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ABSTRACT

The high altinude valley of Kashmir abounds in o vast array of freshwater Bodwes of Jote: iy
well as lentic nature |17 specles of macrophyies have been recorded from the vanous wates hodies of
the valley, while the mumber of algal spocies contnbuting W phyvioplakion. perplivion and
phytobenthios excoeds Y0 In mountan lakes the botlom seduments are W doep By e gross of
attached macrophytes, while three vegetational sones -- emergents,  rooled Soatng-keal Bpes
subsnergeds - are distinguishable i the valley and forest lakes.  The total disappearunee ol © o sp
and Exnyule ferox and the gradusl replacement of chear water species like Afvrogpinodium e amem sl
Folamogeton spp. by more resstant speoes, iz, Elodea sp. amd Cernmopievlinm demories fpecsd
of eutrophoc habitats, are clear signs of racing eutrophscation of the squatic coos e of e valley
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INTRODUCTION

Biodiversity means vanability among living orgamsms from all sources and
the ecological complexes of which they are a parnt which mcludes diversity within
species (genetic diversity), between species (species diversity) and of ecosystems
{ecosystem diversity), The high altitude valley of Kashmir, lving in the north-west
Himalaya, abounds in a vast amay of freshwater bodies - lakes, ponds, wetlands
springs, streams and nvers Amongst these the lakes and wetlands play an important
role in the biodiversity of the region in so far as their potential a8 resources of both
plants and animals 1s concerned Further the plants (algae and macrophyvies) perform
a key role in determining the structure and function of these ecosystems (Pandi
1980, B4, 92, 99). In view of their ecological dominance, the presént paper presents a



broad-based critical assessment of the state-of-an m the sen of plant biodrversity of
freshwater bodies of Kashmir under different esveronmental condstons

FRESH WATERBODIES OF KASHMIR

The freshwater bodies of Kashmwr can broadly be classified nto lotic
{running) and lentic (standing) systems The former includes the River Jhelum and
vanous streams (nallahs) which directly or indirectly join it winle the latter mcludes
lakes, ponds, wetlands and similar other aquatic habitats The lakes of Kashmur are
further categorised into three different types: (1) glacial mountun lakes, (1) pine
forest lakes, and (1) valley lakes, based on thewr ongin, alttudinal siuation and
nature of biota they contam (Zutshi er al., 1972, Kaul et al, 1978 | Pandit, 1999} The
descnption of these lakes about 20 in number have been given elsewhere by Pandnt
(1996,99) The lakes represent the contmuwum of vanapon from nutnent poor
condition called oligotrophy ( e g , glacial mountain lakes - Alipathar, Tarsar, Marsar,
Sheshnag Kounsemag, Gangabal etc ) through moderate nutnent condibon called
mesotrophy ( eg pine forest lakes - Nilnag) to eutrophy also called nutnent nch
condition { eg, valley lakes - Dal, Anchar, Wular, Manasbal etc.) The wetlands
almost represent the last stges of eutrophy called dystrophy. Their trophic status 15
discussed in detail elsewhere (Pandit, 1980, 99; Pandit and Kaul, 1982),

DISTRIBUTION AND PRODUCTION OF MACROPHYTES

The presence and abundance of macrophytes in aquatic habitats 1s governed
brv & set of environmental factors As such the nvers and streams are almost devord of
any macrophyuic vegetaton which 1s pnmanly antributed to the running condinon of
water. Only centain plants which can anchor better near immovable objects ( e g
Ramunculus spp ) grow under such habiats (Pandi, 1984) In contrast, the lakes and
wetlands are heawvily infested with profuse growth of macrophytes accounting for
large amount of photosynthesis. Since macrophytes lock up nutnents m the early
growing season from the nutnent sediment pool only very little nutrients are left for
the growth of phytoplankton, the former accounting for the major part of primary
production in these ecosystems. However, the lakes and wetlands exhibit vanous
kinds of associations of macrophytes and consequently the macrophytic production
{bsomass) vanes among the ecosystems.



Lakes

A comparative study of three senes of lakes on the basis of macrophyiic
production reveals the valley lakes to be eutrophic, the Nilnag, a forest luke, 10 be
mesotrophic and the glacial mountain lakes which are almost devoid of macrophyies
to be oligotrophic. In case of mountain lakes the bottom sediments are too deep for
the growth of attached macrophvies, besides the low mineral content and low water
temperature. In contrast, three vegetational zones, viz (1) emergents, (1) rooted
floatng-leaf types, and (i) submergeds are distinguishable in the valley and pine
forest lakes In the recent years there has been a growing concern about these lakes
getting chocked up by dense growth of macrophytes which s attributed 10 heavy
mineral loading due to cultural eutrophication, Kaul and Zutghi (1967) have reported
a total of 117 species belonging to 69 genera and 42 families in aquatc and
marshland habitats of Kashmir. These species have been categonsed into 25 different
associations spread over six classes viz. (1) Lemnetea, (n) Utniculanciea, (i)
Stratiotatea, (iv) Charetea, (v) Potametea, and (vi) Phragmitetea (Kaul o/ al, 1973)
However, Kaul and Zutshi (1967) have reported only a total of 106 species
belonging 1o 38 families in vanous basins of Dal Lake (¢ f Pandst, 1992, 96, 99) At
present the number of macrophytic species has decreased although the production of
a few ones has increased This 1s an outcome of accelerating eutrophication of these
waterbodies (Pandit, 1980) The macrophytic vegetation of lakes, according 1o Zutshy
ef @l. (1980), does not show any definite relationship with altitude The hydrological
factors represent the chief milieu of conditions governing the occumence and growth
of vanous macrophytic species and their associations, Water depth and its associated
influences are opined 1o influence the occurrence and extent of mdividual plant
species, while soil type and nutrient composition have hittle importance in controlling
macrophytic distribution However, for submerged plants the turbidity of water is an
addinonal factor in determining the extent of their colomzanon According to Kaul
(1971), Lemmids are restricted to water depth of less than 1.5 m. Myriophyifum
spicalum covers large areas between 05 - 20 m depth and Nymphoides pelaim
between 1.0 - 2.5 m. Zutshi and Vass (1982) have estimated 0.5 m as the maximum
depth of colomzation by emergent forms; floating-leaf forms are reponed 10 be
distributed over depth ranges between 0.25 - 1 97 m while maximum amplitude of
04 - 30 m is recorded for the submerged commumties of Myrophyllum -



Ceratophylium. Among the emergents, Phragmites australis | Typha angostato and
Sparganiam ramosem are the dominant macrophytes occupving the hitorals of lakes
Generally the lakes wiath higher transparency are conducive for the growth of
submerged forms and where water 15 turbid floating forms dommate. This 15 noted
when the macrophvies of Dal and Anchar lakes are compared Recently Kaul (1984)
comelated the developmemt of [lemne-Salhvmo  associanons with  excessive
eutrophication, bringing about a shift in underwater vegetation and resulting wn the
replacement of Potamaogeton crispus assocations by Ceratrophyllum demersum. 15
plant species and 10 plant associstions have been reported to be rare while emergent
reed-swamp communities are reported to be more resistant to eutrophication. Some
macrophytic species namely Chara fragilis, Niella ocummats, N. dispersa amd
Nuellopsis obtisia in deep waters of Manasbal Lake (Mukenee, 1916) and
Frosamogeton perfoliams particularly in Nilnag Lake (Blatter, 1927) reported earlier
are no longer existent. The plant species in the Nilnag Lake are divisible into nine
life-forms viz. (i) Ceratophyllids, (n) Myrophyllids, (m) Parvopotamuds, (iv)
Magnopotamids, (v) Batrachuds, (vi) Marsilesds, {(vii) Nvmphowds, (vin) Trapads, and
(ix) Helophytes (Hogeweg and Brenkert, 1969, ¢ [ Kaul eral, 1980) Simularly the
disappearance of Chara sp. and Eurvale ferox from Dal Lake is annbuted to change
in environmental complex (Pandit, 1996),

A perusal of data presented by Kaul (1977) showed the total annual dry
weight production of Dal Lake to be 30 metnc tons ha”' as against 10,1 tons ha”' in
the Anchar and 97 tons ha' in the Manasbal Lake during 1970-72 Investigation
camied out later during 1972-T6 by Zutshn and Vass (1982), however, indicated
higher production values of 41.03 ¢ ha™ yr' for Dal Lake (Table 1), Lately, Trisal
(1987) calculated the total macrophytic biomass for the ente Dal Lake including
floating zone tw be 4,735.05 wnnes. Of the total macrophytic homass emergents,
rooted Moating-leaf types and submergeds contnbute a total of 3161 94, 247.33 and
132578 tonnes respectively, It s evident that submerged forms have maximum
coverage but mimmal organic matter production, Submergeds like Myrophyliim
spicanm  and Ceraropliylium demersum glso form monospecific meadows in the
Manashal Lake As agawst this, emergents have a low coverage but high rate of
MﬁHMMn{?ﬂm (32-209gm™d " .
standing crop being 325 - 10,139 g dry wt m™ ) and Phragmetes australs (542-23 7



gm* d . standing crop being 1,016 — 8,108 g dry wt m” ) has been reported by
vanious investigators. Taking the over all view of submergeds i sevemal lakes from
existing data (Pandit, 1999), Dal Lake clearly sustains highly productive macrophytic
communities, particularly m companson 1o some Russian and Polish lakes
(Gerlaczynska, 1973).

Tabbe |. Macrophvtie production in three lake ecosvtems of Kashmir.

Lake Macrophytic production | Uha)  Seurce
Dal Lake Average 30 Kaul : (1977)
Average 41 Futshi & Voss (19K2)
Range 30 -150 Vass (1 980)
Anchar Lake Average 10.1 Kaul ( 1977)
Range B0 - [0 Vass (1980)
Manasbal Lake * Average 97 Kaul { 1977)
Range 40-60 Vass { 1980)
Wetlands

In shallow wetlands, unhke lakes, no typical macrophytic zonation s
distinguishable, instead seveml plant species occur together which result in a
complex physiognomy. On structural basis, particularly height and position of
macrophyes within the wetland, the herbaceous wetlands are dominated by
emergents, rooted floating-leaf types and submergeds depending upon water depth

and associated factors. The emergent macrophytes have further been classified into
three strata (1) tall growing emergents with shoots more than one metre | (1) low

growing emergents which shoots between 25 and 100 cm tall, and (1) ground layer
species with shoots less than 25 cm in height

The studies on phytosociology and community architecture in some typical
wetlands have been carmed out in detail by Handoo and Kaul (1982) and 5 Kaul



(1982) Thus, while Handoo and Kaul (1982) reported about 42, 32, 19 and 18
species in Malangpor, Krnchu, Shalabogh and Hokamsar wetlands, Pandit {(1991)
reperted 29, 24, 20,

Table 2. Total number of speches and annual primary production® of different wetlands
of Kashmir (Pandit, 19949

L4 Number of  Annual increment  Community archileciure® **
Mo Wetlund apecies®* of macrophyies (g
site m?)

1. Nowgam 2l 845 Dicenmabes] by tall growmg
ST il

1 Malangpora 42 | 740 Dommuted by sedgo-meadow
guies

1 Tullesulls 15 1843 Dommasted by sedpe| meadow
ApReLIES

4, Mirgund 0 730 Mamnly dommated by tall growimg
e Tl

5  Shabogh 19 LR Masnly dommated by tall gnmong

d CINETgents

6. Krancha n 22 Mainlv dommated by lall growmg
i = | N

7. Malgmm n 312 Dominated by tall gnwmg
cToeE getils

8 Haugen % 1886 Dominated by low growing
emergenis and tall pwhing
e e s take the posibon of o
domimants

3. Markorn [} 69 Dominasted mainly by rooied
fonting-leaf tpes

10,  Humarsar I8 502 Dominsiod mamnly by rooied
foatng-leaf pes

. In all the wetlands sites macrophyies are the mam contributors of carbon fixation.
**  The specics diversity is high i shallow and low m decper sites.

**% | the shallower wetlands species of tall growing emergents, low growing emergents

and ground laver specics. all grow together resulting in the conomy of space and
light withsn the multier architecture of the vegetation.



21 and 17 taxa of macrophvies in Hagam, Hokarsar, Mirgund, Nowgam and Malgam
wetlands respectively (Table 2) Handoo and Kaul (1982) further noticed a gradual
merease in species nchness from 1.2 to 476 with a decrease i water depth. At
Malangpom, the low growing emergents hike Scirpuy palustris, Eleocharis palusiris
and Cyperus serofnuy and ground layer species like Polygonum hyvdropiper,
Myosorts sylvanca, Calium hertifolium  and Marsilea quadrifolia were common
They together represented 73 3 -86 8% of the density at the study site (Handoo and
Kaul, 1982) In contrast, tall growing emergents hike Phragmites australis, Seirpus
facustrs and Nipha angusiasa had hagh relatve frequencies at both Shalabogh and
Kranchu wetlands. The wll growing emergents, mamly Tangustata, P.ausiralis,
Phalariy arundinacea and Sparganium ramasum, accounted for 61.5 - 64 6% and
28 8 -49 3% of the total density at these two sites respectively, However, at Kranchu
the flonting-leaf species (Nymphoides peltatum  and Potamogeton natans) and
submerged species iMyriophyvillum spicamem and Ranunculus aguatilis) were almost
fairly present. In Haygam, the dominant vegetalion compnses low growing emergents
hike Scorpus palustris, Carex sp., and Eleochats palusiris and the wll growng
emergents like Powstralis, X locw-stris | T angustata and  Sparganium  erecim
take the posinon of co-domimant, occurnng in somewhat pure or solated stands
(Kaul eral, 1980) However in Nowgam F.australis, Serectum, Scirpus lacustris,
Acoruy colamuy and Trapa patans  are common. Malgam has a typical prainie look.
By intertwining rhizomatous parts of macrophves, large extensive floating 1slands are
being formed m this wetland The common macrophytic species comprise P.ausiralis
(dwarf ecotype), S lacusiry, Nveiphaea candida, Nymphoides peltamm and Chara
seylanica. In deeper wetlands like Hokarsar and Mirgund the increased water depth
results in the greater establishment of floanng-leaf species (Fig 1) While in Mirgund
floating-leaf types like Nymphaea afba, Potamogeton natans, Hydrochariy dubia
and Trapa natans  are the dominant forms, in Hokarsar Trapa natans and Trapa
hispinosa together had 552 10 91 7 % relative frequency. Phragmites australis (tall
ecotype) and Nymphaea alba are also the other main colonisers at the latter site In
general, floating-leaf species contnbuted more at Hokarsar than in other wetlands
Trapa natans still clams a good coverage in Wular Lake, a wetland of International
Importance {Ramsar Site). In Wular, the growth of submerged vegetation s greatly
restricted due to the heavy trbidity brought about by the suspended silt, as-1s true for



other wetlands also S Kaul {1982) while drawing 3 companson of some typcal
wetlands of Kashmur, on the basis of their community architecture, reveals shallower
wetlands (Malgan, Nowgam and Haigam) having o water depth of < 080 cm to be
conducive for the estabhshment of an assocuation of emergents hke Pamstralis,
Tangustana, S.lacustris, S.erectwm and Myriophyilum verncillomum  whereas the
deeper wetlands (Mirgund and Hokarsar ) are colonized by Frapa -Nymphoides
assocuation. S Kaul further opined the deeper wetlands, predommantly covered by
floating-leaf types, to be structurally less complex compared to other shallow
wetlands

The vegetation of wetlands is specially adapted to survive in different
conditions and the Kashmin wetlands host a number of species found no where else
in the country. The most striking feature of the wetlands 18 the large amount of
photosynthesis within the system especially by macrophytes. Thew growth increases
from minimum n February - Apnl to maximum in August - September. Among the

'vanous life-forms, the reed swamps show the maximum biomass the standing crop
values for Phragmites australis, Typha angustata, Tlatifolia, Scirpus lacusiriy and
Sparganium erectum being between 1.016-3, 216, 866-5, 400, 920-2, 188, B84-1,
280 and 625-1, 838g m” respectively, Among rooted floating-leaf types Nedumbium
nucifera (found in Dal, Anchar and Manasbal lakes) and Trapa satans sccumulates
relatively higher biomsss. The biomass values of submergeds and free floating tvpes
are quite low as compared to emergents and Noating-leaf types (Table 1) In general,
some of the most productive wetlands sustained a macrophytic biomass ranging
between 58-584 t ha' These values are definitely higher than the lakes.

DWINDLING PLANT RESOURCES

The wetlands in Kashmir have remained almost neglected because of the
tranditional attitude of the people, who still consider wetlands as “wastelands™
serving dumping grounds for waste and “sinks” duning floods briming in huge
quantities of allochthonous material like silt and domestic refuse, Increasing hurman
pressures, coupled with recurning floods, have brought about a senes of changes
the biotic set up of waterbodies For instance, before the floods of 1952 and 1959,
Hokarsar wetland, one of the most imporotant duck shooting 3. *s in Kashmir, was a
nch source of some economcally mportant plants like Trapa matans. Nelumbiim



nucifera and Nymphoides pelrara. The thick stands of emergents ke Phragmires
australis (tall ecotype) and Typha angustata af this site formed the most sutable
breeding sites for mallard, white-eyed pochard and coot untill 1921 (Bates and
Lowther, 1952). However, at present the chief colonizers of the wetlands are frapa
makans, Potamogeton natans and Nymphoides peltata. Nelumbinm nucifera has now
completely vanished from the wetland and hkewise Pawseralis (Fig 2) s almost
geming replaced by Sparganivm erecium {(Fig. 3) Similar sitwation has reached in
Haigam wetland also. Surprisingly, pollution tlelrant species hike Myrophylium
verticillarum (Fig. 4) and Hydrocharis dubia (Fig 5) have come up at certain sites
in solaved patches of their own. Above all, the number of macrophytic species has
declined considerably from 54 in 1963 to 24 in 1980 (Kaul and Zutshi, 1967, Pandit,
1980,91 Pandit and Qadn, 1990)

MACROPHYTES AND EUTROPHICATION

Macrophytes, through ther form, behaviour and resistance, imniflucnce
pollution in different ways (Lange and Zon, 1973; Rymankova, 1975, Heney and
Husak, 1978, Clark er al., 1978, Marvan ¢f al,, 1978) Besides causing pollution in
some ways, they also remove pollutants and purify water to a certain extent
Varshney (1981) and Pandit (1984, 92) used a number of macrophyles as
biowndicators of water quahity, and their studies were based on the kinds of species
present, number of species and the biomass production Considering the species of
macrophytes recorded from Kashmir Himalayan waters, this type of study envisages
Sparganium erectum, Myriophyllum verticillatm, Polamogeton pectinaies  and
Porispus  as mdicators of severe pollution, and Lemna spp. Salvinia natans,
Saginaria saginifolia, Polamogeron lucens, P.pucillus, Polygonum amphibinm,
Phalaris arundinacea, Alisma plamiago-aguarica and Ranunculis sp. as mdicators of
eutrophication (Pandit, 1984, 92). The total disappearance of Chara sp. and Furyale
ferax and the gradual replacement of clear water species like Myriophylium spicatm
and Potamogeton spp. by more resistant species viz, Flodea sp. and Ceratophyllom
demersum, typical of eutrophic habitats, are clear signs of racing eutrophication
The explosive growth of Lemma-Salvimia weed complexes, because of ther
high aggressive capacity, colonize sites nch i organic matter, and also the side-



Fig. 1. Floating keal species dominate in deeper wetlands
Fig. . Thick stands of Phragmites sustrafis in Hobanar wetlands during 1975

10



Fig. 3. Spharganium erectum forming thick stands during recent years and replacing P awtrolis
Fig. 4. Myriaphyllum verticillatum, » pollution tolerant species in Anchar Lake.
Fig. & Hydrocharis dubie, w pollution tolerant species in Holarsar.
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water channels and lake hinorals (Koul and Bakaya, 1973, Pandit efal, 1978) Kaul
{1984) correlated the development of Lemma-Salvimia assocmbons of Ricciocarpmus-
Lemnetum, Spirodela-Lemnenm gibbav, Lemnetum triswloale-Nalvimietum natanits
with excessive eutrophication bringing about a shift in under-water vegetation and
resulting in the replacement of Posamogeron fucens by more eutrophic
Ceratophyiium demersum. The author further opined 15 plant species and 10 plant
associntions 1o be rare in Kashmir waters and further believed emergent reed-swamp
communifies 1o be more resistant 1o eutrophication. The thick mats of femma minor,
L gibhe, Loavisnlca and Spirodela polyriiza (duckweeds) and the extensive growth of
water fern (Salvinsa natans) dispersed through wind, water curents and boating. the
latter encroaching even upon the lotus (Velumbivm nucifera) zone dunng the recent
vears in Dal and other cutrophic waterbodies are the posmive signs of mcreasing
cutrophication of Kashmir freshwaters (Kaloo eral, 1995)

ALGAL BIODIVERSITY

The algae can be classifed, on the basis of thewr ecological distnbution. mto
phvtoplankton, periphyton and phviobenthos (epipelic algae), and compnse a
multiudinous oumber of about 300 algal species belonging to Cyanophyceae,
Chlorophyeeae, Bacillaniophyceae, Euglenophyceae, Xanthophyceae, Chryso-
phvoese and Dinophyceae The extent of their occurrence and growth 15, however,
determined by a number of environmental factors, the physico-chemical characters of
water being the chiefl milleu of condibons governing thewr dismnbution and
production Although a number of studies have been camied on the qualitative and
quantitative aspects of phytoplankion, yet there s no comparability of the data
presented by various investigators. There s enough evidence in literature to show
that the difference i the dominant phytoplankion assemblages of the lakes reflect
differences wn thew tropic levels Kaul eral. (197%) opined that Dal Lake waters, in
general, are low n available phosphorus which possibly 15 a himiting factor for
phytoplankton blooms in the lake Overall 117 species of phytoplankton belonging to
71 thwhmhfﬂﬂ%hhmmh“
Chlorophveeae followed by Bacillanophyeeae, Cyanophyceae and -phycene
In contrast to the findings of Tnsal {(1987), Kant and Kachroo (1977) a much
grenter  number of phytoplanklon species encompassng 150 Species of
Chlorophyceae and 86 species of Bacillanophyceae which poist out to the fact that
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the number of phytoplankton species s exceptionally great m this biotope. The latter
studies are further corroborated by the findings of Pandit and Pandu (1996) who
reported the penphytic flora of Dal Lake to be composed of 264 species and
subspecies spread over B4 genem on Potamogeton luceny and 239 axa belonging o
77 genera on Myriophyllum spicatum, with the pattern of dominance among vanous
algal groups being Chlorophyceae = Bacjllanophyceae> Cyanophyceae

Euglenophveeae = Dinophyceae = Chrysophyceae > Xanthophycene However, on
the basis of biomass, the pattern of dominance among various periphyic algae s
Bacillanophyceae > Chlorophyceae > Cyvanophyceae = Euglenophyceae - other
groups. In other study, Sarwar and Zutshi (1987) could record only 178 species of
algae, composed of Bacillanophyeeae (78), Chlorophyceae (77), Cvanophyveese (19),
Dinophyceae (2), Chrysophyceae (1) and Cryptophyceae (1), associated with both
anificial and natural substrates. In the ennched Tngam Lake. the phytoplankton
population 15 manly represented by Cyanophyceae (blue-greven algae) followed by
Bacillanophyceae (dumtoms) Zutshi eral (1980), on the basis of relative dominance
of algal groups, place this lake at the highest level of polluon But i the
mesotrophic lakes eg., Manashal and Namnbagh diatoms and Chlorophyceae (green
algae) dominate. Wanganeo (1984) and Zutshi and Wanganeo (1984) reported 75 80
- B251 % Bacillanophyceae, 826 - 1569 % Cyanophyceac, 367 - 678 %
Chlorophycese, 1.36 - 367 % Chrysophyceae and 0.58 - 008 " Dinophvceae m
such of the lukes as Manasbal In this lake 125 species of phytoplankion have been
recorded out of which 5% were Chlorophycene, 45 Bacillanophyeeae and 17
Cyanophyceae Pandit { 1980), Pandit and Kaul (1982) and Pandit {1999 recorded a
total of 190 species of phytoplankion in five wetlands (Nowgam, Malgam, Haigam,
Mugund and Hokarsar) of Kashmir of which 20 belong to Cyanophyeeae, 72 o
Chlorophyceae, 60 1o Bacillanophyceae, 3 each to Xanthophyceae, Chrysophveeae
and Dinophyceae The maximum number of species s, however, recorded n
Nowgam (189), followed by Haigam (183), Mirgund (179), Malgam (177) and
decreasmg 1o minimum in Hokarsar (156). The phytoplankton community reaches s
maximum development in spring and autumn when the number of component species
15 also the highest (Pandit, 1998). Although, the mean number of species i wetlands.
mn general, 15 high vet only a compatatively small number ol species contribute
appreciably 1o the total density and bromass, presumably owing to the siate of
dynamic balance of plankton community, the species eompeting for the same
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matenals mn farrly uniform environment. In such a process some species profit more
than others and hence dominate the scene (Pandin, 1998, 99)

Kaul er al (1978) obtained a higher number of phytoplankton species in
wetlands as compared to that in the sewage ponds and lakes in that order. the nch
assemblages m wetlands bemng attnbuted to macrophyviic cover, floods and
availability of nutnents favounng many heterogenous niches, both spatal and
temporal. The filamentous green algae are favoured by higher transparency and
temperature conditions. In Alipahter, a high alttude mountain lake, the dominance
pattern and seasonal dynamies of phytoplankton are both not clear as only 16 species
of Chlorophyceae and diatoms have been recorded (Kaul eral. 1978, Zutshy eral,
1980), probably due to only a bnef wce-free penod m summer Although no
systematic survey of epipelic algae growmng in the lake sediments has been cameid
out, yet it has been conducted for the wetlands by Pandit (1980) The author
registered a total of 155 species of sediment algae spreading over the vanous
taxonomic groups with the following break up Cyanophyceae -18, Chlorophyeeae -
37, Bacillanophyceae -61, Xanthophyceae -1, Chrysophyceae -2, Dinophyceae -5,
Cryptophyceae -4 and Euglenophyceae -27 Due to only little depth and hence a close
proximity of bottom to the surface water i wetlands, a large number of
phytoplankton species are regularly present in the bottom flora as well (Pandit 1980}

SOIL FUNGI

Pandit (1980) recorded only |4 species of aquatic soul fungi, playing a
considerable role in the decompaositon process of wetlands, in the bottom sediments
And these are sparsely distnbuted in the water column

CONCLUSHONS

The present review represents a broad-based cntical assessment of the state-
of-art in the area of plant {microphytic and macrophytic) biodiversity i freshwater
ecosystemns of Kashmir under different environmental conditons. The hydrological
factors represent the chief millew of conditions goverming the occurrence and growth
of vanious macrophytic species and their associations, Water depth and 11s associated
nfluences are opined 1o influence the occurrence and extent of individual plant
species while soil type and nutrnient compostion have little importance in controlling
macrophytic distibution. A comparative study of the three senes of lakes reveals the
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valley lakes (e, Dal, Anchar, Manasbal, Wular etc), being nutnent nch and
shallow, to be highly productive and therefore, eutrophic, the forest lakes (eg .
Nilnag) to be modemtely productive as compared to valley lakes and, therefore,
mesotrophic and the mountamn glacial lakes (eg. Alipathar, Tarsar, Marsar,
Gangabal, Sheshnag, Kounsemag etc ). being nutrient poor and too deep for the
growth of attached macrophytes and consequently devoed of any macrophviic
vegetation , to be almost biologically stenle (except for algal growth) and, therefore,
categonzed as ohgowrophic systems. Wetlands represent the last stages of plani
succession where, unlike lakes, no typical macrophytic zonation into emergents |
rooted floating-leaf types, free floating types and submergeds s distnguishable,
mstead several plant species occur together resuthing in complex physiognomy In all
| 17 species belonging to 69 genera and 42 families have been recorded in the agquatic
and marshland vegetation of Kashmir Similarly a multitudinous number of more
than 300 algal species belonging 1o phyvtoplankion, penphyton and phytobenthic
communities and spread over to vanous taxonomic groups (Cyvanophveeae,
Chlorophyvceae, Bacillano-phyceae, Euglenophvceae, Xanthophyceae,
Chrysophyceae, Cryptophyceae and Dinophyceae ) have been registered from vanous
aquatic biotopes, the extent of their occurrence and growth bemng determimned by a
number of environmental factors However, due to acoelerated eutrophication the
total number of plant species has declined during the recent vears and instead a few
eutrophic or pollution tolerant species are showing exponential growth m different
lakes and wetlands exhibiting varving degree of eutrophication. In compaison to
lentic systems, & very small number of algal populations and species have been
registered in the lotic systems (River Jhelum)
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