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Rapid sedimentation and organic matter accumulation in the Kashmir
Himalayan lakes: a challenge for lake managers

Freshwater constitutes a little less than
3% of the total volume of water present
on the earth’s surface. However, fresh-
water ecosystems have a strong bearing
on the economy of a country by provid-
ing potable water, fish and fodder for the
local people. They are also the most vul-
nerable habitats as they act as major
sinks for weathered sediments, sewage
and waste disposal from catchment areas.
Human interferences within the lacu-
strine systems have significantly altered
them. The primary anthropogenic activi-
ties responsible for the degradation of
lacustrine ecosystems include massive
population growth, deforestation, land
reclamation and other land-use/land-
cover changes. Two primary concerns
regarding the vulnerability of these
freshwater ecosystems include extensive
sedimentation and accumulation of orga-
nic matter. The organic content of the
sediments reflects the quantity of living
organisms in and around the lake ecosy-
stems, including the level of lake produc-
tivity and leaching from humus-rich
catchment soils. While the changing cli-
mate plays an important role in changing
these ecosystems, anthropogenic-induced
variations in the nutrient load inputs have
had a distinct effect on the freshwater
lakes during the past few centuries.

The Kashmir Himalayan lakes (Wular,
Dal, Manasbal and Anchar Lake), loca-
ted within the inter-mountain settings
receive exceptionally high amounts of
sediments from the tectonically active
hinterlands. Furthermore, the unique
climate of the Kashmir Himalayan region
with intense cold winters and steep
slopes augments the physical weathering

of the exposed surfaces resulting in in-
creased erosion and subsequent deposi-
tion of sediments in these freshwater
lakes. The lakes in Kashmir Valley are
the potable sources of freshwater for the
region, but due to their exploitation for
various purposes like drinking, domestic
use, agriculture and hydropower, these
freshwater ecosystems are getting eutro-
phicated and are shrinking in area at a
rapid pace. The sedimentation rate re-
ported from a few of the Himalayan
lakes reveals contribution of sediments
due to both natural and human interfe-
rence. High sedimentation rates are repor-
ted from the Kashmir Himalayan lakes'.
For example, Manasbal Lake shows a
sedimentation rate of 0.44 cm/yr, and the
average sedimentation rates of the Dal and
Mansar lakes are 0.93 and 0.23 cm/yr re-
spectively'. Since these lakes also act as
hotspot centres for tourism, high anthro-
pogenic gross pollutants settles within
these lakes. Traditionally, our lake man-
agement strategies are primarily focused
on flood management, wherein these
lakes act as flood buffer systems by ab-
sorbing excess water during the floods.
For instance, during the September 2014
Jhelum basin flood, Wular Lake acted as
one of the major regulators by absorbing
excess water carried by the Jhelum
River. However, if the sediment accumu-
lation in the lakes increases and remains
unchecked, it will lead to rising bed
levels and increased flood risks.

The Wular, Dal, Manasbal and Anchar
lakes are classical examples of lacustrine
ecosystems where sediment and organic
matter management is urgently needed.
All these lakes are severely polluted by
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the human population living in the hin-
terland. The main culprits are the sewage
inputs by local population, floatables, in-
cluding polythene covers and used plas-
tic bottles, medicinal trash, agriculture
fertilizers, etc. (Figure 1).

Therefore, any extensive sediment and
organic matter management strategy
would involve a proper balance between
the local population and lake ecosystems.
The situation has further worsened dur-
ing the past few centuries as the trophic
status of these lakes has altered from oligo
to eutrophic conditions due to intense
human activities. Recently, the Supreme
Court of India has directed the Jammu
and Kashmir government to concentrate
on efforts to restore and ensure proper
conservation of the pristine beauty of
these lakes. The suggested measures are
catchment area treatment, including
afforestation and construction of check
dams, construction of settle basins at the
lake-river interface, marginal dredging,
diversion of inflow of sewage and agri-
cultural waste products, selective de-
weeding, restricted population growth
along the lake margins, etc. It is impera-
tive to mention here that in Sydney, Aus-
tralia, ‘Pratten traps’ (capture netting
system) have been used at drainage inlets
to capture the trash and other gross pol-
lutants, allowing only water to flow into
the lakes. This can be one of the effec-
tive systems to trap solid gross pollutants
from settling in the lake systems in
Kashmir Valley.

Studies regarding the environmental
conditions of these lake ecosystems have
mostly focused on the impact of increased
human population along the hinterlands
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Mansabal Lake

Waular Lake

Figure 1.
showing significant eutrophic environments.

and subsequent vast land-use/
land-cover changes. Overall, these stu-
dies point out that complex and mixed
organic matter accumulation pattern
occur in Manasbal, Anchar and Wular
lakes along with higher sediment influx
as a result of intense human activities in
the hinterlands. A study carried out on
the environmental risk assessment of the
Anchar Lake suggested that in the ab-
sence of industries and metal mines in
the lake catchment areas, agricultural in-
puts, domestic effluents and untreated
sewage discharges are the primary
sources of organic materials resulting in
increased lake eutrophication®. Further, a
study on sediment distribution, organic
matter accumulation and diatom diversity
carried out in the Wular Lake revealed
that organic carbon varies from 0.83% to
4.52%, and nitrogen from 0.06% to 0.5%
in the lake surface sediments®. In addi-
tion, analysis of diatom species has sug-
gested wide distribution of Cymbella,
Cyclotella and Tabularia, indicating high
organic pollution and alkaline environ-
ment of the Wular Lake*. The integration
of all these studies carried out on several
lakes in the Kashmir Himalayan region
points out that anthropogenic activities
(agriculture activities, quarrying, tourism
pressure, deforestation and other land-
cover changes) along the lake catchment
areas have detrimental effects on the
trophic status of these lakes. Continued

Spatial view of the Kashmir Himalayan lakes (Manasbal, Wular, Anchar and Dal)

expansion of population is of great con-
cern for the ecological stability of these
freshwater lakes due to the further reduc-
tion of lake margins.

In order to preserve the pristine ecology
and environment of these lakes, contin-
ued long-term monitoring of sediment
and organic matter influx studies and
strategies need to be undertaken. A re-
gion like Kashmir attracting a huge
number of tourists annually, where the
local population is entirely dependent on
these lakes for drinking water, fishes,
chestnuts, boating rides, etc. needs im-
mediate monitoring assessment of sedi-
ment and organic matter loading. In
particular, several issues need to be re-
solved prior to any mitigation measures
for improving the present condition of
these lakes from the frequent problems
of sediment and organic matter accumu-
lation. Hence, an accurate assessment of
the total sediment and organic matter in-
flux draining into these lakes through
different modes is necessary. This will
help in the distinction of natural and
anthropogenic factors adding to sediment
and organic matter loading in the lakes.
In order to facilitate the lake manage-
ment strategies and monitoring assess-
ment components for restoration of these
freshwater lakes, the following points
need to be taken into account.

(1) Qualitative and quantitative under-
standing of the sediment dynamic

processes and their provenances such as
natural and anthropogenic sources.

(2) Continuous monitoring of lake
health and habitat suitability using vari-
ous geological and geochemical appro-
aches.

(3) Adopting approaches to reduce
catchment soil erosion, mass wasting and
terrestrial organic matter influx into
these lakes.

(4) Local population has to be edu-
cated and well trained about the sustain-
able use of these lakes and consequences
of their overuse.

(5) Finally, strong and full-fledged
capacity-building programmes on sedi-
ment and organic matter management in-
volving state ministry, environmentalists,
concerned lake and wetland officials, and
particularly, the local population are rec-
ommended for timely restoration of these
freshwater and highly valuable natural
ecosystems. If timely robust strategies
and action plans are not devised and im-
plemented, there will be gradual extinc-
tion of these freshwater bodies as a result
of excessive sediment influx, hydrophyte
blooms and subsequent eutrophication,
and this will affect millions of people
who are directly or indirectly dependent
on these freshwater ecosystems.

1. Sarkar, S., Prakasam, M., Upasana, S.,
Bhushan, R., Gaury, P. K. and Meena, N.
K., Himalayan Geol., 2016, 37, 1-7.

2. Romshoo, S. A., Altaf, S., Rashid, 1. and
Dar, R. A., Geomat. Nat. Hazards Risk,
2018, 9, 224-248.

3. Lone, A. M., Shah, R. A., Achyuthan, H.
and Fousiya, A. A., Environ. Earth Sci.,
2018, 77; doi:10.1007/s12665-018-7242-8.

4. Shah, R. A., Achyuthan, H., Lone, A. M.
and Ramanibai, R., J. Geol. Soc. India,
2017, 90; doi:10.1007/s12594-017-0694-8.

Received 2 March 2019; revised accepted 10
April 2019

AASIF MOHMAD LONE

Department of Earth and Environmental
Sciences,

Indian Institute of Science Education and
Research (IISER) Bhopal,

Bhopal 462 066, India

e-mail: aasifml@iiserb.ac.in

24

CURRENT SCIENCE, VOL. 117,NO. 1, 10 JULY 2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


