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ABSTRACT

Six Koshimir Himalsyan lnkes locoted ot different altitodes and depictig varial hunan ioterference in
their cutchiment aneas, werd investigabed for various lannclogical parumeters 5o oa 1o claanify them with respect to
trophic slatus. The best chenvical usdicators of the rophac state of these aquatic sysigms were found to be the total
phosphorus and tolad dussolved morgaik ritrogen i the epilimpetsc laver. The teo mouniam lakes, the Cangabal
and the Mundakel, were obigetrophic i nature The nural lakes, the Manahal assl the Molpurar, were mescirphac,
while the semi-urban Anchar Lake tvpified the cubrophoe kabitats of the negpon. The whan Khishhaliar lake

belomged o the hvpenimophic categon
Keywords: Himalayan lakes. water chemustry. trophic suatus

INTROIMUCTION

The Valley of Kashmir, situated in the midst of the Himalayan range of
mountains roughly between 33", 017 and 35", 00° N and 73", 48' and 75", 30'E, has
been famous for its crystal clear tarns and lakes throughout the world. However,
during the recent past many of these waters have started showing signs of instability
and in some of them even the red euglencid blooms, a rare phenomenon in freshwater
lakes, were evinced Although the increased fertility of lakes with ageing 15 a natural
phenomenon, but the pace at which the lakes of this part of the Himalayas have
shown this phenomenon clearly indicates that human interference in the catchmemt
areas as well as within the basins of the aquatic system has greatly increased

In order to devise methods for the conservation of these and other similar
water bodies of the region, it is imperative to have a clear picture about thewr present
trophic status. A perusal of the literature shows that although a large number of
reponts are available on the water chemistry of the lakes of the Himalayan region
(Kaul. 1977, Qadn and Yousuf. 1978, 1979, Das and Pandey, 1978, Vass, 1980
Zutshu ef af 1980 a & b, Khan and Zutshi, 1980 Kaul & Hando, 1980, Purohit and
Singh. 1981, Singh ef al, 1982, Trisal, 1985, 1987, Wani and Subla, 1990, Pandut,
1993), most of these are inconclusive in respect of trophic assessment In some cases
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the authors have assigned several trophic states of a single water body on the basis of
different parameters (Kaul 1977, Pandit, 1993) This thing in mind, six lakes, viz.
Gangabal, Nundakol, Malpursar, Manasbal, Anchar and Khushhalsar, representing
different habitat 1ypes of the valley of Kashmir were selected for a detmled
limnological study during April 1987 - May, 1989 The present article is based on the
data collected on their water chemistry and discusses the trophic condition of these

agquatic systems
MATERIAL AND METHODS

The geographical and morphometric data of the selected water bodies are
presented in Table 1. The methods used for the analysis of differemt chenucal
parameters include

i pH - Toshniwal CL 46 digital pH meter

1l i) Chioride —titrimetric method using 0. 141 N silver nitrate (APHA. [985)

i Sulphate - turbidimetnic method (APHA, [985)

w Silicate ~ molybdosilicate method ( APHA, 1985)

v Ammonia-nitrogen — nesslerization method (CSIR. 1974)

vl Ammonia-nitrogen — sulphanilic acid method (CSIR, 1974)

vil Phosphorus (Total phosphorus, Hydro-P and Ortho-P) - ascorbic acid
method (APHA, 1985)

All the statistical tests emploved were computed in aceordance with Zar (19584)
RESULTS AND DISCUSSION

According To Vollenweider (1968) the chemical conditions in a water body
are a reflection of the geology and cultural activity in the catchment The nutnent
import from the catchment is a principal contributor to the man - induced ennchmen!
of lake systems. Based on this observation the lakes included i the present study are
easily divisible imo two groups.

(1) Meetaine feekes These are above the upper tree line and show leasi
anthiopogenic activity in their catchment Included in this category are the
Gangabal and the Nundakol lakes. Both these water bodies lie above 3500 v
a s 1and are surrounded on almost all sides by lofty mountains covered with
snow throughout the vear. The Gangabal Lake mamly receives melt wato



from the glaciers and the excess water from it leaves by a channel which joins
the Nundakol lake, a much smaller water body than and located above one kin
away from the former.

{ny  Valley lkes These are located in rural and urban areas of Kashmir within a
narrow altitudinal sange of 1580 — 1600 m as |in close vicamty of human
settlements These water bodies show vanied human activity in therr catchment
areas (Yousuf 1995) The group includes the remaining four water bodies,
viz . Manasbal, Malpursar, Anchar and Khushhalsar lakes The Manashal has
s catchmenmt spread over forest, agncultural land and rural human
settlements. The Malpursar is surrounded mainly by the agncultural land and
human settlements. Both these water bodies have no permanent inlets While
the former receives its water mainly as ground water from the spnings spread
uver its basin, the latter receives a significant quantity of water from adjoming
agricultural fields The Manasbal joins the niver Jhelum through a channel
while the Malpursar is connected with the Sindh nallah, a tnbutary of the
Jhelum The Anchar is a semi-urban water body mainly fed by the Sindh
nallah, which deposits large quantities of silt brought from its upper reaches
The lake also receives large quantities of agricultural run-off and domestic
sewage from the surrounding areas. The Khushhalsar is a typical urban aquatic
system surrounded on all sides by human settlements from which large
quantities of domestic sewage enter it.

The influence of the catchment characteristics are well depicted in the watler
chemistry of these water bodies. All the nutrients recorded their minimum values in
the mountain lakes, while the maximum values were observed in the urban lake
i Table 23 In the twa mountain lakes near-neutral pH values {generally on the acidic
side of the scale) were recorded In the other four lakes the pH showed considerable
vanations from near-acidic to highly alkaline values According to Whitemare { 1984)
the acudic pH (- 6 5) 15 usually a feature of ohgotrophic lakes. while the circum -
neutral (6% - 7 %) and alkaline pH (- 7.5) 15 mainly exhibited by eutrophic and
mesptrophic lakes As per this classification Khushhalsar belongs o the eutrophic
categiry and the other five pertain to the mesotrophic group However, ths
categonzation 15 nol s0 specific 1o be useful for the classification of the present

Wwalers

The yradation in the concentration of chlonde content of the six water bodies
shows clearly the role of catchment characteristics of the svstems. The catchment of
the mountain lakes 15 least exposed to the human nterference because of
imaccessibility, the only interference being in the form of sheep and cattle grazng



Table 1. Morphometrnic data of the investigated lake.

Farameter CGrangahal  Mondakol Z;i'l-ﬂpuruur Manasbal  Anchar l-{-];u!hhulur-
Altitude (m.a.s1) .'iﬁ?t] . 3507 585 1384  |5R4 I‘uﬂ-l-
Latitude (Morth) 3451 34 48 4. 10 415 3400 i 012
Longitude ( East) 74749 7478 7425 440 7402 74 006
Area (ha) | 415 28 2ni AT b3
Periphery (my TS 2700 310 R500 15600 6250
Max. Length

{km}) 03,00 01,25 (101 D305 0600 02.25
Max, Breadth

{km) R (05 0104 05 276 {}i5
Marsh land (ha) il Nil 00 08 25 380 K3

Table 2. Average values of the limnological parameters of the six Himalayvan lakes

Purumeter Crangabal ._N':lnduhnl Malpursar  Manashbal Anchar  Khush h;l:l!illl'
Water temp ('C) 1090 1170 1410 1540 1350 1350
pH K5 f, UK T.82 704 (0] (7 4h
Chlorude {mg/1) 10.37 1375 20044 21.09 359 Juu?
Ortho -P-( pg1) 0256 31,75 09,0 11.06 I 1.66 45 24
Hydro <P {ug!1) 0531 116 .50 13.30) 16.25 20.47 #3412
Total P {pug/l) (% 50 1000 23,28 23 53 32.03 135,37
Amonia ~N (pg) 24.53 36 42 2741 189 O 5741 425 4]
Nitrate=N {ug/1) 37.75 a0, 50 37601 10621  207.44 131417
Nitrite-N (pgl) U137 1003, M) K T7H gR 99 17311 111325
Total DIN (/1) 15364 174.90 £3349 33940 #5229 286G Yl
Silicate (g 35.02 [ G4, 20) GIR 3T 46591 ARl Lo 3
Sulphate (gl 11594 S0 2004 83 134486 192003 4395 22

ur
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Fig.1. Location of the six lakes selected for the limnological investigations.



during summer months, The chloride content snowed the minimum values m thess
systems The other four waters depict varied interference in their catchment and in
proportion to the role of the human society the chloride concentration also recorded a
eradual increase. the least values within the group being recorded by Malpursar and
the maximum by the Khushhalsar The Manasbal and the Anchar recorded
intermediate values, with the former having lesser quantity The gradation shown by
the silicate and sulphate ions also recorded a similar trend Since chlorides, sulphates
and silicates are generally present in appreciable concentrations in freshwater systems
{ Henderson — Seller and Markland, 1987) and seldom act as limiting factons, they are
not used for assessing the trophic status of a water body. This leaves one with only
two other nutrients. nitrogen and phosphorus, for classifying the lentic systems

rus is regarded as a key elemenmt in eutrophication process
(Vollenweider, 1972) During the present study very low concentrations of all the
three forms of phosphorus (Ortho - P, Hydro —P and Total P) were recorded in the
two mountain lakes, while in the valley lakes the concentration was appreciably
higher-and recorded a wradual increase from Malpursar through Manasbal to Anchar
The Khushhalsar recorded the highest values of all the six waters, being several imes
higher than found in any of the other three valley lakes Generally the total
phosphorus content of water bodies has been used for categotization of aquatic
habitats Toerien and Walmsley (1974), for example, suggested that 25 — 30 uy/l
total P be regarded as the border line for eutrophy. Thornton and Nduku (1982)
proposed two sets of the values for delimiting the lower boundary of eutropin
30 w1 for temperate and S0-60 jg/d for ropical lakes Wetzel (1983) recogmzed
five groups of lakes on the basis of total P concentration As per this system the
CGrangabal (mean total P =8 8 pg/ 1) and (mean TP+ 23 5 ug/l). Malpursar (Mean TP
= 23 3 pg'l) and the Anchar (mean TP = 320 pug/ 1) 1o the mesotrophic category
while the Khushhalsar (mean TP = 135.00 ug’ 1) belongs to the hypertrophic group
Application of Carlson's (1977) trophic state index on phosphorus content (Tabie 1)
also reveals a similar pattern. A slightly better picture of the trephic sate of these
water bodies is obtained if OECD (1982) guidelines are followed using the
epilimnetic total P content ( Table 4)

The three forms of dissolved inorganic nitrogen (nitrate, nitrite and ammeonk
also recorded a clear cut gradation in their concentration in the present lakes ( Table
2). While the minimum values (1538 pg' | for Gangabal and 1740 pg [ fin
Nundakol) were recorded in the mountain lakes. the maximum concentrations wuie
evinced in the Khushhalsar {mean DIN = 2 870 mg/1) OECD (1982) classification o
the DIN content ranked these water bodies in nearly the same order as that based o



TP (Table 4) Similar results are obtained when Carlson’s index on DIN is emploved
{ Table 3). While applying OECD categornization of these lakes on the basis of TP and
DN, some dithoulty was felt as the terminology used therein 15 rather complicated
and very narrow ranges are set for different categories. Further it is an established fact
that trophic status 15 a dvnamic concept rather than a static one and a water hody mav
reveal different trophic condition at different times during the course of a year Even
the same concentration of a nutrient may be regarded as indicating differem trophic
levels in different water bodies, For example Henderson — Sellers and Markland
(1987} have shown that for a mean chlorophyll "a’ concentration of 10 mg/m there s
an approximately 55% chance for the lake to be classified as eutrophic, and 33%:
chance to be a mesotrophic one. Further about 8% and 2% chances are there for the
lake to be hypertrophic and ohgotrophic respectively This being so. these authors
have suggested that the trophic boundaries set by OECD need not be applied ngidly
OECD report  atself recommends that the boundaries set should be handled with
caution and need not be applied to cases which lie outside the ranges and situations
covered by the programme Keeping these observations in mind the OECD
classitication was slightly modified so as to suit the local aquatic habitats {Table 5)
The classification was directly applied to the mean monthly values of different studs
sites rather than to the overall mean concentration of the nutrients concerned in a
water body. On this basis the number of times a lake appeared in a panicalar trophic
state was expressed as a percentage of whole. For example, there were three sampling
stages in Anchar lake and each was sampled twelve times. Thus a total of 36
recordings were made. On 27 occasions the concentration of TP fell in the eutrophic
range, while on nine occasions it was within mesotrophic state. This when expressed
in percentage revealed that 75% samples were of eutrophic nature The results
obtamed from these calculations are given Table 6. These data reveal a relativelv
hetter picture of the trophic state of a waterbody The two mountain lakes are
alithrough in the oligotrophic range, whereas the other waterbodies show differen
stage or different trophic condition at different times of a year, A perusal of Table
reveals that the Malpursar and the Manasbal both fall mainly in mesotrophic level
However, the former shows more proximity o eutrophic category. The Anchar is
ranked as a eutrophic water svstem, having quite’ advanced in its trophy than the
Malpursar and the Manasbal. Both the TP and DIN placed the Khushhalsar i the
hypertrophic category without any doubt

In order to see whether the conclusions regarding the trophic state of the present
lakes are valid, Tucker's test of multiple comparison was applied {Table 7) It clearly
inchcated that there was the highest similarity in the abiotic components between the
two  mountain  lakes, while the two lakes showed least similanty with the
Khushhalsar. These inferences are also confirmed by the biological data of these



Table 3 Values of Carlson Index tor the six lakes based on total phosphorus (TP) and
total disselved morganic nitrogen (DIN)

Lakes
Iales Dased on Gangabal  Nundakel Malpursar  Manashal  Anchur  Khushhalsar
TP 1852 1 6% 431,53 4187 48,25 68, 75
THM S K iR.57 T3RY 6708 i fvd <hi, 4

Table 4, Categorization of six Kashmir Himalayan lakes as per OECD ranges of TP

and DIN.
OECD Range

Lake tvpe Total P e/l Example Total DIN e/l Example
Liltra- 5 <200 Crangabal
ohigotrophic Nundakol
(Migor- S-10 Gangabal 200-400 Manasbal
mesatrophic Nundakol ;
Mesa- 10-30 Malpursar 400-650 Malpursar
eutrophic Manashal
Eutrophic A= 100 Anchar 6501500 Anchar
Hypertrophic | (KD Khushhalsar =1 500 K hughhalsar

Table 5 Proposed classification of Kashmir Himalayan lakes on the basis of total
phosphorus and total dissolved inorganic nitrogen content of epilimnetic

wiater —— —
PROPOSED RANGE
Lake Tvpe Total P Tatal DIN
Ohgatraphy =10 250
Mesotrophy LO-30 250- 600
Eutrophy 30-100 “00- 1500
Hypertrophy [ 1 500




Table 6 Frequency of occurrence of the six Kashmir Himalayan lakes in different
Trophic categories (Based on Total P and Total DIN Content )

{a) on Total Phosphorus,

Lakxs ~ Oligatrophy Mesotrophy Eutrophy Hy pertrophs
Gangabul ™ 2 : -
Nundakol (L . . 5
Malpursar 01.23 H5.18 |3.58 -
Manasbal i 9% 78.57 19 14 -
Anchar - 44 55 3555 =
Khushhalsar - - 40,14 9 %0

(h} on Tutal dissolved inorganic nitrogen:

Lakes Oligatrphy Mesotrophy Eutrophy Hypertrophy
Gangabal 100 . . .
Nundakol (U - = - e
Malpursar - 72.50 27.50 -
Manasbal 18 65 hi K4 17 46 -
Anchar . 25 o T5.00 -
khuzhbalsar - - 1354 KA 13

Fable 7 Similarity (%) in the limnological parameters of the Kashmir Himalayan
lakes as per Tuckey's Test

Lakes Gangabal  Nundakol  Malpurar  Mamasbal  Anchar
Nundakol T T A
Malpursar 532 T30

Manasbal 441 ity By iy 36,24

Anchar Jir i L] hs Tl H2 1M

K hnshhalsar 0 114 i 25 12 50 12 50




water bodies. While the Khushhalsar in infested throughout its basin with submersed
as well as tree floating macrophytes and the fish, except for the mirror carp. have,
completely been driven out of the system, the Gangabal and the Nundakol waters are
tree of anv macrophvtes and the plankton community is also very low. as s
characteristic of nutrent-poor waters, Schizothoracine and salmonid fishes are a
characteristic ‘Teature ol these habitats, In the other three lakes. viz, Manashal.
Malpursiar and Anchar, the submersed vegetation 15 conspicuous but the free Hoating
macruphytes are restricted 1o only certain areas, being at highest density in the
Anchar Both schizothoracine and cvprinine fishes are tound in these habstars, T
salmuonmids are totally absent
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