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Abstract

infestation in the Lake ecosystem.

The distribution of rooted floating-leaf type macrophytes were studied in response to water depth in Manasbal
Lake of Kashmir Himalaya. Seven aquatic plant species viz., Potamogeton natans, Trapa natans, Nelumbo nucifera,
Nymphoides peltatum, Nymphaea alba, Hydrocharis dubia and Euryale ferox were observed along three different
depth zones in the lake. The depth zones D1 (0-100 cm) and D2 (101-200 cm) were noticed to be suitable for the
growth of macrophytes in terms of their community features while as less values of the same for plant species were
observed at a depth range of 201-300 cm (D3). Thus, a certain effect was depicted by water depth on the community
of rooted floating aquatic plant species, which could be used as a potential management strategy to control their
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Introduction

The most significant biotic constituent in a lake ecosystem is
represented by macrophytes in their diverse forms. Macrophytes,
because of their capacity to integrate environmental changes over
periods of a few years, and reflect the cumulative effects of successive
disturbances, are considered excellent indicators of the ecological state
of water bodies [1]. Macrophytes are by far the most investigated group
used for exploring the effects of water level fluctuation on biological
organisms in aquatic ecosystems [2]. In lake ecosystems, the efforts
mainly focus on the relationships between water level fluctuation and
the presence, species richness, distribution and cover of macrophytes [3-
5]. Water-level fluctuation generally affects macrophyte development
in an indirect way through changes in a suite of variables like sediment
characteristics, water clarity, wave exposure and current velocity [6].

Among macrophytes, relatively little research has been conducted
on the response of floating-leaved macrophytes to water level
fluctuations [7,8] than submerged and emergent groups [9,6]. This
is in spite of the fact that the floating-leaved macrophytes, and more
particularly nymphaeids, are often the dominant vegetation in a large
range of water depths (0.5-3 m) [10,11], and play important roles in
the functioning of aquatic ecosystems, such as high organic matter
production [12], large accumulation and cycling of nutrients [13],
and can serve as food, substrate and/or shelter for numerous other
organisms [9].

Water depth, has been implicated in affecting the composition,
diversity [14] and distribution [15,16] of macrophyte communities.
Water depth can constrain plant growth by limiting the availability
of resources particularly atmospheric carbon [17] and oxygen [18].
Thus, knowledge of how growth relates to water depth is valuable
because even small changes in water depth can have significant
effects on macrophyte communities, and this information is vital
in understanding and predicting the responses of macrophytes to
environmental management practices [19]. Thus, knowledge about
responses of individual species to hydrological conditions may enable
more efficient restoration or promote ecologically sensitive hydrological
management. In this backdrop the present study was undertaken to
assess how different community features of some macrophytes change

with water level in a temperate freshwater lake ecosystem.

Materials and Methods

Study area

The lake Manasbal is the deepest fresh water Valley lake of Kashmir
situated 32 km northwest of the Srinagar city, at an altitude of about
1585m (amsl) within the geographical co-ordinates of 34°14'40'-
34°15'22'N and 74°39'10'-74°41'20'E. The lake is oblong in outline
covering an area of 2.80 km? with the maximum depth of 12.5 m
[20]. The lake has its own source of water in the form of underground
springs spread all over its basin. An irrigation channel (Lar Kol) also
contributes water to the lake, mainly during May-September. An
outflow channel, called Nunnyar Nalla, from western side drains the
excessive water out of the lake in to river Jhelum. The lake harbours a
luxuriant growth of rooted floating leaf type macrophytes, especially
Nelumbo nucifera provides a catchy look during August when its
flowers are in full bloom. Four study sites were selected on the basis of
depth and vegetation in the lake for studying the distributional pattern
of the selected macrophytes (Figure 1).

Community architectural features

The community architectural features of the plant species were
observed from April to November 2011. Quadrat method [21] was
followed to study various community features of selected macrophyte
species. A wooden quadrat frame of 1 m” size was placed first in D, (0-
100 cm) depth range followed by D, (101-200 cm) and D, (201-300 cm)
depth zones at the four selected sampling sites in each lake covering the
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Figure 1: Location map of the area showing study sites.
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Figure 2: Monthly variation in density (indv/m?) of selected macrophyte species in Manasbal Lake at Site M1.
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entire area of ecosystems. The depth was measured by a lead weight
(1 kg) tied with a nylon rope having knots at each meter. One petiole/
shoot was considered as one plant except Nymphoides peltatum in
which three petioles were taken as one plant [22]. The plants which
occurred in each quadrat were sorted species wise and the number
of individuals of each species was counted for various community
features [21]. The frequency was determined by the ratio of number of
quadrats in which species occurred to the number of quadrats studied,
while as ratio of number of individuals of a species to the total number
of quadrats deliberated was used to calculate the density. Similarly,
the abundance of the various species was determined by the ratio of
individuals of a species to the number of quadrats in which the species
occur.

Results

A total of seven rooted floating- leaf type species were recorded at
Manasbal lake. At site M1, N. peltatum, N. nucifera and E. ferox were

recorded in all the three depth zones, viz., D, (0-100 cm), D, (101-200
cm) and D, (201-300 cm), while P. natans, T. natans and H. dubia were
present only in D, and D, depth zones. The highest mean density was
reported for N. peltatum (4.45) at D,, followed by N. nucifera (2.51)
at D, E. ferox (2.27) at D,, while as lowest value was obtained for P.
natans (0.88) at D, depth zone. N. peltatum also recorded highest mean
abundance values (5.93) at D, followed by E. ferox (3.88) at D, and T.
natans (3.82) at D,. The lowest value varies between 0.6 at D, for E.
ferox and 1.4 for P. natans at depth D,. The mean values for frequency
fluctuated between 3.2 at depth D, for T. natans and 71.78 for N.
peltatum at D,. The other species with appreciable mean frequency
values were N. nucifera (62.5) at depth D, E. ferox (34.37) at D, and T.
natans (31.25) at D, (Figures 2-4).

Site M2 in lake Manasbal recorded six species of rooted floating-
leaf type plants. The most dominant species among which in terms of
density were N. peltatum, T. natans and N. alba with mean density
values of 3.75, 3.72 and 2.7 at D,, D,, and D, depth ranges respectively.
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Figure 3: Monthly variation in abundance (indv/m?) of selected macrophyte species in Manasbal lake at Site M1.
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Figure 4: Monthly variation in frequency (%) of selected macrophyte species in Manasbal Lake at Site M1.
HApr EMay ®Jun EJul mAug ESep EOct mNov
8 .
7
6
15 5
% 4
£3
2
1
0
E E|E E E|E|E E|E|E|E E|E|E|E|E| E|E
S188 8833888588888 288
S/§ %S § % 28§ 8% 9 ]88 S 58S 87
2/ 8|lg e/g8/g/e 8|8|e|lg sle/8|8|e|8]|8
- - N - - o~ - i o - - o~ - - o~ — i o
Ol |a 0|Sf|®w|@ 8|00 |8|lm 0|8 ®m| 2 & =
ol o ol o oo ol o alo o| o
Nymphoides | Trapa natans Nelumbo |Nymphaeaalba| Hydrocharis | Euryaleferox
peltatum nucifera dubia
Figure 5: Monthly variation in density (indv/m?) of selected macrophyte species in Manasbal lake at Site M2.
The mean abundance at the site fluctuated from a value of 1.7 for E. depths respectively, while as lowest figure (18.75) for mean frequency
ferox and 5.48 for N. peltatum within the depth range of D,. The highest ~ was obtained for E. ferox at depth D, (Figures 5-7).
mean frequency values of 71.87, 62, 56.25 and 43.75 were observed for
. The plant species, N. peltatum, P. natans, N. nucifera and N. alba
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Figure 6: Monthly variation in abundance (indv/im?) of selected macrophyte species in Manasbal Lake

at SiteM2.
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Figure 7: Monthly variation in frequency (%) of selected macrophyte species in Manasbal Lake at Site M2.
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Figure 8: Monthly variation in density (indv./m?)of selected macrophyte species in Manasbal lake at Site M3.
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were present at Site M3 in lake Manasbal. The mean density of which
ranged from a minimum of 0.48 for P. natans at D, to a maximum
of 3.2 at depth D, for N. peltatum. At this site, the highest value for
mean abundance was obtained for N. peltatum (6.22) at D, followed by
N. alba (4.46) at D,, P. natans (4.03) at D, and decreasing to a lowest
value of 0.97 at D, for P. natans. N. peltatum and N. nucifera depicted
maximum mean value of frequency (62.5) at depth D, and D , followed
by P. natans (59.73) at D, and N. alba (50) at D,. The lowest value of
25 was, however, registered for N. nucifera at depth D, (Figures 8-10).

The Site M4 in Manasbal Lake recorded maximum mean density
value for E. ferox (3.07) at D, followed by N. peltatum (2.91) at D,,

N. nucifera (2.1) at D, and decreasing to a minimum of 0.83 for P.
natans at depth D,. The mean abundance on the other hand, however,
recorded highest value for N. peltatum (5.58) at D, followed by E. ferox
(3.9) at the same depth and T. natans (3.27) at depth D, while as the
frequency varied between a mean value of 25 for N. nucifera at D, and
50 at depth D, for N. peltatum, with other notable contributions from
E. ferox (37.5) at D, and T. natans (34.37) at D, depth zone (Figures
11-13).

Discussion

A perusal of data reveals that distribution of vegetation significantly
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Figure 10: Monthly variation in frequency (%) of selected macrophyte species in Anchar Lake at Site A3.
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Figure 11: Monthly variation in density (indv/m?) of selected macrophyte species in Manasbal lake at Site M4.
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depends on water depth of the Lake ecosystem. According to [23]
disappearance of macrophytic vegetation from deeper parts of the
lake results because of reduction of light, however it becomes copious
towards shallow parts and causes strong inter-specific competition.
Decreasing water depth increases species richness because of the

presence of true aquatic plants as well as marsh and wet meadow
species in shallower waters, representing appropriate conditions for
all species groups [24]. This is perhaps a rationale for producing a
montage vegetation appearance towards littoral parts of the lake by
aquatic plant species.
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Figure 13: Monthly variation in frequency (%) of selected macrophyte species in Manasbal Lake at Site M4.
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The rooted floating macrophytes in the lake showed dominance in
terms of density, abundance and frequency at D, (0-100 cm) and D,
(101-200 cm) depth ranges. The exception to the above findings was
the plant species, E ferox at Site M1, as it registered maximum values
at depth D, (201-300 cm) for community features. The reason being
that local boatmen damage this plant species in its early vegetative
phase at shallower depths, apprehending that the thorny petioles of
the plant at its later stage of growth would cause them difficulty in
extracting economically valuable rhizomes of Nelumbo nucifera. The
highest depth range (201-300 cm) of the present lake ecosystem was
observed to have a sparse distribution of rooted floating macrophyte
species and away from this depth no such category of macrophyte was
observed. The outcomes of our investigation are in consonance with
the study of Keddy (2000). According to him, in lake gradients from
shallow to deep water, emergent plant species dominate in shallow
water, floating-leaf type macrophytes dominate deeper water, and
submerged aquatics are found in the deepest water. These patterns are
hypothesized to represent either competitive exclusion at the shallower
edge and physical constraints at the deeper edge of each zone [25] or a
trade-off between drought and flood tolerance [26,27] has argued that
the trade-off zonation occur due to variation in biomass investment
in lamina support where emergent plants allocate relatively more in

petioles or stems that support laminae, while floating-leaved plant
species invest comparatively less in petioles, which function as tethers
rather than supports.

Conclusions

The influence of water depth on community architectural features
of rooted floating macrophyte vegetation was assessed in Manasbal
lake during the present study. The maximum density, frequency and
abundance of plants were observed in the depth zone of 0-200 cm.
The expansion of rooted aquatic species got severely hold up beyond
200 cm and were almost absent in the lake ecosystem above 300 cm
water level. However, the plants in response to lower water depths
were capable to obtain more light for photosynthesis and restore gas
exchange quickly, resulting their highest presence. Thus, the data
obtained during present assessment clearly indicates that an increase
in water level affects the plant species in their distribution and could be
used as a potential management strategy to control their infestation in
the aquatic ecosystem.

Acknowledgement

The authors are thankful to Dr. Irffan Rashid, Asst. Professor Department of
Earth Sciences for his help in preparing study area map.

J Ecosys Ecograph
ISSN:2157-7625 JEE, an open access journal

Volume 5 « Issue 2 » 1000159



Citation: Khanday SA, Yousuf AR, Reshi ZA, Jehangir A (2015) Distribution Pattern of Rooted Floating Leaf Type Macrophytes in Response to Water
Depth in a Fresh Water Lake of Kashmir Himalaya. J Ecosys Ecograph 5: 159. doi:10.4172/2157-7625.1000159

Page 7 of 7

References

1.

Tremp H, Kohler A (1995) The usefulness of macrophyte monitoring-systems,
exemplified on eutrophication and acidification of running waters. Acta Botanica
Gallica 142: 541-550.

Leira M, Cantonati M (2008) Effects of water-level fluctuations on lakes: an
annotated bibliography Hydrobiologia 613: 171-184.

Wallesten M, Forsgren P (1989) The effects of increased water level on aquatic
macrophytes. J Aquat Plant Manage 27: 32-37.

Van der Valk AG (1990) Response of wetland vegetation to a change in
water level. In: Finlayson, CM, Larsson T (eds.) Wetland Management and
Restoration. Proceedings from a Workshop in Sweden 1990. SNV Report
3992, pp. 7-16.

Gacia E, Ballesteros E (1996) The effect of increased water level on Isoetes
lacustris L. in Lake Baciver, Spain. J Aquat Plant Manage 34: 57-59.

Scheffer M (1998) Ecology of shallow lakes. Chapman and Hall, London.

Sinden-Hempstead M, Killingbeck KT (1996) Influences of water depth and
substrate nitrogen on leaf surface and maximum bed extension in Nymphaea
odorata. Aquat Bot 53: 151-162.

Paillisson JM, Marion L (2006) Can small water level fluctuations affect the
biomass of Nymphaea alba in large lakes? Aquatic Botany 84: 259-266.

Moss BR, Phillips G, Madgwick J (1997) A Guide to the Restoration of Nutrient
Enriched Shallow Lakes. Wetlands International Publications, Norfolk.

0. Brock TC, Van der Velde G, Van de Steeg HM (1987) The effects of extreme
water level fluctuations on the wetland vegetation of a nymphaeid-dominated
oxbow lake in The Netherlands Arch. Hydrobiol 27: 57-73.

11. Van Geest GJ, Roozen FCJM, Coops H, Roijackers RMM, Buijse AD, et.al

(2003) Vegetation abundance in lowland floodplain lakes determined by
surface area, age and connectivity. Freshwater Biology 48: 440-454.

12. Kunii H, Aramaki M (1992) Annual net production and life span of floating

leaves in Nymphaea tetragona Georgi: a comparison with other floating leaved
macrophytes. Hydrobiologia 242: 185-193.

13. Marion L, Paillisson JM (2002) A mass balance assessment of the contribution

of floating-leaved macrophytes in nutrient stocks in an eutrophic macrophyte-
dominated lake. Aquat Bot 75: 249-260.

14. Casanova MT, Brock MA (2000) How do depth, duration and frequency of

2

o

21.

22.

23.

24.

25.

26.

27.

flooding influence the establishment of wetland plant communities? Plant
Ecology 147: 237-250.

.Rea N, Ganf GG (1994) Water depth changes and biomass allocation in two

contrasting macrophytes. Australian Journal of Marine and fresh water 45:
1459-1468.

. Boar RR (2006) Responses of a fringing Cyperus papyrus L. swamp to changes

in water level. Aquat Botany 84: 85-92.

. Blanch SJ, Ganf GG, Walker KF (1999) Tolerance of riverine plants to flooding

and exposure indicated by water regime. Regulated Rivers: Research
Management 15: 43-62.

. Crawford RMM (1992) Oxygen availability as an ecological limit to plant

distribution. Adv Ecol Res 23: 92-171.

.Froend RH, McComb AJ (1994) Distribution, productivity and reproductive

phenology of emergent macrophytes in relation to water regimes at wetlands
of south-western Australia. Aust Journal of Marine and Freshwater Research
45: 1491-1508.

. Yousuf AR (1979) Limnology and Fisheries of Manasbal Lake. PhD Thesis,

University of Kashmir.

Misra R (1968) Ecology Workbook. Oxford and IBH Publishing Company,
Calcutta.

Zutshi DP, Vass KK (1982) Limnological studies on Dal lake, Srinagar IlI
Biological features. Proc Indian Natn Sci Acad 48: 234-241.

Schmieder K (1997) Littoral zone - GIS of Lake Constance: a useful tool in lake
monitoring and autecological studies with submersed macrophytes. Aquat. Bot
58: 333-346.

Hrivnak R (2009) Macrophyte vegetation of artificial water reservoirs in the
Krupinska Planina Mts, including the first record of Potametum acutifolii from
Slovakia. Hacquetia 8: 159-174.

Keddy PA (2010) Wetland ecology: principles and conservation. Cambridge
University Press, Cambridge, UK.

Luo WB, Song FB, Xie YH (2008) Trade-off between tolerance to drought and
tolerance to flooding in three wetland plants. Wetlands 28: 866-873.

Givnish TJ (2002) Ecological constraints on the evolution of plasticity in plants.
Evolutionary Ecology 16: 213-242.

J Ecosys Ecograph
ISSN:2157-7625 JEE, an open access journal

Volume 5 « Issue 2 » 1000159


http://www.tandfonline.com/doi/abs/10.1080/12538078.1995.10515277
http://www.tandfonline.com/doi/abs/10.1080/12538078.1995.10515277
http://www.tandfonline.com/doi/abs/10.1080/12538078.1995.10515277
http://link.springer.com/article/10.1007%2Fs10750-008-9465-2#page-1
http://link.springer.com/article/10.1007%2Fs10750-008-9465-2#page-1
http://www.apms.org/japm/vol27/v27p32.pdf
http://www.apms.org/japm/vol27/v27p32.pdf
http://www.apms.org/japm/vol34/v34p57.pdf
http://www.apms.org/japm/vol34/v34p57.pdf
http://www.sciencedirect.com/science/article/pii/0304377096010200
http://www.sciencedirect.com/science/article/pii/0304377096010200
http://www.sciencedirect.com/science/article/pii/0304377096010200
http://www.researchgate.net/profile/Loic_Marion/publication/233756509_Can_small_water_level_fluctuations_affect_the_biomass_of_Nymphaea_alba_in_large_lakes/links/0912f50b3b4f505f02000000.pdf
http://www.researchgate.net/profile/Loic_Marion/publication/233756509_Can_small_water_level_fluctuations_affect_the_biomass_of_Nymphaea_alba_in_large_lakes/links/0912f50b3b4f505f02000000.pdf
http://www.researchgate.net/profile/Theo_Brock/publication/235946737_The_effects_of_extremewater_level_fluctuations_on_the_wetland_vegetation_of_a_nymphaeid_dominated_oxbow_lake_in_The_Netherlands/links/02e7e52c5929f6cd3b000000.pdf
http://www.researchgate.net/profile/Theo_Brock/publication/235946737_The_effects_of_extremewater_level_fluctuations_on_the_wetland_vegetation_of_a_nymphaeid_dominated_oxbow_lake_in_The_Netherlands/links/02e7e52c5929f6cd3b000000.pdf
http://www.researchgate.net/profile/Theo_Brock/publication/235946737_The_effects_of_extremewater_level_fluctuations_on_the_wetland_vegetation_of_a_nymphaeid_dominated_oxbow_lake_in_The_Netherlands/links/02e7e52c5929f6cd3b000000.pdf
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2427.2003.01022.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2427.2003.01022.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2427.2003.01022.x/abstract
http://www.sciencedirect.com/science/article/pii/S0304377002001778
http://www.sciencedirect.com/science/article/pii/S0304377002001778
http://www.sciencedirect.com/science/article/pii/S0304377002001778
http://link.springer.com/article/10.1023%2FA%3A1009875226637
http://link.springer.com/article/10.1023%2FA%3A1009875226637
http://link.springer.com/article/10.1023%2FA%3A1009875226637
http://www.publish.csiro.au/paper/MF9941459.htm
http://www.publish.csiro.au/paper/MF9941459.htm
http://www.publish.csiro.au/paper/MF9941459.htm
http://www.sciencedirect.com/science/article/pii/S0304377005001701
http://www.sciencedirect.com/science/article/pii/S0304377005001701
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291099-1646%28199901/06%2915:1/3%3C43::AID-RRR535%3E3.0.CO;2-Q/abstract
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291099-1646%28199901/06%2915:1/3%3C43::AID-RRR535%3E3.0.CO;2-Q/abstract
http://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291099-1646%28199901/06%2915:1/3%3C43::AID-RRR535%3E3.0.CO;2-Q/abstract
http://www.publish.csiro.au/paper/MF9941491.htm
http://www.publish.csiro.au/paper/MF9941491.htm
http://www.publish.csiro.au/paper/MF9941491.htm
http://www.publish.csiro.au/paper/MF9941491.htm
https://books.google.co.in/books/about/Ecology_Workbook.html?id=8b6PtgAACAAJ
https://books.google.co.in/books/about/Ecology_Workbook.html?id=8b6PtgAACAAJ
http://insa.nic.in/writereaddata/UpLoadedFiles/PINSA/Vol48B_1982_2_Art11.pdf
http://insa.nic.in/writereaddata/UpLoadedFiles/PINSA/Vol48B_1982_2_Art11.pdf
http://pubget.com/paper/pgtmp_3f3e3f6eef6f2ee0ae9c6f4bcaa0acd8/macrophyte-vegetation-of-artificial-water-reservoirs-in-the-krupinska-planina-mts-including-the-first-record-of-potametum-acutifolii-from-slovakia
http://pubget.com/paper/pgtmp_3f3e3f6eef6f2ee0ae9c6f4bcaa0acd8/macrophyte-vegetation-of-artificial-water-reservoirs-in-the-krupinska-planina-mts-including-the-first-record-of-potametum-acutifolii-from-slovakia
http://pubget.com/paper/pgtmp_3f3e3f6eef6f2ee0ae9c6f4bcaa0acd8/macrophyte-vegetation-of-artificial-water-reservoirs-in-the-krupinska-planina-mts-including-the-first-record-of-potametum-acutifolii-from-slovakia
http://ebooks.cambridge.org/ebook.jsf?bid=CBO9780511778179
http://ebooks.cambridge.org/ebook.jsf?bid=CBO9780511778179
http://link.springer.com/article/10.1672%2F07-225.1
http://link.springer.com/article/10.1672%2F07-225.1
http://www.bgu.ac.il/desert_ecology/Novoplansky/Plasticity course 2005-6/Givnish.pdf
http://www.bgu.ac.il/desert_ecology/Novoplansky/Plasticity course 2005-6/Givnish.pdf

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Study area  
	Community architectural features  

	Results
	Discussion 
	Conclusions 
	Acknowledgement  
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Figure 13
	References



