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ABSTRACT

A sudy of the various physico-chemical parameters of lake revealed that the water
near the flosting gardens was more eariched with nutrients g3 was indicated by increased
level of chloride, phosphorus, nitrogen and condactivity. In response 1o the variations in the
ecological conditions the rooplankton community around these gardens also revealed
differences in specics composition and sbundance from the open water areas of the ke
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INTRODUCTION r

The Dal lake, situated in the north west of Srinagar at an altitude of 1584 m, is a
multibasined water body comprising five basins Hazratbal, Nishal, Gagribal, Nigeen and
Brarinambal. The lake is under heavy anthropogenic pressure. Its water quality has
deteriorated 1o a large extent due 1o the entry of untreated domestic sewage. Its area has also
got reduced as a result of encroachment of its shallow zone for the construction of floating
gardens. These floating gardens (locally called Radh), are made from decayed vegetation
into the shape of long strips floating on the surface of water. The floating gardens are used by
people for the cultivation of different vegetables and several fertilizers are used on them in
order to get more production. A significant quantity of these fenilizers gets washed into the
surrounding water, thereby changing the water quality. A vear long study was conducted
during 2002 1w assess the impuct of the floating gardens on the water quality and the
zooplankton density of the lake.

MATERIAL AND METHODS

The data on various physico-chemical parameters and zooplankion were collected on
monthly basis from four sampling sites. (Fig 1). Site | and site [l were located in the open
water area of Nigeen and Nishat basins respectively, while the sites 111 and IV were located
adjacent to the floating gardens in the Nigeen and Gagribal basins respectively. Intheopen
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water areas dominant macrophytes were Ceratophyllum  demersum, Myriophyllum
apicatum, Poltamogeion crispus and P leucens, while in {loating garden areas Salvimia
matans, Lemna sp. Nelumbo mucifera and Nvmphaea sp. were conspicuous components.
Water samples were analysed for physico-chemical characteristics as per the standard
methods given by Mackereth (1973), CSIR (1974}, APHA (1998).  The zooplankton were
preserved in 4 % formalin and idemtified with the help of Edmondson {1959}, Smimov
(1974), Pennak (1978), Koste{ 1978) and Michael and Sharma( 1 988).
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Fig. 1. Map of the Dal lake showing study sites
RESULTS AND DISCUSSION

Physico- Chemical Features of Water

The mean values of various physico-chemical parameters are presented in Table 1.
The water temperature followed -:h:rsﬂ;f the air temperature showing only o slight spatial
difference. Secchi tran ney was quite low, particularly in the floating ¥urd=n areas. The
mean concentration of DO was lower in floating garden areas ranging from 2.0 mg/l in
summer to0 3.9 mg/l in spring, while the mean CO, concentration did not show any marked
difference between the two arcas. However. Jower values in both-zones were recorded in
summer season. The study sites did not show any marked difference in their pH values and
the water scemed to be well buffered. As far as the total alkalinity is concerned it varied
greatly between the sampling sites, lesser values were observed in open water arcas. It was
mainly due 1o bicarbonate ions and carbonates ions also made their presence from late spring
to early autumn ot site I and in late spring 1o mid summer at site 11 .In the floating gardens arca
carbonates were not recorded at any time. Conductivity and chloride values were t![u_ﬁﬂ
concentration throughout the vear, particularly in the foating garden areas.
concentration of ammonical nitrogen in open water area ranged from 108ug/] in winter 1o
1 8821 in summer, while in floating garden area its content from 319pg/l in winter to
552ug/l in summer. The concentration of nitrate ranged from 391 g/l in winter to 355ug/ln
auturmnn in open water area and from 190ug/1 in spring to 256pg/1in autumn in floating
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garden area. The concentration of nitrite ranged from 37pg/l in summer 1o 67pe/l insprng in
open water area and from 33pg/l in summer to 105ug/1 in winter in floating garden areas.

concentration of the orthophosphorus in the lake ranged from | Tpug/l in winter to 261ug/1 in
summer in open water area, while in floating garden arca it fluctuated from 153ug/l in winter
o 296pg/l in summer. The total phosphorus concentration ranged from 462ug/1 in spring to
708/ in summer in the open water arca and from 483/l in winter 1o 8%9ugd i summer
in floating garden arca, Higher concentration of N and P as observed at all study sites are
attrib to the use of fertilizers in and around the lake and addition of faecal matter and

other efMuents from the human habitation.

Table 1. Seasonal Muctuations in the physicochemical features of the Dal lake

Parameter Site | Bita 0l Site NI Site IV
Spring i1 193 154 183
Ak Carinet k } it L e na
Er Aghurer 6 il i il
it 103 it [ 1 1]
Sprng || iTA L] 1EE
Wt Summan A3 2 &3 -
ﬁi A dlumi 1 k'] 1" it
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Tra Sumirar 21 1 04 = 04
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Sipring g7 a3 ¥, L X ]
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g a2 432 TE 75
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Parametar Site | Sita Il Site I it IV
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Biological Features

During the vear round study a total ol 63 species of zooplankters were recorded, out of which
12 species belonged to Rotifera, 28 to Cladocera and only 5 o Copepoda. Branco et al (2002)
reported that the abundance of rotifers followed by Cladocera as an indication of the eutrophic nature
ol the water bodies, Gliwiez {1969, b), Forsvth and Me Coll (1975), Sandhu er ol { 1984) also recorded
higher percentage of Rotifers and Cladieera and a decrease of Calanoid Copepods in eutrophic lakes,
In general rotifers showed their superiority over other groups in the fake. both in terms of number of
taxa and population density. On the whole the sequence of dominance of various groups in the lake
was Rotifers = Cladocera > Copepoda (Fig 2).
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A comparson of the two sones reveals that the zooplankton population density recorded its
peak values in floating gardens aneas { Table 2) which seems (o be related with the fact that majority of
the pollution resistant species, vie, frocfionus calveifforny, K cocllearis, K quodrata, Lapedelio
patella, Munostila quadridentata and Dapshevia longispinna had high population density in the
floating garden areas. Plewrorny denticwlatus | Campiocercuy sp, Acropeus harpae | Alonelia sp,
Aloma gundriongularis . A rectongular and A affiniy were restricted 10 open waler areas only
Among Branchnosdae Plarivan guondricornis, Keretello cochlearis. Brachiomo guadrideniata were
dominant forms in open water areas while areas A cochfearsn. Brochionws caliciflorss. B
quadricleniata P qresdeicorss were main contnbutors in floating gardens arcas. All of these are true
representatives of eatrophae nature { Pandit. 1980: 99). Gannon {1981 ) has also reported that species
in the genus Broachionus are particularly good mdicators of eutrophy and according o Hutchinson
(1969} Hrachiomus sp are almost entirely limited w alkaline waters, Kumar and Tripathi ( 2004 )
reported B, calveifforus, B, falcatus, B rubens, B, plicatifis and Tesendinella sp. as the most abundant
rotifiers and consider them to indicate the eutrophicated nature of the waterbody.

g Cladocera 39% O Rotifera 54%

Fig 2. Overall % composition of three groups of zooplankion in Dal lake
during study period

From the other families Lapedella ovalis, Morostvle bulla . Filinia longiseta , F. terminalis
Phifoding sp.were main representatives  in open water anca ,while in the floating garden arcas
Lapedella patella . Lecana luna | Trichocerca longiseta , Gastropus sp. Filinia longiseta and
Asplanehna priodendaia were main contributors, Over all population density of rotifers in open water
areas fMuctunted between | ind/] to 55 ind/| with Plativas quadricornis contributing about 12.1%
followed by Lapedella ovalis (11,7%) while in floating garden areas it Muctuated berween | ind/| to
75 ind M with B. calveiflorus contributing about 11.3%, lollowed by Kerarella cochlearis (9.5%).
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Table 2 (a). Population density of rotifer plankton (ind/1) in Dal lake

OPEN WATER FLOATING GARDEN
AREAS AREAS

Sita | Sita il Site Nl Bite 1Y
Brachionidag
Brachionus angiians 8 0 11 18
8. bidentata T 18 ¥ 3
8 calycifiorus ) Q 6 15
B guadndontata 12 0 60 75
B.cochiears 27 10 12 FF,
Ferglella cochiearis a7 15 41 ]
K. quadrala b 10 37 a3
K. fropica 2 B 1 7
Pouadrideniala 51 g 15 g
F patulus a 16 22 12
Fquadnoomis 35 04 0 P,
Moltioloa 2p 0 a 2 a
Trichotridae
Tncholna telractis B 0 3 i
Euchlanidan
Euchiing ditatata 0 0 2 1]
Colurellidag | .
Lopadeia ovalis 34 fale) 13 a0
L patella o 14 10 a8
Sgualinela mulica H 0 1 o
Courslla obilusa 0 0 i o
Synchaetidag
Folyarthra wiilgans 2d 15 13 B
Synchaeta sp a 1 o
Lecanidae
Lecana iuna a 3 a T
Monostyla bulia 21 18 14 a5
M lunans i 4 25
Mguadndentala 0 1 14 135
Trichocercidae
Tnichocerca longisela 15 14 20 16
Tnchooercs sp > 1 10 3
Gastropodidae
Ascomorpha &p & 13 4 [}
Gasiropuys sp. 12 2 11 25
Filinidae
Fifinia longisata 22 13 22 £3
F terminalis 30 24 21 30
Asplanchinidaa
Asplanchng pricdanta 23 16 21 47
Fhitadinidae

Fhitoding sp. ar KIH 21 28
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Table 2 (b), Population density of crusiacean plankton (Ind/1) in the Dal lake

OPEN WATER FLOATING GARDEN
AREAS AREAS
Site | Site Il Site Sate Iv
Chydoridas
Chydaryg spherious 7 &0 128 50
. owalis B 21 g H
Pleurosus simiia a 16 18 5
P danticulalss 3 1 o 0
P trigonelius 3 o g 4
Plauroxus sp -] 10 22 0
Grapioiebons testudinana 20 25 12 14
Camplocercus sp 4 5 0 0
Acropeus harpao 12 10 4] 0
Alpheila sp. &} r o ]
Alona guadniangulans ] - 0 0
A mmctanguls . 2 0 o
A_affinis 0 4 1] 0
Bosminidae
Bosming longirosing 16 Bl TS 21
B corgoni 5 25 13 2 .
Macrothricidae
Macrothnx rosea | - 18 0 20
Macrothnx sp. 1 &0 24 0
ilyocryplus sp 0 0 5 0
Sididae
Diagphanosoma brachyurum ] 20 26 5
Sioa crystaing ) 14 8 0
Daphnidae
Daphnia pulex 4 21 14 12
D longispinna a 7 32 43
D.slmilis 17 16 17 2
Cerodaphnia reliculata B 24 8 6
C. guadriangula 2 20 4 4
Maona daphnia sp 13 23 T 12
Simocephaius sp 0 -] 5 0
Moinidae
Moing micrura 1] B 3 1
r:lnpﬂu
g’bﬁﬂﬂﬂ scubifor 12 12 17 10
C. vicinus &7 17 33 16
Eucycliops speratus 4 3 0 0
Macrocyclops albidus ] 10 1 12
Canthocamptidae
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Among cladocerans Chydoridae was the best represented family in the lake with 13 taxa, The
family was dominant in floating garden arcas and the dominant forms among it were Chydorus
sphericny and Graptoleberis rextmdinaria, while in the open water area, besides these two Acroperis
harpoe was also 8 dominant form, Daphnidae was dominated by Daphnia longlsping, [t pulen in
fMoating garden and Molmadaphnia sp, Certodaphnio reticwlater and [ palex in open water areas, B
fongirastris, Macrothrix rosea, Sida crystalling were abundant in both areas.  Moing micrura, was
quite low at both sites throughout the year. Parveen and Yousal { 1999) reponed M micrurg and
D fongispinna 1o be mainly restricted 1o polluted waters of Brarinambal basin of Dal Lake. Plewrons
denticulans, Campiocercus 5p, Avroperus harpoe, Alomella sp, Alona guadriingulo A, rectangular
and A, affinis were totally absent from the Noatiog garden area, indicating that these species avoid the
polluted water in the vicinity if loating islands. Population density of Cladocera in open waler area
fuctualed between |1 ind/1 to 64 ind /1 with highest contribution by Bosmina longirostras (11.3%),
followed by € sphaericuy (9.7%) and Graptoleberis testudinaria (7.8%), while in the floating
garden area it fluctuated between 1 ind/Tw 129 ind 1 with highest contribution by C sphaericns (28.3
%) B longirostris (15.1%)and D, longiypina{ | 1.8%)

Group Copepoda was represented by two families Canthocamptidae snd Cyclopoidae. The
former one was reprosented by only one species e, Camthocamgtts sp. Although recorded in both
zones, it recorded higher density in the floating gerden arcas. Cyclopokdae was dominated by Cyolops
vicimes (55.2% in open water arcaand 45,7 % in foating garden areas ) and Cvolopy scutifer (17.5% in
open water area and 25.7 % at foating garden area), Besides these two, Macrocyeidgs albidu
{21.9%) was also recorded in a sufficient numbers in floating garden areas. Yousul (1988 ) had also
reporied €, vicimes abundant in limnetic zone and Canthocampius sp, O scautifer and M. albidus more
important in litoral zone. Overall population density of this group in open water areas fluctuated
between 3 ind/1to 57 ind /1 and in Noating garden areas from 3 to 33 ind /1

The analysis of the results obtained in the present study shows that alieration in ablotic
factors exerts considerable influence on zooplankion sbundsnce and diversity. To assess the
importance of abiotic interactions an attempt was made to analyze the date statistically. Rotifers
showed a negative correlation with DO and transparency (r=-0.32), with total alkalinity {r= -0.44),
with nitrogen forms ( r = -0.24 for nitrate , r = <0, 70 with nitrite and ¢ = -0,74 with ammonia ), with
chloride (r=-0.84) while Cladocera recoded negative relationship with CO, (r = -0.36), transparenc
(r=-%7).twotal alkalinity { r = -0.48). ammonia ( r= -0.39) , chloride { = -0.29) and conductivity ( r=
-0.18), Copepods showed negative correlation with the O,{r = -0.22), CO (r= -0.82), transparency
{r = -0.50), with forms of nitrogen (r = -0.57, -0.08, -0.75 for nitrite, nitrate and ammonia
respectively) and total alkalinity (r = -0.54). Sorenson’s similarity index (modified by Marczewski
and Steinhaus) was applied 10 the data on zooplankton community. The highest similarity was
observed between Site 111 and 1V (0.87), thereby suggesting more qualitative similanty between the
floating garden arens. The least similarity (0.71) was found between Site | open water area in Nigeen)
and 111 (Floating garden area of Gagribal) which seems to be related 10 the differences in the abiotic
features as well as the macrophytic community of the two arcas. From the forgoing description it may
be concluded that the contiguity of floating gardens have a significant impact on the water quality and
consequently the zooplankton community in the Dal Lake.
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