (Bolduc and Afton, 2p@#ad the abiotic factors in the
wetlands (Jaksic, 2004; Lagast,al., 2008). Among these, the migratory shorebirds
generally utilise very different habitats, greastdnces apart, during breeding and
non-breeding (wintering) seasons (Hale, 1980; L4®87; Piersma, 1997). On the
wintering grounds their primary concern is fuellingp in recovery from, and
preparation for, long distance migration (Battktyal., 2003; Kvist and Lindstrom,
2003). Migratory shorebirds have a relatively higbtabolic rate and the largest daily
food requirements relative to body weight of anyrima predator (Schneider, 1983).
Further, they have characteristic bill-lengths ahdpes, neck length, leg length and
body sizes that allow them to feed at specific wakepths (Zwarts and Wanink,
1984).

Many wintering waterbirds on their non-breeding wgrds feed on macrobenthic
fauna which become available at various freshwatdtands. It is widely suggested
that these birds choose to feed in places wheredéie get the most food in shortest
time (Goss-custard, 1970; Hale, 1980; Quammen, ;1B82n, 1987; Colwell and
Landrum, 1993; Barbosa, 1996; Rippe and Diersch887). India is the core country
of the Central Asian Flyway that supports 257 ntigna species of waterbirds. Of
these, 81 species are of conservation concernydimg three critically endangered,

six endangered and 13 near threatened speciesddayi2003).



INTRODUCTION

A number of studies have reported that the distiobuof feeding shorebirds is
directly correlated with the density of their magrey and this relationship occurs
spatially at both large scales and fine scales.celeprey density is an important
factor in shorebird habitat selection along witle throperties of the substratum
(Grant, 1984). Though the importance of abiotiddex has long been recognized in
the habitat preference of birds (Patterson, 1976rpkly et al., 1984) only recently
investigators have concentrated on finding out hpasticular abiotic factor affects
water-birds (Nagarajan and Thiyagesan, 1996; Takalahal., 2006). Thus, quality
of water is also important in water bird habitasessment because a host of
interacting physical and chemical factors can mfice the levels of primary
productivity in aquatic ecosystems and influendaltbiomass throughout the aquatic
food web (Wetzel, 1975). It has been inferred the physico-chemical
characteristics of the water largely determine waer bird community of wetland
habitats, primarily by their direct and indirect gatt on the availability and
abundance of the birds’ prey (Nagarajan and Thisagel996).

Further, in the wetland ecosystem, sediment ispihgsical foundation on which
plants and animals depend for their vital needs@n, 1993; Mitsch and Goselink,
1993; Brinson and Rheinhardt, 1996). Propertiessediment such as degree of
stratification and organic matter distribution eefl the wetland environment (Fanning
and Fanning, 1989). As said earlier the prey basenly invertebrates) of the shore
birds is affected by the water quality which inntus influenced by the physico-
chemical variables of sediments. These invertebiiad®e also been found to strongly
influence the distribution and feeding behavioumaiter birds (Bolduc and Afton,

2008).
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The community of organisms that live on, or in, Huwtom of a water body is known
as “benthos”. The term “benthos” (from ancient Gregeaning “depth, depth of the
sea, bottom”) was introduced by the eminent Germaturalist and artist Ernst
Haeckel (1834-1919), who also introduced the tesuology” (Tagliapietra and
Sigovini, 2010). The functional role of macrobentl@dommunities in the trophic
dynamics of reservoir ecosystems is well acknowdelddgvacrobenthos consists of
the organisms that live at the bottom of a watduroo (Link et al., 2006) and are
visible to the naked eye. In one of the classiicatschemes, these organisms are
larger than 1 mm; in another, the smallest dimensoconsidered at least 0.5 mm.
The composition, abundance and distribution of lienbrganisms over a period of
time provide an index of the ecosystem. In recaary, there is a greater emphasis
world over for better understanding of benthic emwment, its communities and
productivity and this has led to increased explorabf many inland water bodies
(Garget al., 2009). Ecologically, benthic macroinvertebrates jgrimary consumers
of plant material (live and detrital) and predatorsaquatic food webs and hence
many researchers have studied their importanca gcasystem (Cummins and Klug,

1979; Duran, 2006; Cwt al., 2008).

Knowledge of special habitat requirements can a@sae positive management
(Sutherland and Hill, 1995) and, in some aquatiosgstems, such positive
management for conservation can be effective (hesth, 1995; Thompson and
Finlayson, 2001). However, conservation stratefpesvetland invertebrates are still
poorly developed, and, in general, there are fese cdudies on the conservation of
this large, diverse and important group (Watson &minerod, 2004). It is a

shortcoming of the fresh-water invertebrate literatthat information bearing on the

8
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fundamental mechanisms for colonization and ecesishe rigorous fresh-water
environment is generally fragmentary, scatteredotigd, or mentioned incidentally

(Pennak, 1978; Macan, 1961).

Further, in a wetland ecosystem, macrophytes aeithmary producers having an
important role in maintaining the stability of dyn& equilibrium, nutrient cycling,
sedimentation processes, and biofiltration (Wett8B3). They are also valuable as
indicators of water quality. Although their presenis regulated by water quality,
water depth, and substrate characteristics andphmoaretric characteristics on the
whole, they show better correlations with vegetatsructure than any measured
chemical parameters (Heegaagt al., 2001; Makelaet al., 2004). Favourable
morphometrical conditions make quick colonizatiomsgible in still water (Neiff,
2000). However, a high level of macrophyte develeptrand especially overgrowth
of emerged plants due to excess nutrients causepéitation of reservoirs (Moss,
1990). Plants are also known to be extremely ingmbrtfor composition and
abundance of bottom fauna providing food source puadection against predators
and excessive water movements (Poznaseséh, 2009). De Szalay and Resh, (2000)
have demonstrated that invertebrate communities difégr within plant stands with
heterogeneous amounts of emergent cover. Manageprantices that alter the
structure of wetland vegetation can influence miawartebrate communities
colonizing seasonal marshes.

On the basis of this background, the present shiths to find out influence of
macroinvertebrates on wader populations as watksadependence on abiotic factors
and vegetation density and diversity of small sargé waders depending on benthos

(infauna- in sediments and epifauna- on sedimextt)ree irrigation reservoirs, WIR

9
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(Wadhwana irrigation reservoir), TIR (Timbi irrigat reservoir) and JIR (Jawla
irrigation reservoir) situated in the semi-arid easf Central Gujarat. The first two of
these are regularly inundated with Narmada watecesithe turn of century. The
seasonal occurrence of waders is also considei@at]l @ensity and diversity of water

birds has been reported in the area (Deshkar, 2008)

The thesis begins with density, diversity, and seabkvariation in the small and large
waders at the three reservoirs. To find out thailability of food in the form of
macrobenthic fauna the next chapter. chapter Il deals with the diversity of benthic
fauna, the main prey base of the waders. Its deasidl seasonal occurrence is also
considered within the three reservoirs. ChaptercBudes a unique group of benthos
separated out as birds depend on this source ér ¢hlcium needs,e. Molluscs.
Their good density is reported by Deshkar, (2008psequent to beginning of

Narmada inundation.

As these prey base depend on physico-chemical akastics of water and soill,
Chapter IV deals with the same. The reservoirspdécated in semi-arid zone of
central Gujarat, do face annual environmental ceanglence, an attempt is made to
find out the influence of the same physico-chemjmalperties of water and soil.
Lastly in Chapter V vegetation characteristios the characteristics of primary

producers in wetland studied is also considered.

Further, as two reservoirs selected are regulatdpdated with Narmada water while
third receives it indirectly, impact of Narmada wrabn birds, benthic fauna including
Mollusc, physicochemical properties of water anill @bthe reservoir and vegetation

in also considered in respective chapters.

10



STUDY AREA

STUDY AREA

Gujarat state located in the western region ofildéan subcontinent lies between 20° 6'
N to 24° 42' N north latitude and 68° 10'E to 78F2east longitude and spread across an
area of 196077 sq.kms. Vadodara District (73° 1178° 19' E and Lat. 22° 18' N- 22°
30' N) is located in the semi arid central-easfmart of the state of Gujarat in western
India with Vadodara city as its administrative thgaarters. Vadodara District covers an
area of 7,794 km2. In 201Y,adodara had population of 4,165,626 of which 2,859
was the rural population constituting 50.41% of tibkal population while 2,065,771 was
urban population constituting 49.59%.

Located between the Doab of Mahi in North and Nalanan South, prior to
independence, Baroda was the capital of one ofntbet powerful Princely State of India.
The character of this city closely reflects thealegof His Highness Shrimant Maharaja
Sir Sayaji Rao Gaekwad IIl. Being a great city planand a progressive ruler he had
built many reservoirs during his rule for the sgwaf water for the welfare of people.
The present study has been conducted around thebdrsigation reservoirs (Wadhwana
Irrigation Reservoir, Timbi Irrigation Reservoir gédawla Irrigation Reservoir) in the
Vadodara District. All the three reservoirs areuaied in different directions of the
Vadodara city within 50 kilometer radiu®L(ATE 1). All the three reservoirs have

different land matrix composition and face differgypes of human pressures.
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PLATE |I. Map showing the three study sites situated in the semi-arid region of

Gujarat
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Wadhwana Irrigation Reservoir (WIR) (PLATE 111)

Located 50 kms in the south-east direction of Vadadity (22 10 20" N to 22 10 22"

N and 7829' 2" E to 7829' 13" E) this irrigation reservoir was constractiring 1909-
1910 by His Highness Shrimant Maharaja Sir Sayaj@aekwad IIl of erstwhile State of
Baroda at the Wadhwana village, Taluka Dabhoi ofldgara District to make the
farmers independent of rain water dependency. dnigarthen dam of 8.2 kms. with the
periphery of approx. 11.2 kms. The reservoir coan area of about 1430 acres. The
full capacity of the reservoir is 5 billion cubiedt. It irrigates about 8815 ha agricultural
land of the nearby villages surrounding the dam. tBa basis of the waterfowls
supported by this wetland it was declared as wetlarNational Importance in 2005. It
mainly receives water from Jojwa dam on Orsang ril®wever, in recent years, it has
been receiving water from the famous Sardar Sarowvddarmada River. Due to marked
increase in environmental awareness, this resehasrnow become a tourist spot and

tourists throng the area during winter for bird evang.

Climatic parameters

The average minimum temperature recorded duringttiéy period at WIR was 20.33
while the average maximum temperature was “®.5he temperature at the Wadhwana
Irrigation reservoir varied between minimum of €2n January 2011 to a maximum of
42.3C in May 2010 (Table A). However, differences weraed in the temperature
during different seasons of the year. In summeratherage temperature varied between
minimum 22C to maximum 39.7C, in monsoon it ranged between°@5to 34C, in

post-monsoon from 21°6 to 33.8C while in winter it dropped and was noted between
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minimum 1FC and maximum of 3. The mean annual average rainfall was nearly
77mm (Table B). The annual rainfall at WIR durimg tstudy period was 923 mm. 508
mm rainfall was noted in 5 monthe . June to October during the first year with 3@ya
days while in the second year 1338 mm rainfall wated with 57 rainy days during 6
monthsi.e. June to November. The average relative humiditgneded was 62% while it
was maximum 75% in monsoon and minimum 45% in summe

Timbi Irrigation Reservoir (TIR) (PLATE IV)

This reservoir is located about 15 kms east of \dada city (22°18' 49" N to 22°18' 53 "
N longitude and 73°17' 11" E to 73°17' 22" E lad#u). This reservoir was also
constructed by His Highness Shrimant Maharaja 8yaffrao Gaekwad Il of erstwhile
State of Baroda in 1947-48 near village Shripor @iimof Waghodia Taluka, District
Vadodara. With an area of about 100.5 acres, thenftaom this reservoir is supplied to
agricultural fields of eight villages surroundingparipor Timbi village. It is an earthen
dam which has a periphery of approximately 3 kmge B human disturbances, usage of
water for irrigation purposes and other activilige washing clothes, etc. the reservoir is
now under threat. As the city is enlarging and peopoving out of the city limits, many
residential areas and college campuses are corpitg the area which may produce an

undesirable impact in the serene area surrountimgeservoir.

Climatic Parameters (Table A)

The climatic parameters for this reservoir are ioled from the Waghodia weather
station located 4 kms. from the reservoir. ThougliR\@nd TIR are only about 25 kms
away from each other, variations were noted in ¢henatic conditions at the two

reserviors. The mean annual minimum temperaturerded for TIR was 21°C and
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maximum 33.8C which is approximately°lhigher than the minimum and bwer than
the maximum temperature at WIR. However, here dheet temperature recorded was
11.6°C in January 2011 and highest 4C8n May 2010. The average minimum and
maximum temperatures in summer varied between°@2t@ 39C, while in monsoon
25.3 C to 32.8C, post-monsoon 228 to 32.6C and in winter 14C to 29C
respectively. The annual mean rainfall during the tyears of study was 630.25 mm
(Table B). Rainfall was from June to November ia fiist year of the study while from
June to September in the second year of the sfudyrainfall noted in the first year was
comparatively low with 35 rain days compared to @2rain days in second year of
study. The average annual rainfall recorded dushgly period was 52 mm with
maximum rainfall in monsoon and light showers istpmonsoon. The relative humidity
was comparatively high at TIR with average relatiuenidity of 72% which was highest

in monsoon with 83% while lowest in summer with 59%

Jawlairrigation reservoir (JIR) (PLATE V)

This irrigation reservoir is located in the Soutliest of Savli pond about a kilometer away
(22° 33' 21" N to 2233’ 25" N and 7314' 22" E to 7314' 28" E) on East side of Jawla
village. It is a monsoon dependent reservoir. bene years anthropogenic disturbances have
increased around JIR due to development of a rasidlential area for translocated villages
due to Narmada Dam. JIR is totally surrounded leyagricultural fields. It has a temple on
earthen dam of 2 kms. which marks the Western banynaind the reservoir spreads in 0.78

km? area.
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Climatic Parameters (Table A)

Due to absence of a weather station in the nearbgsaweather information of this
reservoir regarding its temperature and humidityailsen as the one recorded at the
Waghodia weather station as is recorded for TIRe @hnual rainfall at JIR was 639.5
mm during the study period (Table B). During thedst period rainfall was noted only
for 4 monthd.e. June to September. Here also as in TIR the rawgsd more during the
second year of study with more rain days 925 mm rainfall in 43 rain days in

comparison to 554 mm rainfall in 28 days of thetfirear.
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Table A. Minimum Temperature, Maximum Temperature and Relative Humidity noted at
the Bhilapur Weather station of the Dabhoi Taluka of Vadodara District (Considered for
Wadhwana Irrigation Reservoir) and Waghodia Weather Station of the Vadodara District
(Considered for Timbi Irrigation Reservoir and Jawla Irrigation Reservoir)

Months Minimum Temperature °C  Maximum Temperat@e Relative Humidity %
WIR TIR/IJIR WIR TIR/JIR WIR TIR/IJIR

2009

March 18.0 37.2 41.1

April 21.0 40 36.3

May 26.7 39.3 55.9

June 27.7 37.7 59.1

July 25.2 32.1 83.8

August 25.7 24.3 32.7 27.6 77.9 93

September 25.9 25.5 34.5 33.8 73.4 78.4

October 22.9 21.9 34.3 34.3 66.2 68.4

November| 16.9 18 31.0 30.4 64.5 70.1

December| 14.8 16.2 30.5 29.6 65.4 74.5

2010

January 13.1 14.4 29.6 29 56.8 68.8

February | 14.9 32.3 30.8 54.3 62

March 18.9 38.3 36.2 45.7 60.4

April 22.4 40.8 39.7 43.4 60

May 25.4 42.3 40.8 45.9 60.3

June 24.9 37.8 36.1 65.7 71.7

July 23.7 32.6 31.2 83 87.3

August 24.0 32 30.8 85.1 89

September 23.7 25.2 32.4 31.4 82.1 85.9

October 21.7 23.7 35.6 34.6 64 73.6

November| 18.5 20.4 32.9 31.1 70 80.9

December| 10.9 13.2 29.7 28.5 63.7 75.3

2011

January 6.2 11.6 30 28.8 50.5 68.3

February | 10 13.9 32.5 31.6 53.1 68.2

March 12.9 16.6 37 36.1 41 72.5

Source: R.G. Subdivision, Kuber Bhavan Vadodara.
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Table B. Rainfall and Rainy Days at Wadhwana Irrigation Reservoir (WIR)Timbi
Irrigation Reservoir (TIR) and Jawla Irrigation Reservoir (JIR)

Wadhwana Irrigation Reservoir  Timbi Irrigation Regoir | Jawla Irrigation Reservoir

Rainfall (mm) Rainy days | Rainfall (mm) Rainy dayRainfall (mm)| Rainy days
2009
March 0 0 0 0 0 0
April 0 0 0 0 0 0
May 0 0 0 0 0 0
June 22 3 24 1 0 0
July 299 23 177 20 188 19
August 131 9 67.5 7 123 6
September 41 4 28 3 9 1
October 15 2 9 2 34 2
November| O 0 22.5 2 0 0
December| 0O 0 0 0 0 0
2010
January 0 0 0 0 0 0
February | 0 0 0 0 0 0
March 0 0 0 0 0 0
April 0 0 0 0 0 0
May 0 0 0 0 0 0
June 90 4 78 4 33 2
July 380 17 199 22 155 13
August 560 18 377.5 21 468 17
September 253 14 278 15 269 11
October 22 2 0 0 0 0
November| 33 2 0 0 0 0
December| 0 0 0 0 0 0
2011
January 0 0 0 0 0 0
February | 0 0 0 0 0 0

Source: R.G. Subdivision, Kuber Bhavan Vadodara

18



STUDY AREA

PLATE Il. Google Earth images of the Study Area

a. Wadhwana Irrigation Reservoir
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PLATE I1l. Habitats available during various seasonsat WIR

Largewadersat WIR during summer
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PLATE |11 (Contd.) Habitats available during various seasons at WIR

WIR in post-monsoon alongwith vegetation on earthen dam

Huge migratory wader populationsat WIR during winter
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PLATE IV. Habitats available during various seasons at TIR

L ow water level during summer favoring large waders

High water level during monsoon alongwith dense macrophytes
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PLATE IV. (Contd.) Habitats available during various seasonsat TIR

Post-monsoon at TIR

Domesticinput at TIR
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PLATE V. Habitatsavailable during various seasons at JIR

Low water level at JIR during summer

Dense vegetation covering the earthen dam during monsoon
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Scrub vegetation at JIR during post-monsoon

Winter with surrounding agricultural matrix at JIR
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WADING BIRDS AT THE RESERVOIRS OF

CENTRAL GUJARAT

Introduction

India has 67,429 wetlands covering an area of addutmillion hectares (MoEF,
1990). Out of these wetlands, 2,175 (1.5 milliootaees) are natural and 65,254 (2.6
million hectares) are man-made. Gujarat has 36%heftotal wetland area of the
country with 2,092 km?2 area under inland wetlardsentral Gujarat, being part of
Semi arid zone large numbers of irrigation resesvare constructed in the area over
past century. These reservoirs depend on monsaoes fiar water. However, since
last decade several of these are inundated witmalda water. As Gujarat falls in the
central Asian migratory route of birds, migratoryds from Europe and Asia pass
through this part of the country and enjoy the egiabitats that provide a huge prey
base. Many of these wetlands are promising hatmitanigratory birds during winter
which congregate in large number amounting to sgwbousands. Gujarat supports
257 species of waterbirds (Parashaatyal., 2004). Of these, 81 species are “Central
Asian Flyway conservation concern”, including threstically endangered, six

endangered and 13 near threatened species (DayRB@3).

Research on waterbird communities in India has Iypanvolved habitat diversity,
population structure and the importance of migsatspecies visiting from other
continents, essentially in the western, eastern smdhern areas of the country.
Various groups of water birds that are found in amdund wetlands are waders,
divers, swimmersgtc. In a wetland ecosystem which comprises of shallaters,

waders are considered to be the health indica@ustér and Osborne, 1977; Kushlan,
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1993; Hoffmanet al., 1994). Waders are the long legged birds with loagkrand/or
beak preferring shallow marshy lands and wade dnnsarshy base. These wading
birds respond behaviourally by moving to local camtcations of food availability
and move away from unsuitable areas. Hence thegepice and absence is also used
to assess the transient conditions of wetlands i(Er®85; Dugaret al., 1988). The
overall trend of majority of population of wadessknown to be declining all around
the world - a matter of international conservationcern (Boeret al., 2006).

Waders, having high foraging intake to compensa&rgy demands, are known to be
present in large congregations at wintering sitWdson, 1991; Maestro and Perez-
Hurtado, 2001; Kvist and Lindstrom, 2003). In aitetithat attracts predatory species
availability of food base is an important componéiar waders, benthic fauna forms
the major prey base (Martin and Hamilton, 1985; dekaand Oman, 1996). This
prey base with various physical factors is impdrtan developing community
structure (Murkinet al., 1982). Even newly constructed wetlands have lbeparted
to rapidly provide sufficient food supply for wadgSanders, 2000).

Further, the avian use of a wetland is also infteehby hydroperiod and fluctuations
in depth of water (Brinson, 1993). Depending onngjeain depth of water the use of
wetland by different species of wader is expectedndation of the reservoirs with
Narmada water in Central Gujarat has influencedhggroperiod and water levels of
several reservoirs. A positive influence of thisdutk population has been reported
by Padateet al., (2008). However, as waders are also positiong¢keahigher trophic
level in wetland ecosystem, and occur in large rensiin the area in the area, this
study is conducted to find out population of wadersand around three irrigation
reservoirs in semi arid zone of Central Gujaratlidn By feeding on benthic fauna

this group of birds play a cardinal role in structg benthic invertebrate communities
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too (Thrush, 1999) Hence, an attempt is also madprésent study to correlate
density of waders with benthic fauna (ChapterRDrther, as benthic fauna depend on
quality of soil as well as water in a wetland, dterapt is also made to find out if
there exists any association between wader comiasindnd physico-chemical
components of water and sediment (Chapter 1V).

Materials and methods

The study sites selected are irrigation reservifadhwana Irrigation Reservoir
(WIR), Timbi Irrigation Reservoir (TIR) and Jawlarigation reservoir (JIR), each
under varied agricultural matrix and anthropogeriessures. All the reservoirs were
visited twice a month from March 2009 to Februa®l 2. The census of birds was
conducted while walking on the earthen dam for idied transect during morning
hours; half an hour after sunrise; which is knovenbe the best time for the
observation of birds (Dawson, 1981). The birds gmé®n both the sides of transect,
in water as well as on the land were counted whitédking on the edge of the
wetland. Direct counts were carried out with thdphef binoculars having the
magnification of 10x50. The birds were identified the basis of field guides by Ali
and Ripley, (1983); Grimmed#t al., (1998) and Kazmierczak, (2000).

To make the analysis simpler the birds observecd wategorised into two groups
according to their size. These are: Large waddnsegkiornithidae and Ardeidae) and
Small waders (Scolopacidae, Recurvirostridae, Chiagae, Rostratulidae and
Glareolidae).

The data collected was analysed for diversity ieslitke Species richness, Species
diversity: Shannon-Weiner index (H') and EquitabiE) (Krebs, 1985) as well as
Density using formula D = n/2wl (Rodgers, 1991) @&ach visit for small waders

while for large waders only species richness antsithe were calculated as their low
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numbers would affect the calculation of diversitglices. The birds observed in the
reservoirs as well as those present in the agui@llfields and observed to move in
and out of the reservoirs within transect width everlso counted carefully by
avoiding double counts. The density was calculaeger kri (Rodgers, 1991). The
length of the transects were 3.2 kms. for WIR, kB8%. for TIR and 0.89 kms. for
JIR while width was considered as 0.5 km (on thsisoaf Google earth images).
Total number of species observed per visit is awred as species richness for the
visit. Shannon-Weiner diversity index was calculads H'=5 pi In pi (for maximum
number of birds) where pi is total sample belongimghe " proportion of species,
calculated as proportion of the total number ofvitihals of all the species and In is
the natural log. Evenness/equitability is calcudats E= H H max where H is
information content of sample (bits/individuals)neex of species diversity (Krebs,
1985; Javed and Kaul, 2002) using PAST softwareth®statistical analysis the data
for 3 months is pooled according to the seasonSuasmer: March, April, May;
Monsoon: June, July, August; Post-monsoon: Septentetober, November and
Winter: December, January, February. Further tharMend standard error of mean
(SEM) were calculated on annual basis as well asos®l basis and applied to One-
way ANOVA as described by Fowler and Cohen (199%) Wo post test for various
parameters for four seasons using GraphPad Prigsione3.00 for Windows,
(GraphPad Software, San Diego California USA). ¢terelation of bird density with
various abiotic parameters (Details in Chapter bh8nthic fauna (Details in Chapter
II) and molluscs (Details in Chapter lIll) is cadieut using SPSS 7.5 software. The p
value for ANOVA is non- significant if P > 0.05 (nssignificant if P < 0.05 (*),

significantly significant (**) if P is < 0.001 anlighly significant (***) if p < 0.0001.
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Results

A total of 25 species of Waders of seven familiesewobserved at WIR, 18 species
of seven families at TIR and 13 species of six f@wiat JIR from March 2009 to

February 2011 (Annexure 1). Small waders includear@tiriidae (plovers and

lapwings), Scolopacidae (sandpipers, stints, gajvetc.), Recurvirostridae (Black-

winged Stilt), Rostratulidae (Painted snipe) andar&blidae (coursers and

pratincoles). The families of large waders inclddeeskiornithidae (three species of
Ibises) and Ardeidae (two species of herons aneketlpecies of egrets). However,
family Glareolidae was not recorded at JIR. Alldétdter 11 resident, one resident-
migratory and 13 migratory species were noted.

Annual Mean Density, Species Richness, Shannon WeiBiversity Index (H') and
Evenness (E) at the three reservoirs

Small waders (Table 1.1)

Mean density (Fig. 1.1) of small waders was higlaéaV/IR (335.480.78 birds/km)
followed by TIR (138.330.87 birds/krf) and JIR (25.567.4 birds/krd). Highly
significant differences were noted at the threeemesrs (P<0.0001, k110 7.73).
When species richness (Fig. 1.1) was consideregghebt mean richness was also
noted at WIR with 4.580.42 species followed by TIR with 3.5@.28 species and JIR
with 1.48:0.13 species (P<0.0001,,fr2 21.33). However, the mean Shannon-
Wiener diversity index (Fig. 1.1) was highest aRT(0.720.05) followed by JIR
(0.63t0.06) and lowest at WIR (0.%0.06) with asignificant differences (P<0.05,
Fe.81) 3.14), while mean evenness (Fig. 1.1) was highestR (0.7#0.07), followed
by TIR (0.6%0.04) and lowest at WIR (0.46.06) without any significant

differences (P>0.05,£124)2.12).
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Annual Mean Density and Species Richness of Lavgaders (Table 1.2, Fig.1.2)
Annual mean density of large waders was highestiRt(67.0%17.66 birds/km)
followed by WIR (63.6%16.59 birds/krf) and lowest at TIR (50.37.53 birds/km).
No significant differences were noted among theeghreservoirs (P>0.05,:k19)
0.37). When mean species richness was considegbddtirichness was noted at WIR
(5.05£0.3 species), followed by TIR (4.2@.23 species) and lowest at JIR (2024
species) with highly significant differences (P<Q, R 119) 18.75). Due to the
presence of few species of large waders its Shawiener diversity index and
Evenness could not be calculated.

Seasonal Density, Species Richness, Shannon-Weitigersity index (H’) and
Evenness (E) of small waders at the three resersd@irable 1.3; Fig.1.3)

At WIR the seasonal density of small waders wasidoto be highest during winter
(978.9:178.1 birds/kr) followed by summer (163#50.3 birds/km). It declined
significantly in monsoon (6£1.76 birds/km) and started increasing from post-
monsoon (66432.2 birds/km). Highly significant seasonal variations were wote
(P<0.0001, [3919.17). At TIR also a similar trend in density wasted with
maximum 307.7818.88 birds/kr during winter. In summer and monsoon the small
wader density was 96.643.84 and 6.4#2.13 birds/km respectively. While the
density was second highest during post-monsoon.§085.20 birds/krf) but with
higher fluctuations. Significantly significant seasl variations were found (P<0.001,
F(,37)5.74). In comparison to WIR and TIR, JIR had therall low density of small
waders with 60.2618.89 birds/krf in winter; 11.542.17 birds/km in summer;
5.13+1.40 birds/kr in monsoon and 8.#2.24 birds/kri in post-monsoon with

significantly significant seasonal variations (F3{L, k3 27)4.89).
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The seasonal mean species richness at WIR wasfalsd to be highest during
winter (7.50.73), followed by summer (4.20.42) which was almost low in
monsoon (2.1#0.39) and post-monsoon (2@5) with highly significant seasonal
variations (P<0.0001,#=9)19.01). When the seasonal species richness was tato
consideration for TIR, it was also found to be lgihduring winter (5.560.31),
followed by summer (4.0D.4) and minimum in monsoon (18&618) and post-
monsoon (2.860.36) with highly significant seasonal variation$<(.0001,
Fi,3725.33). However, at JIR mean species richness ovasitross the seasons with
1.83t0.31 in post-monsoon; 168.29 in winter; 1.20.13 in summer and 0.0 in
monsoon with no significant differences (P>0.Q5,f;2.79).

When mean Shannon-Weiner diversity index (H') isstdered, at WIR it was highest
during monsoon (0.99.09), it declined in post-monsoon (0B815), winter
(0.28t0.05) and increased in summer (@&@74). Highly significant seasonal
variations were noted (P<0.00013 £3)8.03).

However, the mean Shannon-Weiner Diversity inde} (s highest at TIR during
summer (0.950.11) and lowest during monsoon (GB05) while moderate during
post-monsoon (0.2%.09) and winter (0.740.011). No significant seasonal
variations were noted (P>0.05¢k) 1.63). At JIR H' was highest during winter
(0.56£0.09), followed by summer (0.%0.17) and post-monsoon (0&81). As only
one species, Black-winged StilHifnantopus himantopus) was recorded during
monsoon, no H' could be calculated. No significaeasonal differences were
recorded (P>0.05, #z)1.57). Birds were most evenly distributed at WIRridig
monsoon (0.80.04) then, post-monsoon (0£5b14), summer (0.530.08) and least
even during winter (0.1D.02). Highly significant variations (P<0.0001 3
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13.44) were found across the seasons. At TIR & population of small waders
was most evenly distributed in monsoon (@&867), post-monsoon (0.68.07) and
summer (0.780.06) but low in winter (0.440.05). The seasonal variations were
highly significant (P<0.0001, #=2) 6.98). At JIR, the population was most evenly
distributed during post-monsoon (0#8B02) and summer (0.£8.25) and least in
winter (0.610.08). As said earlier the evenness also couldaadtalculated because
of the presence of single species. Significant@esvariations were noted (P<0.05,
Fe.84.5).

Comparisons amonq the reservoirs

When mean densities were compared among the r@semo significant differences
were found during summer (P>0.05; o) 2.71), monsoon (P>0.05.k 0.15) and
post-monsoon (P>0.05,.k3 0.57) while highly significant differences wereted
during winter with P<0.0001, =0 17.87. However, for mean species richness
highly significant differences with P<0.0001; fv) 28.13 and P<0.0001 (fz0) 30.26
were noted only during summer and winter respelgtiielonsoon (P>0.05, 30
3.13) and post-monsoon (P>0.0%,4)1.49) did not show any significant differences
for species richness. The Shannon-Weiner diversitgx (H") could not be calculated
for monsoon, while highly significant seasonal eliéfinces were noted for it during
winter only (P<0.0001, 25 10.15). Summer (P>0.05¢k2) 1.61) and post-monsoon
(P>0.05, k.18 0.6) did not show any significant differences whtihe diversity index
could not be calculated for monsoon. Evennessvi@tba similar trend to H'. It could
not be calculated for monsoon and showed highlgiognt seasonal variations for
winter only with P<0.0001, f2s) 25.39. Summer (P>0.05,2k2 2.03) and post-
monsoon (P>0.05, Jg) 3.07) did not show any significant differences foean

evenness.
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Seasonal Density and Species Richness of Large wsade the three reservoirs
(Table 1.4; Fig.1.4)

Large waders included the three species ofiikisBlack-headed IbisThreskiornis
melanocephalus), Black Ibis Pseudibis papillosa) and Glossy Ibis Rlegadis
falcinellu), two species of herorise. Grey Heron Ardea cinerea) and Indian Pond
Heron @Ardeola grayii) and three species of Egreis Little Egret Egretta garzetta),
Intermediate EgretMesophoyx intermedia) and Large EgretGasmerodius albus).
When seasonal comparisons were made in the meaitydefhlarge waders at WIR,
the density was maximum during winter (12650.05 birds/krf). During summer
mean density was 63.982.53 birds/krA with further decline in monsoon
(21.3212.7 birds/kr) while in post-monsoon it was 238802 birds/km. No
significant seasonal variations were obtained dlierthree seasons (P>0.0%; 3
2.57). At TIR also, large waders were maximum dyrminter with 97.9615.64
birds/knf mean density. While during summer an average ptpolaf 39.938.76
birds/knf was noted which further declined to a minimum innsmon (18.748.95
birds/knf) and increased to 37.483.64 birds/kmh in post-monsoon. Highly
significant seasonal variations were obtained oWver three seasons (P<0.0001,
F,378.06). At JIR also the mean density of large waaeas highest during winter
with 133.3:54.8 birds/km which declined to 34.8%.08 birds/kmiduring summer,
increased to 59.949.21 birds/krhin monsoon and decreased during post-monsoon
to minimum with 26.3%9.69 birds/kri. No significant seasonal variations were
observed (P>0.05,434)2.25).

The mean species richness of large waders was stigite WIR during winter
(6.640.28 species). Summer supported the second higipesties richness with

5.5:0.4 species; it declined in monsoon (2655 species) while in post-monsoon it
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was 4.%#0.56 species (P<0.0001369) 13.7). At TIR, it was 4.580.38, 3.220.43,
4.0£0.5 and 4.910.41 species during summer, monsoon, post-monsodnwater
respectively. Significant seasonal variations waloeerved (P<0.05,d37) 2.88). At
JIR, the mean species richness were high duringrpossoon and winter with 3.29
0.64 and 3.64 0.45 species and low during summer and monsodm 218 0.29
and 2.2% 0.41 species respectively. However, significaniateons were observed
across the seasons (P<0.05353.36).

Comparisons among the reservoirs

The density of large waders among the three regenahowed no significant
differences in any of the seasons. However, diffegs in species richness were
highly significant during summer (P<0.0001p 3 24.36) and winter (P<0.0001,
Fe,31 15.88) only. Monsoon and post-monsoon did not meseny significant
differences. The number of species being low HEmekre not calculated.

Annual and Seasonal variations in mean densitieskdmilies of Small and Large
waders at the three reservoirs (Table 1.5; Fig.1.6,1.7,1.8,1.9, 1.10,1.11)

When the families of small waders were compareo)dpacids dominated with the
maximum mean density (47%8507.7 birds/kf) at WIR. They were maximum
during winter (923.8177.7 birds/krf) while there were 174#%6.33 and
101.8:46.72 scolopacids /khauring summer and post-monsoon respectively byt the
were not observed during any visit of monsoon. $&asonal variations were highly
significant (P<0.0001, f2511.21). Family- Recurvirostridae was th&® highest
family in mean annual density with a single domimatspecies.e. Black-winged
Stilt (13.4:2.4 birds/kni). The density of this species was maximum duririgtev
(19.32+4.3 birds/km), followed by summer (14.38.81 birds/krl) and minimum

during monsoon (2.28.75 birds/kr). During post-monsoon its density was
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4.38:2.53 birds/km and showed no significant seasonal variations (#530/s 2s)
2.75). Glareolidae (10.#5.14 birds/km) and Charadriidae (8.24.75 birds/km)
showed low density in comparison to the earlier tarilies. Glareolids were highest
during winter (10.757.55 birds/kr), declined in summer (3.42.81 birds/kr),
increased in monsoon (84375 birds/kmM) and were not observed in post monsoon.
No seasonal variations were noted in their mearsitles (P>0.05, ¢ 0.19).
Similarly, Charadriids were most dense during wir23.0%3.86 birds/km) but
least dense during summer (3075 birds/kni), monsoon (340.5 birds/kn) and
post-monsoon (3.18.65 birds/km). While both tended to follow the same trend;
Charadriidae showed highly significant seasonahtians over the seasons (P<0.001,
F,3021.39). Family Rostratulidae had a mean annualityeois2.81+1.36 birds/kn.
During monsoon 240.0 rostratulids/krhwere observed while during post-monsoon
5.31+0.31 birds/kmi and winter 5.34#0.31 birds/kmwere noted. The annual mean
density of large waders at WIR was 5&29.01 birds/km Its seasonal density was
highest during winter 128.2+50.05 birdsfkmhich decreased noticeably in summer
63.96+22.53 birds/kfas well as monsoon 21.32+12.7 birds?kand was maintained
low in post-monsoon 23.88+8.02 birds/kmith no significant differences (P>0.05;
F,39) 2.57). The mean annual density of Family Ardeida&VIR was 22.73+6.57
birds/knf. It was highest with 48.18+20.35 birds/krduring summer, 17.29+11.76
birds/knf in monsoon, 10.5+3.32 birds/kmin post-monsoon and 11.56+3.13
birds/knf in winter. No significant differences (P>0.053 £7) 0.88) were noted at
WIR.

At TIR the densities of the five families followed similar trend as was noted for

WIR. The scolopacids dominated the wetland withot@ltdensity of 150835.57
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birds/knf. They dominated in all seasons with 2628.84 birds/krh in winter,
106.8:98.92 birds/krfi in post-monsoon; 83.886.68 birds/kri in summer and
1.49+0.0 birds/kni in monsoon but with no significant seasonal variat(P>0.05,
Fi,27) 2.51). Recurvirostridae was the second most déarady found at TIR with
mean annual density of 228935 birds/km. Their mean density was maximum
during winter 28.964.21 birds/km, followed by 20.225.78 birds/km during
summer, it declined during monsoon 88112 birds/kmiand again increased during
post-monsoon 20.#9.76 birds/kri with no significance (5.25)0.93).

Annual mean density of Charadriids was &®38 birds/kr. Its maximum density
was noted during winter (13.12B.22 birds/km); which declined in summer
(8.41+1.93 birds/km), monsoon (4.180.78 birds/km) and increased again in post-
monsoon (7.941.37 birds/km). Significant seasonal variations were found (PS0.
Fi373.56) for Charadriidae. Representaives of Familyar&lidae i(e. Indian
courser) were found only during monsoon and wingéspectively with 1.50.0 and
4.5+0.0 birds/kmi respectively. Family Rostratulidae was noted odlying post-
monsoon (4.5 0.0 birds/km). Annual mean density of Threskiornithids at TIRsw
37.93:7.99 birds/km. Density was 97.96+15.64 birds/kmluring winter, 39.93+8.76
birds/knf during summer, 18.74+8.95 birds/kmduring monsoon and 37.48+13.64
birds/knf during post-monsoon with highly significant diféeices (P<0.0001;{=)
8.06). During summer, 25.5+6.19 Ardeids’kmwere noted at TIR followed by
15.42+8.65 birds/kfmduring monsoon, 13.43+2.99 birds/kim post-monsoon and
18.86+3.95 birds/kmin winter with no significant differences (P>0.0"3,37) 0.88).

The annual mean density was 18.86+2.89 bird&/km
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All families except glareolidae were noted at JHere the densities were found to be
very low with Charadriidae the most common familyithw 35.438.81
birds/knfduring winter followed by 11.02.68 birds/kmi in summer, 5.181.81
birds/knf in monsoon and 4#71.22 birds/kmiin post-monsoon with significantly
significant  seasonal variations ({E7p.39). Families-Scolopacidae  and
Recurvirostridae were not observed during monsond aummer respectively.
Density of Scolopacids was maximum during winte6.{5+16.98 birds/krf);
declined in summer (2.86.0 birds/kni) and it was 5.182.56 birds/kriduring post-
monsoon. No significant seasonal variations wersenked (P>0.05, F(2,6) 0.58).
Mean density of Recurvirostrids was 5030 birds/kni during winter and 5.18.0
birds/knf in monsoon while 3.480.85 birds/km during post-monsoon. Family
Rostratulidae was absent at JIR. The annual measitdeof Threskiornithids at JIR
was 43.14+20.25 birds/Kimlt was 133.3+54.8 birds/Kirduring winter, 34.83+9.08
birds/knf during summer, 59.94+19.21 birds/krduring monsoon and least with
26.37+9.69 birds/kfmduring post-monsoon with non-significant differeaqP>0.05;
F,342.25). Highest density for family Ardeidae was mbg JIR during winter with
75.38+25.55 birds/kf 21.91+5.58 birds/kAduring summer, 58.61+22.85 birds/km
during monsoon and 21.61+7.61 birdsfidaring post-monsoon (P>0.053F1)2.41).
lts annual mean density was 44.47+9.47 birdé/km

Percentage distribution of migratory, resident amdsident-migratory populations
(Table 1.6, Figure 1.12)

Among the three reservoirs, maximum percentageopilation of migratory birds
was noted at WIR with 86% in winter, 64% in sumn&% in monsoon and 68% in
post-monsoon while the minimum migratory bird p@tians were noted at JIR with
6 % in winter, 0.96% in summer, nil in monsoon dsb% in post-monsoon. At TIR,
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these were 66% in winter, 50% in summer, 1% in rmonswhile 64% in post-
monsoon. Similarly, maximum population of residspecies of birds was noted at
TIR with 99% in monsoon, 25% in post-monsoon, 1@%winter and 42% in
summer. At WIR, they were 30% in summer, 92% in soam, 20% in post-monsoon
and 4% in winter while at JIR population of resitleirds was highest during post-
monsoon with 95%, 62% in winter, 73% in summer 846 in monsoon. When the
resident- migratory populations were compared, maxn populations were noted at
JIR with 32% in winter, 26% in summer, 6% in mons@md nil in post-monsoon. At
WIR, it was 6% in summer, nil in monsoon, 12% dgripost-monsoon and 10%
during winter while at TIR it was 8% in summer, iml monsoon, 11% in post-
monsoon and 18% in winter.

Jaccard’s similarity index (Annual and Seasonal) #ie three reservoirs (Table 1.6
& 1.7; Fig. 1.13 & 1.14)

When Jaccard’s similarity index was calculated ®mall waders, the annual
similarity index was found to be 69% between WIRI iR, 45% between TIR and
JIR and 31% between JIR and WIR. The seasonal asitgilindex for summer
between WIR and TIR was 70%, between TIR and JI® 4Bd between WIR and
JIR 30%. During monsoon, it was 25%, 50% and 338peaetively while during post-
monsoon it was 50%, 63% and 50%. During winter, 4g8écies were common
between WIR and TIR, 71% between TIR and JIR ang 8h% between WIR and
JIR.

For the large waders group, annual Jaccard’s it@¢ween the three reservoirs was
found to be 100%. However, this was mainly betwddR and TIR for three seasons

except monsoon (when it was 85%), all three resenduring winter, 75% for both
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larger reservoir with JIR only in summer, 88% omlypost-monsoon and 71% and
85% for JIR with WIR and TIR respectively during nsoon.

Correlations between physico-chemical propertiesvedter soil (details in Chapter
IV) and food base i.e. benthic fauna (details in @pter Il) (Table 1.9 & table 1.10)

As seen in table 1.8, majority of abiotic factotsdéed in relation to water showed
variable correlations at the three reservoirs. Quilyand sulphates were correlated
positively at the level of 0.01 at WIR. While, hibanate alkalinity was positively
correlated at the same at TIR and Kjeldahl NitrogedIR, while free C®and water
temperature showed negative correlation at thd Ev@.05 with wader density at the
same reservoir.

With various abiotic factors of soil also the wadéensity showed variable
correlations at the three reservoirs as noted fatew A positive correlation of
magnesium at the level of 0.01 was noted only aR\aihd with total phosphates at
the level of 0.05 only at TIR. Further with bentHeuna also the wader density
correlated variedly and non-significantly.

Table 1.1. Annual Mean Density, Species Richnesshenon Weiner Diversity Index
(H) and Evenness (E) of the small waders at Wadhwea Irrigation Reservoir (WIR),
Timbi Irrigation Reservoir (TIR) and Jawla Irrigati on Reservoir (JIR)

' Density (***) Species Richness | Shannon-Weiner index Evenness (ns)
SteS | i 7.73 ) ©) F 10212
' F (211221.33 F cs13.14 :
WIR | 335.4:80.78 4.580.42 0.520.06 0.460.06
TIR 138.3:30.87 3.580.28 0.720.05 0.650.04
JIR 25.56£7.4 1.480.13 0.630.06 0.7%0.07

40



CHAPTER |

Table 1.2. Annual Mean Species Richness and Density large waders at Wadhwana
Irrigation Reservoir (WIR), Timbi Irrigation Reserv oir (TIR) and Jawla Irrigation
Reservoir (JIR)

Density (ns) SpeC|;i*l)?|chness
F 0.37
@119 F(2.110)18.75
WIR 63.65:16.59 5.0%0.3
TIR 50.317.53 4.240.23
JIR 67.0#17.66 2.790.24

Table 1.3. Seasonal differences in the Mean SpecRi&hness, Density, Shannon Weiner
Diversity Index (H') and Evenness (E) of small wads of Wadhwana Irrigation
Reservoir (WIR), Timbi Irrigation Reservoir (TIR) a nd Jawla Irrigation Reservoir

JIR)
Comparison of
Parameters | Seasons WIR TIR JIR significance
between 3 sites
Summer 163.:60.3 96.6343.84 11.542.71 ns; Rzz0)2.71
Density Monsoon 6.7+1.76 6.4%2.1 5.131.4 ns; R2.200.15
individuals/ | Post-mon 66.1+32.2 116.695.2 8.122.2 NnS; K223 0.57
km? Winter 978.%178.1 307.218.88 60.2618.89 | *** F (230 17.87
0 F 63919.17 | ** FRa3n5.74 | ** Fg2on4.89
Summer 4.92+0.42 4.60.43 1.20.13 *** F (2.3028.13
Species Monsoon 2.11+0.39 1.560.18 1.¢0.0 ns; R220)3.13
Richness | Post-mon 2.9+0.52 2.80.36 1.830.31 ns; Rz231.49
Winter 7.5:0.73 5.5&0.31 1.80.29 *** F (2,30 30.26
0 F 33919.01 | ** R33725.33 | ns; B27)2.77
Summer 0.770.1 0.9%0.11 0.520.17 ns; Rz 221.61
S\Ah/ar.‘”on' Monsoon |  0.96:0.09 0.580.05 0.60.0 .
o d:‘)'zﬁ'r,) Postmon |  0.580.15 0.720.09 0.780.1 nS: Fiz15) 0.6
Winter 0.28t0.05 0.7#0.11 0.56&0.09 *** F (225 10.15
*** F (3338.03 ns; k332 1.63 ns; g 1.57
Summer 0.53t0.08 0.730.06 0.7%0.25 ns; Rz222.03
Evenness | Monsoon 0.9+0.04 0.8€0.07 0.@¢0.0 -
(E) Post-mon 0.55:0.14 0.680.07 0.980.02 ns; Rz183.07
Winter 0.14+0.02 0.440.05 0.6%0.08 ***F (225 25.39
***F 333y 13.44 | ***) F3326.98 *, Rog 4.5

1- Charadriidae, 2- Scolopacidae, 3- Recurvirostridae,4- Glareolidae and 5-

Rostratulidae
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Table 1.4. Seasonal differences in the Mean SpecRi&hness, Density, Shannon Weiner
Diversity Index (H) and Evenness (E) of large wads of Wadhwana Irrigation
Reservoir (WIR), Timbi Irrigation Reservoir (TIR) a nd Jawla Irrigation Reservoir
JIR)

Comparison of
Parameters | Seasons WIR TIR JIR significance
between 3 sites
Summer 63.96:22.53 39.938.76 34.839.08 ns; R2.331.09
Density Monsoon 21.3212.7 18.748.95 59.9419.21 ns; R2.23)2.67
individuals/ | Post-mon 23.88:8.02 37.4813.64 26.3%9.69 ns; R2230.48
km? Winter 128.2:50.05 97.9615.64 133.854.8 ns; R231)0.18
ns; F(3'39)2.57 ik F(3y37)8.06 ns; 6'34)2.25
Summer 5.5:0.4 4.580.38 2.080.29 *** F (2,33 24.36
Species Monsoon 2.67#0.55 3.220.43 2.250.41 ns; Rz231.04
Richness | Post-mon 4.7+0.56 4.@0.5 3.220.64 ns; Rz031.51
Winter 6.67+0.28 4.9%0.41 3.640.45 *** F (231)15.88
*** F (339 13.7 *: Rs372.88 *, R334 3.36
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Table 1.5. Seasonal variations in the mean Densitieof Families of large and small
waders of Wadhwana Irrigation Reservoir (WIR), Timbi Irrigation Reservoir (TIR) and
Jawla Irrigation Reservoir (JIR)

Family Seasons WIR TIR JIR
Annual 479.5+107.7 150.3+35.57 16.24+9.78
Summer 174.0+66.33 83.08+46.68 2.56+0.0
Scolopacidae Monsoon 0.0+0.0 1.49+0.0 0.0+0.0
Post-mon 101.8+46.72 106.8+98.92 5.13+2.56
Winter 923.0+177.7 267.8+20.84 26.15+16.98
ek | (2,25' 11.21 ns; E,ZT 2.51 ns; Eye‘ 0.58
Annual 13.44+2.4 22.39+3.35 4.27+0.54
Summer 14.38+3.81 20.22+5.78 0.0£0.0
Recurvirostridae Monsoon 2.26+0.75 8.2146.72 5.134£0.0
Post-mon 4.,38+2.53 20.1549.76 3.42+0.85
Winter 19.32+4.3 28.96+4.21 5.13+5.13
" ns; ':(3,28' 2.75 ns; 6,25‘ 0.93 -
Y Annual 8.74+1.75 8.63+0.98 17.743.99
a Summer 3.0740.65 8.41+1.93 11.032.68
%’2 Charadriidae Monsoon 3.4+0.5 4.15+0.78 5.13+1.81
- Post-mon 3.13+0.65 7.91+£1.37 4.741.22
;(' Winter 23.07+3.86 13.16+2.22 35.43+8.81
= rek (3,39 21.39 *x F(3y37‘ 4.36 *k F(3'27‘ 5.39
n Annual 8.54+4.18 2.99:1.5 -
Summer 3.44+2.81 0.0£0.0 0.0£0.0
Glareolidae Monsoon 8.13+3.75 1.5+0.0 0.0+0.0
Post-mon 0.0+0.0 0.0+0.0 0.0+£0.0
Winter 10.75+7.55 4.51£0.0 0.0+0.0
ns; "_(2,6‘ 0.19 - -
Annual 2.81+1.36 4,5+0.0 -
Summer 0.0£0.0 0.0+0.0 0.0£0.0
Rostratulidae Monsoon 2.5+0.0 0.0+0.0 0.0+0.0
Post-mon 5.31+0.31 4.5+£0.0 0.0+£0.0
Winter 0.63+0.0 0.0£0.0 0.0+0.0
Annual 50.27+19.01 37.93+7.99 43.14+20.25
Summer 63.96+22.53 39.93+8.76 34.83+9.08
Monsoon 21.32+£12.7 18.74+8.95 59.94+19.21
Threskiornithidae | Post-mon 23.88+8.02 37.48+13.64 26.37+9.69
% Winter 128.2450.05 97.96+15.64 133.3+54.8
<D( ns; F(3,39) 2.57| **; F(3,37) 8.06 ns; F(3,34) 2.25
= Annual 22.73+6.57 18.86+2.89 44.47+9.47
% Summer 48.18+20.35 25.546.19 21.91+5.58
2:: Monsoon 17.29+11.76 15.42+8.65 58.61+22.85%
- Ardeidae Post-mon 10.5+3.32 13.43+2.99 21.61+7.61
Winter 11.56+3.13 18.86+3.95 75.38+25.55
ns; F(3,39) 2.14| ns; F(3,37) 0.88 ns; F(3,31) 241
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Table 1.6. Seasonal percentage distribution of Migttory, Resident and Resident
migratory waders at Wadhwana Irrigation Reservoir (WIR), Timbi
Reservoir (TIR)and Jawla Irrigation Reservoir (JIR)

Irrigation

Seasons
Sites

Summer

Monsoon

Post-monsoon

Winter

WIR

Distributio

TIR JIR

WIR

TIR JIR

WIR

TIR JIR \

VIR TIR JIR

Migratory | 64.23

49.76

0.96

8.42

1.32 0.9

0 68

24 63|95 4

.b5 .18

b 66.25

6.68

Resident | 30.08

42.33

72.60

91.58

98.68 93.

91 20.08 24

.73 4508.

3.80 | 15.89

61.6

Resident-
migratory

5.69

7.92

26.44

0.00

0.00 6.0

9

11,

67 11)32 0.

D0 O11

D.17.86

31.71

Table 1.7. Annual and Seasonal Jaccard’'s Similarityndex of small waders between

Wadhwana Irrigation Reservoir (WIR), Timbi Irrigati on Reservoir (TIR) and Jawla
Irrigation Reservoir (JIR)

Sites

Annual

Seasons

Summer

Monsoo

n

Post-monsoon

Winter

TIR

JIR

TIR | JIR

TIR |JIR

TIR

JIR TIR

JIR

WIR

69%

31%

70%

30%

25%

33%

50%  50%

44%  31%

JIR

45% ;

43% -

50%

63% -

71% -

Table 1.8. Annual and Seasonal Jaccard’s Similarityndex of large waders between

Wadhwana Irrigation Reservoir (WIR), Timbi Irrigati on Reservoir (TIR) and Jawla
Irrigation Reservoir (JIR)

Seasons

Annual

Sites

Summer

Post-

Monsoon

monsoon

Winter

TIR

JIR

TIR

JIR

TIR

JIR

TIR

JIR  [TIR

JIR

WIR

100%

100%

100%

759

859

0

71

0

100% 88%

100% 100%

JIR

100%

75% -

85%

88% -

100¢

(1) -
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Table 1.9. Correlation of wader density with varioss physico-chemical properties of
water at Wadhwana Irrigation Reservoir (WIR), Timbi Irrigation Reservoir (TIR) and
Jawla Irrigation Reservoir (JIR)

Parameters WIR TIR JIR
Acidity 0.161 | 0.058 -0.182
Chlorides 0.073 | 0.176| 0.055
Dissolved oxygen -0.164 | -0.031 0.020
Free carbon dioxide 0.115 | 0.017| -0.244*
Benthic fauna 0.310 | 0.025 -0.208
Bicarbonate Alkalinity 0.190 |0.381*F-0.239
Inorganic phosphates 0.042 | 0.218 -0.061
Kjeldahl nitrogen 0.080 | 0.122 0.310%*
Mollusc 0.051 | -0.078 0.377
Nitrate -0.081 | -0.20§ -0.134
Nitrite 0.0003 | 0.053 -0.144
Hydroxyl Alkalinity 0.223 | -0.024 -0.118
pH 0.319* | -0.001| -0.037
Salinity -0.015 | 0.176] 0.055
Sulphate 0.440* | 0.162| -0.014
\Water temperature -0.345 | -0.209-0.476*
Total phosphorus -0.075 | 0.203 -0.17%
\Water cover 0.262 | 0.256] 0.148
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Table 1.10. Correlation of waders with various phy&o-chemical properties of soil at
Wadhwana Irrigation Reservoir (WIR), Timbi Irrigati on Reservoir (TIR) and Jawla
Irrigation Reservoir (JIR)

Parameters WIR TIR JIR
Calcium 0.021 | -0.077| 0.112
%Coarse sand -0.282 | 0.376| -0.044
%Fine sand 0.322 | -0.289| -0.344
Magnesium 0.714**| 0.053 | 0.014
pH -0.081 | 0.116| -0.114
%Silt +clay -0.257 | -0.054| -0.168§
Total N 0.279 | -0.152| -0.034
Organic matter -0.453 | -0.243| 0.130
Total P -0.191 | 0.268*| -0.127
%Very fine sand 0.309 | -0.192| 0.576
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Fig. 1.1. Annual mean Density, Mean species richrgsShannon-Weiner diversity index
(H") and Evenness (E) of small waders at the threerigation reservoirs
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Fig. 1.2. Annual Density and mean species
irrigation reservoirs
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Fig. 1.3. Mean Seasonal Density, mean species rielss, Shannon-Weiner diversity index
(H") and Evenness (E) of small waders at the threerigation reservoirs
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Fig. 1.4. Mean seasonal Density and mean specieshrniess of large waders at the three
irrigation reservoirs
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Fig. 1.5. Annual distribution in families of smalland large waders at the three Irrigation

Reservoir
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Fig. 1.6. Seasonal distribution in families of smalwaders at Wadhwana Irrigation

Reservoir
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Fig.1.7. Seasonal distribution in families of smallvaders at Timbi Irrigation Reservoir
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1-Charadriidae, 2- Scolopacidae, 3- Recurvirostrida, 4- Glareolidae and 5-
Rostratulidae
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Fig. 1.8. Seasonal distribution in families of smalvaders at Jawla Irrigation Reservoir
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1- Charadriidae, 2- Scolopacidae, 3- Recurvirostridae
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Fig. 1.9. Seasonal distribution in families of Larg waders at Wadhwana Irrigation
Reservoir
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Fig. 1.10. Seasonal distribution in families of Lage waders at Timbi Irrigation reservoir
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Fig. 1.11 Seasonal distribution in familiesof Large waders at Jawla Irrigation Reservoil
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Fig. 1.12 Percentage distribution ofmigratory, resident and resideni-migratory waders
at Wadhwana lIrrigation Reservoir (WIR), Timbi Irrigati on Reservoir (TIR) and Jawla
Irrigation Reservoir (JIR)
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Fig. 1.13. Annual Jaccard’s similarity index betwee Wadhwana Irrigation Reservoir
(WIR), Timbi Irrigation Reservoir (TIR) and Jawla | rrigation Reservoir (JIR)
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Fig. 1.14. Seasonal Jaccard’'s similarity index ofnsall waders and Large waders
between Wadhwana Irrigation Reservoir (WIR), Timbi Irrigation Reservoir (TIR) and
Jawla Irrigation Reservoir (JIR)
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Discussion

The occurrence of 25 species of waders found duhagtudy indicates the presence

of their good diversity in the region. Large numbérspecies was recorded at WIR

and TIR which are open larger wetlands with submergegetation indicating the

preference given by the birds to open habitat.Heurthe hypothesis that larger area

supports higher diversity of species (Oestlal., 2002) also stands true for the present

study. It is very well elucidated from the earlarival of migratory species at the two
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reservoirs with open area which in turn is refldcés higher percentage of migratory
populations in post-monsoon and presence of laggamis till early summer (Table
1.3 Fig. 1.12). Common Sandpipefc(itis hypoleucos) and Ruff Philomachus

pugnax) are the early arriving and late departing specidbe area.

Migration back to breeding ground is one of thergmedemanding events in the
bird’s life cycle. These long-distance migrants/ r@ttually entirely on stored energy
and nutrients (McWilliamst al., 2004). Hence, to fuel migrations, shorebirds tmus
deposit large quantities of fat. This fattening idgra limited feeding period
(migratory season) requires that these warm-bloodtebrates feed at prodigious
rates. The need to feed rapidly is exacerbated ey igh metabolic rates of
shorebirds; higher than predicted on standardrsgalirves of avian metabolic rates
on body size (Kersten and Piersma, 1987). Thudaityer open wetlands providing
both effortless and additional food as well ashiigy of an approaching predator are

preferred by the migrating birds.

Annual Density (D), Species richness (SR), Shanndfeiner diversity index (H’)
and Evenness (E)

The differences in the habitat is also reflectedles differences in the density of
small waders which was maximum at WIR and minimundIR. However, almost
same density of large waders at the two may béuatid to two different reasons;
effect of size to the former and vegetation atlétter wetland. At WIR both resident
as well as migratory populations are observed wdtildR mainly resident species are
observed. TIR shared many of these species indgcgdtronounce influence of
Narmada water. However, at JIR more resident spege recorded in comparison to
the other two reservoirs. The vegetation compasitithat depends on seasonal

changes, is known to play a major role in deterngrthe distribution and abundance
56



CHAPTER |

of species (Lee and Rotenberry, 2005; Aynalem aes#leR®, 2008). The highest
density at WIR was mainly because of migratory smsebke Ruffs and Black-tailed
Godwits arriving in large numbers during winter.rifRer, the shallow waters at the
backside of the reservoir (low water level) seen@dttract the migratory birds
coming in search of food at the reservoirs. Wasgtll is also an important factor that
can be used to predict waterbird use patterns (fdggaand Thiyagesan, 1996) as the
way birds respond to vegetation is affected byhjgrology (Hoffmanet al., 1994).
However, the large wader population at JIR werenigadue to the presence of
Glossy lbis and three species of Egret populati®dhs. height of these species allow
them to keep a better watch on approaching presiaod the large wadding legs
facilitated the access in the vegetation. The ystigbervoirs are the irrigation
reservoirs with surrounding agriculture fields haypaddy/wheat as the major crops.
These fields when irrigated also serve as a hafotatarge waders and hence the
species that prefer such habitat were noted duhegpresent study. Further, these
vegetation in wetlands and surrounding area alpp@ts good diversity and density
of epifaunal and infaunal prey base. At the threservoirs studied huge insect

populations are also reported (Gandhi, 2012) tfeahacessible for many species.

The results of the study conducted by Deshkar (R6B8vater birds showed that the
smaller wetlands with low species richness showghben diversity index compared
to the larger wetland with higher species richn@$® higher diversity index at TIR
supported the above observation. Because of thiabiNigy of food at the reservoirs
throughout the year, the resident species of swadlers like Red-wattled Lapwing
increases the usage of this wetland. Higher thebeuraf species of birds uneven is

the distribution leading to lower E (evenness). &ienness was highest at JIR where
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minimum number of species were observed and thelatpn seeming to be more

evenly distributed.

Seasonal Density (D) and Species richness (SR)

Waterbird communities are important components eflamd environments having
direct and indirect effects on the ecosystems (@atndl., 2000). Generally, being at
or near the top of most wetland food chains, they taghly susceptible to habitat
disturbances and are therefore good indicators esfe@l conditions of aquatic
habitats (Kushlan, 1992; Jayson and Mathew, 200&;, R002). During winter the
maximum density and species richness of small veadeérWIR was due to the
presence of Ruffs, Black-tailed Godwits, Black-wadgstilts and the two species of
Ploversi.e. Little ringed Plover and Kentish Plovers. On tlegmal grounds more
productive ecosystems are expected to allow thgistemce of more diverse species
than less productive systems (MacArthur, 1970).rtHew, it has been reported that
wintering plovers are highly mobile and use a dsitgr of habitats that include
cultivated fields too (Knopf and Rupert, 1995). WHing larger in size and
surrounded by vast agricultural matrix, a variefyfad resources for waders are
available. This is likely to contribute to the hegth wader species diversity and
density at WIR. Further, open water habitats alesspss significantly higher
availability of benthic fauna than all the othebhats (Nagarajan and Thiyagesan,
2008). WIR and TIR have open shallow marsh lands (suitéateforaging) along
with good aquatic vegetation which JIR lacks. R #hore emergent vegetation, free-
floating (Nelumbo nucifera) as well as rooted emergeripdmoea aquatica) are
present. Thus water levels and vegetation both eglaynportant roles in the

distribution of bird communities in the presentdstu
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The turnover between migrants and resident specwes the year resulted in
significant seasonal variations in the number eicgs. During monsoon the migrants
are away, while resident species are engaged ingkeng activities, decreasing the
overall density and species richness of waderss Ehalso the season when water
level is high, water is available all over the aréee productivity is high and nesting
birds get food nearer to their nests. In salt wégoon of south-west Atlantic in
Argentina the extended period during dry seasondriboited by rains produce
insignificant effect of seasons on bird speciesndance (Canepucckit al., 2007).
However, in present study of fresh water wetlamdsami and subtropical region of
India, the effect of inundation is significantly gove. Here, as the wetlands
inundated with Narmada have extended hydroperiat tha early arrival and late
departure of migratory species resulted into highegsulation of migratory birds in
postmonsoon as well as early summer. In the monsiependent irrigation
reservoirs of semiarid zone rainfall positively redates with water surface, and
negatively with habitat diversity (declined the dreigeneity), leading to dispersal of
birds to wider area decreasing species richnesgkhas density.

Waterbird communities also are influenced by tymases, and quantities of food
available within wetlands. Sandpipers and Ruffsewalso found foraging in the
surrounding agricultural fields at WIR. Among tharde waders, Glossy Ibis
dominated the area during winters with more thadOl@dividuals observed during
December. The egrets and herons utilised the wetlan the whole year. During
summer a good population of both were noted. Theemtle distribution being
number dependent, when the number of species waslal at JIR, Glossy lbis
dominated the population whereas at other two WwatBes other species of waders

shared the percentile distribution. The residemutetions of egrets and herons were
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evenly distributed throughout the year. AccordingAboushibagt. al., (2013) most
egrets prefer to forage along the ponds’ edgeshatow water area which was also
observed at the present study sites. These aregregsrious birds and often forage
on variety of food items that occur in shallow vaet habitat (Frederick, 2002).

Food is frequently the most important density dateing factor for birds (Lack,
1966). Monsoon rains lead to emergence and prtipagaf a diverse fauna with
maximum vegetation growth, most favourable conditfor survival. Birds do not
need to move for longer distances in search of.féadsaid earlier this results in their
low density at a particular habitat. However, higbmall wader density noted during
post-monsoon at TIR in comparison to WIR and JIR ba attributed to the high
population of Ruffs at the reservoir during thisipe. However, at WIR almost same
species that were present at TIR in post-monsoor weserved in winter indicating
that these species arrive first at the smalleraméltvith open areiee. TIR, shifting to
the larger one later.

JIR supports mainly resident species compareddather two reservoirs. Even in
monsoon density of large waders at JIR was highes t the presence of
Intermediate egret. Rainfall leads to the emerg@fdarge insect fauna around these
vegetated areas which may have attracted moreidudils of this specie in and
around the reservoir. The presence of residentepéke Large Egret, Intermediate
Egret and Little Egret; Grey Heron, Indian Pond dteBlack-headed Ibis, Black Ibis
and Glossy lbis during postmonsoon and winter e the availability of food.
With prey base available these species also get &oongst the scrub vegetation
around the reservoir. 106 species belonging tondéct families of 9 orders have

been reported around JIR (Gandhi, 2012).
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Seasonal Shannon-Weiner Diversity Index (H’) and &wmess (E)

Among bird communities, variations in the composeaot diversity are known to
differ between habitats and seasons (Rotenberi#8;19mith and MacMahon, 1981,
Nudds, 1983; Powell, 1987; Bethla al., 1993, Kannan and Pandiyan, 2012).
Differences in feeding habits and habitats canease diversity, evenness and species
richness (Smith, 1992). Highest diversity indexidgimonsoon at WIR, in summer at
TIR and in post-monsoon at JIR indicates shiftimigpopulations as the conditions
change in the semi-arid zones mainly due to changgasons accompanied with
Narmada inundation. His Highness Shrimant Mahaddjahe erstwhile state of
Baroda had constructed the dam to collect rainwater distribute it on the basis of
gravitational force and slope. Narmada water addedis collection extends not only
the hydroperiod but also maintains depth of wateddnger duration influencing the
habitat continuously at the local level. The popales of resident and migratory
species found in the region change due to theahhil/ of food in various seasons at
particular depth. WIR is providing an important lhabfor migratory waders which
prefer shallow water for feeding and open agricaltdields for roosting. Largest
congregation of RuffRhilomachus pugnax) in the region amounting to a lac (Forest
Department Report) occurs during winters. As sadier even in summer and
monsoon late migrants and early arrivals add upedaliversity of area.

Annual and seasonal Jaccard’s similarity index (J)

Highest annual Jaccard’s similarity index betweefRVénd TIR may be due to
similarity in microhabitat resulted due to Narmddandation. At JIR, where more
emergent vegetation and scrub in the catchmentcm®a (Chapter V), the habitat is
not favoured by small waders. When seasonal sityilardices are compared the

similarity was most pronounced during summer ancteviat all the three reservoirs.
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The three reservoirs are located under similaraticrregime influencing the arrival
and departure of both resident and migratory sgani¢he area. However, minimum
similarity during monsoon observed is due to dispkpf resident species in wider
area when vegetation starts flourishing. In addijt@s the vegetation grows visibility
decreases hence birds avoid the area. This iseid®os when they are more alert
because of nesting activities. During other seafomsimilarity is variable depending
on local habitat differences. WIR and JIR had lesstilarity in the composition of
species annually as well as seasonally which, &b esrlier may depend on the
difference in vegetation and microhabitat foundhat two reservoirs. WIR supports
more migratory bird populations whereas JIR redithexd populations.

As expected, the species of large waders were foorime 100% similar at all the
three reservoirs as this group consisted mainhgsiilent common species in the area.
Also the reservoirs are not very far away from eattter (within 50 kms. range) for
large flying species hence a high difference in tenposition of flying species
cannot be expected. Highest similarities were natedummer, post-monsoon and
winter, although monsoon also observed good siityilandex among the three
reservoirs. All the species at WIR and TIR wereilsinduring all the seasons.

Correlation of wader density with physico-chemigaioperties of water

Studies on the effects of bird communities on thgspgo-chemical conditions of
water and vice versa have been made by severaray®anders, 2000; Finlaysen
al., 2006; Nagarajan and Thiyagesan, 2008; Desékal:, 2010, Patrat al., 2010).
The bird distributions are affected by various dastlike the food availability, the size
of wetland (Paracuellos, 2006) and the abioticdiactn the wetlands (Jaksic, 2004;
Lagoset al., 2008). Nagarajan and Thiyagesan (1996) and Pandi2002) have
reported that the physico-chemical parameters aémlargely determine the wader
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communities of wetland habitats primarily by theirect and indirect impacts on the
food availability and abundance. In semi arid zoofe Gujarat, India, water

precipitation takes place only during a restrigpedod of the year. As the monsoon is
over, the evaporation starts. This is expected hange the water quality too.

However, in recent times Narmada inundation is ghrapthe habitats. The seasonal
waterbodies are becoming almost perennial, andwhier chemistry has started
depending on time and amount of Narmada inundaki@mce at all the reservoirs no

one common physico-chemical parameter could beladed with density of birds.

The water nutrients are associated with plant prtdo, and as plant abundance
increases so does bird use (Guadagial., 2005). The migratory waterbirds are
known to feed on a high protein diet on their wiimg grounds (Halset al., 1996).
The reservoirs with rich biota serve as importamading grounds to waders as they
provide adequate food supply. Hence the life ofatiqubirds probably depends
directly on physical and chemical properties of a@u environment. Aquatic
invertebrate communities are affected by hydrologid sediment variables that
determine the presence of specific taxa, their dhnce, and size which inturn affect
the bird communities (Bolduc and Afton, 2004). Asdsearlier, Narmada inundation
probably keeps on changing the nutrient levels @demz single common physico-
chemical or biotic parameter plays a significarié rim structuring bird communities
of the area. Waders having affinity for water mdetween the waterbodies locally
and feed on available prey base. Deshkar (2008ydysted positive correlation of
bird density with acidity, bicarbonate alkalinitychlorides, CQ, phosphates,
temperature, water cover and TSS at WIR while wit®,, mollusc, hydroxyl
alkalinity, temperature, water cover and TSS at. HRr study was conducted during

early days of Narmada inundation when the changethe ecosystem had started
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while during the present study inundation was ragahd probably carrying capacity
of the newly modified ecosystem nearing to its ctaxp

Further, shorebirds are also dependent upon depthvater for foraging which also
affect their habitat preferences (Wroeaal., 2006) this affects their populations in
the reservoirs which have fluctuating depths. Theee-diving waterbirds have
characteristic bill lengths and shapes, neck lendgdy lengths, and body sizes that
allow them to feed at specific water depths (Bak&79; Poysa, 1983; Zwarts and
Wanink, 1984).

Birds are also reported to prefer alkaline watertheir habitats. The three study areas
have moderate alkaline water all throughout ther yBeeshkar, 2008; Chapter 1V)
supporting good density and diversity of water indcluding waders. The increase
in alkalinity and decline in waterbird (wader) pdgition during summer is merely the
absence of migratory populations. pH of water fiwetlands is also reported to have
a profound influence on the avian population chargtics (Manikannaret al.,
2012). Levels of pH too high (> 9) or too low (< &n kill aquatic life (Younos,
2007) and influence the whole ecosystem. A sigaiifity positive correlation of pH at
WIR with the density of waders supports this obagon. Correlations have also been
reported between wetland pH and waterbird distidlouand abundance for the Dipper
Cinclus cinclus in the streams of southwest Scotland (Vickery, 198ibwever no
such correlation could be established at the dthersmaller reservoirs.

A negative correlation of water temperature andiiwas found at all the three
reservoirs which was significant at 0.05 levelta tvetland with vegetatiore. JIR..
Duran (2006), in his study on the effect of watemperature on the diversity of
macroinvertebrates in a stream, reported that ghangracroinvertebrates affects the

density of waders. However, Bolduc and Afton (200&ve found no significant
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correlation of temperature on waders in a coastismpond. Myerst al., (1987)
reported that migratory shorebirds exploit resosirceeasonally making them

dependent on a specific sequence of sites esstmt@mpleting the annual cycles.

Carbon dioxide, another important parameter in watemes from the decaying
organic materials, from respiration by both plaausl animals, and also dissolved in
groundwater and rain water received by ponds. Tieuat of dissolved carbon
dioxide is usually higher at the bottom of pondsemhbenthic fauna occur. It also
showed a positive but non significant correlatiothvbird density at WIR and TIR
and negative but significant (0.05) at JIR. JIRjmyaused by large waders for whom
the prey base is probably epifaunal (on sedimerd)ret infaunal (in sediment).

In the present study, though the levels of nitroged its molecules were high during
summer, low populations of waders at the WIR arid ifil comparison to winter can
also be attributed to absence of migratory popaati As JIR mainly support resident
species these influence is not prominent here. 8itipe correlation of Kjeldahl
nitrogen was observed at all the three reservaitssignificant only at JIR which is
used by the locals for sanitation purposes. Thhk lagels of sulphates may be due to
the high TDS brought with surface runoff levelsthe reservoirs. Sulphates are
constituents of TDS and known to form salts withiam, potassium, magnesium and
other cations (McDaniel, 2007). A positive effetsolphates on wader density has
been reported by Manikannahal., (2012) which stands true for the present study

too.

Correlation of wader density with physico-chemigaioperties of soil

In a wetland, available habitat surface, the amainak type of food resources (which

in turn are affected by water quality, salinity,dngdynamic regime, sediment, soil
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texture and moisture), and the configuration otipalar sites affect the number and
species of waterbirds present (Hllal., 1993). Sediment represent essential element
as it supports both autotrophic and heterotroptgamisms.

Among the nutrients, the nitrogen concentratiothm sediments is controlled by the
presence of organic matter as 90% (or even moréheohitrogen exist in organic
forms (Martinova, 1993). Lower levels of nitrogemdaorganic matter during winter
at WIR and TIR indicate increase in productivity igth seems to attract large
populations of small waders to the reservoirs. ddién, not considered to be the
limiting nutrient in most cases for fresh water dakis nonetheless an essential
nutrient for algal and rooted plant growth (Wet2€01).

The other nutrient, phosphate also maintained aléoel in sediments during winter
which seemed to positively influence the populaicsf waders. Nagarajan and
Thiyagesan, (1996) also observed same resultsein gtudy but in coastal water. A
positive and significant correlation of phosphates found at TIR.

Magnesium is one of the major soluble ions in @dhnet al., 1979). Fine-textured
soils tend to contain more magnesium than thosk woarse particles because less
leaching occurs in finer soils (Millar, 1955). Calm and magnesium are essential
nutrients in the life-cycle of molluscs which indiace their presence in a water body.
The existence of calcium deposits in the tissuedreshwater mollusc is well
established (Kapur and Gibson, 1968). Molluscs dhéive component of wader diet
their availability may affect the wader populatigk positive correlation of calcium
was noted at WIR and JIR and that of magnesiuntl #Hteathree reservoirs but it was
significant only at WIR.

In conclusion, it can be said that soil and wataMtR and TIR having minimum risk

of organic pollution and threat of eutrophicatiarpgort both migratory as well as
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resident populations of waders whereas JIR neetisatievaluation and monitoring
to avoid organic pollution as well as eutrophicatend attract not only resident but
huge population of migratory waders too.

Conclusion

Birds have higher dispersal rate and are the tirstbandon any of the unfavourable
condition and thus are considered to be the impbtamponent of a habitat. This
chapter deals with the wading birds. They respondbving to local concentrations
of food availability and move away from unsuitableas. Hence their presence and
absence is also used to assess the transientioosdit wetlands.

Among the three reservoirs studied, WIR is the rposterred site for resident as well
as the as migratory species with late migrant&zirtg the wetland till early summer.
WIR and TIR also provided habitats for the earlgrants and resident species during
post-monsoon. However, at JIR, the low densitytlatbughout the year may be
attributed to the absence of shallow water in thgervoir along with the dense
vegetation on the earthen dam as well as in catchmea. Thus, TIR and WIR
support both migratory (mainly small waders) ansldent (Large waders) species of
birds while JIR due to its vegetation compositiaports large resident species of

birds.
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MACROBENTHIC COMMUNITY STRUCTURE AT

THE THREE RESERVOIRS

Introduction

Benthic macroinvertebrates have been intriguingetsr of biological monitoring efforts
because they are a diverse group of long-livederstady species that react strongly and
often, predictably to human influence on aquatiosgstems (Rosenberg and Resh,
1993). As many species of this group play importesie as indicators of aquatic
pollution they have been the subject of intensicel@ical research (Wilhm, 1975;
James, 1979; Tudoranceial., 1979; Mason, 1981; Olivieri, 1982). Many of thene ar
filter feeders, feeding on phytoplankton and arentkelves food sources for larger
organisms such as fish, linking primary productiorthe higher trophic levels. Further,
many of them being detrivores, link detritus defso higher trophic levels (Brinkhurst,
1974; Hanson and Peters, 1984) by reworking sedsnand breaking down organic
material before bacterial remineralization (Tagkéia and Sigovini, 2010). Hence,
detritivores prevail in habitats rich in organicttea e.g. in the vicinity of plants (Timm

et al., 2001; Kornijowet al., 2003).

These aquatic invertebrate communities are affedigdhydrologic and sediment
variables that determine the presence of speeia,ttheir abundance, and size. Further,
sediment organic content also determines thesete@brate communities (Benke, 1984;
Batzer and Wissinger, 1996; Robinssral., 2000). In addition the structural complexity
of their habitats is also affected by the amounirmdecomposed vegetation in sediments

(Minshall, 1984).
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Hence, it is assumed that the macrozoobenthic cargosition is the result of complex
interactions of diverse environmental variables.nilatudies report the relationships
between basic quantitative parameters such as nuoflspecies, their abundance and
biomass, and environmental gradients or temporalatens (Castric-Fey, 1991;
Balachandraret al., 2012; Patraet al., 2010; Shalet al., 2011). Furtherthe factors that
influence the distribution of macrozoobenthic ongars within each sampling site can
also be the type of substrate and its granulom@tgxova and Nemethova, 2003).
Consequently, the benthic infaunal activities abftect the physical and chemical
processes within sediments. These aspects havieaéasonsiderable attention during
recent years (Mucha and Costa, 1999; Bially andidéac, 2000; Heilskov and Holmer,
2003) indicating that composition and abundancezadbenthos depend on multiple
environmental factors and substratum type (Hei@002 Toloneret al., 2001).

The benthic macroinvertebrates, being rich in pnsteform an important dietary
component that influence habitat selection by vimtds especially waders (Zwarts,
1997). Hence, in the study of waders, the dendibeathic fauna has been used by many
authors to explain differential habitat use by wlitels at migratory stopover sites
(Tsipoura and Burger, 1999; Git al., 2001; Pandiyan, 2002; Pomeroy and Bultler,
2005; Mendoncat al., 2007). In recent years, substantial areas of fegedrounds of
water birds have been lost in Europe and Asia dukabitat modifications. The non-
diving waterbird species adapted for capturing pregifferent sizes or minimal sized
from the water column or sediments are the spe&dnese ecology is closely affected due
to distribution and abundance of such food resau(blidds and Bowlby, 1984Jhus,

the aquatic macro- invertebrates are importantofacin determining avian use of a
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wetland (Mc Knight and Low, 1969; Schroeder, 19%8yanson and Meyer, 1973;
Kaminski and Prince, 1981).

Hence, the purpose of the present study is to nhéddegically based inferences on
environmental conditions and to examine relatigosthetween natural environmental
factors (substrate) and the composition of bentiertebrate communities at the three
irrigation reservoirs-Wadhwana Irrigation Reserv@IR), Timbi Irrigation Reservoir
(TIR) and Jawla Irrigation reservoir (JIR) whichpport good density and diversity of
birds.

Materials and Methods

The study area was sampled bimonthly for macrofiebeates using quadrat sampling
method from March 2009 to February 2011. A quadf&0 cms. X 30 cms. upto a depth
of 5 cms. was selected randomly for collection ehthos. The macrobenthic samples
were washed, sorted and preserved in 70% alcoleoithBs forming a very large group
were mainly identified upto family level and wheeepossible up to genus as well as
species level with the help of standard keys by@aand DelLong, (1971); Needham and
Needham, (1972); Pennak, (1989; 2004) and Johnsbii@plehorn, (2004).

The benthic fauna was analysed for diversity imglidee Species richness (Krebs, 1985)
as well as Density (Rodgers, 1991) for each vidgnsity was measured on the basis of
the number of individual of species found in eackadrat using formula: Number of
individuals / area.e. size of quadrat x depth. Total number of speckeseosed per visit

is considered as species richness. Percent Occarrien each order was calculated
taking all visits in consideration using formulaumber of times all species belonging to
a particular order observed / Total number of pécses of all Classes. Occurrence was
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calculated for each family observed as the numbetinoes one particular family
encountered in total visits during the study periblde rating was given as Abundant for
families encountered >35 visits, Common for fansilencountered between 26-35 visits,
Frequent for families encountered between 11-25tsyidJncommon for families
encountered between 6-11 visits and Rare for fam#incountered in <5 visits. For the
statistical analysis the data for species richreasd density is pooled for 3 months
according to the seasons as Summer: March, Apaly;Nlonsoon: June, July, August;
Post-monsoon: September, October, November and ewinDecember, January,
February. Further the Mean and standard error @n{8EM) were calculated for each
season and applied to One-way ANOVA as describeBdwler and Cohen (1995) with
No post test for various parameters for four seasmmng GraphPad Prism version 3.00
for Windows, (GraphPad Software, San Diego CalitordSA). The correlation is
carried out using SPSS 7.5 software. The p valuAMOVA is non significant if P >
0.05 (ns), significant if P < 0.05 (*), significaytsignificant (**) if P is < 0.001 and
highly significant (***) if p < 0.0001. Pearson cetation was carried out between
benthic fauna and physico-chemical properties dewand soil along with waders using

SPSS software 7.5.
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Results

Species composition of benthic fauna at Wadhwanaigation reservoir, Timbi
irrigation reservoir and Jawla irrigation reservoi(Table 2.1, Fig. 2.1) (PLATE 6)

A total of three phyla were recorded during the lehstudy period. These include
Phylum Annelida, Phylum Arthropoda (Annexure 2) aPldylum Mollusca. For the
convenience of discussion, phylum Mollusca has lossit with in separate chapies.
(Chapter I11).

Altogether 79 species of benthos belonging to 38ilfas were observed at the three
irrigation reservoirs. Phylum Annelida is repregehlby Sub-class: Oligochaeta and order
Megadrilacea four families- Naididae, Megascoleeigand two unidentified families.
Four genera were recorded for family Naididae amel under Megascolecidae.

The benthic fauna in the study areas mainly coraprig class Insecta. The largest orders
noted were Coleoptera and Hemiptera (Annexure 2).

Order Coleoptera was represented by families Caaabi Staphylinidae, Cleridae,
Chrysomelidae, Coccinellidae, Hydrophilidae, Nated, Dysticidae Limnichidae and
Curculionidae and one superfamily Hydrophiloideat Gf these, six families were noted
at all the three irrigation reservoirs, while fayniCurculionidae was absent at WIR,
Cleridae and Coccinellidae at TIR and JIR while tidydae at WIR. Family
Hydrophilidae was absent at JIR.

When family wise representation is considered, fanilarabidae is represented by
Apotomus sp., Tachys luxus, Bembidion sp. andCasnoidea indica at TIR and all species
except the last one at WIR while omypotomus sp. andTachys luxus was found at JIR.

Family Staphylinidae was represented Rgederus fucipes and Paederus sp. at all the
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three study sitesBledius sp. was noted only at WIR. Cleridae was representecrby
unidentified genus observed only at WIR while fan@lhrysomelidae was illustrated by
altogether six species with four representativesIBt Out of them, only three could be
identified upto generic level. They wer€ryptocephalus sp., Aphthona sp. and
Chaetocnema basalis. Aphthona sp. was also noted at WIR while at JIR, two additional
unidentified chrysomelid species were recorded.ilya@occinellidae was noted only at
WIR represented by an accidental gerfisthorus sp. Further, four representatives of
superfamily Hydrophiloidea were recorded at theee¢hirrigation reservoirs. Of these
Hydrophilus sp. belonging to family Hydrophilidae was noted at TWRile two more
species could not be identified were noted at W@ &IR. The family of one species
recorded could not be identified and hence consiiat superfamily level only. From
family Noteridae, two representatives were recorde/IR and TIR. Of these, the one
not identified upto genus level occurred at all e irrigation reservoirs while the one
identified Canthydrus sp. occurred only at WIR and TIR. The next familg Dytiscidae
was represented only at TIR and JIR with two idestti generaHydaticus sp. and
Laccophilus sp. from TIR while only one unidentified species dR.J The next
coleopteran family noted only at TIR was Limnicledavith one identified genus
Byrrhinus sp. while the other one remained unidentified. The tnfmily of order
Coleoptera, family Curculionidae was noted onlyfBiR and JIR represented by a single
specied.issorhptrus sp.

Order Hemiptera was represented by altogether hiiliés at the three irrigation
reservoirs. Out of these, 11 were noted at WIR{ 7IR and 5 at JIR. Family Hebridae

was the most frequent family at JIR but rare at ViRl TIR which was represented by
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Hebrus sp. One unidentified genus of this family was notedlyoat JIR. Family
Cercopidae was represented by nymph of frog hoBp®tus sp. and an adult of family
Mesovellidae Mesovelia sp.) only at WIR. Family Pleidae (pygmy back-swimmenss
illustrated byParaplea sp. only at WIR while nymph of one unidentified specasTIR
and two unidentified genera at WIR and JIR. Regm&gtives of family Gerridae were
very common at the three study areas represente@etrys sp. Nymph and adults of
Nerthra sp. of family Gelastocoridae were observed at WIR dnR while Family
Ochteridae again represented by a single g@uhterus sp. was found only at TIR and
once during the whole study period at WNpa sp. (Family Nepidae) anilicronecta
sp. (Family Corixidae) were observed at TIR and WHamily Notonectidae was also
observed at these two reservoirs but with an uniiiksth genus while only one genus of
family Aphidiidae was noted at TIR and of familydaeidae at JIR.

Diptera, Orthoptera, Odonata and Hymenoptera Weistrated by 2 families each, while
Ephemeroptera and Trichoptera by a single famighes the three irrigation reservoirs.
Two families of Order Diptera are Culicidae and iG8homidae while larvae d@ulex sp.

of former family were copious at all the three reses; Chironomous sp. of the latter
family were rarely observed at WIR and TIR. Fan@gyllotalpidae of order Orthoptera
was represented bgryllotalpa africana and was noted at all the three irrigation
reservoirs whereas geniga of the family Tridactylidae was observed at TIRIaNIR
only. Nymphs of Order Odonata were observed athallthree reservoirs. Although the
families to which they belong could not be ideetfj sub-family Lestinae was noted at
WIR and TIR. Six species of order Hymenoptera regnéed by genu€amponotus sp.

of family Formicidae were found to move around twe tmoist soil at all the three
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irrigation reservoirs. In addition small antSecophylla smaragdina, Monomorium
minimum, Solenopsis invicta were also observed at all the three irrigation meses.
Second family of order Hymenoptera noted only @R Was Aphidiidae with genus
Aphis. Naiad of may fly (Order: Ephemeroptera) were ddbeit only at WIR and JIR

while those of Order Trichoptera represented byilfahydropsychidae only at TIR.

Class Arachnida on the other hand was represenyedelien species under order
Araneae. Of these, families noted were Araneidagidpe sp.) and SalticidaeRlexippus
sp.) at all the three reservoirs, family Lycosid&arnadosa sp.) at WIR and TIR while
TetragnathidaeTgtragnatha sp.) at JIR. Of the three unidentified genera, onéheaas
noted at WIR, TIR and JIR. Of the two species bgiog to order Trombidiformes, one
Hydrachna sp. belonging to Hydrachnidae while the second onddcaot be identified
upto the family level.

Mean species richness at Wadhwana irrigation resgry Timbi irrigation reservoir
and Jawla irrigation reservoir

Annual(Table 2.2 and Fig. 2.2)

The mean annual species richness of benthic faasebv8+0.68 species/quadrat at WIR,
5.74+0.82 species at TIR while 4.12+0.52 speciedlRtover the whole study period.
The variations in the annual species richness wasignificant (P>0.05; E72)1.49).
Seasong{Table 2.2 and Fig. 2. 2)

When the mean species richness was compared skastn&/IR it was highest during
winter with 8.67+1.31 species/quadrat. It startedliding with mean 6.83+0.7 species

during summer and reached to 1.67+0.67 speciesiglurionsoon and increased to
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3.0£0.27 species during post-monsoon. The seas@mn@tions were highly significant
(P<0.0001; .1914.26).

At TIR also similar trend in the seasonal comparisé mean species richness was
recorded with high species richness during winté0.8+2.67 species/quadrat, during
summer at 6.44+0.69 species, during monsoon atQ.33 species and during post-
monsoon at 3.75+0.63 species, with significantlgngicant differences (P<0.001;
F,215.33). However, at JIR, the species richness waspaaatively low with 5.14+0.8
species during summer and 5.11+1.06 species irewyinthile 2.8+0.49 species in post-
monsoon and 1.75+0.48 species in monsoon. No gignif seasonal variations were
noted (P>0.05; &212.87).

Among the reservoirs (Table 2. 2)

When species richness was compared among the oeseii was found to be higher at
WIR and TIR during summer and lower at JIR withgignificant differences (P>0.05;
Fe.101.34). While it was non-significantly higher at TI&uring monsoon (P>0.05;
F,100.49). During post-monsoon also the mean speaésiess was almost same with
no significant differences (P>0.05;2k)1.14) while in winter highest mean species
richness was noted at TIR followed by WIR and lawast JIR but again with no
significant differences (P>0.05{fg2.52).

Mean Density

Annual(Table 2.3 and Fig. 2.3)

The annual mean density at WIR was 1089.0+286.®&ithahls/nT, at TIR 888.7+128.2
individuals/nt and at JIR 699.4+82.53 individuals/mNo significant differences were

noted among the three irrigation reservoirs (P05 0F 2 721.14).
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Seasona(Table 2.3 and Fig. 2.3)

When the seasonal comparison in mean density wagaaut, at WIR it was noted to
be 1240+374 individuals/induring winter, highest 23394834 individual$/muring
summer, 172+58.38 individuals’nduring monsoon and 382.5+98.42 individuaf$/m

during post-monsoon, with significant differen¢Bs0.05; k3 19:3.96).

Mean density at TIR was highest during post-monseith 1640+388.3 individuals/h
followed by winter with 992.7+216.2 individualsim summer with 768.1+163.2
individuals/nf and lowest during monsoon with 510.3+238.2individire®. Significant

differences were noted (P<0.09; £2)3.29).

At JIR like WIR, the mean seasonal density was hdginng summer (788.3£115.7
individuals/ni). It decreased to the lowest during monsoon (4838.7 individuals/r)
increased in post-monsoon (648.2+291.7 individuas/ as well as in winter

(777.3+142.4 individuals/f. No significant differences were noted (P>0.05210.69).

Among the reservoirs

When mean density was compared among the reserwvoggsmmer significant variations
(P<0.05; k204.59) were noted while no significant differencesrevnoted in monsoon
(P>0.05; k,110.53). However, for post-monsoon significantly sigant differences
with P<0.001; b,14) 7.43 and for winter no significant differences QF05; k,150.91)

were noted.
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Jaccard’s Similarity Index (J) (Table 2.5, Fig. 2,2.6)

The annual Jaccard’'s similarity index was maximueteen WIR + TIR with 44%
species similar, followed by 33% between WIR + aiRl minimum 30% between TIR +
JIR.

The seasonal Jaccard’s similarity index was maxinauming summer between WIR +
TIR with 22% similarity followed by 21% between JBR WIR and minimum 13%
between TIR + JIR. However, during monsoon though similarity was maximum
between WIR + TIR with 14%, it was 13% between HRNIR and minimum 7%
between TIR + JIR. In post-monsoon 12% similaritgswioted between WIR + TIR as
well as JIR + WIR while TIR +JIR showed 25% simitar During winter similarity
between TIR + JIR and WIR+JIR was 27% each anddetw IR+WIR 26%.

Percentage occurrence of orders at Wadhwana irrigat reservoir, Timbi irrigation
reservoir and Jawla irrigation reservoir (Table 2.2.6 and Fig. 2.5, 2.6 )

Annual

When percentage of occurrence of eleven ordersoaagpared at the three irrigation
reservoirs, at WIR maximum 39% were Coleopterariovied by 12% Hemipterans,
13% order Trombidiformes, 7% order Araneae, ordiysienoptera and Megadrilacea
(Phylum: Annelida) 8% each, while order Dipterald orders Odonata and Orthoptera
1% each and order Ephemeroptera 0.96%.

As noted for WIR, at TIR also the highest perceatad occurrence was found for
Coleopterans (51%). This was followed by Hemiptsramth 13%. Hymenoptera,

Trombidiformes and Araneae at 6% each, Order Daptend order Megadrilacea
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occurred at 5% each, while Orthoptera and Odoraatesired at 2% and 2% respectively
and order Trichoptera was observed only once &°90.7

At the third reservoir, JIR, Order Coleopteransuscad with highest 27% followed by
Hemiptera with 26%. However, here order Diptera He&@® occurrence. Orders
Megadrilacea occurred at 9%, Hymenoptera and Amraas8% each, Trombidiformes at
5.95% occurence while Orthoptera, Ephemeropteralatwhata occurred at 1% each.
Seasonal

When seasonal percentage occurrence was consigel#tR, Coleopterans dominated
during summer with 47%, followed by 11% each of Hgerans and Araneae, 8% each
of Hymenoptera and Trombidiformes, while order Mérgacea at 5% and 2% each of
Diptera, Orthoptera and Ephemeroptera. Represeesatf order Odonata were not
recorded amongst the benthos of summer. During awnsrder Hemipterans dominated
with 40% followed by Diptera, Araneae and Tromhadihes with 20% each while other
groups were not recorded. Post-monsoon was dordifgteoleopterans occurring with
27%. At 18% and 13% respectively occurred Megack#aand Hymenoptera followed
by 9% occurrence of orders Hemiptera, Araneae amanBidiformes each. Orders
Diptera, Orthoptera and Odonata occurred with 4éh ed the reservoir. Winter was also
dominated by Coleopterans with 41% occurrence. Ofdembidiformes occurred with
18% and Hemiptera with 11%. Hymenoptera, Araneak Magadrilacea each had 6%
occurrence. Dipterans had an occurrence of 4% wbdenata 2%. Ephemeropterans
occurred at WIR only during summer.

The benthic fauna at TIR was also dominated byoptégans. During summer they

occurred at 56% whereas other orders had low % @aoce with Hemipterans at 9%.
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Order Trombidiformes and Megadrilacea at 7% eachthdpterans at 5% while
Dipterans, Hymenopterans and Araneae each occuatre8l. Odonates were least
observed with 1% at this irrigation reservoir. Digri monsoon 64% Coleopterans
dominated at TIR. Diptera and Araneae each occuatdl1%, Orthoptera and
Hymenoptera at 5% each, while Hemipterans, Megaxbd and Trombidiformes were
completely absent. In post-monsoon also Coleopseslaminated the reservoir with 53%.
Hymenoptera followed with 15% while other orders Megadrilacea, Trombidiformes,
Araneae and Diptera were encountered at 7% eachQahtbptera, Odonata and
Trichoptera were not encountered. During wintee, ienthos was again dominated by
Coleoptera with 41%. Here, Hemipterans occurre@=¥ followed by Araneae and
Trombidiformes at 7% each, Diptera and Hymenop&ra% each while Odonata and
Megadrilacea each at 3%. Trichoptera was obserméd ance during the whole study
period (1%) while Orthopterans were not encounteretis season.

At JIR, the overall occurrence of species of benthiina was lower as compared to WIR
and TIR. However, here also during summer the oeoge of Coleopterans and
Hemipterans were higher with 28% and 21% respdgtivEhis was followed by
Megadrilaceans with an occurrence of 12%, Diptet@ms$ Trombidiforms at 6% each
and orders that occurred least were Odonata anérigroptera at 3% each with the
absence of Orthopterans. During monsoon, the Ctdesnps and Hemipterans occurred
with 28% and 42% respectively while Megadrilaced Biptera with 14% each. In post-
monsoon however, the occurrence of Coleopterangiandpterans were same with 21%
followed by 14% of Diptera and Trombidiforms eackll other ordersi.e. Araneae,

Hymenoptera, Orthoptera and Megadrilacea occurted¥a each. During winter, the
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Hemipterans and Coleopterans dominated the resewibh 30% each. Dipterans
occurred at 13%, Hymenopterans and Araneae (spidéis 10% each while the orders
Trombidiformes and Megadrilaceans had 3% occurremze Orthoptera, Odonata and
Ephemeroptera were not recorded in this season.

Occurrence of families at Wadhwana irrigation resair, Timbi irrigation reservoir
and Jawla irrigation reservoir (Table 2.7)

The families of benthic fauna were rated accordmghe number of times they were
observed during the study period (Table 2.4, AnnexX). At WIR, families Carabidae
and Staphylinidae (Coleoptera) were frequent wikitgmicidae (Hymenoptera) and
Hydrachnidae (Trombidiformes) were noted to be wmoon. All other 29 families

comprising Coleopteran families such as Cleridaéyy§€bmelidae, Coccinellidae,
Hydrophilidae, Noteridae, Corixidae, Cercopidae, sMallidae, Pleidae, Gerridae,
Gelastocoridae, Ochteridae, Hebridae, Nepidae, ¢atidae from order Hemiptera,
Chironomidae, Culicidae of Diptera, order Orhoptezamprising Gryllotalpidae,

Tridactylidae, Lestidae and two unidentified famsliof order Odonata, an unidentified
family of order Ephemeroptera, spider family inchgl three unidentified families,

Lycosidae, Araneidae, Salticidae and order Megack#h comprising families Naididae,

Megascolecidae were rare.

At TIR also, families Carabidae and Staphylinidaerevfrequent but Chrysomelidae,
Hydrophilidae, Culicidae, Formicidae, Araneidae deachnidae and Naididae was noted
to be uncommon at the reservoir. All other 27 famsil Cleridae, Coccinellidae,

Noteridae, Corixidae, Cercopidae, Mesovallidae,iddke Gerridae, Gelastocoridae,

Ochteridae, Hebridae, Nepidae, Notonectidae fromeroHemiptera, Chironomidae,
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Gryllotalpidae, Tridactylidae, Lestidae and two demtified families of order Odonata,
Hydropsychidae (Trichoptera), spider family inchgli three unidentified families,
Lycosidae, Salticidae and order Megadrilacea cosimgifamilies Megascolecidae were

noted to be rare.

However, at JIR, family Naididae of order Megadrda was abundant at the reservoir.
Family Hebridae was frequent while Carabidae, Ghmalidae, Formicidae were
uncommon. The other 28 families which were notedb® rare were Cleridae,
Coccinellidae, Noteridae, Corixidae, Cercopidae, sMallidae, Pleidae, Gerridae,
Gelastocoridae, Ochteridae, Nepidae, Notonectida®m f order Hemiptera,
Chironomidae, Gryllotalpidae, Tridactylidae, Lesidand two unidentified families of
order Odonata, an unidentified family of order Epleeoptera, spider family including
three unidentified families, Araneidae, Lycosid&alticidae, Tetragnathidae and order

Megadrilacea comprising families Megascolecidaeawted to be rare.

Correlations with physico-chemical properties of teaand soil (Table 2.8 and 2.9)

When correlation of benthic fauna was attemptedh itysico-chemical properties of
water (Table 2.6) and soil (Table 2.7), negativealations at 0.05 level were noted for
salinity and sulphates in water while positive etation at same level with soil acidity
and percent coarse sand for WIR. For TIR positiveetation was noted at same level
with nitrite in water and water temperature onlyendas for JIR no correlation for water

or soil parameters could be obtained at any level.

82



CHAPTER I

Table 2.1. Number of species in each of the elevawders at Wadhwana Irrigation
Reservoir (WIR), Timbi Irrigation Reservoir (TIR) a nd Jawla Irrigation Reservoir (JIR)

Orders Phylum: )
Annelida Phylum: Arthropoda
Class:
Oligochaeta; Class: ) ) ) . !
Total Sub-class: Arachnida Class: Insecta; Sub-class: Pterygota; Infra clas\leoptera
Haplotaxida
Site Megagnlace Ara | Tro Col |Hem | Dip | Odo | Ort |Eph | Tri |Hym
WIR 49 5 4 2 13 11 2 2 2 1 0 7
TIR 55 5 4 2 21 8 2 2 2 0 1 8
JIR 33 2 4 2 9 5 1 1 1 1 0 7

Meg- MegadrilaceaAra- Araneae; Tro- Trombidiformes; Col- ColeopteHem- Hemiptera; Dip-

Diptera; Odo- Odonata; Ort- Orthoptera; Eph- Epbmptera; Tri- Trichoptera; Hym- Hymenoptera

Table 2.2. Species Richness of benthic fauna at Wadana Irrigation Reservoir (WIR),
Timbi Irrigation Reservoir (TIR) and Jawla Irrigati on Reservoir (JIR)

Mean Species Richness WIR TIR JIR
Annual ins) F 72 1.4¢ 53+0.68 574+ 0.82 412+0.52
Seasonal (***) Rs1014.26 | (**) F219.33 (ns) kz.212.87
Summer (nsF 190.2¢ 6.8%+0.7 6.44+ 0.69 5.14+0.7¢
Monsoon (nsF 100.4¢ 1.67+0.67 2.3:+£049 1.75+0.4¢
Pos-monsoonns) F14)1.14 3.0+x0.27 3.7+ 0.63 2.6+0.49
Winter (ns) F,12.52 8.67+1.31 10.0+ 2.€7 5.11+£1.06

Table 2.3. Annual and seasonal Density of benthiadina at Wadhwana Irrigation Reservoir
(WIR), Timbi Irrigation Reservoir (TIR) and Jawla | rrigation Reservoir (JIR)

Density WIR TIR JIR
Annual ing) F 75114 10€9.0 + 286.¢ 888.7+128.2 699.4+ 82.5:%
Seasonal (*) k5.193.96 (*) Ra233.29 (ns) kz210.69
Summer *) F 204.59 2338.0+834.0 768.1+163.2 788.:+£115.7
Monsoon (nsF,,11/0.53 172.(+58.3¢ 510.3+ 238.2 453.(+104.5
Pos-monsoon (**)F,14)7.4% 382.£+98.47 164C.0+ 388.3 648.2+291.7
Winter (ng) F,150.91 1240.(£ 374.0 992.7+ 216.2 777.:£142.¢
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Table 2.4. Annual and seasonal Jaccard’'s Similarityindex (J) between Wadhwana
Irrigation Reservoir (WIR), Timbi Irrigation Reserv oir (TIR) and Jawla Irrigation

Reservoir (JIR)

Jaccard’s Similarity Index WIR+TIR TIR+JIR JIR+WIR
()
Annual 44 % 30 % 33 %
Seasonal Jaccard’s Similarity Index

Summer 22 % 13 % 21 %
Monsoon 14 % 7% 13 %
Post-monsoon 12 % 25 % 12 %
Winter 26 % 27 % 27 %

Table 2.5. Annual percentage occurrence of the elen
Wadhwana Irrigation Reservoir (WIR), Timbi Irrigati on Reservoir (TIR) and Jawla

Irrigation Reservoir (JIR)

orders of benthic fauna at

&der Meg | Tro | Ara | Col Hem | Dip Ort |Odo |Eph | Tri |Hym
WIR |865 |134 |7.6¢|3942 | 125 |481 |1€2|12|0%6 |- 8.6E
TIR 5.04 2.4E 6.4¢ | 51.07 | 13.6¢ | 5.0z | 2.8¢ | 2.1€ | - 0.7z | 6.41
JIR 9.5z | 5.9t |83 |27.3¢ | 26.1¢ | 10.71 | 1.1¢ | 1.1¢ | 1.1¢ | - 8.3¢

Meg- Megadrilacea;Ara- Araneae; Tro- Trombidiformes; Col-
Diptera; Odo- Odonata; Ort- Orthoptera; Eph- Epbeoptera; Tri- Trichoptera; Hym- Hymenoptera

Coleoptettdem- Hemiptera; Dip-
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Table 2.6. Seasonal percentage occurrence of elewaders of benthic fauna at Wadhwana
Irrigation Reservoir (WIR), Timbi Irrigation Reserv oir (TIR) and Jawla Irrigation
Reservoir (JIR)

Order Sites Summer Monsoon | Post-monsoon Winter
WIR 5.56 0.00 18.18 6.98

Megadrilacea TIR 7.55 0.00 7.69 3.57
JIR 12.50 14.29 7.14 3.33

o WIR 8.33 20.00 9.09 18.61
Trombidiformes ™ 7.55 0.00 7.69 7.14
JIR 6.25 0.00 14.29 3.33

WIR 11.11 20.00 9.09 6.98

Araneae TIR 3.77 11.76 7.69 7.14
JIR 9.38 0.00 7.14 10.00

WIR 47.22 0.00 27.27 41.86

Coleoptera TIR 56.6 64.71 53.85 41.07
JIR 28.13 28.57 21.43 30.00

WIR 11.11 40.00 9.09 11.62

Hemiptera TIR 9.43 0.00 0.00 25.00
JIR 21.88 42.86 21.43 30.00

WIR 2.77 20.00 4,54 4.65

Diptera TIR 3.77 11.76 7.69 5.36
JIR 6.25 14.29 14.29 13.33

WIR 8.33 0.00 13.63 6.97

Hymenoptera TIR 3.77 5.88 15.38 5.36
JIR 9.38 0.00 7.14 10.00

WIR 2.78 0.00 4,55 0.00

Orthoptera TIR 5.66 5.88 0.00 0.00
JIR 0.00 0.00 7.14 0.00

WIR 0.00 0.00 4.54 2.33

Odonata TIR 1.89 0.00 0.00 3.57
JIR 3.13 0.00 0.00 0.00

WIR 2.78 0.00 0.00 0.00
Ephemeroptera | TIR 0.00 0.00 0.00 0.00
JIR 3.13 0.00 0.00 0.00

WIR 0.00 0.00 0.00 0.00

Trichoptera TIR 0.00 0.00 0.00 1.79
JIR 0.00 0.00 0.00 0.00
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Table 2.7. Occurrence of families of benthic fauna&ncountered at Wadhwana Irrigation
Reservoir (WIR), Timbi Irrigation Reservoir (TIR) a nd Jawla Irrigation Reservoir (JIR)

Study aree | Abundant | Common | Frequent | Uncommon | Rare
WIR 0 0 2 2 29
TIR 0 0 2 7 27
JIR 1 0 1 3 28

Table 2.8. Correlation of benthic fauna with varioss physico-chemical properties of water
and wader density at Wadhwana Irrigation Reservoir(WIR), Timbi Irrigation Reservoir
(TIR) and Jawla Irrigation Reservoir (JIR)

Parameters WIR TIR JIR
Acidity -0.147 0.263 -0.298
Chlorides -0.220 0.094 -0.126
Dissolved oxygen 0.340 -0.083 -0.026
Free CQ 0.249 -0.041 -0.050
Bicarbonate alkalinity -0.115 -0.171 -0.199
Inorganic Phosphates 0.214 -0.084 0.206
Kjeldahl Nitrogen -0.312 -0.094 0.254
Nitrate 0.166 -0.165 -0.057
Nitrite -0.254 0.415* 0.129
Hydroxyl alkalinity -0.208 0.040 -0.144
pH 0.177 0.014 -0.145
Salinity -0.452* 0.094 -0.126
Sulphate -0.470* -0.041 -0.121
Water temperature 0.346 0.437* 0.14§
Total phosphorus -0.310 -0.266 0.224
Water cover -0.380 -0.195 0.190
Waders 0.310 0.025 -0.208

86



CHAPTER I

Table 2.9. Correlation of benthic fauna with variows physico-chemical properties of soil at
Wadhwana Irrigation Reservoir (WIR), Timbi Irrigati on Reservoir (TIR) and Jawla
Irrigation Reservoir (JIR)

Parameters WIR TIR JIR
Calcium 0.088 -0.147 0.159
% Coarse sand 0.5851  -0.043 -0.295
% Fine sand -0.321] -0.299 0.071
Magnesium -0.193 -0.307 0.44(
pH 0.158 -0.407| -0.111
%Silt+Clay 0.002 0.105 0.203
Total Nitrogen 0.237 0.197 0.057
Tota organic 0.233 | -0.425| 0.416
Total phosphorus -0.007 -0.105 -0.243
%Very fine sand -0.423| 0.640F  0.216
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Fig. 2.1. Speciesomposition of different orders at Wadhwana Irrigation Reservoir (WIR),
Timbi Irrigation Reservoir (TIR) and Jawla Irrigation Res ervoir (JIR)
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Fig. 2.2. Annual and seasonal mean species richnesé benthic fauna at Wadhwana
Irrigation Reservoir (WIR), Timbi Irrigation Reserv oir (TIR) and Jawla Irrigation
Reservoir (JIR)
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Fig. 2.3. Annual and Seasonal Density of differenbrders at Wadhwana Irrigation
Reservoir (WIR), Timbi Irrigation Reservoir (TIR) a nd Jawla Irrigation Reservoir (JIR)
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Fig. 2.4. Annual and seasonallaccard’s similarity index between Wadhwana Irrigation
Reservoir (WIR), Timbi Irrigation Reservoir (TIR) a nd Jawla Irrigation Reservoir (JIR)
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Fig. 2.5. Annualpercentage occurrenc of eleven orders aWadhwana Irrigation Reservoir
(WIR), Timbi Irrigation Reservoir (TIR) and Jawla | rrigation Reservoir (JIR)
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Fig. 2.6.Seasonal variation in thepercentage occurrencef eleven ordersat Wadhwana
Irrigation Reservoir (WIR), Timbi Irrigation Reservoir (TIR) and Jawla Irrigation
Reservoir (JIR)
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Discussion

Although many studie have been conducted on the marine and coastalt@éwates o
Gujarat (Sarvanakumaet al., 2007; Anbuchezhianet al., 2009; Pandya and
Vachchrajani, 2010%tudies on freshwater benthic fauna arece (Sivaramakrishnan,
1996;Deshkar, 2008; Moluet al., 2011) while the studies of benthic fauna as prey |
for water birds in the region are nHence, the community structure, characteristic
the macroduna, seasonal changes in their density and diyemnd environment:
parameters are dealt within the present stSamplescollected from the offshore wat
shows presence of 79 macrobenthic taxa belongir@g8téamilies of phylum Annelid
and Arthropda excluding mollusca. Studies being sparse méartfiese could not b

identified upto species level. However, majoritytioése families were rare (Tal2.2),
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several uncommon, few frequent, none common ang oné abundant. One family
abundant at JIR explains the difference in thethfht local level.

Significant seasonal changes found in speciesesh(iTable 2.2) and density (Table 2.3)
of many species of the macrozoobenthic fauna athttee irrigation reservoirs indicate
their dependency on environmental factors. Thesagds are highly pronounced at the
reservoirs under prominent Narmada inundation (VWAR0.0001; & TIR P<0.001)
compared to non inundated reservoir, JIR (ns; B>Table 2.2, 2.3 Fig. 2.2, 2.3)
indicating additional influence of Narmada watehisT is also reflected as higher
similarity in benthic fauna of WIR and TIR agairsily 33% similar species between
WIR and JIR and 30% between TIR and JIR (Table. ZSilarity is maximum in
winter when species richness is high.

Though the dominant taxa in the present study weleopterans and hemipterans (Table
2.7), dipterans were also frequent (JIR) mainlyaose of the presence of larvaeCofex

sp. In the terrestrial habitats around the three rueses studied, Gandhi, (2012) has
reported presence of 13 species of coleopteranl8rgpecies of hemipterans, many of
which have aquatic larval forms. The majority o fopulation density of coleopterans
was due to representation of family carabidae attlinee reservoirs. These insects are
ground dwellers preferring moist soil. For examphgotomus sp., Tachys sp. and
Bembidion sp. These were very common at WIR and TIR. Thoutpe, carabids are
strictly terrestrial and their legs are used famnimg, in a few genera, the front pair, are
modified for digging. Most of these long-lived atlehrabids feed either on vegetable
matter or are predacious add notshowstrong seasonal fluctuation (Lindroth, 1974).

Hence, coleopterans occurred at the three reserioall the seasons except at WIR in
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monsoon. WIR being the largest of the three, cdkraps probably got more distributed
due to incoming rain water. Gandhi, (2012) has ne® total 13 species of coleoptera on
the terrestrial habitats around the three reseswaith six, eleven and five species at
WIR, TIR and JIR respectively.

Among the coleopterans, staphylinid beetles weegquent enough to further influence
the overall population size of coleopterans at V@il TIR although they were less
common at JIR. Also known as Rove beetles this miisucurrently recognised as the
largest family of beetles with thousands of speémsd in the world (Campbell and
Davies, 1991). They live in soil, ground litter,coenposing organic matter preferring
moist habitats. Many of them known to feed on snmsiects are considered important for
biological control.Paederus sp. was most abundant species found all over the whde
Bledius sp. was noted only at WIR.

At JIR, chrysomelid beetles surpassed carabidscimess in the present study. The
presence of these leaf beetles at the reservoir Ipeaylue to the highly vegetated
surroundings of the earthen dam which may havddettheir inclusion in the samples.
They are basically terrestrial phytophagous agucal pests of various crops (Huett
al., 1996). The three sites studied, being irrigati@servoirs, are surrounded by
agricultural matrix and hence the occurrence ofe¢heeetles is noted.

The hydrophilids or the water scavenger beetlesewaore common at TIR in
comparison to WIR and JIR. Around 400 species ofj&@era are reported from oriental
realm (Hansen, 1999). Their adult and larval stages either phytophagous,
saprophagous and / or predacious (Hendeichl., 2004). They were found over the

whole year except during summer when water was =y in the reservoirs due to dry
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conditions. Many of them are aquatic or semi-aguhtit some live among decaying
leaves, dung and in soil feeding on fungi, deconmgpgegetable matter and dead animal
tissues (Jaiswal, 2010).

Dytiscidae is a group of aquatic beetles. Also kn@s predacious diving beetles, these
beetles have been recently excluded from the fahyityrophilidae. These beetles travel
to water surface to take up atmospheric air. Thascigs represented at TIR by
Hydaticus sp. andLaccophilus sp. and one unidentified species each from JIR ami] TI
but not noted from WIR. The incoming Orsang / Nadm&anal and five distributing
irrigation canals of WIR probably produced a strdlogv in water not preferred by this
group of insects. Hence, this group was not recbedaVIR.

Family Noteridae is another family of order colempt found in the present study and
comprising of true water beetles. It is a smallifgmainly found in the warmer parts of
the world. Only about 23 species of this family édeen reported from Southeast Asia
(Vazirani, 1977). Noterids usually inhabit the masgof more-permanent, plant-rich and
shallow ponds, swamps and ditches the habitatdabl@iat the three reservoirs. Not
much is known about their feeding habits but balblts and larvae are known to be
carnivorous (Hendrichet al., 2004). Although the noterids represented by genus
Canthydrus was found at three reservoirs, it was not very comufuring present study.
Family curculionidae comprising of snout beetlesswated only at TIR and JIR
represented byissorhptrus sp. which might have accidentally entered the sampkes
members of this family are all terrestrial and plgeders. Gandhi, (2012) has recorded
five species of this family in the area. Anothemilty which was rare in study area and

occurred only at WIR samples is family coccineléd@&presented b$tethorus sp. The
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representatives of family limnichidae comprisingsafall semi-aquatic beetles frequently
living in riparian habitats were found only at TIRdults are reported to occur near the
waterline over stream banks or in riffles and ocksoin streams; some are even reported
to be marine (Spangleet al., 2001). The occurrence diethorus sp. of family
coccinellidae at WIRByrrhinus sp. of family limnichidae at TIR was rare. The firsta
terrestrial species whered®yrrhinus sp. is an aquatic species adapted for marshy
habitats. One species of family limnichidae remdiaeidentified.

Order Hemiptera comprising of true bugs includehbatuatic and semi-aquatic taxa
mainly relying on dissolved oxygen in water. Heredst in water bodies with low levels
of DO. Most family of this order, mainly found aRJis Hebridae witiHebrus sp. seen
frequently. Also known as the velvet bugs, theyideal indicators of wetlands, as they
are only found in or on the surface of water odamp areas (Epler, 2006). They were
found at other two reservoirs too but rarely.

Nymph of Bofylus sp. of family Cercopidae of this order also known as tamily of
‘Frog-hoppers’ was found only once at WIR during twhole study period. Gandhi,
(2012) has reported 188 species of nine ordersndrterrestrial habitats of WIR, TIR
and JIR and could not find any cercopids in hedyuf terrestrial insects.

Mesovelia sp. of Mesovellidae, the water traders skating across rwaith high agility
were observed at WIR but only once during the spuelyod. They prey on invertebrates
along the shore or near water surface generallyceged with floating mats of detritus
and vegetation or at the margins of ponds, marshéstreams (Bouchard, 2004). Family
Pleidae of this order was represented by threeréifit species at the three study sites

indicating their habitat specific nature. GeRaaplea sp. was observed at WIR and a
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nymph at TIR. Pleids are found in shallow standing slow moving waters generally in
association with emergent vegetation, a typicalithaln the shallow regions of the
reservoirs studied. They feed on small invertelsrateeh as mosquito larvae.

Gerris sp. (Water striders) of family Gerridae, seen onwrager surfaces at all the three
study areas may have also mistakenly entered irplsaduring collection. They are
generally found on the surface of water in pond&e$, marshestc. and observed
skating on the water surface using their mid anadd Hiegs. Family Gelastocoridae
represented bierthra sp. are very secretive and hence found only once aa@fiR and
TIR. Also known as Toad bugs, most gelastocoridsshore line insectdlerthra sp. can
also be found in water under floating wood and urslenes, in addition to terrestrial
debris and rotting plants and it rarely moves unldisturbed and hence often plated with
dirt and detritus covering their body (Epler, 2006)ich was also noted while collecting

samples.

Ochterus sp. of family Ochteridae, the inhabitant of shore linegs rare and noted only
at WIR. This group of “velvet shore bug& known to occur in the open as well as
among grasses and predate on gelastocorids (BObl).1These prey species were also
uncommonly observed at WIR and TIR. Because ofr tbgiptic nature, ochterids are

poorly encountered in biological surveys (Chandra dehamalar, 2012).

Super family corixoidea, the group of truly aqudiiegs are found in stagnant waters or
parts of streams with very little current and hefmend at the shallow regions of WIR
and TIR where very little movements in the watecuwsc Representatives of this super

family belonging to family corixidae though rareh@n occurred they were plenty at both
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the above mentioned reservoirs. They are predortyn&opical (Nieser, 2004). Most
corixids feed by disturbed soft sediments and tlestiwith their scoop-like forelegs and
consume organisms stirred up from the sediment¢Bana, 2004).

Occurrence of notonectid bugs, though unidentifradely found at WIR and TIR and
not at JIR may be associated with presence of GBexpns which commonly preferred
notonectid bugs as part of their natural diet (Eeme and Bohac, 1991). Grey Herons
though in small numbers are regularly observeti@said reservoir (Chapter ). They are
strong predators, easily identified by their typiband legs that are long and heavily
fringed, rowed like oars, notonectid bugs occualinhabitats of still and slow flowing
water bodies many preferring moderate to rich nyatyte growth (Bouchard, 2004).
The vegetation in the shallow areas of WIR and pi&bably supported this family. The
family aphidiidae which comes under this order \masaccidentally sampled family at
TIR. Family nepidae is an aquatic species but ¢suoence was rare during the study.
The rare occurrence of representatives of famé@sdidae and lygaeidae in the samples
from any of the three reservoirs can be accideagahese are the families of terrestrial
insects. These three families are recorded in éneedtrial habitats around the three
reservoirs by Gandhi, (2012). Of the two familiesooder diptera, family culicidae
represented by larva @ulex sp. though rated as rare and uncommon, occurredhigtin
density. Whenever present, especially during mamsad@hereas, rare occurrence of
second family chironomidae, preferring polluted evagives indication of health of the
aquatic bodies studied with a caution that carelsi¢e be taken to avoid any kind of
pollution in which chironomids can flourisEhironomus sp. is an ecologically important

genus of aquatic insects often occurring in highsitees and diversity in polluted water
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(Al-Shami et al., 2010). Perez-Hurtadet al., (1997) have described in their work the
presence of chironomids as an important diet ofedhicds although the chironomids

were not very common during the study period.

Two families of orthoptera found during the studgripd, family gryllotalpidae and
tridactylidae were also rare. The former familyluge mole crickets; cylindrical bodied
insects with shovel-like forewings for burrowingh&se are omnivores, feeding on
larvae, worms, roots, and grasses. They are relgtstommon, but because they are
nocturnal and spend nearly all their lives undeugthin extensive tunnel systems, they
were probably rarely seen. They were found ath@lthree reservoirs hidden beneath the
soil. Family tridactylidae noted only at WIR andRTinclude species which are mostly
less than 10mm in length. Their worldwide distribatis patchy and hence probably
rare. Their typical habitat is moist, sandy soianwater, such as dams, lakes, streams,
and sometimes the sea. In such places they did smakls, in which they live (Folkerts,
1989).

Among odonates, though 27 species of dragonfliesl&hspecies of damselflies have
been recorded from the three reservoirs (Gandli2R0arvae of only 4 species could be
recorded from benthos because of their aguatiemi-aquatic nature (Odonates lay their
eggs in water or on vegetation near water or waated). Nymphs of sub-family Lestinae
of damselflies were observed at WIR. Damselfly ngmpreathe through external gills
on the abdomen, while dragonfly nymphs respireughocan organ in their rectum (Hoell
et al., 1998). The moults of dragon flies were very comimdound on short grasses at
all the three study areas. Identification of nymghdifficult upto the lower classification

level hence one species each found at the threevoes went unidentified.
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One of the major families of order hymenopteraoigriicidae which includes ants. These
social insects preferring moving on ground are weiresented with 19 species at the
three reservoirs (Gandhi, 2012), of these six gseof GenusCamponotus and three
more species were found moving on the moist sdithethree reservoirs. Most ants are
generalist predators, scavengers, and indireciveeds (Wilson and Holldobler, 2005).
Order ephemeroptera commonly known as mayfly haymphs that are benthic
macroinvertebrates. They are found in lakes, wdfarstreams and rivers and are
common in lotic habitats (Bouchard, 2004). One dhipecies was also sighted during
present study. This order noted only at WIR and &/ be linked to Redshanks as its
diet consists of mayflies, dragonflies, larva oftenepterans (corixidae, notonectidae,
etc.), ants, flies and larvae of trichopterans alongwitolluscs and worms (Nethersole-
Thompson and Nethersole-Thompson, 2010). Both theses are rare in the area.
However, order trichoptera of caddis flies with afyu larvae were also poorly
represented and noted only at TIR with an unidiexati§pecies of family hydropsychidae.
The hydropsychid larvae, like most trichoptera damvare entirely freshwater. These
small moth-like insects having two pairs of hairgmbranous wings are found in water
bodies of varying qualities. The species-rich cafiigliassemblages are generally thought
to indicate clean water (Nessimian and Dumas, 2010Jogether
with stoneflies and mayflies, caddisflies featurgortantly in bio-assessment surveys of
streams and other water bodies. However, at theetheservoirs their occurrence was
rare. Trichopterans being aquatic in habit wererecbrded by Gandhi, (2012).

Spiders of class Arachanida known to occupy midodhts on or near ground were

occasionally collected with the benthos sampleghtEspecies collected were found at
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one, two or all three habitats of the study. Thasdreathing arthropods with eight legs,
chelicerae and venomous fangs rank seventh indpt&adies diversity among all group of
organisms (Sebastin and Peter, 2009). These anaiemtals are known to occur in
greater abundance and are widely distributed inosinall ecosystems having very
significant role in ecology by being exclusivelyegatory they help maintain ecological
equilibrium (Meshram, 2011). Siliwadt al., (2005) has described 1442 species, out of
which 1002 are endemic to the Indian mainland. Ba®alticidae of jumping spiders,
predominantly known to capture prey located on gneund (Bardwell and Averill,
1997), was noted only in the microhabitats at WARnumber of species of jumping
spiders (Salticidae) are also behaviorally adaptef@eding on ants on ground (Nyffeler
et al., 1994) and hence occurred in the samples. Van@isweaving spiders, despite
having the ability to capture pest insects suclesvils, and leaf beetles, usually capture
aphids and small flies. Hence, representation ofilfaaraneidae was rare during the
study period. This family includes orb-web buildingpiders for prey capture.
Tetragnathid spiders are a fairly large family. yHeve in grassy places and are
particularly common on borders of swamps and cpaeding habitats. This family was
noted only at JIR where the earthen dam is cowergtdvegetation and hence found near
the edges of the water body. Like araenids, thesders also build orb webs for
capturing prey.

Water mites of family hydrachnidae (Order: Tromhdihes) are close relatives of
spiders recorded at all three reservoirs. Theyaat®verse group that is not well studied.
Water mites live all over the globe, except AntaatAt present, more than 5000

Hydrachnidia species are known in the world, regméag more than 300 genera, 50
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families and 8 super families (Viets, 195%)dults are predators and eat the eggs of
insects, their larvae, small crustaceans and fistey were uncommon in samples
collected but when found, were observed swimmirgprously at all the three study
areas.All species of the group in the larval stage ar¢omarasites and thus, the
hydrachnidae exert a significant role in the aquédiod chains from the zoobenthic
communities (Smith and Cook, 1991).

Representatives of Phylum Annelids are also presgerthe three reservoirs with 3
families. They are key components of the benthimmonities of many freshwater
ecosystems. As the digestive tract of most aquediens is much simpler than those of
terrestrial, they get food by ingesting the sofbstatei.e. detritus (Smith and Kaster,
1986). Family Naididae, formerly known as Tubifiaed was represented Mbybifex
tubifex the most common species found at all the thregairon reservoirsDero sp. was
observed only once at WIR during the whole studsiodeas they are found only at
certain depths in the soil whi8ylaria sp. was uncommonly noted at JIR in the soil
collected from the reservoir. Megascolecids argdathan Naidids and commonly found
near water bodies. Only one species was found Hteathree reservoiise. Perionyx sp.
andwas not very common while two remained unidentified

Mean Species richness

A stable environment involves a higher degree gfanoization, more species and more
niches as well as complexity of the food web (M&fal958) while environmental

changes influence species richness (Legendre agenidee, 1998). The species richness
around the three reservoirs clearly indicated that number of species present here

greatly depend on their microclimate. It is appateat at WIR the size whereas at TIR
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vicinity to urban conditions may have provided edrimicrohabitats supporting higher
species richness. In addition fluctuating wateels\due to Narmada Inundation probably
keep on changing microhabitats resulting in avditgbof varied habitats over the
seasons supporting diverse groups of organismshande increasing species richness.
Another factor influencing the species richness cWwhicannot be ruled out is
anthropogenic pressures. WIR is mainly undisturdaege habitat hence the number of
species present therein may be positively infludigeereas TIR facing moderate human
disturbances and urban expansion support urbantadapoo influencing species
richness. At JIR, the reservoir with moderate sird low human impact such conditions
do not prevail and hence supports moderate spaclegess (Table 2.1).

High species diversity indicates that such comnyuhds their resources more finely
distributed among individuals of many species (8mi977). In tropics, on an average
the activity patterns of the insects are longer arahy species are active all round the
year and hence major seasonal peaks are absera €Sal., 2011). However in present
study of sub tropics seasonal comparison reveadbtgtest richness during winters at all
the three irrigation reservoirs. This could be doespecies observed in moderate
warming up weather of February. Carabids, Staplddimnd Hydrophilids occurred at
WIR and TIR while a higher number of StaphylinidedaHebrids were present at JIR.
Although there was decline in mean species richrgs$WVIR and TIR not much
difference was noted during summer at JIR. JIRughonot inundated with Narmada
water seepage from nearby canal and minimal alberah the type of macrophytic
vegetation lead to good species richness duringrermHowever, it was low compared

to winter as the dry season is likely to force mapgcies to undergo hibernation or
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diapause. Surface water level fluctuation adverséfigcts littoral invertebrate diversity
and community assemblage (Shetlal., 2011). Sporkaet al., (2006) found significantly
higher autumn index scores due to the summer emeggef some taxa in mountains of
Central Europe. For example caddisflies are knawhave adaptations that allow them
to survive during the dry season (Anderson andriglet1992).

A great deal of overlap occurs in the fauna of pei@ and temporary habitats (Banks,
2005). WIR and TIR though not temporary were alntmstpletely dry during the first
year of the study but recovered as soon as pratipitstarted. The reservoirs selected in
the present study are located in subtropics whistenct wet season is observed only in
July and August.e. monsoon when species richness was observed tonast at all the
reservoirs. Benthic macroinvertebrates are semsitio changes in temperature,
precipitation, and the associated flow regimes (Band Arthington, 2002). The species
richness might also be low because of the increatee water level during monsoon and
hence their migration to suitable places in theor@nd absence from the samples. As
precipitation stopped and water levels stabilizbd,richness started developing in post-
monsoon which could be due to successful breedinget surface area and habitat types.
Shahet al., (2011) also recorded slightly higher number ofatéor post-monsoon than
pre-monsoon (summer) in a reservoir in Nepal. Tét®very can be attributed to higher
abundance in food and changes in the microhalatdtse reservoirs. In addition, it could

also be due to the life cycle length, etc.
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Mean Density

The reservoir where aquatic macroinvertebrates vierad to be high in density was
undisturbed and rich in aquatic vegetatiom WIR. The valued ecological attributes,
such as water storage capacity, biogeochemicalingyclbiotic productivity, and
biodiversity, are integral to the structure andction of a wetland ecosystem and its
ecological integrity (Stevenson and Hauer, 2008)tHer, the seasonal variations in the
abundance of tropical insects are a common phenam@inheircet al., 2002). Further,
the highest annual density noted at WIR may alsatbéuted to the size of the study
area. Larger area supports more species (Catrtii., 2002) may stand true for the
reservoir. Overall decline in benthic fauna fronspmonsoon to winter and there after
increase till February, stresses on influence ahatic conditions on the benthic
invertebrates. Similar observations are also madddmaet al. (2009), in a pond in
Midnapore town of West Bengal and by Catial. (2008) at a freshwater lake in China.
Further, the maximum number of individuals belomggto class Insecta in March and
minimum in December at WIR can be due to their ahtife cycle too, with retardation
of development process due to low winter tempeeatds they keep themselves hidden
within rotten weeds and mud they are often diffi¢al collect. During winter increased
predation and competition for space with food staroay also be one of the reasons for
lower density.

However, at TIR, the case was a different wherdndrglensity of invertebrates was
observed in post-monsoon and winter in comparisorsummer. TIR being in close
vicinity of one of the major cities of Gujarate. Vadodara, the temperatures are

comparatively warmer here (Deshkar, 2008) probatdking it more difficult to survive
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in summer. Becheat al. (2006) found that the abundance and composition of
macroinvertebrates are sensitive to rainfall. Ddfé groups, however, increase in
number in different months which indicates someé sbtemporal niche separati@m.
very high densities of Carabids during post-monsddran and Ghosh, (2001) in West
Bengal also found Coleoptera to be the most comonder quantitatively. The densities
at JIR during summer and winter were similar. Psef@quatic vegetation in this pond
provides spatial heterogeneity which helps in haring different species without severe
competition in the form of ecological guild and bemot much change seasonally was
observed in the densities at this reservoir.

Jaccard’s Similarity index

The higher annual Jaccard’s similarity index betw®éR and TIR could be not only
due to the shorter distance between the two whageiess can be easily transferred by
higher taxa like birds but also due to prolonged #inctuating hydro-spread and hydro-
period. At the third reservoir JIR, almost 50-60 lkaway comparatively different
microclimatic conditions prevail. The differenceshydrology, vegetation and isolation
are the mechanisms responsible for variation inraiagertebrate distributions. Further,
the water chemistry also plays a role in limitingtdbutions of benthic fauna.

Though WIR shared its species almost equally itg@rnge with TIR and JIR the later
two reservoirs showed fluctuations with low simitiain monsoon and high during post-
monsoon indicating fluctuations at the microhabiégatel as the seasons change. While
WIR and TIR shared good species richness, it washad apparent with JIR during all
the seasons except during monsoon. At JIR, theepecesof very dense macrophytic

vegetation may have lead to an increase in thehlwefauna which prefer roots of
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vegetation as a substrate. This dominance of vegetareferring species may have led
to a decrease in species preferring moist soiltHeir survival. JIR was dominated by
Hemipterans which prefer vegetation a clear difieesin the available habitats leading to
differences in species present. During post-monsaotie temperature is favourable and
the food is plenty for the benthic fauna, theirdatieg success is probably increased.
During summer though, the conditions become hoasileemperature increases and water
levels decreases, the macrophytic vegetation steyiisg up and hence the benthic fauna
become restricted to the microclimatic conditiomghe reservoirs decreasing similarity
indices which is also noted by Gandhi, (2012) in $tedy on terrestrial insects in the
same region.

Percentage occurrence of orders

Percentage occurrence is a biological method thathe used for measuring species
encountered in a particular area or during paiicskason. Here occurrence is used to
understand the presence, absence and for undergfamdtland use by benthos in the
study area.

The most dominant group encountered during the evetidy period was coleoptera at
all the three reservoirs. Many ground dwelling opkerans prefer moist/wet soils.
Gandhi, (2012) has also reported large numbers otdopterans around the three
reservoirs but in terrestrial habitatSarabid species of this order are long-lived in the
adult stage and therefore do sbbwthe strong seasonal fluctuation as shown by many
other insects (Lindroth, 1974Jhe next order, hemiptera, could also find bettditats

at the three reservoirs where vegetation occurthéltop of the earthen dam. Among the

three reservoirs, maximum hemipterans occurredrRatvhich is having more emergent
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vegetation. Aquatic and semi-aquatic hemipteraefepburrowing as well as swimming
in water. This resulted as the samples were takem the soil at the edges of the
reservoirs and hence hemipterans were encountegqdeintly in the samples. Gandhi,
(2012) has reported 19 species of hemiptera athite® reservoirs. However, at WIR,
order trombidiforms (aquatic mites) dominated okemipterans. These mites probably
occurred in the open waters at WIR which suppottesl group of arthropods. At JIR,
where extensive emergent vegetation was notedhdteentage occurrence of this group
was very low.

Earthworms, the annelids of order megadrilacea roeduat all the three reservoirs as
these burrowing forms need moisture, as they cgatdgood habitats at the reservoirs
studied. However, at the reservoirs with low vetietaand more water (WIR and TIR)
they could not be found during monsoon, when tpegsence at JIR was maximum.
Probably at the end of monsoon and beginning of-pasmsoon which is likely to be
their breeding season they flourished at WIR wi%loccurrence. Gandhi, (2012) has
reported 19 species of ants of family formicidaed€ Hymenoptera at the three
reservoirs with their density and species richnidgstuating with the seasons and
vegetation composition. However, on the moist amd soil of the three reservoirs nine
species were encountered with moderate percentagegrence. Formicids did not occur
in monsoon at WIR and JIR when the density is kismwvn to be low. Their occurrence
in the other seasons was fluctuating, with maxinairVIR during moderate climate of
winter. Araneae (Spiders) though not actually avaswlered to be benthic, was also
present on the soils of all the three reservoinesg spiders were ground dwelling as said

earlier; hence their occurrence with the sedimemy not be surprising. Araneae (air-
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breathing) were probably drawn towards the sedimahWIR and TIR increasing their
percent encounter whereas the vegetation of JIRosted the group by providing them
shelter hence very low occurrence of spiders wecewntered.

The larvae ofCulex sp. and Chironomous sp. of order Diptera also occurred at all the
three reservoirs with moderate percent&gyéex sp. contributed maximally to percentage
occurrence during monsoon at all the three resexrwainereas all throughout the year at
JIR. The other species known to be associated patluted water occurred with very
low frequency indicating that the three reservaingdied are not at all polluted. Other
groups of benthos (Orthoptera, Odonata, Ephemeawopted Trichoptera) occurred at low
to very low percentage occurrence and were notrdeco all throughout the year,
indicating their preference of aquatic habit&ghemeropterans are known to be active in
summergAnderson and Dietrich, 1992) and hence foundim¢bason at WIR and JIR.
Correlation benthic fauna with Physico-chemical pperties of water

Most of adult benthic insects and their larval ferare reported to be tolerant to wide
range of physico-chemical parameters (Sharma amshige 1997). Of these the most
important factors affecting the benthos distribntiare Water temperature, Dissolved
oxygen, Nitrate, Phosphate, Alkalinity, Calcium, dwasium, Chloride, Depth, %
organic matter and composition of soil (Habeetod ., 2012).

Benthic macroinvertebrate communities have the lwéippa of adapting to various
habitats due to their extra ordinary structuralamigation especially those belonging to
orders Hemipterans, Coleopterans and Odonates i{(Med Cummins, 1984). Though
acidity has been shown to influence the populabbrbenthos (Earle and Callaghan,

1998) its significant influence has not been foanény of the three reservoirs studied.
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The density of benthos is inversely proportionahvacidity and water level. However, in
present study no single factor affecting the dgneras determined. Hence further

investigations are needed.

The organisms adapt to certain range of water testyre and dissolved oxygen due to
their osmoregulatory and respiratory requiremeRerKins, 1974). In the present study,
warmer water temperatures seemed to affect thersiyeof benthic fauna. Although
water temperature was positively correlated attadl three reservoirs it was significant
only at TIR the reservoirs in closer vicinity ofban area indicating moderate water
temperature favoring density of benthic fauna. &irtyi the higher DO levels, fluctuating
with water input had no significant influence omtiec fauna. Though oxygen levels are
also known to reduce through over-fertilization afuatic plants due to run-off,
containing phosphates and nitrates (the ingredientsrtilizers), from agriculture fields
(Sharpleyet al., 2001) and affect the distribution of benthic faun a water body, such
situation is not arising at the water bodies stdery few organisms are expected to
survive in sediments rich in G@nd poor in @ Under the fluctuating water levels and
diffusion with atmosphere such situations also dbanise at the reservoirs studied.

In fresh waters salinity, calculated accordinghe kevels of chlorides in water, remains
quite low and can increase due to the contributbragricultural runoff, sewage and
industrial effluents. Absence of these contributoray have led to its insignificant
correlation with benthic fauna. It is known thaetiotal biomass of the submerged
communities decreases exponentially and also teeiep richness decreases linearly
with increasing salinity (Grillagt al., 1993). Salinity is not a major issue of inland

freshwater bodies of present study. Though DesH{Ra08) reported highly significant
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seasonal variations in the salinity and chlorideabsequent to initiation of Narmada
inundation, as the changed system started estaldglistith inundations, the seasonal

variations were significant at on 0.05 level (CleapV).

Macroinvertebrates are also affected by nutrientshsas nitrates and phosphates
(Balachandrarmt al., 2012). Genera within the orders of Hemiptera ante@ptera have
been found to be most abundant at sites with teatgst NH, (a product of breakdown
of nitrate) and total phosphorus (TP) (Maailal., 2004). In present study also these
insect orders were most dominant and contributediomnan to benthos of the three
reservoirs. However, density of benthos had véiatorrelation with significantly
positive relation of nitrites only at TIR. Due tery unstable nature of nitrite it shows no
definite pattern of its seasonal cycle (Padtaal., 2010). Also it is an intermediate
compound of nitrogen reduction. Further, in sumrbegakup of nitrates into nitrites and
ammonia by denitrifying bacteria is high (Munaw&®,70) while in winter the activities
of these bacteria go down resulting in higher tetralue (Kauet al., 1996). Though, an
opposite trend was noted in the study, the resdesn to favour the proliferation of
benthic invertebrates at all the three study ar€hs.relationship of nitrite was positive
with significance at 0.05 level only at TIR indicag probable difference in the
microclimatic conditions. A significant negative roslation of sulphates and benthos
density was noted at WIR while non-significant titaw two reservoirs. Sulphate in water
body increases because of increase in hardneds daie run-off and also affects benthic
organisms negatively in ponds (ENSC502, 2009).nkgative correlation (but non-

significant) with benthos supports the above report

110



CHAPTER I

Water level fluctuations create a distinctive habwhich differs from the natural marsh
in duration of flooding, diversity of vegetatiomadsediment chemistry and hence affect
the invertebrate fauna (Wenner and Beatty, 1988)ough, the fauna correlated
insignificantly with water cover, negatively at Wighd TIR while positively at JIR, it
indicates the influence of Narmada inundation atftrmer two where it is pronounced.
Correlation with Physico-chemical properties of oi

Sediment hardness, oxygen penetration, and parsigie particularly affect benthic
epifaunal (living on the sediment surface) and unfl (living in the sediments)
invertebrates. Particle size in turn determines h@ter and oxygen penetrate sediments
and the interstitial space available (Little, 2000hus, sediment and hydrologic
characteristics of wetlands affect invertebrate mwamities. Further, sediment organic
content and water transparency affect the produatfobacteria and algae upon which
many invertebrates feed (Robinsah al., 2000) while amount of undecomposed
vegetation in sediments affects the structural derify of invertebrate habitats
(Minshall, 1984). These different aspects have imgryimpact in determining the
structure and complexity of macrobenthic commusitéany lake, reservoir or stream as
they are generally categorized as substrate-depemdenmunities (Finret al., 2008).
Similarly, granulometry or particle size compositialso plays a highly important role in

structuring the aquatic macro-invertebrate comnyui@ayraud and Philippe; 2001).

Although not much seasonal variations were obsermetthe percentage of sediments
during the present study, it has been found thatease in silt adversely impact
macrobenthic community especially during monsodms Dccurs primarily because its

deposition in the rock crevices, between pebblab swoil interstices inducing physical
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clogging of sediments (Brunke, 1999) and leadingdorease in oxygen concentrations
and reduction of microhabitats (Sarriquettal., 2007). Subsequently, the addition of
coarse sediments in the bottom of water bodiesas®s surface water-interstitial water
interaction, and thus have a positive effect ona#iquinvertebrates (Gayraud and
Philippe, 2003). Scrub vegetation in the catchnaet of JIR probably prevents soil
erosion during rains restricting sand, silt ang/ daposition to the reservoir. However, in
monsoon, rain also washes away and exposes the aaatl the three reservoirs
increasing significantly the percentage of coaeseldn the sediments (Chapter IV). The
percent coarse sand significantly and positivelyretated with benthic fauna only at
WIR whereas very fine sand only at TIR at 0.05 IeWHR being large reservoir receives
more water both during monsoon as well as Narmadadation directly via canal
exposing coarse sand, while at TIR the water msasdd on the land bringing in fine sand
with it.

When more silt- and clay-sized particles are presesubstratum the total phosphorus
concentrations are reported to be greatest (Mad)2d hese nutrients produce limiting
effects on the productivity in the ecosystem ane tonsequently the faunal (prey)
distribution and abundance (Nagarajan and Thiyage&896), Further,he highest
values of TP, finer particles and decreasing oanatter both have been shown to
produce species richness and diverg8pecchiulliet al., 2010). However, the present
freshwater reservoirs receiving Narmada water sdotlweugh non-significant opposite
results while the reservoirs without Narmada indiotashowed positive non-significant
correlations only with fine sand and organic matédrall the three reservoirs the density

of benthic fauna is moderate as phosphate enrichim@ot observed. The benthic fauna
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in the area depends on local environmental chasastgporting varied species reflected
as overall lower similarity indices (Table 2.4).

In addition to Phosphorous, nitrogen also incregsigsary productivity which regulates
benthic biomass (Hermagt al., 1999). In present study also a positive corretatib
benthos and total nitrogen was observed. Varioudiest have been carried out to study
interrelationship between benthos and various othetors. Hermaret al., (1999) has
positive relation between benthos and nitrogen.

Both magnesium and calcium are very important @ntbos distribution (Habeeletal .,
2012). However, in the present study no signifiaaortelations were established among
these factors and benthos population.

These results indicate that WIR and TIR regulaniynidated with Narmada water share
several of their fauna with microhabitats and shibe influence of inundation on
physicochemical parameters of soil and water in tofluencing the macrobenthic fauna
while, JIR though in same climatic regime has theromabitat of its own comparatively
supporting few macrobenthic species. Further, madaorrelation between benthic fauna
and various physicochemical parameters of soil water are concerned, the system
fluctuating due to Narmada inundation is not yetbdized hence no one particular
parameter is found to influence benthic fauna.

Conclusion

79 species belonging to 38 families of 11 ordered@t the three reservoirs indicates
presence of good diversity in benthos. The sintifan the macrobenthos was overall
high between WIR and TIR because of the similaiirethe habitats due to extended but

fluctuating water cover and hydro-period. The pbgsihemical properties of water and
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soil correlated variably with benthic fauna. Narmadundation and different agricultural
practices lead to the mixing of water further chiaggthe soil and water chemistry.
Under such circumstances benthos undergoing agstill@bernation can survive for

longer duration. The conditions are more pronourate®IR and TIR.
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PLATE 6
PHYLUM: ANNELIDA
SUB-CLASS: OLIGOCHAETA

ORDER: MEGADRILACEA

FAMILY: NAIDIDAE

Stylaria sp. Tubifex tubifex

FAMILY: MEGASCOLECIDAE

Perionyx sp. Unidentified sp.




PHYLUM: ARTHROPODA
CLASS: ARACHNIDA

ORDER: ARANEAE

FAMILY: ARANEIDAE FAMILY: SALTICIDAE

Argiope sp. Plexippus sp.

FAMILY: LYCOSIDAE FAMILY: TETRAGNATHIDAE

Paradosa sp. Tetragnatha sp.




ORDER: ARANEAE (Contd.)

Unidentified sp.

ORDER: TROMBIDIFORMES

FAMILY: HYDRACHNIDAE

Hydrachna sp. Unidentified sp.




CLASS: INSECTA

ORDER: COLEOPTERA

FAMILY: CARABIDAE

Apotomus sp. Bembidion pygidium

Tachys luxus Casnoidea indica




ORDER: COLEOPTERA (Contd.)

FAMILY: STAPHYLINIDAE

Paederus fucipes Paederus sp.

FAMILY: STAPHYLINIDAE (Contd.)

Bledius sp. Unidentified sp.




ORDER: COLEOPTERA (Contd.)

FAMILY: CHRYSOMELIDAE
Aphthona sp. Chaetocnema basalis

FAMILY: CHRYSOMELIDAE (Contd.) FAMILY: COCCINELLIDAE
Cryptocephalus sp. Stethorus sp.




ORDER: COLEOPTERA (Contd.)

FAMILY: HYDROPHILIDAE

Unidentified sp. Unidentified sp.

Hydrophilus sp.

FAMILY: NOTERIDAE

Canthydrus sp. Unidentified sp.




ORDER: COLEOPTERA (Contd.)

FAMILY: DYTISCIDAE

Laccophilus sp. Hydaticus sp.

Unidentified sp.

FAMILY: LIMNICHIDAE

Byrrhinus sp. Unidentified sp.




ORDER: COLEOPTERA (Contd.)

FAMILY: CURCULIONIDAE

Lissorhptrus sp.




ORDER : HEMIPTERA

FAMILY: HEBRIDAE

Unidentified sp.

FAMILY: CERCOPIDAE FAMILY: MESOVALLIDAE

Bofylus sp. Mesovalia sp.




ORDER: HEMIPTERA (Contd.)

FAMILY: PLEIDAE

Paraplea sp. Unidentified sp.

FAMILY: GERRIDAE FAMILY: GELASTOCORIDAE

Nethra sp.




ORDER: HEMIPTERA (Contd.)

FAMILY: OCHTERIDAE FAMILY: NEPIDAE

Ochterus sp. Nepa sp.

FAMILY: CORIXIDAE FAMILY: NOTONECTIDAE

Micronecta sp. Unidentified sp.




ORDER: DIPTERA

FAMILY: CULICIDAE FAMILY: CHIRONOMIDAE

Culex sp. Chironomous sp.

ORDER: ORTHOPTERA

FAMILY: GRYLLOTALPIDAE FAMILY: TRIDACTYLIDAE
Gryllotalpa africana Xya sp.




ORDER: ODONATA

SUB-FAMILY: LESTINAE Unidentified nymph




ORDER: HYMENOPTERA

FAMILY: APHIDIIDAE FAMILY: FORMICIDAE

Aphis sp. Camponotus compressus

FAMILY: FORMICIDAE (Contd.)

Camponotus sericeus Monomorium minimum




ORDER: EPHEMEROPTERA

Unidentified nymph

ORDER: TRICHOPTERA

FAMILY: HYDROPSYCHIDAE

Unidentified sp.




CHAPTER III

MOLLUSCAN DENSITY AND DIVERSITY AT THE

THREE RESERVOIRS

Introduction

Wetlands are the second most productive ecosystatrimtropical rain forest. However,
these supporting diverse communities are beingdban alarming rate on one side due
to their destruction (Nosset al., 1995; Semlitsch and Bodie, 1998; Detenbetlal.,
1999) while several new are created at the shatiogds of water reservoirs constructed
for human needs. This has led to a potential com@®in ecosystem function (Vitousek
et al., 1997; Chapiret al., 2000; Pimm and Raven, 2000), particularly in eegi where
only small and scattered wetlands remain (Gibb€9312000). These effects are
especially pronounced in semi-arid and arid regighere irrigated agriculture as well as
tourism directly competes with wetlands for wat&ngeler and Garcia, 2005). One
unique biotic component of these ecosystems ishiefguna available at various depths,
feeding on detritus as well as plant matter andderedated by higher taxa, this group
of fauna forms important components linking prode@nd higher consumers.

The density of these prey species along with tlopgmties of the substrate are important
factors in habit selection of higher taxa mainlp&birds (Grant, 1984). Many authors
have correlated the density of waterbirds with gresence of aquatic invertebrates
(Goss-Custard, 1970; Murkiet. al., 1982; Puttick, 1984; Phillips, 1991; Hocketyal.,
1992; Velasquez, 1992; Yates al., 1993; Sanders, 1999). However, conservation

strategies for wetland invertebrates are still podeveloped, and, in general, there are
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few case studies on the conservation of this ladyerse and important group (Watson
and Ormerod, 2004).

Among benthic fauna, Molluscs form most diverse dothinant group performing key
role in the functioning of aquatic ecosystem. Lidkber benthic fauna they are of great
significance because they feed on vegetation dsaseletritus and also form the food of
many species of birds. Hence, their productivigyglan important link in the food chain.
Thus, molluscs with calcareous shell not only @ayimportant role in the aquatic eco-
webs but also provide large quantity of calciumuiezg for egg shell formation
(McMahon and Bogan, 2001; Garocgh al., 2006; Fagundest al., 2008) and other
calcium needs of vertebrates (Cummins and Bogab)2d he freshwater ecosystems in
India harbour a rich diversity of molluscs, repreaggg about 212 species belonging to 21
families (Subba Rao, 1989; Kumar and Vyas, 201Bké (1979) has attempted to use
molluscs in primary classification of the lakesp®s their various trophic status stages.
Further, Choubisa, (1992) has studied the mollusdiaarsity in Rajasthan and has
suggested mollusc as the indicator of the oligdtrofpakes. Lakes, ponds and reservoirs
in central region of Gujarat have shallow areascitiorm good wetland habitats. Very
few investigations have been carried out in thigae on freshwater molluscs (Padate,
2002 (unpublished data); Deshkar, 2008; Parikh adkodi, 2009). The study areas
selected belong to this region, which is also wintgegrounds for migratory shorebirds
(Deshkar, 2008). Subsequent to Narmada inunddbeshkar, (2008) carried out studies
on molluscs in the two reservoirs, out of threéeced for present study.

Hence, the main goal of this study was to deternio& much variation in mollusc

richness and composition is explained by area, @od water quality and dominant
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aquatic vegetation when temporary monsoon dependgarvoirs are changing into
almost perennial reservoirs.

Materialsand methods

The study sites selected are irrigation reservdifadhwana Irrigation Reservoir (WIR),
Timbi Irrigation Reservoir (TIR) and Jawla Irrigati reservoir (JIR). All the reservoirs
were visited twice a month from March 2009 to Felyl?011.

During each visit molluscs were collected by quadeampling. A quadrat of 30 cms. x
30 cms. upto a depth of 5 cms. was selected randfonicollection of molluscs. The
samples were washed, sorted and preserved in 4%alior for further identification.
Identification was carried out as per the key piedi by Subba Rao (1989). The data
collected was analysed for calculating the derdfitynolluscs per quadrat using formula:
Number of individuals / Size of quadrate x depthe Tata for 3 months is pooled into 4
seasons Summer, Monsoon, Post-monsoon and WindethanMiean and standard error
of mean (SEM) were calculated for each seasonh&utte data was applied to One-way
ANOVA (Fowler and Cohen, 1995) with No post test density of mollusc per quadrat
(m®) for four seasons were performed using GraphPanRrersion 3.00 for Windows,
(GraphPad Software, San Diego California USA). Theralue for ANOVA is non
significant if P > 0.05 (ns), significant if P <0B. (*), significantly significant (**) if P is
<0.001 and highly significant (***) if p< 0.0001.

The percentile dominance of each species was eddtllas summation of No. of
individuals of each species / summation of nondfviduals of total species X 100. This
percentile was given dominance rating accordinDA®OR score according to Hi al

(2005) as Dominant: 91-100%; Abundant: 51-90%; &esd; 21-50%; Occasional: 6-
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20%; Rare: < 5%. Pearson correlation was perforbeddieen the density of molluscs
and physico-chemical parameters of water and doihgawith waders using SPSS
software 7.5.

Results

Total five species of freshwater molluscs (Tablé) 3were found around the three
irrigation reservoirs belonging to class Gastropadd Bivalvia. The gastropods include
Bellamya bengalensis (Order: Architaenioglossa, Family Viviparidadydoplanorbis
exustus (Order: Hygrophila, Family: Planorbidae)Thiara granifera (Order:
Sorbeoconcha, Family: Thiaridad)ymnaea auricularia (Order: Hygrophila, Family:
Lymnaeidae) while Class: Bivalvitnclude a single speciekamellae consobrinus
(Order: Unionoida Family: Unionidae). All the Sesjes were found at WIR, while 4 at
TIR and 3 at JIRL. auricularia was not found at TIR as well as JIR wheréas
consobrinus was absent at JIRRila globosa was found only once at WIR and hence not
included in the data analysis.

Percentile distribution of mollusc according to DAFOR score (Table 3.1, Fig .3.1)

The percentile distribution according to DAFOR scorevealed thatBellamya
bengalensis was abundant at WIR (68%) and TIR (63%), while fiexgt at JIR (36%).
However, Indoplanorbis exustus was frequent at WIR (31%) and TIR (21%) while
abundant at JIR (61%J)hiara granifera was a rare species at all the three irrigation
reservoirs with only 0.5% (WIR), 1.69% (TIR) an®2% (JIR).Lymnaea auricularia
was also rare with 0.33% at WIR and was not recbiateong the benthos of TIR and
JIR. The bivalvd_amallae consobrinus was also rare at WIR (1.09%), but occasional at

TIR (13%) and not recorded at JIR.
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Mean density at Wadhwana irrigation reservoir, Timbi irrigation reservoir and Jawla
irrigation reservoir (Table 3.2, Fig.3.2)

Annual

The mean annual density was highest at WIR witt62265.2 mollusc/r) followed by
TIR with 1951+236.7 mollusc/inand lowest at JIR with 362+64.92 mollusé/rithe
differences among the reservoirs were highly sigaift (p<0.0001, k,7019.79).
Seasonal

At WIR, the mean seasonal density was highest 88th6+480.1 individuals/fnduring
post-monsoon and lowest 1868+239.1 individuals mdunmonsoon. In winter it was
2135%295.4 individuals/hwhile in summer, it was 2435+425.7 individuald/rThe
seasonal variations were not significant (P>0.0%, bs)1.71). At TIR also, the mean
density was highest with 2674+565.7 individuafSiuring post-monsoon, lowest with
1132+129.9 individuals/fhduring monsoon, 1466+176.8 individuals? during winter
and 2271+503 individualsfnduring summer. The seasonal variations were not
significant (P>0.05, k3, 23)2.79). However, at JIR highest mean density of uscl was
noted during winter.e. 453.70+76.63 individuals/fnlowest 95.90+21.69 individualsfm
in monsoon while it was 402.20+106.40 individuaf$/auring post-monsoon and
119.1+0.00 individuals/fin summer. Significant seasonal variations weredat JIR
(P<0.05, k310)4.52).

Among the reservoirs

When seasonal differences of density were compamszhg the three reservoirs studied,
no significant differences were noted during sum®er0.05, b, 123.47) while highly

significant differences were noted during monsoBxQ.0001, B, 11)16.99). However,
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during post-monsoon (P<0.001,,Fi7 6.37) and Winter (P<0.001, oF 20) 9.76)
significantly significant variations among the nesers were noted.

Mean species richness at Wadhwana irrigation reservoir, Timbi irrigation reservoir
and Jawla irrigation reservoir (Table 3.3, Fig. 3.3)

Annual

The annual mean species richness per visit wasesigat WIR 2.2+0.14 species,
followed by 1.96+0.16 species at TIR and lowestQ.53 species at JIR. The differences
among the reservoirs were significant (P<0.Q5,73.94).

Seasonal

The mean seasonal species richness of molluschiglasat WIR with 2.85+0.4 species
per visit during summer and 2.6+£0.24 species psit vih monsoon, low 1.75+0.16
species per visit during post-monsoon as well agewi(1.9+0.1 species). The seasonal
variations were significantly significant (p < 0XOF (3, 26)5.26). At TIR, the mean
species richness was highest with 2.2+0.3 spe@esipit during monsoon followed by
2.13+0.35 species per visit during post-monsoowest during winter with 1.78+0.15
species per visit while 1.83+0.48 species per viiiting summer. The seasonal
variations were not significant (P>0.05,d-24)0.4). The species richness at JIR was
2.00£0.00 species per visit during summer as veWiater, while 1.33+0.21 species per
visit during post-monsoon and 1.00+0.00 specievjsérduring monsoon.

Amongq the reservoirs

When seasonal differences in the species richness wompared among the three
reservoirs studied, no significant differences weoted during post-monsoon (P>0.05,
Fe, 1902.11) and winter (P>0.05,41)0.72) but significant differences were noted during

monsoon (P<0.05,#10)6.15).
120



CHAPTER III

Correlation of mollusc density with wader density, physico-chemical properties of
water and soil (Table 3.4, 3.5)

No correlation could be established between thsitleaf Mollusc and density of waders
at the two reservoirs inundated with Narmada waéeWIR and TIR of semi-arid zone
of Gujarat. However it was correlated positivelytla level of 0.05 at JIR. Among the
parameters of water, acidity and chlorides in watere correlated with mollusc density
positively at the level of 0.05 and 0.01 only atRNivhile dissolved oxygen only at TIR
and Kjeldahl nitrogen only at JIR both at 0.05 lsveAll other physicochemical
parameters of water showed varied insignificantretations with mollusc density.
Among these Free CGOpH and total phosphates are negatively correlateie DO,
Kjeldahl nitrogen, nitrite, sulphates, water tengtere are positively correlated at the
three reservoir.

When the soil parameter studies are consideredpiesl with water they also variedly
correlated with the density of mollusc and was i§icgmt at 0.05 positively only with
calcium and percent coarse sand at WIR, pH at hRneegatively with chlorides at JIR.
However, calcium, fine sand and Magnesium wereetated non-significantly positively
with molluscan density while only Chlorides negetat all the three reservoirs. Other
parameters showed varied non-significant positive negative correlations with

molluscan density at the three reservoirs.
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Table 3.1. The percentile dominance of molluscs according to DAFOR score at Wadhwana
Irrigation Reservoir (WIR), Timbi Irrigation Reservoir (TIR) and Jawla Irrigation

Reservair (JIR)
Species WIR TIR JIR
Ballamva benaalensis Abundan Abundan Frequen
4 9 (68.86%) (63.11%) (36.54%)
. Frequen Abundant
0
I ndoplanorbis exustus Frequent (31.97%) (21.66%) (61.54%)
. . Rare Rare
0,
Thiara granifera Rare (0.5%) (1.69%) (1.92%)
Lymnaea auricularia Rare (0.33%) Absent Absent
. Occasional
0,
Lamellae consobrinus Rare (1.09%) (13.54%) Absent

Dominant: 91-100% ; Abundant: 51-90%; Frequent: 21-50%; Occasional: 6-20%; Rare: <

5%

Table 3.2. Annual and seasonal Density of molluscs at Wadhwana Irrigation Reservoir
(WIR), Timbi Irrigation Reservoir (TIR) and Jawla Irrigation Reservoir (JIR)

Density WIR TIR JIR
Annual #** ) F(;7019.79 245€+205.2 1951+236. 362+64.9.
Seasonal ns; F(3126) 1.71 ns, F (3,23) 2.79 *: F(gylo) 4.52
Summeir(ns) F1p 3.47 24351425, 2271+50: 119.10+0.0
Monsoon *** ) F,15) 16.99 1868+23¢1 1132+129. 95.90+21.6
Pos-monsoor(**) F.76.37 3315+480.1 2674+565.7 402.20+£106.4
Winter (**) F(220 9.76 2135+295.. 1466%176.: 453.70+£76.6

Table 3.3. Annual and seasonal species richness of molluscs at Wadhwana Irrigation
Reservoir (WIR), Timbi Irrigation Reservoir (TIR) and Jawla Irrigation Reservoir (JIR)

Speciesrichness WIR TIR JIR
Annual *) F, 70)3.94 2.240.1¢ 1.96+0.11 1.5+0.1:
Seasonal **: F (3,26 5.26 ns; F (3,24 0.40 -
Summet 2.85+0.4( 1.83+0.4t 2.00+£0.0(
Monsoon *) F310 6.15 2.60+0.2: 2.240.% 1.00+0.0(
Pos-monsoonns) F 19 2.11 1.75%0.1¢ 2.13+0.3! 1.33%+0.2:
Winter (ns)F21)0.72 1.90+0.1( 1.78+0.1! 2.00£0.0(
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Table. 3.4. Correlation of density of Molluscs with wader density and various physico-
chemical properties of water at Wadhwana Irrigation Reservoir (WIR), Timbi Irrigation
Reservair (TIR) and Jawla Irrigation Reservoir (JIR)

Parameters WIR TIR JIR

Acidity 0.368* | -0.166| -0.049

Chlorides 0.433*| -0.123| 0.182

Free carbon dioxide -0.105| -0.150| -0.064

Dissolved oxygen 0.106 | 0.122*| 0.250

Bicarbonate Alkalinity 0.015 0.014| -0.080

Inorganic phosphates | 1601 0o8| 0.144

Kjeldahl nitrogen 0212 | 0.047| 0.110%

Nitrate 0.120 | -0.197! -0.079

Nitrite 0.084 | 0.185| 0.087

Hydroxyl Alkalinity 0207 | 0156! -0122

pH -0.040 | -0.064| -0.059
Salinity 0.201 | -0.123/ 0.183
Sulphate

0.075 | 0.190| 0.097

Water temperature | son | 037| 0.12d

Total phosphates -0.266 | -0.222| -0.322

Waders 0.051 | -0.078| 0.377

Water cover

0.485* | 0.062| 0.350
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Table. 3.5. Correlation of Mollusca with various physico-chemical properties of soil at
Wadhwana Irrigation Reservoir (WIR), Timbi Irrigation Reservoir (TIR) and Jawla
Irrigation Reservair (JIR)

Parameters WIR | TIR | JIR

Calciun 0.178*| 0.271 | 0.130

% Coarse sal 0.273*| 0.477 | -0.232

%Fine san 0.254 | 0.441| 0.014
Magnesiur 0.217 | 0.238| 0.502
pH 0.126 | 0.050% -0.357
%Silt +clay -0.297| -0.807| 0.374
Total N

0.010 | -0.176| -0.078

Organic matte -0.368| 0.395| 0.614

Total F -0.336| -0.109| 0.029

5 .
YoVery fine san 0500 | -0.398| -0.014
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Fig. 3.1. Percentile dominance of mollusc species at Wadhwana Irrigation Reservoir (WIR),
Timbi Irrigation Reservoir (TIR) and Jawlalrrigation Reservoir (JIR)

WIR TIR

u1 ul

m2 2
w3 u3
4 | I

ms5

JIR
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1. Bellamya bengalensis, 2: Indoplanorbis exustus, 3: Lamellidens consobrinus, 4: Thiara
granifera and 5:Lymnaea auricularia

Fig. 3.2. Mean Annual and seasonal Density of molluscs at Wadhwana Irrigation Reservoir
(WIR), Timbi Irrigation Reservoir (TIR) and Jawla Irrigation Reservoir (JIR)
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*for ANOVA * (P<0.05), ** (P<0.001) and *** (P<0.0001)
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Fig. 3.3. Mean annual and seasonal Species richness of molluscs at Wadhwana Irrigation
Reservoir (WIR), Timbi Irrigation Reservoir (TIR) and Jawla Irrigation Reservair (JIR)

Annual species richness (**) Seasonal species richness
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WIR TIR JIR Summer Monsoon Post-mon  Winter
Study area Seasons
*for ANOVA * (P<0.05), ** (P<0.001) and *** (P<0.0001)
Discussion

In India, very scant attention has been given &liology and ecology of molluscs, and
therefore the ecological needs of a great majarftthe Indian freshwater molluscs are
not known (Subba Rao, 1989). Apart from Volume IV Fauna of British India by
Preston, (1928), there are only two other book®l§d@Rao, 1989; Ramakrishna and Dey,
2007) that deal with listing and distribution ofdian freshwater molluscs. Hence, it is
very important to assess molluscan density andsliyan the monsoon dependent semi-
arid zone of central Gujarat where the rain watestored in the reservoirs. As soon as
the monsoon gets over the evaporation starts wleiatls to change in the physico-
chemical properties of water as well as soil as @rganic matter and nitrogen content
in the bottom sediments.

Molluscs are represented in freshwater bodies bly @nclasses, Gastropoda and
Pelecypoda (Mackie, 1998). Many freshwater mollustdNestern ghats are habitat

generalists and are widely distributet:., Pila, Thiara andLymnaea (Mavinkurveet al.,
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2004). However, these species were either raréogerd in present studies as well as
study carried out by Deshkar, (2008).

In present study the presenceBaflamya bengalensis at all the sites indicates that the
species is well acclimatized with the semi arid @t WIR compared to other two
reservoirs (JIR and TIR). It is known to be abunfjadistributed throughout India and is
common to occur in the western zone (Subba Rad),1d8vinkurveet al., 2004). Itis
reported to be a major species of fresh water recdluamong the benthic fauna
(Shrivastava, 1956, 1959; Michael, 1968; Gupta,61¥tishnamoorthi, 1979, Sharma,
2006). Indoplanorbis exustus also a common species of Western Ghats adapted to
polluted water was abundant at JIR; which is fatHeom the northern boundary of
Western Ghats.e. Narmada River; among the three reservoir. Its marm occurrence
(61.54 %) at the reservoir can be attributed to higher organic input from animal
source. (Chapter IV). Deshkar, (2008) and Mavinkutal., (2004) has also reported its
occurrence in polluted water.

Thiara granifera is primarily a benthic species and has been delieon a variety of
substrata in both natural and artificial waterbedire South Africa, e.g. sand, mud, rock,
concrete bridge foundations and the concrete vealts bottoms of reservoirs, irrigation
canals and ornamental ponds (Appletenal., 2009). Many of these habitats are
vegetated and associated vegetation included mgres tof emergent monocotyledons
(e.g.Cyperus sp., Typha sp.) and dicotyledons (e.yymphaea nouchali). The presence
of these semi aquatic and aquatic species of plaiie three reservoirs can be the reason
of its occurrence. Although its occurrence was edrall the three study sites among the

three it was higher at JIR which is having densgetation. Some of the Thiaridae
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species have high tolerance to brackish habitaiblf® Rao, 1989) and hence this can
also be the reason of its rarity in the region.

Lymnaea auricularia another species of gastropod recorded as rargespaad only at
WIR is usually found in freshwater lakes and pomd#h mud bottoms (Subba Rao,
1989). This species can live on vegetation in lawhigh-flow environments, and is
capable of tolerating anoxic conditions, but itdeno prefer lentic waters in lakes where
there is silt as substrate (Clarke, 1981; Jokid®82; Peckarskgt al., 1993). It has also
been found in environments with a pH from 6.0-7Aa&k{nen, 1992; Magboddt al.,
1998). The three reservoirs have 4 to 13% of ddttcalkaline pH very low flow of
water in shallow areas and good oxygen levels (@ndW) and, moderately hard water
(Deshkar, 2008) and hence this species was rateeistudy areas and is found only at
one study site.e. WIR.

Lamellae consobrinus was the only species of mussels found at the thregy sites.
Freshwater mussels are often very abundant inrstiéstof shallow pools and protected
coves or among reeds and provide important ecasystrvices and are a powerful
management tool for maintaining and reclaiming wajeality (McMahon and Bogan,
2001, Kreegert al., 2004). They can play a significant role in locabd webs by
increasing the flux of organic and inorganic matterwater bodies, which in turn
influences macroinvertebrate assemblages (HowatdCaiffey, 2006). It occurred rarely
at WIR but was abundant at TIR. It prefers vegetateeas with soft substrates and is
well adapted to fluctuations in water levels. ThouReshkar, (2008) reportdcamellae

consobrinus at the same study area as rare. It was found tzd@ring with 13.5% TIR.
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This species is probably trying to adapt the haltal IR having extended hydroperiod
and hydrospread but probably not found much atrdthe.

The high numbers of molluscs found at WIR can Hated to the large area of the
reservoirs. During winter the predation pressureigh due to presence of large number
of migratory as well as resident species of biedsWIR and TIR (Chapter-1) which is
likely to decrease the abundance of prey base. Mpegies of wading birds feed on
mollusc (Bolduc and Afton, 2004) and large numblem@ratory population of wading
birds visit WIR during winter (Deshkar, 2008). Tlssthe period when molluscan density
is low at WIR and TIR. During winter the tempera&uwleclines forcing molluscs to
hibernate/move to deeper soil. At the third reserwliR, vegetation probably protects
them. However, here more resident larger wadersobserved that prefer feeding on
epifauna, hence, such decline may not be obsefuadher, the lower temperature of
winter is likely to push mollusc deeper in soiliasalso suggested by Deshkar (2008).
The density of mollusc in general was always highthe present study with non-
significant variations at the reservoir with Narraadundation where hydroperiod and
hydrospread both have increased. At the third vesethe seasonal variations significant
at P<0.05 may be related to the influence of thérenmental changes on the smaller
population of mollusc which was always below 50@ividuals/nt. On the basis of this it
may be suggested the seasonal drying of the weitaexipected to lead to more diverse
habitat conditions while the perennial wetlands nspport the same density of
organisms throughout the year. Further, accordinBaila and Davis, (1995) the change
in the water level and water cover favours the igsedchness. The highest density at

WIR and TIR observed during the post-monsoon, whenwater level is high, probably
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favours the growth of the vegetation and breediegigpmance of molluscs, when
temperature is also favourable. On the basis sfitimay be suggested that the change in
the water cover brings about a significant chamgthé density of mollusc whereas the
fluctuations in the water level have no significamfiluence on the molluscan density.
Although the conditions are different at JIR beeaatpresence of extensive vegetation
cover, the mollusc probably continue to flourishwimter too. This could be attributed to
the decrease in water level during winter at theemeoir and hence good density is
observed. The increasing water level in the monstependent reservoir of the region
submerges the vegetation. Vegetation is requiredrmwvth of attachment of the mollusc
(Macan, 1950) hence during monsoon when hidingeptacthem decreases a decline in
the density is noted (Bronmark, 1985).

Correlation with Physico-chemical characteristics of water

Colinearity between molluscan fauna and environalewriables are likely to differ
according to different habitats at different looas (Deshkar, 2008) which holds true for
the present study too. The higher density of mousuring post-monsoon and summer
has been related to two reasons: 1. A huge ardacimposed settled organic matter and
also the macrophytes at the bottom of the watery;b@dIncreased water temperature
activating the process of decomposition of thesgamic sediments (Malhotret al.,
1996).

Hydroperiod is regarded as a crucial factor stmuogu molluscan communities
(Jurkiewicz-Karnkowska, 2011). A significant andsjiive correlation of water cover
with molluscs was noted at WIR probably due to higtier cover with highest density of

mollusc in post-monsoon. This reservoir also rezeivhigher river discharges

130



CHAPTER III

(inundation) than other two. Higher river dischargé with nutrients is conducive to the
development of species rich communities by faditita their breeding and dispersal
(Jurkiewicz-Karnkowska, 2011). Further, the risewater cover is likely to lead to
increase the alkalinity levels in the water, a tetbpreferred by mollusc. Martins-Silva
and Barros (2001), reported that molluscs prefealkdline habitats and do not survive
beyond a pH of <5.

In an estuarine area salinity is a major factomwilusc assemblage (Bruyndoneixal .,
2002). Since the study areas are of fresh wateatare chloride levels were minimal.
The substrate water interface affects the distidbuand activity of benthic organisms
resulting into species specific mortalities. Deocayof dead organisms can result into
oxygen depletion and hypoxic conditions (Kolar aRehel, 1992). Invertebrates in
general respond to such altered declining bentlkigen by decreasing their overall
activity. The three reservoirs having moderateigh loxygen levels correlated positively
but significantly only at TIR, where maximum degsif bivalves were noted. DO and
food availability are known to be the factors cofitng the distribution of bivalves
(Hallam, 1996). Further, DO is also limiting factéor the distribution of mollusc
(Pennak, 2004).

According to Jurkiewicz-Karnkowska, (2011) seepdgen river infiltration makes a
water body nutrient rich. The inundation of Narmadster at WIR and TIR can be said
to have made a positive influence on mollusc pdmria. Though a positive correlation
of Kjeldahl nitrogen found at all the three studies supports the above results, a
significant relation at JIR can be attributed te thigh nutrient input from other sources

which has led to high vegetation cover. Vegetatimvides substratum for attachment of
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mollusc and hence an increase in the density ofusmlduring monsoon and post-
monsoon at JIR too.

Physico-chemical characteristics of soil

Though the total amounts of carbon, nitrogen anidiwwa stored in molluscs are
comparable to those contained in the water columaogh smaller than those are
contained in surficial sediments when they are mooee and have high biomass. They
play a significant role both in accumulation andcuwiation of N, C (Jurkiewicz-
Karnkowska, 2005). A positive significant corretatiof molluscs with soil-Ca at WIR
explains their high density during the study. Beeaof calcareous protective covering,
calcium is very important in the life-cycle of madics (Chokor and Oke, 2011;

Sulikowska-Drozd and Horsak, 2007).

Further, with calcium soil pH is also considered liasiting factor (Boycott, 1934;
Cameron, 1973; Radea and Mylonas, 1992). The faestipned by those authors, who
have either not found a direct relationship or héwend other factors to be more
important in structuring molluscan community (Lexand Gage, 1998; Maltchiét al.,
2010). Ondineet al., (2004) showed direct influence of species diatidn of molluscs
with various environmental variables such as sailcGntent, soil pH, coarse sand, which
supports our results noted at TIR.

There are other factors like organic matter andogén content that differ in bottom
sediments in temporary and permanent sites signifig (Jurkiewcz and Kornskowcka,
2011) while coarse sand, fine sand, silt and clapdina et al., 2004; Sanders and

Maloney 1994; Ysebae#t al., 2003; Hermaret al., 2001) indicates influence of soll
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characteristics on the density and distributionmoilusc. However, in the present study
where the habitat is undergoing change due to Ndanaundation, these studies are
expected to help future studies when the wetlacdines perrenial.

Conclusion

Molluscs are one of the major prey base for se\spaties of birds especially water birds
as they are major source of calcium for egg sheltlpction. In the present study of the
semi arid zone only six species of mollusc belogdgmfive families were noted. All the

reservoirs studied showed different abiotic factoosrelated with molluscan density.

Correlation regarding the soil physico-chemical apaeters and the mollusc density
indicated a significant relationship of molluscaensdity to calcium content needed for
their growth and development and with soil pH asytheed alkaline environment for

survival.
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PLATE 7

PHYLUM: MOLLUSCA
CLASS: GASTROPODA

FAMILY: VIVIPARIDAE FAMILY: PLANORBIDAE

Bellamya bengalensis I ndoplanorbis exustus

FAMILY: LYMNAEIDAE FAMILY: THIARIDAE

Lymnaea auricularia Thiara granifera




PLATE 7 (Contd.)

CLASS: BIVALVIA

FAMILY: UNIONIDAE

Lamellae consobrinus




CHAPTER IV

PHYSICO-CHEMICAL CHARACTERISTICS OF
WATER AND SOIL

Introduction

All organisms and their communities are directlyrafirectly affected by the physical
characteristics of their environment (Gilliet al., 2008). Thus, the study of
interactions between biotic and abiotic factorsdoees essential to understand the
community structure of an ecosystem (Dunson andig,rd991). For human beings
water and land are the two important useful nattesburces. Human society depends
on freshwater systems for drinking water, hydropowierigation, cooling and
cleaning; products such as food, plants, wildlged minerals; and services such as
recreation, waste purification, transportation, aebthetics (Murkin, 1998). Even
though 70% of earth is covered with water, only pe2cent fresh water is available
for life on land (Aydemiret al., 2005). This water is available in rivers, streams,
ponds and lakes as well as reservoirs construcyechdn for his various needs.
According to the Ramsar Convention, the shallowaregyof these water bodies form
wetlands, one of the most productive ecosystentiseofvorld next to the tropical rain
forests. Wetlands are defined as ‘lands transititvetween terrestrial and aquatic
ecosystems where the water table is usually atear the surface or the land is
covered by shallow water (Mitsch and Gosselink,898he value of the world’s
wetlands are increasingly receiving due attentisntleey contribute to a healthy
environment in many ways. They retain water duming periods, thus keeping the
water table high and relatively stable. Inspitdeing useful the natural wetlands are
being disturbed and destroyed by various practikesoad building, urban and rural

development, agriculture, and surface mining (T,id®84; Salvesen, 1990) and also
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for betterment of human life. However, new wetlaads created to compensate for
the loss of natural wetlands as a result of huraad-lse activities.

Wetland ecosystem has soil as its physical fouadatluch work has been carried
out to compare soil and other environmental cood#i within constructed and
adjacent reference wetlands to assess the pragfrédss constructed wetlands towards
a functional wetland (Stolet al., 2000). As wetlands serve as potential sinks for
excess nutrients in agricultural and urban run@&ihgham, 1994; Crumpton and
Goldsborough, 1998), nutrients in waters are ino@ed into flora, fauna, and
sediments present within. This ability to removérieats from water has important
implications for downstream water quality (Landensd Knuth, 1991; Delaney,
1995). Further, the changes in the key physicaldmnical parameters at landscape
scale are known to affect the food web at primargt aecondary production levels
ultimately altering the corresponding aquatic comityuand ecosystem attributes
such as species richness, distribution, dispershb#diversity (Wronat al., 2006).
The macrozoobenthic taxa composition at the baséoad web is the result of
complex interactions of diverse environmental J@ea (Elexova and Nemethova,
2003).

The seasonal changes in the environment with gmbigenic pressures change the
quality of water bodies, especially in the semiazwhe where such changes are
pronounced (Deshkar, 2008). There exists a clokgiaeship between the water
qguality and bottom substrates. The nature of botsuinstrates is one of the most
significant environmental parameters that influetie biodiversity (Minshall, 1984)
as soil properties such as organic matter contedttexture affect hydrology of a
wetland (Stoltet al., 2000). The present chapter is to understand rifhieence of

annual environmental changes on the quality of mate soil of the three reservoirs
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selected in the semi arid zone of Gujarat, Indidbases of which effect on biota can
be studied. For the water analysis, the parameteidied are divided as physical
properties, chemical properties, and inorganic matallic constituents. The physical
and chemical properties of water studied includeewgemperature, water cover, pH,
Acidity, Bicarbonate Alkalinity (HC@), Hydroxyl Alkalinity (OH), Salinity,
Dissolved Oxygen (DO), Chlorides (():Iand Carbon dioxide (G Inorganic non-
metallic constituents include Sulphate (39 Kjeldahl nitrogen, Nitrate (N©),
Nitrite (NO{), Inorganic Phosphates (P& and Total phosphorus.

The physical and other aggregate properties of isglude soil texture, pH and
Organic matter, while inorganic non-metallic consnts includes Total Nitrogen,
Total Phosphorus, Calcium and Magnesium.

Physico-chemical properties

Temperature has a significant ecological impadtemperature of a pond is of great
significance because it affects the amount of diiresboxygen inversely (Addy and
Green, 1997).

pH is a measure of the acidity or alkalinity of watécidic pH accelerates absorption
of phosphate by plants (Devlin and Witham, 198@),iraportant nutrient. Further,
Acidity of the water is its capacity to neutralize a gjredase to a fixed point. It is
caused by the presence of strong mineral acidsk wei@s and hydrolyzing salts of
strong acids. However, in natural unpolluted frestess, the acidity is mostly due to
the presence of free GORegular measurement of Aciditgn reflect a change in the
qguality of water (APHA, 1998). The anthropogeniadization is reported to change
the vegetation and prey base resulting in chandpgimer communities like birds and

create a new food web (Doheslyal., 2000).
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Alkalinity is a measure of the capacity of water to neuwalizstrong acid. The
alkalinity in water is generally imparted by theltseof carbonates, bicarbonates,
phosphates, nitrates, borates, silicags, together with the hydroxyl ions in Free
State. In freshwater, alkalinity is typically due the presence of excess carbonate
(from the weathering of silicate or carbonate rQeksd bicarbonate anions with little
concentration of other alkalinity imparting ionshéke ions when hydrolyzed produce

OH' (and neutralize B as follows:

CO” + H,0 = HCQy + OH

HCGO; + H,O = HCOs; + OH
These anions are primarily responsible for the ciaypaf water to neutralize acid.
They are measured in the formla€arbonate andhydroxyl alkalinity. Raw domestic
waste water has an alkalinity less than or onlghsly greater than that of the
municipal water supply (APHA, 1998).
Salinity is another important component to measure the mfdgssolved salts in a
given mass of solution (APHA, 1998). According tailias et al., (1993) the total
biomass of the submerged communities decreasesiexialy and also the species
richness decreases linearly with increasing sglinit
Water cover also plays a profound role in the usage of wetlaypdrganisms. Taylor
et al., (1992), reported that there is a great variationumbers of shore birds on wet
mud flats from week to week and from year to yeard at least some of these
variations are caused by water level fluctuationsl anudflats exposure timing.
Hence, water cover is also considered in presadyst
Dissolved Oxygen levels in natural and waste waters depend onlilgsigal, chemical

and biochemical activities in the water body. Estilon of dissolved oxygen is a key
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test in water pollution and waste treatment praeesfAPHA, 1998). Oxygen
produced during photosynthesis by aquatic plari¢geaand phytoplankton and that
from the atmosphere that diffuses at the surfadi tine water is "saturated" spreads
very slowly in water. Its distribution depends ¢ tmovement of aerated water by
turbulence and currents caused by wind, water feowl thermal upwelling. The
capacity to dissolve oxygen in water is limitedthg temperature and salinity, and by
the atmospheric pressure, in the soil. Oxygen abiity affects mineralization by
determining the microbial assemblage present. Redtuof organic matter at higher
rates occurs in aerobic soils largely due to thereiased efficiency of aerobic
respiration over anaerobic respiration pathwaysd@igeand Patrick, 1984; Hansen
and Blackburn, 1991; Updegraéf al., 1995). Hence DO is one of the important
parameter estimated during water quality analysis.

Carbon dioxide content of water contributes significantly to asion (APHA, 1998).
Supersaturation of GOn surface water results from benthic respiratma pelagic
mineralization (Jonssoret al., 2003) as well as from terrestrial respiration and
weathering products delivered by sub-surface oumplovater inflow. According to
(Portner and Farrell, 2008), increased,Q€vels in the ambient waters hinder the
survival of organisms, hence €@ important parameter in water quality assessment.
Chlorides in water occur in the form of chloride ions {Cbne of the major inorganic
anions (APHA, 1998). Chlorides constitute approxeha0.05% of the earth’s crust.
In freshwater Chloride concentrations of betweesnd 100 ppm (parts per million)
are acceptable. Chloride ions come into water fumderground aquifers, geological
formations that contain groundwater. Freshwateratquplants and freshwater
invertebrates are most sensitive to chloride comagon. Hence chlorides are also

estimated in present study.
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I norganic non-metallic constituents

Among the inorganic non-metallic constituersislfate (SQ,?), an anion, is derived
from rocks and soils containing gypsum, iron séfind other sulfur compounds
(Joeckelet al., 2007). Sulfate is widely distributed in naturelas used by all aquatic
organisms to build proteins. It is also widely ugethdustry and agricultur€alcium
(Ca™®), the cat ion in water is one of the most abundamistances in surface water
because it dissolves easily. The main source afwalin surface water is from the
weathering of lime stone rocks that are primariynposed of calcium compounds
(APHA, 1998).Magnesium (Mg*?) the eighth most abundant element on earth is a
common component of all surface water. Contributtdrmagnesium from natural
sources is maximum than all other human activiteesnbined. Calcium and
magnesium are the causes of hardness of water (ARM88). Hence, Sulfates,
Calcium and Magnesium are evaluated in water quatialysis.

Other important non-metallic constituent and a ieatris Nitrogen (N). Nitrogen in
soils occurs in many forms, both organic and inoigaThe former fraction,
composed mostly of plant and microbial remainsyasable in composition. It is
reported to be substantial in actual and relatmeunts in soils of temperate regions
(Miller, 1981). With increasing aridity, howeverrganic and total soil N tends to
decrease. In soil the inorganic phase of N is caagaf ammonium (NH), nitrate
(NO3), and nitrite (N@) forms. Oxygen availability, organic matter, nigasupply
and temperature are reported to have the mostfisgmi influence over biological
denitrification in wetland sediments (Waetal., 2007).

Phosphorus the other nutrient, occurs in natural and wastéerwalmost solely as

phosphates. Being major constituent of many comiaestzaning preparations larger
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guantities of phosphates are added when the watasad for laundering or other
cleaning, (APHA, 1998).

Soil organic matter represents the roots, planenatand soil organisms in various
stages of decomposition and synthesis, and is blarim composition. Different
aspects of sediments have a varying impact in wohtérg the structure and
complexity of macrobenthic communities of any laleservoir or stream as they are
generally categorized as substrate dependent cormesurfHoey et al., 2004).
Sediment organic load (TOC) associated with higle firaction percentage influences
the macrobenthos community structure, in both, dbooe and diversity indices
(Specchiulliet al., 2010).

A CCA analysis carried out by Habee#taal., (2012) indicates that, in a pond the
most important factors affecting on the benthogritistion are Water temperature,
Dissolved oxygen, Nitrate, Phosphate, Alkalinityal€@um, Magnesium, Chloride,
Depth, etc. with % organic matter, composition of Silt andal Stoltet al., (2000)
have also stressed on soil properties such asrgesard, clay, carbon or nitrogen to
be important factors in the function and healtta alonstructed wetland. Hence, with
water and soil analysis a soil texture analysis alas carried out to understand the
distribution and effects on the faunal diversitg aensities at the three study sites.
Materials and methods

To analyze physico-chemical parameters standarchadst described by APHA
(1998), Trivedi and Goel, (1984) and GPCB, (200&ravused. Six water samples
were collected from each reservoir once in a manthanalysed in the laboratory.
Physical and chemical properties of water

Temperature was measured at the site itself by using a mertueymometer and

was noted in °C.
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Water cover was taken as visual estimate of the whole areasarvoir covered with
water.

pH was also measured at site using a portable Mileayid meter.

Salinity

Salinity is calculated on the basis of chlorideuea{Page 10).

Salinity = mg ClI/ lit x 1.805

mg CI /lit as calculated for the chloride content imgde is multiplied by 1.805.
Acidity (Titrimetric Method)

Acidity is determined by titrating the sample walstrong base such as NaOH using
phenolphthalein as an indicator. To estimate agicht10ml or 50ml of sampl& to 4
drops of Phenolphthalein are added and titratednsig®.02 N NaOH solution.
Whenever necessary the samples are made colowitessharcoal.

Calculation of Acidity:

Acidity, as CaC@mg /| =B.R. x 1000
Amount®ample Taken (ml)

where, B.R. = Burette reading (Amount of titraneédis

Alkalinity (Titrimetric Method) .

Total alkalinity is the sum of Hydroxyl Alkalinitgnd Bicarbonate Alkalinity.
Hydroxyl ions present in a sample as a result afrblysis of solutes react with
addition of standard acid. Alkalinity depends oe &nd-point and pH of the indicator
used. To estimate hydroxyl alkalinity, 3 to 4 dragsphenolphthalein indicator are
used for 50 ml sample. If pink colour is develofkdn it is titrated against 0.02 N
H,SO, to the perfect point of pH 8.3 when mixture beceroelourless. If no colour is
developed, the phenolphthalein alkalinity is coaséd as zero.

Calculation of Hydroxyl Alkalinity:
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Hydroxyl Alkalinity, as CaC@mg /| = AxNx50 x 1000
Amount of Sample taken (ml)
A= Burette reading (Amount of titrant used)

N= Normality of SO,
50= equivalent weight of CaGO
Bicarbonate Alkalinity

Few drops of methyl orange indicator are added h® $ample in which the
phenolphthalein alkalinity was determined. This twig is titrated against 0.02 N
H,SO, to the colouration corresponding to the end poirftte Calculation for
Bicarbonate Alkalinity:

CaCQ mg /I =BxNx 50 x 1000
Amount of Sample taken (ml)

Where,
B= Total ml of titrant used for neutralizing sampte reach the second end
point

N= Normality of Sulphuric acid (0.02).
50= equivalent weight of CaGO
Dissolved Oxygen (Winkler's Method)

The manganese sulphate (MndQeacts with the alkali (KOH) to form white
precipitates of manganese hydroxide. In the preseasfcoxygen, highly alkaline
solution of the white manganese hydroxide is oxditro brown coloured manganese
oxyhydrate. This occurs in direct proportion to #@ount of oxygen present. In
strong acidic medium manganese ions are freedhaydreact with the iodine ions of
potassium iodide to release free iodine. The amotifiee iodine is equivalent to the
oxygen present in the solution. The amount of iedian be determined by titration
with sodium thiosulphate by using starch as indicat

To estimate dissolved oxygen, the water is coltbetgh care in BOD bottles without
bubble formation. The DO is then fixed at the siself by adding 1 ml each of

Manganese Sulphate and Alkali-iodide azide reagéliie precipitates formed are
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dissolved by adding 2 ml of concentrated sulphadicl. 10ml or 50ml of this sample
is taken and known amount of Sodium thiosulphatdded until pale yellow colour
develops.To this mixture 2 to 4 drops of Starch solutioa added as indicator which
develops blue colour. This mixture is then titratedher till the disappearance of
blue colour.

Calculation for Dissolved oxygen:

D.O. =B.R xN x 1000

Amount of Sample taken (ml)
B.R. = Burette reading (Amount of titrant used)

N= Normality of Sodium thiosulphate (0.1N).

Carbon dioxide (COy)

Surface water normally contains less amount of é@don dioxide as compared to
ground water. Free carbon dioxide reacts with sodhydroxide to form sodium
bicarbonate.

To 50 ml of sample, 2 to 3 drops of phenolphthaksi@ added and titrated against
0.02 N sodium hydroxide. The end point is notedcal®ur change from pink to
colourless.

Calculation for Carbon dioxide:

mg CQ/I=B.R. x N x 44 x 1000
Amount of Sample taken (ml)

Where, B.R. = Burette reading (Amount of titranéds
N = Normality of Sodium Hydroxide (0.60
44 = equivalent weight of GO
Chloride (CI)
In a neutral or slightly alkaline solution, potassi chromate indicates the end point

of the silver nitrate titration of chlorides. Sitvehloride is precipitated quantitatively
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before red silver chromate is formed. To 10ml omb&amplel ml Potassium
Chromate is added as an indicator and titratednag.0282 N Silver Nitrate. Red
precipitates developed from pale yellow colour aadeé end point. When necessary
the sample is made colourless by adding the chlarcoa

Calculation for Chloride:

mg CI/l = A X N X35.45 X 1000
Amount of Sample taken (ml)

Where, A = Burette reading (Amount of titrant used)
N = Normality of Silver Nitrate
35.45 is the equivalent weight of Clde.

I norganic non- metallic Constituents

Nitrogen

Total Kjeldahl Nitrogen

The digestion of the sample with Sulphuric acid aothssium sulphate, converts all
the organic nitrogen and ammonia into ammoniumlath Sodium chloride is added
to prevent the partial reduction of nitrate to ammowhich converts the NQnto
NOCI. The nitrogen in the form of ammonium sulpha@n be determined by
distillation at higher pH. To estimate N in 10mli5fF ml of sample in 100 ml Kjeldahl
flask 4 ml. HSO, is added with 10 drops of Cug®olution, 6 g of solid potassium
sulphate and 1 ml of 10% NaCl solution. The flaslkeated on a hot plate to avoid
loss through foaming. After the water boils, thempke turns dark due to
decomposition of organic matter by$0,. As the digestion proceeds, the colour of
the sample turns pale green. The heating is cadiriar additional 30 minutes and

then the colour developed is measured at 410 nenspectrophotometer.
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Nitrates (NO3")

Nitrates react with phenol disulfonic acid to foamitro-derivative which in alkaline
medium develops a yellow colour. The concentrattdnNOs™ is measured by a
spectrophotometric method. An equivalent amountSo¥er sulphate solution is
added to 10 ml or 50 ml of sample to remove ch&widrhe mixture is then slightly
heated and the precipitates of AgCl are filteretie Tiltrate is evaporated in a
porcelain basin to dryness. The contents are dilwiénh Distilled Water to 50 ml. and
cooled. To the dissolved sample 2ml Phenol disigfacid and 6 ml of liquid

ammonia are added which develops a yellow colotwe intensity of the colour
developed is measured at 410 nm in spectrophotomete

Calculation for Nitrate (N@):

NO3;'N mg/l = O.D X Factor
Amount of Sample taken (ml)

O.D is Optical Density

Potassium nitrate is used as standard solutionsidn@encentration of 1 ml = 1(g
NO; “concentration. Factor is obtained by preparing aamddrd curve by plotting
absorbance of standards of various concentratigaisist NQ- N Concentration.
Nitrites (NO;") (Colorimetric Method)

Nitrites (NG,) are determined by diazotizing it with Sulfanilamied coupling with
N-(1-naphthyl)-ethylenediamine dihydrochloride ¢orf highly coloured azo dye that
is measured colorimetrically. A correction is mddeany NQ present in the sample
by analyzing without the reduction step. Thus, iNiF are determined by the
formation of reddish purple azo dye produced apH2.5 with colour reagent.

To estimate Nitrite, 10ml or 50ml of sample wasetakn a beaker and 2 ml colour

reagent was added to it. The colour developed eas immediately at 543 nm with a
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spectrophotometer indicating O.D. A standard grapls plotted to obtain factor. A
reagent blank was run to set the instrument. Patassitrate is used as standard
solutions having concentration of 1 ml = 1@ NO; "concentration.

Calculation for nitrite:

NO2N mg/l = O.D X Factor
Amount of Sample taken (ml)

O.D is Optical Density

Factor is obtained by preparing a standard curvplaiging absorbance of standards
against N@ N Concentration. NaNf is used as standard solution having
concentration of 1 ml = 0,8g N concentration.

Inorganic Phosphates

When Ammonium molybdate is added to the sample,ybdaphosphoric acid is
formed. This is reduced by stannous chloride terisély coloured molybdenum blue
and measured colorimetrically. To measure inorgahiosphates, in a conical flask
50ml of sample is taken to which 4ml strong acid @ml of Ammonium molybdate
are added followed by 10 drops SxnQlhe blue colour developed is measured after
10 minutes at 690 nmvith a spectrophotometer indicating O.D. Anhydrét$,PO,

is used as standard solution having concentratiorl onl = 50.0 ug PQ > P
concentration. A reagent blank is run to set tharimment. Factor is obtained by
preparing a standard curve by plotting absorbaricstandards against Phosphate
concentration.

Calculation for phosphates:

Amount of PQ* as mg/l = 0.D X Factor
Amount of Sample taKel)

O.D is Optical Density
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Total Phosphorus

The sample is digested in a flask by the Kjeldalthnd mentioned above but
without the addition of NaCl. 20 ml of distilled ve® and 1 drop phenolphthalein are
added to the digest. This solution is neutralizeditbating with 5N NaOH to a pink
end-point. Determination of phosphorus is donehemtwith the same method used
for determination of inorganic phosphorus.

Calculation for phosphates:

Amount of PQ*as mg/l = O.D X Factor
Amount of Sample taKel)

O.D is Optical Density

Factor is obtained by preparing a standard curvplaiging absorbance of standards
against Total Phosphorus (1 ml = 50dPQ, >~ P) Concentration.

Sulphate (SQ?) (Turbidimetric method)

Sulphate ions are precipitated in the form of Barisulphate by adding Barium
chloride in Hydrochloric acid medium. The concetitna of the Sulphate can be
determined from the absorbance of the light by arsulphate and then comparing
it with a standard curve. To estimate sulphated,0tanl or 50 ml sample 5.0 ml of
conditioning reagent is added. The sample is stiop a magnetic stirrer. While
stirring, a spoonful of BaGkrystals is added. The intensity of colour devetbpse
measured at 420 nm in a spectrophotometer aftendtes.

Calculation for sulphate:

SO® mg/l = 0.D X Factor
Amount of Sample taken (ml)

Factor is obtained by preparing a standard curvplttging absorbance of standards

against various Sulphate Concentrations.
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Soil sampling and methods for estimation of various components of soil

Soil sampling was carried out by quadrat samplirghod where a quadrat of size 30
cms x 30 cms was selected randomly. Soil was soipleal upto a depth of about 5
cms. with the help of a scoop. Total six sub-sasplere collected once in a month.
Soil was collected in a plastic bag labeled prgpand taken to the laboratory. It was
air dried for further analysis as described by €aand Gregorich, (2008). For the
estimation of the level of major soil macronutrgntiz. nitrogen, phosphorus,
calcium and magnesium, the composite soil sampés @analysed at the Soil Testing
Laboratory at the Faculty of Technology and Engimgg The M.S. University of
Baroda, Vadodara. Other parameters like Organi¢emahd Soil pH were measured
in the laboratory as described by Trivedy and G@d€l84); APHA, (1998).

Analysis of Soil texture was carried out by mechahanalysis as described by Folk
(1957), ASTM D3976-92, (2000) and US EPA, (20050,1200 and 250 micrometer
sieves were used for this analysis and the reardtseported as the percentage in total
content in each sample. The classification of paitticles was as follows: coarse
sand, 0.5-1 mm; fine sand, 0.02-0.2 mm: silt, 0:0@2 mm; clay, <0.002 mm
(Michael, 1986). Pearson correlation was carrietl bmiween the above mentioned
physico-chemical parameters of water and soil uSIR§S software 7.5.
Physico-chemical properties and inorganic non-metallic constituents of soil

pH of the soil sample was measured by immersing plerfaH meter into the beaker
containing sample in which distilled water was atldad reading was noted.

Chloride contents were measured in the water extract bfastin the same procedure

as used in analysis in water. It was calculatetigd.00g.
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Organic matter content (Walkley-Black) method

For the estimation of organic matter content i, $bb gms of dried soil is weighed.
To this10ml of 0.167M KCr,O7 solution is added. Later, 20 ml 0$$0, solution is
added and swirled gently. This mixture is allowedtand for 30 minutes, after which
200 ml of water is added to the suspension. In®gtspension, 10ml of 85%PO,
and 1 ml of diphenylamine indicators are added atrdted with 0.4N Ferrous
ammonium sulphate solution to attain brilliant gremdpoint.

Organic matter (%)= 3.951/gms. of soil sample X (%) x 1.724

T= Sample titration

S= Blank titration

Statistical analysis

For the convenience of analysis the monthly datagoed for four seasons. Total 6
visits were made per season at both the water $oaiieounting to 24 visits per site in
two years. The four seasons gpee-winter (September to November), winter
(December to February), summer (March to May) andsoon (June to August). The
results given are in the form of Mean £ SEM. Théeadeollected for three water
bodies are compared as well as seasonal variatioaach water body are analyzed
using ANOVA (Graph Pad Prism 3 and Excel). Theajue is insignificant if P >
0.05, significant if P < 0.05 (*), significantlygnificant if P < 0.001 (**) and highly
significant if P < 0.0001 (***) as described by Few J and Cohen, L. (1998).
Pearson correlation is carried out to correlatevtaéer quality parameters with each
other and soil parameters also with each othetl dhe three study areas. Pearson
correlation was carried out between the above meed physico-chemical

parameters of water and soil using SPSS softwéare 7.
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Results

Physico-chemical properties of water

The seasonal variations and differences in inomygysical, chemical and non-
metallic constituents of three reservoirs studiedgaven in Table 3.1 a, b, ¢ and Fig.
3.1a,b,c.

At WIR, mean surfac&Vater temperature (Table.3.1a) was highest during summer
(26.33+0.2C) and lowest during winter (22.5+0%5. During monsoon and post-
monsoon water temperatures were 25+fCAland 24.33+0.6T respectively.
Significantly significant variations (P< 0.001s) 7.52) across the seasons were
noted. However, water temperature at TIR was high only during summer
(25.33+0.2%C), but also in monsoon (25.6+0°%69 as well as post-monsoon
(25.5+0.22C) while low during winter (22.9+0.8C) also with significantly
significant seasonal variations (P< 0.00%,:556.12). Similar trend was noted at JIR
with almost constant water temperatures during sem{25.83+0.17C), monsoon
(25.240.2C) and post-monsoon (25.4+0°%3 and lowest during winter
(22.17+0.6C) (P< 0.0001, FR31g) 21.8). However, No significant difference were
noted when comparisons were carried out amongtiee reservoirs.

At WIR, MeanWater cover (Table 3.1a, Fig. 3.1a) was found to be high dupost
monsoon and winter (90%) while lowest during summer27%. During monsoon it
was 77% (P<0.0001,dg) 24.17). However, at TIR, water cover was maximum
during post-monsoon (88%) which decreased in wilf#éi%) and reached to a
minimum level in summer with 36% and increased4®aluring monsoon exhibiting
highly significant seasonal variations (P< 0.000%,19) 8.5). Water cover at JIR
followed a trend similar to that of TIR with highegater cover during post-monsoon

(87%) followed by winter (78%) and lowest in summ@6%). In monsoon it
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increased to 65% (P< 0.001. ) 5.85). Water cover also did not show any
significant differences among the study sites @lethe seasons.

pH of water (Table 3.1a, Fig 3.1a) was always allalat the three reservoirs. At
WIR, it was high during winter (8.7+0.13) and suning®.71+0.1) while lowest in
monsoon (7.64+0.31). In post-monsoon it was 8.48QP< 0.0001, E100) 7.27). At
TIR, pH was highest during summer (8.81+0.09) whibéclined in monsoon
(7.81+0.19), increased during post-monsoon (8.18H0and was almost maintained
in winter (8.21+0.14 mg/l). Highly significant seaml variations (P< 0.00013fgs)
7.93) were recorded. At JIR also trend in pH chawgs almost similar with high
during summer (8.15+0.09), which declined during nsmon (7.31+0.15) and
increased during post-monsoon (7.81+0.09) and miaed over winter (7.81+0.12)
with highly significant differences (P< 0.0001g &) 7.93). When comparison was
carried out among the three reservoirs studiedhliyigignificant differences were
noted in summer (P< 0.0001p Fs) 14.72), post-monsoon (P< 0.000%; 4 11.93)
and winter (P< 0.0001, (Fo0) 12.11) while No differences were noted during
monsoon.

Acidity, (Table 3.1b, Fig 3.1b) was highest during sumrtér4+1.83 mg/l), at WIR,
which started decreasing through monsoon (8.0x2vifll), and post-monsoon
(5.29+0.57 mg/l) and was lowest (3.67+£0.48 mg/ljvinter. Significantly significant
variations were recorded (P<0.001; 45 5.42) over the seasons. At TIR, though,
acidity was highest during monsoon (13.00+2.37 ng/ldeclined to 5.67+£0.5 mg/l
during post-monsoon, increased to 10.55+0.68 mg#inter and further declined to
7.57£1.11 mg/l in summer. Significantly significasg¢asonal variations were noted
(P<0.001, 333 5.14). At JIR also, acidity was highest during smon (15.5+3.95

mg/l), declined marginally over post-monsoon (14.08 mg/l) to winter (11.93+1.24
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mg/l) and was lowest during summer (4.67+0.67 mgith no significant seasonal
differences (P>0.05, &6 0.91). Acidity did not show any significant seaalon
differences among the reservoirs except duringari(f<0.0001, 50y 10.45).

Hydroxyl alkalinity (Table 3.1b, Fig 3.1b) was highest during sumn®53+0.99
mg/l), decreased in monsoon (7.71+0.81 mg/l), asee in post-monsoon (8.82+0.83
mg/l) and was maintained in winter (8.26x0.7 mgit) WIR with no significant
seasonal variations (P>0.05z fg) 0.52). Similarly,Bicarbonate alkalinity was also
highest during summer (109.0+£6.52 mg/l), decreasedonsoon (79.27+8.61 mg/l)
but increased in post-monsoon (90.67+3.87 mg/l) wimder (97.94+5.29 mg/l) with
significant seasonal differences (P<0.0%,183) 3.36). At TIR, Hydroxyl alkalinity
was high during post-monsoon (9.82+0.74 mg/l), @in{9.56+1.56 mg/l) and
summer (8.38+0.9 mg/l) while significantly low (P801, ks g3 5.03) in monsoon
(4.82+0.39 mg/l). However, bicarbonate alkalinityasv highest during summer
(114.0£7.63 mg/l), declined in monsoon (98.4+13.8®/l) and post-monsoon
(74.4+£5.1 mg/l) while increased to 90.59+4.9 mg/lwinter and exhibited highly
significant seasonal variation (P< 0.000%,9f76.89). At JIRHydroxyl alkalinity was
recorded only during summer (16.44+7.77 mg/l) anohsoon (6.8+1.2 mg/l) and
hence computed by t-test. No significant differenceeere found. However,
bicarbonate alkalinity was high during summer (0%6.32 mg/l), declined through
monsoon (126.6x£7.96 mg/l) to post-monsoon (79.6388/1) but increased in winter
(93.58+8.94 mg/l); (P< 0.0001,3k1) 22.26). When three reservoirs are compared
significantly significant differences for hydroxglkalinity (P<0.001, 6 6.29) were
noted only during monsoon. The differences in Bicaate alkalinity among the three
reservoirs were highly significant during summer <@®001, s

16.78),significantly significant during monsoon (P801, k 39)6.53) and significant
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during post-monsoon (P<0.05 by 3.29) while no differences were found during
winter.

Slinity (Table 3.1a, Fig 3.1a) which depends on chlorioietent oscillated at WIR
with highest levels during winter (104.7£3.75 mgwhich declined in summer
(82.55x7.58 mg/l), increased in monsoon (98.64+9idll) and declined again Iin
post-monsoon (86.84+2.85 mg/l) with significantsm#al differences (P<0.05gk1s)
3.88). At TIR, salinity was highest during monsad®3.7+3.15 mg/l), declined in
post-monsoon (86.95%£2.7 mg/l) increased in win8&.§8+2.36 mg/l) as well as in
summer reaching to 93.14+5.33 mg/l with significaeasonal variations (P<0.05,
Fe,98) 3.97). Water at JIR had non significantly highalirsty during post-monsoon
(90.2215.56 mg/l) and winter (91.42+2.56 mg/l) whideclined in summer
(80.12+3.8 mg/l) and increased in monsoon (85.63%mg/l) (P>0.05, g4 1.42).
Significantly significant differences were notedarg the three study sites (P<0.001,
F(,90)6.22) only during winter.

Highest concentrations oflissolved oxygen were noted at WIR during winter
(9.63+1.36 mg/l) which declined to the lowest dgrisummer (5.55+0.98 mg/l)
started increasing in monsoon (8.48+2.15 mg/l) eemthed to 9.52+1.63 mg/l in
post-monsoon. It showed no significant seasonahtans (P>0.05, f103)1.45). At
TIR also, concentrations of dissolved oxygen weghdst during winter (9.21+1.83
mg/l), it declined to lowest in summer (5.22+0.98/l)) increased to 6.08+1.31 mg/I
in monsoon and reached to 8.55+1.16 mg/l in postsaon with non significant
variations (P> 0.05, k100) 1.79). At JIR, concentration of dissolved oxygeasw
highest during post-monsoon (8.85+1.4 mg/l) whian-significantly declined to
7.67£1.2 mg/l in winter to 4.99+1.06 mg/l in summand increased marginally

5.320.88 mg/l in monsoon; (P>0.05g k) 1.8). No significant seasonal differences
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were observed in any season when the three reserveere compared for
concentration of DO in water.

Free Carbon dioxide in water was found to be highest during summe#88.3.26
mg/l) at WIR. It declined in monsoon (3.52+0.45 Mmghcreased in post-monsoon
(4.22+0.43 mg/l) and winter (5.33£0.65 mg/l) with mignificant seasonal variations
(P> 0.05, kz19) 0.69). At TIR it was recorded in monsoon 3.52+0r@Q/l, post-
monsoon 4.84+0.84 mg/l and winter 4.27+0.36 mgit bot in summer. No
significant seasonal variations (P>0.0%;15 0.86) were noted. At JIR, also free
carbondioxide in water was highest during summe2980.84 mg/l), it declined in
monsoon (5.28+0.56 mg/l) and post-monsoon (4.1B:0riy/l) and increased in
winter (7.24+1.06 mg/l). No significant seasonatiaons (P>0.05, g4s) 1.15) were
noted. No significant seasonal differences wereechovhen the three sites were
compared.

At WIR, highestchloride contents were noted in winter (55.15+2.04 mg/l) kovdest

in summer (45.74+4.2 mg/l). While during monsoord grost-monsoon chlorides
were 54.651£5.05 mg/l and 48.11+1.58 mg/l respelgtiaad exhibited no significant
differences (P>0.05,#109)2.36). At TIR, highest chloride contents were dadering
monsoon (57.46x£1.74 mg/l) and lowest in post-mons@B.17+1.5 mg/l) while in
summer it was 51.6£2.95 mg/l and winter 49.79+In8§/l with significant seasonal
variations (P<0.05, Egg) 3.97). At JIR highest chloride contents were obser
during winter (50.65+£1.42 mg/l) which declined imnsmer (44.39+2.1 mg/l),
increased in monsoon (47.43+4.24 mg/l) and in postsoon (49.98+3.08 mg/l) with
no significant seasonal variations (P>0.0%,sk 1.42). When the three reservoirs
were compared highly significant seasonal diffeesn(P<0.0001, o1y 11.4) were

noted only during winter.
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Sulphate (Table 3.1c, Fig 3.1c) concentrations were highdsting monsoon
(0.29+0.07 mg/l) at WIR which declined to 0.092#D.6g/l in post-monsoon and
remained same at 0.093+0.01 mg/l in winter andeiased to 0.14+0.02 mg/l in
summer and showed highly significant (P< 0.00Q4.,75) 6.56) seasonal variations.
In TIR water also, sulphates were highest duringpgoon (0.63£0.08 mg/l), declined
in post-monsoon (0.19+0.03 mg/l) and winter (0.1040mg/l) and increased in
summer (0.21+0.06 mg/l). Highly significant diffeiees (P< 0.001, 90 23.49) were
noted. At JIR, sulphate contents in water oscidlateom 0.1+0.03 mg/l in post-
monsoon to 0.05+0.003 mg/l in winter, increasingimmer to 0.07+0.02 mg/l and
declining marginally in monsoon to 0.06+0.02 mgfithwvno significant seasonal
variations (P>0.05, k75 2.21). Among the three reservoirs, Sulphates stddwghly
significant differences during monsoon (P<0.0001;3d 21.55) and winter
(P<0.0001, f,06)47.83) while significant differences during postimoon (P<0.05,
F(,74)4.02) and non significant differences in summer.

The nitrogen content estimated by Kjeldahl method was highaesind summer
(9.1£2.61 mg/l) at WIR, started declining from moas (5.86+0.86 mg/l) to post-
monsoon (4.01+0.75 mg/l) and reached to the lowmsicentration in winter
(3.72+0.7 mg/l) with significant seasonal variaBoff? < 0.05, k3 653.59). At TIR
also, Kjeldahl nitrogen was highest during sumni€r.{6+3.63 mg/l), decreased in
monsoon (6.18+0.81 mg/l) and post-monsoon (4.9&0n@/l), while increased in
winter (7.34+1.41 mg/l). No significant seasonatiaaons (P >0.05, ks, 79)1.62)
were noted over the study period. At JIR, highestcentration of Kjeldahl nitrogen
was recorded during post-monsoon (18.1+3.34 mghjclv decreased in winter
(15.25+1.95 mg/l) and summer (11.24+1.81 mg/l) ardched to the lowest in

monsoon (9.22+1.76 mg/l). Significant seasonalatamns (P <0.05, 3 70)2.98) were
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recorded. Significant differences at P<0.00%,3d5 5.85, P<0.0001, 44 9.53, and
P<0.0001, 60y 21.6 while non-significant differences withfe) 0.16 were noted
during monsoon, post-monsoon, winter and summeyertvely when differences
among the three reservoirs for Kjeldahl Nitrogemeveompared.

High nitrite concentrations were noted at WIR during monsoo@2D.004 mg/l)
which declined in post-monsoon (0.003+0.001 mgH)levwere maintained in winter
(0.004+0.001 mg/l) and started increasing in sum({Pe013+0.002mg/l). Highly
significant variations (P < 0.0001,410s)14.28) were noted during the study period.
At TIR, high nitrite concentrations were noted adgrsummer (0.013+0.002 mg/l) and
monsoon (0.017+0.002 mg/l). It decreased in postsoon (0.008+0.001 mg/l)
which was maintained in winter (0.008+£0.001 mg/Bhwhighly significant seasonal
variations (P <0.0001, &, 97y8.71). At JIR, higher nitrite concentrations weeu
during summer (0.009£0.002 mg/l) and monsoon (0&3 mg/l) while lower
during post-monsoon (0.003£0.001 mg/l) and wintér0@2+0.0004 mg/l) with
significantly significant variations (P < 0.001F4)5.62). During comparison among
the three study sites, highly significant differeacwere noted only during post-
monsoon (P<0.0001 474 8.25) and winter (P<0.0001¢fg0) 16.08).

The concentration oNitrate, the third nitrogen derivative, in WIR water was
0.018+0.002 mg/I during summer, 0.013+0.001 mg/imansoon, 0.009+0.001 mg/I
in post-monsoon and 0.015+0.002 mg/l in winter (B.801, Fg, 55.35). At TIR,
nitrate concentrations during summer were 0.03x®@1l, in monsoon 0.01+0.002
mg/l, in post-monsoon 0.006+0.001 mg/l and in winde014+0.003 mg/l. Highly
significant seasonal variations (P < 0.000%; E7)15.18) were recorded during the
study period. At JIR, highest nitrate concentratiomere recorded during post-

monsoon (0.05£0.01 mg/l) which declined in wint@r02+0.003 mg/l) but increased
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in summer (0.04+0.01 mg/l) and decreased againans@on (0.02+0.004 mg/l) with
significantly significant seasonal variations (P0s001, F(3, 46 6.1). Significant
seasonal differences were noted in nitrate conagotis during summer (P<0.05,
F(,354.3) and monsoon (P<0.05; kz) 3.78) between the three reservoirs. However,
in post-monsoon highly significant (P<0.0001p 47 36.59) and in winter non
significant differences were noted.

Total phosphorus was high at WIR during post-monsoon (0.18%0.02 I)/ngt
decreased in winter (0.12+0.02 mg/l), increasedsummer (0.14+0.02 mg/l) and
decreased again in monsoon (0.08+0.02 mg/l) butvetlono significant (P>0.05,
F(,79) 2.3) seasonal variations. Similarly, total phospBowas highest during post-
monsoon (0.18+0.03 mg/l) at TIR, it declined sigrahtly in winter (0.04+0.01 mg/l),
increased in summer (0.11+£0.02 mg/l) and decreagagh in monsoon (0.06+£0.02
mg/l (P< 0.001, Rg0) 5.33). In JIR water also, total phosphorus wegh hduring
post-monsoon (0.32+0.03 mg/l) which declined in ten(0.18+0.02 mg/l) and was
maintained in summer (0.17+0.02 mg/l) and monsdbh7¢0.04 mg/l) with highly
significant seasonal variations (P< 0.000%,4;6.52). Total phosphorus was overall
higher in JIR water but differences among the k83 were non significant except
during winter when it was highly significant (P<OQL, ko,76)14.18).

At WIR Inorganic phosphates were high during monsoon (0.1+0.03 mg/l) and low
during post-monsoon (0.03+0.01 mg/l) and wintel0280.01 mg/l) and summer
(0.04+0.01 mg/l) and exhibited seasonal variati@sP>0.0001, (fies 7.05).
However, at TIR, highest concentrations of inorgaphosphates were recorded
during summer (0.15+0.02 mg/l) followed by monso@11+0.03 mg/l), winter
(0.07£0.01 mg/l) and lowest in post-monsoon (0.060 mg/l) and showed

significantly significant (P< 0.001, 703 5.11) seasonal variations. In JIR water
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inorganic phosphates were almost maintained dusagmer (0.07£0.02 mg/l),
monsoon (0.07+£0.02 mg/l), and post-monsoon (0.@2:@ng/l) while it decreased
insignificantly in winter (0.05+0.01 mg/l); (P>0.0B3 82 0.67). When the three sites
were compared, highly significant seasonal diffeesnwere noted during summer
and winter with P<0.0001, {f32) 22.48 and, [y 7.67 respectively) while
significant differences were noted in post-monseath P<0.05, k73 4.34. The
differences in the monsoon were non-significant.

Physico-chemical properties of sail

Soil texture (Table 3.2a) was classified into % Beaand, % Fine sand, % Very fine
sand and % Silt+clay, % coarse sand at WIR, waselstgduring post-monsoon (45%)
while in summer, monsoon and winter it was almashe with 40%, 41% and 39%
respectively with no significant seasonal variasiqi?>0.05, [1g)4.04). At TIR,
however it was recorded to be high during wintethvd9% and, post-monsoon with
37%, while low during summer and monsoon at 35% 24 respectively with a
significant seasonal variations (P<0.0%,1k5.3). In JIR soil, percentage of coarse
sand was high during monsoon (41%), which declimedpost-monsoon (36%)
through winter (34%) and was low during summer (26UR also showed significant
seasonal differences (P<0.05z 1) 5.4). When differences in % coarse sand was
compared at the three study sites, the differenas significantly significant in
summer (P<0.001, 5 24.57) and monsoon (P<0.00%, #1) 18.0) while significant
(P<0.05, k,14)9.36) in post-monsoon and non-significant in winte

Fine sand particles showed significant differene@song the three reservoirs.
However, at WIR, it was high during summer (35%) annter (36%) and low during
monsoon (30%) while in post-monsoon it was 33%hwsignificant seasonal

differences (P<0.05,$5)4.85). At TIR also it was highest during summer@éut
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low during monsoon (44%). In post-monsoon and wiittevas recorded at 44 % and
45% respectively, without any significant seasovefiations (P>0.05, E1g) 0.28).
JIR also recorded highest percentage of fine samticles during summer at 52%
while in monsoon, post-monsoon and winter 46%, 46% 46% of fine sand was
recorded without significant seasonal variationsQ(B5, ks 1g) 0.5). The differences
in % fine sand at the three study sites were saamfly significant at (P<0.001 45
22.1) in summer, highly significant (P<0.0001g 4 31.22) in monsoon and
(P<0.0001, f,14)32.15) post-monsoon while non significant in winte

The percentage distribution of very fine sand phlas was lower than that of the other
sediment gradients. It was highest 17% at WIR duwmter and lowest 14% during
post-monsoon. In summer and monsoon it was 16%. édahsignificant seasonal
variations were recorded at WIR (P>0.05z:k 2.33). TIR soil recorded high
contents of very fine soil during summer, monsood @ost-monsoon was almost
similar with 9% and no significant seasonal vaoas (P>0.05, & 1s)2.22). However,
at JIR it was 13% during winter, 9% and 8% duringmmer and monsoon
respectively and lowest 6% during post-monsoon authany significant seasonal
variations (P>0.05, E1g) 1.03). When seasonal differences in % very finedsaas
compared at the three study sites, during summe0.0R01, k15 56.73) highly
significant differences and during monsoon (P<0,#}l;1)24.61) and post-monsoon
significantly significant (P<0.001, 44y 26.03) differences were noted while during
winter the differences were non-significant.

Percent of silt+clay was recorded to be highesindumonsoon at WIR at 13%.
While 8%, 8% and 7% of silt+clay was recorded dyirsmmmer, post-monsoon and
winter respectively with highly significant seasbnaariations (P<0.0001, {1

16.23). TIR also had high percentile of silt andycparticles during monsoon with
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13%, while 10% 10% and 8% were recorded during semmpost-monsoon and
winter respectively with significant seasonal eifnces (P<0.05,d1s)4.62). JIR
soil exhibited a different trend with high silt +ag content during summer (11%) and
post-monsoon (11%) and lower contents during mamg6&o) and winter (6%). No
significant seasonal differences were recorded (533,18 3.55). % silt and clay
showed significantly significant seasonal differencat the three study sites only
during monsoon (P<0.001¢f1)23.72).

pH of soil (Table 3.2b, Fig 3.2a) at the threeeresirs was alkaline across the
seasons. It was maximum during monsoon (8.13+t0M&)ch decreased in post-
monsoon (7.05£0.09), increased in winter (7.95tPak@l decreased again in summer
(7.38+0.2) with significant seasonal variations @®$, F, 153.64). At TIR also,
soil was more basic during monsoon (8.25+0.46),tavir{7.85+0.25), in summer
(7.45+0.09) and while towards neutral in post-mams(/.05+0.0.03) with significant
seasonal variations (P<0.05,3F1g)3.79). pH of JIR soil also oscillated in similar
pattern with maximum during monsoon (7.93+0.42)jclldeclined in post-monsoon
(7.18£0.12), increased in winter (7.8+£0.43) andimgeaclined in summer (7.55+0.06)
but without any significance (P>0.05,F151.15). No significant differences were
noted for pH at the three study areas during feassns.

Low percent oforganic matter in WIR soil were recorded during summer (2%) and
monsoon (2%) while higher during post-monsoon (4&)Xhe monsoon was over it
started building up. In winter it was 3% with nayficant seasonal variations
(P>0.05, F(3, 18 0.98). The organic matter also varied without amynificant
variations (P>0.05, [z, 151.64) at TIR with high amounts during winter (4% dow

in monsoon (2%). It was 3% in summer and 3% in-poshsoon. JIR soil had the

highest amounts of organic matter during winter Y88dowed by summer (5%). It
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was lowest 3% in monsoon while 4% in post-monsdsa. significant seasonal
variations (P>0.05, ks, 1g)2.94) were noted. Organic matter did not showed any
significant seasonal differences when comparisiwden the study sites was made.
Some of the inorganic non metallic ions important ¥arious animals ar€alcium
andmagnesium (Table 3.2b, fig 3.2b)Concentrations of calcium were maximum in
WIR soil during winter (44.0+12.13 mg/100g) follodveby summer (39.15+5.69
mg/100g), monsoon (35.75+3.47 mg/100g) and postsmam (27.78+£3.67 mg/100g).
However, no significant variations (P>0.05, - 15 0.91) were noted. Highest
magnesiumconcentrations were also noted during winter (3213533 mg/100g),
followed by summer (15.08£2.37 mg/100g). It dedlinéurther in monsoon
(10.43%£0.34 mg/100g) but increased in post-mong@8mM8+0.06 mg/100g) without
any significant seasonal variations (P>0.05 Fig 2.1). At TIR also, Calcium
concentrations were maximum during winter (62.5574mg/100g), followed by
summer (34.18+7.55 mg/100g), monsoon (30+£1.16 ni@glGand post-monsoon
(26.88+3.61 mg/100g) but with significant seasoraalations (P < 0.05, [, 15)3.77).
Here, also magnesium was highest during winter2&4.6.92 mg/100g), declined in
summer (14.43+2.16 mg/100g) and monsoon (13.53142d/100g) and increased in
post-monsoon (19.58+2.19 mg/100g) without any $icgmt variations (ks, 15)1.22).
At JIR also the calcium concentrations were maxinduring winter (33.67+13.42
mg/100g), which declined in summer (27.03+1.0 m@g)Cand monsoon (27.0 £3.72
mg/100g) and increased in post-monsoon (32.25+3n@7100g). No significant
variations (P>0.05, k3, 17)0.35) were noted. Here, Magnesium content was high
during post-monsoon (26.25+2.99 mg/100g) which ided in winter (13.0+£1.53
mg/100g). In summer it increased to 17.5+4.09 m@gl@nd again declined to

10.90+4.65 mg/100g in monsoon. No significant seakwariations (P>0.05, §&, 17)
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3.41) were noted. The differences in the seas@mraparisons at the three study areas
were non-significant for calcium, while significinsignificant (P < 0.001, b, 14)
8.67) for magnesium only during post monsoon.

Highest concentration ofotal nitrogen in WIR soil was noted during summer
(123£21.68 mg/100g), followed by monsoon (53.5+B84rAg/100g) and lowest in
post-monsoon (18.0+2.27 mg/100g) which were maiethiin winter (19.5+4.11
mg/100g). Highly significant seasonal variations <F0.0001, Fgs, 15 13.51) were
noted during the study period. In TIR soil alsotalmitrogen was maximum during
summer (77.2+13.82 mg/100g) followed by monsoon.7856.005 mg/100g),
minimum during post-monsoon (24.3+2.1 mg/100g) &®2+8.47 mg/100g in
winter. Significantly significant seasonal variatso (P < 0.001, k3 15 7.61) were
recorded. At JIR also, total nitrogen was maximuuamirdy summer (88.08+27.27
mg/100g) followed by monsoon (47.63+6.71 mg/100yg) & declined further in post-
monsoon (30.0+0.0 mg/100g) but increased in wirj83.33+8.11 mg/100g). No
significant seasonal differences (P>0.0%;, k7)3.05) were noted. Total nitrogen did
not show any significant seasonal variations when three sites were compared
except during post-monsoon (P<0.00%,1k;11.47).

Total phosphorus concentrations in WIR soil was 6.93+6.03 mg/10Qgrdy summer,
which decreased in monsoon (1.3£0.58 mg/100g) aaslalmost maintained in post-
monsoon (2.68+0.69 mg/100g) and winter (1.4+0.63/1®@g). No significant
seasonal variations (P>0.05,d1g)0.74) were observed during the study period.
However, significantly significant seasonal vaoas (P < 0.001, k3, 15 7.2) were
noted for phosphorus concentrations of soil onlyI&. Here, highest concentrations
were noted during summer (15.95+3.02 mg/100g) whigtlined in monsoon

(4.13+2.12 mg/100g) and post-monsoon (3.21+1.06.6fy) and were maintained in
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winter (3.18+2.63 mg/100g). At JIR, also higheshaentrations for total phosphorus
were noted during summer (8.9+£7.81 mg/100g) whidtreased by monsoon
(3.15£1.92 mg/100g) and post-monsoon (3.01+0.89164y) to lowest in winter
(1.07+0.42 mg/100g) but with no significant seasaaaiations (P>0.05, [, 17)0.6).
Differences among the three reservoirs were natifeggnt in all seasons when the
phosphate levels in waters were compared.

Correlations between physico-chemical parameters of water

As shown in Table 3.3, 3.4 and 3.5 majority of #ibidactors studied in relation to
water showed variable correlations at the threerves's. Acidity was correlated with
Nitrites positively at the level of 0.01 at all thleree reservoirs. Further, it was
correlated positively with free GQat the level of 0.01 at WIR and TIR, while at 0.05
at JIR, with Kjeldahl nitrogen at 0.01 only at WdRd TIR while with bicarbonate
alkalinity at TIR at 0.01 and JIR at 0.05 levelsnlypat TIR it was correlated
positively at 0.01. Salinity was negatively cortethwith acidity at 0.01 levels only at
WIR and JIR.

Chlorides were positively correlated with water epat JIR (0.01) and WIR (0.05).
Correlations of chlorides with other parametershatthree reservoirs were variable.
Dissolved oxygen showed positive correlation witatey cover at WIR and TIR
(0.01) and with total phosphorus at TIR (0.05) aHB (0.01), while negative
correlation with nitrate at 0.01 levels at TIR aAd5 levels at JIR. COwas
positively correlated with sulphates at 0.01 at ViRMd TIR. The correlations with
CO, were positively significant at JIR with several rgaeters like Inorganic
phosphates, Nitrate, pH and Temperature whereagyndicant correlations could be

found at other two reservoirs.
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Bicarbonate alkalinity was negatively correlatedhwotal phosphate at 0.01lat WIR
while positively at TIR. However, it was positivelgorrelated with inorganic
phosphates at 0.05 at WIR as well as TIR, with Baitigs at 0.01 at WIR while at 0.05
levels at other two reservoirs and with Nitritegi® at 0.01 and TIR at 0.05 levels.
Inorganic phosphates, Nitrates, Nitrites Hydroxikalinity and pH were variably
correlated with the other abiotic factors of wadérthe three reservoirs. Hence no
common correlation could be established. Howevgrld&hl nitrogen was positively
correlated at 0.01 with sulphates at both WIR atil While with nitrates at 0.01 at
TIR and 0.05 at WIR. While with Nitrite at 0.01 grdt WIR. Salinity and sulphates
are correlated negatively only with temperatur@.86 at WIR, while temperature is
correlated negatively (0.01) with water cover & slame reservoirs.

Correlations between physico-chemical parameters of soil (Table 3.6, 3.7, 3.8)

As noted for water the common correlations in abiparameters of soil could not be
established at the three reservoirs except fol mat@gen and total phosphates which
were correlated positively at the level of 0.01. @dag other correlations magnesium
was correlated with calcium positively at 0.01 #& &nd 0.05 at WIR, pH at 0.05 at
WIR and JIR, Chloride with total nitrogen positiyedt 0.01 at TIR and 0.05 at other
two reservoirs while Organic matter correlated sy with pH at WIR and TIR

(0.05).
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Table 3.1a. Seasonal variations and differences water temperature, water cover, pH
acidity and alkalinity of water at the three irrigation reservoirs

Parameters Seasons WIR TIR JIR Slgnlflcanc_e
between 3 sites
Summer 26.33£0.2 25.33+0.21 25.83+0.17 ng ks 1.67
Water Monsoon 25.0+0.41 25.6+0.68 25.2+0.2 ng; R 0.39
Temp (°C) Pos_t-mon 24.33+0.67 25.5+0.22 25.4+0.24 ng; fz 2.14
Winter 22.5+0.56 22.9+0.81 22.17+0.6 ng; &z 0.31
** F (318 7.52 ** Fa1g 6.12 *** Fe1g 21.8
Summer 27.5£7.27 36.6745.11 46.67+9.09 gk 1.7
Percent Monsoon 77.5+11.64 64.0+14.09 65.0+12.45 ng;.r 0.31
Water Po;t-mon 90.0+4.28 88.3+5.27 87.50+3.09 ng; f5 0.09
cover Winter 90.83+2.71 77.5£6.02 78.0+2.0 ng; fs 3.26
*kk-
2’:](-37’18) ***; F (349)8.5 **; F(3ylg)5.85
Summer 8.71+0.10 8.8%0.09 8.150.09 ** F 56 14.72
Monsoon 7.64:0.31 7.8%0.19 7.3%0.15 ns; Rp47 1.68
pH Post-mon 8.46t0.09 8.160.11 7.830.09 P F (2,78 11.93
Winter 8.740.13 8.2%0.14 7.830.12 P F (2100 12.11
*%F 3100 7.27 | % Faes 7.93 *** Fas 7.93
Summer 10.4t1.83 7.5%1.11 4.6#0.67 ns; R12 3.13
Acidity (mg Monsoon 8.0+2.53 13.082.37 15.%3.95 ns; Rops 1.02
CaCoy) Post-mon 5.29+0.57 5.6%0.5 14.@4.03 ns; Roos 2.28
Winter 3.640.48 10.5%0.68 11.931.24 *** F 250 10.45
*x F(3yz5‘ 5.42 *k F(3'33‘ 5.14 ns; 6,56‘ 0.91
Summer 9.53t0.99 8.380.9 16.447.77 ns; Rp47 2.04
:ﬁ’(‘;{f;’g{' Monsoon | 7.710.81 4.820.39 6.81.2 * F (226 6.29
(mg Post-mon 8.82+0.83 9.820.74 0.¢0.0 ns; t=0.91
CaCOy/l) Winter 8.26+0.7 9.5&1.56 0.¢0.0 ns; t=0.87
ns; Rz zs 0.52 **. Fa.s3 5.03 ns; t=0.91
) Summer 109.3:6.52 114.67.63 156.@5.32 *** F (268)16.78
Bicarbonat
e alkalinity Monsoon 79.2#8.61 98.413.63 126.67.96 **, F (2,39 6.53
(mg Post-mon 90.6A3.87 74.45.1 79.63.23 * F.00 3.29
CaCoy/l) Winter 97.94t5.29 90.524.9 93.588.94 ns; Rosa 0.37
*; F(3'103‘ 3.36 ol F(3'97‘ 6.89 Fkk, F(gqgl‘ 22.26

* For ANOVA,* P< 0.05, *P< 0.001, *** P < 0.0001;+ For t-test, + P< 0.05, ++P< 0.001, +++ P < 0.0001
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Table 3.1b. Seasonal variations and differences DO, Free CO,, salinity and chloride
content of water at the three irrigation reservoirs

Parameters Seasons WIR TIR JIR bSlgnlflcancg
etween 3 sites
Summer 5.55+0.98 5.220.98 4.991.06 ns; Ross 0.07
Monsoon 8.48t2.15 6.081.31 5.30.88 ns; Rps7 1.22
DO (mg/l) Post-mon 9.52+1.63 8.5%1.16 8.8%1.4 ns, Ro7e 0.14
Winter 9.63t1.36 9.2%1.83 7.6%1.2 ns; Ry o7 0.55
ns; Rz.10s 1.45 | nS; k3.1001.79 ns; kz.s21.8
Summer 8.68t7.14 0.@¢0.0 8.290.84 ns; t=0.11
Monsoon 3.52+0.45 3.520.0 5.280.56 ns; 210 3.85
Free CO, (mg/l) Post-mon 4.22+0.43 4.840.84 4,13%0.59 ns; o9 0.37
Winter 5.33t0.65 4,2%0.36 7.241.06 ns; Ross 1.49
ns; F(3y19' 0.69 ns; 5,10' 0.86 ns; Ey4g‘ 1.15
Summer 82.55:7.58 93.145.33 80.123.8 ns; Ro72 1.5
Monsoon 98.64:9.11 103.#3.15 85.6%7.65 ns; kos9 1.75
Salinity (mg/l) Post-mon 86.84:2.85 86.952.7 90.225.56 ns; Ry76 0.24
Winter 104.#3.75 89.882.36 91.422.56 **, F (2,00 6.22
* F(3'115)3.88 * 53,98)3-97 ns; Ey84)1'42
Summer A5 7442 51.&2.95 44.3%2.1 ns; ko7 1.5
Monsoon 54.65:5.05 57.461.74 47.434.24 ns; Rose 1.75
Chloride (mg/l) Post-mon 48.1#1.58 48.1%#1.5 49.983.08 ns; Ro.77 0.48
Winter 55.15:2.04 49.791.31 50.6%1.42 *** F por11.4
ns; ':(3le9 2.36 *; F(gqgg‘ 3.97 ns; Eygﬂ,‘ 1.42

* For ANOVA* P< 0.05, *P< 0.001, *** P < 0.0001;+ For t-test, + P< 0.05, ++P< 0.001, +++ P < 0.0001
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CHAPTER IV

Table 3.1c. Seasonal variations and differences amg the inorganic non-metallic
constituents of water at the three irrigation resevoirs

Parameters Seasons WIR TIR JIR bSlgnmcanc_e
etween 3 sites
Summer 0.14+0.02 0.21%0.06 0.0%0.02 ns; Raaze 2.91
Monsoon 0.29+0.07 0.630.08 0.060.02 **: F (539 21.55
Sulphate Post-mon 0.092:0.02 0.190.03 0.%#0.03 * F.744.02
(mg/l) Winter 0.093:0.01 0.140.01 0.030.003 | ** F ¢ 47.83
*kke
% F (3.1736.56 2’?': 40 | nsiRarg2.21
Summer 9.1+2.61 10.76:3.63 11.241.81 ns; Roue 0.16
Kjeldahl Monsoon 5.86t0.86 6.180.81 9.221.76 ** F (235 5.85
Nitrogen Post-mon 4.010.75 4.930.95 18.%3.34 % F 040 9.53
(mg/l) Winter 3.72:0.7 7.341.41 15.2%1.95 % F ne0 21.6

* Fae53.59 | ns;B791.62| * Ra02.98

Summer 0.013:0.002 0.0120.002 0.0020.002 ns; Rz6s 0.86

Monsoon 0.02:0.004 0.01%0.002 0.030.003 ns; Ras7 0.77

- Fkke .
Nitrite (mg/l) Post-mon 0.003:0.001 0.0080.001 0.0030.001 , F @74 8.25

Winter 0.004t0.001 0.0080.001 0.0020.0004 | ***, F 2,80 16.08
. F (3,108) ** F 397) ** 562
14.28 8.71 A
Summer 0.018:0.002 0.030.01 0.040.01 * Fss 4.3

Monsoon 0.013:0.001 0.030.002 0.020.004 *, F.a3 3.78

Post-mon 0.002:0.001 0.00£0.001 0.0%0.01 *** F (2,47 36.59

Nitrate (mg/l)

Winter 0.0150.002 | 0.0140.003 0.020.003 ns; Rz 2.24
*kke
**: F (358 5.35 1’5':_ i **: F (3.46)6.1
Summer 0.14t0.02 0.1%0.02 0.1%0.02 ns; Ra47 1.36
Total Monsoon 0.08t0.02 0.060.02 0.1#0.04 ns; Ro4g 3.12
Phosphorus | Post-mon 0.18:0.02 0.180.03 0.320.03 ns; Rz 4.46
(mgll) Winter 0.12:0.02 0.040.01 0.180.02 | *™* F 75 14.18
ns, E3y7g‘ 2.3 **; F(gqgo‘ 5.33 ***; F(S,BO' 6.52
Summer 0.04:0.01 0.130.02 0.020.02 | *** F (13, 22.48
inorganic Monsoon 0.1+0.03 0.130.03 0.0%0.02 ns; R4 0.72
Phosphates | P0St-mon 0.03:0.01 0.030.01 0.080.02 % Frz3 4.34
(mg/l) Winter 0.02+0.01 *201001 0.050.01 ¥ (2,92 7.67
% F (3,168 7-05 5': 11 | nsiRaez0.67

* For ANOVA,* P< 0.05, *P< 0.001, *** P < 0.0001;+ For t-test, + P< 0.05, ++P< 0.001, +++ P < 0.0001
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CHAPTER IV

Fig. 3.1a. Seasonal variations in water temperaturewater cover, pH acidity and
alkalinity of water at Wadhwana Irrigation Reservoir (WIR), Timbi Irrigation
Reservoir (TIR) and Jawla Irrigation Reservoir (JIR).
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CHAPTER IV

Fig. 3.1b. Seasonal variations in DO, Free CQ Salinity and Chlorides of water at
Wadhwana Irrigation Reservoir (WIR), Timbi Irrigati on Reservoir (TIR) and Jawla
Irrigation Reservoir (JIR).
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CHAPTER IV

Fig. 3.1c. Seasonal variations in inorganic non-mallic constituents of water at
Wadhwana Irrigation Reservoir (WIR), Timbi Irrigati on Reservoir (TIR) and Jawla

Irrigation Reservoir (JIR).
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Table 3.2a. Seasonal variations in sediment textura Wadhwana Irrigation Reservoir
(WIR), Timbi Irrigation Reservoir (TIR) and Jawla | rrigation Reservoir (JIR)

Soil
Seasons Significance
texture WIR TIR JIR among 3 sites
Summer 40.46+1.13 34.79+1.19 26.05+1.93 ol 24.57
% Coarse | Monsoon 40.77+0.24 34.39+0.58 41.22+1.43 okl 18.0
sand Post-mon 44.63+1.86 36.77+1.45 36.45+1.16 %2 9.36
Winter 39.45+0.57 39.46+0.45 33.88+4.76 Ngukr 1.34
ns; F(3,18)4.04 *; F(3,18)5.3 *; F(3,18' 54
Summer 35.05+1.75 45.56+1.77 52.38+2.04 ol 22.1
%Fine Monsoon 30.20+1.15 43.69+0.71 45.57+2.22 o 31.22
sand Post-mon 33.12+0.75 44.35+1.27 46.14+1.57 oy 32.15
Winter 36.12+1.75 44,5+1.79 45,96+8.52 ngfr 1.11
*, F(3.184.85 ns; k15 0.28 ns; k3,15 0.5
Summer 16.17+0.79 9.27+0.39 8.72+0.37 s 56.73
% Very Monsoon 16.3+0.92 8.7310.43 8.3+1.2 ** 1 24.61
fine sand | Post-mon 14.64+0.59 9.29+0.5 6.39+1.2 **d14 26.03
Winter 17.27+0.47 7.88+0.44 13.0445.25 ng b 2.37
ns; F(3'18‘ 2.33 ns; 6,18‘ 2.22 ns; E,lB' 1.03
Summer 8.32+0.31 10.39+0.18 11.31+2.51 ng.s 1.10
%Silt+Cl Monsoon 12.72+1.07 13.19+0.52 4,91+1.15 **ol 23.72
ay Post-mon 7.61+0.56 9.59+0.31 11.03£1.3 n$; & 4.19
Winter 7.16+0.24 8.003+1.92 5.62+1.97 ng; fz 0.57
il = (3'18)16.23 * F(3,18)4-62 ns; ﬁylg‘ 3.55
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CHAPTER IV

Table 3.2b. Seasonal variations in pH, organic mat and inorganic non-metallic
constituents of soil at Wadhwana Irrigation Reservo (WIR), Timbi Irrigation
Reservoir (TIR) and Jawla Irrigation Reservoir (JIR).

Soil
Seasons WIR TIR IR Significanpe
parameters among 3 sites
Summer 7.38+0.2 7.45+0.09 7.55+0.06 ng; k5 0.44
Soil pH Monsoon 8.13+0.45 8.25+0.46 7.93+0.42 ng; f 0.14
Post-mon 7.05+0.09 7.05+0.03 7.18+0.12 ng; f 0.7
Winter 7.95+0.16 7.85+0.25 7.8+0.43 ns; B 0.06
*; F(3’18' 3.64 *, F(3’18‘ 3.79 ns; 5,18)1.15
Summer 2.13+0.38 2.68+0.44 4,99+1.55 ng; fs 2.12
Organic matter | Monsoon 2.16+0.66 2.31+0.53 3.11+0.87 ng; fr 0.54
(%) Post-mon 4.01+0.57 3.23+0.64 4,22+1.28 ng; &2 0.35
Winter 3.68+1.61 4,1+0.78 7.62+0.49 ng; = 4.11
ns; F(3'18‘ 0.98 ns; 6,18‘ 1.64 ns; E,l8)2-94
Summer 39.15+5.69 34.18+7.55 27.03+1.009 ng; 5 1.23
Calcium Monsoon 35.75+3.47 30.0+1.16 27.0£3.72 ng; fr 2.18
mg/100g soll Post-mon 27.78+3.67 26.88+3.61 32.25+3.07 ng:fr 0.69
Winter 44.0+£12.13 62.5+14.57 33.67+13.42 ng,ukr 1.13
ns; F(3'18)0.91 *, F(3’;|_8)3.77 ns; qur 0.35
Summer 15.08+2.37 14.43+2.16 17.5+4.09 ng & 0.29
Magnesium Monsoon 10.43+0.34 13.53+2.17 10.944.65 ng r 0.32
mg/100g soll Post-mon 13.48+0.06 19.58+2.19 26.25+2.99 **oka 8.67
Winter 32.25+£13.33 34.25+16.92 13.0£1.53 ng;,.br 0.65
ns; 53,18)2-1 ns; %,18)1-22 ns; qur 3.41
Summer 123.0+21.68 77.2+13.82 88.08+27.2y gk 1.22
Total Nitrogen Monsoon 53.5£14.93 35.75+6.005 47.63+6.71 ng;.r 0.81
mg/100g soil Post-mon 18.0+2.27 24.3+2.1 30.0£0.0 ** e 11.47
Winter 19.544.11 30.248.47 33.33+8.11 ng; &z 1.06
kel = (3,18)13-51 i F(3'18)7.61 ns; qur 3.05
Summer 6.93+6.03 15.95+3.02 8.9+7.81 ns; F(2,15) 0.63
Total Monsoon 1.3+0.58 4.13+2.12 3.15%£1.92 ns; F(2,11) 0.73
Phosphorus Post-mon 2.68+0.69 3.21+£1.06 3.01+0.89 ns; F(2,14) 0.09
mg/100g soll Winter 1.4+0.63 3.18+2.63 1.07£0.42 ns; F(2,14) 0.43
ns; F(3,18) 0.74 **; F(3,18) 7.2 ns; F(3,17) 0.6
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Fig. 3.2a. Seasonal variations in sediment texturef soil at Wadhwana Irrigation
Reservoir (WIR), Timbi Irrigation Reservoir (TIR) a nd Jawla Irrigation Reservoir
JIR)
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Fig. 3.2b. Seasonal variations in pH, organic matteand inorganic non-metallic
constituents of soil at Wadhwana Irrigation Reservo (WIR), Timbi Irrigation
Reservoir (TIR) and Jawla Irrigation Reservoir (JIR)
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Table 3.3. Correlation of various abiotic factors dwater at WIR

CHAPTER IV

Parameters Acidity Cl DO (I;roeg alka?ihity Inor%anic Kjel,gahl Nitrate Nitrite alka|—lliﬁity pH Salinity | Sulphate Tevrx;;eer;tu Total P \évgfg
Acidity 1.000
Cl 0.125 1.000
DO -0.019 0.006 1.000
Free CO2 0.294** -0.155 -0.207* 1.000
B. alkalinity 0.192 -0.069 -0.141 0.147 1.000
Inorganic P 0.007 -0.291* -0.003 0.196 0.209* 1.000
Kjeldahl N 0.290** -0.054 -0.047 0.169 0.172 -0.091 1.00d
Nitrate 0.083 -0.199 0.206 0.115 -0.037 0.149 0.303* 1.0d
Nitrite 0.540** -0.013 0.068 0.051 0.185 -0.026| 0.311%* (039) 1.000
H. alkalinity 0.191* -0.148 0.187* 0.084 -0.137 -0.126 0.066 68.0| 0.178* 1.000
pH -0.180 -0.056 -0.009 -0.006|  -0.331* -0.087 -0.247* -0.089 | -0.183| 0.257** 1.000
Salinity -0.273** 1.000** 0.184* | -0.373* -0.134 -0.106 -1 -0.115 -0.065 | -0.234* -0.088 1.000
Sulphate 0.183 0.083 -0.113 0.297** 0.243* -0.026 0.391* .206 0.079 -0.087 -0.336*1 -0.158 1.000
Ternwpztréarture -0.083 -0.521* -0.152 -0.027 0.299 0.458 -0.129  .1eB 0.218 -0.199 0.437*|  -0.502 -0.482 1.000
Total P -0.237* -0.048 -0.040 -0.093 -0.285*F -0.075 -0.122 0.133 -0.208* -0.084 0.237* -0.126 -0.103 -0.020, .00D
Water cover 0.074 0.461* 0.549** 0.019 -0.150 -0.515% 0.319 121 -0.258 0.418 -0.111 0.208 0.351 -0.650*7 0.152 .000

** Correlation is significant at 0.01 level (2-tad)

* Correlationsignificant at 0.05 level (2-tailed)
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Table 3.4. Correlation of various abiotic factors éwater at TIR

CHAPTER IV

Parameters Acidity Cl Free CO DO alkaljlinit Ino(:g;ni KjelSah' Nitrate Nitrite alka|-||ihity pH Salinity | Sulphate T\éllri:ferra T(gal \évgfg
Acidity 1.000
Cl 0.399** 1.000
Free CO2 0.363* 0.106 1.000
DO 0.014 0.127 -0.374** 1.000
B. alkalinity 0.454* 0.201* 0.186 -0.258* 1.000
Inorganic P 0.339* 0.235* 0.297* -0.030 0.219* 1.000
Kjeldahl N 0.279** 0.293** 0.154 0.265* 0.081 0.072 1.000
Nitrate 0.313* 0.197 0.614* -0.409** 0.188 0.270* 0.450**| 1.000
Nitrite 0.372* 0.258 0.142 -0.047 0.245* 0.037 0.056 0.00p0 1.000
H. alkalinity 0.036 -0.089 0.053 -0.119 -0.019 -0.037 -0.088 D.01 -0.119 1.000
pH 0.087 -0.284** | 0.348* -0.232* -0.157 0.120 0.169 .269*% -0.103 0.147 1.000
Salinity 0.399* | 1.000** 0.106 0.127 0.201* 0.235* 0.293** 1»7 0.258* -0.089 -0.284** 1.000
Sulphate 0.394** 0.225 0.301** -0.252* 0.291* 0.349* 0.505* | 0.508** 0.119 -0.007 0.282* 0.225 1.000
Ten\ql\;/)aetﬁarture 0.272 0.177 0.495* -0.569*¥ -0.102 0.236 0.192 ®.30 0.061 -0.162 0.283 0.177 0.238 1.00
Total P 0.146 0.139 0.022 0.220* 0.323% 0.115 -0.006 -214 0.209* -0.222* -0.384**|  0.139 -0.256% -0.383 1m0
Water cover 0.160 0.152 -0.516* 0.534** 0.148 0.015 0.216 -6.13 -0.034 -0.194 -0.306 0.152 0.360 -0.070 -0.380 00aQ.

** Correlation is significant at 0.01 level (2-tad)

* Correlationsignificant at 0.05 level (2-tailed)
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Table 3.5. Correlation of various abiotic factors dwater at JIR

CHAPTER IV

. Free B. Inorganic Kjeldahl . - H. - Water Water
Parameters | Acidity Cl Cco, DO alkalinity P N Nitrate Nitrite alkalinity pH Salinity | Sulphate Temperature Total P cover
Acidity 1.000
Cl -0.344** 1.000
Free CO2 0.283* -0.075 1.000
DO -0.147 0.169 0.338%* 1.000
B. alkalinity 0.290* 0.009 0.476**| -0.153 1.000
Inorganic P -0.222 0.151 -0.037 0.2427 -0.019 1.000
Kjeldahl N 0.099 0.083 -0.037 0.138 -0.119 -0.133 1.00
Nitrate 0.055 0.055 0.037| -0.265} 0.231 -0.116 -0.10 1.000
Nitrite 0.595** -0.193 0.078 -0.087| 0.323** -0.095 -0.075 Am 1.000
H. alkalinity 0.228 -0.151 0.076 0.030 0.107 -0.033 -0.04 0.118 0.096 1.000
pH -0.075 0.018 -0.280%  -0.062 0.010 0.020 -0.11 76.0| 0.052 0.046 1.000
Salinity -0.344** | 1.000** -0.075 0.169 0.009 0.151 0.083 50 -0.193 -0.151 0.018 1.000
Sulphate 0.045 0.192 0.002 0.174 0.235* -0.055 0.028 -0.0730.373** 0.016 0.136 0.192 1.000
Water 0.122 -0.383 -0.107 0.239 -0.289 0.011 0.138 0.596* 0.118 0.356 -0.348 -0.383 -0.030 1.000
Temperature
Total P -0.045 -0.133 0.007| 0.314* -0.166 -0.045 0.155 333 -0.211 -0.055 -0.162 -0.133 -0.250* -0.417 0D.0
Water cover | -0.221 0.765** 0.308 0.015 0.683** 0.083 -0.459 .266 -0.046 -0.185 0.298 0.765* 0.307 -0.234 -2.2p 1.000

** Correlation is significant at 0.01 level (2-tad)

* Correlationsignificant at 0.05 level (2-tailed)
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Table 3.6. Correlation of various abiotic factors 6soil at WIR

, %Coarse | % Fine | Magnesi | Organic %Silt+Cla Total Total %Very
Parameters Calcium pH . phosphoru | ..
sand sand um matter y Nitrogen S fine sand
Calcium 1.000
% Coarse sand -0.277 1.000
%Fine sand 0.194 -0.469 1.000
Magnesium 0.513* -0.297 0.450 1.000
Organic matter 0.092 0.071 0.048 -0.068 1.000
pH 0.501* -0.317 -0.350 0.295 0.361% 1.000
%Silt+Clay -0.124 -0.196 -0.675% -0.344 -0.131 0.50p 1.000
Total
. 0.210 -0.348 0.058 -0.085 0.238 0.218 0.078 1.000
Nitrogen
Total 4
-0.027 -0.295 0.554 -0.051 -0.041 0.045 -0.11¢ B30 1.000
Phosphorus
%Very fine sand 0.331 -0.545 0.003 0.230 0.000 0.421 -0.004 0.385 0.380 1.000

** Correlation is significant at 0.01 level (2itd)

* Correlatiomsignificant at 0.05 level (2-tailed)
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Table 3.7. Correlation of various abiotic factors 6soil at TIR

. . . . Total Total %Very
0, 0, 0,
Parameters Calcium vCoarse | % Fine | Magnesi | Organic pH %Silt+Cla Nitroge | phosphoru fine
sand sand um matter y
n S sand
Calcium 1.000
% Coarse sand 0.505 1.000
%Fine sand 0.335 -0.347 1.000
Magnesium 0.837** 0.443 0.535 1.000
Organic matter 0.132 0.465 -0.151 0.107 1.000
pH 0.414 -0.437 -0.121 0.251 0.491¢ 1.000
%Silt+Clay -0.715** -0.622* -0.469 | -0.776*  -0.347 0.586F 1.00
Total y
. 0.297 -0.183 0.230 0.215 -0.192 0.349 -0.02 1.000
Nitrogen
Total
0.007 0.007 0.260 0.111 0.221 0.218 -0.162 0.62p** 1.000
Phosphorus
%Very fine sand -0.475 -0.362 -0.312 -0.640 -0.03( -0.029 0.334 10.0 -0.251 1.000

** Correlation is significant at 0.01 level (2ited)

* Correlatimsignificant at 0.05 level (2-tailed)
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Table 3.8. Correlation of various abiotic factors 6soil at JIR

. %Coarse | % Fine | Magnesi | Organic %Silt+ Total Total %Very fine
Parameters Calcium pH :
sand sand um matter Clay Nitrogen | phosphorus sand
Calcium 1.000
% Coarse sand 0.169 1.000
%Fine sand -0.513 -0.701* 1.000
Magnesium 0.411 -0.590* 0.285 1.000
Organic matter 0.348 0.385 -0.587*4 0.424 1.000
pH -0.594* 0.301 0.018 -0.487 -0.194 1.000
%Silt+Clay -0.254 -0.680* 0.349 0.687* -0.1671  -0.428 1.000
Total L
. 0.197 -0.538 0.239 0.231 -0.268  0.058 0.354 1.000
Nitrogen
Total " .
0.002 -0.495 0.082 0.291 -0.008  0.001 0.583 0.512* 1.000
Phosphorus
%Very fine sand 0.597* 0.323 -0.756** -0.246 0.450| -0.049 -0.474 .0aB -0.141 1.000
** Correlation is significant at 0.01 lev@-tailed) * Coragibn is significant at 0.05 level (2-tailed)
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CHAPTER IV
Discussion
Physico-chemical properties of water
Spatial and temporal changes in habitat provideifirey mosaic of biotic and abiotic
conditions that play a major role in organizing coumities (Habeebat al., 2012).
Thus, the abiotic environment of an aquatic haldiegctly affects the distribution,
population density and diversity of the communities
For aquatic ecosystems temperature is a factorredtgmportance as it not only
affects the organisms but also physical and chdmoiaacteristics of water (Delince,
1992; Abdo, 2005). The mean surface water temperatetween ZZ to about
26°C during early morning hours reflects the sub tapilocation of the three
reservoirs studied. This temperature is expectegctelerate the growth rate of the
organisms supported in it. Although cooling and miaig of water is slow compared
to land and seasonal changes correspond to chamgles ambient temperature. In
contrast to the reports of Deshkar, (2008), whalistlithe same area subsequent to
Narmada inundation, during the present study (2DD9water temperature at the
three reservoirs was comparatively lower during same period. This could be the
effect of establishment of vegetation cover. Theereoirs studied are inundated with
water since the turn of century, and over a de¢hdenydroperiod as well as water
cover has increased resulting in increased vegetatover. The vegetation cover
prevents the heating of land during summer and éenomparative lower
temperatures as well as seasonal differences aerwaul. At higher altitudinal lakes
in the central Satpura range higher temperatures hso been reported during dry
summer in response to ambient temperature than ononsthe wet summer at

Yashwant Lake (Ekhande, 201&)d Lotus lakéPatil, 2011).
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Similarity in the pattern of fluctuations in watéemperature and almost same
temperature is evinced by the location of threemasrs in the same climatic regime.
The distance between the three reservoirs is hems 50 kms. hence no significant
difference are observed in the influence of climabnditions. However, the variable
correlations of water temperature with other abiptrameters at the three reservoirs
may be in response to the conditions prevailinthatlocal level. The location of the
three reservoirs is in subtropics where though tdmperature fluctuates over the
seasons, the overall weather is comparatively warinepresent study, temperature
correlating differently with other abiotic paramesteof water at each of these
reservoirs supports these assumptions. Temperaltays important role especially in
wetland ecosystems by setting up daily thermaleruriand thermal stratification
(Ramchandrat al., 2000). Under small temperature changes thigesult into shift
in food web dynamics the mechanism being indepdanafespecies (O’ Connaat al.,
2009). The seasonal changes have been reportadtelgfito produce impact on
plankton, mollusc and bird dynamics (Deshkar, 2008)
Several studies have reported water cover in lakeb reservoirs to be maximum
during post-monsoon when streams continue to hwisigr (Deshkar, 2008; Ekhande,
2010; Patil, 2011). After a period of three yeduis temained true for the two smaller
reservoirs but at WIR, the larger reservoir, theewéevel was found to be maximum
in winter. This can be the influence of differennecropping patterns and change in
irrigation pattern as well as difference in theeesde of water from the reservoirs. All
the reservoirs are inundated with Narmada wateeusdme schedules hence receive
water at same time but draining time depends ompping patterns resulting in
difference in the water cover. Its correlation ebahly be established positively with

DO at WIR and TIR, and with alkalinity and salingy JIR. Influence in relation to
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Narmada inundation needs to be investigated withctexime of inundation and
changes over the period.
The aquatic life is usually protected in a pH rabgéveen 4.5 and 9.6 (Dwivedi and
Sonar, 2004). In a water body, this is controllgdvarious nutrients like phosphates
and nitrites (Goldman and Horne, 1988hemical components like GODO and
various dissolved salts that regulate biological &rochemical reactions (Vernet
al., 2006). The waters in the semi-arid zone of Irala usually alkaline. With the
change in season, dilution of various componenthéimonsoon and concentration
of the same due to evaporation of water in summsult in seasonal fluctuations in
pH. Further, depending on the local geological & as biological influences, the
differences among these three are expected to .odtwwse differences are non-
significant only in monsoon when the area is tgtativered with green vegetation at
the onset of rainy season diminishing the diffeesncMetabolism of submersed
aquatic plants can also influence concentratiordissfolved inorganic carbon, which
in turn impacts pH (Slavick, 2007). The differenaesvater cover and vegetation has
probably led to highest pH during summer as wellvager at WIR and TIR while
only during summer at JIR. On a hot sunny day, géatthetic activities are also
expected to cause fluctuations in pMith reference to density of vegetation the three
reservoirs studied are neither protected nor mahawe planned basis. Hence,
depending on prevailing circumstances differencethe acidity at three reservoirs
occurred over four seasons. The composition artdison of plant communities in
lakes is influenced by water chemistry over bro@abgyaphical regions (Slavick,
2007). The vegetation composition and their digtidn in the area is considered in
Chapter (5). A significant and positive correlatiwas found between pH, and water

temperature as well as total phosphorus at WIRgrfeant one with free C®and
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nitrates at TIR. A wide variety of organisms indhgl algae, macrophyte,
zooplankton, macro invertebrates, amphibians, @&ite$ are adversely affected by
acidification (Haines, 1981; Huntet al., 1986). Deshkar (2008) could not establish
any common correlation of acidity in the four waiaiies of the semi-arid zone. This
stands true for the present study too. Generalyers with low levels of carbonates,
bicarbonates and phosphates have low bufferingctgp@grawal, 1999). However,
the contribution of either Kjeldahl Nitrogen, nikgaor nitrites, CQ bicarbonate or
hydroxyl alkalinity to the acidity is expressedthsir correlation at 0.01 or 0.05 level
at the three reservoiise. these are the main contributors to acidity of watethe
three irrigation reservoirs studied.

The total alkalinity remains higher in eutrophictera (Craft, 1997; Osborne and
Totme, 1994). Adebisi (1980) showed alkalinity t® inversely correlated with the
water level. Further, dilution also plays an impattrole in lowering the alkalinity
(Chakrabortyet al., 1959). Though the reservoirs studied are nalertgoing
eutrophication, good vegetation cover present allew waters (WIR and TIR) or on
the earthen dam (TIR and JIR) may influence thaledity of water. The waters with
moderate to high alkalinity are towards neutralt§78.3). CQ being utilized for
photosynthesis, higher alkalinity of water is mained. However, in a 24 hour
period, during cloudy conditions with low light imonsoon, utilization of C©
decreases with the amount of oxygen used in regpira&exceeding the amount
produced by photosynthesis (Slavick, 2007) as tedchat the two smaller reservoirs,
TIR and JIR. The water with alkalinity between 4090 mg/l is medium productive
while more than 90 mg/l is highly productive (Sugnn1989). Alkalinity more than
60 mg/l is considered good for production of fiSpénce, 1964). Fish is a major prey

base of waders and fish culture is carried out dR\Vand TIR. Alkalinity also
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influences the species composition, an importardtofain determining plant
distribution over broad geographical regions.

Daily Dissolved Oxygen changes as large as 12 magéur in surrounding waters due
to photosynthesis and respiration (metabolism) eémse¢ submersed aquatic plant
stands (Slavick, 2007). Oxygen enters water asultref two processes: First through
diffusion: which is accelerated when the water tlehce is increased and when there
is a strong blowing wind. Additionally, oxygen alsliffuses into cold water at a
higher rate than into warm water and second thrqugitosynthesis. Oxygen, a by-
product of this process is released into surroundaiater. Hence, the oxygen can
increase during winter (Alfred and Thapa, 1996isadso noted during present study.
However, increased DO during monsoon can be dulectease in water turbulence.
DO > 5 mg/l is considered favorable for growth aactivity of most aquatic
organisms (US EPA, 2001). Further, the oxygen defiduring summer is a
characteristic feature of a productive wetland ¢8reasan, 1970; Timms, 1970). This
was observed in the present study at all the sarédps. These fluctuating levels
showed a positive correlation with salinity and evatover at all the reservoirs while
only with total phosphates at TIR and JIR.

High chloride levels lead to higher salinity levalhich were found at WIR and JIR
during winter. The relative decrease in chloridaaamtration during the warm period
especially post-monsoon may be due to dilutionrafény season. The source of
chlorides in water is either weathering and leagluhsedimentary rocks or domestic
and industrial waste (Goet al., 1980; Sinha, 1986). At the three reservoirs the
chances of latter are low hence the possibilityvefthering and leaching of rocks
increases. The three reservoirs are located omsgte of deccan trap rock system

(Rajyagore and Tripathy, 1979) where leaching ofo@thes from rocks may be
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possible. Many researchers have reported thatityatimoride contents are high in
water during summer due to effects of concentratind evaporation while low in
monsoon due to dilution (Walujkar, 2005; Deshkad& Ekhande, 2010; Patil,
2011). The chloride content in soil is higher a three reservoirs during summer and
its leaching increases during monsoon as well assponse to increase in water level
due to Narmada inundation. Compared to Deshkaf8Rthe chlorides/salinity was
found to be higher at the three reservoirs whickeleéhanged from seasonal to almost
perennial water bodies receiving water at leastdwn a year (WIR/TIR) probably
increasing leaching. Though JIR is not receivingrhda water directly, some
Narmada water is definitely reaching JIR as it hasdried totally for the last few
years. However, Rathod, (2009) has reported compleying of the JIR during
summer.

The decomposition of organic matter by microbekzes G and produces C{at the
bottom of the water body. During summer decompmsiincreases while during
winter it decreases further declining the L£@roduction. When the oxygen
concentration in waters containing organic matteraduced, the carbon dioxide
concentration rises and hence high levels weredonrhigher temperatures at WIR
and JIR. Over the ordinary temperature range (0°&3Qhe solubility of CQis about
200 times that of oxygen. Carbon dioxide can alemlne with Calcium and
magnesium to form carbonates and bicarbonates.irC@®@ater makes it acidic hence
COzis positively correlated to acidity.

When nutrients are considered sulphates are alssid@yed. Sulphate toxicity is
dependent on chloride and hardness concentratiwager quality chemistry and
characteristics. The high levels of sulphates dumonsoon at WIR and TIR may be

due to the high TDS brought with surface runoffelsvin the reservoirs. The
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difference in sulphate concentration at differemaltions could be due to the fact that
the sulphate discharged to the lakes is used @wpsmsirce of oxygen. Sulphates are
constituents of TDS and known to form salts witdiem, potassium, magnesium and
other cations (McDaniel, 2007). It is widely dibuted in nature and natural waters.
Though concentration of sulphate in water rangesnfa few to several hundred
milligrams per litre in drinking water it averagasound 0.1 to 0.5 g/l (IOWA report,
2009). Sulphates being a natural salt componeatrigh associated with its toxicity
are low. The sulphate toxicity is dependent on watkeemistry. The sulphate
concentrations in the waters of the three resesumeing low do not pose any toxicity
risk. Sulphate enrichment of water has been thot@hobilize phosphates (Lamers
et al.,, 1998a 1998b; Caracet al., 1989; Roelofs, 1991) while through sulphite
production to inhibit the coupled nitrification-détfication (Joye and Hollibough,
1995) which may result in high nitrogen availakilior plants. Positive correlation of
sulphates at 0.01 with Kjeldahl nitrogen at WIR an& with free CQ, inorganic
phosphates, nitrates at 0.01; hydroxyl and bicaatealkalinity at 0.05 and negative
with DO has been recorded at TIR; positively witlhdioxyl and bicarbonate
alkalinity at JIR has been noted. Sulphate toxit#tydependent on chlorides and
hardness concentrations (IOWA report, 2009) whiotms no relation in the present
study.

The increase in nitrogen in the form of ammoni&até and nitrite concentrations has
been linked to the addition of agricultural fesdrs and urban sewage. The higher
levels of nutrients during the wet seasons in nedsts are presumably the result of
mixing events that redistribute nutrients to thefare water, and inputs from run-off.
Especially, the consistently higher nitrate-nitnegeoncentrations during the wet

seasons are assumed to increase due to input fi@urdinage basin (Zinabu, 2002).
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The high amounts of nitrates and nitrites as welKpeldahl nitrogen during summer
and monsoon at the three reservoirs, may be atdbio the above fact. The higher
values of nitrates are indicative of the oxidattdrammonia by nitrifying bacteria and
biological nitrification (Seikeet. al., 1990; Abdo, 2005) and the lower values to the
denitrification of nitrate-nitrogen by denitrifyingacteria (Abdo, 2005).
Nitrite (NO%), an intermediate in oxidation or reduction prece$ ammonia and
nitrates, is not ordinarily found in high concetitas in surface waters. Its
occurrence indicates the efficiency of biologicabgesses such as nitrification,
denitrification or biological nutrient removal (Pagt al., 2010). The difference in the
nitrate and nitrite levels in the waters of thresarvoirs indicates that these biological
processes take place depending on the availablechmoatic conditions influenced
by overall climatic conditions.
The second nutrient, Nitrogen, occurs naturallythe soil in organic forms as
decaying plant and animal residues as well asrtiliZers. In soil, bacteria convert
various forms of nitrogen to Nitrates (MQ the desirable form used by majority of
plants. It is also highly leachable and readily s®with water through the soil
profile (Addiscottet al., 1991). This is reflected in the present study as nitrate
content in water were high at the three reservdinsng summer and monsoon. In
summer, when water levels go down, exposed vegatdicays, releasing nitrate in
water while during monsoon the levels are mainthidee to input via rainwater
runoff. Total nitrogen was also found to be higtsails of the three reservoirs during
summer and monsoon (Table 2).
The higher Kjeldahl nitrogen that includes both amg nitrogen and ammonia
nitrogen may be correlated to the contaminatiodIBf water with excrement and its

decomposition as the anthropogenic pressure ishegh At the other two reservoirs,
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the levels were high only during summer when degdmc matter accumulates and
degradation takes place. Exposure to sunlight sadsssolved organic matter to
release nitrogen rich compounds that are bioloyicavailable and enhances
degradation of humic acid by bacteria. In a watedyh in addition to ammonia,
nitrogen also occurs in the form of nitrates @Y@hat are also linked with fertilizer
runoff and sewage (Addiscatal., 1991).

Further, the high amounts of phosphate in watetlavaght to be mainly a result of
their use leaching from detergents. Phosphorulsasramoved from the sediment and
water via plant roots and incorporated into plaimass (Slavick, 2007). Though
phosphorus, the second to nitrogen as a growtHhitigninutrient, is an essential

element for plant growth and primary productivitg excess in water can lead to
eutrophication. It makes about 0-2% of plant dryighe According to US EPA

(2001), no more than 0.25 mg/l of total phosphasugcommended for reservoirs. At
the three reservoirs total phosphates were présgotv permissible limits. However,

they were higher during post-monsoon when the watel was maximum and plant
growth had accelerated after clearing of cloudsmohsoon. It was highest in the soil
during summer (Table 3.2) which may have enterealwater when rains started and
reached to maximum level in water in post-monsdtmwvever, Deshkar, (2008) has
reported maximum phosphates during monsoon. Thetafismonsoon needs to be
considered in agricultural runoff adding phosphdteshe reservoirs. Nevertheless,
the three reservoirs studied are under least tlofeatitrophication at present. Highest
amount of total phosphates (both Inorganic and|Yatare found during summer due
to pits of water formed in the reservoirs. The dagiowing vegetation when reaches
maxima, it dies and decays. This process uses ygeox In the present study,

positive correlation of total phosphorus with oxggat JIR (0.01) and TIR (0.05)
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indicates comparatively low level of decay or bakuh growth of vegetation while at
WIR no such correlation could be established. Qirse, drying occurs in summer in
absence of rains and inundations, while growthtstan the onset of monsoon,
increases in post-monsoon and stabilizes by winter.

Extremely active phosphate anions ¢PDare mobilized through precipitation of
cations of C&, Mg**, F€" and AF* depending on the properties of soil. These are
forms of phosphorus that are highly insoluble antlavailable to plants (Sharnex
al., 2011).

Physico-chemical properties of sail

During last century, many wetlands have been lgs@aresult of anthropogenic
activities while those that still exist are subgettto increasing pressures due to
agricultural practices land drainage, pollution amthan development (Williams,
1997; Brown, 1998; Woodt al., 2003). In addition to hydrodynamic conditions
(Sanz, 1986; Davoult, 1990), theories on trophistriiution along environmental
gradients are based on factors such as sedimenpositon (O’ Connor, 1972;
Probert, 1984; Gaston, 1987) which are intimatsboaiated.

The texture of soil of the three reservoirs congttimainly of sand. According to the
Government of Gujarat State Agricultural MarketiBgard and Vadodara district
Gazetteer, the western part of Vadodara districtretthe two reservoirs are located
has alluvial sandy loam to sandy clay loam. Peeggnbf coarse sand is maximum at
reservoir (WIR) in central part of the district Whifine sand in the eastern and
northern part of district i.e. at TIR and JIR respeely with latter having still higher
percentage of fine sand. The region lying in Doblarmada, in South and Mabhi in
North has more loamy soil in south and sandy intmdGazzetteer- Vadodara

district). A seasonal river Orsang, a tributaryN#rmada, flows 4 kms east of WIR
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while a major river of Gujarat, Mahi, flows 5 kmerth of JIR. The differences in soil
texture could be the influence of the rivers inlggal times. Percentage of clay,
though lower among the four categories considareneases during monsoon with
simultaneous decrease in fine sand at WIR and ARIR the scrub vegetation in the
catchment area probably prevents soil erosion,gotevg silt and clay to enter the
reservoir. However, rain washes away the same inspan and exposes the sand
increasing significantly the percentage of coaes®lsn the sediments.

The differences in the percentage of coarse sandignificant at 0.01 in summer and
monsoon showing effects of strong winds as wella@iss on top soil. Significant at
0.05 in post-monsoon when conditions start settiogvn and nil in winter when
overall climatic conditions are stable and landasered with vegetation or water.
According to Mau, (2001) the amount of runoff framvatershed can be an important
factor in explaining site-to-site variability in emical or sediment loading
characteristics. The silt- and clay-sized partidlase large surface areas relative to
their mass and, therefore, settle out of the watkrmn much slower than sand-sized
or larger material (Morris and Fan, 1998). Thesalkparticles are transported farther
into the reservoir and settle out from the watdurm into bottom sediment in calm-
water areas where the reservoir hydrodynamics amemal. Xu et al., (2003) have
reported that with the increase in lake sedimerg sind diameter, concentration of
TN and TP declined which supported a positive i@abf fine sand and nutrients as
the availability of nutrients for growth is high gediments with intermediate density.
Total phosphorus concentrations are correlated siithand clay-sized particles too
(Mau, 2001). A significant and positive correlatiohsilt and clay was noted with
total phosphates in present study. In additionamnestuary in China, Gae al.,

(2008) have noted linear correlations of totalaggn and carbon with mean grain
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size and thus “grain size effect” is an importadtér that influences the distribution
of nutrients - a positive correlation of percergamic matter with percent coarse sand
and total nitrogen was observed at the three ressrv
Soil pH is known to affect cation and anion excleihg altering surface change of
colloids. A higher concentration of'Hlower pH) neutralizes the negative charge of a
colloid. Because the colloid is negatively chargations dominate the exchange sites
(Brady and Weil, 2002) thereby decreasing catiooharge and increasing anion
exchange and vice versa. Soil pH was highest insomm which may be due to
leaching of alkalinity contributing elements in watas reflected in significant
correlation in pH of water at 0.01 at all the threservoirs. Further, WIR is receiving
Narmada water under the same schedule and maimiggdwinter when the Rabi
crop is in developing stage.

The amount of chlorides in water is determinedh®y types of rocks and soils it has
contacted. The element chlorine exists in natureclasride salts of calcium,

magnesium, potassium and sodium. Its average sodentration is estimated at 100
ppm. Chlorine is required by plants for certain fohchemical reaction in

photosynthesis and it is important for hydrationl &alancing of positively charged
ions in cation transport (Schulte, 2004). It is afdhe first elements removed from
minerals by weathering process as soils are fordgdospheric chloride inputs often
increase near heavily industrialized areas whemgelguantities of coal are burned
(Fixen, 1993). This may stand true for JIR wherghhievels of chloride content
during monsoon were noted. Among the three resexrvthis reservoir is in closer
proximity to the refinery area near Ranoli. Highmcentration of chlorides in soils of
the three reservoirs noted in summer may be dtleettow water levels which lead to

concentration of elements. Chlorides are not styomgsociated with either soil

192



CHAPTER IV
minerals or organic matter and therefore exist grily in dissolved form in the soil
solution (Schulte, 2004) but a positive correlatadrchlorides is noted with organic
matter, nitrogen and phosphorus in soils.

The decaying aquatic plants add organic mattehéo sediments. When and how
much organic matter is added to the sediment inflas dissolved oxygen
concentrations. If large amounts of dead organittenare added to the lake under
warm, still conditions, oxygen depletion and its@sated negative impacts on
aquatic organisms can occur (Slavick, 2007). Hetieehigher organic matter content
in the soil may be due to the higher sedimentatairs (due to decomposition of
foliage and detritus). The maximum abundance obagosers settle organic matter
and macrophytes at the bottom of water body whieedased water temperature,
activate the process of decomposition of thesenegsediments (Malhotrat al.,
1996).

As sediment type greatly affects plant establisiiraed the growth and the structure
of community depending on it, small change inysetand depth can affect the plant
life in a number of ways. Sediment movement andicdation in aquatic system
follow standard laws of physics: Higher energy watkave greater sediment load
than lower energy water as large item settle quithén small item with decreases
water energy. Hence, sediment accumulation frequertreases when aquatic plants
become established. The overall higher organic enatt JIR soil reflects the
comparatively greater vegetation cover in the surding area. This does not allow
silt and clay runoff and hence in monsoon compdecethe other seasons organic
matter is low in soil but slowly builts up over pasonsoon and winter and decreases
in summer. At the other two reservoirs also the-significant built up of organic

matter is seen over post-monsoon and winter. Ins#mei-arid zone of Gujarat, the
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overall weather is dry and vegetation cover stgrtsving on the onset of monsoon,
builds up during post-monsoon, accumulates in wiatel drops in summer. Organic
matter is correlated positively with pH at WIR ankiR only. Freshwater ecosystems
are the most productive ecosystems as they possessf the earth’s largest actively
cycled reservoirs for organic matter (Hedges, 1992)¢ bulk of this dissolved
organic matteri.e. the larger biologically refractory molecules, udé humic
substances which on exposure to sunlight releas®egen rich compounds (Bushaw
et al.,, 1996) enhancing bacterial degradation of humiosgnces. A hypothesis
states that by stabilizing sediments, aquatic plaatuce the resumption of nutrients
available for suspended algae (Slavick, 2007). itadyg sediment also reduces the
resumption of dead organic matter and clay pa#iclas said earlier the presence of
more vegetation in JIR is reflected with high camtcation of organic matter among
the three reservoirs during all seasons with irsgem the same during winter.
However, the differences among the three reserapgsot significant.

Calcium (Ca) is an important constituent of mostssand its minerals mostly are
found bound with other substances (Gibb, 2007)s delatively abundant in soils and
rarely limits crop production as it is predomingnplositively held on soil clay and
organic matter particles. As it has relatively sgg@ttraction to the surface of clay, its
leaching normally does not occur at any appreciaxent (Kelling and Schulte,
2004). It is held more tightly than magnesium (N)g potassium (K), and other
exchangeable cations. Parent material from whials swe usually formed also
contain more calcium than magnesium or potassiuelliftg and Schulte, 2004). Soil
calcium is important for lowering the pH level ahdnce associated with acidity
(Gibb, 2007). Highest calcium levels found duringnter at all the study areas can be

due to its accumulation because of non utilizatiollusc which depend on Calcium
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to produce shell reproduce in monsoon and growost-pnonsoon. Large numbers of
mollusc are found in the reservoir studied whicteendormancy during winter when
temperature goes down probably leading to accumalatf calcium in soil. Ondina
et al., (2004), have shown gastropods preferring highiwalcsoil in their study.
Calcium bound to C®in soil increase the pH (McCauley, 2009) hencésdow in
calcium often have low pH. A positive correlatiohpdd and calcium at WIR and TIR
explains the fact that calcium occurs in highlyfbtédd soils.
Magnesium is also an essential micronutrient bexafists role in phosphate energy
transfer and because it is a structural moleculghiarophyll. Acidic soils, especially
sands, often contain relatively low levels of magam while neutral soils or those
with high pH usually contain more than 500 ppm athe&ngeable magnesium
(Schulte, 2004). During winter magnesium levelsenvtund to be high in soils of
WIR and TIRi.e. when they were more basic. JIR soils were low @gnesium
content in winter. Magnesium ions are also heldhmnsurface of clay and organic
matter particles. While this exchangeable formvigilable to plants, like calcium, it
also does not leach easily from the soil (Schutt#)4). A positive correlation of
magnesium with organic matter at TIR and JIR asgyaificant one with silt and clay
at JIR prove the above observation. Soils withitaltmestone, acid that is sandy
soils and organic soils containing free calciunboaate are likely to be magnesium
deficient. A positive correlation of calcium and gnasium was noted at all the three
reservoirs (a significant one at WIR and TIR).
Nitrogen exists in the soil system in many formd ahanges (transforms) very easily
from one form to another. AtmosphericidNthe major reservoir for N in the N cycle
(air is 79% N gas). When the plant material is decomposed, Nléased. In addition

small amounts of N are added to soil from precijita Soil organic matteis also a
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major source of N used by crops. High total nitrogesediment during summer may
be correlated to the oxidation of dead plant fognorganic matter. Nitrogen is
probably lost from agricultural lands through saibsion and runoffO’Leary et al.,
2002) as is reflected witthe lower value of total nitrogen during monsoon ahhi
washes of organic matter exposing sand conterdiinGonsequently with respect to
N, it is known that its mineralization increasetenflrainage and subsequent aeration
of wet soils (Bridghanet al., 1998; Cabrera, 1993; Updegraffal., 1995) whereas
denitrification decreases as the consequence oéase of anoxic regions (Groffman
and Tiedje, 1988; Seitzinger, 1994).

Both the effects of drainage lead to increased hilawlity. Although a negative
correlation of nitrogen content was found with mtccoarse sand at all the three
reservoirs, according to Davidsseinal., (1997), the total N concentration decreases
in sandy soilj.e. from the outflow of the longest cores, about 40Bthe inflowing
nitrogen may be removed. A positive correlationfioe sand particles with total
nitrogen has been observed in the study at alidbervoirs.

Phosphorus availability for wetland plants is ldygeontrolled by chemical equilibria
in soil (Richardson and Marshall, 1986). Phosphqgi@s is an essential element
classified as a macronutrient because of the velgtilarge amounts required by
plants. In natural systems like soil and waterxBte as phosphate, a chemical form
in which each P atom is surrounded by 4 oxygenai®ins forming orthophosphate,
the simplest phosphate. Phosphate is taken up dytspfrom soils, transferred to
animals that consume them, and returned to soildeaaying organic residues in
soils. According to, Sarvanakumeiral., (2008), the capacity of sediment to retain or
release phosphorus is one of the important factang;h influence the concentration

of inorganic/organic phosphorus in the overlyingevs. Much of the phosphate used
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by living organisms becomes incorporated into oigasompounds. When plant
materials are returned to the soil, this organiogphate is slowly released as
inorganic phosphate or be reincorporated into nsieble organic materials and
become part of the soil organic matter. The releafsenorganic phosphate from
organic phosphates, called mineralization, is cdusg microorganisms breaking
down organic compounds. The activity of these naoganisms is highly influenced
by soil temperature and soil moisture. The protessost rapid when soils are warm
and moist but well drained. Phosphate can poténtia lost through soil erosion and
to a lesser extent to water running over or throtigh soil (Busmaret al., 2002)
which was observed during monsoon at TIR and JtRalTphosphorus concentration
in soil was found to be highest in summer at altttree reservoirs because of higher
temperatures. According to Mucha and Costa, (1988)sediment organic load is an
important disturbance factor. Associated with thggameter, they found high fine
fraction percentage, reducing conditions and tlegl@minance of reduced forms of
nitrogen (NH), phosphorus (P£pand sulphur (bB) in interstitial water of an estuary.
Total phosphorus in present study also showed idiy@sorrelation with percent fine
sand, chlorides, pH and total nitrogen at all tiree irrigation reservoirs.

Conclusion

The physical and chemical properties of freshwéigidy are characteristic of the
climatic, geochemical, geomorphological and paodiati conditions as well as
anthropogenic activities. The physico-chemical props of water as well as soil
affect the biota present therein.

These parameters are affected due to seasonaldtigris in the climatic conditions,
water level, inundation from Narmada, anthropogemiessureetc. At the three

reservoirs in subtropics although overall weatBaramparatively warmer, fluctuation
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in temperature and humidity (rain) are observea iflnndation from Narmada River
during the study influenced the water level propatblanging the chemistry of water
and soil. As WIR was almost dry during the summwiefirst year of the study, high
fluctuations were noted in the physico-chemicalpprties of its water and soll
whereas the anthropogenic disturbances at TIR dnflad the nutrient levels.
However at JIR presence of emergent vegetatiothaughout the year showed the
impacts on the chemistry of water and soil. Thehtsgndy composition at the three

reservoirs may have adverse effects on the biotitngunities in the area.
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MACROPHYTES AT THE THREE RESERVOIRS

Introduction

Vegetation is one of the important factors influaegcinvertebrate communities in
shallow lentic systems such as ponds and wetlaAdsindance of invertebrates
influences the wetland ecosystem as they themsaheethe food for higher taxa such as
fish and waterfow! (Euliss and Grodhaus, 1987).yTéee also important for composition
and abundance of bottom fauna, as well as for gppland mining organisms. They
provide not only food and protection against predabut also protection from excessive
water movements (Poznansitaal., 2009). These aquatic plants are mostly refeased
Macrophytes. They are predominantly vascular plamtd are divided usually on the
basis of their habit and location in ponds or lakdsy may be 1) the marginal emergent
plants, 2) the rooted submerged hydrophytes, 3)radoged hydrophytes with floating
leaves and 4) the free surface floating hydropl{@dum, 1996). They also provide
protection from predation (Mittelbach, 1988; Schrigt al., 1995).

In India, almost all the water resources are oaipvith various types of macrophytes
viz. rooted, free-floating, submergesl¢, forming an integral part of the ecosystem and
acting as bio-filters (Dhote and Dixit, 2007). Humanctivities such as wetland
reclamation and construction of buildings on weldlanave adverse effect on the
macrophytes. Further harvesting of the aquatic tedig@ for various purposes produce
greatest impact on the distribution of these vdgetaand also the entire aquatic
ecosystems (Zhao, 2013).

In Guijarat, studies on freshwater macrophytes haen carried out by Mukherjetal.,

(2002). Few studies deal with the effect of watevel fluctuations on macrophytes
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bottom fauna and of near-shore zones of these Wwatées (Hynes, 1961; Richardsen
al., 2002). A study carried out in two Florida lakesggests higher density of
invertebrate taxa in vegetated water as comparezpém waters (Schramm and Jirka,
1989). The importance of macrophytes as a substoatdenthos when the mud is
unfavorable is also studied in the back waterdhefAmazon. Here, the floating mats of
Paspalidium sp. and other macrophytes serve as a potential habitebenthic fauna
(Fittkau, 1971;Junk, 1973). Macrophytic vegetatiphays an important role in
maintaining the ecosystem of a lake. Depending wat@r body’s intended use, aquatic
plants can be looked upon either as beneficialspaftthe aquatic ecosystem or as
nuisance.

All the four types of macrophytes are important fble wetland ecosystem. The
abundance of littoral macroinvertebrates is closediated to the presence of soft
vegetation. Submerged macrophytes change the lhwgsid chemical conditions of their
surroundings, providing a better habitat for baqthytophilous and bottom fauna
(Vermaatet al., 2000; Madseret al. 2001; Cheruvelilet al., 2002; Pinowska, 2002;
Tessieret al., 2004) while the free-floating ones act as salbst for attachment of the
invertebrates. Macrophytes affect, and in turnafidcted by, their surroundings but are
relatively slow in responding to changes (Naturgaetket, 2007). They show
differences in preference to nitrogen, phosphoplts,and alkalinity (Marklund, 2008).
Overabundant plant growth is usually caused by sstgee nutrients (nitrogen and
phosphorus). Phosphorus along with sediment magr éné pond through runoff from
the catchment area. The Phosphorus increases thenhdevel in wetland and the

sediments cause siltation, further decreasing ¢ip¢hdof wetland (Rizzet al., 2009).
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The purpose of this investigation is to determifhe tguality and preferences of
macrophytes and to assess how they differ withenttinee irrigation reservoirs through
which one can determine their effects on birdsmadroinvertebrates.

Materials and methods

The study was carried out from March 2009 to Fety2011. The study area was

sampled for macrophytes by quadrat sampling. Sadrats of 30 cms. X 30 cms. were
selected randomly for collection of macrophytes yisit. The samples were collected,

sorted, washed, dried, and preserved between rigoftapers. The macrophytes were
mainly identified at least up to genus level wie help of standard keys.

The macrophytes are analysed by diversity indides $pecies richness for each visit.
Total number of species observed per visit is d®red as species richness. Only
Jaccard’s similarity index (J) was carried out toderstand the similarity in species

between the study areas. Percentage of occurreasec&iculated using the following

formula:

Number of times a species was observed / total eurmbspecies (for both annual and
seasonal).

The macrophytes observed in the study were givenddnce scale according to the rate
of their encounter during the study period. Thecggseobserved during >35 visits were
rated as Abundant, that observed between 26-3s vés Common, those observed 11-
25 times as Frequent, for 5-10 visits as Uncommuah those that were observed <5

times as Rare.

For the statistical analysis the data for spedesess of 3 months is pooled according to

the seasons as Summer: March, April, May; Monsatume, July, August; Post-
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monsoon: September, October, November and WinteceMber, January, February.
Further the Mean and standard error of mean (SEMewcalculated and One-way
ANOVA performed as described by Fowler and Cohd®9%) with No post test for
various parameters for four seasons using GraplPiadh version 3.00 for Windows,
(GraphPad Software, San Diego California USA). Theralue for ANOVA is non
significant if P > 0.05 (ns), significant if P <0B. (*), significantly significant (**) if P is

< 0.001 and highly significant (***) if p < 0.0001.

Results

A total of 24 species (Annexure 3; Plate 8) of ropbytes were accounted for during the
whole study periods at all the three irrigationergsirs. Of these 22 species each were
observed at WIR and TIR and 12 at JIR (AnnexuréA8gording to the classification by
Whittaker (1972), all these species belonged to drtlers namely Solanales,
Nymphaeales, Alismatales, Poales, Gentianales, légb&aryophyllales, Lamiales,
Ranunculales and Malpighiales. These orders indualeogether 14 families namely
Convolvulaceae, Gentianaceae, Nymphaeaceae, Nehaobae, Hydrocharitaceae,
Poaceae, Cyperaceae, Najadaceae, Gramineae, Ahsmest, Verbenaceae,
Papaveraceae, Typhaceae and Euphorbiaceae. OfMyespheaceae, Hydrocharitaceae,
Najadaceae, Gentianaceae, Amaranthaceae, Verbenac®apaveraceae and

Euphorbiaceae were not sampled at JIR.
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Mean species richness (Table 5.1, Fig. 5.1)

Annual

The annual mean species richness was highest 5Z7species at TIR, 5.63+0.27 at
species WIR and 4.05+0.22 species at JIR with kighgnificant differences when
comparison among the reservoirs were made (P<0;, #9016 16.01.)

Seasonal

When seasonal comparison for each reservoir wagedaout at WIR highest species
richness per quadrate was observed during monsb8t0(56 species). During summer
it was 5.83+0.4 species, during post-monsoon 548:Cand during winter it was
5.17+0.34. Significantly significant seasonal vadas were noted (P<0.001(zkas)5.25).

At TIR also, highly significant seasonal variationsre noted (P<0.0001;3kg) 17.34)
with highest species richness during monsoon (83%8pecies) which declined during
post-monsoon (5.4+0.34 species) and winter (4.®BlABpecies) and increased during
summer (5.5+0.36 species). A different trend waseoled at JIR, with maximum
5.63+0.46 species during monsoon, 4.29+0.29 spehiesg post-monsoon, 3.64+0.31
species during winter and 3.25+0.3 species durungnser. Here also the seasonal
variations were highly significant (P<0.000%; 42)9.75).

Comparisons among the reservoirs

When species richness among the reservoirs wer@arewoh (Table 1), highest species
richness per quadrat was recorded during summ&vI&t and TIR followed by JIR
(P<0.0001; p27) 16.07). During monsoon high species richness vweerved at TIR
followed by WIR and JIR with significantly signitant differences (P<0.001:ks) 7.69)

while no differences were noted during post-mons@®r0.05; k24 1.82). During
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winter also a similar trend was observed but witiniicantly significant differences
(P<0.001; [.31)5.7).

Jaccard’s similarity index (Table 5.2; Fig. 5.2, 3).

The annual Jaccard’s similarity index was maximuaetween WIR + TIR with 87%
common species, followed by 48% between TIR + JiRminimum between JIR + WIR
with 43%.

During monsoon the Jaccard’s similarity index wasxmum between WIR + TIR with
63% similarity, followed by 46% between JIR + WIRdaminimum 38% between TIR +
JIR. However, during post-monsoon the similarityswaaximum between WIR + TIR
with 64%, followed by between TIR + JIR with 36%daminimum between JIR + WIR
with 33%. In winter it was 40% each between WIRIR &nd between JIR + WIR while
35% between TIR +JIR. During summer it was 63%; 38% 46% respectively between
WIR + TIR, TIR + JIR and JIR+ WIR.

Percentage occurrence of Macrophytes

Annual (Table 5.3)

When percentage occurrence for each species islai@d, the species that occurred
most at WIR wad.imnanthemum indicum and Ipomoea aquatica with 15% and 14%
respectively. At TIR and JIRlpomoea aquatica dominated with 16% and 24%
respectively whileLimnanthemum indicum was absent at both the reservoilgjas
graminea also occurred with higher percentage 10% and 1d$perctively at WIR and
TIR while this species was absent at JNymphaea nouchali occurred throughout the
year at TIR but only with 1% while it was not fouatilWIR and JIR. Same was the case

with Nelumbo nucifera which dominated throughout the year with 24% omce only

204



CHAPTER V

at JIR but was not found at WIR or TIRydrilla verticillata was encountered most at
WIR (8%) and TIR (9%) only. Ipomoea carnea occurred most at TIR with 10%
occurrence but at WIR only with 1% and was absedtR Cynodon dactylon occurred

at three reservoirs with 5%, 5% and 8% respectivigile Cyperus rotundus occurred
with 6%, 6% and 7% occurrence at WIR, TIR and J#pectively.Eragrostis sp.
occurred at 3%, 1% and 2%, respectively while sedge exampleBulbostylis barbata
occurred at 0.94% at WIR, 1% at TIR and was abaedlR.Typha sp. occurred most at
JIR with 13% followed by 4% at TIR and only 1% atiRV One more member of
Gramineae family was noted at WIR, TIR and JIR Wastyl octenium aegyptiacum with
0.47%, 1% and 2% occurrence arfuphorbia hirta was recorded at all the three
reservoirs with 2 % each at WIR and TIR and 0.65%R. Other species found at three
reservoirs weré&chinocloa colonum with 8 % at WIR, 6 % at TIR and 7% at JiBhloris
barbata with 3%, at WIR 2% at TIR and 1% at JIHgeusine indica with 5% at WIR, 3%
at TIR and 4% at JIR an@iephrosia sp. with 3% at WIR, 1% at TIR and 1% at JIR.
Andropogon gerardii was encountered at 0.94% at WIR and, 1% at M&iveria
zizanioides also occurred with 1% each at WIR and TIR respebti Desmostachya
bipinnata occurred seldom and only at WIR (2%) and TIR (3%hrubs like
Alternanthera axillaris andLippia nodiflora occurred only at WIR (0.94% and 1%) and
TIR (2% and 3%). Also a small thorny species caldedemone mexicana occurred at

WIR (0.47%) and TIR (0.78%).
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SeasonafTable 5.4)

WIR

Summer: During summer, the highest occurrence @ Was noted for submergent
speciesNajas graminea with 16% followed byCyperus rotundus, Echinocloa colonum
and Limnanthemum indicum a rooted free-floating hydrophyte with 11% occuoen
each.pomoea aquatica andHydrilla verticillata occurred at the same value of 8% during
this season. Grasses such@godon dactylon, Eragrostis sp., Chloris barbata and
Eleusine indica occurred at 5% in the reservoilpomoea carnea, Tephrosia sp.,
Euphorbia hirta andTypha sp. occurred at 2% during high temperatures of summer.
Monsoon: During the rainy season, as the waterl liemeeased, highest occurrence of
Echinocloa colonum was noted at 10%.imnanthemum indicum and |pomoea aquatica
were noted at 9% whil€ynodon dactylon occurred at 7%Cyperus rotundus, Eragrostis
sp., Tephrosia sp., Euphorbia hirta and Desmostachya bipinnata each at 6%lpomoea
carnea, Chloris barbata, Eleusine indica and Lippia nodiflora occurred at 4% while
Andropogon gerardii, Vetiveria zizanioides, Bulbostylis chordata and Alternanthera
axillaris occurred at 3% during monsodkrgemone mexicana and Typha sp. occurred at

1% at the reservoir.

Post-monsoon: During post-monsoon dlgonanthemum indicum andlpomoea aquatica
dominated the reservoir at 20% occurrendgdrilla verticillata and Najas graminea
occurred at 16% and 14% respectiveGyperus rotundus and Echinocloa colonum
occurred at 6 % whileCynodon dactylon, Eragrostis sp. andEleusine indica occurred at

4% andTypha sp., Tephrosia sp. andChloris barbata at 2%.
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Winter: Limnanthemum indicum andlpomoea aquatica dominated the reservoir at 20%
and 19% occurrence. This was followed Kgjas graminea with 16% andHydrilla
verticillata with 11% occurrencekleusine indica with 8% and the most common weed
Echinocloa colonum with 6%. Cyperus rotundus and Cynodon dactylon occurred at 5%
and was oEragrostis sp., Vetiveria zizanioides, Tephrosia sp., Desmostachya bipinnata

andChloris barbata with minimum occurrence at 1% at the reservoir.

TIR

Summer: At TIR, highest occurrence was noted ljgsmoea aquatica with 18%
dominance. This was followed Iiydrilla verticillata (13%), Najas graminea (15%) and
Ipomoea carnea (10%) Cyperus rotundus occurred in the area at 7%ypha sp. and
Echinocloa colonum occurred at 4% each whildymphaea nouchali, Eleusine indica,
Euphorbia hirta and Desmostachya bipinnata occurred at the reservoir with 3%
occurrence. At 1% occurrence eddhctyloctenium aegyptiacum, Bulbostylis barbata,
Chloris barbata, Tephrosia sp., Alternanthera axillaris andLippia nodiflora were noted

least during the studies.

Monsoon: During rainy seasompomoea aquatica dominated with 12% occurrence
followed by lpomoea carnea with 10%, Najas graminea and Echinocloa colonum with
9% and 8% respectivelLyperus rotundus and Lippia nodiflora occurred at 6% each.
While Cynodon dactylon Chloris barbata, Eleusine indica, Desmostachya bipinnata and
Typha sp. all occurred at 4% during the season. However, sugemt specieblydrilla
verticillata, and other shrubs likalternanthera axillaris and Euphorbia hirta occurred at

3% during monsoon at this reservddulbostylis chordata, Tephrosia sp. and Vetiveria
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zizanioides occurred at 2% whil&ragrostis sp., Dactyloctenium aegyptiacum, Argemone

mexi cana andAndropogon gerardii occurred at minimum 1% at the reservoir.

Post-monsoon: During post-monsoon algmmoea aquatica dominated with 18%
followed byNajas graminea with 16% occurrencdpomoea carnea with 11%. Cynodon
dactylon with 7% followed byHydrilla verticillata, Typha sp., Echinocloa colonum and
Lippia nodiflora each with at 5% whileCyperus rotundus, Eleusine indica and
Andropogon gerardii with 3% eachNymphaea nouchali, Eragrostis sp., Dactyloctenium
aegyptiacum, Tephrosia sp., Chloris barbata, Desmostachya bipinnata and Vetiveria

Zizanioides occurred at 1% with least occurrence at the regervo

Winter: At TIR also lpomoea aquatica dominated with 20% occurrence during winter.
Najas graminea and Hydrilla verticillata followed with 16% occurrence each while

I pomoea carnea and Cyperus rotundus dominated at 7% and 9% occurrence respectively.
Cynodon dactylon and Echinocloa colonum occurred at 5% while 1% occurrence was
noted for the free floating speciéd/mphaea nouchali and Poaceae family member
Eragrostis sp., Eleusine indica, Tephrosia sp., Chloris barbata, Desmostachya bipinnata,
Eragrostis sp., Dactyl octenium aegyptiacum, Vetiveria zizanioides andother species like

Argemone mexicana, Lippia nodiflora, Euphorbia hirta andTypha sp. at the reservoir.

JIR

Summer: During the dry season at JIR, the decrgasater levels lead to the occurrence
of emergent species such km®moea aquatica and Nelumbo nucifera which are free
floating rooted hydrophyte. Both the species werted at 30% occurrence each. These

were followed by the common species of gfagsinocloa colonum with 7% occurrence,
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Typha the invasive species at 10% whgperus rotundus, Eleusine indica andCynodon
dactylon at 5% andEragrostis sp., Dactyloctenium aegyptiacum, Tephrosia sp., Chloris

barbata andEuphorbia hirta at 2%.

Monsoon: During this season tdpomoea aquatica and Nelumbo nucifera (17%)
dominated the reservoifypha sp. and Echinocloa colonum followed with 11% and 13%
respectively.Cynodon dactylon and Cyperus rotundus at 8% each occurrence while
Eleusine indica occurred at 6% anBactyloctenium aegyptiacum, Tephrosia sp. had 4%

occurrence Eragrostis sp., Chloris barbata andEuphorbia hirta each occurredt 2%.

Post-monsoon: The dominating species at JIR Wasnoea aquatica with 24%
occurrence in post-monsoddelumbo nucifera and Typha sp. occurred at 20% and 17%
respectively whileCynodon dactylon and Cyperus rotundus occurred at 10%&chinocloa
colonum occurred at 6% while all other macrophytes such Easgrostis sp.,
Dactyloctenium aegyptiacum, Chloris barbata, Eleusine indica and Euphorbia hirta

occurred at 3%.

Winter: During winter, Ipomoea aquatica and Nelumbo nucifera occurred with a
percentage of 25% and 30% respectively at the veseCynodon dactylon and Typha
sp. occurred at 10% and 12% respectively whgperus rotundus was noted at 7%
occurrenceEchinocloa colonum and Eleusine indica occurred at 5% during this season.

Eragrostis sp. andDactyl octenium aegyptiacum occurred at 2%.
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Table 5.1. Species Richness of macrophytes at Waddma Irrigation Reservoir (WIR),
Timbi Irrigation Reservoir (TIR) and Jawla Irrigati on Reservoir (JIR)

Species Richness WIR TIR JIR
Annual #** ) F116)16.01 5.63+0.27 5.97+0.27 405+022
Seasonal (*)R3245.25 | (**)F(23917.34 | (**)F(3349.75
Summer *** ) F;.,7,16.07 5.8:104 5.5+ 0.36 325+03
Monsoon **) F;,257.6¢ 7.2+056 8.3+0.37 5.6+ 046
Pos-monsoonng) F;241.82 5.1+048 54+034 4.2¢+0.29
Winter (**) F(2,31)5.7 517+£0.34 4.91+0.37 364+031

Table 5.2. Annual and seasonal Jaccard’s similarityndex (J) at Wadhwana Irrigation

Reservoir (WIR), Timbi Irrigation Reservoir (TIR) a nd Jawla Irrigation Reservoir (JIR)

Jaccard’s similarity WIR+TIR TIR+JIR JIR+WIR
index (J)
Annual 87% 48% 43%
Seasonal Jaccard'’s similarity index

Summer 63% 38% 46%
Monsoon 73% 52% 50%
Post-monsoon 64% 36% 33%
Winter 40% 35% 40%
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Table 5.3. Annual percentage occurrence of macroplgs found at Wadhwana Irrigation
Reservoir (WIR), Timbi Irrigation Reservoir (TIR) a nd Jawla Irrigation Reservoir (JIR)

Species WIR TIR JIR
| pomoea aquatica 14.55 16.80| 24.18
| pomoea carnea 1.88 10.16 -
Limnanthemum indicum 15.02 - -
Nymphaea nouchali - 1.17 -
Nelumbo nucifera - - 24.84
Hydrilla verticillata 8.45 9.38 -
Najas graminea 10.8 14.06 -
Bulbostylis barbata 0.94 1.17 -
Cyperus rotundus 6.57 6.64 7.84
Cynodon dactylon 5.63 5.08 8.5
Eragrostis sp. 3.29 1.56 2.61
Tephrosia sp. 3.29 1.56 1.96
Chloris barbata 3.76 2.34 1.31
Eleusineindica 5.63 3.13 4.58
Desmostachya bipinnata 2.35 3.13 -
Echinocloa colonum 8.45 6.25 7.84
Andropogon gerardii 0.94 1.17 -
Vetiveria zizanioides 141 1.56 -
Alternanthera axillaris 0.94 2.34 -
Lippia nodiflora 141 3.91 -
Argemone mexicana 0.47 0.78 -
Euphorbia hirta 2.35 2.34 0.65
Typha sp. 141 4.30 13.07
Dactyl octenium aegyptiacum 0.47 1.17 2.61
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Table 5.4. Seasonal Percentage occurrence of machgpes found at Wadhwana Irrigation
Reservoir (WIR), Timbi Irrigation Reservoir (TIR) a nd Jawla Irrigation Reservoir (JIR)

Species Sites Summer Monsoon Post-monsogn Winter
WIR 8.33 9.09 20.83 19.35
Ipomoea aquatica TIR 18.46 12.20 18.52 20.00
JIR 30.77 17.78 24.14 25.00
WIR 2.78 455 - -
Ipomoea carnea TIR 10.77 10.98 11.11 7.27
JIR - - - -
WIR 11.11 9.09 20.83 20.00
Limnanthemum
indicum TIR - - - -
JIR - - - -
WIR - - - -
Nymphaea nouchali TIR 3.08 - - 1.82
JIR - - - -
WIR - - - -
Nelumbo nucifera TIR - - - -
JIR 30.77 17.78 20.69 30.00
WIR 8.33 - 16.67 11.67
Hydrilla verticillata TIR 13.85 3.66 5.56 16.36
JIR - - - -
WIR 16.67 - 14.58 16.67
Najas graminea TIR 15.38 9.76 16.67 16.36
JIR - - - -
WIR 5.56 7.58 4.17 5.00
Cynodon dactylon TIR 3.08 4.88 7.41 5.45
JIR 5.13 8.89 10.34 10.00
WIR 11.11 6.06 6.25 5.00
Cyperus rotundus TIR 7.69 6.10 3.70 9.09
JIR 5.13 8.89 10.34 7.50
WIR - 3.03 - -
Bulbostylis barbata TIR 1.54 2.44 - -
JIR - - - -
WIR 5.56 6.06 - 1.67
Erogrostis sp. TIR - 1.22 1.85 1.82
JIR 2.56 2.22 3.45 2.50
WIR 2.78 6.06 2.08 1.67
Tephrosia sp. TIR 1.54 2.44 1.85 1.82
JIR 2.56 444 - -
WIR 5.56 4.55 2.08 1.67
Chloris barbata TIR 1.54 4.88 - 1.82
JIR - 2.22 3.45 -
WIR 5.56 4.55 4.17 8.33
Eleusine indica TIR 3.08 4.88 3.70 -
JIR 5.13 6.67 - 5.00
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WIR - 6.06 - 1.67
Desmostachya bipinnata TIR 3.08 4.88 1.85 1.82
JIR - - - -
WIR 11.11 10.61 6.25 6.67
Echinocloa colonum TIR 4.62 8.54 5.56 5.45
JIR 7.14 10.42 6.45 4.88
WIR - 3.03 - -
Andropogon gerardii TIR - 1.22 3.70 -
JIR - - - -
WIR - 3.03 - 1.67
Vetiveria zizanioides TIR - 2.44 1.85 1.82
JIR - - - 2.44
WIR - 3.03 - -
Alternanthera axillaris TIR 1.54 3.66 - -
JIR - - - -
WIR - 4.55 - -
Lippia nodiflora TIR 1.54 6.10 5.56 1.82
JIR - - - -
WIR - 1.52 - -
Argemone mexicana TIR - 1.22 - 1.82
JIR - - - -
WIR 2.78 6.06 0.00
Euphorbia hirta TIR 3.08 3.66 3.70 1.82
JIR - 2.22 - -
WIR 2.78 1.52 2.08 -
Typha sp. TIR 4.62 4.88 5.56 1.82
JIR 10.26 13.33 17.24 12.50
Dactyloctenium WIR - - - 1.67
aegyptiacum TIR 1.54 - 1.85 1.82
JIR 0.00 4.44 3.45 2.50

Figure 5.1. Annual and seasonal species richnessmfcrophytes at Wadhwana Irrigation
Reservoir (WIR), Timbi Irrigation Reservoir (TIR) a nd Jawla Irrigation Reservoir (JIR)
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Figure 5.2. Annual Jaccard’s similarity index (J) at Wadhwana Irrigation Reservoir
(WIR), Timbi Irrigation Reservoir (TIR) and Jawla | rrigation Reservoir (JIR)
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Figure 5.3. Seasonal Jaccard’'s similarity index (. at Wadhwana Irrigation Reservoir
(WIR), Timbi Irrigation Reservoir (TIR) and Jawla | rrigation Reservoir (JIR)
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Discussion

Changes in water level and temperature in the stdgas were the main variables
determining the condition of investigated siteshwieference to different macrophyte
stands over the seasons. The depth at the sitesndyi depended on the water inflow
from the Narmada river which resulted in prolongedllowness of the study sites.
Species richness

While it appears that relationships between spatdsess and whole-lake area are not
always significant, stronger interactions may benfib in cases where only the actual
vegetated area is used as a predictor (Vestergaar&and-Jensen, 2000). In a review of
world-wide data for 139 lakes, Duarkal., (1986) found that the cover of hydrophytes
is relatively smaller in larger water bodies, rattiean being a constant proportion of the
lake area.

The species richness was highest when calculatedady at TIR as the whole earthen
dam is heavily covered with different species anps. At WIR, although the species
were similar to TIR, because of the constructiora@oncrete dam (Plate 6) at both the
reservoirs replacing the earthen one, sandy saladaed. This changed the composition
of vegetation. Personal observations lead to algsion that TIR recovered faster as
compared to WIR in terms of loss of the plant speciAlthough, JIR had a dense
vegetation ofCalotropis sp. and other shrubs on its dam, the edges of theviasérom
where the samples were collected were covered VWptimoea aquatica and some
members of Poaceae family throughout the study.celeleast annual species richness
was noted at JIR during the whole study. The hggt®es diversity of macrophytes in the

reservoirs studied is also a consequence of thersity of habitats on the banks of the
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reservoir, mainly morphometric characteristics loé shoreline, its slope, water depth,
and pollution by nutrients (Heegaaetdal., 2001; Irfanullah and Moss, 2004).

The high richness noted during summer at TIR andR \&ie probably the result of
extended hydroperiod due to Narmada inundation. dteas sampled at TIR were
covered with vegetation for almost whole study @erivhile the points at which the
guadrats were sampled at WIR had more dry vegatafibe area at the backside of the
WIR has very shallow damp areas where little vegetacould survive except when
completely submerged. Hence the occurrence of rmphgte species decreased at WIR in
comparison to TIR. At JIR however, the earthen dams densely covered with
vegetation, but at the sampling points on the rortiside of the reservoir, the dam was
covered with dense reedsDfpha sp. Also known as Cattails, these reeds are repooted t
dominate the marsh wetlands that have seasonadistawater along the margins (Robb,
1989). They have been discovered to be highly ineg®avis and Ogden, 1994). Hence
because of the domination of the edges of thisrveseby emergent vegetation like
Typha sp. and Ipomoea aquatica the richness is low in comparison to the other two
reservoirs studied.

Aquatic plant coverage is expected to continuduotdiate based on natural conditions,
predominantly due to rainfall. Rainfall leads toolfferation of seeds that become
dormant due to dry weather of summer. Thus raihdallls to a visible lush green cover. .
Rainfall also increases the water level in the mases. These two factors lead to an
increase in the species richness as higher water #so submerges the other terrestrial
vegetation grown on the earthen dam and hence tigimbers of species were recorded

per sample. The species richness during monsooralsashigh at TIR and WIR but a
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lesser effect of rainfall was found at JIR. At WARd TIR inundation of Narmada water
also led to high water levels in the reservoir imter. As JIR lacks direct Narmada
Inundation, water level fluctuations were low innggarison to the other two reservoirs
where seasonal species dry but other survive thiautgthe year. Richness of
macrophytes in Post-monsoon showed similar resgoasd followed the same trend
with high richness at the three reservoirs. Aftesnsoon, although the water levels
stabilize gradually, the proliferation of terreatras well as aquatic vegetation continues
maintaining the richness.

Winter showed a different trend with highest spgciehness at both TIR and WIR due
to prolonged hydroperiod and hydrospread and Ea3lR. As summer nears a different
kind of mosaic of microhabitats is formed at WIRdahlR. The survival strategies of
macrophytes to fluctuations of environmental candg involve resistant spores, seeds,
dormant vegetative parts and flexibility of lifeatgs (Grillas, 2004, Bellat al., 2010).
Hence, early winter showed a good diversity at kbthreservoirs but as the reservoir
started drying up due to high temperature, thenesk gradually decreased during late
winters. Species likeLimnanthemum indicum, two species oflpomoea, Hydrilla
verticillata andNajas graminea led to good species richness in the area.

When richness among the reservoirs was compardgl,shbwed highest richness in
summer in comparison to other reservoirs as it nevied up completely during the
study period and hence contained more species. $a¢éhe case in monsoon and post-
monsoon as TIR had the most diverse flora whictidea its dominance among the three

reservoirs studied. But during winters due to le@mperatures the growth in plants
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declined and hence lowest species richness wasdeztan this season with WIR and
TIR observing very similar richness quotient.

Jaccard’s similarity index (J)

The distance between the three reservoirs survisyabout 25-50 kms. and hence the
similarity between the three reservoirs would bélent. The seed dispersal due to
natural conditions as well as biotic componentsoaie ruled out. Seeds dypha sp.
are dispersed by wind and thoseN"#umbo sp. by animals. Others species are may be
dispersed through Narmada canal as among the thsegvoirs the highest similarity
index was noted between WIR and TIR and lowest B hd JIR. Thus the distance
being longer in this said reservoir dispersal tigftowind can be minimum. Similarity
between WIR and TIR may be because of the rolebahdant emergent species like
I pomoea aquatica, submerged hydrophytes likéydrilla verticillata andNajas graminea.
These submerged hydrophytes were absent at JIR. gkissses lik€Cynodon dactylon
and sedges lik€yperus rotundus were very common in the area. However, according t
Geeet al., (1997), it is likely that two small ponds woulagether support more species
than a single large pond. This was evident duriregstudy period. Not surprisingly, the
proximity of other waterbodies has an influence tbe local species richness and
composition of macrophyte communities (Van den Brhal., 1991; Bornettest al.,
1998).

Seasonal similarities in the study areas were nesident as less than 50% similar
species between the three reservoirs in summeramigr when dry conditions are
created because of extreme temperatures in thentelgowever, in monsoon and post-

monsoon the similarities were higher because mangothe season when productivity
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increases with favourable atmospheric conditiond also other abiotic environmental
variables. This indicates that when macroclimabaditions in the area are moderate
various plant species are distributed in wider .afde similarity index during the cold
season was almost similar at all the three irrigateservoirs as only those macrophytes
proliferate which were resistant to colder tempees in the area.

Percentage occurrence

Annual

The annual percentage occurrence was highest fargemt vegetation ofpomoea
aquatica at all the three reservoirs. This genera has deeaomented as largely invasive
species in any freshwater ecosystem dominating mesttwaters and have been known
to cause ecological problems too (Lacoul and FreeqrB006). Though.imnanthemum
indicum was also an abundant species it was found only R While Nymphaea
nouchali only at TIR. As both WIR and TIR are becoming perial due to Narmada
inundation, their original feature was seasonal sfikar, 2008). The free-floating
macrophytes survived and hence were sampled fowlioée study period. Evedydrilla
verticillata and Najas graminea both submergent species were found during the avhol
study period at WIR and TIR. The decreased watatitgl due to inundation of water
from Narmada may decrease the presence of theseesgént species. Similar results
were noted by Zhaet al., (2013) in a lake in China. This species was elytiabsent at
JIR as the edges of this water body are predominantvered withlpomoea aquatica.
The central portion of JIR is completely occupiedhwNelumbo nucifera known as
Indian Lotus. This species was present all througlear but was observed at JIR only.

According to Meerhoff, (2003) direct competition Ikphytoplankton for nutrients
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minimize the free floating species in freshwatebiteds. This may stand true in the
present study. The levels of phytoplankton recorbgdRathod (2009) for JIR are
comparatively lower than those reported at WIR @il by Deshkar (2008) indicating
lower nutrient competition for the macrophytes.

Duarteet al., (1987) suggested that emergent macrophytes tiypaxaonize a relatively
constant proportion of the lake area, regardlesth@fabsolute size of the water body.
Also, low-light conditions in the shallow littoralone promote dominance by emergent
species and they do not grow deeper than 3 mtsaAgples of macrophytes were taken
from shallow waters the occurrence by emergentiepex vegetation, most members of
family: Poaceae like grasses and weeds of familpe@gceae was common (See
annexure 3). All Gramineae members were noted tat lvery low occurrence values at
TIR and JIR andypha sp. at JIR which are again invasive weeds.

Other than the above mentioned aquatic species semestrial species were also noted
during the study while sampling. One of thenLippia nodiflora, which is a herb. It
prefers well drained sandy soils and often encoadt@ear bordering waterways. This
species was common at TIR, rare at WIR and abseitRaAt TIR it was found in water
when water levels were high. Also considered asiraasive weedAlternanthera
axillaris was not very common during the study but occufreduently at TIR. As the
earthen dam at TIR was more steep and deeper &dties terrestrial vegetation were
also commonly noted when water levels were high.eXtremely hardy pioneer plant,
Argemone mexicana tolerant of drought and poor soil, was a rare gseaccurring in the
samples. SimilarlyEuphorbia hirta was noted rarely only at WIR. Being common in

open grasslands, this species was frequently sigiiteng the study period but rarely
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occurred in samples. These indicate that at the kavger reservoirs because of
fluctuating water level occasionally terrestrialesigs present at the edge are also
submerged.

Seasonal

The seasonal changes in the percentage occurrémtants (aquatic or terrestrial) are
dependent on many factors such as biogeographyerda, climatic factors, hydrology,
etc. (Lacoul and Freedman, 2006). The seasonal ocmereflpomoea aquaticaimum
was maximum at all the three reservoirs, althoughass less abundant during monsoon
at WIR where water levels were very high. As mamgnb earlier, this is an invasive
species found in moist soils and hence common eshivater ecosystemipomoea
carnea, rare in its occurrence near shore was found erofiposite side of the earthen
dam at WIR where dampness in soil was prevalemta$t noted only during summer and
monsoon at the reservoir as during summer smathpatof water led to its proliferation
which survived in water during monsoon too. Alscowm as aquatic weed, the same
species was more frequent at TIRmnanthemum indicum frequently occurred at WIR
during post-monsoon and winter mainly as this sggegprefers overall warm climate of
the tropics. At the other two reservoirs the domoeaof other aquatic emergent species
of macrophytes may have lead to the absence offi@sies. Next was the submergent
vegetation specieslydrilla verticillata and Najas graminiea at WIR and TIR with
frequent occurrences during post-monsoon and wiatet rare occurrences during
summer because of fluctuating water levels dutgabove mentioned seasons and drier

conditions during summer at WIR. Its higher occoces during all seasons except
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monsoon at TIR was noted because of lower watel factuations as the reservoir did
not dry up during summer as noted for WIR.

In any aquatic ecosystem, monocots (grasses) dtenth@ vegetation having more
species diversity in contrast to terrestrial habittSukumaran and Jeeva, 2011). In
present study also, the members of the family Greae and Cyperaceae occurred
frequently during sampling at the reservoirs. Moktthem were emergent. They are
mainly invasive weeds of agriculture crops and galheprefer warm and moist climates
of the tropics with a very wide range of distrilouti They were equally distributed
throughout the four seasor@ynodon dactylon was a very common species found at the
three irrigation reservoir in all the seasons whgsevth and development are promoted
by warm moist condition€Cyperus rotundus is also another common species but rare in
occurrence in the present study. As it prevailsohand moist areas it was mostly found
during summer and monsodaeusine indica also tolerates dry conditions well. Due to
its tolerance to drought, it occurred throughout tear at all the three irrigation
reservoirs.Echinocloa colonum normally growing under dryland conditions; doeg no
thrive flooded soils. Its seed has little or nordancy and germinates throughout the year
when moisture is available and hence it occurredngumonsoon at WIR. Although
sampling limitations must have led to its raritysamples at TIR and it did not occur at
JIR. Sedges also normally occur near aquatic habit&idely distributed over the
warmer parts of the worldulbostylis barbata, was rare in samples but very abundant at
all the three irrigation reservoirs throughout gear. Chloris barbata present in waste
places and rotation crops has very wide distribbuiio tropics and hence it probably

occurred at all the study sites but observed oahind summer and monsoon showing its
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preference for warmer climateSypha sp. is also an invasive genus mostly found
dominating near water bodies. Commonly found at ¢dges of the reservoirs it is
emergent in nature and does not allow any othesiepéo proliferate in its vicinity. This
species occurred throughout the year at all treethrigation reservoirs.

Conclusion

In conclusion, it can be said that more diversentpkpecies occurred at two larger
reservoirs WIR and TIR as fluctuating levels of evatiue to monsoon and Narmada
inundation with effect of seasonal changes creegéei@d microclimatic conditions where
several plant species fluctuated in their occumeadtthroughout the year. At the smaller
reservoir JIR, the climatic conditions had pronaaeffect and mainly tolerant species

occurred throughout the year.
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PLATE 8
PHYLUM: TRACHEOPHYTA

ORDER: NYMPHAEALES ORDER: RANUNCULALES
FAMILY: NYMPHAEACEAE FAMILY: PAPAVERACEAE
Nymphaea nouchali Argemonexitana

ORDER: FABALES ORDER: GENTIANALES

FAMILY: FABACEAE FAMILY: GENTIANACEAE

Tephrosia sp. Limnanthemunaicum




ORDER: SOLANALES

FAMILY: CONVOLVULACEAE

Ipomoea aquatica I[ponacearnea

ORDER: PROTEALES ORDER: LAMIALES

FAMILY: NELUMBONACEAE FAMILY: VERBENACEAE

Nelumbo nucifera Lippia nodiflora




ORDER: CARYOPHYLLALES ORDER: MALPHIGIALES

FAMILY: AMARANTHACEAE FAMILY: EUPHORBIACEAE

Alternanthera axillaris Euphora hirta

ORDER: ALISMATALES

FAMILY: HYDROCHARITACEAE ORDER: NAJADACEAE

Hydrilla verticillata Najagraminea




ORDER: POALES

FAMILY: CYPERACEAE FAMILY: GRAMINEAE

Cyperus rotundus Cynodactylon

FAMILY: GRAMINEAE (Contd.)

Eragrostis sp. Chlbarbata

Echioa colonum




ORDER: POALES (Contd.)

FAMILY: GRAMINEAE (Contd.)

Andropogon gerardii Vetiveria zizanioides

Desmostachya bipinnata




SUMMARY

SUMMARY

Wetlands are among the most important and produeoosystems of the world and are
important bird habitats. In the semi-arid zone @&n@al Gujarat irrigation reservoirs

provide varied microhabitats to birds. Migratory wsll as resident shorebirds utilize
these wetlands in huge numbers. They use veryrdiftehabitats, great distances apatrt,
during breeding and non-breeding (wintering) seas@n the wintering grounds their

primary concern is fuelling up in recovery from,dapreparation for, long distance
migration. The macroinvertebrates form the preyebfas the birds. Out of the diverse
forms of invertebrates the molluscs form a majamponent as they are the source of
calcium. In recent years, there is a greater emphgs/en on the studies for

understanding benthic environment, its commungieg productivity and this has led to
increased exploitation of many inland water bodi#®wever, conservation strategies for
wetland invertebrates are still poorly developedd,ain general, there are few case
studies on the conservation of this large, divensé important group. The occurrence
and the distribution of these invertebrates isueficed by the water quality. The
interacting physical and chemical factors influetioe level of primary productivity in

aquatic ecosystems and thus influence the aquatd fweb. Vegetation in these
ecosystems has also been known to have a profdiext en the distribution of birds

and benthic communities. Hence, a thorough undetstg is needed for conservation
and management of these ecosystems. The presdgtdstals with wader density and
diversity at three irrigation reservoirs and rolé lenthic fauna, physico-chemical

properties of water and soil and vegetation orstree with seasonal changes.
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Chapter 1

Birds have higher dispersal rate and are the forshbandon any of the unfavourable
condition and thus are considered to be the impbrtamponent of a habitat. This
chapter deals with the wading birds. They respondnhbving to local concentrations of
food availability and move away from unsuitableasteHence their presence and absence
is also used to assess the transient conditionsvatfands. Research on waterbird
communities in India has mainly involved habitatedsity, population structure and the
importance of migratory species visiting from othentinents, essentially in the western,
eastern and southern parts of the country. In @yjaradodara district boasts of a
number of natural and man-made wetlands with vahigitats. Of the three irrigation
reservoirs studied, one is less disturbed and therawo are under anthropogenic
pressures due to closer human settlements. Aletlre surrounded by agricultural

matrices.

The study conducted for migratory as well as redidend resident-migratory waders
include total of 25 species, of small and large evadpreferring to feed on the infauna
(in substratum) and epifauna (on substratum) of réeervoirs. Of these, 13 were
migratory, 11 resident and 1 resident-migratory.eWkhe mean density of small waders
was considered, it was highest at WIR in compartsahe other reservoirs with seasonal
fluctuations, as the migratory populations swarra #rea increasing the density and
species richness in winter. Among the three, WIRésmost preferred site for resident as
well as the as migratory species with late migramitzing the wetland till early summer.

WIR and TIR also provided habitats for the earlygrants and resident species during
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post-monsoon. However, at JIR, the low densityhatbughout the year may be attributed
to the absence of shallow water in the reservain@bith the dense vegetation on the
earthen dam as well as in catchment area. Thisamgetls mainly preferred by large

resident species of waders which could feed onaepd amongst vegetation and
simultaneously keep a watch on approaching predaéory. The lowest density and the

species richness of the waders were observed darargoon at all the three reservoirs
because of the absence of migratory species iarde However, populations of egrets
and Glossy lIbis at the three study areas mainctdtl the densities of large waders in
the area. They were also noted to be least in noonas during this period these species
are busy in their nesting activities and as wateevierywhere with abundant supply of

food, their visits to water bodies are infrequent.

It is known that when the species diversity (H’) higgh the birds are less evenly
distributed (E is low). However, in the presendstid’ and E for small waders are low at
the larger wetland with high density and speciebnéss while high at smaller wetland

with few species and low density of birds.

Family Scolopacidae which includes Ruffs, Godwitsl &andpipers were maximum at
WIR in comparison to TIR and JIR as the highestrai@y populations of this family
members were noted at WIR especially during wintére recurvirostrids that include
single species of Black-winged Stilt was noted éohigh at TIR which indicates their
preference for the water with higher nutrient cant€haradriids on the other hand were
high at JIR because of higher number of Red wattpding in agriculture fields in the

immediate vicinity of reservoir. Although the Chdrigds also include plovers that were
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common at WIR, plovers did not make up a signifiqgazpulation influencing the density
of this family at WIR. Glareolids (pratincoles acoursers) were noted to be maximum at
WIR as Oriental pratincoles could acquire theirf@meed habitat at this reservoir.
Rostratulids (Greater painted snipe) were rardnenstudy. Of the large waders, family
Threskiornithidad.e. mainly Glossy Ibis preferred the backside of WIRewehshallow
water levels increase food availability. The Ardeig. egrets preferred the agricultural

matrices around JIR and hence their higher pomatround it.

Thus, TIR and WIR support both migratory (mainlyashwaders) and resident (Large
waders) species of birds while JIR due to its vag®mt composition supports large

resident species of birds.

Chapter 2

This chapter includes studies on benthic faunardtien Molluscs. 79 species belonging
to 38 families of 11 orders noted at the three reses indicates presence of good
diversity in benthos. Seasonally, highest sped@mess of benthos noted in winter at
WIR and TIR supports the huge number of migratgecges of birds. In summer due to
dry conditions, many benthoses undergo aestivatitile many die in unsuitable

conditions hence are inaccessible. Breeding ra#scs low hence the density as well as
diversity declined. However, during monsoon becaofséhe high water levels at the

reservoir which led to their dispersal from theaafew benthos were recorded. As water
levels stabilised the richness started developmngost-monsoon due to their successful
breeding in presence of moderate climate with egfee to temperature and humidity.
The highest density of benthos was noted at WIRCwhis larger area followed by TIR
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and JIR. Due to the prevailing circumstances adllt®velsi.e. submerged vegetation at
WIR and TIR while more emergent vegetation at Jie, status of macrobenthic fauna
was different with the former two supporting manéaina while later one epifauna.

The diverse vegetation at JIR provided spatial rogneity and protection from severe
competition and predation to carabids. Hence, nathriluctuation was observed in their
density at the reservoir. The high occurrence tdauerans and hemipterans in the study
sites is attributed to their preference for vangdrohabitats for their survival in the area.
The carabids mainly dominating in moist soil hady@gh occurrences in WIR and TIR.
Trombidiforms were the second dominant group at \Wé&gause of their preference for
open waters which was not available at the other teservoirs. However, at JIR,
hemipterans dominated as the hebrid (low DO totespecies) were abundant. The
occurrence of oligochaetes can be indicative ofrtheeferences to moist soil. The
hymenopterans made their presence felt all throutgti® year and hence had moderate
occurrence. Ground spiders were sampled more atbé&gduse of the presence of
vegetation on the earthen dam and the dipterarsubecof the larvae @ulex sp. that
were encountered frequently. All other orders sashorthopterans, ephemeropterans,
trichopterans and odonates had very low occurrénd¢ke present study as majority of
them are aquatic in nature.

The similarity in the macrobenthos was overall hiigltween WIR and TIR because of
the similarities in the habitats due to extendet fuctuating water cover and hydro-
period. The physico-chemical properties of wated aoil correlated variably with
benthic fauna. Narmada inundation and differenicafiural practices lead to the mixing

of water further changing the soil and water chémisUnder such circumstances
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benthos undergoing aestivation/hibernation can igerfor longer duration. The
conditions are more pronounced at WIR and TIR.

Chapter 3

Molluscs are one of the major prey base for sespaties of birds especially water birds
as they are major source of calcium for egg shekiyction. In the present study of the
semi arid zone only six species of mollusc belogdgmfive families were noted.

Bellamya bengalensis was the most widely distributed species that wanidant at three
wetlands (WIR, TIR and JIR) but with different ststLamellae consobrinus were
sighted occasionally at WIR and TIR. The Narmad&weundation takes place at both
the irrigation reservoirs influencing water levdisdoplanorbis exustus is the dominant
speciesat JIR and TIR which is under anthropogenic pressiihis species is known to
sustain in the water with high nutrient contenghiings of Thiara granifera was very

rare at the three reservoirs studied.

The variations in density of mollusc are differenting all the seasons and indicate that
the water cover and not the water level affectdéesity of the molluscs. Further, other
factors affecting the mollusc were the lower terapge that forces the mollusc to move
to deeper parts of the soil. Hence the densityheflirds like Glossy ibis, Godwits, and
Ruffs that have longer beak were higher in numbetbese wetlands as their long beak
helped them to catch the mollusc from the deepiés. Sl the reservoirs studied showed
different abiotic factors correlated with mollusadensity. Correlation regarding the soil

physico-chemical parameters and the mollusc demgdigated a significant relationship
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of molluscan density to calcium content neededtlieir growth and development and

with soil pH as they need alkaline environmentdorvival.
Chapter 4

This chapter deals with the study of physical aneingical properties of water and soil of
three reservoirs. The physical and chemical pragseriof freshwater body are
characteristic of the climatic, geochemical, gegvhotogical and pollution conditions as
well as anthropogenic activities. The physico-cleainproperties of water as well as soil

affect the biota present therein.

The parameters for the physico-chemical propemiesvater studied include water
temperature, pH, Acidity, Bicarbonate Alkalinity @Q®s), Hydroxyl Alkalinity (OH),
Salinity, Dissolved Oxygen (DO) and Carbon dioxi@®),), Chloride (CT), Kjeldahl
nitrogen, Nitrate (N@), Nitrite (NO, ), Inorganic and Total Phosphates ¢Band
Sulphates (S€). While the physical and other aggregate propedfesoil studied are soil
texture, pH and Organic matter, while, inorganim4meetallic constituents includes

Chloride (Cf), Total Nitrogen, Total Phosphorus, Calcium andghsium.

These parameters are affected due to seasonaldtimts in the climatic conditions,
water level, inundation from Narmada, anthropog@mnessurestc. At the three reservoirs
in subtropics although overall weather is compeedyi warmer, fluctuation in

temperature and humidity (rain) are observed. Thendation from Narmada River
during the study influenced the water level propaiiianging the chemistry of water and

soil. As WIR was almost dry during the summer otfyear of the study, high
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fluctuations were noted in the physico-chemicalpperties of its water and soil whereas
the anthropogenic disturbances at TIR influenceal ritrient levels. However at JIR

presence of emergent vegetation all throughoutyder showed the impacts on the
chemistry of water and soil. The high sandy conmpwsiat the three reservoirs may have
adverse effects on the biotic communities in theaaFor example, the construction of a
concrete dam during the study period led to in@eaghe sand content which increased
due to its addition in WIR while mowing of vegetatiand reconstruction of the existing
dam at TIR effecting on the biotic communities. Thgh organic matter content at JIR

is a symptom of eutrophication in the reservoirrdasing the faunal use of the reservoir.

Chapter 5

This chapter deals with study of macrophytes ingtugly areas. Macrophytes are large
plants, mostly referred to as aquatic plants. Chaig water level and temperature in the
study areas were the main variables determiningdtation of investigated sites with
different macrophyte stands and the periods of $ampver two years. In addition to
rainwater the depth at the sites primarily deperatethe water inflow from the Narmada
river which resulted in extended shallowness ofstioely sites.

All together 24 species of macrophytes were acaaliduring the whole study periods at
all the three irrigation reservoirs. Of these 28ces were observed at WIR and TIR each
while only 12 at JIR. The richness was highest wbealtulated at TIR as the whole
earthen dam is heavily covered with different specof plants while at WIR the
construction of a concrete dam brought changeksdrvégetation cover. Earthen dams at

WIR and TIR were repaired and parts we replaceddncrete which lead to losses in
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natural vegetation at the irrigation reservoirseTbast species richness noted at JIR
during the whole study was due to invasive spedesliR the sampling points on the
northern side of the reservoir are covered withsdaeeds ofypha sp.

The seasonal changes in the percentage occurrémtants (aquatic or terrestrial) are
dependent on many factors such as biogeographyerda, climatic factors, hydrology,
etc. Ipomoea aquatica had highest occurence at all the three reservaltispugh it was
less abundant during monsoon at WIR because ofhighywater levels in the reservoir.
Ipomoea carnea, rare in occurrence, was present on the oppasi¢eas the earthen dam
at WIR where dampness in soil was prevalent. It wated only during summer and
monsoon at the reservoir. A higher occurrence efsthbmerged macrophytes during all
seasons except monsoon was noted at TIR becaube lwiwer water level fluctuations
as the reservoir did not dry up during summer a&n s WIR. Members of family
Gramineae and Cyperaceae occurred frequently dsangpling at the reservoirs. Most
of them were emergent. They are mainly invasive dseef agriculture crops and
generally prefer warm and moist climates of thepit® with a very wide range of
distribution.

Hence the present study summarizes the dependérieana on the flora of the three
reservoirs studied. The presence of submergedraedgent vegetation in the study areas
ultimately affected the distribution of benthos which the waders were dependent.
These interlinking characteristics of a food chaiitl help us in understanding the

ecosystems near wetlands.

232



GENERAL CONSIDERATIONS

GENERAL CONSIDERATIONS

Wetlands are one of the crucia natural resources. Wetlands are areas of land that are
either temporarily or permanently covered by water. This means that a wetland is neither
truly aguatic nor terrestrial. The wetlands exhibit enormous diversity according to their
genesis, geographical location, water regime and chemistry, plants and soil or sediment
characteristics. Because of their transitiona nature, the boundaries of wetlands are often
difficult to define. Wetlands do, however, share a few attributes common to all forms. Of
these, hydrological structure (the dynamics of water supply, storage and loss) is most
fundamental to the nature of awetland system.

The three study areas selected in the present study are man-made irrigation reservoirs
with difference in hydroperiod, geography and anthropogenic pressures. Of the three
selected reservoirs two are regularly inundated with Narmada water (WIR and TIR). The
third one, JR without Narmada inundation does get Narmada water through seepage
from canal that is passing nearby. Further it aso hasriver tributariesin its catchment area
which might be responsible for the input of water in the wetland. The human disturbances
as well as the land matrix around the three reservoirs are also different influencing the
flora and fauna present differently. These reservoirs support good density and diversity of
waterfowls since there is increase in hydroperiod after the Narmada inundation. The
results of studies by Deshkar, (2008) led to the identification of WIR as a potential IBA
and one more candidate of Ramsar sites in Gujarat. As the density and diversity of birds
depend on food availahility, shelter, physico-chemical properties of water and soil, a

smaller portion of wader diversity with its associated characteristics of soil, water,
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benthos and vegetation is considered in the present study. Deshkar, (2008) has stressed
the need for evaluation of its potential to supports other organisms.

The present study is thus important in understanding occurrence of huge diversity and
density of wader population in the reservoirs of Central Gujarat. This study is expected to
make us understand the importance and dependence of macrobenthos that link the
producers and consumers in an aquatic ecosystem like wetlands and its surrounding
areas. With Ramsar convention, together with the Convention on Biodiversity, other
species have aso started receiving importance. The objectives of the present study were
to determine the influence of water chemistry, sediment characteristics and availability of
different prey categories on the wading bird use of the irrigation reservoirs and to
evaluate the impacts of Narmada inundation on the same.

Birds are the prominent species inhabiting wetlands and form an important link in the
food chain. Due to their ability to occur in varied conditions, they are considered as
important indicators of health of an ecosystem. Study on wading bird populations was
carried out at three irrigation reservoirs in a time span of two years from 2009 to 2011
(Chapter 1). As these birds are dependent on other organisms especialy benthic
macroinvertebrates like insects and mollusc, the density and species richness of benthic
fauna were studied (Chapter 11 and I11). The primary productivity of a wetland depends
on the water and soil chemistry which includes the physical, chemica parameters and
inorganic non-metallic constituents. Hence, the fluctuations in water and soil chemistry
are aso considered (Chapter 1V). Also, any faunais ultimately dependent on the primary
producers in an ecosystem. Thus a study on the vegetational composition at the three

study sites has also been carried out in the present study (Chapter V).
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The role of food abundance on water bird densities has been well established hence in a
study of waders it becomes necessary to evaluate the factors affecting the abundance of
macroinvertebrates.

The early migrants and resident species led to a moderate to higher density of waders at
the reservoirs with less seasonal fluctuations (WIR and TIR). While during the non
migratory seasons the density of birds was influenced by the microhabitats available at
the wetlands. Extended hydroperiod and the availability of suitable habitat during

different seasons were the two important factors affecting the species richness.

When the relation between waders and the physico-chemical properties of water is
considered, variable significant as well as non-significant correlations were noted
between wader density and physico-chemical properties of soil and water at the three
reservoirs. This indicated the influence of Narmada inundation which keeps on changing
chemistry of water and soil. Hence no single factor could be correlated with wader

density.

Benthic macroinvertebrates have been intriguing targets of biologica monitoring efforts
because they are a diverse group of long-lived, sedentary species that react strongly and
often, predictably to human influence on aguatic ecosystems. This group plays an
important role as indicators of aquatic pollution. Benthos being rich in proteins, form an
important component that influence habitat selection by waterbirds especialy waders.
Significant seasonal changes found in species richness and density of many species of the
macrozoobenthic at the three irrigation reservoirs indicate their dependency on
environmental factors. These changes are highly pronounced at the reservoirs under

prominent Narmada inundation compared to non-inundated reservoir, JIR supporting the
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influence of Narmada water on fauna. Another factor influencing the species richness is
anthropogenic pressures. WIR is mainly undisturbed large habitat hence the number of
species present therein may be positively influenced whereas TIR facing moderate human
disturbances and urban expansion is expected to support urban adaptors too influencing
species richness. At JR, the reservoir with moderate size and low human impact such
conditions do not prevail and hence supports moderate species richness. Further, a
decline in the density of benthic fauna from post-monsoon to winter and there after
increase till February, stresses the influence of climatic conditions on the benthic
invertebrates. The heterogeneity in habitat is provided by emergent vegetation at JR.

In general, percent occurrence was high for coleopterans and hemipterans while in
addition at WIR, trombidiforms also occurred with high occurrence. Many ground
dwelling coleopterans prefer moist/wet soils while aquatic and semi-aquatic hemipterans
prefer burrowing as well as swimming in water. All other orders had moderate to low
occurrence at the three reservoirs depending on the preference of varied microhabitats.
When correlations are considered between benthos and the water quality, a significant but
negative correlation was noted with salinity and sulphate at WIR, a positive one with
nitrite and water temperature at TIR while no correlations were obtained for JR. On the
other hand, the correlations with soil noted a positive and significant correlation with
coarse sand at WIR while with very finesand at TIR.

The high productivity of the silty-sand and loose sandy sediment make the benthic
invertebrates easily accessible for waders which was aso noted in the present study as
percent silt+clay correlated positively at al the three irrigation reservoirs. On the basis of

the correlation of the benthic fauna with the abiotic factors also it can be said that the
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wetland ecosystems are maintained by the interdependency of various factors changing

due to Narmada inundation.

The other component of benthic fauna, the molluscs had high density at WIR and TIR
while at JR it was low. This supports the idea that the characteristics of a wetland with
Narmada inundation and without it are different. Bellamya bengalensis, was the most
widely distributed and hence abundant at WIR. As WIR changed from seasonal to almost
perennial, this species was abundant but it was frequent at TIR and JIR. Indoplanorbis
exustus was frequent at WIR and TIR while abundant at JIR. The high organic input
because of use of reservoir by locals may have led to its abundance as this species is
tolerant to polluted water. Thiara granifera was a rare occurrence a al the three
reservoirs while Lymnaea auricularia was noted only at WIR. The bivalve, Lamallae
consobrinus was occasional at TIR, rare at WIR and atogether absent at JIR. Also, their
breeding activities and the high levels of water in the reservoirs made their sampling

difficult.

The correlation between physico-chemical properties of water and molluscs, indicated
influence of fluctuating levels of water due to Narmada inundation leading to frequent
change in its chemistry. However, molluscs being shelled animals can entrap their body
mass in shell and protect it and emerge when the conditions are favorable in the seasonal
change in their density and no single common best predictor could be defined which can
be the sole factor responsible for the density of the molluscs. Further, the assumption that
the presence of emergent vegetation (JIR) influences the diversity of dependent fauna
stands true as at JR status of various species of mollusc was quite different with

differences in seasona cycle.
237



GENERAL CONSIDERATIONS

All organisms and the communities are directly or indirectly affected by the physical
characteristics of their environment. Thus, the study of interactions between biotic and
abiotic factors becomes essential to understand the community structure of an ecosystem.
The interrelated correlation of different parameters of water and soil chemistry suggests
the physicochemical characteristic of the wetland. Hence, the quality of water and soil is
also considered in the present study. The differences in these abiotic variables are mainly
expected because of the climatic changes, the geographic locations (the distance from the
city area), the anthropogenic pressures and the hydrology of a wetland. The seasonal
differences in soil and water chemistry with differences among the three reservoirs
supports the assumption that due to fluctuations resulted in water levels in response to
Narmada inundations common correlations between various physico-chemical

parameters could not be found.

On the basis of the present study it can be concluded that because of large size as well as
Narmada inundation, WIR ahs good diversity of submergent and emergent vegetation.
This provides shelter to migratory as well as resident species of waders but huge density
and diversity of their prey base. Though fluctuations in parameter of water chemistry do
not support a single species, the diverse species available with their own life cycle do

provide prey base in different seasons.

Similarly, TIR aso supports good diversity and density of waders which get almost
similar conditions available a WIR. As it is a smaller reservoir density and diversity

supported by it is comparatively lower.
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Lastly, the vegetation studied at three reservoirs also showed differences in relation to
Narmada inundation. In India, amost all the water resources are occupied with various
types of macrophytes viz. rooted at shoreline, free-floating, submerged, etc, forming an
integral part of the ecosystem and acting as bio-filters.

The similarity in the species composition at TIR and WIR further supports the
assumption of effect of Narmada inundation. These two reservoirs are nearer to each
other and receive Narmada water under the same schedule. At JIR, the earthen dam was
mainly occupied by Ipomoea aquatica and some Poaceae family members. Hence least
annual species richness was noted. The differences in vegetation may be related to the
closer vicinity of TIR to urban conditions. At TIR, Typha sp. and Ipomoea aquatica
contributed to the richness. Monsoon serves as a medium through which nutrients and
other solutes move in the plants. Also, the water levels have increased in the reservoirs.
These two factors lead to an increase in the species richness. In addition as higher water
level also submerges some terrestrial vegetation grown on the earthen dam. The annual
percentage occurrence was highest for emergent vegetation of |pomoea aquatica at all the
three reservoirs. The species provides shelter as well as nesting site for many species of
birds. However, Nymphaea nouchali found at the edge of TIR and Nelumbo nucifera in
the middle of JIR also provide encourage to prey base of birds. This species was present
all round the but was observed at JIR only.

The differences in the occurrence of plants (aquatic or terrestrial) are dependent on many
factors such as biogeography, dispersal, climatic factors, hydrology, etc. The distance

between the three reservoirs surveyed is about 25-50 kms. and hence the similarity
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between the three reservoirs would be evident. Here, the movements of seeds due to

natural conditions or human involvement cannot be ruled out.

The present study proves to be a useful source of information regarding the wetlands of
the semi arid zone of Central Gujarat, India, and help in preparing the conservation and

management strategies.
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ANNEXURES
Annexure 1

List of the Wadersobserved at the three reservoirswith their migratory

pattern
S Common Name Scientific Name WIR | TIR | JIR R_esdent/
No. Migratory
Phylum: Chordata; Super-class: Tetrapoda; Class: Aves, Sub-class: Neornithes
A Order: Charadriiformes
I Family: Charadriidae
1 | Whitetailed lapwing Vanellus leucurus * - - M
2 | Littleringed Plover Charadrius dubius * * - M
3 | Kentish Plover Charadrius alexandrinus * * - M
4 | Red-wattled Lapwing Vanellus indicus * * * R
[ Family: Scolopacidae
5 | Eurasian Curlew Numenius arquata * * - M
6 | Black-tailed Godwit Limosa limosa * * - M
7 | Common Redshank Tringa acteal * - - M
8 | Little Stint Calidris minuta * * M
9 | Ruff Philomachus pugnax * * * M
10 | Marsh Sandpiper Tringa stagnatilis * * * M
11 | Common Greenshank Tringa nebularia * - M
12 | Spotted Sandpiper Tringa glareola * * * M
13 | Common Sandpiper Actitis hypoleucos * * * M
Il Family: Rostratulidae
14 | Greater Painted Snipe | Rostratula bengalensis * * - R
A% Family: Recurvirostridae
15 | Black-winged Stilt | Himantopus himantopus * * * R
V Family: Glareolidae
16 | Indian Courser Cursorius coromandelicus | * * - R
17 | Oriental Pratincole Glareola maldivarum * - - M
B Order: Ardeiformes
\ Family: Ardeidae
18 | Grey heron Ardea cinerea * * * R
19 | Large Egret Casmerodius albus * * * R
20 | Intermediate Egret Mesophoyx intermedia * * * R
21 | Little Egret Egretta garzetta * * * R
22 | Indian Pond Heron Ardeola grayii * * * R
VII Family: Threskiornithidae
. Threskiornis . . .
23 | Black-headed Ibis melanocehalus R
24 | Black Ibis Pseudibis papillosa * R
25 | Glossy Ibis Plegadisfalcinellus * RM
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Annexure 2

List of the Benthic fauna alongwith abundance scale of families observed at

thethreereservoirs

Scientific Name

WIR

TIR

JIR

Phylum: Arthropoda

Class: I nsecta

Order: Coleoptera

Family: Carabidae

Apotomus sp.

Tachys luxus

*| k| |

Bembidion sp.

AIWIN(EF

Casnoidea indica

Family: Staphylinidae

Paeder us fucipes

Paederus sp.

| %1 *+| *| *| *|T

~N| oo

Bledius sp.

Family: Cleridae

Unidentified sp.

Family: Chrysomelidae

70|+ *| *| *|[M|

Aphthona sp.

10

Cryptocephalus sp.

11

Chaetocnema basalis

12

Unidentified sp. 1

13

Unidentified sp. 2

14

Unidentified sp. 3

Family: Coccinellidae

15

Sethorus sp.

\4

Super family: Hydrophiloidea

VI

Family: Hydrophilidae

ucC

16

Hydrophilus sp.

17

Unidentified sp. 1

* |

18

Unidentified sp. 2

VI

Family: Noteridae

19

Canthydrus sp.

20

Unidentified sp.

Family: Dytiscidae

21

Hydaticus sp.

22

Laccophilus sp.

| || #| *|[O| *+| *| *

23

Unidentified sp. 1

24

Unidentified sp. 2

Family: Limnichidae

25

Byrrhinus sp.

26

Unidentified sp.

| #|TJ| *|
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XI Family: Curculionidae - R R
27 | Lissorhptrus sp. - * *
B Order: Hemiptera
Xl Family: Hebridae R R F
28 | Hebrus sp. * * *
29 | Unidentified sp. - - *
X111 Family: Cercopidae R - -
30 | Bofylus sp. * - -
X1V Family: M esovellidae R - -
31 | Mesovelia sp. * - -
XV Family: Pleidae R R R
32 | Paraplea sp. * - -
33 | Unidentified nymph - * -
34 | Unidentified sp. 1 * - -
35 | Unidentified sp. 2 - - *
XVI Family: Gerridae R R R
36 | Gerris sp. * * *
XVII Family: Gelastocoridae R R -
37 | Nerthra sp. * * -
XVIII Family: Ochteridae R - -
38 | Ochterus sp. * * -
XIX Family: Nepidae R R -
39 | Nepa sp. * * -
XX Family: Corixidae R R -
40 | Micronecta sp. * * -
XXI Family: Notonectidae R R -
41 | Unidentified sp. * * -
XXII Family: Lygaeidae - - R
42 | Unidentified sp. - - *
C Order: Diptera
XXII1 Family: Culicidae R ucC uC
43 | Culex sp. * * *
XXIV Family: Chironomidae R R -
44 | Chironomous sp. * * -
D Order: Orthoptera
XXV Family: Gryllotalpidae R R R
45 | Gryllotalpa africana * * *
XXVI Family: Tridactylidae R R -
46 | Xya sp. * * -
E Order: Odonata
47 | Sub-family: Lestinae * (R) *(R) -
48 | Unidentified sp. 1 * - -
49 | Unidentified sp. 2 - - *
50 | Unidentified sp. 3 - * -
F Order: Hymenoptera
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XXVII

Family: Formicidae

uc

ucC

uc

51

Camponotus compressus

*

52

Camponotus radiatus

53

Camponotus sericeus

54

Camponotus sp.1

*| *| *| *

55

Camponotus sp. 2

¥ %] %1

56

Camponotus sp.3

57

Oecophylla smaragdina

58

Monomorium minimum

| k| *| 1

| k| *| 1

59

Solenopsisinvicta

XXVIII

Family: Aphidiidae

60

Aphis sp.

#(T0| *| *| *| *|

G

Order: Ephemeroptera

62

Unidentified sp.

* (R)

*(R)

Order: Trichoptera

Family: Hydropsychidae

Unidentified sp.

*

Class: Arachnida

Order: Araneae

XXX

Family: Araneidae

ucC

64

Argiope sp.

*| 0

* |0

XXXI

Family: Salticidae

Py

65

Plexippus sp.

* 0

*

* 0

XXXII

Family: Lycosidae

Py

66

Paradosa sp.

* 0

* 0

XXX

Family: Tetragnathidae

67

Tetragnatha sp.

XXXIV

Unidentified Spiders

68

Unidentified sp. 1

v (O ||

69

Unidentified sp. 2

[ [0

70

Unidentified sp. 3

*

J

Order: Trombidifor mes

XXXV

Family: Hydrachnidae

ucC

71

Hydrachna sp.

*

72

Unidentified sp. 1

Phylum: Annelida

Sub-Class: Oligochaeta

Order: Megadrilacea

XXXVI

Family: Naididae

73

Dero sp.

74

Branchiura sowerbyi

*| *

75

Sylaria fossularis

76

Tubifex tubifex

XXXVII

Family: M egascol ecidae

| *| *| *|
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77 | Perionyx sp. *

XXXVIII | Unidentified Annelids R

*

78 | Unidentified sp. 1

[ (O] *

79 | Unidentified sp. 2 - -
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Annexure 3

List of the Macrophytic vegetation alongwith abundance scale observed at the
threereservoirs

Scientific name WIR TIR JIR Type of vegetation

Kingdom: Plantae; Phylum: Tracheophyta

Order: Nymphaeales

Family: Nymphaeaceae

Nymphaea nouchali - * R - Rooted free floating

W= |— >

Order: Ranunculales

Family: Papaver aceae

Argemone mexicana * R * R - Terrestrial

@IS

Order: Fabales

Family: Fabaceae
(Papilionaceae)

Tephrosia sp. * UC *R *R Terrestrial

Order: Gentianales

<|O|w

Family: Gentianaceae

Limnanthemum indicum *C - - Rooted free floating

Order: Solanales

Family: Convolvulaceae

| pomoea aquatica *C * A * A Emergent

| pomoea carnea *R *C - Emergent

Order: Proteales

Family: Nelumbonaceae

Nelumbo nucifera - - *A Rooted free floating

OI~IS|Tolol<|im s~

Order: Lamiales

<

Family: Verbenaceae

Lippia nodiflora *R * F - Terrestrial

T oo

Order: Caryophyllales

<

Family: Amaranthaceae

Alternanthera axillaris *R *UC - Terrestria

Order: Malphigiales

<|—|©

Family: Euphor biaceae

=
o

Euphorbia hirta *R *UC *R Terrestrial

(&

Order: Alismatales

x

Family: Hydrocharitaceae

[ —
[

Hydrilla verticillata * F * F - Submergent

x

Family: Najadaceae

=
N

Najas graminea * F * A - Submergent

A

Order: Poales

X1l | Family:Cyperaceae
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13 | Cyperusrotundus * F * *F Terrestrial
14 | Bulbostylis barbata * R * R - Terrestrial
XI11 | Family: Gramineae

15 | Cynodon dactylon * F * *F Terrestrial
16 | Eragrostis sp. *UC * R * R Terrestrial
17 | Chloris barbata * UC *UC *R Terrestrial
18 | Eleusineindica * F * UC * UC Terrestrial
19 | Echinocloa colonum * F * * F Terrestrial
20 | Andropogon gerardii * R * R * R Terrestrial
21 | Vetiveria zizanioides * R * R * R Terrestrial
22 | Desmostachya bipinnata * R * UC - Terrestrial
23 | Dactyl octenium aegypticum * R * R * R Terrestrial
X1V | Family: Typhaceae

24 | Typha sp. * R * F * F Emergent

247




REFERENCES

Abdo, M. H. 2005. Physicochemical characteristids Abuza’baal ponds, Egypt.

Egyptian J. Aqua. Res31(2): 1-15.

Aboushiba, B. H., Ramli, R. and Azirun, M. S. 20Earaging behaviour of five egret
species in pome pond area at Carey island, peainMdlaysia.The Journal of
Animal & Plant Science23(1): 129-135.

Addiscott, T. M., Whitmore, A. P. and Powlson, D.1891.Farming, fertilizers and the

nitrate problem CAB, Wallingford.

Addy, K. and Green, L. 1997. Dissolved oxygen ammperature. Natural resources

facts, University of Rhode Island, USA.

Adebisi, A. A. 1980. The physico-chemical hydrolagfya tropical seasonal upper Ogun

river. Hydrobiol., 79: 157-165.

Agrawal S. C. 1999Limnology A.P.H. Publishing Corporation, New Delhi, India.

Alfred, J. R. B. and Thapa, M. P. 1996. Limnologjicevestigations on Ward’s lake- A
wetland in Shilong, Meghalaya, W.E. IndRRec. Zool. Surv. India. Occa. Pap

169: 1-125.

Ali, S. and Ripley, S. D. 198¥Handbook of the Birds of India and Pakisté@@ompact

Edition) University Press Bombay. Bombay, India.

Allen, A. P., Whittier, T. R., Larsen, D. P., Kaudnm, P. R., O’Connor, R. J., Hughes, R.
M., Stemberger, R. S., Dixit, S. S., Brinkhurst,@®, Herlihy, A. T. and Paulsen,

S. G. 1999. Concordance of taxonomic compositiotiepzs across multiple

248



assemblages: Effects of scale, size and landGese. J. of Fish. And Aquat. Sci.

56: 2029-2040.

Al-Shami, S. A., Rawi, C. S., Hassan Ahmad, A. &w, S. A. 2010. Distribution of
Chironomidae (Insecta: Diptera) in polluted rivess the Juru River Basin,

Penang, Malaysia. Environ. Scj.22(11): 1718-1727.

Anbuchezhian, R. M., Rameshkumar, G. and Raviclemds. 2009. Macrobenthic
Composition and Diversity in the Coastal Belt ofofhldi, Southeast Coast of
India. Global J. Environ. Res3(2): 68-75.

Anderson, N. H. and Dieterich, M. 1992. The Trictevp fauna of temporary headwater
streams in western Oregon, U.S.A. Proceedings ef Tth International

Symposium on Trichoptera.

Angeler, D. G. and Garcia, G. 2005. Using emergednoe soil propagule banks as
indicators of ecological integrity in wetlands: adtages and limitationg. N.

Am. Benthol. Soc24(4):740-752.

Anonymous, 2003. A Manual on Water and Wastewatealysis. One Day Training
Programme. Conducted by Gujarat Pollution Controbafd (GPCB).

Gandhinagar.

APHA, 1998. Standard methods for the examination of water aractewater 20"
Edition. American Public Health Association. Amamcwater works Association,

Water Environment Federation, Washington D.C.

249



Appleton C. C., Forbes A. T. and Demetriades N2d09. The occurrence, bionomics
and potential impacts of the invasive freshwatesnilsiTarebia granifera
(Lamarck, 1822) (Gastropoda: Thiaridae) in Southricaf Zoologische

Mededelingeng3.

ASTM. 2000. D3976-92 Standard practice for prepamabf sediment samples for
chemical analysis, pp.163-165, 18000 ASTM Standards on Environmental

Sampling, Conshohocken, PA.

Aydemir, S., Sonmez, O. and Erdal, S. 2005. Thectdf of commonly used chemical

substances on water qualify.Agric. Fac. HR. U9 (2): 1- 10.

Aynalem, S. and Bekele, A. 2008. Species compasitielative abundance and
distribution of bird fauna of riverine and welandbiitats of Infranz and Yiganda
at southern tip of lake tana. Ethiopfaop. Ecol.,49(2): 199-209.

Baker, M. C. 1979. Morphological correlates of abiselection in a community of
shorebirds (Charadriiforme<pikos 33: 121-126.

Balachandran, C., Dinakaran, S., Alkananda, B.,roathan M. and Ramachandra,
T.V. 2012. Monitoring aquatic macroinvertebratedracators for assessing the

health of lakes in Bangalore, Karnatakd. J. Adv. Life Sci5(1): 19-33.

Balla, S. A. and Davis, J. A. 1995. Seasonal viarain the macroinvertebrate fauna of
wetlands of differing water regime and nutrientissaon the Swan Coastal Plain,

Western AustraliaHydrobiologia, 299: 147-161.

Balmford, A., Bruner, A., Cooper, P., Costanza,Rurber, S., Green, R.E., Jenkins, M.,

Jefferiss, P., Jessamy, V., Madden, J., MunroMgers, N., Naeem, S., Paavola,
250



J., Rayment, M., Rosendo, S., Roughgarden, J., geunK. and Turner, R.K.
2002. Economic reasons for conserving wild nat8oeence297: 950-953.
Banks, J. L. 2009nfluences of clearcut logging on macroinvertebsaite perennial and

intermittent headwaters of the Central Oregon CoRstnge M. S. Thesis,

Oregon State University, Corvallis OR. 133 pp.

Barbosa, A. 1996. Foraging habitat use in a Meaditeran Estuary by DunlifGalidris
alpina. J. Coastal Reg12: 996—-999.
Bardwell, C. J. and Averill, A. L. 1997. Spidersdatheir prey in Massachusetts

cranberry bogsl. Arachnol.25: 31-41.

Battley, P., Rogers, D. |, Piersma, T. and Koddhae 2003. Behavioural evidence for
heat-load problems in Great Knots in tropical Aailstr fuelling for longdistance
flight. Emy 103: 97-103.

Batzer, D. P. and Wissinger, S. A. 1996. Ecologyingect communities in non-tidal

wetlands Ann. Rev. Entomp#i1: 75-100.

Béche, L. A., McElravy, E. P. and Resh, V. H. 2006ng-term seasonal variation in the
biological traits of benthic macroinvertebrates timo Mediterranean climate
streamsFreshwater Biology51:56-75.

Benke, A. C. 1984. Secondary production of aquasects. In:The ecology of aquatic
insects (Eds.) Resh, V. H. and Rosenberg, D. M. Pragdew York. Pp. 289-

322.

Bethke, R. W. 1993. Geographical patterns of pensee in duck guildsOecologia,
93(1): 102-108.

251



Bially, A. and Macisaac, H. J. 2000. Fouling muss@reissena spp.colonize soft
sediments in Lake Eerie and facilitate benthic itelratesFreshwater biology

43: 85-97.

Bingham, D. R. 1994. Wetlands for stormwater treatmIn: Applied wetlands Science
and Technology(Eds.) D. M. Kent. Boca Raton, FL: CRC Press.ciked by

Murkin, 1998.Loc. Cit.

Bobb, M.L. 1951. Life history oOchterus banksBarber (Hemiptera: Ochteridadjull.

Brooklyn Ent. Soc¢46: 92-100.

Boere, G. C., Galbraith, C. A. & Stroud, D. A. (2d&06.Waterbirds around the world,
The Stationery Office, Edinburgh, UK.
Bohn, H. L., McNeal, B. L. and O’Connor, G. A. 19%il chemistryNew York: John
Wiley & Sons Inc. As cited by Derrgt. al.,1999.Loc. Cit.
Bolduc, F. and Afton, A. D. 2004a. Hydrologic asiseaf marsh ponds during winter on
the Gulf Coast Chenier Plain, USA: effects of dinal marsh managememdarine

Ecol. Progress Serie266:35-42.

Bolduc, F. and Afton, A. D. 2004b. Relationshipgween wintering waterbirds and
invertebrates, sediments and hydrology of coastatsm ponds.Waterbirds
27(3): 333-341.

Bornette, G., Amoros, C. and Lamouroux, N. 1998udta plant diversity in riverine
wetlands: the role ofconnectivitifreshw. Biol.39: 267-283. (From Lacould and

freedman)

252



Borror, D. J. and DelLong, D. M. 197An introduction to the study of inseciBhird

edition. Holt, Rinehart and Winston, New York, NY.

Bouchard, R. W., Jr. 2004Guide to the aquatic macroinvertebrates of the UWppe

Midwest.Water resources Center, University of MinnesotaP&ul, MN.

Boycott, A. E. 1934. The habitat of land molluse&ritain.J. Ecol.,22(1):1-38.

Brady and Weil. 200Zlements of the Nature and Properties of Saientice Hall, New

Jersey.

Bridgham, S. D., Updegraff, K. and Pastor, J. 198&bon, nitrogen, and phosphorus
mineralization in northern wetland&cology 79: 1545-1561. As cited by Olde

Venterinket. al.,2002.Loc. Cit.

Brinkhurst, R.O. 1974The Benthos of Lake$he Blackburn Press, New Jersey. As cited

by Cui, et al.,2008.Loc. Cit.

Brinson, M. M. and Rheinhardt, R. 1996. The rolereference wetlands in functional

assessment and mitigatidecological Applications6:69-76.

Brinson, M. M., 1993A hydrogeomorphic classification for wetlandsS. Army Corps

of Engineers, Washington, DC, USA.

Bronmark, C. 1985. Interactions between macrophyegohytes and herbivores: an

experimental approackikos,45: 26—30.

Brown, K.S. 1998. Vanish pools taking species whm.Science281: 626.

17.

253



Brunke, M. 1999. Colmation and depth filtration kwit streambeds: retention of particles

in hyporheic intersticesnternational Review of Hydrobiolog§4: 99-117.

Bruyndoncx, L., Jordaens, K., Ysebaert, T., Meiteand Backeljau, T. 2002. Molluscan
diversity in tidal marshes along the Scheldt esty&he Netherlands, Belgium).

Hydrobiologia,474: 189-196.

Bubeshguptha, M., Sridharan, N., Vijayan, L., Tlggsan, K., Sandaliyan, S. and
Somasundaram, S. 2011. Status of major wetlands vaetthnd birds in
Kanyakumari, Coimbatore, Thanjavur, Thiruvarur, debalur, Cuddalore,
Nagapattinam and Trichy districts in Tamilnadu,ign@Vorld J. of Zoology6(3):
235-242.

Bunn, S.E. and Arthington, A. H. 2002. Basic prptes and ecological consequences of
altered flow regimes for aquatic biodiversignvironmental Managemeng0:

492-507.

Burroni, N. E., Marinone, M. C., Freire, M. G., Sakfigmann, N. and Loetti, M. V. 2011.
Invertebrate communities from different wetlandagmf Tierra del Fuegdnsect
conservation and diversity: 39-45.

Bushaw, K. L., Zepp, R. G., Tarr, M. A., Schulz-dan D. and 5 others. 1996.
Photochemical release of biologically labile niogfrom dissolved organic

matter.Nature 381:404—-407.

Busman, L., Lamb, J., Randall, G., Rehm, G., andnttit, M. 2002. The nature of

phosphorus in soil. Regents of the University ohiMisota.

254



Cabrera, M. L. 1993. Modelling the flush of nitrogmineralization caused by drying
and rewetting soilsSoil Sci. Soc. Am. By: 63—-66. As cited by Olde Venterink,

et. al.,2002.Loc. Cit.

Cameron, R. A. D., 1973. Some woodland mollusc d&sufrom southern England.

Malacologia,14: 355-370.

Campell, J. M. and Davies, A. 1991. Family Staphigke: rove beetles. In: Bousquet Y.
(Ed.) Checklist of Beetles of Canada and AladRablication 1861/E, Agriculture

Canada, Research Branch, Ottawa, Ontario, 86—124.

Canepuccia, A. D., Isacch, J. P., Gagliardini, D.Bscalante, A. H. and Iribarne, O. O.
2007. Waterbird Response to Changes in Habitat ArehDiversity Generated
by Rainfall in a SW Atlantic Coastal Lagodvaterbirds 30(4): 541-553.

Caraco, N. F., Cole, J. J. and Likens, G. E. 198dence for sulphate-controlled

phosphorus release from sediments of aquatic sgshature 341: 316-318.

Carter, M. R. and Gregorich, E. G. (Eds.) 2088il sampling and methods of analysis
2" edition. Canadian society of soil science. Taglod Francis group, LLC.
Castric-Fey, A. 1991. Factorial analysis in thelegy of rocky subtidal areas near Brest

(West Brittany, France)l. Mar. Biol. Assoc. UK71: 515-536.

Chakraborty, R. D., Roy, P. and Singh, S.B. 195Quantitative study of plankton and
physicochemical study of the river Jamun@bahabad in 1954-53nd. J. Fish.,

6(1): 186-203.

255



Chandra, K. and Jehamalar, E. E. 200Zhterus nicobarensisp. nov. from Great
Nicobar Biosphere Reserve, Andaman and Nicobandslaindia (Hemiptera:
Heteroptera: Ochteridae)cta Entomologica Musei Nationalis Prag&2(1): 23-

28.

Chapin, E. S., Zavaleta, E. S., Evinerr, V. T., NayL., Vitousekh, P. M., Reynoldsd,
L., Hoopers, U., Lavorelo Sala, E., Hobbiem, S, NEack, C. and Diaz, S. 2000.

Consequences of changing biodiversgture 405:234-242.

Cheruvelil K. S., Soranno P. A., Madsen J. D. amubdtson M. J. 2002. Plant
architecture and epiphytic macroinvertebrate conitimsn the role of an exotic

dissected macrophyté. North Am. Benthol. So@1: 261-277.

Chokor, J. U. and Oke, C. O. 2011. Effect of sobpgerties on the abundance and
diversity of land molluscs in south western Nigefia. J. Trop. Med. Public

Health.,1(1): 36-44.

Choubisa, S. L. 1992. Molluscs as bio-indicatorstfe trophic stages of lakes and lotic

environmentsBull. Pure Appl. Scj.11: 35-40.

Clarke, A. H. 1979. Gastropods as indicators ophiro lake stagedNautilus 94: 138-

142.

Clarke, A. H. 1981 The freshwater molluscs of Canadgational Museum of Natural

Sciences, National Museums of Canada, Ottawa, @addd pp.

256



Colwell, M. A. and Landrum, S. L. 1993. Non-randsimorebird distribution and fine-

scale variation in prey abundan@andor, 95: 94-103.

Comin, F., J. A. Herrera-Silvera and J. Ramirez-iRan2000. Limnology and aquatic
birds: monitoring, modeling and managemeitniversidad Autonoma de
Yucatan, Soc. Internat. Limndliérida, México.

Cowardin, L. M., Carter V., Golet, F. C. and LaRde, T. 1979. Classification of
Wetlands and Deepwater Habitats of the United StdteS. Fish and Wildlife
Service Report No. FWS/OBS/-79/31.Washington, D.C.

Craft, C. B. 1997. Dynamics of nitrogen and phospbkoretention during wetland

ecosystem successioWetlan. Ecol. Manage4(3): 177-187.

Crumpton, W. G. and Goldsborough, L. G. 1998. Ny transformation and fate in
prairie wetlandsGreat Plains Researcl8: 57-72. As cited by Murkin, 19980c.

Cit.

Cui, Y-D., Liua, X-Q. and Wang, H-Z. 2008. Macrobamthic community of Fuxian

Lake, the deepest lake of southwest Chiimanologicg 38:116-125.

Cummins, K. S. and Bogan, A. E., 2006. Unionoidashwater mussels. Infhe
mollusks A Guide to Their Study, Collection and Preservati¢(fads.) Sturm,

C.F., Pearce, T.A. and Valdes, A. American Malagwial Society, Pittsburgh.

Cummins, K. W. and Klug, M. J. 1979. Feeding ecyplof stream invertebrateénn.
Rev. Ecol. Syst10:147-72.
Custer, T. W. and Osborne, R. G., 1977. Wadingsbad biological indicators: 1975

colony surveyl.S. Fish Wildl. Serv. Spec. Sci. Rep. WiRkflg:1-28.
257



Dann, P. 1987. The feeding behaviour and ecologghairebirds. In:Shorebirds in

Australia (Ed.) Lane, B. A. Nelson Publishers, Melbourne.

Davidson, N., 2003. Status of wader populationstimn Central/South Asian flyway.
Wader Study Group Bulletia01/102: 7-8.

Davidsson, T. E., Stepanauskas, R. and Leonardsord997. Vertical Patterns of
Nitrogen Transformations during Infiltration in Tw&/etland SoilsApplied and

Env. Microbiol, 63(9): 3648-3656.

Davis, S. M. and Ogden, J. C. 1994. Everglades: &dusystem and its restoration. St.

Lucie Press, Delray Beach, FL, USA.

Davoult, D. 1990. Biofacies et structure trophigluiepeuplement des cailloutis du Pas-
de-Calais (FrancePceanol. Acta.13: 335-348. As cited by Boaventus, al,

1999.Loc. Cit.

Dawson, D.G. 1981Counting Birds for a Relative Measure (index) ohBig:. In: Ralph,
C. J. and Scott, J. M. (Eds.). Estimating the Numl¢ Terrestrial BirdsStud.

Avian Biol.,6:12-16.

De Szalay, F. A. and Resh, V. H. 2000. Factorsuearfting macroinvertebrate
colonization of seasonal wetlands: responses togameplant cover-reshwater
Biology, 45:295-308.

Deepa, R. S., and Ramachandra, T. V. 1999. ImpdctUrbanisation in the
interconnectivity of wetlands Paper presented at Mational Symposium on

Remote Sensing Applications for Natural Resourc&etrospective and

258



perspective, (Jan 19-21, 1999). Organised by In8iaciety of Remote Sensing,

Bangalore

DeLaney, T. A. 1995. Benefits to downstream flod@rauation and water quality as a
result of constructed wetlands in agricultural lscapesJ. of Soil and Water

Cons. 50:620-26.

Delince, G. 1992The Ecology of the Fish Pond Ecosystem: With Sp&s#erence to

Africa. Kluwer Academic Publications. Netherlands.

Deshkar, S. L. 2008vifaunal diversity and ecology of wetlands in sanul zone of
Central Gujarat with reference to their conservatiand categorizationA Ph.D

thesis submitted to the Maharaja Sayajirao UnityerdiBaroda, Vadodara, India.

Deshkar, S., Rathod, J. and Padate, G. 2010. Aafadiversity and water quality

analysis of an inland wetlandl. Wetl. Ecol.4: 1-32.

Detenbeck, N. E., Galatowitsch, S. A., Atkinson,afd Ball, H. 1999. Evaluating
perturbations and developing restoration stratefpesinland wetlands in the

Great Lakes basiWetlands19:789-820.

Devlin, R. M. and Witham, F. H. 198Blant physiology4™ edition. CBS Publishers and

Distribution, New Delhi.

Dhote, S. and Dixit, S. 2007.Water Quality Improwsthrough Macrophytes: A Case
Study.Asian J. Exp. S¢i21(2): 427-430.
Doherty, S., Cohen, M., Lane, C., Line, L. and $kdJ. 2000 Biological criteria for

inland freshwater wetlands in Florida: A review @fchnical and scientific

259



literature (1990-1999).Report to the United States Environmental Protactio

Agency, Center for Wetlands, University of Floridzginesville, Florida, USA.

Duarte, C.M., and Kalff, J. 1987. Latitudinal infloces on the depths of maximum
colonization and maximum biomass of submerged apgions in lakesCan. J.
Fish. Aquat. Sci44: 1759-1764.

Dugan, P., Hafner, H. and Boy, V. 1988. Habitattshés and foraging success in the
little egret Egrettagarzetta In: Acta IXI Congr. Int. Ornithologici(Ed.) Ouellet,

H. Ottawa, Canada.

Dunson, W. and Travis, 1991.The Role of Abiotic Factors in Community Orgation.

The American Naturalisii38 (5): 1067-1091.

Duran, M. 2006 a. Monitoring water quality usingnbd@c macroinvertebrates and
physicochemical parameters of Behzat stream in éyurRolish J. of Environ.
Stud.,15(5): 709-717.

Duran, M., 2006b. Field experiment on drift and ocotation of benthic
macroinvertebrate in Gokpinar stream (Denizli, EK&y). Pak. J. Biol. Scj.9:
493-496.

Dwivedi, P. and Sonar, S. 2004. Evaluation of ptyysihemical characteristics of water
sample in water reservoir around Rono hills, Doimuist. Papum pare),

Arunachal Pradesl®oll. Res.23(1): 101-104.

Earle, J. and Callaghan, T.1998. Impacts of miandge on aquatic life, water uses, and

man- made structures. InCoal Mine Drainage Prediction and Pollution

260



Prevention in PennsylvaniaK. Brady, W. Smith, and J. Schueck (Eds.).
Pennsylvania Department of Environmental Protection

Ekhande, A. P. 201®ydrobiological studies of Yashwant lake with spkceference to
selected biodiversity A Ph.D thesis submitted to the Maharaja Sayajirao

University of Baroda, Vadodara, India.

Elexova, E. and Nemethova, D. 2003 The effect aftabenvironmental variables on the

Danube macrozoobenthic communitiesnnologica 33:340-354.

ENSC502, 2009. Nose Creek Invertebrate Water Qualgsessment. (Final report
prepared for ENSC502 course by A. Bichel, M. HeBd,O’'Shea, and D.
Principalli). Accessed from http://wcmprod2.ucalgea/ensc/node/68.

Epler, J. H. 2006. Identification manual for theuatic and semi-aquatic Heteroptera of
Florida. Final Report, State of Florida, DepartmehEnvironmental Protection,

Division of Water Resource Management, Tallaha8see.

Erwin, R. M. 1985. Foraging habitats of nesting imgdbirds: Spatial use and social

influences Auk 100:960-970.

Exnerova, A. and Bohac, D. 1991. Diet of grey heAmdea cinereain breeding season.

Sylviag 28: 77-88.

Fagundes, C. K., Behr, E. R. and Kotzian, C. B.&@et of Iheringichthys labrosus
(Siluriformes, Pimelodidae) in Ibicui River, SoutheBrazil. Iheringia, Série

Zoologig 98(1): 1-6.

261



Finlayson, C. M., Lowry, J., Bellio, M. G., Nou,,®idgeon, R. and Walden, D. 2006.
Biodiversity of wetlands of the Kakadu region, mern Australia. Aquat. Sci. 68:
374-399.

Finn, P. G., Catterall, C. P. and Driscoll, P. ¥08. Prey vs substrate as determinants of

habitat choice in a feeding shorebiEst., Coast., Shelf Sc80: 381-390.

Fittkau, E. J. 1971. Distribution and ecology of &mnian chironomids.Can.
Entomol,103 : 407-413.

Fixen, P. E. 1993. Crop responses to chloidg. Agron,50: 107-150.

Folk, R.L.and Ward, W.C . 1957. Brazos River Bar:tady in the

significance of grain size parametelsurn. Sediment PetroR7: 3-26.

Folkerts, G. W. 1989. Egg guarding and its sigaifice in the heterocerid

beetleDampfius collarigKies.)Journal of Insect Behavio2(1): 139-141.

Fowler, J. and Cohen, L. 1995. Statistics for twlitgists 2° edition BTO Guide No.

22.

Frederick, P. C. 2002. Wading birds in the maringienment. In:Biology of Marine
Birds, (Eds.) Schreiber, E. A. and Burger, J. Florida, CR@ss, Boca Raton,
USA.

Gandhi, N. 2012Study of terrestrial birds with special eferencersects as their food
base around three reservoirs in Central Gujaf@hD Thesis, M. S. University of

Baroda, Vadodara, India.

262



Gao, J., Wang, Y., Pan, S., Zhang, R., Li, J. aad B. 2008. Spatial distributions of
organic carbon and nitrogen and their isotopic amsitpns in sediments of the
Changjiang Estuary and its adjacent sea drgaeograph. Scil8(1): 46-58.

Garcia, A., Hoeinghaus, D. J., Vieira, J. P., Wiilkem K. O., Motta-Marques, D. M. L.
and Bemvenuti, M. A. 2006. Preliminary examinatminfood web structure of
Nicola Lake (Taim hydrological system, south Braming dual C and N stable

isotope analysisNeotropical Ichthyology4(2): 279-284.

Garg, J. K., T. S. Singh and Murthy, T. V. R. 19@&astal Wetlands of India Nation-
wide wetland mapping project. Space Application @=fISRO), Ahmedabad,;

237 pp.

Garg, R. K., Rao, R. J. and Saksena, D. N. 1998eadion of molluscan diversity with
physicochemical characteristics of water of Ramsagaervoir, India.Int. J.

Biodiv. and Cons 1(6): 202-207.

Gaston, G. R. 1987. Benthic polychaeta of the Middklantic Bight: feeding and
distribution.Mar. Ecol. Prog. Ser.36: 251-262. As cited by Boaventurat, al,

1999.Loc. Cit.

Gayraud, S. and Philippe, M. 2003. Influence of bediment features on the interstitial
habitat available for macroinvertebrates in 15 Eherstreams.International

Review of Hydrobiology88: 77—93.

Gee, J. H. R,, Smith, B. D., Lee, K. M. and Grifif S. W. 1997. The ecological basis of
freshwater pond management for biodivergiguatic Conservation: Marine and

Freshwater Ecosystem&?2): 91-104. (From Lacould and freedman)
263



Gibbs, J.P. 1993. The importance of small wetlafals the persistence of local

populations of wetland-associated animéetlands;13: 25-31.

Gibbs, J. P. 2000. Wetland loss and biodiversitynseovation. Conservation

Biology, 14 (1): 314-317.

Gibb, J. 2007. Soil Calcium - Soil Calcium Is Imfamt For Proper Growth Of Plants.

www.ezinearticles.com

Gill, J. A., Sutherland, W. J. and Norris, K. 20@Epletion models can predict shorebird

Gillis,

Goel,

distribution at different spatial scaleBroceedings of the Royal Society of
London 268: 369-376.

P. L., Mitchell, R. J., Schwalba, A. N., Meacholsa, K. N., Mackiea, G. L.,

Woodb, C. M. and Ackermana, J. D. 2008. Sensitioftthe glochidia (larvae) of

freshwater mussels to copper: Assessing the efbéctvater hardness and
dissolved organic carbon on the sensitivity of emgmed speciesAquatic

Toxicology,88 (2):137-145.

P. K., Gopal, B. and Trivedy, R. K. 1980. buop of sewage on freshwater
ecosystem Il. Physicochemical characteristics oftewaand their seasonal

changesint. J. Eco. Environ. Sgi6: 97-116.

Goldman, C. R. and Horne, A. J. 1988nnology Mc Graw Hill Book Co. London. Pp.

464.

Goss-Custard, J. D. 1970. The responses of Redqfamga totanus(L.)) to spatial

variations in the density of their pre}..Ani. Ecol.39: 91-113.

264



Gosselink, J. G., and Turner, R. E., 1978. The oblaydrology in freshwater wetland
ecosystems. InFreshwater wetlands--Ecological processes and meamet
potential. (Eds.) Good, R. E., Whigham, D. F., and Simpsonl..RNew York,

Academic Press, p. 63-78

Grant, J. 1984. Sediment microtopography and sivarébraging. In:Marine Ecology
Progress Series(Eds.) Finn P. G., Catterall C. P. and DriscBll,V. 19: 293—

296.

Graphpad software, SanDiego, California U. S. Avwgraphpad.com.

Grillas, P., Wijck, C. V. and Bonis, A. 1993. Th&fdet of Salinity on the Dominance-
Diversity Relations of Experimental Coastal MacrgighCommunities.J. Veg.

Sci.,4 (4): 453-460.

Grimmett, R., Inskipp, C. and Inskipp, T. 199Birds of the Indian Sub Continent.

Christopher Helm, London.

Groffman, P. M. and Tiedje, J. M. 1988. Denitrifica hysteresis during wetting and
drying cycles in soil.Soil Sci. Soc. Am. J52: 1626-1629. As cited by Olde

Venterink,et. al.,2002.Loc. Cit.

Guadagnin, D. L., Schmitz-Peter, A., Carvalho, LaRd Maltchik, L. 2005. Spatial and
temporal patterns of waterbird assemblages in feagjed wetlands of southern
Brazil. J of Waterbird So¢28:261-272.

Gupta, S. D. 1976. Macrobenthic fauna of Loni reseer J. Ind. Fish. Soc. Indi&B: 49-

59.

265



Habeeba, K. A., Saltanat, P. and Uzma, A. 2012.tu&lys on seasonal variations of
benthic community and biodiversity indices in redatto environmental variables

in disturbed pondsnt. J. Environ. Scj.2(4): 2120-2125.

Haines, T. A. 1981. Acidic precipitation and itsneequences for aquatic ecosystems: a

review.Trans. Am. Fish. Socl10: 669-707.

Hale, W. G., 1980. Waders. Collins, London, 309 pp.
Hallam, A. 1976. Stratigraphic Distribution and gy of European Jurassic Bivalves.

Lethais 9: 145-259.

Halse, S. A., Shiel, R. and Pearson, G. B. 1996eWads and aquatic invertebrates of
swamps on the Victoria-Bonaparte mudflat, north t&fesAustraliaJournal of
Royal Society of Western Australf®: 217-224.

Hansen M. 1999. Hydrophiloidea (s.str.) (Coleopteha: World Catalogue of Insects,

Volume 2. Apollo Books, Stenstrup, Denmark, 1-416.

Hansen, L. S. and Blackburn, T. H. 1991. Aerobid @maerobic mineralization of
organic material in marine sediment microcosmvarine Ecology-Progress
Series 75(2-3):283-291.

Hanson, J. M. and Peters, R. H. 1984. Empiricatlipte®n of crustacean zooplankton
biomass and profundal macrobenthos biomass in.l&ds J. Fish. and Aquatic

Sci.,41: 439-445.

Heathwaite, A. L. 1995. Overview of the hydrolodyBritish wetlands. InHydrology
and Hydrochemistry of British Wetlandsughes, J. M. R. and Heathwaite, A. L.

(Eds). John Wiley: Chichester.
266



Hedges, J. I. 1992. Global biogeochemical cyclesgmess and problemsiar. Chem.,

39: 67-93.

Heegaard, E., Birks, H. H., Gibson, C. E., SmithJSand Wolfe-Murphy, S. 2001.
Species- environmental relationships of aquaticrotytes in Northern Ireland.
Aquat. Bot. 70: 175-223.

Heilskov, A. C. and Holmer, M. 2003. Influence aénithic fauna on organic matter
decomposition in organic-enriched fish farm sediteeWlIE MILIEU, 53 (4):
153-161.

Heino, J. 2000. Lentic macroinvertebrate assemidageture along gradients in spatial

heterogeneity, habitat size and water chemistyglrobiologia 418: 229-242.

Hendrich, L., Balke, M. and Yang, C. M. 2004. Adqod&toleoptera of Singapore: Species

richness, Ecology and Conservati®affles Bull. Zoo].49 pp.

Herman, P. M. J., Middelburg, J. J. and Heip, C.Rd.2001. Benthic community
structure and sediment processes on an intertatalrésults from the ECOFLAT

project.Cont. Shelf Res21:2055-2071.

Herman, P. M. J., Middelburg, J. J., Van De Koppgebnd Heip, C. H. R. 1999. Ecology

of estuarine macrobenthosdvances in Ecological Resear@9: 195-240.

Hill, D., Fasham, M., Tucker, G., Shewry, M. anda@h P. 2005.Handbook of
Biodiversity Methods: Survey, Evaluation and Moriitg. Cambridge University

Press. (DAFOR scale)

267



Hill, D., Rushton, P. Clarck, N. Green, P. and Rjoees, R. 1993. Shorebird
communities on British estuaries: factors affectsammunity compositionJ.
Appl. Ecol.,30:220-234.

Hockey, P. A. R., Navarro, R. A., Kalejta, B. andldsquez, C. R. 1992. The riddle of
the sands: why are shorebird densities so highouthern estuariesRmerican

Naturalist 140: 961-979.

Hoell, H. V., Doyen, J. T. and Purcell, A. H. 1998troduction to Insect Biology and

Diversity, 2nd edOxford University Press, New York.

Hoey, G. H., Degraer, S. and Vincx, M. 2004. Maemhic community structure of soft-
bottom sediments at the Belgian Continental Slkedf., Coast. and Shelf S&9:

599-613.

Hoffman, W., Bancroft, G. T., Sawicki, R. J. 19%4raging habitat of wading birds in

the water conservation areas of the EvergladsLucie Press.

Howard, J. K. and Cuffey, K. M. 2006. Freshwaterssels in a California North Coast
Range river: occurrence, distribution, and contrdlsNorth Am. Benthol. Sqc.

22:63-77.

Hunt, A. J., Gullan, P. J. and Reid, C. A. M. 19€68rysomelidae (Coleoptera) and Other
Phytophagous Insects in a Plantation of Black Waitacia mearnsiDe Wild.,

in Southeastern Australiaust. J. Entomagl35(1): 85-92.

Hunter, M. L,Jones, J. J., Gibbs, E. and Moring, J. R.1986. [IngliResponses to Lake
acidification: Do Black Ducks and Fish Compe@iRos 47 (1): 26- 32.

268



Hutchinson, G.E. 1979 treatise on Limnology: Ill. Limnological botanjohn Wiley &
Sons, Inc., New York.
Hynes, H. B. N. 1961. The effect of water levelctluations on littoral faunaZerh. Int.

Ver. Theor. Angew. Limnoll4: 652—656.

IOWA report, 2009. Water quality standard reviewhl®ides, Sulphates and TDS.
IOWA Department of Natural Resources, Consultapackage, 2009Japan J

Limnol., 51 (3): 137-147.

Irfanullah, H. and Moss, B. 2004. Factors influencthe return of submerged plants to a
clear-water, shallow temperate lakejuat. Bot, 80: 177-191.
Jaiswal, D. 2010. Checklist of aquatic Coleoptdrindia. Freshwater Biology Regional

Centre, ZSI, Hyderabad.

Jaksic, F., 2004. El Nin"o effects on avian ecoldggson learned from the southeastern

Pacific.Ornitologia Neotropical.15: 61-72.

James, A. 1979. The Value of Biological IndicatorsRelation to other Parameters of
Water Quality. InBiological Indicators of Water Qualitylames, A. and Evison,
L. (Eds.), John Wiley and Sons, Chichester. Asdciig Rosaset al., 1985.Loc.

Cit.

Jana, S., Pahari, P. R., Dutta, T. K. and Bhattyehd. 2009. Diversity and community

structure of aquatic insects in a pond in Midnagoven, West Bengal, India.

Javed, S. and Kaul, R. 2002e Field Methods for Birds SurveyBombay Natural

History Society, Mumbai.

269



Jayson, E.A. and Mathew, D. N. 2002.Structure amdposition of two birdcommunities
in the southern WesternGhatsBdmbay Nat. Hist. S089(1):8-25.

Joeckel, R. M., Wally, K. D., Fischbein, S. A. addnson, P. R. 2007. Sulphate mineral
paragenesis in Pennsylvanian rocks and the ocag&rehSlavikite in Nebraska.

Great Plains Researci7: 17-33.

Johnson, N. F. and Triplehorn, C. A. 20@brror and DeLong's Introduction to the

Study of InsectsSeventh edition. Cengage Learning, USA.

Jokinen, E. 1992The Freshwater Snails (Mollusca: Gastropoda) of Néwk StateThe
University of the State of New York, The State Eatian Department, The New

York State Museum, Albany, New York.

Jonsson, A. Karlsson, J. and Jansson M. 2003. &puof Carbon dioxide super
saturation in clear water and humic Lakes in NarttfwedenEcosystem6:224-

235.

Joye, S. B.,and J. T. Hollibaugh. 1995. Sulfideibitton of nitrification influences

nitrogen regeneration in sediments. Sci-ence2760:&23.

Junk, J. W. 1973.Investigations on the ecology prabuction biology of “floating
meadows” Paspalo-Echinocloetujmon the middle Amazon.Part 2.The aquatic
fauna in the root zone of floating vegetatiomazoniangl: 9-102.

Jurkiewicz-Karnkowska, E. 2005. Some Aspects ofrdgen, Carbon and Calcium
Accumulation in Molluscs from the Zegrzyski ResenkcosystemPol. J. Ecol.,

14(2): 173-177.

270



Jurkiewicz-Karnkowska, E. 2011. Effect of habitainditions on the diversity and
abundance of molluscs in floodplain water bodiesdifferent permanence of

flooding. Pol. J. Ecol. 59(1): 165-178.

Kaminski, R. M. and Prince, H. H. 1981. Dabblingkuactivity and foraging responses

to aquatic macroinvertebratesuk 98: 115-126.

Kannan, V. and Pandiyan, J. 2012. Shorebirds (@hiatae) of Pulicat lake, India with
special reference to conservatiov. J. Zool.,7(3): 178-191.

Kapur, S. P. and Gibson, M. A. 1968. A histochemngtady of the development of the
mantle-edge and shell in the freshwater gastroptelisoma duryi eudiscus
(Pilsbry).Can. J. Zool.46: 481-491.

Kaur, V. B., Bath K. S. and Mandar G. 1996. Abiodnd biotic components of a

freshwater pond of Patiala (PunjaBll. Res, 15(3): 253-256.

Kazmierczak, K. 2000A field Guide to the Birds of India, SriLanka, Pstkin, Nepal,

Bhutan, Bangladesh and the Maldivésn Book Service, New Delhi.

Kelling, K. A. and Schulte, E. E. 2004. Understamgdplant nutrients: Soil and applied
Calcium. Produced by Cooperative Extension Pubdnat University of

Wisconsin-Extension.

Kersten, M. and Piersma, T. 1987. High levels oérgy expenditure in shorebirds:
Metabolic adaptations to an energetically expensrag of life. Ardeg 75:175-
187.

Khan, R. A. and Ghosh, L. K. 2001. Faunal diversifyaquatic insects in freshwater

wetlands of South Eastern West Bengal. Z.S.I. Kalka. 104.
271



Kler, T.K. 2002. Bird species in Kanjali wetlantiger Paper39(1): 29-32.

Knopf, E. L., and Rupert, J. R. 1995. Habits andbitats of Mountain Plovers in
California.Condor, 97:743-751.

Kolar, C. S. and Rahel, F. J. 1993. Interactiom difiotic factor (predator presence) and
an abiotic factor (low oxygen) as an influence oenthic invertebrate

communitiesOecologia,95: 210-219.

Kornijow, R. and Moss, B. 2002. Do night depleti@mositribute to the summer decline in
abundance of zoobenthos in the lake littorserh. Int. Ver. Theor. Angew.

Limnol, 28: 1899-1901.

Kornijow, R., Radwan, S., Tarkowska-Kukuryk, M. akdhlan, G. 2003. Zoobenthos of
ecotonal zones in several lakes of different tropstatus (the region Polesie

Lubelskie, Eastern Polandol.J.Ecol, 51: 237-246.

Krebs, C. J. 198%cology: the experimental analysis of distributim abundance3®

edition, Harper and Row, New York.

Kreeger, D., Gatenby, C. and Raksany, D. 2004. Be\ymodiversity: the conservation
and propagation of native mussel biomass for etesyservices. Abstract from
paper presented at the 2nd Annual Meeting of thafiPaNorthwest Native

Freshwater Mussel Working Group, April 20, 2004n¥auver, Washington.

Krishnamoorthi, K. P., Sarkar, R. 1979. Macro-ingbrates as indicators of water
quality. Proc. Symp. Environ. BiologyAcademy of Environmental Biology,
Muzaffarnagar, India. (Eds.) S.R. Verma, A. K. Tiyagd S.K. Bansal pp. 133-

138.
272



Kumar, A. and Vyas, V. 2012. Diversity of Molluscaommunities in River Narmada,

India.J. Chem. Biol. and Phy. S&(3): 1407-1412.

Kushlan, J. A. 1992. Population biology and conagon of colonial water birds.
Colonial Water Birds15: 1-7.
Kushlan, J. A. 1993. Responses of Wading Birdss@as8nally Fluctuating Water Levels:

Strategies and Their Limit€olonial Waterbirds9(2): 155-162.

Kvist, A. and Lindstrom, A. 2003. Gluttony in migogy waders — unprecedented energy

assimilation rates in vertebrat&ikos 103: 397—-402.

Kvist, A. and Lindstrom, A. 2003. Gluttony in migoay waders — unprecedented energy
assimilation rates in vertebrat€ikos 103: 397-402.

Lack, D. 1966Population Studies of Bird©xford University Press, London.

Lacoul, P. and Freedman, B. 2006. Environmentaluémices on aquaticplants in
freshwater ecosystenisiviron. Rey, 14: 89-136.

Lagos, N. A., Paolini, P., Jaramillo, E., Lovengre€., Duarte, C., and Contreras, H.,
2008. Environmental processes, water quality degiaa, and decline of
waterbird populations in the Rio cruces wetlandijeChVetlands$28: 938-950.

Lamers, L. P. M., Tomassen, H. B. M. and RoelofsGJM. 1998a. Sulfate-induced
eutrophication and phytotoxicity in freshwater \@etls.Environ. Sci. Technol.,

32: 199-205.

Lamers, L. P. M., Van Roozendaal, S. M. E. and &sell. G. M. 1998b. Acidification
of freshwater wetlands: combined effects of nobeine sulfur pollution and
desiccationWater, Air, Soil Pollut.105: 95-106.

273



Landers, J. C. and Knuth, B. A. 1991. Use of weltafor water quality improvement
under the USEPA region V Clean Lake Progr&mvironmental Management,

15:151-62.

Lane, B. 1987Shorebirds in AustraliaNelson. Melbourne.

Latha, C. and Thanga, V. S. G. 2010. Macroinvedtbrdiversity of Veli and

Kadinamkulam lakes, South Kerala, Indi€Environ. Biol, 31:543-547.

Lee, P. Y. and Rotenberry, J. T. 2005. Relatiorstbptween bird species and tree
species assemblages in forested habitats of eastwth America.J. Biogeo.,
32(7): 1139-1150.

Legendre, P. and Legendre, L. 199&merical ecologyElsevier, Amsterdam.

Levin, L. A. and Gage, J. D. 1998. Relationshepnieen oxygen, organic matter and the
diversity of the bathyal macrofauriaeep sea Researchb:129-163.

Lewis, W. M. 1995. Wetlands: Characteristics anduttaries. Committee on
Characterization of Wetlands. National Researchn€ibuWashington D.C.

Lindroth, C. L. 1974. Handbooks for the identificat of British insects: Coleoptera;

CarabidaeRoyal Entomological Society of Londdi2): 1-155.

Little, C. 2000.The biology of soft shores and estuari€xford University Press,

Oxford, New York.

Macan, T.T. 1950. Ecology of Fresh-Water Mollust#hie English Lake District].

Anim. Ecol, 19 (2): 124-146.

274



MacArthur, R. 1970. Species packing and competiggeilibrium for many species.
Theor. Popul. Biol.1: 1-11.
Mackie, G. L. 1998. Applied Aquatic Ecosystem CgatseUniversity of Guelph Custom

Course pack.

Madsen, T. V. and Sand-Jensen, K. 1991. Photosymtterbon assimilation in aquatic
macrophytesAquat. Bot, 41: 5-40.

Maestro, J. A. and Perez-Hurtado, A., 2001. Impmeaof the supratidal habitats for
maintaining overwintering shore-bird populationsowh redshanks use tidal

mudflats and adjacent saltworks in southern EurGpador,103:21-30.

Makela, S., Huitu, E., and Arvola, L. 2004. Spatgtterns in aquatic vegetation
composition and environmental covariates along rchaof lakes in the
Kokemaenjoki watershed (S. Finlandguat. Bot.80(4): 253-2609.

Malhotra, Y. R., Sharma, K. K. and Thakial, M. ®98. Ecology of macroinvertebrates
from a fish pondPro. Nat. Acad. Sci. Indi&6: 53-59. As cited by Gargt. al,

2009.Loc. Cit.

Maltby, E. and Turner, R. E. 1983. Wetlands arewetelands. Geographical Magazine,

Vol. LV, 92-97.

Maltchik, L., Stenert, C., Kotzian, C. B. and PeaeiD. 2010. Responses of freshwater
molluscs to environmental factors in Southern Bramtlands.Braz. J. Biol.,
70(3): 473-482.

Manikannan, R., Asokan, S., Samsoor Ali, A. M. 2@&indance and Factors Affecting
Population Characteristics of Waders (Charadriifesjnin Great Vedaranyam

275



Swamp of Point Calimere Wildlife Sanctuary, Sou#iste Coast of India.

International Journal of Ecosystei®(1): 6-14.

Magbool, A., Hayat, C. S., Akhtar, T., Anjum, A. Bnd Hayat, B. 1998. Prevalence and

ecology of freshwater snails in Punjaftalay. App. Biol.27(1-2):69-72.

Margalef, R. 1958. Information theory in ecolo@en Syst.3: 36-71.

Marklund, M. 2008. Macrophytes and benthic faunaiakgical elements following the
EU Water Framework Directive. Uppsala Universitydat/ppsala County
Administration, Sweden.

Marks, B. W. 2010.The effects of salinity on nitrogen cycling in et soils and
sediments of the Breton Sound estuary, BAThesis Submitted to the The
Department of Oceanography and Coastal Sciencemju@te Faculty of the
Louisiana State University and Agricultural and Mauical College, Louisiana
State University.

Martin, R. P. and Hamilton, R. B. 1985. Wading bpcedation in crawfish ponds.

Louisiana Agriculture28:3-5.

Martins-Silva, M. J. and Barros, M. 2001. Occureerand distribution of fresh-water
molluscs in the Riacho Fundo Creek Basin, Braddrazil Rev. Biol. Trop.49(3-

4): 865-870.

Mason, C. F. 1981Biology of Freshwater Pollutiorl,ongman. Group. Ltd. London. As

cited by Rosast al.,1985.Loc. Cit.

276



Mau, D. P. 2001. Sediment Deposition and Trends Bmohsport of Phosphorus and
Other Chemical Constituents, Cheney Reservoir Whest, South-Central

Kansas. Water-Resources Investigations Report. éraver, Kansas.

Maul, J. D., Farris, J. L., Milam, C. D., Coop€r, M., Testa, S. and Feldman, D. L.
2004. The influence of stream habitat and watedityuan macroinvertebrate
communities in degraded streams of northwest Miggis Hydrobiologia, 518:

79-94.

Mavinkurve, R. G., Shanbhag, S. P. and Madhya®th#&. 2004. Non-marine molluscs

of western ghats: A status revieoos’ Print Journal19(12):1708-1711.
McCauley, A. 2009Soil pH and organic matteNutrient management, MSU, 4449-8.

McDaniel, L. 2007. Understanding IOWA'’s water qtyaktandards: Revising criteria for

chloride, sulfate and total dissolved solids. IOWA.

McKnight D. E. and Low, J. B. 1969. Factors affegtwaterfowl production of a Spring
- fed salt marsh in Utah. Transactions of the Néwtherican Wildlife and Natural
Resources Conferenc&4:307-314.

Mcmahon, R. F. and Bogan, A. E. 2001. Mollusca: aBiia. In: Ecology and
classification of North American Freshwater Invéraes Thorp, J. H. and
Covich, A. P. (Eds.). San Diego: Academic Press. New York.

McWilliams, S. R., Guglielmo, C., Pierce, B., E&sen, M. 2004. Flying, fasting, and
feeding in birds during migration: a nutritional darphysiological ecology

perspectivelournal of avian biology 35: 377-393.

277



Meerhoff, M., Mazzeo, N., Moss, B. and Rodrigueal&, L. 2003. The structuring
role of free floating versus submerged plants irsudtropical shallow lake.
Aquatic ecology37: 377-391.

Mendonca, V. M., Raffaell, D. G., and Boyle, P. R0O07. Interactions between
shorebirds and benthic invertebrates at Culbin Stagbon, NE Scotland: Effects
of avian predation on their prey community densityd structureSci. Mar,
71(3): 579-591.

Merritt, R. W. and Cummins, K. W. 198An introduction to the aquatic insects of North
America.Second ed. Kendall/Hunt Publishing Company, Duleudpwa, 722 pp.

Meshram, A. 2011. Spiders (Arachnida : Araneae gmfr Toranmal sanctuary,

Maharashtra, Indid&-Int. Scient. Res. ,B(4): 326-334.

Michael R. G. (1968). Studies on the bottom fauma itropical freshwater fish pond.
Hydrobiologig 31: 203-230.
Michael, P. 1986 Ecological Methods for Field and Laboratory Invgstiions Tata

McGraw-Hill Publishing Co. Ltd., New Delhi.

Millar, C. E. 1955.Soil fertility. New York: John Wiley & Sons Inc. As cited by Dgrr
et. al.,1999.Loc. Cit.

Miller, H. G. 1981. Forest fertilization: some gingd conceptskorestry, 54: 157-167.

Minshall, G. W. 1984. Aquatic insect-substratumatieinships. In:The ecology of

aguatic insects(Eds.) Resh, V. H. and Rosenberg, D. M. Praeger, Xerk.

Mitsch, W. J. and Gosselink, J. G. 200@etlands 3rd ed. Van Nostrand Reinhold, New
York, N.Y., USA.

278



Mitsch., W. J. and Gosselink., J. G. 198¢%tlands Van Nostrand Reinhold. New York,

USA.

MoEF, 1990. Wetlands of India-A directory of Mimgtof Environment and Forest,

Government of India, New Delhi.

Molur, S., Smith, K. G., Daniel, B. A. and Darwally. R. T. 2011. The status and
distribution of freshwater biodiversity in the West Ghats India. IUCN

Cambridge and Zoo Outreach Organisation, Coimbatore

Morris, G. L. and Fan, J. 199Reservoir sedimentation handbodkcGraw-Hill, New

York.

Moss, B. 1998Ecology of fresh waters — man and medium, pastttod Blackwell,
Oxford, U.K.

Mucha, A. P. and Costa, M. H. 1999. Macrozoobenttummunity structure in two
Portuguese estuaries: Relationship with organicickemrent and nutrient

gradientsActa Oecologica20(4):363-376.

Mukherjee, A., Borad, C. K. and Parasharya, B. 02 A study of the ecological
requirements of waterfowl at man-made reservoirKineda district, Gujarat,
India, with a view towards conservation, managenagt planningZoos’ Print
Journal 17(5): 775-785.

Munawar, M. 1970. Limnological studies onfreshwatends of Hyderabad, India. The
biocenose distribution of unicellular and colonpdytoplankton in polluted and

unpolluted environmentslydrobiol., 36(1): 105-128.

279



Murkin, H. R. 1998. Freshwater Functions and ValoeBrairie WetlandsGreat Plains

Research: A Journal of Natural and Social Scien8gl): 3-15.

Murkin, H. R., Kaminski, R. M. and Titman, R. D. 82Responses by dabbling ducks
and aquatic invertebrates to an experimentally mdaied cattail marsiCan. J.

Zool.,60:2324-2332.

Murphy, S. M., Kessel, B. and Vining, L. J. 1984.aWfowl populations and
limnological characteristics of Taiga PondsWildlife Manag, 48: 1156-1163.

Myers, J. P., Morrison, R. I. G., Antaz, P. A., Hiagton, B. A., Lovejoy, T. E,,
Sallaberry, M.,Senner, S. E. and Tarak, A. 1987ng@ovation strategy for
migratory speciesAmer. Scient75:19-26.

Nagarajan, R. and Thiyagesan, K. 1996. Waterbirdd substrate quality of the

Pichavaram wetlands, southern Indias, 138; 710-72.

Nair, V. 2002. Status of flora and fauna of gulfkachchh, India. A report prepared for
the National Institute of Oceanography, Goa, India.

Naturvardsverket, 2007. Status, potential och ketslkrav for sjoar, vattendrag,
kustvatten och vatten i 6vergangszon. En handbok ham kvalitetskrav i
ytvattenforekomster kan bestammas och féljas upmddok 2007:4. Utgava 1.

Needham, J. G. and Needham, P. R. 1&%/&uide to the study of Freshwater Biology.

Fifth edition. Holden-Day Inc., California.

Neiff, J. J., Poi de Neiff, A. S. G., Patino, C. B. and Basterra de Chiozzi, I. 2000.
Prediction of colonization by macrophytes in theciveta Reservoir of the Parana
River (Argentina and Paraguajiev. Bras. Biol.60(4): 1-19.

280



Nessimian, J. L. and Dumas, L. L. 2010. Descriptminthe immature stages of
Leptonema tridengInsecta: Trichoptera: Hydropsychidae) from soastern
Brazil with notes on its biologyoologig 27(3): 465-471.

Nethersole- Thompson, D. and Nethersole- Thomggbr2010.Waders: their breeding,

haunts and watcher# & C Black publishers Ltd., London.

Nieser, N. 2004. Guide to aquatic Heteroptera afg&bore and peninsular Malaysia iii.

Pleidae and Notonectidathe Raffles Bull. Zool52(1): 79-96.

Noss, R. E, Laroe, E. T. and Scott, J. M. 1995.dagdred ecosystems of the United
States: a preliminary assessment of loss and datgvad National Biological

Service, US Department of the Interior, Washingiog,

Nudds, T. D. 1983. Variation in richness, eveness @iversity in diving and dabbling

ducks guilts in prairie pothole habita@an. J. Zoal 61: 1547-1550.

Nudds, T. D. and Bowlby, J. N. 1984. Predator-migg relationships in North American

dabbling ducksCan. J. Zool.62: 2002-2008.

Nyffeler, M., Sterling,W. L. and Dean, D. A. 1994sectivorous activities of spiders in

United States field crops.Appl. Ent118: 113-128.

O’Connor J. S. 1972The benthic macrofauna of Moriches Bay, New YNew York,

Biol. Bull., 142: 84-102.

O’Leary, M., Rehm, G. and Schmitt, M. 2002. Undamsling nitrogen in soils.
University of Minnesota Extension. Retrieved on Bmber 4, 2011 from

http://www.extension.umn.edu/distribution/cropsyssédc3770.html

281



Odum, E. P. 1996. Fundamentals of ecolodyegition. Nataraj publishers, New Delhi

in arrangement with Harcourt Brace and Company, USA

Oertli, B., Joye, D. A., Castella, E., Juge, R.mba, D. and Lachavanne, J. B. 2002.
Does size matter? The relationship between pond arsl biodiversityBio.

Conserv, 104: 59-70.

Olde Venterink, H., Davidsson, H., Kiehl, T.E. ahdonardson, L. 2002. Impact of
drying and re-wetting on N, P and K dynamics inetland soil.Plant and Soill,

243: 119-130.

Olivieri, V. P. 1982. Bacterial Indicators of Pdilbn. In: Bacterial Indicators of
Pollution, W. O. Pipes (Ed.), CRC Press Inc. Florida. As cligdRosaset al.,

1985.Loc. Cit.

Ondina, P., Hermida J., Outeiro, A., Mato, S. 20B4lationships between terrestrial
gastropod distribution and soil properties in dali@NW Spain).Applied Soil

Ecology,26: 1-9.

Osborne, P. L. and Totme, R. G. 1994. Long-termaictp of sewage effluent disposal on
a tropical wetland. InWetlands sys. in water poll. contri@ds.) H. J. Bavor and

D. S. Mitchell.29(4): 111-117.

Padate, G. 2002. Ecological and faunal diversitydytof Jambughoda Wildlife

Sanctuary. Report submitted to TRC Gujarat Foregtaitment, Gandhinagar.

Padate, G., Deshkar, S. and Sapna, S. 2008. IcBuehNarmada Water Inundation on

the Duck Populations of Wadhwana Irrigation Resento: Proceedings of Taal

282



2007: The 12 World Lake Conferenc¢Eds.) Sengupta, M. and Dalwani, R. PP -

131-136.

Pandiyan, J. 200ZEcology of shorebirds in the tidal flats of Cauvelsitaic region of

Southern IndiaPh.D. Thesis, Bharathidasan University, Thiructpedfp, India.

Pandya, P. J. and Vachhrajani, K. D. 2010. Spdiatribution and Substratum
Preference of the Brachyuran Cradldacrophthalmus Depressu@ecapoda,
Ocypodidae) along the Lower Estuarine Mudflat ofnRiver, Gujarat, India.

Crustacean@83(9): 1055-1067.

Paracuellos, M. 2006, How can habitat selectioacafthe use of a wetland complex by

waterbirdsBiodiversity and Conservatioab: 4569-4582.

Parasharya B. M., Borad, C. K. and Rank, D. N. 2084Checklist of the birds of

Guijarat. Bird Conservation Society, Gujarat. Pp 26

Parikh, A. N. and Mankodi, P. C. 2009. Diversity foéshwater molluscs and their

anthropogenic significancBionano frontier 48-49.

Patil, J. V. 2011.Study of selected faunal biodiversity of Toranmadaa Toranmal
Reserve ForesPh.D. Thesis submitted to The Maharaja Sayajirawvéssity of

Baroda, Vadodara, Gujarat, India.

Patra, A., Santra, K. B. and Manna, C. K. 2010.natogical Studies Related to Physico-
Chemical Characteristics of Water of Santragachi doypur Jheel, W.B., India.

Our Nature 8:185-203.

283



Patterson, J. H. 1976. The role of environment&rogeneity in the regulation of duck

populationsJ. Wildlife Manag, 40: 22-32.

Peckarsky, B. L., Fraissinet, P. R., Penton, Ma#d Conklin Jr., D. J. 199Breshwater
Macroinvertebrates of Northeastern North Americornell University Press,

Ithaca, New York State.

Pennak, R. W. 197&resh-water invertebrates of the United Statsd edition. John

Wiley and Sons, New York City.

Pennak, R. W. 1989Fresh-Water Invertebrates of the United States:t®z0a to

Mollusca.Third edition. Wiley Interscience Publication, Gainia.

Pennak, R. W. 2004-resh water invertebrates of United States: Prowto Mollusca

4™ Ed. John Wiley and sons, New York, U.S.A.

Pérez-Hurtado, A., Goss-Custard, J. D. and Gacii997. The diet of wintering waders
in Cadiz Bay, southwest Spaiird Study 44: 45-52.
Perkins, E. J. 1974The biology of estuaries and coastal wateksademic Press Inc.

Ltd., London, 667 p.

Phillips, V. E. 1991. Pochar@ythya ferinause of chironomid-rich feeding habitat in

winter. Bird Study 38: 118-122.

Piersma, T1997. Do global patterns of habitat use and mignasitrategies co-evolve
with relative investments in immunocompetence doespatial variation in

parasite pressuré?kos80, 623—-631.

284



Pimm, S. L. and Raven, P. 2000. Extinction by nusih¢ature403: 843-845.

Pinheiro, M. H. O., Monteiro, R. and Cesar, O. 200 antamento fitossociologico da
floresta estacional semidecidual do Jardim Botamiimicipal de Bauru, Séo

Paulo.Naturalia, 27: 145-164.

Pinowska, A. 2002. Effects of snail grazing andrieat release on growth of the
macrophytes

Pir, Z., Tali, I., Mudgal, L. K. and Seddique, AQID. Distribution of Molluscans in
Narmada River, IndidResearcher2(10): 41-46.

Pomeroy, A. and Butler, R. W. 2005. Color infrapgtbtography is not a good predictor
of macro invertebrate abundance on Mudflats Use®&hgrebirds Waterbirds

28(1): 1-7.

Portner, H. O. and Farrell, A. P. 2008. Physiolagy climate chang&cience322: 690-

692.

Powell, G. V. N. 1987. Habitat use by wading birols a semitropical estuary:

implications of hydrographyAuk,104: 740-749.

Poysa, H. 1983. Morphology-mediated niche orgamnat a guild of dabbling ducks.
Ornis Scandinavicd4: 317-326.

Poznanska, M., Kobak, J., Wolnomiejski, N. and Kaka, T. 2009. Shallow-water
benthic macroinvertebrate community of the limnaetpof a lowland Polish dam

reservoir Limnologica 39: 163-176.

285



Prasad, S. N., Jaggi, A. K., Kaushik, P., Vijaylan,Muralidharan, S. and Vijayan, V. S.
2004. Inland wetlands of IndiaConservation Atlas Salim Ali Centre for
Ornithology and Natural History, Coimbatore. India.

Prasad, S. N., Ramachandra, T. V., Ahalya, N., Getag T., Kumar Alok, Tiwari, A. K.,
Vijayan, V. S. and Vijayan, L. 2002. Conservatiohweetlands of India — a
review. Tropical Ecology43(1): 173-186.

Preston, H. 1928 auna of British India, Molluscavolume 4.

Probert, P. K. 1984. Disturbance, sediment stgbiihd trophic structure of soft-bottom
communities.J. Mar. Res.42:893-921. As cited by Boaventurat. al, 1999.

Loc. Cit.

Puttick, G. M. 1984. Foraging and activity patterims wintering shorebirds. In:
Shorebirds: Migration and Foraging Behavio(Eds.) Burger, J. & Olla, B. L.

Plenum Press, New York, USA.

Quammen, M. L. 1982. Influence of subtle substdifferences on feeding by waders on
intertidal mudflatsMarine Biology,71: 339—-343.
Radea, C., Mylonas, M., 1992. Landsnails in theaoig horizon of a mediterranean

coniferous forestPedobiologia36: 187-192.

Rajyagore, S. B. Tripathy, S. 1979. Gujarat S@&zzeteers, Supplement to Bharuch
District. Director, Govt. Print., Stationery andiffinations (Ahmadabad).
Ramachandra, T. V., Kiran, R. and Ahalya, N. 20@atus, Conservation and

Management of WetlandAllied Publishers (P) Ltdindia.

286



Ramakrishna and Dey, A. 200Mandbook on Indian Freshwater Mollus@oological

Survey of India, Kolkata, India.

Ramamoorthy, K., Sankar, G. and Sakkaravarthi,(l22 Assessment of reef associated
biota in the Pirotan Island, Gulf of Kachchh, Gajaindia.European Journal of
Experimental Biology2(3):551-561.

Ramsar Convention, 2002. "Wetlands: water, lifed amlture” 8th Meeting of the
Conference of the Contracting Parties to the Cotweron Wetlands (Ramsar,
Iran, 1971) Valencia, Spain, 18 - 26 November 2002.

Rathod, J. Y. 2009Avifauna of urban area: Its significance and implions under
various human disturbanceBh.D. Thesis submitted to The Maharaja Sayajirao

University of Baroda, Vadodara, Gujarat, India.

Reddy, K. R. and Patrick, W. H. 1984. Nitrogen sfanmations and loss in flooded soils
and sediment<ritical Reviews in Environmental Contrdi3(4):273-309.
Richardson, C. J. and Marshall, P. E. 1986. Presessntrolling movement, storage, and

export of phosphorus in a fen peatlaBdol. Monogr, 56: 279-302.

Richardson, S. M., Hanson, J. M. and Locke, A. 20Bfects of impoundment and
water-level fluctuations on macrophyte and macreitebrate communities of a
dammed tidal riverAquat. Ecol. 36: 493-510. As cited by Poznanska al.,

2009.Loc. Cit.

Rippe, H. and Dierschke, V. 1997. Picking out thenpjobs: feeding ecology of curlews
Numenius arquatan a Baltic Sea wind flatMarine Ecology Progress Series,
159: 239-247.

287



Rizzo, D., Boser, S. M. and Swistock, B. 2009.AldF@&uide to Common Aquatic Plants
of Pennsylvania.Penn State’s College of AgricultiBaiences.University Park,
PA.

Robb, D. M. 1989. Diked and undiked freshwater tadamarshes of western lake Erie.

Master’s thesis. The Ohio State University, Colusmlhio.

Robinson, G. G. C., Gurney, S. E. and GoldsboroughG. 2000. Algae in prairie
wetlands. InPrairie wetland ecology(Eds.) H. R. Murkin, A. G. Van der Valk

and W. R. Clark. lowa State University Press, Ames.

Rodgers, W. A. 1991Techniques for wildlife census in India A field mah Wildlife

Institute of India, Dehradun, India.

Roelofs J. G. M. 1991. Inlet of alkaline river waieto peaty lowlands: effects on water

quality and Stratiotes aloides L. stands. Aquat. B®: 267-293.

Rosas, ., Mazari, M., Saavedra, J. and Baez, A9B5. Benthic organisms as indicators
of water quality in lake Patzcuaro, Mexicél/ater, Air and Soil Pollution25:

401-414.

Rosenberg, D. M. and Resh, V. H. 1988roduction to Freshwater Biomonitoring and
Benthic MacroinvertebratesChapman and Hall, York. As cited by Latha and

Thanga, 2010.oc. Cit.

Rotenberry, J. 1978. Components of avian diveralgng a multifactorial gradient.

Ecology 59: 693-699.

288



Rundle, W. D. 1982. A case for esophageal analgssho-rebird food studies. Field
Ornithol., 55: 249-257.

S.P.S.S. 2003. SPSS for Windows, Rel. 12.0.1. SRSSChicago, IL.

Salvesen, D. 199@Wetlands: mitigating and regulating developmentactp The Urban

Land Institute, Washington, DC, USA.

Sanders, M. D. 1999. Effect of changes in wateellean numbers of Black Stilts
(Himantopus novaezelandip@ising deltas of Lake Benmordlew Zealand J.

Zool, 26: 155-163.

Sanders, M.D& Maloney, R.F.1994.Enhancement of food supplies for black stilts by
manipulating wetland and stream substrdtae Restoration of Aquatic Habitats
(ed. K.J.Collien), pp. 7 18 Department of Conservation, Wellington, New
Zealand.

Sanders, M.D. 2000. Enhancing food supplies for essd inconsistent effect of
substratum manipulations on aquatic invertebrabenbss.J. App. Ecol. 37:66-
76.

Sanz A. 1986. Evolution des paramétres de structasepeuplements annélidiens des
fonds infralittoraux situés au large du bassin dsgahon, Cah. Biol. Mar.,

27:133-152. As cited by Boaventuet, al, 1999.Loc. Cit.

Saravanakumar, A., Rajkumar, M., Sesh Serebiahand. Thivakaran, G.A. 2008.
Seasonal variations in physico-chemical charatiesiof water, sediment and
soil texture in arid zone mangroves of Kachchh-@uijd. Environ. Biol, 29(5):

725-732.

289



SaravanakumarA., Sesh Serebiah, J., Thivakaran, G. A. and iRag, M. 2007.

Benthic macrofaunal assemblage in the arid zonegroaes of gulf of Kachchh-

Guijarat.J.Ocean Univ. Ching(3): 303-309.

Sarriquet, P. E., Bordenave, P. and Marmonier, .72 Effects of bottom sediment
restoration on interstitial habitat characteristmmsd benthic macroinvertebrate

assemblages in a headwater streliver research and application23: 815-828.
Schneider, D. 1983. The food and feeding of migyasborebirdsOceanus26: 38—43.

Schramm, Jr. H. L. and Jirka, K. J. 1989.EffectsAgliatic Macrophytes on Benthic
Macroinvertebrates in Two Florida Lak&surnal of Freshwater Ecology1): 1-
12.

Schroeder, L. D. 1973. A literature review on tloderof invertebrates in waterfowl
managementolo. Div. Wildl. Spec. Re29): 13.

Schulte, E. E. 2004. Understanding plant nutrier@sil and applied magnesium.
Produced by Cooperative Extension Publications,vélsity of Wisconsin-

Extension.

Sebastin, P. A. and Peter, K. V. 2008piders of India Universities Press/Orient

Blackswan.

Seike, Y. J., Kondo, K., Hashihitani, H., Okumuké, Fujinaga, K. and Date, Y. 1990.
Nitrogen metabolism in the brackish Lake Nakanolivh. Seasonal of nitrate

nitrogen.Japan J Limnal 51 (3): 137-147.

290



Seitzinger, S. P. 1994. Linkages between organicttemamineralization and
denitrification in eight riparian wetlandBiogeochemistry25: 19—-39. As cited by

Olde Venterinket. al, 2002.Loc. Cit.

Semlitsch, R. D. and Bodie, J. R. 1998. Are snmsdllated wetlands expendabl€®@ns.

Biol, 12:1129-1133.

Shah, D. N., Tachamo Shah, R. D. and Pradhan, BOK1. Diversity and Community
Assemblage of Littoral Zone Benthic Macroinvertébsa in Jagadishpur

ReservoirNepal J. Sci. Tecl2: 211-220.

Sharma S, Belsare DK (1997). Faunastic study ofreshmrds, fish and benthic

communities of shoreline areas of Sirpur lake HinEnv. Zool. 11: 125-128

Sharma, S., Kumar, V. and Tripathi, R. B. 2011.la8on of phosphate solubilizing

microorganism (PSMs) from soil. Microbiol. Biotech. Res1(2): 90-95.

Sharma. S.K (2006): Water quality assessment ofteB&iver using Benthic macro
invertebrates. Life science journal, 3 (4): pp7/@B-
Sharpley, A. N., McDowell, R. W. and Kleinman, P.A] 2001. Phosphorus loss from
land to water: integrating agricultural and envir@ntal managemenklant and

Soil, 237(2): 287-307.

Shrivastava, V.K.(1956). Benthic organisms of fueater fish tank. Currr. Sci. 25: 158-

159.

291



Shrivastava, V.K.(1959). Studies of freshwater drottfauna, Quantitative composition
and variation of the available food supply of &shProc. Nat. Acad. Sci. India
29: 207-216.

Siliwal, M., Molur, S. and Biswas, B. K. 2005. ladi Spiders (Arachnida:

Araneae):Updated Checklist 20@&os, Print Journal20(10): 1999-2049.

Silva, N. A. P., Frizzas, M. R. and Oliveira, C. B011. Seasonality in insect abundance
in the “Cerrado” of Goias State, Brafievista Brasileira de Entomologigs(1):

79-87.

Sinha, M. P. 1986. Limnobiotic study of trophictetaof a polluted fresh water reservoir

of coal field areaPoll. Res, 5:13-17.

Sivaramakrishnan, K. G., Hannaford, M. J. and R¥sh{. 1996. Biological assessment
of the Kaveri River catchment, South India, usirenthic macroinvertebrates:
applicability of water quality monitoring approash&eveloped in other countries.
Int. J. Ecol. and Environ. S¢R2: 113-132.

Skagen, S. K. and Oman, H. D. 1996. Dietary fld&ibof shore birds in the Western

HemisphereCanadian Field-Naturalist]110:419-444.

Slavick, A. 2007 A Beginner’'s Guide to Water Management Aquatic ®lam Florida
Lakes Information Circular 111. University of Florida#titute of Food and
Agricultural Sciences, Department of Fisheries Agdatic Sciences, University

of Florida.

Smith, I. M. and Cook, D. R. 199Water mites Ecology and classification of North

fresh invertebrates. Academic Press. San Diego.
292



Smith, K. and Mac Mahon, J. 1981. Bird communiaégmg a montane sere: community

structure and energeticéuk,98: 8-28.

Smith, M. E. and Kasterd. L. 1986.Feeding habits and dietary overlap of Naididae

(Oligochaeta) from a bog streahtydrobiologig 137(3): 193-201.

Smith, R. L. 1977Elements of ecology and field biolodgyarper and Raw. New York.

Smith, R.L., 1992Elements of Ecologyrd edn. Harper Collins Publishers Ltd., London.
Spangler, P. J., Staines, C. L., Spangler, P.M.S&tadhes, S.L. 200JA checklist of the
Limnichidae and the Lutrochidae (Coleoptera) of therld. Insecta Mundi.

15(3): 151-164.

Specchiulli, A., Renzi, M., Scirocco, T., Cilenti,, Florio, M., Breber, P., Focardi, S.,
and Bastianoni, S. 2010. Comparative study basesediment characteristics and
macrobenthic communities in two Italian lagoo&swviron Monit Assessl60:

237-256.

Spence, D. H. N. 1964. The macrophytic vegetatibnfreshwater lake. In:The
Vegetation of ScotlandEds.) Burnell, A. H., Oliver and Boyd. Edinburgind

London. Pp. 306-425.

Sporka, F., Vlek, H. E., Bulankova, E., Krno, 1.080 Influence of seasonal variation on

bioassessment of streams using macroinvertelstrobiologia 566:543 — 555.

Sreenivasan, A. 1970. Limnology of tropical impomahts: A comparative study of the

major reservoirs in Madras State (Indidydrobiol., 36(3-4): 443-469.

293



Stevenson, R.J. and Hauer, F.R. 2002. Integratyagolgeomorphic and index of biotic
integrity approaches for environmental assessmemtetdands.J. Am. Benthol.

Soc.,21: 502-513.

Stolt, M. H., Genthner, M. H., Daniels, W. L., Grao, V. A., Nagle, S. and Haering,
K.C. 2000. Comparison of soil and other environrakobnditions in constructed

and adjacent palustrine reference wetlaldstlands20(4): 671-683.

Subba Rao, N. V. 198%Handbook of Freshwater Molluscs of Indi#oological Survey

of India, Kolkata.

Subramanian, K. A. and Jaiswal, D. 2012. Faunacofystem of India- Freshwater. 1-
22. (Published by the Director, ZSl, Kolkata).
Sugunan, V. V. 1989. Limnological feature in BeBiotic factors. Bulletin Central

Inland Capture Fisheries Research Instit{uBarrackpore63: 128-135.

Sukumaran, S. and Jeeva, S. 2011. Angiosperm ftora wetlands of Kanyakumari
district, Tamilnadu, IndiaChecklist 7(4): 486-495.

Sulikowska-Drozd, A. and Horsak, M. 2007. Woodlaméllusc communities along
environmental gradients in the East CarpathiBidogia, Bratislava 62(2): 201-

209.

Sutherland, W. J. and Hill, D. A. 1998lanaging Habitats for Conservatio@ambridge
University Press: Cambridge.

Swanson, G. A. and Meyer, M. |. 1973. The rolervertebrates in the feeding ecology
of Anatinae during the breeding season. Pages &83Ptoc. Waterfowl Habitat

Manage. SympMoncton, N.B.
294



Tagliapietra, D. and Sigovini, M. 2010. Benthic rfiau collection and identification of
macrobenthic invertebrates. NEAR Curriculum in Naku Environmental

ScienceTerre et Environnemens8: 253-261.

Takekawa, J. Y., Miles, A. K., Schoellhamer, D. Athearn, N. D., Saiki, M. K., Duffy,
W. D., Kleinschmidt, S., Shellen-barger, G. G., almhnusch, C. A. 2006.
Trophic structure and avian communities acrosdinityagradient in evaporation
ponds of the San Francisco Bay estublydrobiologig 567: 307-327.

Taylor, D. M., Trost, C. H. and Jamison, B. 199buAdance and chronology of migrant

shorebirds in IdahdNestern Birds23: 49-78.

Tessier C., Cattaneo A., Pinel-Alloul B., Galanti, ®lorabito G. 2004. Biomass,
composition and size structure of invertebrate comties associated to different
types of aquatic vegetation during summer in Lag@ahdia (Italy).J. Limnol,
63: 190-198.

Thompson, J. R. and Finlayson, C. M. 2001. Freskwatetlands. In:Habitat
Conservation: Managing the Physical Environme(Eds). Warren, A. and

French, J.R. John Wiley, Chichester.

Thrush, S. F. 1999. Complex role of predators incstiring soft-sediment macrobenthic
communities: implications of changes in spatiallesdar experimental studies.

Australian Journal of Ecology4:344-354.

Timm, T., Seire, A. and Pall, P. 2001. Half a ceytof oligochaete research in Estonian

running watersHydrobiologia 463: 223-234.

295



Timms, B. V. 1970. Chemical and zooplankton studielentic habitats in North Eastern

New South WalesAust. J. Mar. Wat. Re1: 11-33.

Tiner, R. W. 1984 Wetlands of the United States. Current status sswemt trends.
National Wetlands InventoryJ.S. Fish and Wildlife Service, Washington, DC,

USA.

Tolonen, K. T., Hamalainen, H., Holopainen, I. Klarjalainen, J. 2001. Influences of
habitat type and environmental variables on littonmacroinvertebrate

communities in a large lake systefirch. Hydrobiol, 152: 39—-67.

Trivedy, R. K. and Goel, P. K. 198€hemical and biological methods for water

pollution studiesEnvironmental publications, Karad, India.

Tsipoura, N. and Burger, J. 1999. Shorebird diginduspring migration stopover on
Delaware BayCondor, 101: 635-644.

Tudorancea, C., Green, R. H. and Huebner, J. 19{fQ@cture, dynamics and production
of the benthic fauna in lake Manitolddydrobiologia,64(1): 59-95.

U.S EPA 2000. Ambient Aquatic Life Water Qualityit€ria for Dissolved Oxygen
(Saltwater):Cape Cod to Cape Hatteréschnical manuallJ.S. Environmental

Protection Agency, Office of Water, Washington, D.C

Updegraff, K., Pastor, J., Bridgham, S. D. and 3tdm C. A. 1995. Environmental and
substrate controls over carbon and nitrogen mirzatadn in northern wetlands.

Ecological Applications5(1):151-163.

296



US EPA 2001.Methods for collection, storage and manipulation sefdiments for
chemical and toxicological analysis: Technical mah&EPA 823-B-01-002. U.S.

Environmental Protection Agency, Office of Waterasiington, D.C.

Van den Brink, F.W.B., Maenen, M.M. J., Van der 8&l G. and Vaatebij de, A. 1991.
The (semi-) aquatic vegetation of still waters witlloodplains of the rivers
Rhine and Meuse in The Netherlands: historical ghanand the role of

inundation.Ver. Internat. Verein. Limnol24: 2693-2699. (From Lacould and

freedman)

Van der Valk, A. G. 1989Northern Prairie Wetlandslowa State University Press,
Ames, lowa.

Vazirani, T. G. 1977. Catalogue of Oriental Dystae.Records of the Zoological Survey

of India, Occassional Pape8: ii+111 pp.

Velasquez, C. R. 1992. Managing artificial saltpassa waterbird habitat: species’

responses to water level manipulati@olonial Waterbirds15: 43-55.

Verma, N., Mishra, D. D. and Dixit, S. 2006. Effeeness of aeration units in improving

water quality of Buer lake, Bhopa, Indiasian J. Exp. Sci20(1): 87-95.

Vermaat, J.E., Santamaria L., Roos P.J. 2000. Wateracross and sediment trapping in
submerged macrophytes beds of contrasting growth.farch. Hydrobiol, 148:
549-562.

Vestergaard, O. and Sand-Jensen, K. 2000. Aquatcaphyte richness in Danish lakes
in relation to alkalinity, transparency, and lakeaCan. J. Fish. Aquat. S¢b7:

2022-2031.

297



Vickery, J. A. 1991. Breeding density of Dippersn@u<inclus, Gray Wagtails
Motacillacinerea and Common Sandpip&ctitishypolencosn relation to the
acidity of streams in south-west Scotlaridis, 133: 178-185.

Viets, K. H. 1955. Uber die Wassermilben-GattungoAopsalbia (Hydrachnellae,

Acari). Zoologischer Anzeigefl55: 34-36.

Vitousek, P. M., Mooney, H. A., Lubchenco, J. anilelillo, J. M. 1997. Human

Domination of Earth's Ecosysten®cience277: 494-499.

Walujkar, A. G. 2005Hydrobiological studies of Dam water from Pathaidistrict:
Ahmednagar (M. S.)A Ph.D thesis submitted to Dr. Babasaheb Ambedkar

Marathwada University, Aurangabad, India.

Wang, D. Q., Chen, Z. L, Xu, S. Y., Da, L. J., B, J. and Wang, J. 2007.
Denitrification in tidal flat sediment, Yangtze Haty.Science in China Series B-
Chemistry 50(6):812-820.

Watson, A. M. and Ormerod, S. J. 2004. The distaouof three uncommon freshwater
gastropods in the drainage ditches of British grgzmarshes.Biological

Conservation118:455-466.

Wenner, E. L. and Beatty, H. R. 1988. Macrobent@ammunities from Wetland
Impoundments and Adjacent Open Marsh Habitats utlfSQarolinaEstuaries

11: 29-44.

Wetzel, R. G. 1973.imnology.W.B. Saunders Company, Philadelphia.
Wetzel, R.G. 2001Limnology of Lake and River Ecosystermbird Edition. Academic

Press, San Diego, CA. 1006 pp.
298



Wilhm, J. L. 1975. Biological Indicators of Pollati. In: River Ecology.(Ed.) B. A.

Witton, Blackwell Scientific Publ. Osney Mead, Osdo

Wilson, W. H., 1991. The foraging ecology of mignat shorebirds in marine soft-
sediment communities: the effects of episodic piedaon prey populations.

American Zoologist34:840-848.

Williams, D. D. 1997. Temporary ponds and theirertebrate communitiesAquatic
Conservation: Marine and Freshwater Ecosysternd05-117.

Wilson, E. O. and Hdlldobler, B. 2005. "The rise thie ants: A phylogenetic and
ecological explanation'Proceedings of the National Academy of Scient@3,

(21): 7411-7414.

Wood, P. J., Greenwood, M. T. & Agnew, M. D. 20Gsh® biodiversity and habitat loss

in the UK. Area 35: 206-216.

Wrona, F., Prowse, T., Reist, J., Hobbie, J., Ledue, L. and Warwick F. 2006. Climate
Change Effects on Aquatic Biota, Ecosystem Strecturd FunctionAmbio, 35:

7-14.

Xu, F., Tao, S., Dawson. R. W. and Xu, Z. R. 200Be distribution and effects of
nutrients in the sediments of a shallow eutrophiin€se lake Hydrobiology,

429: 85-93.

Yates, M. G., Goss-Custard, J. D., McGrorty, SkHami, K. H., Durell, S. E. A. L. V.

D., Clarke, R. T., Rispin, W. E., Moy, |, Yates,, Plant, R. A. and Frost, A. J.

299



1993. Sediment characteristics, invertebrate dessand shorebird densities on

the inner banks of the Wash.App. Ecol.30: 599-614.

Younos, T. 2007Nutrient in lakes and reservoirs-A literature rewi¢or use in nutrient
criteria developmentSpecial Report. Virginia Water Resources Rese@ettter,
Virginia Tech.

Ysebaert, T., Herman, P. M. J., Meire, P., Craeysuée J., Verbeek, H., Heip, C. H. R.
2003. Large-scale spatial patterns in estuariesuaggse macrobenthic
communities in the Schelde estuary, NW Eurdpst.,, Coast. and Shelf Sci.

57:335-355.

Zhao, D., Lv, M., Jiang, H., Cai, Y., Xu, D. and AB. 2013. Spatio-Temporal Variability
of Aquatic Vegetation in Taihu Lake over the Pa@tY3:ars.PLoS ONE 8(6):
€66365.

Zinabu, G-M. 2002. The effects of wet and dry seasan concentrations of solutes and
phytoplankton biomass in seven Ethiopian rift-waliegkes Limnologica 32: 169-

179.

Zwarts, L. 1997. Introduction. InWaders and their Estuarine Food Supplies

Directoraat-Generaal Rijkswaterstaat (Ed.). Vantoeeand 60, Lelystad.

Zwarts, L. and Wanink, J. 1984. How oystercatclard curlews successively deplete
clams. In:Coastal waders and wildfowl in winte(Eds.) Evans, P. R., Goss-

Custard, J. D. and Hale, W. G. Cambridge UniveBigss, New York.

300



