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Chapter-1
INTRODUCTION

Water is one of the most common, yet the mostigusc resource on
earth. Due to tremendous development of industy agriculture, the aquatic
ecosystems have become perceptibly altered andchstlsey are exposed to all
local disturbances regardless of where they océantgkesan, 2007). The health
of the lake ecosystems and their biological divgrare directly related to health
of almost every component of the ecosystem (Rarateahy 2007).

Aquatic habitats are known to support an extra@agi array of species,
which is one of the most characteristic of the @iguecosystem for maintaining
its stability and resilience. The macro-invertebsahave been found as the most
common faunal assemblage for bio-assessment andideranost reliable
information of long term ecological changes in thelity of aquatic ecosystems
changing (Sing and Sharma, 2014). The macro-becthmumunity was found to
be influenced by the type of substrate, the organatter, the abundance of
macrophytes as well as the concentration of caldi@adri and Yousuf, 2004).
Macro-invertebrate distribution and community isosgly depend on the
composition and structure of vegetation and aregeised as an essential food
source for fish and amphibian in aquatic systenkii€gmayun and Gupta, 2011).
Among the various biological indicators (such agal Periphyton, macrophytes,
benthic-invertebrates and fish), benthic macro4itel@ates are the most
commonly used biotic assemblages across the wBddgnberg and Resh, 1993;
Resh, 2008).

Benthic communities are integral part of an aquatosystem as they
form a major portion of the total biota in bothitoand lentic ecosystems. They
carry on many functions by acting as grazers, ctuls, shredders or predators
within a stream(Wallace and Webster, 1996, Lobinstteal., 1997 and Pearson,

2006). Benthic macro-invertebrates spend at legsraof their lifecycle at the



bottom substrate in water bodies (Pamptial, 2006). The assemblage includes a
wide range of organisms like polychaeta and oligeth (Annelida), bivalves and
gastropods (Mollusca), and crustaceans and ing&thropoda), which form
different levels of the food web in aquatic ecosgst(Tagliapietra and Marco,
2010). The distribution of macrozoobenthos is |prgegulated by local habitat
and regional variables in addition to the environtakfactors (Johnson, 2003;
Margaretet al., 2005 and Zenke£009).

In an aquatic ecosystem the life of aquatic bistalosely dependent on
the physical, chemical, and biological characterist water that directly act as a
controlling factor (Yagoob and Pandit, 2009). Tlassthe abundance of benthic
fauna mainly depends on the physical and chemicgdgrties of the substratum,
the benthic communities are known to respond toctenges in the quality of

water.

The benthic macro-invertebrates are associated Witttom that are
retained by a sieve or mesh with pore size 0.24#0r5 which includes a
heterogeneous assemblages of organisms belongiusgitws phyla. The benthos
occupies an important position in the lake ecosysteerving as a link between
primary producers, decomposers, and higher trofgvels (Pandit, 1980). The
importance of macro-invertebrate as bio-assessnuahtis widely recognised
because of their limited mobility, comparativelyngplife cycle and differential
sensitivity to pollution of various types. The Hbantinvertebrates make ideal

subject for biological assessment of water quéktynes, 1970).

In general, phylum annelids are elongated, bild{ersymmetrical and
highly organised animals, in which the organs hgnaeiped into definite system.
Appearance of metamerism represents their greatbsincement, so they are
called segmented worms. Mostly they are aquatimesterrestrial, borrowing or
tubicolous and some commensal and parasitic. Theydawed into four main
classes Polychaeta (bristleworms), Oligochaetathi@arms and relatives),

Archiannelida (Cray fish and ectosymbionts) anduHlinea (leeches), primarily



on the basis of the presence or absence of pammetae, metameres, and other
morphological features. A total of 8700 known spscare present in marine,
fresh water and terrestrial environment. Among ther classes of Annelida,
Polychaeta are marine and carnivores (examplereis, Arenicola, etc),
Oligochaeta are freshwater and terrestrial (exanpbleretima, tubifix, lumbricus
etc), Archiannellida are exclusively marine (exampbolygordius, nerilla,
protodrillus, Dinophilus) and hirudinea are fresh water and few are marine

(example, leech) (Kotpal, 2016).

Oligochaetes have a worldwide distribution, beinggtiently the most
abundant benthic organism in fresh water ecosystemany species are
cosmopolitan (Brinkhurst and Jamieson, 1971). They used in biodiversity
studies, pollution surveys, and environmental assest and have also economic
importance (Mason, 1996; Wetzetl al., 2000). In the muddy bottoms of lakes,
oligochaete is generally one of the dominant coreptsof the macro benthos, as
is chironomid larvae. Oligochaeta, especially thiificidae, has its capacity of
increase in number with increasing organic mategrlacing other benthic macro-
invertebrates (Schenkora and Helesic, 2006). Adegreb Jumppanen (1996) the
first signs of Eutrophication and pollution in &daare reflected in the benthic
flora and fauna as the suspended waste immediaiak/ to the bottom to

decompose and thus cause a change in benthic atnenda
Description of study area

The Anchar lake is a shallow basined lake witlvifitile origin, situated
near Soura 14 km to the north-west of Srinagaratitgn altitude of 1585 ms| and
lies within the geographical coordinates of-2@ to 34-26' N latitude and 7%
82 to 74-85 E longitude in a semi urban conditions (Angkeal., 2012) The
lake is sprawled over an area along east sideind@ar to Gandarbal road. The
Anchar lake is considered an example of ecologicsitk lake, mostly infested
with weeds. On the eastern bank major portion ofpperal areas has been

encroached by the local population. They havedillelarge area within the lake



and changed into vegetable gardens. The lake iisgée dasined, open drainage
type water body fed by Sind nallah and numerouslischannels. Anchar lake
also receives water from Dal Lake through a chamaghed Amir Khan via
Khushalsar lake which in turn connected with thge¢n lake. The lake is also
fed by the springs in and along the periphery. arra number of channels from
agriculture fields, effluents from settlements anaface runoff from catchment
area, directly drain into it throughout the yeaneTake outfalls into river Jhelum
at Sangam on its north east direction. The lakeican area of 680 hectares half

of which has now become marshland (Fig. 1).

The progressive increase in phosphorus and nitregetent of Anchar
lake through inflow of wastewaters and anthropogeaiivity in the catchement
and within the lake has been found to be the maliprit in changing the trophic
status of this water body (Abubadtral., 2014).

Lot of researches has been carried out on Anclia ¢a water quality
assessment, phytoplankton, zooplankton, fish anctor@enthos. However, after
reviewing the literature it was observed that thgridbution of benthic macro-
invertebrate especially Annelida (oligochaeta) @lation to water quality is
missing. Therefore, the present study was undert&kdénow the distribution of

Oligochaeta in Anchar lake and their relationshighwvater quality parameters.
The objectives of the present study were:

1. To study the water quality parameters of Ancharelakhe following

physico-chemical parameters were assessed dueréisent study.
* Air temperature
* Water temperature
* Depth
* Transparency

[] pH
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Dissolved oxygen

*  Free carbon dioxide
*  Total alkalinity

* Nitrate nitrogen

¢ Ammonical nitrogen

Orthophosphate, and

Total phosphorus
2. To study the distribution of Annelida (oligochaeta)

3. To study the relationship between water quality asaturrence of

Annelida (oligochata)



Chapter-2
REVIEW OF LITERATURE

2.1 Work done Abroad

Research has been carried on Annelids as eady 4809 by Michaelsen.
Some of the noteworthy contributors in this fielé &y Haydon (1922), Asahina
(1943), Naidu (1964), Harman (1966), Brinkhurst 719 Milbrink (1973),
Milbrink (1980), Lang (1984), Says (1999), Sam (@QOReddy (2001), Yap
(2003), Othata (2006), Yap (2006), Arimoro (200®)artins (2008), Elepet
(2010), Tas (2011), Mereta (2013), Masood (201@gadhaghighi (2015).

Sam (2000) studied earthworm Annelida (oligochaefahe Columbia
river. He reported that the earthworms are thedayiponent of many terrestrial
ecosystems. According to the author, three mainogmal types of earthworm
found in the basin assessment area are epigei@Q-g&id. Each type has a
different life history pattern, resource and ecaaf function requirement. He
also showed the key ecological function of earthwar relation to the ecological
types and habitats.

Capraz and Arslan (2005) studied the Annelida ¢aliaeta) fauna of
Aksu stream. During the study 17 species of Oligaeth were recorded consisting
of 7 species from the family Tubificidae and 10 @pe from Nadidae. All of
them were reported from the stream first time. Hpecies with the widest
distribution among Oligochaeta wergifix Tubifix, Limnodrilus Limnodrilus.

Arslan (2006) studied the litoral fauna of Annalighligochaetes) of lake
Eqirdir (Isparta). He identified, 22 species belketigo 15 genera, consisting of 1
species from family haplotoxidae, 9 species frohifitidae and 11 species from
family Nadidae. The litoral fauna of Oligochaetalake Egirdir was dominated
by tubificid and naided taxa. The result of thisidst indicated that species
richness and diversity of litoral fauna of oligoekes were low but number of

individuals high among the vegetation.

Le]



Yap et al. (2006) studied the influence of physico-chemicalapzeters
on the distribution of oligochaeteds finodrilus sp.) at the polluted downstream
of Langat river, Malaysia. The result of this studgicated that théimnodrilus
sp. was more tolerant to pollution, and therefahey were good indicator of

polluted ecosystem since they are found in the p@ber quality of the river.

Kenny et al. (2009) studied that macro-invertebrate, as bioklgic
indicator of stream water quality. According to himacro-invertebrates can be
utilized to identify impaired water, determine atjcdife stressors, set pollutant

load reduction, and indicate improvement.

Elipet et al. (2010) while analysing the benthic macro-invertédsan
relation to environmental variables of lake Galayttiound 49 zoobenthic taxa
which were grouped as oligochaeta, chironomidad,vamia, comprised of 1628
Ind/n? on average were recognised in the sampling sgtibthe lake and found
that chironomid comprising 54% followed by oligoeles 34% and varia 9%.
The result of the study showed that large number pofiution tolerant
oligochaetes and chironomids are often indicator pafor water quality

(characterised by low dissolved oxygen and highi@ntt concentration).

Taset al. (2011) studied the dynamics of oligochaete faun&aalidre
stream (Turkey) with relation to environmental ast During the study a total of
14 species and immature tubificidae with hair setege determined such as
Tubifex tubifex, Lemnodrilus hoffmeisteri, Chaetogaster diaphanas etc. Among
the 14 specieC. diaphanas, N. Barbata, N. bretscheri, O. Serpentine, S
Appendiculata, and P. longiseta, were new records. It was also found that the
number of oligochaeta were 9139 Ind/mn an average and they also observed
that oligochaeta species shows positive correlatrdh pH. Total hardness and

organic matter.

Dalu et al. (2012) investigated macro-invertebrate communities

understand factors and processes structuring miaeeotebrate communities in a



small reservoir. In total 42 macro-invertebrate if@a belonging to 10 orders
were identified amongst macrophyte species andnssds, and showed that
hydrological linked parameters such as conductivitater level and macrophyte

cover had the strongest influence on macro-inveateldistribution.

Diomandeet al. (2013) studied the spatial distribution and suetof
benthic macro-invertebrates in Taabo lake, andrdexb29 taxa belonging to 17
families, 7 orders, and 3 classes. A total of 40#Bviduals were collected, of
which insect have highest percentage compositiod.2(36), followed by
Gastropoda (36.15%) and Oligochaeta (10.64%).

Hirabayashiet al. (2014) while studied bathymetric distribution of
aquatic oligochaetes in mesotropic lake Kizaki,tiz@nJapan. They identified a
total of 5 genera and 7 species belonging to thudéamilies: i.e. 1 (Naidinae), 2
(Rhyacodrilinae) and 4 (Tubificinae). Dominant gpsavastubifex tubifex. They
also suggest that a decrease in dissolved oxygecentration of bottom water
was due to an increase in organic matter contetiteoediment. As a result,

Tubifex could expand their habitat in the profundal zone.

Nazarhaghighiet al. (2015) studied the first record dfimnodrilus
claparedeianus from Anzali wetland Iran. The result showed thatnodrilus
claparedeianus among 13 stations in wetland revealed significaffer@nce in
west stations. He also showed that the correlaioalysis did not exhibit any
relation between abundance bimnodrilus claparedeianus and total organic
matter, abundance of species and percentage of siibstrate sediment.

2.2 Work done in India

Research in India has been carried on Annelidsadyg as Gates (1951).
Some of the noteworthy contributors in this fielek &y Day (1967), Patnaik
(1971), Gupta (1976), Mishra (1985), Sundar (19&%yeenthiranath (1990),
Sinha (1993), Sunil (1995), Kumar (2001), Naseer(2004), Kumar (2006)
Pavithran (2009), Sing (2009), Patra (2010), Chawg{2013), Kumar (2013),



Thilagavathi (2013), Prashantha (2014), Sharma 4R08ing (2014), Antal
(2015), Sharma (2015).

Nasemannet al. (2004) recorded 39 aquatic annelids (Polychaeta,
Oligochaeta, Hirudinea) from Bihar streams, beloggio 10 families. They
include 2 species of Polychaetes, 27 oligochaetesl 10 Leeches. 2 nadid
speciesNais bretscheri andPristina acuminata, are found for the first time from

Indian subcontinent.

Sing et al. (2009) recorded fresh water oligochaetes, whicloroes the
presence of 102 species of freshwater oligochdetksging to 17 genera and 4
families. Besides this, a brief description of thgiobal and Indian distribution
has also been made along with their ecology, maogfycof typical oligochaetes
methods of their collection and preparation forot@mic study has also been

given.

Patra et al. (2012) worked on seasonal abundance and population
fluctuation of the macro-invertebrate communityatetl to macrophytes in the
Santragachi lake, West Bengal. A total of 29 smeofeaquatic macrophytes were
recorded and then categorized into 6 groups. Mexrertebrate fauna associated
with macrophytes revealed a total of 69 macro-itelmate species represented in
this lake. Crustaceans, Insects and Gastropodtharemost dominant groups in

the jheel in terms of abundance.

Chowdhary et al. (2013) studied macro-benthic invertebrates in the
longitudinal profile of a river (Tawi), originatindrom Shivalik hills. They
observed great variation in the distribution of noalsenthic invertebrate fauna in
the upstream and downstream sections. Analyticalysof river Tawi, revealed
the presence of 52 taxa predominantly belongirghtylum Annelida, Arthropoda
and Mollusca. Amongst Phylum Arthropoda dominatemthbqualitative and
quantitative dominance over the other two phylasttgam sections of the River

were found to be pristine or nearly pristine inunatwhereas downstream sections
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were observed to be highly polluted. Ephemeroptgraplecopterans and
Trichopterans which are commonly known as polluteensitive species were
found to be numerically abundant in the upstreasti@es and recorded to be
totally absent in the downstream sections. On tiherohand pollution tolerant
species of order Coleoptera, Odonata, Dipterachass$ Oligochaeta were present
in greater number in the downstream sections. Nugalerabundance of
Chironomous sps. andlubifex sps. throughout the experimental period reflected

the anthropogenic stresses of the River in its dtn@am sections.

Kumar and Khan (2013) studied the distribution aneersity of benthic
macro-invertebrate fauna in Pondicherry, India. spgcies of benthic macro-
invertebrate fauna were identified. Macrofauna waeenly composed of deposit
feeders, dominated numerically by molluscs and taogmns. The pollution
indicator organismgCassidula nucleus, Melampus ceylonicus, Sphaerassiminea
minuta were found and benthic macro-invertebrate faunandances were
inversely related to salinity. It was found thaintbtéc communities are highly
affected by all the environmental parameters gawmgrrthe distribution and

diversity variation of the macro-faunal community.

Sharmeet al. (2014) studied diversity of eartworms in transgdmabitat
of Haryana and found 9 taxa of earthworms, suchMasaphire posthuma,
Drawidane palensis, etc belonging to 6 genera and 3 families wererded in the
study area constituting 2.15% of total indian eadim fauna. 156 species were
recorded in esturarine ecosystem (102 polychag@ebivalves, 11 gastropods, 24
amphipods, 6 isopods and 3 crustacea), 252 spe@es recorded in riverine
ecosystem (151 polychaetes, 12 bivalves, 16 gasispp53 amphipods, 16
isopods and 4 cumacea) and 163 species were recandesland mangrove
ecosystem (105 polychaetes, 10 bivalves, 16 gasisy21 amphipods, 9 isopods
and 2 cumacea). Among the three ecosystems, adfof8l2 benthic macrofauna
consisting of 188 species of polychaetes, 12 speafiebivalves, 17 species of

gastropods, 55 species of amphipods, 16 speciesopbds and 4 species of



crustacea were recorded. However, there were obwuiliiflerences among the
community structures in the three mangrove habitss result implied that the
different mangrove ecosystem had different effects the macrofauna
communities and shed light on the macrofauna atlaptaapability to specific
habitats.

Sing et al. (2014), observed that the macroinvertebrates laeentost
common faunal assemblage for bioassessment andidprawmore reliable
assessment of long term ecological change in thaditguof aquatic system
compared to its rapidly changing physico-chemidadracteristics. This rview
highlights very strong evedence that distributioh roacro-invertebrates is
governed by numerous physical, chemical, and bicébgactors which were
taken in any study of macro-invertebrates and falsnd that the number, density,
diversity, and activities of macro-invertebratee atepend on the substrate,

temperature, disolved oxygen and water velocity.

Antal et al. (2015) studied the sediment characterization aflateopical
pond of Birpur, Jammu (J&K) in relation to its madsenthic and bacterial fauna
and analysed that macro-benthic invertebrates dhothhe presence of three
species of phylum annelida belonging to the clabgoChaeta Tubifex tubifex,
Branchiura sp, Dero digitata), six species of phylum Arthropoda belonging to
two orders, DipteraGhironomus chironomus, Chironomous pupad2entaneura
sp., Culicodes sp., Tabanus sp.) and ColeopteraBérosus sp, Paracymus sp,
Hydroglyphus sp. And Canthydrus sp.) and three species of phylum Mollusca
belonging to three families Thiarida®l€lanoides tuberculata), Physidae Physa
sp.) and Planorbida&yralus sp.).In the present study presence of some macro-
benthic invertebrates such a€hironomus chironomous, Tubifex tubifex etc.

interfers the water quality and water is gettingyied.

Sharmaet al. (2015) studied the diversity of zooplankton and roac
benthic invertebrate of two perennial ponds in Jamegion. An ecological study

was carried out so that to study diversity of zaogton and macrobenthic



invertebrates in two parrinial ponds (Jakh andipitinds). In all 29 species of
zooplankton were identified from Dilli pond and 2f¢ecies from Jakh pond.
Among the macro-invertebrates 23 species were ifaehfrom dilli pond out of

which 9 species belong to annelida, 12 speciesttoopoda and 3 species to
mollusca whereas, only 13 species, were recoradeth Jakh pond out, of which
2 species belong to annelida, 8 species to artdepnd 3 species to mollusca.
Overall assessment indicates that during the igash class arthropoda was

domonant among all.
2.3  Work done in Kashmir

In the state of jammu & kashmir contributers ois theld are Sharma
(1974), Pandit (1980), Balkhi (1987), Balkhi (1998)abib (2012), Mir (2002),
Mir (2003), Qadri (2004), Mahdi (2005), YaqoobO(®), Sharma (2011),
Yousuf (2006), Yagoob (2007), Bhat (2011), Ahan@012), Jeelani (2012),
Abida (2012), Mehraj (2013), Bhat (2014),Ganie @Q1Hassan (2014), Rafia
(2014), Rashid (2014), Habib (2014), Rashid (2015).

Pandit (1980) studied biotic factor and food chstiructure in some in
some typical wetland of kashmir and found thatlibethos occupies an important
position in the lake eosystem, serving as a linkwben primary producers,

decomposers and higher trophic levels.

Balkhi et al. (1987) studied the hydrobiology of Anchar Lake sKinir
and reported a bimodal pattern in the seasonaltudion of zooplankton
population, recording the primary peak in summeantifBra was the most
dominant group both quantitatively and qualitatyvelThey opined that the
dominance of Rotifera might be due to their smake&re as compared to

crustacean plankters, thereby avoiding predatiofishgs and other carnivores.

Balkhi and Yousuf (1992) while working on 100 wabedies belonging
to nine different categories of Kashmir, observdadghér values of species

diversity for Rotifera as compared to that of Cleela and Copepoda.



Mir and Yousuf (2002) recorded 13 taxa of macrothenorganisms
belonging to Annelida, Mollusca, and Arthropodaridg the yearlong study in
Dal lake, Kashmir. A marked variation were foundtie special distribution of
various taxa, which was influenced by the textur¢he sediment as well as by

macrophytic community structure.

Qadri and Yousuf (2004) while studying that the legp of
macrozoobenthos in Nigeen lake, recorded that theromoobenthic community
was found to be influenced by the type of substrte organic matter, the
abundance of macrophytes as well as the concemtrati calcium. Annelids
formed the most dominant group including two oligaetes i.eTubifex tubifex

andBranchiura sowerbyi.

Dar et al. (2010) studied the Ecological distribution of Mamwobenthos
in Hokera wetland of Kashmir according to the authmacro-invertebrate
community respond to the environmental changesaaadiseful in assessing the
impact of wastes on surface waters. Four typesaof@mental change, patterns
of Macrozoobenthic community structure changes Haen documented, these
are, increased inorganic micronutrients, increasgdanic load, substrate
alteration and toxic chemical pollution. Althougheav species of Annelida were
found to be dominant in terms of taxa and abundariceollection, Mollusca
however, were poorly represented. Insecta, althotggitesented by 1 texan

namelyChironomous sp., was abundant throughout the study period.

Bhat et al. (2011) studied the ecological distribution of macro
invertebrate assemblage in river Sindh and itsutaity including Baltal,
Yashmarg, Sonamarg and Thajwas. A total of 33 tdxaacro-invertebrate were
recorded belonging to Mollusca (3), Annelida (13l érthropoda (29). The study
also revealed that the substrate composition ddedniay gravel, pebble, and leaf
litters are primary determinants of the invertebre@mmunity structure recording

maximum species diversity and abundance.



Ahangaret al. (2012) studied the crustacean community in Anché&e |
under certain environmental factors The Crustadeana was represented by 11
species. The group showed maximum numerical suugeglwarm periods and
minimum in colder periods. The species diversitysveamposed oflaphnidae
followed by Bosminidae, Moinidae andMacrothricidae in decreasing order. The
population dynamics was mainly influenced by walevrel fluctuations and

macrophytic density.

Bhatet al. (2012) studied the macro-invertebrate communitpeason
on three macrophytic species nameGeratophyllum demersum, Hydrilla
verticillata and Potamogeton lucens in Manasbal Lake. A total of 15 macro-
invertebrate taxa were reported from these mactaplspecies belonging to 3
phyla including Annelida, Mollusca and ArthropodArthropoda was the
dominant phyla comprising of class insecta, cresiagnd arachinida. Annelida
was the second dominant phyla represented by 2sedasirudinea and
oligochaeta. Mollusca were only represented by liemi lymnaeidae and

planorbidae.

Jeelani and Kaur (2012). Studied the ecologicallymchar lake. They
showed that the water temperature in general stlppuwsual seasonal trend with
maximum values in summer and minimum values in avinThe pH values
indicate that the water is well buffered. Qualitatiand quantitative analysis of
zoobenthic invertebrate fauna revealed three groups Annelida (5.5%),
Crustacea (16.6%) and Insecta (77.0%)ylum annelida was represented by a
single taxon, Placobdella sp. (Hirudinea) while class crustacean included
Gammarus sp (Amphipoda) and class Insecta was representetdthya namely
Senonema sp (Ephemeroptera)Enallagma sp. (Odonata),Chironomus sp.
(Diptera) andMicropsectra sp. (Diptera) thereby showing the dominance ofanse

fauna.

Syedet al. (2012) studied the macrozoobenthic community aogical
indicators of pollution in river Jhelum, Kashmir. fotal of 21 species of



macrozoobenthos were recorded during the periodoretent investigation.
Arthropoda was the dominant group, comprising lécegs, followed by Annelids
with 3 and Mollusca with 3 species. This study doded that the presence of
some pollution indicator species such Bsifex sp, Limnodrilus sp., among
Annelida, Chironomous sp. and Gammarus pulex among Arhropodal,.ymnea sp.
and Corbicula sp. among Mollusca directly points to the shiftisigitus of the

river from non-polluted to polluted.

Habib and Yousuf (2012) studied the distributionnodcro-invertebrate
assemblages in two streams, Doodganga and Khamghakhah canal. During
the period of investigation, 24 species of macrbeombhos were recorded.
Arthropoda was found to be the most dominant gra@opprising of 23 species
followed by Annelida with 1 species. The phylum dpoda was represented by
class Insecta (5 orders) and Crustacea (1 ordé&is. diversity of benthic
invertebrates was high in Doodhganga stream (24) @ compared to Khanshah
Manshah canal (18 taxa).lt was observed that boslded cobbles provided a
stable habitat for macroinvertebrates dwellinghia stream. Greater diversity in
the summers as against winters was recorded inthetetreams. On the basis of
the biotic indices, the Doodhganga stream is beidgidged pristine with no
organic pollution, however slight organic pollutiomn Khanshah—Manshah canal

was recorded.

Abida et al. (2013) studied the benthic macro-invertebrate abkegas of
Verinag spring in Kashmir corresponding to diffdreatchment and land uses
acts as indicators of water quality. Physico-champarameters and population
density of Annelids, Arthropoda and Mollusca indwals were determined.
Diptera was dominating the study area instead ohefida. The Oxygen
concentration was high, which seems to be a funabiogood periphytic algal
population. Macrozoobenthos represented one ofntbst important groups of
animals particularly with respect to food of fisheasd also played an important

role in cycling of the organic material. Macrozootie®s contributed a total of 19



taxa of which 12 belonged to Insecta, 1 to CrustaGeto Annelida, and 3 to
Mollusca.

Mehraj and Bhat (2013) studied the epigeal maavesitebrate diversity
in different microhabitats of the Sonamarg hillogsto assess and evaluate the
distribution, diversity and occurrence of Sonamakg.total of 34 species
belonging to 11 different orders were reported myrthe study. Maximum
diversity pertained to order Ceoleoptera (10 sgciellowed by Araneida (5
species) and Hymenoptera (5 species), Hemipteraspgies), Dermoptera,
Diptera, Oligochaeta and Scolopendramorpha (2 epeeich), Dictyoptera,
Juliformia and Orthoptera (1 specie each). The uaten of various relative
parameters such as density, relative density, éecy relative frequency,
abundance, relative abundance and importance vadigx were also calculated.
From the study it was concluded that the maximumndbance and diversity
pertains to the habitat rich in organic matterdaéd by the forest area. The

epigeal fauna exhibited fairly good degree of \@iaat different sites.

Bhat et al. (2014) studied the occurence of macrozoobenthasoint
stream (Lidder) and found that a progressive degi@ad in water quality and
dicrease in species density and diversity alongathiidinal gradient During the
study macrozoobenthos were represented by 21 taxang which insects

dominated the benthic fauna throughout the stret¢he stream.

Ganieet al. (2014) studied the water quality of Lar stream, i€as using
Macro-invertebrates as variable tolerant to divéesels of pollution. During the
study, a total of 26 species of macro-invertebratexe registered from Lar stream
which belonged to the orders Diptera, Trichoptétaudinae, Ephemeroptera,
Plecoptera, Gastropoda, Coleoptera, Arachnida, dogpera, Crustacea and
Oligochaeta. Among all the 11 orders, Dipteranssteged a highest of 7 species
(27%) and was the most dominant order. Similarigh&meroptera, Oligochaeta,
Hirudinae, Plecoptera and Gastropoda which regidt@rspecies (8%) each were

the next dominating. Taxa representing ColeoptArachnida, Lepidoptera and



Crustacea which registered only 1 species (4%)prasent study concludes that
the presence of some pollution indicator speciesh sas Tubifex tubifex,
Limnodrilus sp. (among Annelidafhironomous sp. andTabanus sp., etc. (among
Arhropoda)Lymnea sp. (among Mollusca) points towards shifting stabfighe

stream from non-polluted to polluted.

Hassan et al. (2014) studied the distributional pattern of macro
invertebrates across river Jhelum in Kashmir vallburing the study it was
concluded that the diversity and abundance of @ydHwos in the River Jhelum
were influenced not only by pollution level butsalby bottom substratum.
Altitude, geology and the substratum of the riveryp an important role in the
distribution of macro-invertebrates, though theamig pollution, impairment and

increase in encroachment strongly affect he abuwelahbenthos.

According to Rafia and Pandit (2014) macro-inveidéds forms an
important constituent of an aquatic ecosystem aul fanctional importance in
assessing the trophic status as the abundancenttfibé&auna mainly depends on
physical and chemical properties of the substratiihis review discusses the
occurrence, composition, distribution of macro-imgbrates of lakes and

wetlands.

Habib and Yousuf (2014) studied benthic macro-itelaates of a fourth
order stream in Kashmir Himalaya. The study shdwe substrate type has an
effect on the distribution of benthic organismsseasonal variation in abundance
of individual indicates that temperature and itstdes have a propound influence
on the life cycle of invertebrates. Altogether &lens under 2 phyla namely,
Arthropoda and Annelida were recorded from theastreand also indicated that
the seasonal dynamics showed greater diversitydangity in summer than in

winter.

Rashidet al. (2015) studied species composition and biomassawfro-

benthos Wullar lake. During the investigation imte of species composition and



biomass of annelids, 10 taxa of annelids were dambwhich belonged to 2 major
classes namely Oligochaeta (7) and Hirudineae (S@gciesAelosoma spp.,
Placobdella spp. and unidentified taxon. In general it wasidated that
Oligochaeta comprised 95% of the total annelid comity and remaining 5%

was constituted by Hirudinea.



Chapter-3
MATERIALS AND METHODS

The present study was carried on Anchar Lake. Waialtity of the lake
was assessed by various physico-chemical paramaterair temperature, water
temperature, depth, transparency, pH, dissolvedenxyfree carbon dioxide, total
alkalinity, nitrate nitrogen, ammonical nitrogensthmphosphate and total
phosphorus. Besides this Annelida (oligochaetaufadion was also determined.
The sampling was done from December 2015 to Mayp 20re-designated four

sites. The brief descriptions of these sites arergbelow.

Site-1:- This site is situated on the western shore ofldke, where the Sind
nallah enters into the lake. The site is locatedhi@ coordinates of 74.7%E

Longitude and 342N Latitude. The lake faces a heavy silt load frame

inflowing Sindh Nallah. The siltation process hawajly affected the lake
ecosystem, resulting in the formation of the exteansarsh land and shallowing
which leads to the growth of diverse macrophytigetation which is dominated
by Phragmites australis, Typha angustata and Sparganium erectum. The site has

maximum water depth of 1.2 m as depicted in Plate-1

Site-2:- This site is situated almost in the centre ofléthe in the open water. The
site is located in the coordinates of 74.BLongitude and 34.14N Latitude.
The maximum water depth of the lake at this sit2.&n which is maximum as
compared to other sites. The site has occasiomaharged vegetation growth as
depicted in Plate-2.

Site-3:- This site has been selected towards the northregisin of the lake near
SKIMS hospital. The site is located in the geogiemhcoordinates of 74.79%
Longitude and 34.144N Latitude. The site has maximum water depth &fD.
and is occupied by emergent and submerged maciopkeggetation like
Myriophyllum verticillatum, Potamogeton and small but stretched patches of

Lotus (Nelumbo nucifera). At this site, the lake receives the effluentd aawage



Plate-1: A view of Anchar Lee at site-I (Sind)

Plate-2: A view of Anchar Lakat site-11 (Centre)



Plate-3: A view of Anchar Lakat site-111 (SKIMS)

Plate 4: A view of Anchar Lakat site-1V (outlet)



from the drainage system of the SKIMS and the afja@reas as depicted in
Plate-3.

Site-4:- This site lies near the outlet of the lake towalds Sangam village lying
in the west. The site is located in the geographicardinates of 74.80G1E
Longitude and 34.138N Latitude. The site has maximum water depth &fril.
The water from this site finally flows into the ewJhelum as depicted in Plate-4.

3.1 Collection of water samples

Surface water samples were collected in 1 litrestpdabottles from each
sampling site. For dissolved oxygen, D.O bottlesl®® ml capacity were used
and the fixation of samples was done in the fiedoar the Wrinkler's modified
method. Air temperature, water temperature and ptewdetermined at the
sampling spot and samples were immediately trategdo the AEM laboratory,
Faculty of Fisheries for further detailed analysysusing the A.P.H.A (2005) and
Adoni (1985)

3.2  Physico-chemical parameters
3.2.1 Water and Air temperature

Both Water and Air temperature were recorded whih lielp of a digital
thermometer. The thermometer had a preferable riinge-50 to 150C and the

result are expressedi@.
3.2.2 Depth

The depth of the lake at all sampling sites waasueed with the help of a
weight tied to string. The weight was poured irfte take until it reached the
bottom. A mark was made on the string at this leafér lifting up the string, the

depth was measured by a measuring tape. The egswdixpressed in m.
3.2.3 Transparency

Transparency were recorded by using a standadhisgisc. A secchi disc
(diameter 20 cm), tied to graduated nylon rope, wad used for obtaining the



extent of light penetration in water. Mean of thepth at which secchi disc
disappeared and then re-appeared was taken apdraney of water. The clearer

the water the greater the distance and the resux@ressed in m.
3.24 pH

The pH of water was measured with a water prooftalippH meter
(Eutech) which was standardized previously withféugolution of 4, 7 and 10
pH.

3.2.5 Dissolved oxygen

Modified Wrinkler's method was followed for detemmation of the D.O
content. To a sample collected in a 125 ml D.Ol®o@.5 ml of each manganous
sulphates solution and alkaline iodide azide sofutias added one after the other
with separate pippets. The precipitate (manganogusokide floc) formed as
dissolved with the help of 0.5ml concentrated sutghacid. The fixed samples
were carried to the laboratory where these weratéil against 0.025 N sodium
thiosulphate solution, using starch solution ascaigr. The end point was noted
at the first disappearance of blue colour. The ggeavas repeated 3 times and the
mean of the 3 reading were taken as the final ngadihe amount of D.O present
was then calculated by using the formula:

Vol. of titrantx N x 1000
Vol. of sample

D.O (mg/l) =
Where,N= Normality of titrant
Vol. = volume in ml
The results are expressed in mg/L
3.2.6 Free CQ

The free CQ content of the sample was determined by titrating
samples against 0.227N sodium hydroxide (titrarg)ngs phenolphthalein as

indicator till the faint pink colour developed. Tipeocess was repeated 3 times



and a mean of 3 readings was taken as the findingaThe CQ present was
calculated by using the formula:

Vol. of titrantx N x 44000
Vol. of sample

CO, (mgllitre) =
Where,N= Normality of titrant
Vol.= volume in ml.
The result are expressed in mg/L
3.2.7 Total alkalinity

For estimation of phenolphthalein alkalinity (iadkalinity due to OHand
HCQO;3) a sample volume of 50 ml was titrated agains WOH,SQ, in presence
of phenolphthalein indicator till disappearancepofk colour. Volume of titrant
used was noted. Then for estimation of total afk@li(i.e. alkalinity due to OH
CO4 and HC@), the same sample was titrated with 0.02 N NaOprésence of
methyl orange indicator till the colour changednirgellow to orange. The total
volume of titrant was noted. On the other hand, wtieere was no pink colour
formation after addition of phenolphthalein indmatthe sample was run through
the sample procedure followed by the addition othyleorange indicator. The
procedure was repeated 3 times and a mean of hgsadas taken as the final
reading. The phenolphthalein alkalinity (P) and M&torange alkalinity (M)
were calculated by using the formula as given below

A x B x 50000

P.A. (mg/l) CaC@= ml of sample

Where, A= ml of titrant
B = Normality of titrant

The total alkalinity was determined by adding thalues for
phenolphthalein and methyl orange alkalinities. Tdslts were finally expressed
in mg/L.



3.2.8 Nitrate nitrogen (NG-N)

To 50 ml of water sample, sodium arsinite solutiwas added in half
proportion to the titrant used in chloride (thissamdone in order to remove the
interference on account of chloride). Then to 10afthis treated sample 2 ml
sodium chloride solution was added followed by lCofmitrate reagent, in cold
water bath. The contents were shaken vigorously thé ml bromine sulphate
reagent was added and the flask placed in boiliagmbath for 20 minutes. After
cooling intensity of yellow colour developed was asered on X-ma 1000
spectrophotometer at 410 nm, using distilled whtank. Results were compared
with standard curve and are expressed in pg/L.

3.2.9 Ammonical nitrogen (NH-N)

To 25 ml of water sample, 1 ml phenol solution,nll sodium
nitroprusside solution (0.5%) and 2.5 ml sodiumduglgorite solution (5%) was
added with thorough mixing after each addition.idense blue colour developed
after 1 hour was measured on X-ma 1000 spectropteity at 640 nm, using
distilled water blank and results compared witmdtad curve. The results are

expressed in pg/L.
3.2.10 Orthophosphate (PQ-P)

The concentration of orthophosphate was estimbayestannous chloride
method. To 100 ml of sample one drop of phenoldgbthandicator was added.
Pink colour developed, was discharged by strond &uiixture of concentrated
H.SO, and concentrated HND After thorough mixing 4.0 ml ammonium
molybidate and 0.5 ml (10 drops) stannous chlovwds added. The intensity of
blue colour developed after a pause of 10 minutaes measured on X-ma 1000
spectrophotometer at 690 nm, using distilled walenk and result compared
with standard curve. The results are expressed/in. n

3.2.11 Total phosphorus

Total phosphorus was estimated by digesting 25oMmivater sample



containing 1 ml concentrated sulphuric acid andl Bitrnic acid to 1 ml colourless
solution. On cooling 20 ml of distilled water waddad. The sample was titrated
with IN NaOH solution using 0.005 ml (1 drop) phigmhalein indicator till a
faint pink end point. The sample was raised to &0Qvith distilled water. Then
pink color was discharged by adding strong acidk{une of concentrated 4290,
and concentrated HN{D After thorough mixing 4 ml ammonium molybidateda
0.5 ml (10 drops) stannous chloride was added. iftensity of blue colour
developed after a pause of 10 minutes was measoredX-ma 1000
spectrophotometer at 690 nm, using distilled walenk and result compared
with standard curve. The results were expresseaib.

33 Collection of benthic annelids

The benthic fauna encompassing annelids was cetldobm all four sites
of the lake with an Ekman Dredge (23.5cm) (Plate-5). The samples were taken
in viols. The sediment samples collected were washaitu and sieved through
No. 40 (256 meshes/@n (Plate-6) for checking annelids. The macroscopic
organisms were collected with the help of forcepd brushes and then preserved
in 4% formalin at the sampling sites and broughf&EM laboratory, Faculty of
fisheries, were sorted under Stereo-microscopepagskrved in 70% alcohol. The
preserved annelids were identified by observingnthumder a sterio-microscope
and identification was done with the help of staddéaxonomical work of
Edmondson (1992), Pennak (1978) and Adoni (198B¢ abundance of these
organisms was calculated as number per square mmei@pplying the following
formula:

0O x 1000

Number of individuals/ri= AXS

(Welch, 1948)
Where, O = No. of organisms counted.
A = Area of sampler in square meter (225cm

S = No. of samples taken at each stations.



Plate5: Elam Dredge (15 x 15¢cm)

Plate 6: Sieve No. 40 (256 meshes/dm



Chapter-4
EXPERIMENTAL FINDINGS

The quality of natural water is generally analydsdvarious physico-
chemical and biological parameters. The presenlysivas under taken to study
various physico-chemical parameters viz., air tempee, water temperature,
depth, transparency, pH, dissolved oxygen, frebaradioxide, total alkalinity,
nitrate nitrogen, ammonical nitrogen, orthophosehand total phosphorus of
Anchar lake.

4.1  Water quality parameters

Four sites were selected from Anchar lake are I{8ée-I), Centre (Site-
I1), SKIMS (Site-lll), and Outlet (Site-IV) for wat quality analysis. Assessments
of these sites are given below:

4.1.1 Air temperature

At Site-I where Sindh nalla enters into the laketamperature recorded a
minimum value of ¥ in the month of February while a maximum air
temperature of 25°%6 was recorded in the month of May with a mean eaif
10.01+7.98C (Table 1, Fig. 2).

At Site-Il, a minimum air temperature of 3Bwas recorded in the month
of February while a maximum air temperature diC@as recorded in the month
of May, with a mean value of 10.8+8°%Z8(Table 1, Fig. 2).

At Site-lll, a minimum temperature of 3@ was recorded in the month of
February while a maximum air temperature ofQ@xas recorded in the month of
May, with a mean value of 11.21+8%%4(Table 1, Fig. 2).

At Site-1V, a minimum temperature of 82 was recorded in the month of
January while a maximum air temperature of Z5.&as recorded in the month
of May, with a mean value as 11.23+$GqTable 1, Fig. 2).



The overall air temperature during the study merranged from a
minimum of 3C at Inlet (Site-1) in the month of February to @aximum of
25.5C at outlet (Site-1V) in the month of May (TableFig. 2).

Table-1: Monthly variation in air temperature (°C) at different sites of
Anchar lake

Sites Dec.| Jan. | Feb.| March | April | May | Min. | Max. | Mean+SD

Inlet 39| 3.2 3 11 18 21 3 21 10.01+7,98

Centre | 43| 3.8] 3.3 12.5 19 22 33 22 10.0+8.28

SKIMS | 44| 38| 34 125| 19.2 24 3.4 24 1x8B4

Outlet 42| 32| 3.8 11.2| 195 255 3]2 255 1129239

4.1.2 Water temperature

At Site-I, a minimum water temperature of IC6was recorded in the
month of January while a maximum water temperatiir1°C was recorded in
the month of May, with a mean value of 5.61+3@((Table 2, Fig. 3).

At Site-1l, a minimum water temperature of Z1lwas recorded in the
month of January while as the maximum water tempegaof 19C in the month
of May, with a mean value was 6.1+3°69 (Table 2, Fig. 3).

At Site-Ill, a minimum water temperature of Z3was recorded in the
month of February while a maximum water temperatfré2.5C was recorded
in the month of May, with a mean value of 5.95+4@%2Table 2, Fig. 3).

At Site-IV, a minimum water temperature of ZZlwas recorded in the
month of January while a maximum water temperatiird2’C was recorded in
the month of May, with a mean value of 6.28+3®%Table 2, Fig. 3).

The Overall water temperature during the studyioperanged from a
minimum of 1.6C at Inlet (Site-I) in the month of January to aximaum of
12.5°C at Outlet (Site-1V) in the month of May (TableFg. 3).
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Table 2: Monthly variation in water temperature (°C) at different sites
of Anchar lake

Sites Dec.| Jan. Feb| Mar| Apr. | May | Min. |Max. | MeantSD

Inlet 1.9 1.6 4.2 6 9 11 1.6 11  5.61+3.80

Centre 24| 21| 46 7 9.5 11 2.1 1t 6.1+3.69

SKIMS | 26 | 25 2.3 6.8 9.0 12 2.8 125 5.95+4.22

Outlet 2.5 2.1 4.3 7.3 99 120 21 120 6.28+3.9

4.1.3 Depth

At Site-l, a minimum water depth of 1.1m was reeardn the month of
December, January, February, April and May whilmaximum water depth of
1.2 m was recorded in the month of March, with eaamealue of 1.11+0.04 m
(Table 3, Fig. 4).

At Site-1l, a minimum water depth ranged from o® 210 was recorded in
the month of May while a maximum water depth of Bh2avas recorded in the
month of December, January and February, with anmedue 2.13+0.08 m
(Table 3, Fig. 4).

At Site-Ill, a minimum water depth of 0.6 m wasasted in the month of
May while a maximum water depth of 0.9 m was reedrdn the month of
December, January and February, with a mearewafi0.8+0.12 m (Table 3,
Fig. 4).

At Site-IV, a minimum water depth of 1.1 m was net=al in the month of
March, April and May while a maximum water temparat of 1.2 m was
recorded in the month of December, January anduBejrwith a mean value of
1.15+£0.05 m (Table 3, Fig. 4).

The overall water depth during the study periodyeahfrom a minimum of
0.6m at SKIMS (Site-1ll) in the month of May to aarimum of 2.2 m at Centre
(Site-1l) in the month of December, January andréaty (Table 3, Fig. 4).
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Table-3: Monthly variation of depth (m) at different sites of Anchar lake

Sites Dec.| Jan,| Feb] Mar| April | May | Min. | Max. | MeanzSD

Inlet 11 11} 11 1.2 11 1.1 1.1 1.2 1.11+0,04

Centre 22| 22| 22 2.1 2.1 2.0 211 2(2 2.13+0.08

SKIMS | 09 | 09| 06| 0.8 0.7 0.9 0.6 0.9 0.840.12

Outlet 12| 12} 1.2 11 11 1.1 1.1 12 1.15+0/05

4.1.4 Transparency

At Site-I, a minimum water transparency of 0.19 rmswecorded in the
month of May while as the maximum water transpayesfdd.40 m was recorded
in the month of January and February, with the medmne of 0.30+0.08 m (Table
4, Fig. 5).

At Site-1l, a minimum water transparency of 0.7 raswecorded in the
month of January, February and May while as theimam water transparency
of 0.75m was recorded in the month of December,chand April, with a mean
value was 0.72+0.02 m (Table 4, Fig. 5).

At Site-1ll, a minimum water transparency of 0.21was recorded in the
month of December while as the maximum water trarescy of 0.30 m was
recorded in the month of February, with a meane/afi0.21+0.04 m (Table 4,
Fig. 5).

At Site-1V, a minimum water transparency of 0.60nas recorded in the
month of December, January and February while a&s rttaximum water
transparency of 0.70 m was recorded in the montlfreifruary, March and a
April, with a mean value of 0.65+0.05 m (Table 4./5).

The overall transparency during the study periotyea from a minimum
of 0.21 m at Inlet (Site-1) in the month of Maydaanaximum of 0.75 m at Centre
(Site-11) in the month of December, March and Affiable 4, Fig. 5).
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Table 4: Monthly variation of transparency (m) at different sites of
Anchar lake

Sites | Dec.Jan.| Feb.| Mar. | April |May [Min. |Max. MeanzSD

Inlet 0.25| 0.4010.40| 0.25 | 0.36 | 0.19 0.19 0.40 0.30+0.08

Centre 0.75 0.700.70| 0.75 | 0.75 | 0.700 0.70 0.7% 0.72+0.02

SKIMS | 0.21| 0.23 0.30| 0.24 | 0.20 | 0.20f 0.20 0.30 0.21+0.p4

Outlet 0.60| 0.60 0.70| 0.70 | 0.70 | 0.60f 0.60 0.70  0.65%0.05

415 pH

At Site-1, a minimum pH value of 7.4 was recordadhe month of May
while as the maximum pH value of 8.0 in the montiDecember and January,
with a mean value of 7.79+0.22 (Table 5, Fig 6).

At Site-1l, a minimum pH of 7.3 was recorded in thenth of May while
as the maximum pH of 7.9 was recorded in the mofthanuary, with a mean
value of 7.61+0.2 (Table 5, Fig. 6).

At Site-Ill, a minimum pH of 6.9 was recorded irettnonth of May while
a maximum pH of 7.3 in the month of February, vatmean value of 7.03+0.13
(Table 5, Fig. 6).

At Site-IV, a minimum pH value of 7.4 was recordedthe month of
January while as the maximum pH of 7.7 in the marfttMarch, with a mean
value of 7.5+0.10 were recorded (Table 5, Fig. 6).

The overall pH during the study period ranged framminimum of 6.9 at
SKIMS (Site-Ill) in the month of January to a maxim of 8.0 at Inlet (Site-1) in
the month of December and January (Table 5, Fig. 6)
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Table 5: Monthly variation of pH at different sites of Anchar lake

Sites Dec.| Jan. | Feb. | Mar. [Apr. | May | Min. | Max. | Mean+SD

Inlet 80| 80| 7.8 785 74 7.4 7.4 8.0 7.79+0{22

Centre 78| 7.9 7.5 7.7 75 73 7.3 719 7.61+0.2

SKIMS 72| 71 7.3 7.2 71 6.9 6.9 7.8 7.03+0{13

7.4 77 7.5%0.10

O

Outlet 75| 74| 7.6 7.7 7.9 7.4

4.1.6 Dissolved oxygen

At Site-lI, a minimum dissolved oxygen of 7.9 mg/lasvrecorded in the
month of April and May while as the maximum dissmlvoxygen of 8.5 mg/L
was recorded in the month of December and Janudly a mean value of
8.2+0.27 mg/L (Table 6, Fig. 7).

At Site-1l, a minimum dissolved oxygen of 7.0 mghlas recorded in the
month of May while a maximum dissolved oxygen of hg/L was recorded in
the month of December, with a mean value of 7.428/L (Table 6, Fig. 7).

At Site-Ill, minimum dissolved oxygen of 4.0 mg/Law recorded in the
month of May while a maximum dissolved oxygen & fg/L in the month of

December, with a mean value of 4.6£0.31mg/L (T&blEig. 7).

At Site-IV, a minimum dissolved oxygen of 6.5 mgilas recorded in the
month of April while a maximum dissolved oxygen®9 mg/L was recorded in
the month of December, with a mean value of 6.980g8. (Table 6, Fig. 7).

The overall dissolved oxygen during the study gmbrranged from a
minimum of 4.0 mg/L at SKIMS (Site-11l) in the mdnbf May to a maximum of
8.5 mg/L at Inlet (Site-1) in the month of Decemlaed January (Table 6, Fig. 7).
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Table 6: Monthly variation of dissolved oxygen (md!) at different sites
of Anchar lake

Sites Dec. Jan. | Feb.| Mar. | Apr. | May | Min. |Max. |[MeanzSD

Inlet 85| 85| 83 8.1 7.9 7.9 7.9 8.9 8.2+0.27

Centre | 7.7 7.6/ 7.6 7.5 7.1 7.0 7.0 7.Y7  7.4+0{29

SKIMS | 49 | 47| 4.8 4.6 4.6 4.0 4.0 4.9 4.6+0.31

Outlet | 79| 69| 6.8/ 6.7 6.5 6.6 6.9 7.9 6.9+0|5

4.1.7 Free CQ

At Site-1, a minimum free carbon dioxide from ob@ng/L was recorded
in the month of December while as a maximum frebaa dioxide of 14.3mg/I
was recorded in the month of May, with a mean valu®.96+3.39 mg/L (Table
7, Fig. 8).

At Site-Il, a minimum free carbon dioxide of 10 raglas recorded in the
month of December and January while a maximum fradbon dioxide of
16.5mg/L was recorded in the month of May, with aam value of 12.41+3.0
mg/L (Table 7, Fig. 8).

At Site-lll, a minimum free carbon dioxide conteot 13 mg/L was
recorded in the month of January while a maximuoee fcarbon dioxide of 21
mg/L was recorded in the month of April and Maythwa mean value of
16.91+£3.41mg/L (Table 7, Fig. 8).

At Site-1V, a minimum free carbon dioxide of 10rig/L was recorded in
the month of December and February while a maxirfres carbon dioxide of 14
mg/L was recorded in the month of March, with a mealue of 11.75+1.5 mg/L
(Table 7, Fig. 8).

The overall free carbon dioxide during the stuayiqad ranged from a
minimum of 6.5 mg/L at Inlet (Site-1) in the mombi December to a maximum of
21 mg/L at SKIMS (Site-Ill) in the month of Aprina May (Table 7, Fig. 8).



EMinimum ®Mean ®Maximum

Disolved oxygen (mg/L)

Inlet Centre . SKIMS Outlet
Sites

Fig. 7: Minimum, maximum and mean valves of dissokd oxygen (mg/L) at
different sites of Anchar lake



Table-7: Monthly variation of free CO, (mg/L) at different sites of
Anchar lake

Sites Dec.| Jan| Feb.| Mar. | Apr. | May | Min. | Max. | MeantSD

Inlet 6.5 7 9 9 14| 143 6.5 143 9.96+3.39

Centre 10 10 11 11 1 16,5 10 165 12.41+8.0

SKIMS 14 13 16| 163 21 2] 13 2] 16.91+3/41

Outlet 10.5| 13§ 105 14 11 11 105 14 11.75+1.5

4.1.8 Total alkalinity

At Site-l, a minimum of total alkalinity of 125 rfigwas recorded in the
month of December while a maximum total alkalirofyl80 mg/L was recorded
in the month of May, with a mean value of 146.83883ng/L (Table 8, Fig. 9).

At Site-ll, a minimum total alkalinity of 98 mg/was recorded in the
month of May while a maximum total alkalinity of 4mg/L was recorded in the
month of December with a mean value of 134.6£3mMgA. (Table 8, Fig. 9).

At Site-lll, a minimum total alkalinity of 160 mg/lwas recorded in the
month of April while a maximum total alkalinity a©7 mg/L was recorded in the
month of May with a mean value of 180.66+£15.65 m@éable 8, Fig. 9).

At Site-IV, a minimum total alkalinity of 135 mg/lvas recorded in the
month of January while a maximum total alkalinifyld5 mg/L was recorded in
the month of December and April, with a mean vaiti#41.83+3.86 mg/L (Table
8, Fig. 9).

The overall total alkalinity during the study peticanged from a
minimum of 98 mg/L at Centre (Site-1l) in the mormdhMay to a maximum of
197 mg/L at SKIMS (Site-IIl) in the month of May &ble 8, Fig. 9).
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Table 8: Monthly variation of total alkalinity (mg/ L) at different sites of
Anchar lake

Sites | Dec.| Jan. | Feb.| Mar. | April |May | Min. | Max. | Mean £SD

Inlet 125 | 155| 144 136 141 180 125 180 146.83+18.98

Centre | 174/ 98| 139 121 105 171 98 1Y4 134.6+£32.54

SKIMS | 185 | 187 193 194 16Q 19/ 160 197 180.66+15.65

Outlet 145| 135 144 14Q 145 142 135 145 141.83%3(86

4.1.9 Nitrate nitrogen (NG;-N)

At Site-l, a minimum nitrate nitrogen content of532g/L was recorded in
the month of April while a maximum nitrate nitrogeontent of 480 pug/L was
recorded in the month of January and March, withean value of 420.83+58.68
ung/L (Table 9, Fig. 10).

At Site-1l, a minimum nitrate nitrogen content @@ ug/L was recorded
in the month of May while a maximum nitrate nitrageontent of 440 pg/L was
recorded in the month of February, with a meaneaiu365+58.4 ug/L (Table 9,
Fig. 10).

At Site-lll, a minimum nitrate nitrogen content ®0 pg/L was recorded
in the month of February and May while a maximurnaté nitrogen content of
690 pg/L was recorded in the month of March, wittm@an value of 644.33+
37.61ug/L (Table 9, Fig. 10).

At Site-IV, a minimum nitrate nitrogen content4i#5 pg/L was recorded
in the month of May while a maximum nitrate nitrageontent of 490 pg/L was
recorded in the month of April, with a mean valdel45.83+33.5 ug/L (Table 9,
Fig. 10).

The overall nitrate nitrogen content during thedgtperiod ranged from a
minimum of 260 pg/L at Centre (Site-1) in the mordf May to a maximum of
690 pg/L at SKIMS (Site-IIl) in the month of Mar€hable 9, Fig.10).
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Table 9: Monthly variation of nitrate nitrogen (ug/L) at different sites of
Anchar lake

Sites | Dec.| Jan. | Feb. | Mar. | Apr. | May | Min. | Max. | MeanzSD

Inlet 420 | 480| 430 480 325 390 325 480 420.83+58.68

Centre | 380, 380 440 369 365 260 2060 440 365+58.4

SKIMS | 655 | 674 600 690 635 600 600 690 644.33+37.61

Outlet | 430| 450 480 410 490 415 415 490 445.83+33.5

4.1.10 Ammonical nitrogen (NH-N)

At Site-1, a minimum ammonical nitrogen contentl®0u g/l was recorded
in the month of December while a maximum ammonmgibgen content of 164
Hg/L was recorded in the month of February, witmean value of 136+ 23.09
png/L (Table 10, Fig. 11).

At Site-ll, a minimum ammonical nitrogen conterit bl3 pg/L was
recorded in the month of May while a maximum amroahnitrogen content of
180 pg/L in the month of February, with a mean gabi 149.83+25.32 ug/L
(Table 10, Fig. 11).

At Site-lll, a minimum ammonical nitrogen of 20Yjugvas recorded in
the month of May while a maximum Ammonical nitrogeontent of 292 ug/L
was recorded in the month of March, with a meaneaf 250.83+37.98 ug/L
(Table 10, Fig. 11).

At Site-IV, a minimum ammonical nitrogen conterft 40 pg/L was
recorded in the month of May while a maximum of 1L was recorded in the
month of February, with a mean value of 147.5+32/48_ (Table 10, Fig. 11).

The overall ammonical nitrogen content during thedg period ranged
from a minimum of 100 pg/L at Inlet ((Site-1) inghmonth of December to a
maximum of 292 pg/L at SKIMS (Site-Ill) in the mbndf March. (Table 10, Fig.
11).
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Table-10: Monthly variation of ammonical nitrogen (ug/L) at different
sites of Anchar lake

Sites | Dec. Jan. | Feb.| Mar. | Apr. | May | Min. | Max. | Mean+SD

Inlet 100 | 143 | 165| 152| 135 121 100 165  136+23.09

Centre | 133| 165 180 168 140 1183 113 180 149.83+25.32

SKIMS | 265 | 285| 210| 292, 252 201 201 292 250.83+37.98

Outlet | 137 | 165| 175 165/ 133 110 110 175 147.5+24(8

4.1.11 Orthophosphate (PQ@P)

At Site-l, a minimum orthophosphate content of LyiL was recorded in
the month of December while a maximum Orthophospltaintent of 145ug/L
was recorded in the month of May, with a mean valtid28.83+13.49 ug/L
(Table 11, Fig. 12).

At Site-Il, a minimum orthophosphate content o8 32g/L was recorded
in the month of December while a maximum Orthophesg content of 150 ug/L
was recorded in the month of January, with a meanevof 138.8+9.8 ug/L
(Table 11, Fig. 12).

At Site-lll, a minimum orthophosphate conten2dD pg/L was recorded
in the month of December while a maximum Orthophes content of 285 ug/L
was recorded in the month of May, with a mean valu#65.5+29.48 ug/L (Table
11, Fig. 12).

At Site-1V, a minimum orthophosphate content of 12§/L was recorded
in the month of April and May while a maximum Orgiimsphate content of 145
png/L was recorded in the month of December, witimean value of 131.6+9.8
ung/L (Table 11, Fig. 12).

The overall orthophosphate content during the spehod ranged from a
minimum of 110 pg/L at Inlet (Site-1) in the mormdhDecember to a maximum of
285 pg/L at SKIMS (Site-Ill) in the month of Mayldble 11, Fig. 12).
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Table 11: Monthly variation of orthophosphate (ug/L) at different sites of
Anchar lake

Sites Dec.| Jan. | Feb. | Mar. | Apr. | May | Min. | Max. | Mean £SD

Inlet 110 | 118 125 135 140 145 110 145 128.83+13.49

Centre 123| 150 14% 14 135 135 123 150 138.8+9.8

SKIMS | 210 | 275| 255 284 284 285 210 285 265.5%29.48

Outlet 145 135 135 135 120 120 120 145 131.6+£9.8

4.1.12 Total phosphorus

At Site-1, a minimum total phosphorus content 603ug/L was recorded
in the month of April while a minimum total phosphe content of 394 pg/L was
recorded in the month of January, with a mean vafigb6.83+38.49 ug/L (Table
12, Fig. 13).

At Site-1l, a minimum total phosphorus content @63ug/L was recorded
in the month of December while a maximum total ggtwrus content of 378
png/L was recorded in the month of May, with a mealue of 350.83£20.54 ug/L
(Table 12, Fig. 13).

At Site-Ill, a minimum total phosphorus contentc@? pg/L was recorded
in the month of January while a maximum total plmsps content of 655ug/|
was recorded in the month of May, with a mean valtié27.66+18.52 ug/L
(Table 12, Fig. 13).

At Site-1V, a minimum total phosphorus of 301pg/laswecorded in the
month of December and March while a maximum totedgphorus of 391ug/L
was recorded in the month of January, with a mesnevof 330.6+34054u9/
(Table 12, Fig. 13).

The overall total phosphorus content during tiiesiperiod ranged from a
minimum of 301 pg/L at Outlet (Site-IV) in the mbnbf December to a
maximum of 655 pg/L at SKIMS (Site-lll) in the mbnof May (Table 12, Fig.
13).
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Table 12: Monthly variation of total phosphorus (udL) at different sites
of Anchar lake
Sites | Dec| Jan.| Feb. | Mar. | Apr. | May | Min. | Max. | Mean +SD
Inlet 393| 394 365| 310f 309 370 309 394 356.83+38.49
Centre | 326/ 367 355 350 329 378 326 3y8 350.83+20.54
SKIMS | 623 | 622| 637 630 599 655 622 655 627.66+18.52
Outlet | 301| 391] 334, 301 312 345 301 391 330.6+34.54

4.2 Distribution of Annelids

During the present study all the four pre-desighaiées were studied for

distribution of Annelids. The site wise distributics given below.

Site-I: - This site is located at the inlet where Sindhataknters into the lake. At
this site a total of three species of Annelida wezeorded vizLimnodrillus

hoffmeister, Erpobdella octoculata, and Glassophonia complanata. Out of which

one speciesL{mnodrillus hoffmeister) belonged to class Oligochaeta, while two

species [rpobdella octoculata, and Glassophonia complanata) belonged to class

Hirudinea. A minimum density of 45 Ind.fnof Limnodrillus hoffmeister was

recorded in the month of December while a maximemsity of 334 Ind./fhwas
recorded in the month of May, with a mean density1®.33+117.38 Ind./f
Erpobdella octoculata recorded a minimum density 23 Ind%im the month of

December, while a maximum density of 289 Ind.fmas recorded in the month of
April, with a mean density of 178.17+96.13 Ind%/M\ minimum density of 67
Ind./n? of Glassophonia complanata were registered in the month of January to a

maximum density of 334 Ind./in the month of May with a mean density of
185.67+99.06 Ind./A(Table 13, Fig. 14).

Table 13: Monthly variation in population density (Ind./m? of three
species of phylum Annelida were registered in Anchidake at
Site-1
Class Genus/ species Ded. Jar). Feb. Mar. Apf. May iM | Max. I\flrgaDn
Oligochaeta| Limnodrilus 45 89 67 | 178| 267] 334 45 334  163.338
hoffmei ster +117.38
Hirudinea | Erpobdella 23 | 134 | 178| 178 289 267 23 289 178.17
octoculata 196.13
Glassophonia 112 67 156| 178 267 334 67 334 185.97
complanata +99.06
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Site-ll: This site is located at the centre of the lakethAd site a total of three
species of Annelida were recorded uirmnodrillus hoffmeister, Erpobdella
octoculata, andGlassophonia complanata. Out of which one speci&ifnnodrillus
hoffmeister) belonged to class Oligochaeta, while two speciespabdella
octoculata, and Glassophonia complanata) belonged to class Hirudinea. A
minimum density of 45 Ind./Mmof Limnodrillus hoffmeister was recorded in the
month of January while a maximum density of 423./m8was recorded in the
month of May, with a mean density of 237.5+162.58l.\nf. Erpobdella
octoculata recorded a minimum density 23 Ind¥in the month of January, while
a maximum density of 534 Ind.fnwas recorded in the month of May, with a
mean density of 241.33+196.99 Ind* A\ minimum density of 89 Ind./mof
Glassophonia complanata were registered in the month of December to a
maximum density of 400 Ind.frin the month of April with a mean density of
244.67+131.71 Ind./f(Table 14, Fig. 15).

Table 14: Monthly variation in population density (Ind./m? of three
species of phylum Annelida were registered in Anchadake at
Site-ll
Class Genus/ species Deg.  Jan. Feb. Mar. Apr. May iM | Max. I\fl_gaDn

Oligochaeta| Limnodrilus 89 45 156 | 312| 400 423 45 423 237.%
hoffmei ster +162.55

Hirudinea Erpobdella 45 23 178 | 356 312 534 23 534 241.33
octoculata +196.99

Glassophonia | 89 134 | 245| 200 40Qq 40( 89 400 244.7
complanata +131.71
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Fig. 15: Minimum, maximum and mean density (Ind./m) of three species of
phylum Annelida



Site-11l:- This site is located towards the SKIMS side.. As gite a total of three
species of Annelida were recorded viamnodrillus hoffmeister, Erpobdella
octoculata, andGlassophonia complanata. Out of which one speciifnnodrillus
hoffmeister) belonged to class Oligochaeta, while two speciespabdella
octoculata, and Glassophonia complanata) belonged to class Hirudinea. A
minimum density of 200 Ind./frof Limnodrillus hoffmeister was recorded in the
month of December while a maximum density of 97&/? was recorded in the
month of May, with a mean density of 611.57+308I2d./nf. Erpobdella
octoculata recorded a minimum density 245 Ind?/in the month of December,
while a maximum density of 889 Ind.?rwas recorded in the month of May, with
a mean density of 537.56+289.36 Ind/@A minimum density of 245 Ind./frof
Glassophonia complanata were registered in the month of December to a
maximum density of 845 Ind./in the month of May with a mean density of
541.33+223.52 Ind./f(Table 15, Fig. 16).

Table 15: Monthly variation in population density (Ind./m? of three
species of phylum Annelida were registered in Anchadake at

Site-lll
Genus/ . Mean
Class 3 species Dec. | Jan.| Feb.| Mar.| Apr.| May| Min. | Max. +SD

Oligochaeta| Limnodrilus 200 | 378 512 667| 934 978 200 978 611(5
hoffmei ster +308.27

Hirudinea | Erpobdella 245 | 312 289| 712 778 889  24b 889 537(5
octoculata +289.36
Glassophonia | 245 | 400 | 423| 623 712 84% 245 845 54133
complanata +223.52
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Fig. 16: Minimum, maximum and mean density (Ind./nf) of three species of
phylum Annelida



Site-IV This site is located towards the outlet were #iesIflows into the river
Jhelum. At this site a total of three species omélida were recorded viz
Limnodrillus hoffmeister, Erpobdella octoculata, and Glassophonia complanata.
Out of which one speciéimnodrillus hoffmeister) belonged to class Oligochaeta,
while two species Hrpobdella octoculata, and Glassophonia complanata)
belonged to class Hirudinea. A minimum density 8flad./nf of Limnodrillus
hoffmeister was recorded in the month of December while a marindensity of
734 Ind./nf was recorded in the month of May, with a mean iignsf
304.33+331.72 Ind./f Erpobdella octoculata recorded a minimum density 45
Ind./n? in the month of December and January, while a mami density of 512
Ind./nf was recorded in the month of April, with a meannsiy of
322.67+218.48 Ind./m A minimum density of 67 Ind./mof Glassophonia
complanata were registered in the month of January to a masxindensity of 512
Ind./n? in the month of May with a mean density of 200.82%18 Ind./mi
(Table 16, Fig. 17).

Table 16: Monthly variation in population density (Ind./m? of three
species of phylum Annelida were registered in Anchidake at
Site-1V
Genus/ . Mean
Class 3 species Dec. | Jan.| Feb.| Mar.| Apr.| May| Min. | Max. +SD

Oligochaeta| Limnodrilus 23 89 45 223 712 734 23 734 304.33
hoffmei ster +331.72

Hirudinea | Erpobdella 45 45 489 400 512 445 45 51p 322.67
octoculata +218.48

Glassophonia | 89 67 178 67 289 512 67 512 200.33
complanata +175.18




SITE-1IV
B Limnodrilus hoffimeister m Erpobdella octoculata ™ Glassophonia complanata

800

700

0 |
Minimum Mean Maximum

Fig. 17: Minimum, maximum and mean density (Ind./m) of three species of
phylum annelida



4.2.1 Overall species composition

During the present study a total of three specigs limnodrillus
hoffmeister, Erpobdella octoculata, Glassophonia complanata (Plate-7) of
phylum Annelida were recorded from four sites ofchAar lake, which belonged
to class Oligochaeta and Hirudinea. Among the tlagecies two belonged to
class Hirudinea Hrpobdella octoculata, Glassophonia complanata) and one

belonged to class Oligochaetartinodrillus hoffmeister).

Among the OligochaeteslLimnodrilus hoffmeister recorded highest
density of 3669 Ind./mat Site-1Il followed by 1826 Ind./fmat Site-1V, 1425
Ind./n? at Site-ll and 980 Ind./m at Site-| (Table-17). The percentage
contribution ofLimnodrilus hoffmeister, was 47, 23.36, 17.71 and 12.53% at site-
1, site-1V, site-Il, site-1 respectively (Fig. 18

Among the HirudineaErpobdella octoculata recorded highest density of
3225 Ind./mat Site-Ill followed by 1936 Ind./frat Site-1V, 1448 Ind./fmat Site-
Il and 1069 Ind./rh at Site-l (Table-17). The percentage contributioh
Erpobdella octoculata, was 21.94, 13.16, 9.83 and 7.26% at Site-1ll,-8iteSite-
I, Site-1 respectively (Fig. 19).

Glassophonia complanata, recorded highest density of 3248 Ind’/at
Site-lll followed by 1468 Ind./fat Site-IV, 1202 Ind./Mat Site-ll and 1114
Ind./n? at Site-I (Table-17). The percentage contributioh Glassophonia
complanata, was 22.09, 9.98, 8.17 and 7.56% at Site-lll, 8teSite-II, Site-I
respectively (Fig. 20).
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ig. 18: Percentage composition dfimnidrillus hoffmeister at four sites of
Anchar lake
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Fig. 18:Percentage composition dErpobdella octoculata at four sites of
Anchar lake
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Fig.20:Percentage composition oBlassophonia complanataat four site of
Anchar lake
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Plate-7 : Three speices of Phlum Annelida
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Table-17: Overall population density (Ind./nf) of Annelida (Oligochaeta/Hirudenia) at four sitesof Anchar lake
Class Genus/Species Inlet Central SKIMS Outlet Min Max Mean +SD
Oligochaeta Limnodrilus 980 1425 3669 1826 980 3669 87.751£53.80

hoffmeister
Erpobdella 1069 1448 3225 1936 1069 3225 86.25+42.29
octoculata

Hirudinea
Glossophenia 1114 1448 3248 1202 1114 3248 72.75x42.44

complanata




Chapter 5

DISCUSSION

5.1  Physico-chemical parameters
5.1.1 Air temperature

Temperature is one of the major important factat ttan affect the speed
of chemical reaction, solubility of chemical compds and also effect the
interaction of pollutants with their environment zZA et al., 2013). Air
temperature strongly influences lake temperaturealee it affects three
important heat exchange process between watertamasphere —convective heat
exchange, evaporative heat exchange and the aterosgmission of long wave
radiation (Edinger,1968). During the present study the overall mean ai
temperature was recorded 10+88 The minimum air temperature ofGwas
recorded in winter and a maximum air temperatur2soBC in spring (Table 18).
The lowest air temperature in winter season wastdushort photoperiod, cold
atmosphere while the highest air temperature dusingmer season was due to
clear atmosphere and higher solar radiation. Theselts are in conformation
with Sushil et al. (2014), Indresha and Patra (2014), Umerfaruq andn&o
(2015). They also recorded the highest air tempezain summer season and
lowest air temperature in winter season. MonisaBal#thi (2013), also recorded

the same results while working on Dal lake ecosyste

The air temperature has a significant positive elation with water
temperature 0.01, r= 0.974) (Table 19), it means that as theeanperature
increases in summer season water temperatureraisgase and vice versa. This
is in confirmation with work of Chandrakiragt al. (2104), who also observed
that the change in air temperature are closely gtmmal to the water
temperature and hence, simultaneous measuremeriothf air and water

temperature are important in determining the statwgater body.



5.1.2 Water temperature

Water temperature is plays a critical factor in &guecosystems. The
response of water temperature to air temperatuperdis on the size of water
body. It affects biological reactions, physical aemical characteristic of water
Balaji (2015). It is necessary to study the temperatureatvan in water body,
because water density and oxygen content are temoperrelated and hence
individually affects osmoregulation, respiratiorehlaviour and metabolism of
animals. The present data showed fluctuation inataeer temperature which are
more are less concomitant with those of atmosphemperature. Such a pattern
of fluctuation has also been recorded by Yousu7@)9The overall mean value
of water temperature was found to be 5.97+369Table 18). The maximum
water temperature of 126G was recorded during the summer season and the
minimum water temperature of 196 during the winter season. (Table18). The
highest water temperature in summer season wasodugh solar radiations and
clear atmosphere while as the lowest temperatusedwa to high water level, less
solar radiation and low atmospheric temperature.eséh results are in
conformation with Ahangert al. (2012), who said that water temperature
increase during warmer months and decrease dusidgrcmonths and it plays an
important role in governing the water quality. Madud (2002) reported that the
decrease or increase in water temperature are ynd@mendent on the climatic
conditions, sampling times, and was also affectgdspecific characteristic of
water environment such as turbidity, plant covet hamidity.

The water temperature has a significant positiveetation with CQ (p<
0.01, r=0.557), transparency(p05, r= 0.851) (Table 19).

5.1.3 Depth

During the present study the mean depth of lakefauasd to be 1.3+0.52
m. The minimum depth of 0.6 m was recorded at SK[®i&e-111) which is due to

erosion from nearby catchment resulting in accutradaof sediment and



dumping waste material from the adjacent area. Mar depth of 2.2 m was
recorded at the centre which is least effecteddolynsentation as it is not directly
impacted by the inflowing water from Sindh nalldandit (2002), Bhatt al.
(2013) and Sushét al. (2014), in their study, they have observed thaidiyeth of
water is dependent on the volume of water colunsghérge rate of inflow and
the amount of precipitation received in the formrah and other anthropogenic

activities.

During the present investigation, the depth hasigaifcant positive
correlation with Transparency €0.01, r=0.757) (Table 19) which is in
conformation with Monisa (2011) who also recordéeé tpositive correlation

between depth and transparency at different bagibsl lake.
5.1.4 Transparency

Transparency is one of the important physical pitypef water, indicative
of the degree to which sun light can penetrateutinowater. Transparency of
natural water is an indicator of productivity Balé015). During the present
study the mean transparency was (0.48+0.23 m) ¢€Tdl8). The higher
transparency value of 0.75 m (Table 18) was obseatethe centre in winter,
which may be due to low organic matter productiathygoor planktonic growth.
while as the lowest transparency value of 0.20 rabld 18) was observed at
SKIMS (Site-1ll) in summer season, due to algaldnhs and inflow of sewage.
The results are in agreement with Ahangaal. (2012), Bhatet al. (2013) and
Sushil et al. (2014). They observed that maximum transparencthefAnchar
lake was due to the settlement of sand, silt aag @uring winter while minimum

transparency was due to bloom of planktonic algae.

In the present study transparency recorded sigmfipositive correlation
with dissolved oxygen 0.01, r= 723) (Table 19). Bhat al. (2014), also
recorded the significant positive correlation begwdransparency and dissolved

oxygen in Anchar lake.



515 pH

pH is the measure of acidity or alkalinity of watieence it is an important
factor for water quality analysis. The term pH eefk the activity of hydrogen ion
in natural waters, it also shows the variation daephotosynthetic activity
wherein PH increase due to utilization of carbaxitle. During the present study
the overall mean pH was found to be (7.51+0.31pl@48) depicting an alkaline
nature of Anchar Lake. During the present invesiogathe pH ranged (6.9 to 8),
\the minimum pH was found during the summer seagahe SKIMS (Site-III).
While as higher pH was found during winter seasoninéet (Site-1). The
fluctuation in pH has been related to photosyntheitivities and also with
dissolved oxygen by many workers (Wangneo, 198fdangaret al., 1996 and
Abubakr, 2010).

The pH recorded a significant Negative correlatioth CO, (p<0.01, r= -
0.797) and NN (p<0.01, r= -0.634) (Table 19) while as significantspwe
correlation with dissolved oxygen<p.01, r=0.850) (Table 19).

5.1.6 Dissolved oxygen

Dissolved oxygen is one of the most important pa&tamis assessing the
quality of water, which is essential to maintaimtid forms in water. Oxygen
content of water varies with temperature, turbudenahotosynthetic activity of
algae, higher plants and atmospheric pressure @laht 2013). It is considered
as the factor which can reveal the nature of emim@system. During the present
study the overall mean dissolved oxygen was (6.68:ing/L) (Table 18). The
range of dissolved oxygen was (4 mg/L to 8.5 mgligble 18). The lower value
of dissolved oxygen, was recorded at SKIMS (Sitg-uring summer season,
was due to increased amount of organic mattercatural runoff and presence of
sewage, the organic matter gets decomposed at fasteat higher temperature
thereby reducing oxygen level of water. Higher aligsd oxygen was recorded in

winter which is as a result of increased solubitifyoxygen at lower temperature.



Yousuf and Shah (1988), Bhettal. (2013) also opined that, the lowest value of
dissolved oxygen during summer in Anchar lake dwdntreased amount of

organic matter and sewage which consumes dissolagen for decomposition.

Dissolved oxygen in the present study showed aifgignt negative
correlation with free C®(p<0.01, r= -0.701) (Table 19), which means that with
the increase in dissolved oxygen content Cantent decreases.

51.7 Free CQ

Free carbon dioxide is the indicator of the bitdagrespiration activities
of ecosystem. It alters the pH of water by formaagbonic acid, which further
dissociate into carbonate and bicarbonate. Duhegptesent study the mean free
CO; in was found to be (12.76+3.79 mg/L) (Table 18)eTrange of free CO
concentration was found to be (6.5mg/L to 12 mg/Lable 19). The minimum
value of free C@was recorded at the inlet may be due to decreasanperature
by entering the fresh water from Sindh nallah, Wwhstibsequently increase the
oxygen holding capacity of water, while as the maxin free CQwas recorded
at SKIMS site may be due to waste water and sewéfigeents, fertilizers and
other point and non-point source from the agricaltdields, which increase the
free CQ concentration The result is in conformation of Ablaret al. (2012),
who also revealed that GQiberated during respiration and decay of organic
matter which depends upon the water temperaturpthdeate of respiration,
decomposition of organic matter and chemical nadfifgottom, which holds true
during the present investigation.

The free CQ recorded the significant negative correlation wihl
((p=0.01, r=-0.797) and dissolved oxyger@m1, r= -0.701) (Table 19). Similar
results have been observed by Bahura (1998) anteéBhh (2014), during their
study.

5.1.8 Total alkalinity

Alkalinity is a measure of buffering capacity o&ter and is important for



aquatic life in a fresh water system (Kaushik arakeéha, 1989). During the
present study, overall mean alkalinity was (151286mg/L) (Table 18). The
range of alkalinity was found to be (98 mg/L to 19@/L). The lower value of
alkalinity was found during Summer at the centraete(§, which may be
attributed to the decrease in bicarbonate ionsdes®blution of calcium carbonate
ions in water column, while as the higher alkajinitas found at the SKIMS
(Site-11l) during the winter. The result is in caommation with Sahai and
Shrivastava (1976), who observed low concentratidpicarbonate in summer in
Chilka Lake owing to the increased use by phytdglam and submerged
macrophytes. Umerfaruq and Solanki (2015), alsees! the higher alkalinity
during winter months and said that the accumulatibarganic matters produced
by decomposition of vegetation which in turn, addatbonate and bicarbonate in
the lake.

5.1.9 Nitrate nitrogen (NOs-N)

Nitrates are the essential nutrients for photdsstit autotrophs and in
some cases have been identified as the growthidgnitutrient. The presence of
nitrate in any aquatic ecosystem depends on thatgatf nitrifying bacteria on
nitrogen source of domestic and agricultural origitne conversion of nitrate
from ammonia in nitrification process chiefly dedenupon the presence of
oxygen. Increase in concentration of nitrate igrifat as it increase the growth of
algal blooms which makes water unsuitable for iéing the present study,
overall mean nitrate nitrogen was (468.£115.96 Mg/the range of nitrate
nitrogen was found to be (260 pg/L to 690 pg/L) tieimum concentration was
recorded at the centre, while as the maximum cdret@m was observed at the
SKIMS site during the summer months which coulddbe the presence of high
amount of domestic sewage, decaying of organic enathd the agricultural
runoff bringing with it nitrate fertilizers and aegents. This is in agreement with
the finding of Bhattacharyat al. (2002) and Singlet al. (2013) who reported

higher concentration of nitrate during summer awlelr concentration in winter,



respectively in upper stretch of Gangetic West Béagd major rivers in Imphal.
Abubakr and Kundangar (2004) also reported therpssive increase in nitrogen
and phosphorus in lakes and attributed it to seveagéamination while studying
the changing biodiversity of seven lakes of Kashniiney also attributed the
progressive increase of phosphorus and nitrogémahar and Manasbal lake the

main culprit in in changing the trophic status aité.
5.1.10 Ammonical nitrogen (NH-N)

Ammonia dissolves in water to form ammonium hydtexand hydroxyl
ions these ammonium ions are readily taken up hyatag autotrophs with
preference over nitrates, thus usually preventintp ireach to toxic level. The
higher concentration of ammonia is generally fouimd polluted waters
(Shrivastiva et al., 2015). In the present study the mean concentratibn
ammonical nitrogen was recorded as (17.04+54.2B)(gable 18) and the range
of ammonical nitrogen was found to be (100 pg/l282ug/L) (Table 18). The
highest value was recorded during the spring seasan the SKIMS (Site-IIl)
which might be due to the entry of domestic sewage,of nitrogenous fertilizers
in nearby agricultural fields, while as the lowalue was recorded during the
winter season. The result is agreement with Sashil. (2014) who also reported
the higher concentration of ammonia in Anchar lakel attributed it due to
organic pollution and agricultural wastes. WetZ8(1) also attributed that high
level of ammonia in the lakes may be its releasenfthe sediments under low
oxygen level at which nitrification of ammonia ceasnd the absorptive capacity

of the sediments is reduced.

Ammonical nitrogen recorded a significant posito@relation with free
co, (p<0.05, r= 0.473), while as significant negative etation with dissolved
oxygen (p<0.01, r=- 0.687) and pH £0.05, r=- 0.634).

5.1.11 Orthophosphate (PQ-P)

Phosphorus is an essential element for fertilityatiEs and is regarded as



key nutrient in the productivity of waters. In nauwaters phosphorus exist as
soluble phosphate, which, when in higher conceptratause eutrophication of
fresh water system (Bandedhal., 1999 and Rabalais, 2002). Phosphorus enters
the surface waters from human generated wastedaaadrunoff. During the
present study, the overall mean orthophosphate(621+60.94 pg/L) and the
range was found to be 110 to 285 pg/L (Table 18k Tow orthophosphate
content was found at the inlet site during the @aintt may be due to inflow of
fresh water from Sindh nallah and higher dissolmegyen and pH, while as the
higher value was found in summer at the SKIMS sitieich may be due to the
influx of sewage, agricultural runoff probably cantinated with phosphate
(applied as fertilizer). The result is in completgreement with Hernegt al.
(2013), which corresponded higher value of phospldating warmer season to

rapid evaporation and mineralization of decompasratkrials in water.
5.1.12 Total phosphorus

Presence of phosphorus in excess of 30 pg/L innkaidies is regarded as
a major nutrient triggering eutrophication Welc®g0). It is available in different
forms viz. orthophosphate, condensed phosphatemgadically bound phosphate
(Bandelaet al., 1999) and is considered as critical limiting nuttief fresh water
system Rabalais (2002). During the present stumyntean total phosphorus was
(416+137.89 pg/L) and the range was found to bé (80655 9/L) (Table 18).
The minimum valve of total phosphorus was foundrdurcolder months at the
outlet of the lake, it may be due to the out flogviwater which carries all
nutrients (especially phosphate) into the riverluine while as the higher value
was found in summer at the SKIMS site, which maydoe to the influx of
sewage, agricultural runoff probably contaminateithwhosphate (applied as
fertilizer) rapid evaporation and other efflueniBhe result is in complete
agreement with Hernegt al. (2013). The same has been inferred by Abubakr and
Kundangar (2004) that increase in nitrogen and jpihasis in lake waters are

attributed to sewage contamination.



Total phosphorus has a significant positive cotiaha with free ce
(p<0.01, r=0.583) and orthophosphate<@®1, r=0.916) (Table 19), while as
significant negative correlation with dissolved gen (0.01, r=0.786) and pH
(p<0.01, r=0.723) (Table 19).

5.2 Benthic macro-invertebrates (Annelida; Oligocheta)

Benthic macro-invertebrates are integral part ofagoatic ecosystem as
they form a major portion of total biota in bothitoand lentic ecosystem. They
carry on many functions by acting as grazers, ctls, Shredders or predator
within an aquatic system (Wallace and Webster, 1886inskeet al., 1997 and
Pearson, 2006). They spend at least a part of tleircycle at the bottom
substrate (Pampliet al., 2006). According to Rashid and Pandit (2014) Macro-
invertebrates especially the oligoichaetes actmdisator of water pollution. In
the present study a total of three species reptiagetine main phylum Annelida
was recorded at all the site of the Anchar lakere&hspecies of annelida viz
Limnodrilus hoffmeister, Erpobdella octoculata and Glassophonia complanata
were recorded, one speciesininodrilus hoffmeister) belonged to class
Oligochaeta while as two specieErfobdella octoculata and Glassophonia
complanata) belonged to class Hirudinea. The higher mean ladipan density of
Limnodrilus hoffmeister, Erpobdella octoculata, Erpobdella octoculata (611.5+
308.27 Ind./m, 537.5+ 289.36 Ind./fn 541.33+ 223.52 Ind./fh (Table 15, Fig
16) respectively, was at the SKIMS site. The higdensity may be due to
presence of sand, silt, detritus and organic masewage effluent, which favour
the growth of all the identified species a indingtihigher pollution in the lake.
Lower population density ofimnodrilus hoffmeister, Erpobdella octoculata,
Erpobdella octoculata (163.33+117.38 Ind./fa 178.17+96.13 Ind./fy 185.67+
99.06 Ind./M) (Table 13, Fig. 14) respectively, was recordethatinlet site. The
lower density at this site may be due to less wstiand organic matter sold, little
human interference, and by the inflow of fresh anltl water from Sindh nalla.

The result is in conformation with Qadri and Yougd004) who reported two



species of Oligocheates viabifex tubifex and Branchiura sowerbyi in Nigeen
lake and the author may conclude that the macreadbiz organism prefer the

lake areas with silty, sand substrate having rielcnophytic growth.

In the present study, Oligochaetaninodrilus sp.) recorded a highest
density at all the sites as compared to Hirudiné&apdbdella sp. and
Glassophonia sp.) The highest density of Oligochaeta indicates tlke s more
polluted as oligochaetes have been observed toethwell in soft depositing
substrates rather than stony beds and nutrientseciiment. They have greater
power of utilizing the organic matter. According ®rinkhurst (1965) and
Chowdharyet al. (2013), oligochaetes are more encountered in grgesluted
and organically enriched water bodies with low axygthe same has been found
in our study. Abidaet al. (2012) reported pollution tolerant taxa, such as
Chironomidae, Oligochaeta and Hirudinea at thessite river Jhelum with
anthropogenic stress, municipal sewage and domeséiste. The author
concluded that pollution indicator species such Laginodrilus sp. among
Annelida, Chironomou sp. andGammarus pulex among Arthropodal.ymnea sp.
and corbicula sp. among Mollusca directly points to the shiftisigtus of river
from non-polluted to polluted. Thus our presentesiigation points out that
Anchar lake is facing severe threat of pollutiom autrient enrichment, which is

confirmed by the presence lofmnodrilus hoffmeister species.

The study also revealed that the percentage catitib of Limnodrilus
hoffmeister was (47, 23.36, 17.71 and 12.53%) at Site-lll, -B#teSite-II, Site-I,
respectively (Fig. 19)Erpobdella octoculata was (21.94, 13.16, 9.83 and 7.26%)
at Site-1ll, Site-1V, Site-Il, Site-l, respectivelfFig. 19) and ofGlassophonia
complanata was (22.09, 9.98, 8.17 and 7.56%) at Site-llle-®u, Site-Il, Site-l,
respectively (Fig. 20). In an aquatic ecosystemlitaeof aquatic biota (Annelida)
is closely dependent on the physical, chemical laintbgical characteristics of
water that directly act as a controlling factor §éab and Pandit, 2009). Thus the
percentage abundance of Annelida during the presemstigation varied at



different sites because of the different physicatl a&chemical properties of
substratum. According to Chowdhaeg al. (2013), Oligochaetes are more
encountered in grossly polluted and organicallyioled water bodies with low
dissolved oxygen. In the present study, Th@anodrilus sp. among oligochaetes
favours this agreement as they were more in num@bgites near (SKIMS), which
is more organically polluted. This is also confidreatistically during the present
study asLimnodrilus, Erpobdella, and Glassophonia recorded strong negative
correlation with dissolved oxygen <p.01, r= - 0.770, - 0.704, - 0.795) and
positive correlation with N@N (p<0.05, r= 0.429, 0.406, 0.460), MM (p<0.05,
r=0.324, 0.403, 0.403), R® (p<0.01, r= 0.608, 0.586, 0.693) and TS5,
r=0.506, 0.456, 0.604) respectively. These resuisconfirmed by the studies of
Yapet al.(2003), Chowdhargt al. (2013) and Sharnet al. (2015).



Table 18:

The overall minimum, maximum and Mean andstandard

deviation of physico-chemical characteristics of war of
Anchar Lake during the present study

Nsc;. Parameter Minimum | Maximum | MeanzSD

1 | Air temperature °C) 3 25.5 10.82+8.08

2 | Water temperaturéQ) 1.6 12.5 5.975+3.69

3 | Maximum depth (m) 0.6 2.2 1.3+0.52

4 | Transparency (m) 0.19 0.75 0.48+0.23

5 | pH 6.9 8 7.51+0.31

6 | Dissolved oxygen (mg/l) 4 8.5 6.69+1.48

;| Free CQ (mg/l) 6.5 21 12.76+3.79

8 | Total alkalinity (mg/l) 98 197 151+26.28

9 | Nitrate nitrogen (ug/l) 260 690 468.5+115,96
10 | Ammonical nitrogen (ug/l) 100 292 171.04+54(28
11 | Orthophosphate (ug/l) 110 285 166.21+60.94
12 | Total phosphorus(ug/l) 301 655 416.5+137.89
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Table 19: The correlation between various physicohemical parameters of Anchar lake

1 2 3 4 5 6 7 8 9 10 11
2 | 0974

3 | -0.121 | -0.095

4 -0.42 0.000 | 0.757*

5 | -0.365 | -0.365| 0.420* 0.377

6 | -0.298 | -0.311 | 0.502* | 0.360 | 0.850*

7 | 0555 | 0.557* | -0.298 | -0.287 | -0.797*f -0.701*t

8 | -0.438 | 0.497** | 0.449* | -0.528**| -0.178 | -0.442%  0.010

9 | -0.169 | 0.187 | 0.673* -0.656*f -0.608*f -0.727* 068 | 0.727*

10 | -0.209 | -0.190 | 0.408* 0.494% -0.634% -0.687%  0.473| 0.592** | 0.871*

11 | 0.083 0.064 | 0.508*| -0.620*f -0.791* -0.807* 0.786 | 0.578* | 0.82** | 0.871**

12 | -0.036 | -0.072 | 0.537* -0.689*f -0.723* 0.786*% 0&8** | 0.672* | 0.855** | 0.834 | 0.916*

** Correlation is significant at the 0.01 level
* Correlation is significant at 0.05 level

1=Air temperature, 2=Water temperature, 3=Depthlrdnsparency, 5=pH, 6=Dissolved oxygen, 7=Freecaraitioxide, 8=Total alkalinity,
9=Nitrate nitrogen, 10=Ammonical nitrogen, 11= @phosphate, 12= Total phosphorus.



Table 20: Pearsors correlation coefficient of three species of Anniela
and selected physico-chemical parameters of Anchéake

S. Species
No. Parameters
Limnodrilus Erpobdella | Glasophonia

1 | Air temperature 0.750 0.675** 0.680**

2 Water temperature 0.715** 0.710** 0.664**
3 Depth -0.412* -0.413* -0.387*
4 Transparency -0.303 -0.232 -0.409
5 | pH -0.691** -0.653** -0.756**
6 Dissolved Oxygen -0.770** -0.704** -0.795**
7 Free CQ 0.741** 0.750** 0.764**

8 Total alkalinity 0.097 0.003 0.47

9 Nitrate nitrogen 0.429* 0.406* 0.460*
10 | Ammonical nitrogen 0.324 0.403* 0.403*
11 | Ortho phosphate 0.608** 0.586** 0.693**
12 | Total phosphorus 0.506* 0.456* 0.604**

** Correlation is significant at the 0.01 level ahdCorrelation is significant at the 0.05 level




Chapter 6
SUMMARY AND CONCLUSION

The present research work deals with the distobubf benthic macro-
invertebrates (Annelida; Oligochaeta) of AncharelakiThe physic-chemical
parameters of water were analysed to determine ihiguence and

interrelationship between abiotic factors and bientiacro-invertebrates.

* Qualitative and quantitative samplings were cdroat by following
proper methodology. The organisms identified and density of
benthic species was expressed in number of organmen square

meter.
» Statistical analyses were carried out by SPSS.

« Air and water temperature showed a minimum valuenduwinter
whereas the maximum value during summer. The dveradn value
of air and water temperature was 10.82+8Q08and 1.3+0.52C

respectively.

* Depth recorded a minimum value at SKIMS (Site-tlthe month of
February whereas, maximum value of at centre (§iie-the month
of December, and January. The overall mean valugadér depth
was 1.3+0.52 m.

e Transparency recorded a minimum value at SKIMSe(8iy AT
SKIMS (Site-Ill) in the month of May whereas, maxim value at
centre (Site-11) in the month of December. The allanean value of

water transparency was 0.48+0.23 m.

e The minimum pH was recorded at SKIMS (Site-lll)tire month of
May whereas, maximum pH was recorded at inlet {it@ the
month of December and January. The overall meameval pH was
7.51+0.31.



The minimum dissolved oxygen content was recordedsKIMS
(Site-11l) during summer whereas, maximum dissolverygen
content was recorded at Inlet (Site-1) during winféhe overall mean

dissolved oxygen content was 6.69+1.48 mg/L

The minimum free C@was recorded at Inlet (Site-1) during winter
whereas, maximum free G@as recorded at SKIMS during summer.
The overall mean free G@vas 6.69+1.48 mg/L

Total alkalinity recorded a mini um value at cen{8re-l1l) in the

month of January whereas, maximum total alkalimifs recorded at
SKIMS (Site-1ll) in the month of May. The overall gan total

alkalinity was 151+26.28 pg/L

The minimum NQ@-N was recorded at centre (Site-1l) in the month of
May where as maximum NEN was recorded at SKIMS (Site-Ill) in
the month of March. The overall mean value of;N\Owas recorded
as 468.5+ 115.96 pg/L.

NH4;-N Showed a minimum value at Inlet (Site-l) in thwnth of
December whereas, the maximum at SKIMS (Site-hihie month of
March. The overall mean NN was recorded 171.04+54.028 pg/L.

The minimum orthophosphate value was recordedlat (8ite-l) in
the month of December whereas, maximum orthophaosplaue of
was recorded at SKIMS (Site-1ll) in the month of yl&he overall
mean orthophosphate recorded in the lake was 1660294 ug/L.

The minimum total phosphorus value was recordexuitiet (Site-1V)

in the month of December whereas, maximum totakphorus value
was recorded at SKIMS (Site-1ll) in the month of y&he overall
mean total phosphorus recorded in the lake wa$4187.89 ug/L.

Qualitative and quantitative analysis of benthiccroanvertebrates



showed the presence of three speciesLvimnodrilus hoffmeister,
Erpobdella octoculata and Glassophonia complanata in the lake.
Among the three specidamnodrilus hoffmeister was belonged to
class Oligochaeta where&spobdella octoculata and Glassophonia

complanata where belonged to class Hirudinea.

The overall Mean population density (Ind?mof Limnodrilus
hoffmeister recorded in the lake was 87.75+53.80 Ind,/riihe
maximum density 3669 Ind.fmof Limnodrilus hoffmeister was
recorded at SKIMS (Site-1ll) whereas minimum depnsdf 980
Ind./n? was recorded at Inlet (Site-1).

The overall; mean population density (Ind’ymof Erpobdella
octoculata and Glassophonia complanata recorded in the lake
6.25+42.29 Ind./h and 72.75+ 42.44 Ind.fmrespectively. The
maximum density 3225 Ind./mof Erpobdella octoculata was
recorded at SKIMS (Site-1ll) whereas, minimum densf 1069
Ind./n? was recorded at Inlet (Site-1) and the maximumsitgr8248
Ind./n? of Glassophonia complanata was recorded at SKIMS (Site-
l1I) whereas minimum density of 1114 Ind7was recorded at Inlet
(Site-1).

All the three species vizLimnodrilus hoffmeister, Erpobdella
octoculata and Glassophonia complanata recorded strong negative
correlation with dissolved oxygen p.01, r= - 0.770, - 0.704, -
0.795) and positive correlation with N® (p<0.05, r= 0.429, 0.406,
0.460), NH-N (p<0.05, r= 0.324, 0.403, 0.403), #® (<0.01, r=
0.608, 0.586, 0.693) and TP <05, r= 0.506, 0.456, 0.604)
respectively. Thus based on present study Oligdebaman be used as
indicators of water quality because they are foumdooor water
quality of lake.



CONCLUSION

During the present survey/research work it wasbéisteed that
Anchar lake exhibits and elevated state of eutwgilon. This is

clearly reflected by higher nutrient (N & P) contation.

The occurrence of three species of phylum Annelwa.
Limnodrilus hoffmeister, Erpobdella octoculata and Glassophonia
complanata with higher number is due to the presence of acgan
rich waters and also due to entry of sewage whagbudrs growth of

these worms.

Oxygen concentration (indicated by D.O) is found®influential
factor in affecting the distribution of Annelida pesially
Limnodrilus sp. This is further validated byimnodrilus showing
strong negative correlation with dissolved oxyges 0.01, r = -
0.770).

The worm distribution is generally influenced by N@nd NH,
these two nutrients along with phosphorus seemsngrortant
parameter for the distribution of Oligochate.

The distribution ofLimnodrilus sp showed positive correlation with
NO3-N and NH.-N. This indicates that both high level of nuttgn
(N&P) are important factor for abundance and presermf
Limnodrilus hoffmeister, Erpobdella octoculata and Glassophonia
complanata and they are resistive benthic macro-invertebraes

these excessive level of nutrient.

The present data signified the resistance and atoder of

Limnodrilus sp. in the polluted part of Anchar lake and themefo
they can be used as good bio indicator of poll@easystem since
they are found in the poor water quality sites loé fake. The

presents result are supports by the work of &tagh. (2006).
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