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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  Macrophytes are by 
far the most investigated group used for exploring the effects of water level fluctuation on biological organisms in aquatic 
ecosystems . In lake ecosystems, Overall 31 species of aquatic macrophytes were reported from Anchar Lake with different 
morphology, which consisted of emergent (14), rooted floating leaf type (08), submerged (06) and free floating (03). The 
efforts mainly focus on the relationships between water level fluctuation and the presence, species richness, distribution and 
cover of macrophytes.
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INTRODUCTION

Anchar Lake

The Anchar lake is fluviatile in its origin; shallow basined 
and is situated 12 kms to the northwest of Srinagar city 
within the geographical coordinates of 34° 20΄-34° 26΄ 
N latitude and 74°82΄ and 74° 85΄ E longitude at 1584 
m.a.s.l. The lake is mono basined with its main catchment 
comprising Srinagar city and a number of bordering 
villages. A network of channels from the river Sind enters 
the lake on its western shore and serves as the main source 
of water.

According to Lawrence (1895), the area of the Anchar 
lake during 1893-1894 was 19.54 km2 and since then 
there has been a considerable decrease in the surface area 
of the lake. The area of the lake was 6.5 km2 in the year 
2004. As a result of heavy anthropogenic pressures as they 
use resources of the lake like fishes, nelumbo, trapa etc. 
without any consideration to the lake ecology, negligence 
on part of the people as well as by the government. The 
Anchar lake has shrinked to a large extent in the recent 
past. With the result the water quality has also deteriorated 
posed the threat not only to the biotic life of the lake, but 
also to the humans who reside on the periphery of this lake. 
During the last one to two decades, human population has 
expanded manifold in the catchment area of the lake. In 
addition natural siltation accompanied by anthropogenic 
siltation has further deteriorated the lake.

During the present investigation the lake was studied 
for a period of 18 months. The lake was divided into 
six collection sites on the basis of different types of 
substratum and ecology of the sites. As such the present 
lake was divided into six sites shown in map.

1.Sangam site,
2. Zinymar site,
3. Centre site,
4. Skims hospital site,
5. Eid-gah site,
6. Jinab shab shrine site.

Macrophytes

Aquatic vegetation supports critical ecological services 
by providing the habitat for a diverse and economically 
important faunal community, sequestering carbon and 
nutrients, stabilizing sediment and shorelines (Ortho 
et al., 2006; Carr et al., 2010; Duarte et al., 2005). In 
addition, aquatic vegetation is a biological indicator or 
sentinel of water quality and ecological value in aquatic 
ecosystems (Ortho, 2006; Søndergaard et al., 2010). 
Unfortunately, the aquatic vegetation of lake ecosystems 
has undergone substantial degradation with the onrushing 
advance of human settlement and water resources 
exploitation throughout the world in past decades (Orth 
et al., 2006; Hicks & Frost., 2011; Waycott et al., 2009; 
Brescian et al., 2012; Azzella et al., 2014). For example, 
a study over the past 100 years in shallow lakes showed 
that the majority of lakes have lost all or most of their 
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macrophyte taxa. These changes have largely been 
attributed to eutrophication caused by increasing nutrients 
and sediments from the alteration of the surrounding 
catchments and their subsequent effects on water quality, 
increased phytoplankton, hypoxia, and anoxia in surficial 
sediments (Scheffer et al., 2001; Waycott et al., 2009; 
Krause-Jensen et al., 2008). In addition, habitat alteration 
due to reclamation, dredging and filling, aquaculture, 
and alien species invasion has also contributed to the 
decline of native aquatic vegetation species (Qin et al., 
2007; Villamagna et al., 2010; Qin, 2008; Schallenberg & 
Sorrell, 2009).

In aquatic habitat, plant species of different groups 
serve as reliable indices for biological monitoring of 
pollution load. The aquatic vascular plants are potentially 
useful as indicators of water status. By their ability to 
accumulate toxic substances, they indicate their presence 
in the environment even if they are present in very 
low concentrations. In many sensitive species metal 
induced morphological and structural changes may also 
be indicative of changes which are specific to some 
metals. The nutrient enrichment effect is indicated by the 
disappearance of susceptible species leading to the change 

of species composition. These may be successfully used 
as ecological indicators (bioindicators) for assessing and 
predicting environmental changes.

MATERIALS AND METHODS

Ten water samples were collected in triplicate using 
a clean sample container. Those samplings were 
accomplished within the targeted period in order to 
protect the nutrients inside. The samples were examined 
within 30 days as it kept frozen below -20°C. Preservation 
of samples was done by the addition of 2.5ml chloroform 
in 500 ml of water for further analysis. They were filtered 
before proceed to the next stage of nutrients analyzing. 
DR 2800 Spectrophotometer was used to detect different 
study nutrients which are nitrite (NO2-N), nitrate (NO3-N) 
and phosphate (PO4

-3). All representative values were 
displayed by mean value and standard deviation. Physico-
chemical analysis was done on site using the YSI 5556 
MPS (Multiprobe system). The measured parameters 
are dissolved oxygen (DO) in mg/L, pH, salinity in ppt, 
conductivity in µS/cm and total dissolved solids (TDS) 
in mg/L.
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Ecological status Macrophyte indexe (ESMI)

Base on the gathered data, the Ecological Status 
Macrophyte Index (ESMI) was calculated to assess the 
ecological state of the lake. The ESMI index meets all 
requirements of the Water Framework Directive imposed 
on quality indicators for assessing the ecological state 
of a water body. It is calculated based on the following 
formula:

ESMI = 1 – exp [- H/Hmax x Z x exp (N/P)]

ESMI is based on the Shannon-Weaver diversity index 
(H).which was adopted as an indicator of taxonomic 
composition.

H = -Σ ni/N x ln (ni/N)

where:

H - Shannon-Weaver diversity index

ni -Area covered by given plant association expressed as a 
percentage of total phytolittoral surface area

N-Total surface area of plant association (100%)

The structural simplification of plant systems due to 
anthropological pressure is measured by the ratio of 
actual Shannon-Weaver diversity (H) to the theoretically 
possible maximum diversity (Hmax), calculated based on 
the following formula:

Hmax = ln S

where:

Hmax - Index of theoretical maximum Shannon-Weaver 
diversity

S - Number of plant association in the phytolittoral

The colonization index (Z) is the ratio of the actual 
surface area occupied by macrophytes to the surface area 
potentially available to plants. In Polish methodology, 
for a lake to represent at least a good ecological state, 
the phytolittoral surface area should not be less than the 
area limited by the 2.5 isobath. which corresponds to a 
maximum plant depth of 2.5 m. The colonization index is 
calculated based on the following formula:

Z = N/ 2.5 Isob

where:

Z – Colonization index

N - Total phytolittoral surface area (ha);

2.5 isob. – Phytolittoral surface area limited by the 2.5 
isobath
(ha)

The index takes on values within the range of 0 to 1, 
where the maximum value indicates a reference state 
and it decreases with deterioration in ecosystem quality. 
Moreover, these values are interpreted to the ecological 
state of lake.
Macrophyte River Index (MRI)

The MRI that is necessary to estimate the ecological status 
according to the European Water Framework Directive 
was calculated using the formula:

MRI = [Σ(Li x Wi x Pi) / Σ(Wi x Pi) ] x 10

where:

Li – Indicator value of the species,

Wi – Weight coefficient of the species,

Pi – Cover coefficient of the species, according to the 
gradual scale.

RESULTS AND DISCUSSION

The linkage of macrophyte abundance with the pollution 
status of different sites of the Anchar Lake was documented 
by the ‘r’ value for nitrate (NO3), phosphate (PO4) and 
Ammonical nitrogen (NH3H). Overall 31 species of 
aquatic macrophytes were reported from Anchar Lake 
with different morphology, which consisted of emergent 
(14), rooted floating leaf type (08), submerged (06) and 
free floating (03).

The diversity indices and correlation matrix of macrophytes 
at site 1 is presented in table 1. It is evident from the table 
that among emergent macrophytes, Phragmites australis 
(Rc = 0.11; Rs = 0.89; S = 0.459; Ci = 0.541) and Typha 
angustata (Rc = 0.12; Rs = 0.92; S = 0.462; Ci = 0.538) 
were dominant. All the emergent plant varieties showed 
positive correlation with nitrate (r = 0.838), phosphate (r 
= 0.812) and Ammonical nitrogen (r = 0.882).  Among 
rooted floating leaf type macrophytes, Nelumbo nucifera 
(Rc = 0.13; Rs = 0.89; S = 0.425; Ci = 0.575); Nymphea 
maxicana (Rc = 0.11; Rs = 0.99; S = 0.415; Ci = 0.585); 
Nymphea peltatum (Rc = 0.15; Rs = 0.95; S = 0.415; Ci = 
0.585), and Trapa natans (Rc = 0.12; Rs = 0.92; S = 0.440; 
Ci = 0.56) were dominant. All the rooted floating leaf type 
plant varieties showed positive correlation with nitrate (r 
= 0.999), phosphate (r = 0.892) and Ammonical nitrogen 
(r = 0.902).

Similarly among submerged macrophytes, Ceratophyllum 
demersum (Rc = 0.11; Rs = 0.86; S = 0.414; Ci = 0.586); 
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Hydrilla verticillata (Rc = 0.12; Rs = 0.89; S = 0.452; Ci = 
0.548); and Myropphyllum spicatum (Rc = 0.11; Rs = 0.88; 
S = 0.425; Ci = 0.575) were dominant. All the submerged 
plant varieties showed positive correlation with nitrate (r 
= 0.912), phosphate (r = 0.922) and Ammonical nitrogen 
(r = 0.999). Likewise, among free floating macrophytes, 
Azolla pinnata (Rc = 0.08; Rs = 0.82; S = 0.426; Ci = 
0.574); Lemna spp. (Rc = 0.09; Rs = 0.81; S = 0.442; Ci 
= 0.558); and Salvinia natans (Rc = 0.09; Rs = 0.85; S = 
0.415; Ci = 0.585) were dominant. All the free floating 
plant varieties showed positive correlation with nitrate (r = 
0.989), phosphate (r = 0.988) and Ammonical nitrogen (r 
= 0.988). The strong positive correlation with the chemical 
constituents of water indicate the highest pollution status 
of Anchar lake with ESMI of 0.08 and MRI value of 3.9.
The diversity indices and correlation matrix of macrophytes 
at site 2 is presented in table 2. It is evident from the table 
that among emergent macrophytes, Phragmites australis 
(Rc = 0.12; Rs = 1.06; S = 0.425; Ci = 0.575) and Typha 
angustata (Rc = 0.11; Rs = 0.99; S = 0.452; Ci = 0.548) 
were dominant. All the emergent plant varieties showed 
positive correlation with nitrate (r = 0.982), phosphate (r 
= 0.992) and Ammonical nitrogen (r = 0.990).  Among 
rooted floating leaf type macrophytes, Nelumbo nucifera 
(Rc = 0.14; Rs = 1.01; S = 0.453; Ci = 0.547); Nymphea 
maxicana (Rc = 0.12; Rs = 1.01; S = 0.456; Ci = 0.544); 
Nymphea peltatum (Rc = 0.13; Rs = 0.98; S = 0.458; Ci 
= 0.542), and Trapa natans (Rc = 0.12; Rs = 0.99; S = 
0.452; Ci = 0.548) were dominant. All the rooted floating 
leaf type plant varieties showed positive correlation with 
nitrate (r = 0.982), phosphate (r = 0.952) and Ammonical 
nitrogen (r = 0.968).

Similarly among submerged macrophytes, Ceratophyllum 
demersum (Rc = 0.12; Rs = 1.02; S = 0.415; Ci = 0.585); 
Hydrilla verticillata (Rc = 0.12; Rs = 1.01; S = 0.419; Ci = 
0.581); and Myropphyllum spicatum (Rc = 0.12; Rs = 1.02; 
S = 0.429; Ci = 0.571) were dominant. All the submerged 
plant varieties showed positive correlation with nitrate (r 
= 0.926), phosphate (r = 0.982) and Ammonical nitrogen 
(r = 0.995). Likewise, among free floating macrophytes, 
Azolla pinnata (Rc = 0.12; Rs = 0.98; S = 0.452; Ci = 
0.548); Lemna spp. (Rc = 0.13; Rs = 0.86; S = 0.438; Ci 
= 0.562); and Salvinia natans (Rc = 0.12; Rs = 0.92; S = 
0.438; Ci = 0.562) were dominant. All the free floating 
plant varieties showed positive correlation with nitrate (r = 
0.865), phosphate (r = 0.899) and Ammonical nitrogen (r 
= 0.999). The strong positive correlation with the chemical 
constituents of water indicate the highest pollution status 
of Anchar lake with ESMI of 0.09 and MRI value of 4.2.

In case of site 3, it is evident from the table 3 that 
among emergent macrophytes, Phragmites australis 
(Rc = 0.29; Rs = 1.08; S = 0.415; Ci = 0.585) and Typha 
angustata (Rc = 0.33; Rs = 1.09; S = 0.425; Ci = 0.575) 
were dominant. All the emergent plant varieties showed 
positive correlation with nitrate (r = 0.821), phosphate (r 
= 0.881) and Ammonical nitrogen (r = 0.812).  Among 

rooted floating leaf type macrophytes, Nelumbo nucifera 
(Rc = 0.25; Rs = 1.05; S = 0.439; Ci = 0.561); Nymphea 
maxicana (Rc = 0.29; Rs = 1.12; S = 0.452; Ci = 0.548); 
Nymphea peltatum (Rc = 0.20; Rs = 1.15; S = 0.452; Ci 
= 0.548), and Trapa natans (Rc = 0.26; Rs = 1.16; S = 
0.459; Ci = 0.541) were dominant. All the rooted floating 
leaf type plant varieties showed positive correlation with 
nitrate (r = 0.756), phosphate (r = 0.815) and Ammonical 
nitrogen (r = 0.886).

Similarly among submerged macrophytes, Ceratophyllum 
demersum (Rc = 0.19; Rs = 1.17; S = 0.459; Ci = 0.541); 
Hydrilla verticillata (Rc = 0.20; Rs = 1.16; S = 0.455; Ci = 
0.545); and Myropphyllum spicatum (Rc = 0.22; Rs = 1.18; 
S = 0.429; Ci = 0.571) were dominant. All the submerged 
plant varieties showed positive correlation with nitrate (r 
= 0.902), phosphate (r = 0.847) and Ammonical nitrogen 
(r = 0.881). Likewise, among free floating macrophytes, 
Azolla pinnata (Rc = 0.26; Rs = 1.12; S = 0.436; Ci = 
0.564); Lemna spp. (Rc = 0.27; Rs = 1.12; S = 0.436; Ci 
= 0.564); and Salvinia natans (Rc = 0.26; Rs = 1.15; S = 
0.449; Ci = 0.551) were dominant. All the free floating 
plant varieties showed positive correlation with nitrate (r = 
0.869), phosphate (r = 0.712) and Ammonical nitrogen (r 
= 0.849). The strong positive correlation with the chemical 
constituents of water indicate the highest pollution status 
of Anchar lake with ESMI of 0.102 and MRI value of 4.2.
In case of site 4, it is evident from the table 4 that 
among emergent macrophytes, Phragmites australis 
(Rc = 0.44; Rs = 1.25; S = 0.498; Ci = 0.502) and Typha 
angustata (Rc = 0.42; Rs = 1.45; S = 0.501; Ci = 0.499) 
were dominant. All the emergent plant varieties showed 
positive correlation with nitrate (r = 0.596), phosphate (r 
= 0.589) and Ammonical nitrogen (r = 0.845).  Among 
rooted floating leaf type macrophytes, Nelumbo nucifera 
(Rc = 0.35; Rs = 1.39; S = 0.498; Ci = 0.502); Nymphea 
maxicana (Rc = 0.33; Rs = 1.42; S = 0.501; Ci = 0.499); 
Nymphea peltatum (Rc = 0.31; Rs = 1.41; S = 0.502; Ci 
= 0.498), and Trapa natans (Rc = 0.32; Rs = 1.46; S = 
0.502; Ci = 0.498) were dominant. All the rooted floating 
leaf type plant varieties showed positive correlation with 
nitrate (r = 0.785), phosphate (r = 0.748) and Ammonical 
nitrogen (r = 0.869).

Similarly among submerged macrophytes, Ceratophyllum 
demersum (Rc = 0.22; Rs = 1.58; S = 0.512; Ci = 0.488); 
Hydrilla verticillata (Rc = 0.25; Rs = 1.59; S = 0.511; Ci = 
0.489); and Myropphyllum spicatum (Rc = 0.30; Rs = 1.58; 
S = 0.503; Ci = 0.497) were dominant. All the submerged 
plant varieties showed positive correlation with nitrate (r 
= 0.891), phosphate (r = 0.912) and Ammonical nitrogen 
(r = 0.855). Likewise, among free floating macrophytes, 
Azolla pinnata (Rc = 0.32; Rs = 1.58; S = 0.506; Ci = 
0.494); Lemna spp. (Rc = 0.35; Rs = 1.57; S = 0.509; Ci 
= 0.491); and Salvinia natans (Rc = 0.35; Rs = 1.56; S = 
0.509; Ci = 0.491) were dominant. All the free floating 
plant varieties showed positive correlation with nitrate 
(r = 0.891), phosphate (r = 0.912) and Ammonical 
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Table 1: Macrophyte based pollution correlation at site 1 in Anchar Lake

Type of macrophyte Site -1

Emergent St Rc Rs S Ci
(1 – S)

‘r’
NO3

‘r’
PO4

‘r’
NH4N

ESMI MRI

1. Alisma plantago-aquatica P 0.35 0.89 0.659 0.341

0.838 0.812 0.882

0.08 3.9

2. Carex sp. P 0.36 0.98 0.725 0.275

3. Cyperus defformis P 0.38 0.98 0.735 0.265

4. Lycopus europus P 0.31 0.88 0.695 0.305

5. Myriophyllum verticil-
latum P 0.29 0.91 0.689 0.311

6. Nasturtium officinale P 0.33 0.92 0.689 0.311

7. Phragmites australis D 0.11 0.89 0.459 0.541

8. Polygonum hydropiper P 0.32 0.86 0.625 0.375

9. Polygonum amphinium P 0.29 0.89 0.615 0.385

10 Saggitaria saggitifolia P 0.33 0.88 0.625 0.375

11 Scirpus triqueter R 0.59 0.89 0.658 0.342

12 Stium latijugum R 0.58 0.92 0.692 0.308

13 Sparganium ramosum P 0.32 0.90 0.687 0.313

14 Typha angustata D 0.12 0.92 0.462 0.538

Rooted floating leaf type

15 Hydrocharis dubia P 0.33 0.86 0.569 0.431

0.999 0.892 0.902

16 Nelumbo nucifera D 0.13 0.89 0.425 0.575

17 Nymphaea alba R 0.56 0.89 0.625 0.375

18. Nymphaea Mexicana D 0.11 0.99 0.415 0.585

19. Nymphoides peltatum D 0.15 0.95 0.415 0.585

20. Potamogeton natans P 0.23 0.99 0.675 0.325

21. Trapa natans D 0.12 0.92 0.440 0.56

22. Eichornia crassipes P 0.34 0.93 0.682 0.318

Submerged

23. Ceratophyllum demersum D 0.11 0.86 0.414 0.586

0.912 0.922 0.999

24. Hydrilla verticillata D 0.12 0.89 0.452 0.548

25. Myriophyllum spicatum D 0.11 0.88 0.425 0.575

26. Potamogeton crispus P 0.35 0.85 0.629 0.371

27. Potamogeton lucens P 0.35 0.87 0.629 0.371

28. Potamogeton natans P 0.29 0.85 0.642 0.358

Free Floating

29. Azolla pinnata D 0.08 0.82 0.426 0.574

0.989 0.988 0.98830. Lemna spp. D 0.09 0.81 0.442 0.558

31. Salvinia natans D 0.09 0.85 0.415 0.585

- Rs as a measure of species competition
- Rc as a measure of the species composition
- S as an index combining quantity and quality of vegetation
- ESMI-Ecological status Macrophyte indexe
- MRI - Macrophyte River Index
- ‘r’ – Correlation Coefficient
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Table 2: Macrophyte based pollution correlation at site 2 in Anchar Lake

Type of macrophyte Site - 2

Emergent St Rc Rs S Ci
(1 – S)

‘r’
NO3

‘r’
PO4

‘r’
NH4N

ESMI MRI

1. Alisma plantago-aquatica P 0.39 1.05 0.569 0.431

0.982 0.992 0.990

0.09 4.2

2. Carex sp. P 0.38 1.02 0.625 0.375

3. Cyperus defformis P 0.42 0.99 0.652 0.348

4. Lycopus europus P 0.32 0.98 0.635 0.365

5. Myriophyllum verticillatum P 0.29 1.01 0.682 0.318

6. Nasturtium officinale P 0.30 1.00 0.653 0.347

7. Phragmites australis D 0.12 1.06 0.425 0.575

8. Polygonum hydropiper P 0.30 1.03 0.682 0.318

9. Polygonum amphinium P 0.33 1.05 0.691 0.309

10 Saggitaria saggitifolia P 0.38 1.01 0.632 0.368

11 Scirpus triqueter R 0.58 0.98 0.641 0.359

12 Stium latijugum R 0.58 0.99 0.631 0.369

13 Sparganium ramosum P 0.33 1.01 0.661 0.339

14 Typha angustata D 0.11 0.99 0.452 0.548

Rooted floating leaf type

15 Hydrocharis dubia P 0.32 1.02 0.620 0.38

0.982 0.952 0.968

16 Nelumbo nucifera D 0.14 1.01 0.453 0.547

17 Nymphaea alba R 0.59 1.01 0.589 0.411

18. Nymphaea Mexicana D 0.12 1.01 0.456 0.544

19. Nymphoides peltatum D 0.13 0.98 0.458 0.542

20. Potamogeton natans P 0.29 0.99 0.625 0.375

21. Trapa natans D 0.12 0.99 0.452 0.548

22. Eichornia crassipes P 0.36 1.02 0.638 0.362

Submerged

23. Ceratophyllum demersum D 0.12 1.02 0.415 0.585

0.926 0.982 0.995

24. Hydrilla verticillata D 0.12 1.01 0.419 0.581

25. Myriophyllum spicatum D 0.12 1.02 0.429 0.571

26. Potamogeton crispus P 0.35 1.04 0.638 0.362

27. Potamogeton lucens P 0.36 1.03 0.612 0.388

28. Potamogeton natans P 0.35 0.99 0.624 0.376

Free Floating

29. Azolla pinnata D 0.12 0.98 0.452 0.548

0.865 0.899 0.99930. Lemna spp. D 0.13 0.86 0.438 0.562

31. Salvinia natans D 0.12 0.92 0.438 0.562

- Rs as a measure of species competition
- Rc as a measure of the species composition
- S as an index combining quantity and quality of vegetation
- ESMI-Ecological status Macrophyte indexe
- MRI - Macrophyte River Index
- ‘r’ – Correlation Coefficient
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Table 3: Macrophyte based pollution correlation at site 3 in Anchar Lake

Type of macrophyte Site - 3

Emergent St Rc Rs S Ci
(1 – S)

‘r’
NO3

‘r’
PO4

‘r’
NH4N

ESMI MRI

1. Alisma plantago-aquatica P 0.44 1.15 0.612 0.388

0.821 0.881 0.812

0.102 4.2

2. Carex sp. P 0.52 1.10 0.575 0.425

3. Cyperus defformis P 0.59 1.09 0.572 0.428

4. Lycopus europus P 0.52 1.05 0.602 0.398

5. Myriophyllum verticillatum P 0.55 1.05 0.601 0.399

6. Nasturtium officinale P 0.49 1.06 0.621 0.379

7. Phragmites australis D 0.29 1.08 0.415 0.585

8. Polygonum hydropiper P 0.55 1.10 0.612 0.388

9. Polygonum amphinium P 0.56 1.11 0.614 0.386

10 Saggitaria saggitifolia P 0.49 1.11 0.602 0.398

11 Scirpus triqueter R 0.75 1.11 0.601 0.399

12 Stium latijugum R 0.52 1.05 0.609 0.391

13 Sparganium ramosum P 0.45 1.07 0.608 0.392

14 Typha angustata D 0.33 1.09 0.425 0.575

Rooted floating leaf type

15 Hydrocharis dubia P 0.49 1.08 0.621 0.379

0.756 0.815 0.886

16 Nelumbo nucifera D 0.25 1.05 0.439 0.561

17 Nymphaea alba R 0.69 1.08 0.602 0.398

18. Nymphaea Mexicana D 0.29 1.12 0.452 0.548

19. Nymphoides peltatum D 0.20 1.15 0.452 0.548

20. Potamogeton natans P 0.29 1.16 0.611 0.389

21. Trapa natans D 0.26 1.16 0.459 0.541

22. Eichornia crassipes P 0.42 1.17 0.598 0.402

Submerged

23. Ceratophyllum demersum D 0.19 1.17 0.459 0.541

0.902 0.847 0.881

24. Hydrilla verticillata D 0.20 1.16 0.455 0.545

25. Myriophyllum spicatum D 0.22 1.18 0.429 0.571

26. Potamogeton crispus P 0.42 1.06 0.612 0.388

27. Potamogeton lucens P 0.40 1.08 0.623 0.377

28. Potamogeton natans P 0.42 1.15 0.611 0.389

Free Floating

29. Azolla pinnata D 0.26 1.12 0.436 0.564

0.869 0.712 0.84930. Lemna spp. D 0.27 1.12 0.436 0.564

31. Salvinia natans D 0.26 1.15 0.449 0.551

- Rs as a measure of species competition
- Rc as a measure of the species composition
- S as an index combining quantity and quality of vegetation
- ESMI-Ecological status Macrophyte indexe
- MRI - Macrophyte River Index
- ‘r’ – Correlation Coefficient
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Table 4: Macrophyte based pollution correlation at site 4 in Anchar Lake

Type of macrophyte Site - 4

Emergent St Rc Rs S Ci
(1 – S)

‘r’
NO3

‘r’
PO4

‘r’
NH4N

ESMI MRI

1. Alisma plantago-aquatica P 0.59 1.32 0.689 0.311

0.596 0.589 0.845

0.106 14.89

2. Carex sp. P 0.58 1.35 0.689 0.311

3. Cyperus defformis P 0.61 1.29 0.689 0.311

4. Lycopus europus P 0.61 1.25 0.687 0.313

5. Myriophyllum verticillatum P 0.58 1.25 0.687 0.313

6. Nasturtium officinale P 0.54 1.27 0.688 0.312

7. Phragmites australis D 0.44 1.25 0.498 0.502

8. Polygonum hydropiper P 0.58 1.23 0.659 0.341

9. Polygonum amphinium P 0.52 1.21 0.658 0.342

10 Saggitaria saggitifolia P 0.55 1.37 0.698 0.302

11 Scirpus triqueter R 0.78 1.35 0.702 0.298

12 Stium latijugum R 0.58 1.30 0.701 0.299

13 Sparganium ramosum P 0.58 1.39 0.702 0.298

14 Typha angustata D 0.42 1.45 0.501 0.499

Rooted floating leaf type

15 Hydrocharis dubia P 0.52 1.42 0.682 0.318

0.785 0.748 0.869

16 Nelumbo nucifera D 0.35 1.39 0.498 0.502

17 Nymphaea alba R 0.73 1.38 0.609 0.391

18. Nymphaea Mexicana D 0.33 1.42 0.501 0.499

19. Nymphoides peltatum D 0.31 1.41 0.502 0.498

20. Potamogeton natans P 0.42 1.40 0.701 0.299

21. Trapa natans D 0.32 1.46 0.502 0.498

22. Eichornia crassipes P 0.49 1.52 0.701 0.299

Submerged

23. Ceratophyllum demersum D 0.22 1.58 0.512 0.488

0.891 0.912 0.855

24. Hydrilla verticillata D 0.25 1.59 0.511 0.489

25. Myriophyllum spicatum D 0.30 1.58 0.503 0.497

26. Potamogeton crispus P 0.49 1.52 0.703 0.297

27. Potamogeton lucens P 0.46 1.49 0.689 0.311

28. Potamogeton natans P 0.49 1.56 0.698 0.302

Free Floating

29. Azolla pinnata D 0.32 1.58 0.506 0.494

0.921 0.842 0.72930. Lemna spp. D 0.35 1.57 0.509 0.491

31. Salvinia natans D 0.35 1.56 0.509 0.491

- Rs as a measure of species competition
- Rc as a measure of the species composition
- S as an index combining quantity and quality of vegetation
- ESMI-Ecological status Macrophyte indexe
- MRI - Macrophyte River Index
- ‘r’ – Correlation Coefficient
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Table 5: Macrophyte based pollution correlation at site 5 in Anchar Lake

Type of macrophyte Site - 5

Emergent St Rc Rs S Ci
(1 – S)

‘r’
NO3

‘r’
PO4

‘r’
NH4N

ESMI MRI

1. Alisma plantago-aquatica P 0.75 1.78 0.721 0.279

0.826 0.459 0.852

0.150 20.22

2. Carex sp. P 0.71 1.79 0.735 0.265

3. Cyperus defformis P 0.76 1.78 0.735 0.265

4. Lycopus europus P 0.69 1.79 0.721 0.279

5. Myriophyllum verticillatum P 0.71 1.82 0.715 0.285

6. Nasturtium officinale P 0.72 1.69 0.719 0.281

7. Phragmites australis D 0.45 1.69 0.569 0.431

8. Polygonum hydropiper P 0.65 1.68 0.726 0.274

9. Polygonum amphinium P 0.65 1.78 0.729 0.271

10 Saggitaria saggitifolia P 0.65 1.85 0.711 0.289

11 Scirpus triqueter R 0.85 1.82 0.729 0.271

12 Stium latijugum R 0.89 1.83 0.752 0.248

13 Sparganium ramosum P 0.72 1.87 0.756 0.244

14 Typha angustata D 0.66 1.80 0.605 0.395

Rooted floating leaf type

15 Hydrocharis dubia P 0.69 1.69 0.769 0.231

0.99 0.638 0.759

16 Nelumbo nucifera D 0.42 1.82 0.609 0.391

17 Nymphaea alba R 0.78 1.79 0.759 0.241

18. Nymphaea Mexicana D 0.49 1.75 0.609 0.391

19. Nymphoides peltatum D 0.49 1.74 0.621 0.379

20. Potamogeton natans P 0.56 1.77 0.758 0.242

21. Trapa natans D 0.39 1.77 0.621 0.379

22. Eichornia crassipes P 0.58 1.72 0.739 0.261

Submerged

23. Ceratophyllum demersum D 0.32 1.59 0.613 0.387

0.585 0.781 0.982

24. Hydrilla verticillata D 0.33 1.75 0.621 0.379

25. Myriophyllum spicatum D 0.35 1.77 0.621 0.379

26. Potamogeton crispus P 0.58 1.74 0.752 0.248

27. Potamogeton lucens P 0.55 1.78 0.759 0.241

28. Potamogeton natans P 0.57 1.77 0.759 0.241

Free Floating

29. Azolla pinnata D 0.44 1.89 0.621 0.379

0.825 0.817 0.72930. Lemna spp. D 0.42 1.82 0.629 0.371

31. Salvinia natans D 0.41 1.83 0.629 0.371

- Rs as a measure of species competition
- Rc as a measure of the species composition
- S as an index combining quantity and quality of vegetation
- ESMI-Ecological status Macrophyte indexe
- MRI - Macrophyte River Index
- ‘r’ – Correlation Coefficient
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Table 6: Macrophyte based pollution correlation at site 6 in Anchar Lake

Type of macrophyte Site - 6

Emergent St Rc Rs S Ci
(1 – S)

‘r’
NO3

‘r’
PO4

‘r’
NH4N

ESMI MRI

1. Alisma plantago-aquatica P 0.88 2.02 0.821 0.179

0.925 0.828 0.875

0.150 25.20

2. Carex sp. P 0.89 2.15 0.812 0.188

3. Cyperus defformis P 0.86 2.12 0.811 0.189

4. Lycopus europus P 0.75 2.15 0.816 0.184

5. Myriophyllum verticillatum P 0.69 2.65 0.829 0.171

6. Nasturtium officinale P 0.82 2.59 0.854 0.146

7. Phragmites australis D 0.59 2.54 0.712 0.288

8. Polygonum hydropiper P 0.79 2.57 0.836 0.164

9. Polygonum amphinium P 0.73 2.52 0.839 0.161

10 Saggitaria saggitifolia P 0.72 2.49 0.849 0.151

11 Scirpus triqueter R 0.92 2.47 0.876 0.124

12 Stium latijugum R 0.99 2.45 0.865 0.135

13 Sparganium ramosum P 0.83 2.41 0.859 0.141

14 Typha angustata D 0.69 2.40 0.716 0.284

Rooted floating leaf type

15 Hydrocharis dubia P 0.87 2.41 0.896 0.104

0.816 0.815 0.982

16 Nelumbo nucifera D 0.65 2.45 0.726 0.274

17 Nymphaea alba R 0.82 2.56 0.887 0.113

18. Nymphaea Mexicana D 0.56 2.47 0.721 0.279

19. Nymphoides peltatum D 0.59 2.41 0.721 0.279

20. Potamogeton natans P 0.69 2.45 0.863 0.137

21. Trapa natans D 0.49 2.56 0.769 0.231

22. Eichornia crassipes P 0.63 2.09 0.869 0.131

Submerged

23. Ceratophyllum demersum D 0.39 2.29 0.729 0.271

0.498 0.852 0.569

24. Hydrilla verticillata D 0.39 2.65 0.756 0.244

25. Myriophyllum spicatum D 0.39 2.38 0.752 0.248

26. Potamogeton crispus P 0.69 2.49 0.892 0.108

27. Potamogeton lucens P 0.62 2.56 0.864 0.136

28. Potamogeton natans P 0.63 2.25 0.863 0.137

Free Floating

29. Azolla pinnata D 0.51 2.21 0.755 0.245

0.598 0.489 0.57930. Lemna spp. D 0.53 2.28 0.762 0.238

31. Salvinia natans D 0.52 2.29 0.692 0.308

- Rs as a measure of species competition
- Rc as a measure of the species composition
- S as an index combining quantity and quality of vegetation
- ESMI-Ecological status Macrophyte indexe
- MRI - Macrophyte River Index
- ‘r’ – Correlation Coefficient
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nitrogen (r = 0.855). The strong positive correlation with 
the chemical constituents of water indicate the highest 
pollution status of Anchar lake with ESMI of 0.106 and 
MRI value of 14.89.

In case of site 5, it is evident from the table 5 that 
among emergent macrophytes, Phragmites australis 
(Rc = 0.45; Rs = 1.69; S = 0.569; Ci = 0.431) and Typha 
angustata (Rc = 0.66; Rs = 1.80; S = 0.605; Ci = 0.395) 
were dominant. All the emergent plant varieties showed 
positive correlation with nitrate (r = 0.826), phosphate (r 
= 0.459) and Ammonical nitrogen (r = 0.852).  Among 
rooted floating leaf type macrophytes, Nelumbo nucifera 
(Rc = 0.42; Rs = 1.82; S = 0.609; Ci = 0.391); Nymphea 
maxicana (Rc = 0.49; Rs = 1.75; S = 0.609; Ci = 0.391); 
Nymphea peltatum (Rc = 0.49; Rs = 1.74; S = 0.621; Ci 
= 0.379), and Trapa natans (Rc = 0.39; Rs = 1.77; S = 
0.621; Ci = 0.379) were dominant. All the rooted floating 
leaf type plant varieties showed positive correlation with 
nitrate (r = 0.99), phosphate (r = 0.638) and Ammonical 
nitrogen (r = 0.759).

Similarly among submerged macrophytes, Ceratophyllum 
demersum (Rc = 0.32; Rs = 1.59; S = 0.613; Ci = 0.387); 
Hydrilla verticillata (Rc = 0.33; Rs = 1.75; S = 0.621; Ci = 
0.379); and Myropphyllum spicatum (Rc = 0.35; Rs = 1.77; 
S = 0.621; Ci = 0.379) were dominant. All the submerged 
plant varieties showed positive correlation with nitrate (r 
= 0.585), phosphate (r = 0.781) and Ammonical nitrogen 
(r = 0.982). Likewise, among free floating macrophytes, 
Azolla pinnata (Rc = 0.44; Rs = 1.89; S = 0.621; Ci = 
0.379); Lemna spp. (Rc = 0.42; Rs = 1.82; S = 0.629; Ci 
= 0.371); and Salvinia natans (Rc = 0.41; Rs = 1.83; S = 
0.629; Ci = 0.371) were dominant. All the free floating 
plant varieties showed positive correlation with nitrate 
(r = 0.825), phosphate (r = 0.817) and Ammonical 
nitrogen (r = 0.729). The strong positive correlation with 
the chemical constituents of water indicate the highest 
pollution status of Anchar lake with ESMI of 0.150 and 
MRI value of 20.22.

In case of site 6, it is evident from the table 6 that 
among emergent macrophytes, Phragmites australis 
(Rc = 0.59; Rs = 2.54; S = 0.712; Ci = 0.288) and Typha 
angustata (Rc = 0.69; Rs = 2.40; S = 0.716; Ci = 0.284) 
were dominant. All the emergent plant varieties showed 
positive correlation with nitrate (r = 0.925), phosphate (r 
= 0.828) and Ammonical nitrogen (r = 0.875).  Among 
rooted floating leaf type macrophytes, Nelumbo nucifera 
(Rc = 0.65; Rs = 2.45; S = 0.726; Ci = 0.274); Nymphea 
maxicana (Rc = 0.56; Rs = 2.47; S = 0.721; Ci = 0.279); 
Nymphea peltatum (Rc = 0.59; Rs = 2.41; S = 0.721; Ci 
= 0.279), and Trapa natans (Rc = 0.49; Rs = 2.56; S = 
0.769; Ci = 0.231) were dominant. All the rooted floating 
leaf type plant varieties showed positive correlation with 
nitrate (r = 0.816), phosphate (r = 0.815) and Ammonical 
nitrogen (r = 0.982).

Similarly among submerged macrophytes, Ceratophyllum 
demersum (Rc = 0.39; Rs = 2.29; S = 0.729; Ci = 0.271); 
Hydrilla verticillata (Rc = 0.39; Rs = 2.65; S = 0.756; Ci = 
0.244); and Myropphyllum spicatum (Rc = 0.39; Rs = 2.38; 
S = 0.752; Ci = 0.248) were dominant. All the submerged 
plant varieties showed positive correlation with nitrate (r 
= 0.498), phosphate (r = 0.852) and Ammonical nitrogen 
(r = 0.569). Likewise, among free floating macrophytes, 
Azolla pinnata (Rc = 0.51; Rs = 2.21; S = 0.755; Ci = 
0.245); Lemna spp. (Rc = 0.53; Rs = 2.28; S = 0.762; Ci 
= 0.238); and Salvinia natans (Rc = 0.52; Rs = 2.29; S = 
0.692; Ci = 0.308) were dominant. All the free floating 
plant varieties showed positive correlation with nitrate 
(r = 0.598), phosphate (r = 0.489) and Ammonical 
nitrogen (r = 0.579). The strong positive correlation with 
the chemical constituents of water indicate the highest 
pollution status of Anchar lake with ESMI of 0.150 and 
MRI value of 25.20.

Discussion

For over two decades, aquatic biologists have been 
developing biotic indicators of ecosystem health, seeking 
to identify biological measures that function over a wide 
geographic region, while displaying a sensitive and 
consistent response to specific anthropogenic stresses. 
Initially these studies focused in fish and invertebrates 
to develop widely applicable measures of stream health. 
Zutshi et al., (1980), Kaul and Handoo (1980) and Pandit 
(2002b) made extensive studies on various forms of 
aquatic plants in Kashmir lakes and found profuse growth 
of emergents to be indicative of productive nature of the 
lake water.

Aquatic Macrophytic species were studied in three 
lakes of Jhansi, Bundelkhand region by Sheikh et al., 
(2011). The authors reported 10 species belonging to 9 
families from the lakes. The frequency values evaluated 
for various species were: 0.84 for Eichhornia crassipes; 
0.72 for Ipomea aquatica; 0.53 for Elatina triandra; 
0.26 for Potamogeton pectinatus and 0.28 Amaranthus 
virdis. The maximum values for density were recorded 
for Eichhornia crassipes (0.47), Ipomea aquatica (0.47), 
and Potamogeton pectinatus (0.47), whilst mimimum 
density values were recorded for Potamogeton pectinatus 
(0.05).The maximum contribution to IVI (Importance 
Value Index) was recorded for the species like Ipomea 
aquatica (111.96), Eichornia crassipes (99.56) and lowest 
values were recorded for the Species like Parthenium 
hystrophorus (21.96) and Phalaris arundinaceae (25.02). 
All the studied lakes were having greater coverage of 
emergent macrophytes indicating that lakes are evolving 
at rapid pace, owing to change in water quality, water level 
fluctuation and swallowing of lakes by sedimentation. 
YThe findings of the above authors lend complete support 
to our findings.

The authors reported that the floating species like Hydrilla 
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spp. and Lemna spp. were dominant among floating plants, 
Nymphea spp. and Nelumbo spp. among rooted floating 
species, Ceratophyllum demersum and Utricularia spp. 
among sub-merged macrophytes, which correlates with 
the present finding. The results obtained during the present 
research tenure get support from the findings of Dhote & 
Dixit (2007), Mandal et al., (2010), Raju et al., (2010), 
Udayakumar et al., (2010), Thangadurai et al., (2012), 
Saravana (2013), Dana Ahmed & Mohammed Barznji 
(2014), Jyothi  et al., (2014) and  Kiran (2015). During the 
present research work, the macrophytic abundance was 
observed in coherence with the nutrient enrichment in the 
respective regions, which gets complete support from the 
findings of the authors enlisted.
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