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Abstract:

Man-made ponds are among the important entity of wetland ecosystem with high utilization potential and
managed differently. The present study is to envisage the comparative analysis on the ecological nature
of ponds with varying utilization and management. Similar eco-climatic conditions are present at the
ponds location and ponds differ from each other in utilization. In one pond migratory birds inhabits and the
other has no migratory birds® inhabitation and both the pnd water is used for irrigation. Seasonality of
physical and chemical nature of surface water and plant species biodiversity in the ponds at dry condition
were analyzed their interrelationship to the context of ponds utilization was discussed.
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Introduction:

Ponds are fresh water bodies; either naturally formed or constructed and one among the major
components of wetlands. They are highly potential among wetland sources with regard to the biodiversity
components, productivity and utilization, as comparable to tropical terrestrial rain forests (Ramachandra
et al., 2005) In addition to that ponds have multifaceted uses including domestic utility, agriculture
irrigation, fishery and they possess valuable resources that offer splendid services to the society and
functioning of the environment. However, ponds are the most threatened habitats like the other wetland
habitats on Earth (Davis et al., 1993) and therefore require proper management for the remaining ponds.
Source of water and the associating ecological functions viz., pond environment and biodiversity and the
conservation and utilization mechanisms determine the quality of the ponds. Therefore, it is of foremost
important to monitor the pond system by both spatial and temporal means to establish pond habitat for the
improved utilization and sustainability (Froneman, et al., 2001).

Pond Water Analysis:

Pond water quality analyses were performed to understand the suitability for multipurpose usage viz.,
drinking, domestic, recreational, irrigation, livestock, fisheries and industrial in several studies (Erwin et al.,
1994; Staicer et al., 1994; Papastergiadou et al., 2007). Studies on water birds’ diversity and the
associated water quality of ponds (Nilon et al., 1995; Fisher et al., 2000, Shellenberger et al., 2008), their
influence on the ecosystem health of ponds (Murphy et al., 1984; Froneman et al., 2001) and also its
associated economic development (Zuo et al., 2004) have been extensively done. Pond ecosystem to the
context of nutrient enriched eutrophication conditions was studied extensively (Nixon, 1995; Diaz and
Solow, 1999; Conley, 2000).

Aquatic birds on pond water quality:

The supporting ecosystem services provided by avian population towards the ecology and environment by
linking the ecosystem process of the ponds they visit and ultimate benefits to the mankind are yet to be
understood (Whelen et al., 2008). Therefore, a thorough monitoring and research on pond system is
essentially required for the proper sustainable management of such wetland bodies (Gorsevski, 2008;
Beck and Hatch, 2009). Water quality degradation and birds population study accounted the loss of avian
fauna due to pollution impacts, eventually accounted for the associated ecological imbalance. Pond water
contamination by birds’ waste (Shellenberger et al., 2006) was also documented.
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Conservation of Ponds:

Like all other natural habitats, wetland bodies are among the most threatened habitats, facing several
environmental catastrophes (Venkataraman, 2003). Among the various threats, land use changes mainly
caused by human activities become more vulnerable causing wetlands degradation worldwide
(Papastergiadou et al., 2007). Studies have been done on the management and conservation and
environment impact assessments on these fragile pond habitats such as loss of biodiversity, increasing
frequencies of harmful algal blooms, hypoxia, disease and declines in fisheries have been documented
and fairly mitigation measures also evolved (Pandit, 1991; Jagrgensen and Richardson, 1996; Conley,
2000, Ramachandra and Solanki, 2007) in different climatic regions of the Earth. But still, multifaceted
studies are required to develop proper mitigation principles in the conservation of pond water bodies.

Objectives:

The objective of the proposed work was to explore the features with regard to the physical and chemical
nature of surface water and flora diversity in the dry ponds and the dynamics of the association among all
the variables, existing in the selected ponds during different experimental period. The purpose of the work
was to assess the characteristic feature of ponds, which is responsible for sustainable development in
terms of their better utilization and conservation. The selected ponds for the proposed work are of the
habitat for migratory birds and ii) which is not inhabited by migratory birds.

Materials and Methods:
Locality of ponds:

The present study was done in two different ponds situated at the similar eco-climatic conditions of nearby
areas viz., 1) Perungudi (N0.9° 51.183’; E078° 0.5.851’; altitude 434 ft.) (PRDI) 2) Vettangudi (VDGI)
(N10° 0.610’; E78°01.23’; MSL 385 ft). The distance between the two locations are about 50 Km. and
both the ponds are located in the identical eco-climatic conditions, situated respectively in the next-to-
next Districts of Madurai and Sivaganga in the state of Tamil Nadu, southern part of the peninsular India,

Description of the experimental ponds:
1. Perungudi Pond (PRDI)

One of the two experimental ponds selected for the present study is Perungudi (PRDI) pond. The pond
has a total area of 30 ha. constructed mainly for water storage for irrigation to agricultural lands. Periyar-
Vaigai river is the source of water for this temporary pond, which usually has water between October and
March, when sufficient water sources are available in the main river Vaigai and in this regard, this pond is
temporary nature. Water flows from the main river stored in the reservoir and channelized through canal
system.

2, Vettangudi Pond (VDGI):

The total area of VDGI pond is 38.4 ha and the run-off stream following rainfall is the only source of water
for this temporary pond. The water storage area is planted with Acacia nilotica (gum Arabic tree)
plantation, to provide sheltering and brooding for migratory birds. Thousands of birds migrating from
various parts of the country and continents to this pond for a season between the months of November
and February, comprised of 20 different bird species (Karthick and Banumathi, 2009). Some of the bird
species were spotted during the present study and those avian fauna are listed in Table 1. VDGI pond
was declared as National Wildlife Reserve in June 1977, since then this pond serves as an eco-tourist
spot. Besides this feature, the pond water is utilized for agriculture and farm irrigation and as a source for
domestic water supply to the adjoining village community.
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Utilization and conservation of pond resources:

The local communities depend for their domestic needs and irrigation upon PRDI and VDGI ponds and
therefore those ponds have the major influential factor on the socio-economy of the local communities. A
heavy anthropogenic influence over the PRDI pond was observed during the study period, as residential
buildings has been well developed on the eastern and north-eastern sides of the PRDI pond, Some
population of the community uses the pond to fill with domestic wastes. A heavy cattle grazing was also
occurred in the dry pond inhabited with vegetation.

The community of about 500 people living nearby to the VDGI pond restricts themselves by not cracking
fires on any occasion to conserve the wildlife. It is very interesting and surprising to know that similar
communal groups elsewhere in the State of Tamil Nadu, India, use to crack fire during their family and
communal rituals and during temple festivals. By this way, the VDGI pond community completely involves
in the conservation of pond and migratory birds. Likewise, fishing is also banned for the provision to the
visiting birds as feed.

Water Sampling and Analysis:

Water samples were collected from the experimental ponds for a period of five months from October 2009
to January 2010. Water samples were collected form the surface of the ponds in clean plastic bottles at
regular monthly basis, from all the experimental ponds and brought to the laboratory for further analyses.
pH was determined with the help of pH meter (Elico, India). Chemical analysis of water on salinity,
alkalinity, saturated CO2, dissolved O,, inorganic phosphorus and sulfate were analyzed for the collected
water samples using the standard analytical methods (Allen et al., 1974).

Vegetation Analysis:

Vegetation analysis was carried out in the ponds in their complete dry conditions in the month of
September, 2009. Sampling was done using quadrat method by laying down the 1m? steel bars at 10
different points of randomly chosen areas inside the water storing region of the experimental ponds in the
dry season. Specimens of the plants were collected and identified taxonomically with the help of Gamble
and Fisher (1915-1935). Voucher specimens were prepared and deposited in the Thiagarajar College
Herbarium, Madurai, India. Species and their number of occurrence were recorded and from these values
Shannon index was calculated using the formula,
Hs = Zpi*(Inpi)
where, Hg = Shannon Index and
pi = proportion of individuals found in the ‘i’ th species.

From the vegetation analysis data, Brillouin Index was calculated using the formula,
In (N!) — X In(ni!)

HB =
N
where, Hg = Brillouin Index,
N = No. of individuals in the community,
N! = N factorial and
ni! = Total no. of individuals in each species

Statistical analyses:

Statistical package for the social sciences (SPSS/PC) was used to calculate descriptive statistics and
linear regression analysis (Hull and Nie, 1981). For multiple comparisons, the Students-Newman-Keuls
test was used to compute the least significant difference (LSD) at 95% level. Cluster analyses were
performed using the Bray Curtis similarity measure and group average sorting method (Clarke and
Warwick, 1880) and non-metric multi dimensional scaling (MDS) (Clarke, 1993). The Multi-Variate
Statistical Package (MVSP) (Kovach, 1988) was used to perform both cluster analysis and MDS.
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Results
Physical and chemical properties of surface water:

Student-Newman-Keuls multiple range tests indicated significant (95%; p<0.05) differences for the sulfate
content of the PRDI and VDGI ponds. Rest of the analyzed variables did not show the significant
differences among them, though the numerical variations are observed between the analyzed variables
(Table 2). In PRDI pond, a high positive statistical correlation was found between the set of analyzed
parameters viz., sulfate Vs salinity; alkalinity Vs saturated CO,; saturated CO; Vs productivity and salinity
Vs productivity (Figure 1). Correlation studies done for VDGI pond revealed that pH and free CO, values
of pond water showed a high negative correlation coefficient whereas, a positive relationship existed
between pH and salinity and alkalinity and sulfate (Figure 2).

Cluster analysis was done for the analyzed physical and chemical attributes of the PRDI and VDGI ponds’
water separately in different period, revealed groupings of the analyzed variables (Figure 3). pH forms
into a separate cluster which has a clear discrimination from the inorganic phosphorus, primary
productivity for the clustering established from the data sets of PRDI pond. Whereas in VDGI pond,
sulfate and pH grouped together and this cluster apart distantly from inorganic phosphorus and primary
productivity of pond water.

Vegetation analysis:

Vegetation study showed PRDI pond had a total of 38 species belonging to 20 families. From this
analysis, it was found that Poaceae comprised 8 species, followed by Amaranthaceae and
Euphorbiaceae, each of which had 3 species. Lamiaceae Aizoaceae, Boraginaceae, Fabaceae,
Asteraceae has 2 species each. Single species member was occurred for the rest of 13 families. Twenty
one species occurred in less than 5 quadrats. Cyperus rotundus was found as the dominant species of
the study area (Table 3).

VDGI pond had a total of 31 plant species which are included in 19 families. Euphorbiaceae family has 4
species; Amaranthaceae and Poaceae had 3 species each; Asclepidacae, Cyperaceae, Solanaceae,
Convolvulaceae and Asteraceae had 2 species each and the other 11 families were observed with the
existence of single species in the dry ponds. Thirteen species occurred in less than 5 quadrats.
Acanthospermum hispidum was found as the dominant species of the study area (Table 4).

Discussion:

The entry nutrients, sediments through the surface runoffs enter and remain in the system, causing
fluctuations in the physico-chemical characteristics of these experimental pond ecosystems. Increased
level of sulfate content in the VDGI pond water could be attributed to the migratory birds’ inhabitation
which adding the wastes to the pond. Correlation studies result of the present study emphasize the major
role of CO, in alkaline regulation and this corroborated with the previous report of Shellenberger et al.,
(2008) through buffering action, regulating pH eventually controlling the overall functioning. However the
nitrogenous compound analysis would reveal further details of the pond ecosystem upon its functioning.
Ponds either natural or constructed wetlands are dynamic and prone to flux with their alkaline-acidic
nature and hence they require to be monitored continuously in order to detect future changes in biological
and or chemical characteristics (Freda, 1986).

Vegetation analysis showed that PDRI pond showed more varying nature of individual plant species than
in VDGI pond. This attributes to the structural difference of the ponds existing in PDRI pond, where it is
used for varying purpose by community including waste disposal, cleaning, bathing and other domestic
purpose, uncontrolled cattle grazing,. The prolific thorny bush, Prosopis juliflora, a noxious vegetation
spreads through cattle dung inside the water storage area of the PDRI pond poses threat to the pond
community upon its functioning. VDGI pond is conserved greatly as it is a National Wildlife Park, such
biological threats and anthropogenic pressures are not prevalent. In both the ponds, most of the plants
were found to be having ethnomedicinal values (Jeeva et al., 2005; Sukumaran et al., 2008).
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The vegetation analysis done at the dry ponds further reveals that sparse occurrence of species was
found more in PRDI pond than in VDGI pond (Tables 3 and 4). These feature my either due to the
successional changes with new species or the loss of existing species which indicate it is due to the
prevailing disturbances are induced greatly by anthropogenic activity. The improved functioning of
ecosystem requires the stable nature of communities, living in the system. According to this principle,
VDGI pond supports for more stable communities, as most of the observed plant species frequency is
comparatively more than the PRDI pond, since it has been managed well mainly through community
participation to conserve the pond habitat.

The ecological functioning of pond requires its ability to support diverse vegetation which was further
emphasized that sustained succession develops from this feature (Giles, 1992). Local species richness at
a site reflects the combined influence of local and regional processes (White and Hurlbert, 2010).

Conclusion:

Ecological monitoring is the correct option to evolve with the best management in the pond conservation.
Physical, chemical and biological analysis to develop proper management plans for action is much
important to protect the remaining fragments of wetlands and also by increasing the wetland resources for
the future (Froneman, et al., 2001) for the sustainable water, quenching the thirst and the needs of the
community worldwide.

The results of the present study and with the available literature, it is emphasized that pond utility
determines the functioning of the ponds. Hence it is imperative to understand the pond ecological
conditions in relation to their utilization. This study has further implications to realize the natural and man-
made disturbances to the ponds through analyzing the biotic community. Much work is required to
understand the mechanism of pond water quality upon the different utilization and its role in CO, release
from the sediments and residuals, water quality changes in the aquifers of the adjoining pond area,
economic benefits of the pond water used in agriculture irrigation in terms of its nutritional value to the soil
and crops and the influential role in pest and disease management Such studies would be beneficial in
understanding the process of ecosystem development, ecosystem services that offers to mankind and for
the sustainable environment.

The favourable phenomenon and the factors contributing such benefits would be useful in proper
utilization and conservation aspects of fresh water ponds, which would be serving better to the wetland
ecosystem. The results of the present work would be of great use and direct relevance to ecosystem and
wildlife managers and communities and other stake holders of farming community. The utility values of
this work could also be included in preparing proper guideline principles for the sustainable development
practices through better utilization and conservation of pond ecosystems of similar nature.
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Table 1:

List of some avian fauna, visited at VDGI pond during the experimental period

S.No. Bird’s Name Scientific Name Native Region

1 Asian Open billed Stork Anastomus oscitans North India, Srilanka

2 Blue Winged Teal Anas discors North America, Canada
3 Cattle Egret Bubulcusilbis coromandus \é\/rﬁ:f:ngal, Myanmar,
4 Darter Anhina melanogaster Central Asia, Europe

5 Little Cormorant Phalacrocorax niger India, Srilanka, Europe

6 Little Grebe Tachybaptus ruficollis Northern India, Pakistan
7 Night Heron Nycticorax nycti India, Myanmar, Srilanka
8 Painted Stork Ibis leucocephalus India, Myanmar, Srilanka
9 Sarus Crane Grus antigone Northern India, Pakistan
10 Spoon bill Platalea leucorodia Asia, Europe, Africa

11 White ibis Throskiornis molancephala | India, Burma, Srilanka
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Table 2. Physical and chemical attributes of PRDI and VDGI ponds’ water. Values are means * SD;

(n=3)
S. No. | Variables PRDI Pond
September ‘09 | October ‘09 | November ‘09 | December ‘09 | January ‘10

1 pH 6.35+0.09 6.52+0.19 6.68+0.17 7.07+0.11 8.09+0.06

2 Dissolved
O,(mg/dm®) 3.00+2.82 4.13+0.61 5.07+1.22 7.33+0.83 5.4+0.28

3 Saturated
CO,(mg/dm®) | 13+1.41 15+4.24 1842.8 21+1.41 NA

4 Primary
Productivity 0.56+0.15 0.68+0.32 0.9+0.32 0.79+0.16 0.33+0.16
(mg c/m®/h)

5 Alkalinity (mg/
dm®) 78+2.83 92+0.57 86+8.49 112+5.7 14+2.83

6 Sal;nity (mg/ 64.03+18.10 83.2349.05 | 134.43+27.15 115.23+18.10 83.2349.05
dm”)

7 Inorganic
Phosphorus 0.01+0.006 0.017+0.008 | 0.032+0.006 0.085+0.01 0.04+0.006
(mg/de)

8 Sulfate (mg/ 3.42+0.65 5.04+0.54 7.03+1.63 7.34+3.15 6.19+0.87
dm?

S. No. | Variables VDGI Pond

September ‘09 | October ‘09 November December ‘09 | January ‘10
‘09

1 pH 6.27+0.10 6.36+0.17 6.66+0.23 7.100.19 8.51+0.026

2 Dissolved 6.4+0.8 6.800+0.4 2.800+0.56
Oz(mg/dm®) | 2.4+0.4 4.133+0.611

3 Saturated 21+4.24 24+5.66 34+2.82 11£1.41 0.5+0.07
CO,(mg/dm®)

4 Primary 1.35+0.32 0.787+0.16 0.45+0.32 0.562+0.16 0.33+0.16
Productivity
(mg c/m®/h)

5 Alksalinity (mg/ | 58+2.83 76+5.66 92+5.66 90+8.49 58+8.49
dm”)

6 Sal;nity (mg/ 121.63+9.10 156.63+18.1 134.43+27.15 | 83.24+9.05 320.02+18.1
dm”)

7 Inorganic 0.014+0.005 0.024+0.003 0.042+0.005 0.017+0.003 0.018+0.001
Phosphorus
(mg/de)

8 Sulfate (mg/ 4.81+0.652 8.42+0.76 12.34+0.43 10.80+0.65 7.11+0.43

dm?)
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Table 3: Particulars of vegetation analysis done at the storage region of the dry PRDI pond

S.No | Plant species Family Total No. of Total No. of
individuals in quadrats for the
quadrats (n=10) | species occurred

1. | Acalypha indica L. Euphorbiaceae | 36 5
2. | Achyranthes aspera L. Amaranthaceae | 33 5
3. | Aerva lanata Juss. Amaranthaceae | 22 3
4. | Apluda mutica L. Poaceae 33 4
5. | Aristida Sp. Poaceae 26 4
6. | Boerhaavia erecta L Nyctaginaceae | 20 5
7. | Calotropis giganetea R.Br. Asclepiadaceae | 9 3
8. | Cardiospermum halicacabum L | Sapindaceae 28 5
9. | Chloris barbata Sw. Poaceae 63 8
10| Cleome viscose L. Capparidaceae | 90 7
11| Croton bonplandianus Baillon Euphorbiaceae | 111 9
12| Cynodon dactylon Pers. Poaceae 53 3
13| Cyperus rotundus L. Cyperaceae 159 9
14| Dactyloctenium ageyptium Poaceae 43 4
Beauv.
15| Ergrostis unioloides Nees. Poaceae 34 5
16| Glinus lotoides Loeh. Aizoaceae 18 3
17| Gompherena decumbens Amaranthaceae | 38 3
Jacq.
18| Heliotropium indicum L. Boraginaceae 11 2
19| Indigofera enneaphylla L. Fabaceae 41 4
20| Ipomoaa carnea Jacq. Convolvulaceae | 12 4
21| Jatropha curcus L. Euphorbiaceae | 17 4
22| Lecuas aspera Spr. Lamiaceae 6 4
23| Mollugo cerviana Ser. Aizoaceae 61 6
24| Ocimum canum Sims. Lamiaceae 14 4
25| Ocimum sanctum L. Lamiaceae 16 4
26| Oldenlandia umbellate L. Rubiaceae 68 9
27| Panicum repens L. Poaceae 28 4
28| Parhenium hysterophorus L. Asteraceae 59 6
29| Padalium murex L. Pedaliaceae 27 4
30| Phyllanthes amarus Schum & Euphorbiaceae | 56 5
Thonn.
31| Prosopis juliflora (SW.) DC. Mimosaceae 22 5
32| Scoparia dulcis L. Verbenaceae 11 3
33| Setaria italica Beauv. Poaceae 26 3
34| Sida acuta Burn. Malvaceae 102 7
35| Tephorosia purpurea Pers. Fabaceae 77 5
36/ Tribulus terrestris L. Zygophyllaceae | 31 4
37| Tichodesma indicum R. Br. Boraginaceae 13 2
38| Tridax procumbens L. Asteraceae 46 6
Total 1560

Shannon’s Index = 2.386; Evenness = 0.651
Brillouin’s Index = 2.353; Evenness = 0.649
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Table 4: Particulars of Vegetation analysis done at the storage region of the dry VDGI pond

S.No. Plant Species Family Total No. of Total No. of
individuals in | quadrats for
quadrats the species
(n=10) occurred

1. Abutilon indicum G.Don. Malvaceae 66 5
2. Achyranthes aspera L. Amarantaceae 50 6
3. Alternanthra sessilis (L.) R.Br. ex | Amartanceae 15 4
Dc.
4. Amaranthes spinosus L. Amarantaceae 48 5
5. Calotropis gigantean R.Br. Asclepiadaceae | 10 3
6. Canthium parviflorum Lam. Rubiaceae 11 2
7. Cardiospermum halicacabum L. | Sapindaceae 17 2
8. Cassia tora L. Caesalpiniaceae | 35 5
9. Chloris barbata Sw. Poaceae 41 5
10. | Gynandropsis pentaphylla, Dc. Capparidaceae | 90 5
11. | Coccinia grandis (L.) J.Vogit Cucurbitaceae 13 2
12. | Crotons bonplandianus Baillon Euphorbiaceae | 88 7
13. | Cyperus murex L. Cyperaceae 142 8
14. | Cyperus rotundus L. Cyperaceae 154 8
15. | Datura metel L. Solanceae 26 6
16. | Solanum nigrum L. Solanaceae 39 6
17. | Ergrostis unioloides Nees. Poaceae 72 5
18. | Euphorbia hirta L. Euphorbiaceae | 21 2
19. | Evolvulus alsinoides L. Convolvulaceae | 42 4
20. | Heliotropium indicum L. Boraginaceae 39 5
21. | Ipomoea aguatica Forsk. Convolvulaceae | 31 4
22. | Mollugo cerviana Ser. Aizoaceae 133 7
23. | Ocimum canum Sims. Lamiaceae 19 4
24. | Panicum repens L. Poaceae 130 7
25. | Parthenium hysterophorus L. Asteraceae 89 7
26. | Pergularia extensa R.Br. Asclepiadaceae | 16 3
27. | Pedalium murex L. Pedaliaceae 21 4
28. | Phyllanthus amarus Schum & Euphorbiaceae | 50 6
Thonn.
29. | Phyllanthus maderaspatensis L. | Euphorbiaceae | 31 4
30. | Prosopis juliflora (Sw.) Dc. Mimosaceae 15 4
31. | Acanthospermum hispidum Dc. Asteraceae 199 9
Total 1753

Shannon’s Index = 2.189; Evenness = 0.644
Brillouin’s Index = 2.165; Evenness = 0.642
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Figure 1: Correlation graphs showing the relationship between the analyzed variables of PRDI
pond. @ Sulfate content Vs Salinity; - Saturated CO, Vs Primary Productivity; - Salinity Vs
Productivity; [D}- Alkalinity Vs Saturated CO,,
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Figure 2: Correlation graphs showing the relationship between the analyzed variables of VDGI

pond. A-pH Vs Saturated CO,; B- pH Vs Salinity; C- Alkalinity Vs Sulfate
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Figure 3: Dendrogram developed by cluster analysis for the analyzed physical and chemical
variables over the study period for A) PRDI and B) VDGI ponds
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