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      Annexure- VIII 
 
 

UNIVERSITY GRANTS COMMISSION 
 BAHADUR SHA ZAFAR MARG  

NEW DELHI-110 002 
Final Report of the work done on the Major Research project. 

 

1. Project Report No   :  Final  Report 

2. UGC Reference No   :  F.41-127/2012 (SR) dated 10 July 2012 
3. Period of Report   :  From June 2012 to May 2015 
4. Title of Research Project  : “Effect of water hyacinth  

        (Eichhornia crassipes) on amphibian 
        population  and diversity in village ponds”       

5. (a) Name of the Principal  : Dr. K. Thenmozhi 
     Investigator    Assistant Professor 

(b) Department / College where  : Department of Zoology & Wildlife Biology, 
    the work has Progressed  A.V.C. College (Autonomous), 
        Mannampandal, Mayiladuthurai - 609 305.                                

6. Effective date of starting of the  

project     : 01-07-2012 

7. Grant approved and expenditure incurred during the period of the report: 

a. Total Amount approved Rs.8,78,800 

b. Total expenditure Rs. 7,64,800 

c. Report of the work done: As follows 

i. Brief objectives of the project: 

a. To monitor the spatial and temporal variations of amphibian population. 

b. To assess the variation in the pond length, width and depth. 

c. To assess the monthly variation in physico-chemical characteristics of pond water and 

effect of water hyacinth on water quality. 

d. To suggest conservation measures of amphibian fauna and to enrich the habitat for the 

density of amphibians. 

ii. Work done so far and results achieved and publications, if any, resulting from the 

work (Give details of the papers and names of the journals in which it has been 

published or accepted for publication.  

The project report has been divided into three sections. 

Section  1.  Review of literature relevant to the project 

Section 2.  Methods/ techniques developed and adopted to solve various problems 
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Section 3.  Application of the methods for the optimization of the problems 

Section 1 

At the initial stage of the project, intensive literature survey relevant to the amphibian 

population in ponds and their relative interactions with the physico- chemical parameters 

of water was carried out.  The literature survey on the effect of the water hyacinth on the 

amphibian fauna in ponds was made.  

Section 2 

Description of the methods and techniques adopted to achieve the objectives of the 

project is provided. 

Objective: 1.To monitor the spatial and temporal variations of amphibian population 

 

Amphibian counting 

Study was carried out from June 2012 to June 2015. The selected village ponds were 

monitored monthly once to find out the diversity and density of amphibian population. 

Visual Encounter Survey Method (VES) was adopted to estimate the amphibian 

population (Heyer, 1994) in various ponds and the diversity of frog species was 

recorded. Amphibians were thoroughly searched in the water bodies, edge of the water, 

grasses, bushes, holes, crevices, stones or under stones and over the surface of the water. 

The data on the density of the frogs in rotation to the environment were collected.   

 

Spatial and temporal variations of Water hyacinth Biomass 

The water hyacinth (Eichhornia crassipes) is a purely aquatic plant. The biomass of the 

water hyacinth was determined by using quadrate method ( Madesen, 1993). Data were 

collected on the basis of randomly laid four in quadrates. The height and fresh weight of 

the plant was measured to estimate the growth rate of the Eichhornia crassipes. The 

diurnal seasonal pattern was grouped into four different seasons. The Pre-Monsoon 

season (PrM) includes the months of July, August and September. The Monsoon season 

(Mon) includes the months of October, November and December; the Post Monsoon 

(PoM) includes the months of January, February and March; and the Summer season 

(Sum) includes the months of April, May and June (Pandiyan et al., 2006). 
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Objective: 2. To assess the variation in the pond length, width and depth 

 

Mapping 

The ponds were marked by using GPS and GIS Program in the Cauvery delta regions of 

Nagapattinam,  Thanjavur and Thiruvarur districts, Tamil Nadu, India (Fig.1) Thirty one 

ponds were selected on the basis of the degree of water hyacinth infestations i.e. Dense, 

Medium and Low.  

 

Pond length, width and depth 

Village ponds were selected in three districts of Tamil Nadu in the Cauvery delta region. 

Among the three districts, thirty one village ponds were selected on the basis of the 

degree of water hyacinth infestations i.e. Dense, Medium and Low. Totally 15.371, 6.598 

and 7.071 acres of pond area were covered in the Nagapattinam, Thanjavur and 

Thiruvarur districts respectively. 15 ponds were identified in ten villages of 

Nagapattinam District; seven ponds were identified in five villages of Thanjavur district; 

only nine ponds were identified in six villages of Thiruvarur district.   

An average pond depth was calculated by the way to divide the pond into at least 

four sub-areas. From this took  at least one depth within each of the sub-areas and 

used to calculate the overall average pond depth. This method was used because of 

the pond bottom was irregular rather than bowl shaped. The volume of water in the 

pond (in acre-feet) was calculated by simply multiplying the pond area (in acres) by 

the average pond depth in feet. One acre-foot of water is equal to 325,851 gallons. 

 

Objective: 3. To  assess the monthly variations in physico-chemical characteristics of 

pond water and effect of water hyacinth on water quality 

 

Water quality Analyzer 

Water samples were collected once in a month from the above said infestation ponds of 

three districts. Collected water samples were brought to the laboratory and the water 

quality parameters such as pH, temperature, salinity, turbidity, TDS, electrical 

conductivity and dissolved oxygen were determined by using Water kit analyzer. The 

units of the above parameters are ºC (Temperature), ppm (Salinity), NTU (Turbidity), 

µS/cm (TDS), mS/cm (EC) and mgL-1 (Dissolved Oxygen). 
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pH was determined using the pH  Meter  (Water kit analyzer) A digital thermometer was 

used for the determination  of temperature. Salinity, Electrical conductivity (EC) and 

Total dissolved Oxygen (TDS) were analyzed with the help of water kit analyzer.  The 

data were recorded on the data sheets which were converted into electronic spread sheet 

on MS Excel for statistical analysis. 

 

Statistical analysis 

Species richness was calculated based on the number of amphibians recorded in the pond 

(Heyer et al., 1994) and the species diversity was calculated by using the Shannon –

Wiener Index (H’: Shannon & Wiener, 1949). Individual amphibian density was 

calculated as number per hectare of the pond in each season. One way ANOVA used to 

determine the significance of variance between the amphibian densities used water 

quality parameters in Eichhornia species infested ponds. Basic statistics viz., arithmetic 

mean, standard deviation and standard error were calculated for all the replicate variables 

and are given as X ±1SD or X ± SE. Statistical analyses were performed by using 

Windows based Statistical package viz., Microsoft Excel, SPSS (Statistical Package for 

Social Science: Nie et al., 1975) and PAST 3.1.4.  Mainly parametric tests viz., Analysis 

of Variance (ANOVA), Cluster Analysis and Multiple Regression equation were used to 

test different hypothesis. Appropriate data transformations were made whenever needed. 

For hypothesis testing P<0.05 and P<0.01were considered and these level of significance 

were indicated at appropriate places. Statistical inferences were interpreted using 

standard statistical procedures Sokal and Rohlf (1995) and Zar (2003). 

 

Difference Between/Among the Means 

Analysis of Variance (ANOVA) was used to explore the significance in the differences 

of variations due to years, months and seasons different degrees of infestations of 

Eichhornia sp, on the density of the amphibians. The variation in the water quality 

parameters with reference to year, month, season and degrees of infestations were tested 

using Multi way analysis of variance. The daily, monthly and seasonal and yearly 

variations and differences in degrees of infestations, pond area and volume categories, 

water quality parameters were used as factors to investigate the variations in the 

amphibian density. The consequences of non-normality error are not too serious for 

Analysis of variance, since means will follow the normal distribution more closely than 

the distribution of the variance themselves (Sokal and Rohalf, 1995). The difference in 
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the population of amphibians among the density of Eichhornia species and different 

physico-chemical parameters was explored using Two-Way Analysis of Variance.  

 

Multiple Regression Equation Models 

The effects of water quality features, biomass and infestations of water hyacinth 

characteristic, on the population of amphibians were investigated using multiple 

regression equation models. The amphibian density was regressed against above 

variables through multiple regressions. In all the regression models, assumptions about 

the nature of the data such as 1) The relationship between the dependent variable and 

independent variable is linear and the normal distribution of residuals were tested.  The 

relationship between the response and predictor variable was investigated by using SPSS 

plot.  

 

Species Richness 

Species richness was determined on the basis of number of amphibian species  recorded 

from various infestation ponds during monthly censuses (Heyer et al., 1994). The species 

richness was also calculated on the basis of physic chemical parameters.  

 

Species Diversity 

In order to investigate the variations in the diversity of amphibian species and water 

quality parameters during different months of the study period, year and infestations of 

the ponds, the species diversity was calculated using Shannon-Weiner index (Shannon 

and Wienner, 1949). 

 

Correlation 

Pearson's correlation co-efficient value was used to determine the relationship between 

water quality variables and amphibian population characteristics viz., density, richness 

and diversity. 
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Section 3 

 

Water hyacinth (Eichhornia crassipes) is one of the world’s most prevalent invasive 

aquatic plants and is known to cause significant ecological and socio-economic change.  

It can change water quality by altering water clarity and decreasing phytoplankton 

production, dissolved oxygen, nitrogen, phosphorous, heavy metals and other 

contaminants.  It also has mixed effects on zooplankton abundance and diversity. 

Zooplankton abundance tends to decrease in response to decreased phytoplankton 

availability, but populations could increase in response to increased refuge from 

predators. Macroinvertebrate abundance and diversity generally increase in response to 

increased habitat heterogeneity and structural complexity provided by water hyacinth. 

The effects of water hyacinth on fish are largely dependent on original community 

composition and food-web structure. A more diverse and abundant epiphytic invertebrate 

community may increase fish abundance and diversity, but the loss of phytoplankton 

may decrease the abundance of certain planktivorous fish species which can 

subsequently affect higher trophic levels. Little is known about the effects of water 

hyacinth on water bird communities; however, increases in macro invertebrate and fish 

abundance and diversity suggest a potentially positive interaction with water birds when 

water hyacinth is at moderate density. The socio-economic effects of water hyacinth are 

dependent on the extent of the invasion, the uses of the impacted water body, control 

methods, and the response to control efforts. Ecosystem-level research programmes that 

simultaneously monitor the effects of water hyacinth on multiple trophic-levels are 

needed to further our understanding of invasive species. 

 (b) Publications out of the Project: Total Publication is 13   (Thirteen) 

     6:  Full Papers 

     7:  Conference Paper/Abstract   

1. Thenmozhi Jagaveerapandian and T. Karthik. 2015. Effect of Water chemistry 
on Anuran species     diversity in water hyacinth (Eichhornia crassipes) ponds in 
Cauvery delta regions of Tamil Nadu. J. Sci. Trans. Environ. Techno. 9(1): 92-
97 :P-ISSN 0973 – 9157; E- ISSN 2393 -9249 

  

2. Thenmozhi Jagaveerapandian and Karthik Thamilarasu. 2016. Assessment of 
amphibian     environment through physic- chemical analysis of the water 
hyacinth infested ponds in the Cauvery delta districts of Tamil Nadu. J. Sci. 
Trans. Environ. Technov, 10(1) : 18 – 24: P-ISSN 0973 – 9157; E- ISSN 2393 -
9249 
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3. Thenmozhi Jagaveerapandian, Karunakaran Kasinathan and Karthik 
Thamilarasu. 2017. Diversity of amphibians in the micro Habitats of the 
agroecosystems of Nagapattinam District, Tamil Nadu, India. . J. Sci. Trans. 
Environ. Technov, 10(4):P-ISSN 0973 – 9157; E- ISSN 2393 – 9249 

 
4. Thenmozhi Jagaveerapandian and Karthik Tamilarasu.2017. The check list of 

amphibian fauna in the Cauvery delta areas of Tamil Nadu, India. International 
conference on “ Current challenges in conservation of biodiversity” (In4CB-
2017) from 16.02.2017 to 18.02.2017 at PG & research department of Zoology 
and Wildlife Biology, A.V.C. College (Autonomous), Mannampandal, 
Mayiladuthurai, TamilNadu-609 305, India.(submitted) 

 
5. Thenmozhi Jagaveerapandian  and  Karthik Thamilarasu. 2018. Assessment of 

amphibian population through Water hyacinth infested village ponds with 
reference to pond length, width and depth in Cauvery delta districts of Tamil 
Nadu. 12(1):25-30:P-ISSN 0973 – 9157; E- ISSN 2393 - 9249 

 
6. Thenmozhi Jagaveerapandian and Karthik Thamilarasu. 2018. Diversity of 

amphibian   population with reference to various degrees of infestation of 
Eichhornia crassipes in the ponds of Cauvery delta region, Tamil Nadu, India. 
12(2):63-732:P-ISSN 0973 – 9157; E- ISSN 2393 - 9249 

 
Conference Paper/Abstract: 7 

1. Thenmozhi, K. and T. Karthik. 2012. A preliminary survey of anurans in and 
around Mayiladuthurai, Nagapattinam District, Tamil Nadu.UGC Sponsored 
National Seminar on “New frontiers in biology” December 2012, Organized by 
PG Department Of Zoology Jayaraj Annapackiam College For Women 
(Autonomous), Periyakulam, Tamilnadu. 

2.  Thenmozhi, K. and T. Karthik 2013. Diversity and distribution of amphibian 
population in Water Hyacinth (Eichhornia crassipes) ponds at Nagapattinam, 
Thiruvarur and Thanjavur district of Tamil Nadu.   National Conference on 
Conservation and inventerization of below ground Biodiversity-“Biota 2013”. 

3. Karthik. T and K. Thenmozhi. 2014. Does water hyacinth regulates frog 
population in ponds? International conference on herbal medicine and neuro 
endocrinology. P.No:218 

  

4. Thenmozhi, K. and T. Karthik 2014. Effect of water hyacinth (Eichhornia 
crassipes) on amphibian diversity and population in Water village ponds of 
Nagapattinam, Thiruvarur and Thanjavur district of Tamil Nadu.   National 
Conference on Research Challenges in Modern biological Science.  

5.  Thenmozhi, K, Karthik. T. and Karunakaran. K. 2015.   Assessment of Anuran 
diversity and microhabitats in various wetland ecosystem of Nagapattinam district, 
Tamilnadu, National conference on conservation of aquatic and terrestrial 
biodiversity (NCAT2015) held at St. John’s College, Palyankottai, Tirunelveli. On 
22-24 January 2015.  
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6. Thenmozhi Jagaveerapandian and Karthik Tamilarasu.2017.Thecheck list of 
amphibian fauna in the Cauvery delta areas of Tamil Nadu, India. International 
conference on “ Current challenges in conservation of biodiversity” (In4CB-
2017) from 16.02.2017 to 18.02.2017 at PG & research department of Zoology 
and Wildlife Biology, A.V.C. College (Autonomous), Mannampandal, 
Mayiladuthurai, TamilNadu-609 305, India. 

 
7. Thenmozhi, K and T.Jayanthi.2019. Assessment of anuran diversity in the 

wetlands of Thiruvarur district, Tamil Nadu. One day state level seminar on 
recent trends in advanced Bio-sciences (RTABS – 2019). 

 
i. Has the progress been according to original plan of work and towards 

achieving the objective? If no, state reasons 
 
Yes, the progress was according to the original plan of work and towards 
achieving objectives 
 

ii. Please indicate the difficulties, if any, experienced in implementing the 
project 
No 
 

v. If the project has not completed, please indicate the approximate time by 
which it is likely to be completed. A summary of the work done for the 
period (Annual basis) may please be sent to the Commission on a separate 
sheet 
The project has been completed and the summary is attached for the 
reference 
 

vi. If the project has been completed, please enclose a summary of the 
findings of the study. Two bound copies of the final report of work done 
may also be sent to the Commission 
 

Summary of the findings 
I.  Spatial  variations of amphibian population in Eichhornia infested ponds  

       A total of 12 amphibian species were recorded from 31 village ponds during the 

study       period. About 6 species of Euphlyctis cyanophlyctis, Euphlyctis hexadactylus , 

Hoplobatrachus tigerinus, Hoplobatrachus crassus, Fejervarya limnocharis and 

Sphaerotheca breviceps, were belonging to the family Dicroglosidae, whereas only three 

species of Microhyla ornata, Microhyla rubra and Ramanella varigata were belonged to 

the family Microylidae and  toads and terrestrial species of Duttaphrynus melanostictus 

and Duttaphrynus scaber were observed from the family Bufonidae. The only arboreal 

species encountered was Polypedatus maculates, belonged to the family Rhacophoridae. 

Regarding amphibian diversity, about 12 species were reported from Nagapattinam, 11 

species from Thiruvarur and only 10 species from Thanjavur districts. The 12 species of 
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amphibians were recorded under” Least Concern” categories as per the Red Data Book 

of IUCN, 2016. The season wise amphibian density was higher in the pre-monsoon 

season whereas less in summer season.  The Euphlyctis cyanophlyctis was the highest 

amphibian species in all the seasons, whereas the species Ramanella varigata was less in 

all the seasons. The density of amphibian species was higher in less infestation ponds 

than the high and medium infestations of Eichhornia ponds. The mean and standard 

deviation of Eichhornia infestation is 2.14 ±0.89. Out of twelve species only two species 

were statistically significant (P<0.05). The impact of relationships of year with    

reference to amphibian species only one species HCR was statistically significant 

(P<0.05) whereas the impact of relationships with    reference to amphibian species, only 

four species i.e., ECY, EHX, DML, MCO were statistically significant (P<0.05). The 

impact of Eichhornia infestations versus amphibian density at village ponds, ECY and 

HCR was statistically significant (P < 0.05). However, the Eichhornia infestation in 

relation with amphibian species showed that nine amphibians were positive correlation 

whereas only three of them showed negative correlation. 

II. Temporal variation of amphibian species in Eichhornia infested ponds 

The amphibian density on various parameters such as water hyacinth, year, 

season on thirty three ponds of three districts, year, pond and the degrees of infestations 

of water hyacinth were statistically significant (P<0.05). Amphibian density was lowest 

in dense infestation pond. The variation in the density of ECY showed significant 

difference among infestations (F= 29.57; P<0.001) as well as ECY and ECH population 

was also present in all thirty one ponds of various degrees of infestation ponds of my 

study area. The ANOVA showed that the variation in the amphibian species of ECH only 

showed significant difference among ponds (F= 0.846; P<0.001). The variation in the 

other amphibian species of ECY, HTG, HCR, FLM, DML, MCO, MRU and PMC 

showed no significant difference among the village ponds (P>0.005). The variation in the 

amphibian species of ECH showed significant difference among villages (F= 2.888; 

P<0.001). The density of amphibians was found highest in 2014, while the density and 

diversity was found to be highest in the year 2013 and 2014. The density of ECY was 

highest when compared to other amphibians. Among the three years ECY was more in 

2014. In the mean time ECH and HTG were most probably equal in all the years. But the 

FLM was more in 2014 and 2015 instead of 2013.Variations in the density of amphibians 

in various ponds with different infestations of water hyacinth at different regions of the 
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Cauvery delta area during different months and years of the study period. The density of 

ECY, ECH and HTG was recorded in all the seasons. The range value of ECY was more 

in Post monsoon (2-18) and summer (1-18)    than Pre monsoon (1-16) and Monsoon (1-

12).The density of RMV was recorded only in Monsoon season (1-1). The lowest 

number of population was recorded during the monsoon period. More sightings were 

recorded during Pre monsoon, Post Monsoon and summer. Density of DSC, HCR and 

RMV was not encountered in the year 2015. The variation in the amphibian species of 

ECY, ECH, DML, MRU and PMC showed significant difference among seasons (F= 

12.90, 5.60, 5.42, 8.18 and7.34; P<0.001). However, the variation in the amphibian 

species of ECY, ECH, HTG, FLM, DML and PMC showed significant difference among 

months (F= 5.67, 4.49, 2.81, 1.96 and7.28; P<0.005). 

 
III.  The variation in the pond length, width and depth 

This study was measured the length, width and depth to determine whether the 

exotic species has any negative impact on amphibian population. All the variables were 

co-dependent on one another. A total of 15.371, 6.598 and 7.071 acres of pond area were 

covered by GPS. Both the volume and area of the pond are highly significant with 

density of amphibians. The Eichhornia Vs volume of pond  graph is called a normal 

Probability Plot because of the residuals were normally distributed and lie along a 45º 

upward sloping diagonal line. The Eichhornia Vs pond area  graph is called a normal 

Probability Plot because of the residuals were normally distributed and lie along a 45º 

upward sloping diagonal line. The amphibian density  Vs pond area  graph is called a 

normal Probability Plot because of the residuals were normally distributed and lie along 

a 45º upward sloping diagonal line. The amphibian density  Vs pond volume  graph is 

called a normal Probability Plot because of the residuals were normally distributed and 

lie along a 45º upward sloping diagonal line. The value of the test statistic for the slope is 

-0.375and the associated P-value is approximately 0.708. As in all t tests there is a 

statistically significant between x and y. The area Vs density of the test statistic for the 

slope is -14.382, and the associated P-value is approximately 0.000. As in all t tests there 

is a statistically significant between x and y. However, both the volume and area of the 

pond are highly significant for density of amphibians.  
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IV. Monthly variations in physic-chemical characteristics of pond water  

    The mean value of DO of the low infested area was 14.11±2.5 (mgL-1) was higher 

than the other infested areas whereas EC of the highly infested areas was 0.95±0.5μs 

while the other infested areas showed 0.94±0.42 &0.95±0.38. The average range of 

turbidity was higher 9.89(NTU) in the high infestation pond than the low infestation 

pond. One-way ANOVA were used to analyze the impact of water quality parameters 

with    reference to various degrees of infestations. The Salinity, Turbidity and DO levels 

were statistically significant (P<0.01).  The mean value of DO of the Kunniyur Kulam-1 

showed the minimum of 11.73±3.03 (mgL-10) whereas the maximum was   in the 

Vannapatugai Kullam 16.34±3.24 (mgL-1). The Minimum and Maximum pH value was 

6.24 and 8.8 in the pond Periyakulam and Thiruvalangadu respectively. However, the 

mean value of the maximum salinity which was showed in the Ayyanar kulam was 

1.81±0.78ppm and the minimum mean value showed in Palathan Kulam  0.7±0.35ppm.  

 V. Effect of water hyacinth on water quality 

  One-way ANOVA were used to analyze the water quality changes due to spatial 

variation in various degrees of infestations of Eichhornia. The different values of 

Salinity, Turbidity and DO levels showed statistically significant (P=0.00) with 

Eichhornia ponds. The results of ANOVA showed that pH and Temperature of the pond 

were f = 1.36 and 1.31, (P>0.1) statistically significant between water quality parameters 

and Eichhornia infestation. The range value of DO of the year 2015 showed the 

minimum of 11.53 (mgL-1) whereas the maximum of 22.34(mgL-1) during the year 2014. 

The pH and temperature values were more or less similar during the all the three years 

8.5 to 8.8 and 33.50 C to 33.80 C. The maximum salinity was showed equally in the years 

of 2013 and 2014 (3.70ppm) whereas the minimum showed during 2015(2.423ppm).  

One-way ANOVA was used to analyze the water quality changes due to temporal 

variation in various degrees of infestations of Eichhornia. The Salinity and DO levels 

were statistically significant (P=0.00) with Eichhornia infestation. The year wise pH of 

the pond were statistically significant (P>0.1) with Eichhornia infestation. The mean and 

standard  deviation of water quality changes due to seasonal variations in various degrees 

of Eichhornia infestation ponds. The mean value of DO of the Pre-monsoon showed the 

maximum of 14.16±2.64 (mgL-1) whereas the post monsoon season showed the 

minimum of 13.43±2.52 (mgL-1). The range value of pH showed 2 in all the seasons 

except the monsoon season. The mean and standard deviation of maximum temperature 

showed during summer 31.51±0.770 C than the other seasons. The minimum salinity was 
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showed during Pre-monsoon season only (0.87±0.47ppm). One-way ANOVA was used 

to analyze the water quality changes due to seasonal variation in various degrees of 

infestations of Eichhornia. The DO levels were statistically significant (P>0.1) with 

Eichhornia infestations. The seasonal variation of pH, Temperature, EC, TDS, Salinity 

and Turbidity of the pond were also statistically significant (P=0.0) with Eichhornia 

infestations. The month wise mean and standard   deviation of water quality changes due 

to seasonal variation in various degrees of Eichhornia infestation ponds. The mean value 

of pH, the month  of May showed the maximum of 7.67±0.43 and the month of February 

showed the minimum of 7.29±0.36 values. One-way ANOVA was used to analyze 

month wise water quality changes due to temporal variation in various degrees of 

infestations of Eichhornia. The TDS (µS/cm) levels were statistically significant 

(P>0.001). The mean and standard   deviation of water quality changes due to temporal 

variation in various degrees of Eichhornia infestation and presence of amphibian species. 

The mean value of Eichhornia biomass showed dense, medium and low ponds were 

28.48±12.526, 28.33±12.645 and 28.06±12.002 respectively. The mean and SD value of 

amphibians also showed in dense, medium and low ponds were 7.05± 3.450, 6.43±3.086 

and 8.74±3.955 respectively. The mean and standard   deviation of water quality changes 

due to seasonal variation in various degrees of Eichhornia biomass infestations with 

amphibian species. The mean and SD value of Eichhornia biomass were higher during 

Monsoon season (29.84±12.227) and lesser (26.06±11.523) during post monsoon season. 

But at the same time the mean and SD value of amphibians were higher in post monsoon 

season (7.91±3.572) and lesser during summer season (6.48±2.820). One-way ANOVA 

was used to analyze the temporal variation of Eichhornia biomass and amphibian 

population at various degrees of infestations of Eichhornia ponds. The season wise 

presence of amphibians was statistically significant (P>0.005) with Eichhornia biomass. 

The mean and SD value of dense Eichhornia was 35.55±10.364 higher than the other 

infested areas whereas the mean value of amphibian population was higher in medium 

infested areas was 7.94±3.524 while the other infested areas showed 7.74±3.55 

&5.45±2.60. The maximum pH of the dense infested areas was 8.80 whereas the maximum 

pH of medium and low infested ponds were 8.78 and 8.87 respectively. The mean value 

of EC of the dense infested areas was 0.95±0.5μs while the other infested areas showed 

0.94±0.42& 0.95±0.38. However, the mean value of DO level was more in (14.11±2.5 

mg L-1) less infestation of Eichhornia infestation ponds whereas less in dense (13.36±3.1 

mg L-1) Eichhornia infestation ponds.  



 
 

13 
 

iii. Any other information which would help in evaluation of work done on the 
project.  
 

(a) Manpower trained:  
Through this project a research scholar is trained in the field of data collection, 
analysis, report writing and paper presentation and publication aspects. 
 

(b) Ph.D. awarded:   
One candidate Mr. T. Karthick, Bharathidasan University, Trichirapalli, Tamil 
Nadu has registered for Ph.D. and the status of the Ph.D. is under progress. 
 

(c) Publication of results:  
The project findings are published in International and National Journals and 
Conferences and in total 13 papers have been published from this project (6 
international and 7 conferences papers). 

 
(d) Other impact, if any: 

 
 A total of 12 species of amphibians were recorded under” Least Concern” 

categories as per the Red Data Book of IUCN, 2016. The season wise amphibian density 

was higher in the pre-monsoon season whereas less in summer season.  The Euphlyctis 

cyanophlyctis was the highest amphibian species in all the seasons, whereas the species 

Ramanella varigata was less in all the seasons. The density of amphibian species was 

higher in less infestation ponds than the high and medium infestations of Eichhornia 

ponds. The influence of Exotic species Eichhornia infestation on amphibian species is 

the most crucial role in the ecosystem. That is also one the reason for declining of 

amphibians in the food web. Unfortunately the ponds are also converted in to plots which 

are also a major cause for amphibian decline. Therefore it could be concluded that water 

hyacinth affected the ecology of Cauvery delta ponds. Effective control of water 

hyacinths of various ponds of deltaic region is very important, in order to conserve 

amphibians and prevent both ecological and economic loss due to loss of biodiversity. 

 
 
 
PRINCIPAL INVESTIGATOR                   

                                       

                                                            

                                                  PRINCIPAL 

  

CO-INVESTIGATOR 
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Annexure - IX 

UNIVERSITY GRANTS COMMISSION 
 BAHADUR SHA ZAFAR MARG  

NEW DELHI-110 002 
 
 

PROFORMA FOR SUBMISSION OF INFORMATION AT THE TIME OF 
SENDING THE FINAL REPORT OF THE WORK DONE ON THE ROJECT. 

1. Name and address of the   : Dr. K. Thenmozhi  
Principal Investigator    Assistant Professor 

 Department of Zoology and  
 Wildlife Biology 
A.V.C. College (Autonomous) 

                                                              Mannampandal, Mayiladuthurai-609 305 
 

2. Name and address of the   : A.V.C. College (Autonomous) 
Institution   Mannampandal-609 305,  

  Mayiladuthurai    (Tk), 
                                                              Nagapattinam District,Tamil Nadu. 
 

3. UGC Approval Letter No.   : F.No. 41-127/2012 (SR) dated  
and Date      10th July 2012 
    

4. Date of Implementation  : 01.07.2012 
 

5. Tenure of the Project  : 01.07.2012 to 30.06.2015 
 

6. Total Grant Allocated  : Rs.8,78,800 
 

7. Total Grant Received  : Rs. 7,64,800 
 
8. Final Expenditure   : Rs. 7,82,983 

  
9. Title of Research Project  : “Effect of water hyacinth  

          (Eichhornia crassipes) on amphibian 
           population  and diversity in village ponds” 

      10. Objectives of the Project                 :  

a. To monitor the spatial and temporal variations of amphibian population. 

b. To assess the variation in the pond length, width and depth. 
c. To assess the monthly variation in physico-chemical characteristics of 

pond water and effect of water hyacinth on water quality. 
d. To suggest conservation measures of amphibian fauna and to enrich the 

habitat for the density of amphibians. 
 
 



 
 

15 
 

    11. Whether objectives were achieved   
 

The study was carried out in the selected village ponds of Nagapattinam, 

Thiruvarur and Thanjavur districts from June 2012 to June 2015. Village ponds were 

selected from the above three districts of Tamil Nadu in the Cauvery delta regions. The 

diversity and density of amphibian population were monitored monthly once during the 

study period.   Amphibians were thoroughly searched in the water bodies, edge of the 

water, grasses, bushes, holes, crevices, stones or under stones and over the surface of 

the water. The data were collected for required information of frog and its environment. 

Among the three districts, thirty one village ponds were selected on the basis of the 

degree of water hyacinth infestations i.e. Dense, Medium and Low. A total of 15.371, 

6.598 and 7.071 acres of pond area were covered from the Nagapattinam, Thanjavur 

and Thiruvarur districts. The volume of water in the pond (in acre-feet) was 

calculated by simply multiplying the pond area (in acres) by the average pond 

depth in feet. Water samples were collected once in a month from the above said 

infestation ponds of three districts. Collected water samples were brought to the 

laboratory and the water quality parameters such as pH, temperature, salinity, turbidity, 

TDS, electrical conductivity and dissolved oxygen were determined by using Water kit 

analyzer. The units of the above parameters are % (Temperature), ppm (Salinity), NTU 

(Turbidity), µS/cm (TDS), (Electrical conductivity) and mg L-1 (Dissolved Oxygen). 

The four different objectives were achieved with significant outputs (please see 

technical report for details of the project and objective wise results) 

 
Achievements from the project  

 
     The significant achievements of the project includes 

1. Five (6) full papers were published from the project in the International 
reputed and peer- reviewed journals 

2. Four (7) research papers were presented in the National and International 
Conferences. 

3. A Ph.D. ha been registered by the Project Fellow in the Bharathidasan 
University, Trichy, Tamil Nadu, and the same is under progress. 

4. The Project has been one of the good assets to Department of Zoology 
and Wildlife Biology as a MRP from UGC and the project has enhanced 
certain major and minor equipments to the Department, which are useful 
to UG and PG students, Research scholars and Faculty members. 
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5. Finally, the project based on important findings has proposed set of 

management measures regarding the effects of water hyacinth on 

amphibians are largely dependent on original community composition and 

food-web structure. The socio-economic effects of water hyacinth are 

dependent on the extent of the invasion, the uses of the impacted water 

body, control methods, and the response to control efforts. Water quality 

appears to be an important factor which may limit the occurrence of 

amphibians. The local environmental factors influence the water qualities 

of the pond in which the vegetation also determine the quality of the 

particular ponds. Ecosystem-level research programmes that 

simultaneously monitor the effects of water hyacinth on multiple tropic-

levels are needed to further our understanding of invasive species. 

 

13. Summary of the findings 
 

1.   Spatial  variations of amphibian population in Eichhornia infested ponds  

       A total of 12 amphibian species were recorded from 31 village ponds during the 

study       period. About 6 species of Euphlyctis cyanophlyctis, Euphlyctis hexadactylus , 

Hoplobatrachus tigerinus, Hoplobatrachus crassus, Fejervarya limnocharis and 

Sphaerotheca breviceps, were belonging to the family Dicroglosidae, whereas only three 

species of Microhyla ornata, Microhyla rubra and Ramanella varigata were belonged to 

the family Microylidae and  toads and terrestrial species of Duttaphrynus melanostictus 

and Duttaphrynus scaber were observed from the family Bufonidae. The only arboreal 

species encountered was Polypedatus maculates, belonged to the family Rhacophoridae. 

Regarding amphibian diversity, about 12 species were reported from Nagapattinam, 11 

species from Thiruvarur and only 10 species from Thanjavur districts. The 12 species of 

amphibians were recorded under” Least Concern” categories as per the Red Data Book 

of IUCN, 2016. The season wise amphibian density was higher in the pre-monsoon 

season whereas less in summer season.  The Euphlyctis cyanophlyctis was the highest 

amphibian species in all the seasons, whereas the species Ramanella varigata was less in 

all the seasons. The density of amphibian species was higher in less infestation ponds 

than the high and medium infestations of Eichhornia ponds. The mean and standard 

deviation of Eichhornia infestation is 2.14 ±0.89. Out of twelve species only two species 
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were statistically significant (P<0.05). The impact of relationships of year with    

reference to amphibian species only one species HCR was statistically significant 

(P<0.05) whereas the impact of relationships with    reference to amphibian species, only 

four species i.e., ECY, EHX, DML, MCO were statistically significant (P<0.05). The 

impact of Eichhornia infestations versus amphibian density at village ponds, ECY and 

HCR was statistically significant (P < 0.05). However, the Eichhornia infestation in 

relation with amphibian species showed that nine amphibians were positive correlation 

whereas only three of them showed negative correlation. 

 

II. Temporal variation of amphibian species in Eichhornia infested ponds 

The amphibian density on various parameters such as water hyacinth, year, 

season on thirty three ponds of three districts, year, pond and the degrees of infestations 

of water hyacinth were statistically significant (P<0.05). Amphibian density was lowest 

in dense infestation pond. The variation in the density of ECY showed significant 

difference among infestations (F= 29.57; P<0.001) as well as ECY and ECH population 

was also present in all thirty one ponds of various degrees of infestation ponds of my 

study area. The ANOVA showed that the variation in the amphibian species of ECH only 

showed significant difference among ponds (F= 0.846; P<0.001). The variation in the 

other amphibian species of ECY, HTG, HCR, FLM, DML, MCO, MRU and PMC 

showed no significant difference among the village ponds (P>0.005). The variation in the 

amphibian species of ECH showed significant difference among villages (F= 2.888; 

P<0.001). The density of amphibians was found highest in 2014, while the density and 

diversity was found to be highest in the year 2013 and 2014. The density of ECY was 

highest when compared to other amphibians. Among the three years ECY was more in 

2014. In the mean time ECH and HTG were most probably equal in all the years. But the 

FLM was more in 2014 and 2015 instead of 2013.Variations in the density of amphibians 

in various ponds with different infestations of water hyacinth at different regions of the 

Cauvery delta area during different months and years of the study period. The density of 

ECY, ECH and HTG was recorded in all the seasons. The range value of ECY was more 

in Post monsoon (2-18) and summer (1-18)    than Pre monsoon (1-16) and Monsoon (1-

12).The density of RMV was recorded only in Monsoon season (1-1). The lowest 

number of population was recorded during the monsoon period. More sightings were 

recorded during Pre monsoon, Post Monsoon and summer. Density of DSC, HCR and 

RMV was not encountered in the year 2015. The variation in the amphibian species of 
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ECY, ECH, DML, MRU and PMC showed significant difference among seasons (F= 

12.90, 5.60, 5.42, 8.18 and7.34; P<0.001). However, the variation in the amphibian 

species of ECY, ECH, HTG, FLM, DML and PMC showed significant difference among 

months (F= 5.67, 4.49, 2.81, 1.96 and7.28; P<0.005). 

 
III.  The variation in the pond length, width and depth 

This study was measured the length, width and depth to determine whether the 

exotic species has any negative impact on amphibian population. All the variables were 

co-dependent on one another. A total of 15.371, 6.598 and 7.071 acres of pond area were 

covered by GPS. Both the volume and area of the pond are highly significant with 

density of amphibians. The Eichhornia Vs volume of pond  graph is called a normal 

Probability Plot because of the residuals were normally distributed and lie along a 45º 

upward sloping diagonal line. The Eichhornia Vs pond area  graph is called a normal 

Probability Plot because of the residuals were normally distributed and lie along a 45º 

upward sloping diagonal line. The amphibian density  Vs pond area  graph is called a 

normal Probability Plot because of the residuals were normally distributed and lie along 

a 45º upward sloping diagonal line. The amphibian density  Vs pond volume  graph is 

called a normal Probability Plot because of the residuals were normally distributed and 

lie along a 45º upward sloping diagonal line. The value of the test statistic for the slope is 

-0.375and the associated P-value is approximately 0.708. As in all t tests there is a 

statistically significant between x and y. The area Vs density of the test statistic for the 

slope is -14.382, and the associated P-value is approximately 0.000. As in all t tests there 

is a statistically significant between x and y. However, both the volume and area of the 

pond are highly significant for density of amphibians.  
 

IV. Monthly variations in physic-chemical characteristics of pond water  

   The mean value of DO of the low infested area was 14.11±2.5 (mgL-1) was higher 

than the other infested areas whereas EC of the highly infested areas was 0.95±0.5μs 

while the other infested areas showed 0.94±0.42 &0.95±0.38. The average range of 

turbidity was higher 9.89(NTU) in the high infestation pond than the low infestation 

pond. One-way ANOVA were used to analyze the impact of water quality parameters 

with    reference to various degrees of infestations. The Salinity, Turbidity and DO 

levels were statistically significant (P<0.01).  The mean value of DO of the Kunniyur 



 
 

19 
 

Kulam-1 showed the minimum of 11.73±3.03 (mgL-1) whereas the maximum was   in 

the Vannapatugai Kullam 16.34±3.24 (mgL-1). The Minimum and Maximum pH value 

was 6.24 and 8.8 in the pond Periyakulam and Thiruvalangadu respectively. However, 

the mean value of the maximum salinity which was showed in the Ayyanar kulam was 

1.81±0.78ppm and the minimum mean value showed in Palathan Kulam  0.7±0.35ppm.  

 

 V. Effect of water hyacinth on water quality 

One-way ANOVA were used to analyze the water quality changes due to spatial 

variation in various degrees of infestations of Eichhornia. The different values of 

Salinity, Turbidity and DO levels showed statistically significant (P=0.00) with 

Eichhornia ponds. The results of ANOVA showed that pH and Temperature of the 

pond were f = 1.36 and 1.31, (P>0.1) statistically significant between water quality 

parameters and Eichhornia infestation. The range value of DO of the year 2015 showed 

the minimum of 11.53 (mgL-1) whereas the maximum of 22.34(mgL-1) during the year 

2014. The pH and temperature values were more or less similar during the all the three 

years 8.5 to 8.8 and 33.50 C to 33.80 C. The maximum salinity was showed equally in 

the years of 2013 and 2014 (3.70ppm) whereas the minimum showed during 

2015(2.423ppm).  One-way ANOVA was used to analyze the water quality changes 

due to temporal variation in various degrees of infestations of Eichhornia. The Salinity 

and DO levels were statistically significant (P=0.00) with Eichhornia infestation. The 

year wise pH of the pond were statistically significant (P>0.1) with Eichhornia 

infestation. The mean and standard   deviation of water quality changes due to seasonal 

variations in various degrees of Eichhornia infestation ponds. The mean value of DO of 

the Pre-monsoon showed the maximum of 14.16±2.64 (mgL-1) whereas the post 

monsoon season showed the minimum of 13.43±2.52 (mgL-1). The range value of pH 

showed 2 in all the seasons except the monsoon season. The mean and standard 

deviation of maximum temperature showed during summer 31.51±0.770 C than the 

other seasons. The minimum salinity was showed during Pre-monsoon season only 

(0.87±0.47ppm). One-way ANOVA was used to analyze the water quality changes due 

to seasonal variation in various degrees of infestations of Eichhornia. The DO levels 

were statistically significant (P>0.1) with Eichhornia infestations. The seasonal 

variation of pH, Temperature, EC, TDS, Salinity and Turbidity of the pond were also 

statistically significant (P=0.0) with Eichhornia infestations. The month wise mean and 
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standard   deviation of water quality changes due to seasonal variation in various 

degrees of Eichhornia infestation ponds. The mean value of pH, the month  of May 

showed the maximum of 7.67±0.43 and the month of February showed the minimum of 

7.29±0.36 values. One-way ANOVA was used to analyze month wise water quality 

changes due to temporal variation in various degrees of infestations of Eichhornia. The 

TDS (µS/cm) levels were statistically significant (P>0.001). The mean and standard   

deviation of water quality changes due to temporal variation in various degrees of 

Eichhornia infestation and presence of amphibian species. The mean value of 

Eichhornia biomass showed dense, medium and low ponds were 28.48±12.526, 

28.33±12.645 and 28.06±12.002 respectively. The mean and SD value of amphibians 

also showed in dense, medium and low ponds were 7.05± 3.450, 6.43±3.086 and 

8.74±3.955 respectively. The mean and standard   deviation of water quality changes 

due to seasonal variation in various degrees of Eichhornia biomass infestations with 

amphibian species. The mean and SD value of Eichhornia biomass were higher during 

Monsoon season (29.84±12.227) and lesser (26.06±11.523) during post monsoon 

season. But at the same time the mean and SD value of amphibians were higher in post 

monsoon season (7.91±3.572) and lesser during summer season (6.48±2.820). One-way 

ANOVA was used to analyze the temporal variation of Eichhornia biomass and 

amphibian population at various degrees of infestations of Eichhornia ponds. The 

season wise presence of amphibians was statistically significant (P>0.005) with 

Eichhornia biomass. The mean and SD value of dense Eichhornia was 35.55±10.364 

higher than the other infested areas whereas the mean value of amphibian population 

was higher in medium infested areas was 7.94±3.524 while the other infested areas 

showed 7.74±3.55 &5.45±2.60. The maximum pH of the dense infested areas was 8.80 

whereas the maximum pH of medium and low infested ponds were 8.78 and 8.87 

respectively. The mean value of EC of the dense infested areas was 0.95±0.5μs while 

the other infested areas showed 0.94±0.42& 0.95±0.38. However, the mean value of 

DO level was more in (14.11±2.5 mg L-1) less infestation of Eichhornia infestation 

ponds whereas less in dense (13.36±3.1 mg L-1) Eichhornia infestation ponds.  
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14. Contribution to the society  
 

Today there is a global agreement among scientists and managers that there is no totally 

effective method to eradicate E. crassipes indicating the best option is integrated 

management and control of the weed. Just clearing of the weed is not the best way to 

solve the socio economic problem of this declining of amphibians due to the fast re 

growth of the Water Hyacinth. Hence, the best way to solve this problem depends upon 

the choice of the solution lies in the size of the water body, area of Water Hyacinth 

growth, lifestyle of people living around it, need for employment, etc.  As a green 

manure it can be either ploughed into the ground or used as mulch. It can be converted 

into compost and used on the land with proper management and technology. 

Vermicomposting is kind of manure production can be done by any farmer with a small 

pond with Water Hyacinth. No investment is required, only labour and time and 

environmental awareness measures should also be taken through various 

communications media. 

  
15. Whether any Ph.D. Enrolled/Produced Out of the project-  
 
Yes, A Ph.D. has been enrolled by the Bharathidasan University, Trichy, Tamil Nadu, as 
a project fellow which is under progress.  
 
16. No. of publications out of the Project (Attach Re-Prints)  
 

1. Six full papers are published from the current project in the International peer 
reviewed journals. 

2. Seven research papers are presented in the National and International 
conferences. 

 
Details of the Publications 

  
1. Thenmozhi Jagaveerapandian, and T. Karthik.2015. Effect of Water chemistry 

on Anuran species     diversity in water hyacinth (Eichhornia crassipes) ponds in 
Cauvery delta regions of Tamil Nadu. J. Sci. Trans. Environ. Techno. 9(1): 92-
97 P-ISSN 0973 – 9157; E- ISSN 2393 -9249 

 
2. Thenmozhi Jagaveerapandian and Karthik Thamilarasu. 2016. Assessment of 

amphibian     environment through physic- chemical analysis of the water 
hyacinth infested ponds in the Cauvery delta districts of Tamil Nadu. J. Sci. 
Trans. Environ. Technov, 10(1) : 18 – 24 P-ISSN 0973 – 9157; E- ISSN 2393 -
9249 
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3. Thenmozhi Jagaveerapandian, Karunakaran Kasinathan and Karthik 
Thamilarasu. 2017. Diversity of amphibians in the micro Habitats of the 
agroecosystems of Nagapattinam District, Tamil Nadu, India.10(4): 181-184P-
ISSN 0973 – 9157; E- ISSN 2393 -9249 
 

4. Thenmozhi Jagaveerapandian and Karthik Thamilarasu. 2018. Diversity of 
amphibian   population with reference to various degrees of infestation of 
Eichhornia crassipes in the ponds of Cauvery delta region, Tamil Nadu, India. 
12(1): 63-72 P - ISSN 0973 – 9157; E- ISSN 2393 -9249 

 
5. Thenmozhi Jagaveerapandian  and  Karthik Thamilarasu. 2018. Assessment of 

amphibian population through Water hyacinth infested village ponds with 
reference to pond length, width and depth in Cauvery delta districts of Tamil 
Nadu. 12(1): 25-30P-ISSN 0973 – 9157; E- ISSN 2393 -9249 

 
6. Thenmozhi Jagaveerapandian and Karthik Tamilarasu.2017. Thecheck list of 

amphibian fauna in the Cauvery delta areas of Tamil Nadu, India. International 
conference on “ Current challenges in conservation of biodiversity” (In4CB-
2017) from 16.02.2017 to 18.02.2017 at PG & research department of Zoology 
and Wildlife Biology, A.V.C. College (Autonomous), Mannampandal, 
Mayiladuthurai, TamilNadu-609 305, India. 

Conference Paper/Abstract: 7 

1. Thenmozhi, K. and T. Karthik. 2012. A preliminary survey of anurans in and 
around Mayiladuthurai, Nagapattinam District, Tamil Nadu.UGC Sponsored 
National Seminar on “New frontiers in biology” December 2012, Organized by 
PG Department Of Zoology Jayaraj Annapackiam College For Women 
(Autonomous), Periyakulam, Tamil Nadu. 

2.  Thenmozhi, K. and T. Karthik 2013. Diversity and distribution of amphibian 
population in Water Hyacinth (Eichhornia crassipes) ponds at Nagapattinam, 
Thiruvarur and Thanjavur district of Tamil Nadu.   National Conference on 
Conservation and inventerization of below ground Biodiversity-“Biota 2013”. 

3.  Karthik. T  and K. Thenmozhi. 2014. Does water hyacinth regulates frog 
population in ponds? International conference on herbal medicine and neuro 
endocrinology. P.No:218 

4. Thenmozhi, K. and T. Karthik 2014. Effect of water hyacinth (Eichhornia 
crassipes) on and Thanjavur district of Tamil Nadu.   National Conference on 
Research Challenges in Modern biological Science.  

5.  Thenmozhi, K, Karthik. T. and Karunakaran. K. 2015.   Assessment of Anuran 
diversity and microhabitats in various wetland ecosystem of Nagapattinam district, 
Tamilnadu, National conference on conservation of aquatic and terrestrial 
biodiversity (NCAT2015) held at St. John’s College, Palyankottai, Tirunelveli. On 
22-24 January 2015.  
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6. Thenmozhi Jagaveerapandian and Karthik Tamilarasu.2017.Thecheck list of 
amphibian fauna in the Cauvery delta areas of Tamil Nadu, India. International 
conference on “ Current challenges in conservation of biodiversity” (In4CB-
2017) from 16.02.2017 to 18.02.2017 at PG & research department of Zoology 
and Wildlife Biology, A.V.C. College (Autonomous), Mannampandal, 
Mayiladuthurai, TamilNadu-609 305, India. 

7. Thenmozhi, K and T.Jayanthi.2019. Assessment of anuran diversity in the 
wetlands of Thiruvarur district, Tamil Nadu. One day state level seminar on 
recent trends in advanced Bio-sciences (RTABS – 2019). 

 
 

 
PRINCIPAL INVESTIGATOR                 
 
 
 
                    PRINCIPAL 
 
 
         
CO-INVESTIGATOR 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

24 
 

                                       INTRODUCTION 
 

 
1.1. Introduction to amphibian 

Amphibians are excellent “Bioindicator species” because they can provide 

information on the health of both habitats they are residing (Land and Water).  Due to 

their biphasic lifestyle and permeable skins, amphibians are commonly used as 

“Bioindicators”. Amphibians are also considered as “Environmental sponges” because 

their semi-permeable skin allows environmental toxins to be easily absorbed (SERC, 

2007). There are several possible causes for the decline of amphibians, such as 

agriculture, habitat destruction, exotic species, pollution, toxic substances, acidification 

and excess nutrients. More than 500 scientists from over 60 nations contributed to the 

assessment. Sufficient data are lacking to accurately assess the status. Scientists 

estimated that about 43% of amphibians or about 1,856 species are threatened and are 

declining at a rapid rate worldwide (Stuart et al., 2004). The faunal diversity of 

amphibians in Tamil Nadu includes 76 species. Schedule IV include 23 species of 

amphibians (Tamil Nadu Forest Deportment, 16.1.2012). In India, 342 species of 

amphibians are classified, in which 161 are still under the data deficient category which 

indicates the need of elaborative, systematic and coordinated efforts for estimating the 

population and delimiting the distribution of species. Dinesh et al. (2012) reported that 

the amphibians are the ecological indicator species in the environment. One-third of 

6,000 worldwide amphibian species are under threatened category. Besides habitat loss, 

over exploitation or introduced species, amphibians are affected due to the pollution of 

surface waters with fertilizers and pesticides (Richard, 2010). Katie Finlinson et al. 

(2002) reported that amphibians are integral components of many ecosystems and serve 

as excellent bio-indicators of the environment. Existing agricultural field and village 

ponds are not suitable habitats for amphibian population in current trends. Various 

factors are driving population fluctuation in amphibian species in aquatic either biotic or 

abiotic factors. These factors may influence the decline of amphibian population in local 

areas of our study. 

Amphibians are the important ecological components of both wetlands and dry 

land. They are much more closely associated with water and wetlands than most 

reptiles, birds, or Mammals. The aquatic and terrestrial environments both have to be 
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intact   in order   to an amphibian species to survive. The amphibian larvae had to have 

either developed enough to leave the pond or perish as the pond dried up. Any change 

in dissolved oxygen due to the loss of leaf litter should be examined for impact on the 

development of the larvae. However, amphibian populations naturally fluctuate (Skelly, 

1999). Habitat alteration has been found to be one of the major causes of the current 

global amphibian decline. Invasive plant species are widely recognized as a major 

threat to biodiversity and ecosystem stability. Wetland ecosystems tend to be much 

more susceptible to invasions because of their location on the landscape where water, 

nutrients, and the impacts of disturbances accumulate. Invasive plants also have the 

ability to alter ecosystem processes.   

 

1.2.  Importance and beneficial of amphibians 

They play an important role in nature as both predator and prey, sustaining the 

delicate balance of nature. They eat pest insects, benefiting successful agriculture 

around the world and minimizing the spread of disease, including malaria. The skin of 

amphibians has substances that protect them from some microbes and viruses, offering 

possible medical cures for a variety of human diseases, including AIDS. Frogs have 

had a special place in various human cultures for centuries, cherished as agents of life 

and good luck. In addition, successful collaboration to save amphibians can help 

mankind to more confidently face and address other major environmental challenges. 

One-third to one-half of the world’s approximately 7,500 known amphibian species 

could go extinct in our lifetime. Amphibians are among the first species to be affected 

by environmental stressors, so when they show declines in the wild, it is a warning to 

other species, including humans. Their population declines and extinctions signal that 

changes are occurring in the environment that will also negatively impact humans.  

Amphibians are dying in alarming numbers. Destruction of habitat, invasive 

species, pollution, global warming and other human influences threaten many species 

of plants and animals. In addition to these challenges, amphibians are being attacked by 

a lethal disease that has caused unprecedented and unexpected losses, called chytrid 

fungus. Chytrid quickly and quietly destroys entire species when introduced to new 

populations in the wild. Amphibian chytrid is a disease that infects the skin of 

amphibians, a vital organ through which many drink and breathe. It was discovered a 
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decade ago; dozens of frog species have already vanished because of it. In 

environments where it thrives, the fungus can kill 80 per cent of the native amphibians 

within months. Currently, it is unstoppable and untreatable in the wild, even in 

‘protected’ areas. The chytrid’s spread and effects may be exacerbated by climate 

change warmer temperatures dry the moist areas where amphibians live, causing stress 

that may lead to greater susceptibility to the disease. While there are 2,000 to 3,000 

threatened amphibian species, many suffer from threats, such as habitat destruction and 

over-collection.  AArk is using a species conservation needs assessment tool and 

regional expertise in a series of workshops around the world to determine which 

species requires our intervention. 

1.3.  Introduction of Invasive species 

Water hyacinth (Eichhornia crassipes) is a free floating aquatic plant which is 

distributed worldwide in about 50 countries. This plant is considered as an invasive 

plant species to control natural habitat and for protecting natural aquatic places. In 

India, this plant is a major problem in water bodies for aquatic diversity, creating harms 

to other plants by fast growth and creating changes in water quality to observe chemical 

and physical parameters.  This plant is turbulent   in water, also occupying surface of 

pond and dominating the other aquatic plants. It blocks the water flow in running water, 

rivers and canals. It is the major issue for disconnecting the linkage of water connection 

of local area and water bodies.  The weeds in turn provides ideal breeding sites for 

mosquitoes by keeping the water surface placid and rendering it inaccessible to any 

methods of chemical control (Jayanth, 1987).   

Water hyacinth tolerates the high and low temperature limits. So, this species is 

distributed all over the earth which may cause several problems in water quality 

changes in natural village ponds, canals and rivers. Due to the water quality changes 

aquatic biodiversity will be affected directly or indirectly. Species like shells, fishes and 

amphibians are affected by changes in physic-chemical parameters of water. Because of 

its extremely high rate of development, Eichhornia crassipes is an excellent source of 

biomass. The ecological and socio-economic impacts of this invasive species are 

currently well understood (Villamagna & Murphy, 2010).  
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Water hyacinth mats decrease dissolved oxygen concentrations, one of the most 

important water quality variables for aquatic fauna, by preventing the transfer of 

oxygen from the air to the water surface (Perna & Burrows, 2005). Although McVea 

and Boyd (1975) found a negative relationship between dissolved oxygen and water 

hyacinth coverage, a water hyacinth cover of 25% out of 400 m2 experimental ponds 

did not decrease dissolved oxygen to dangerous concentrations for fish survival. Water 

hyacinth infestations are also known to aggravate mosquito problems by hindering 

insecticide application (Seabrook, 1962). The socio-economic effects of water 

hyacinths are dependent on the extent of the invasion, the uses of the impacted water 

body, control methods and the response to control efforts (Villamagna & Murphy, 

2010).  

1.4.  Country background 

India occupies a strategic position in Asia, looking across the seas to Arabia and 

Africa on the west and to Myanmar, Malaysia and the Indonesian Archipelago on the 

east. Geographically, the Himalayan ranges keep India apart from the rest of Asia. India 

is located to the North of the equator between 8o 4’ and 37o 6’ North latitude and 68o 7’ 

and 97o 25’ East longitude. It is bounded on the South-East by the Bay of Bengal. On the 

North, North-East and North-West lies the Himalayan ranges. Kanyakumari constitutes 

the southern tip of the Indian Peninsula and Indira Point in the Andaman and Nicobar 

Islands as the southernmost tip of India. India measures 3214 km from North to South 

and 2933 km from East to West. It has a land frontier of 15,200 km and coastline of 

7516.5 km. India shares its political borders with Pakistan and Afghanistan on the West 

and Bangladesh and Myanmar on the East. On the northern boundary are situated China, 

Tibet, Nepal and Bhutan. In the South, it is separated by Sri Lanka by a narrow channel 

of sea called Palk Strait and the Gulf of Mannar. 

The total land area of the country is 328.7 million hectares (mha) which forms 

2.4% of the world’s total area. There are 28 states and seven union territories 

administrated through 593 districts. There are 384 Urban Agglomerations (UAs), 5161 

towns, 35 million plus UAs and 27 million plus cities. Of the total area of 328.7 mha 

land use statistics are available for roughly 3.05 m ha accounting for 93% of the total 

land area. Of this, roughly 264 mha of land is available for agriculture, forestry and 

related purposes. 
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1.5.  Situation in Tamil Nadu 

Most rivers in Tamil Nadu have been covered by the green carpet of Water 

Hyacinth because of the pollutants dumped by the industries on their banks. Many textile 

processing units in Tamil Nadu use a number of unclassified chemicals that are likely to 

be from the Red List Group which is said to be harmful and unhealthy. The Public 

Works Department (Water Resources Organization) launched a massive campaign in 

April 2012 along a stretch of 400 m near the mouth of Mannarai anicut to weed out water 

hyacinth along River Noyyal course as the plant is blocking free flow of water into the 

supply channels that feed irrigation tanks. In the city of Chennai, Velachery Lake, the 

boundary of Pallikarani drainage swamp, a portion of Adyar River, Buckingham canal 

and Otterinullah have turned eutrophic due to Eichhornia crassipes. This is also the case 

with water bodies around Trichy, Madurai, Tirunelveli, Coimbatore, Salem and other 

districts. Eichhornia crassipes is the first order among water weeds causing menace  

second to Ipomoea aquatica. In Tamilnadu almost 80% of 39000 tanks are already 

infested with this weed. Even very big lakes like Chembarakkam lake, Dusi- Mamandur 

lake, Kavaripakkam lake, Veeranam lake, etc., are affected by Water Hyacinth. 

1.6. Climatic condition in India 

India is mainly a tropical country but due to great altitudinal variations, almost all 

the climatic conditions from hot deserts to cold deserts exist. There are four seasons in 

the year: (i) Spring (January-March), (ii) Summer (April-June), (iii) South–West 

Monsoon (July- September), and (iv) Winter (October-December). The South-West or 

the summer monsoon is the main source of rainfall in the country providing about 80% 

of the precipitation though some rains are received in winter months too. 

1.7. Topography of India 

India’s mainland comprises of the following four broad geographical areas: 

(a) The Northern Mountains which has the great Himalayas 

(b) The vast Indo-Gangetic plains 

(c) The Southern (Deccan) Penninsula bounded by the Western and Eastern  

     Ghats and lastly 

(d) The Coastal Plains and Islands Northern Mountains: 
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The Northern mountains correspond to the Himalayan Zone, alongside country’s 

northern boundaries including the Jammu and Kashmir (J&K), Himachal Pradesh (HP), 

North-West Uttar Pradesh (UP), Sikkim, part of Assam, and the North-Eastern States of 

Arunachal Pradesh, Nagaland, Manipur, Mizoram, Tripura and Meghalaya. The 

Himalayas comprise of mountain ranges, which form an indomitable physical barrier, as 

the world’s biggest and largest mountain ranges. The Himalayas also contain the cold 

deserts and fertile valleys. 

1.8. History of Water Hyacinth 

The free floating aquatic plant was discovered by C. Von Martius in 1823 in 

Brazil. It is believed to have been introduced into South Africa, as an ornamental plant, 

in 1908 to the Cape Province and Natal. Since its introduction, water hyacinth has spread 

throughout South Africa to the detriment of all aquatic systems that it has been 

introduced either directly or indirectly.  Individual plants can break off the mat and can 

be dispersed by wind and water Currents. The water hyacinth is an outstanding example 

in the South-east Asia, the Nile and the Congo basins, where, from an ornamental 

introduced less than a century ago, it has become a curse. This weed in India is not 

available, yet the approximate figures from west Bengal (30,000 acres) and Bihar 

(200,000 acres) indicate the extent of its distribution, including the affected areas in 

Assam, Eastern U.P., Andhra Pradesh, Madras, Orissa and Kerala, estimated the total 

acreage under its domain to be about 500,000 acres (Archana, 1971). These are found 

globally in the tropics and subtropical region.   

Fig 1.1: The view of Eichhornia crassipes 
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Water hyacinth belongs to the family Pontederiaceae which is regarded as a pan-

tropical aquatic weed (OEPP/EPPO, 2008). It is a free-floating Macrophyte which is an 

erect, free-floating, stoloniferous, perennial herb (Center et al., 2002). The mature WH 

consists of roots, rhizomes, stolons, leaves, inflorescences and fruit clusters (Penfound & 

Earle, 1948) (Fig. 1). Water hyacinth petioles are either erect i.e. up to 60 cm long or 

bearing flowers or horizontal, about 10 cm long and producing new plants from terminal 

buds (Parsons & Cuthbertson, 2001). 

1.9. Morphology of water hyacinth plants with stolons leaves 

There are two types of leaves. Some are up to 60 cm long, narrow and stand 

erect; others are almost round, up to 30 cm diameter and curved upwards with edges 

somewhat undulate. Both are smooth, glabrous, glossy and with semi parallel veins 

following the curvature of the leaf. Leaf stalks can be 50 cm long with bladder-like 

swellings, either bulbous or elongated, consisting of large air cells enabling the plant to 

float on water (Parsons & Cuthbertson, 2001). 

Flowers 

Water hyacinth flowers are attractive light purple with six lobes or petals. The 

uppermost petal has a yellow dot in the centre surrounded by darker purple. Each spike 

consists of about 8 (range from 3 to 35) flowers and individual flowers last only a few 

days. New plants flower when only 3 or 4 weeks old (Parsons & Cuthbertson, 2001). 

Under favourable conditions, WH may flower repeatedly throughout the year; although 

the intensity of flowering may vary with seasonal variation in growth rate (Malik, 2007). 

Fruits and seeds 

The fruit consists of a narrow 3-celled capsule about 1 to 1.5 cm long, containing 

up to 300 seeds. Seeds are about 1 to 1.5 mm long with many longitudinal ribs. The 

seeds can germinate in a few days. In cool temperature areas, they remain dormant for 15 

to 20 years in dry mud, germinating when moistened. A temperature of 20 to 35oC 

usually enhances germination. In other words, rapid growth occurs with increasing 

summer temperature (Malik, 2007; Parsons & Cuthbertson, 2001). 
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Roots 

The root morphology is highly plastic, fibrous and has one single main root with 

many laterals, forming colossal root system. Because each lateral root has a root tip, WH 

may exploit nutrient in a low-nutrient water body (Xie & Yu, 2003). Lateral roots are 

generally longer and denser at low phosphorus levels than at high phosphorus levels (Xie 

& Yu, 2003). In shallow water, the roots may become attached to the bottom for several 

weeks when the water level drops (Parsons & Cuthbertson, 2001). The root-shoot ratio 

varies inversely with nutrient level, particularly with respect to nitrogen. Purple roots are 

characteristic of plants when nutrient levels are low in the water (Xie & Yu, 2003). 

Habitat 

Water hyacinth rapidly colonises still or slow moving water, resulting in thick 

extensive mats. It occurs in estuarine habitats, lakes, urban areas, water courses, and 

wetlands (Gopal, 1987). It prefers nutrient-enriched waters and can tolerate considerable 

variation in nutrients, temperature, pH levels and toxic substances (Gopal, 1987). Growth 

occurs in a wide range of temperature from 1 to 40°C, but is most favourable under 

warm condition with a maximum growth at 25 to 27.5°C (Wilson et al., 2005). Plants 

tolerate acidity levels as low as pH 3 (DiTomaso & Healy, 2003) but optimum pH for 

growth is 6 to 8 (Wilson et al., 2005). However, WH does not tolerate salinity above 

1.6% (DiTomaso & Healy, 2003) and there is no evidence to indicate that this fresh 

water plant can adjust to saline water (Penfound & Earle, 1948). 

Reproduction 

Reproduction is rapid under favourable conditions from stolons (asexually) and 

by seeds (sexually) (DiTomaso & Healy, 2003). The major propagation is by means of 

stolons which form daughter plants at auxillary buds (OEPP/EPPO, 2008). The spreading 

of the daughter plants is also thought to be enhanced by wind and wave action 

(OEPP/EPPO, 2009). Under suitable conditions, plant numbers can double between 1 to 

3 weeks (Parsons & Cuthbertson, 2001; Gopal, 1987). The capacity for vegetative 

reproduction allows this aquatic plant to quickly occupy all available space (Gutiérrez et 

al., 1996). Growth is stimulated by inflow of nutrient rich water, such as from runoff of 

tropical rains, particularly in static water situations. In flowing water, fluctuations in 

nutrient levels are less important as nutrients are carried to the plants. In moving water, 
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WH can achieve rapid growth by continuously taking up nutrients, even at very low 

concentrations (Howard & Harley, 1998). However, growth is increased by high nutrient 

levels and temperature (Howard & Harley, 1998). Water hyacinth can double its 

population every seven days to yield 930 to 2900 tonnes fresh matter (FM)/ha/year 

(Lareo & Bressani, 1982), equivalent to approximately 75 to 230 tonnes DM/ha/year. 

Methods of spread 

Water hyacinth infestations increase most rapidly by the production of new 

daughter plants. During high water flows and flooding, infestations can break up and be 

moved to new locations. Most spread can be attributed to human activity such as the 

deliberate planting of water hyacinth in ornamental ponds or dams. Unwanted aquarium 

plants that are discarded into waterways are a major form of spread. Water hyacinth can 

also be spread by contaminated boating equipment. Seeds are the main source of new 

infestations and are carried in water, mud (e.g. on machinery or boots) and by birds.  

1.10. Utilization of water hyacinth 

Water hyacinth has received much attention in the recent years due to its potential 

benefits as animal fodder, aqua feed, water purification, fertilizer, biogas production, 

even food for human and other products (Ogle et al., 2001; Wolverton and McDonald, 

1976). Due to the extreme scarcity of forages in Vietnam, WH has become more 

interesting for the improvement of ruminant production. Therefore, attention has 

gradually shifted from control to the utilization of WH as a valuable resource (Gopal, 

1998). 

Water purification 

A beneficial aspect of WH is its capacity to remove contaminants from polluted 

bodies of water (Chen et al., 1989). Various contaminants such as total suspended solids, 

dissolved solids, nitrogen, phosphorous, heavy metals, etc. as well as biochemical 

oxygen demand (BOD), have been minimized using WH (Gupta1 et al., 2012). Nitrogen 

and phosphorus removal capacity from dairy waste water was found to be fastest in WH, 

followed by Lemna minor and Azolla pinnata (Tripathi & Upadhyay, 2003). Nitrogen 

removal by WH, Lemna minor and Azolla pinnata were 72, 63 and 60%, respectively, 

while 63, 59 and 56% of phosphorus were removed by these macrophytes. When WH 
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growing in wetlands which are receiving domestic and industrial waste waters, the 

concentration of Cu, Cd, Ni, Pb and Zn increased in the roots was 3 to 15 times higher 

than those in the shoots (Liao & Chang, 2004). This indicates that roots may act as a 

natural bio-absorbent (Low et al., 1994). 

Biomass 

Large-scale investigations over many years on the cultivation of water plants on 

various effluents have shown that they give an increase in biomass of up to 1 kg/m2 and 

more per day, which amounts to 1800-2700 tonnes of raw material or 90-135 tonnes of 

absolutely dry weight per ha of water surface per season. 

Other uses 

Water hyacinth has been used as mulch and compost and for paper-making 

(Nolan & Kirmse, 1974) and biogas generation (Kivaisi & Mtila, 1998). The fibers from 

the petioles can be used to make rope, baskets, carpet, etc. (Malik, 2007). They seem to 

be a good source of organic carbon and have been used as an organic fertilizer (Orica, 

2012; Elserafy et al., 1980). Positive responses of WH compost on growth and yield of 

Brassica juncea (Nuka & Dubey, 2011) and Celosia argentea L (Lagos Spinach) (Sanni 

& Adesina, 2012) have been reported. Water hyacinth, as a substrate for oyster 

mushroom (Pleurotus sajor-caju) cultivation at a proportion of 25% with rice straw, 

increased yield by 19% compared to pure rice straw (Nageswaran et al., 2003). The 

possible use of WH pulp to produce grease proof paper was reported by Goswami and 

Saikia (1994) and in the Khmer community in the Mekong Delta of Vietnam; one of the 

sources of income has been the sale of WH flowers (Thuy, 2012). 

Using WH to remove nutrients from water bodies and to produce biogas is 

technically feasible options for the control of WH (Wang & Calderon, 2012). With the 

rapid industrial development, there is a need for environmentally sustainable energy 

sources (Ganguly et al., 2012). Also, using combinations of WH and pig manure to 

produce biogas and generate electric power has been reported by Tran et al., (2011). 

 

 



 
 

34 
 

1.11. Impact of Water Hyacinth in the village ponds 

Water hyacinth infestation has resulted in serious socio-economic and 

environmental problems for the village people. Normally, the weed proliferates to form 

extensive floating mats that cause disruption in irrigation canals and fishing activities, 

and cause an increase in water loss through evapo-transpiration. The weed also 

reportedly provides breeding grounds for schistosome carrying snails and malaria 

carrying mosquitoes. The rapid proliferation of water hyacinth in the region is a result of 

the absence of natural enemies, and the widespread availability of nutrients in freshwater 

bodies. The nutrient-enrichment of freshwater bodies in the region is a result of pollution 

and other factors arising from the rapid increase of human population and corresponding 

activities in urban and rural areas. Large urban sewers and other effluent discharges are 

well known sources of water pollution, while extensive use of improper agricultural 

methods, and land uses that often result in soil erosion, are a major source of non-point 

water pollution. Soil erosion, especially when caused by water, carries soil nutrients into 

the water bodies. Thus, a reduced fish and amphibians catch would have an adverse 

effect on the quality of life. 

1.12. Water chemistry 

The water is one of the most important compounds of the ecosystem. Living 

things exist on the earth because this is the only planet that has the existence of water. It 

is necessary for the survival of all living things be it plant or animal. It is the most 

abundant commodities in nature but also the most misused one. Its quality is losing day 

by day due to several dominant factors such as  pollution, exotic plants, chemicals, 

metals etc. Contamination of water is due to exotic plant species are one of the 

influencing factor.  Water quality determines the ‘goodness’ of water for particular 

purposes. Water quality tests will give information about the health of the waterway. The 

most widespread and damaging aquatic plant species in Africa is Eichhornia crassipes 

(Mart.) (Hill, 2003). Invasive species are widely accepted as one of the leading causes of 

biodiversity loss and can have significant effects on resource availability and can 

suppress or enhance the relative abundance of native species, without necessarily being 

the driving force behind community change (Didham et al., 2005).  
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Water hyacinth (Eichhornia crassipes) creates a major problem for aquatic plants 

and other aquatic organisms by altering the physico-chemical properties of the water. 

Temperature of the water is an important environmental determinant of the prevalence of 

amphibian, too low temperature or its sudden decrease could cause reduced activity or 

even death of breeding individuals, and prolong the duration of tadpole stage (Anna et 

al., 2014). It is critical to determine the influence of different factors, including 

environmental as well as physico-chemical factors of the water on amphibian population 

(Maciej et al., 2014). Similarly land alterations like converting agriculture land to human 

habitation, uses of pesticides in agriculture field, water contamination in village ponds by 

using pesticide and chemical fertilizers around the water bodies are some of the causes 

for decline of amphibian population. Nutrient enrichment is widely regarded as the main 

contributing factor to the proliferation of water hyacinth. Midgley et al. (2006) 

concluded that water hyacinth’s impacts on biodiversity in aquatic ecosystems.   

The term water quality is subjective and is used in a variety of ways in the 

literature. Here, good water quality is defined as high transparency and low levels of 

nutrients and phytoplankton, which in turn, favours development of submerged aquatic 

plants, diverse habitat for fish, and a resource base that supports wading birds and other 

wildlife (Havens and Gawlik, 2005). Each freshwater body has an individual pattern of 

physical and chemical characteristics which are determined largely by the climatic, geo-

morphological and geochemical conditions prevailing in the drainage basin and the 

underlying aquifer. Other water quality effects include higher sedimentation rates within 

the plant’s complex root structure and higher evapo-transpiration rates from water 

hyacinth leaves when compared to evaporation rates from open water (Gopal, 1987). 

Water hyacinth mats decrease dissolved oxygen concentrations beneath mats by 

preventing the transfer of oxygen from the air to the water’s surface and by blocking 

light used for photosynthesis by phytoplankton and submersed vegetation (Villamagna 

and Murphy, 2010). 

1.13. Impact of aquatic diversity/Amphibian population 

As a floating plant, water hyacinth offers unique and complex structure to the 

freshwater ecosystems in which it establishes.  Villamagna (2009) reported that density 

and taxonomic richness of water column invertebrates were generally higher in 

association with water hyacinth, but that mean per cent cover of water hyacinth affected 
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the magnitude of differences among habitats and vegetation types. Water hyacinth’s 

effect on aquatic invertebrates, fish, and waterbirds is less predictable and dependent on 

conditions prior to invasion. Waithaka (2013) studied the effect of the water hyacinth 

infestation and reported that it has a negative impact on the economic status of the fisher 

community in regard to fish kills caused by oxygen depletion. 

In India, amphibian population is declining day by day. The declining and 

disappearance of amphibian population in ponds are influenced by several factors such 

as climatic changes, fertilizers, pesticides, invasion of exotic plants and degradation of 

microhabitats. Hence, the present article deals with the above said information. There are 

very few studies that report the influence of ecological variables on the amphibians. 

Many studies indicated that there is a decline of amphibians in the agricultural intensified 

areas (Padgitt et al., 2007). Amphibians respond negatively to poor water quality. Poor 

water quality can also be directly related to deformities such as extra, missing, and 

deformed limbs in amphibians (Blaustein, 2007). Agricultural pollution can be linked to 

excess nutrients, sediments, and other factors that harm amphibians (Ribaudo and 

Johansson, 2006).  

In the present study an attempt was made to determine the influence of exotic 

Eichhornia species on the negative effect on amphibian populations if any. In the study, 

seven specific variables at each pond were studied. They were salinity, TDS (Total 

dissolved solids) and dissolved oxygen (DO), temperature, turbidity, EC and pH. The 

above variable affects amphibian abundance and distribution also.   All variables were 

co-dependent with one another; if one is affected, others also either directly or indirectly 

affected. 

1.14. Significance of the study 

The global decline of amphibians (Balustein and Wake, 1990; Alfold and 

Richards, 1999; Houlahan et al., 2000) urgently calls for a better understanding of the 

dynamics of amphibian populations (Meyer et al., 1998; Wake, 1998).  Numerous 

studies on population size, structure, and dynamics of amphibians have been conducted 

since the 1950s ( Turnes, 1960; Pope and Matthews, 2001; Richter and Seigel, 2002; 

Watson et al., 2003). The amphibian fauna, functionally being an important component 

of most terrestrial and freshwater ecosystems, contributes significantly to the biodiversity 

of a given area and serves as the best indicator of environmental health (Blaustein et al., 

1994). 
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2. Aims of the Project 

The main objective of the study is to suggest measures for the conservation of 

amphibians. With due taken into consideration of the global decline of amphibian, this 

study was largely focused on adult amphibians. It has been planned to provide valuable 

information for the management of larval amphibian. This study provides an opportunity 

to assess the effect the exotic weed Eichhornia and also to evolve strategies for the rare 

and endangered amphibian population.  After surveying a detailed literature the present 

investigation was planned with following objectives. 

1. To monitor the spatial and temporal variations of  amphibian population 

2. To assess the variation in the pond length, width and depth  

3. To assess the monthly variation in physico-chemical characteristics of  pond  

water and effect of water hyacinth on water quality 

4. To suggest conservation measures of amphibian fauna and to enrich the habitat 

for the density of amphibians. 

3. Study Area 

 The study was carried out in the selected village ponds of three districts viz., 

Nagapattinam, Thiruvarur and Thanjavur which were covered by various habitats where 

Paddy, Banana and Sugarcane are the common cultivable agricultural crops. The study 

area is a semi urban which is surrounded by many agricultural villages. The agricultural 

fields are mainly based on the irrigation from Cauvery River and the water storage in 

village ponds of all the villages. The river is considered to rise at Talakaveri in the 

Brahmagiri hills in Kudagu and altimately enters in to Bay of Bengal.  

3.1. Nagapattinam District 

 The Nagapattinam district lies on the east coast of the south Cuddalore district 

and another part of the Nagapattinam district lies to the south of Karaikkal and Tiruvarur 

districts. Thanjavur and Tiruvarur district flank on the west and the south east. It is 

bordered by the Bay of Bengal. The district lies between 10°25’ and 11°40’ North 

Longitude and 76°49’ and 80°01’ East latitude. The general geological formation of the 

district is plain and coastal. About 15 village ponds were selected from 10 villages of  

this district which were Chozhachakranallur, Keezhaiyur, Melaiyur, Karuvazhakkarai, 

Kanjanagaram, Melakkattalai (Parasalur), Thirupariyalur, Thattamangalam, Ilayalur and 

Keelamangalam (Fig. 2). 
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3.2. Thanjavur District 

 The Thanjavur district is located in north east of Nagapattinam district, 

Thirichirapalli, Perambalure and Cuddalore districts, eastern side by Thiruvarur district 

and Western side boundary divided by Pudukottai district. The district lies between 10° 

08’ and 11° 12’ North Longitude and 78° 48’ and 79° 38’ East longitude. Thanjavur 

district the stretch spread to 3397 Km2 area. About seven ponds were selected from five 

villages of this district which were Narasingampettai, Thiruvalangadu, Kanjanur, 

Mananjery and Veppathur (Fig.3). 

3.3. Thiruvarur District 

       Thiruvarur district is located in north of Nagapattinam district, South of 

Thanjavur district.  The district lies between 10° 20’ and 11° 12’ North Longitude and 

78° 48’ and 79° 38’ East longitude. Thiruvarur district is spread over 2097.97 Km2 areas 

between Thanjavur and Nagapattinam district. About nine ponds were identified from six 

villages which were Kuniyur, Mavur, Thiruthuraipoondi, Kachanam, Mangudi and 

Sannanallur.  

The climate of the studyarea is monsonic and it is divided in to Post monsoon, 

Summer, Pre monsoon and Monsoon. The Post Monsoon season from January to March: 

the Summer from April to June:  the Pre-Monsoon from July to September and the 

Monsoon from October to December. The wetlands received the rainfall during the 

north-east monsoon (October, November and December). The annual average rainfall 

data in the past 70 years showed that this area received an average of 1310 mm rainfall 

annually. The average rainfall days per year are 56 with 70 per cent of the rainfall 

occurring during November and December. This area also gets rain during the south-east 

monsoon (April - June); however it is not copious (Sampath et al., 1993, Selvam et al., 

2003). 

 

 

 

 

Fig. 3.1: Map showing the three districts of Tamil Nadu 
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4. Materials and Methods 

Objective 1:  To monitor  spatial and temporal variations of amphibian     

population 

4.1  Amphibian counting 

Study was carried out from June 2012 to June 2015. The selected village ponds 

were monitored monthly once to find out the diversity and density of amphibian 

population. Visual Encounter Survey Method (VES) was carried out to estimate the 

amphibian population (Heyer, 1994) in various ponds and the diversity of frog species 

was recorded in the morning or evening time. Amphibians were thoroughly searched in 

the water bodies, edge of the water, grasses, bushes, holes, crevices, stones or under 

stones and over the surface of the water. The data were collected for required 

information of frog and its environment.   

4.2 To monitor spatial and temporal variations of Water hyacinth Biomass 

 

The water hyacinth (Eichhornia crassipes) is a purely aquatic plant. The biomass 

of the water hyacinth was employed by quadrat method (Madesen, 1993) in which four 

quadrats were laid randomly. The height and weight of the plant were measured to 

estimate the growth rate of the Eichhornia crassipes. The study period was grouped into 

four different seasons.  

Objective: 2 To assess the variation in the pond length, width and depth 

4.3 Mapping 

The ponds were marked by GPS and GIS Program in Cauvery delta regions of 

Nagapattinam, Thanjavur and Thiruvarur districts, Tamil Nadu, India (Fig.1) Thirty one 

ponds were selected on the basis of the degree of water hyacinth infestations i.e. Dense, 

Medium and Low.  

4.4 Pond length, width and depth 

Village ponds were selected from three districts of Tamil Nadu in the Cauvery 

delta region. Among the three districts, thirty one village ponds were selected on the 
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basis of the degree of water hyacinth infestations i.e. Dense, Medium and Low. During 

the study period, only15 village ponds were identified from ten villages of Nagapattinam 

District. A total of 15.371, 6.598 and 7.071 acres of pond area were covered from the 

Nagapattinam, Thanjavur and Thiruvarur districts. In Thanjavur district, seven ponds 

were identified during the study period from five villages in which about 6.598 acres of 

pond area were sampled. In Thiruvarur district,  nine ponds were identified from six 

villages in which about 7.071 acres of pond area were surveyed only with the help of 

measuring tape. The volume of water in the pond (in acre-feet) was calculated by 

simply multiplying the pond area (in acres) by the average pond depth in feet. One 

acre-foot of water is equal to 325,851 gallons. 

Objective 3:  To monitor monthly variations in physic-chemical characteristics of 

pond water and effect of water hyacinth on water quality 

4.5 Water quality Analyzer 

Water samples were collected once in a month from the above said infestation 

ponds of three districts. Collected water samples were brought to the laboratory and the 

water quality parameters such as pH, temperature, salinity, turbidity, TDS, electrical 

conductivity and dissolved oxygen were determined by using Water kit analyzer. The 

units of the above parameters are % (Temperature), ppm (Salinity), NTU (Turbidity),  

µS/cm  (TDS), (Electrical conductivity) and mg L-1 (Dissolved Oxygen). 

On every sample analysis, electronic probe was washed by distilled water and 

cleaned by dry tissue paper. To find out the pH of the sample, the pH probe was dipped 

into the water sample and run the analysis button. Within a few seconds the value was 

displayed on the digital screen. A separate electronic probe was also used for 

temperature measurement. Salinity, Electrical conductivity (EC) and Total dissolved 

Oxygen (TDS) also were analyzed with a single electronic probe which is common for 

the above three parameters. The same procedures were followed to analysis above all the 

samples.   All the readings were recorded  on data sheet which were later converted into 

electronic version on MS Excel for statistical analysis. 
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4.6 Statistical analysis 

Species richness was calculated based on the number of amphibians recorded in 

the pond (Heyer et al., 1994) and the species diversity was calculated by using the 

Shannon –Wiener Index (H’: Shannon & Wiener, 1949). Individual amphibian density 

was calculated as number per hectare of the pond in each season. The analysis one way 

ANOVA was tested for significance of variance between the amphibian densities with 

water quality parameters in Eichhornia infested ponds. Basic statistics viz., arithmetic 

mean, standard deviation and standard error were calculated for all the replicate variables 

and are given as X ±1SD or X ± SE. Statistical analyses were performed by using 

Windows based Statistical package viz., Microsoft Excel, SPSS (Statistical Package for 

Social Science: Nie et al., 1975) and PAST 3.1.4.  Mainly parametric tests viz., Analysis 

of Variance (ANOVA), Cluster Analysis and Multiple Regression equation were used to 

test different hypothesis. Appropriate data transformations were made whenever needed. 

For hypothesis testing P<0.05 and P<0.01were considered and these level of significance 

were indicated at appropriate places. Statistical inferences were interpreted using 

standard statistical procedures Sokal and Rohlf (1995) and Zar (2003). 

4.6.1 Difference Between/Among the Means 

Analysis of Variance (ANOVA) was used to explore the significance in the 

differences of variations due to years, months and seasons different degrees of 

infestations of Eichhornia, on the density of the amphibians. The variation in the water 

quality parameters with reference to year, month, season and degrees of infestations were 

tested using Multi way analysis of variance. The daily, monthly and seasonal and yearly 

variations and differences in degrees of infestations, pond area and volume categories, 

water quality parameters were used as factors to investigate the variations in the 

amphibian density. The consequences of non-normality error are not too serious for 

Analysis of variance, since means will follow the normal distribution more closely than 

the distribution of the variance themselves (Sokal and Rohalf, 1995). The difference in 

the population of amphibians among the density of Eichhornia categories and different 

physic chemical parameters was explored using Two-Way Analysis of Variance.  
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4.6.3. Multiple Regression Equation Models 

The effect of water quality features, biomass and infestations of water hyacinth 

characteristics on the population of amphibians were investigated using multiple 

regression equation models. The amphibian density was regressed against above 

variables through multiple regressions. In all the regression models, assumptions about 

the nature of the data such as 1) The relationship between the dependent variable and 

independent variable, and.2) The normal distribution of residuals was tested. To 

investigate relationship between the response and predictor variable, the raw data was 

plotted by using SPSS plot. If the figure showed a linear trend then the variable was 

entered in the regression model in linear form. 

4.6.4. Species Richness 

Species richness was measured by the number of amphibian species recorded from 

various infestation ponds during monthly censuses (Heyer et al., 1994). The species 

richness was also enumerated against physico- chemical parameters. 

4.6.5. Species Diversity 

In order to investigate the variations in the diversity of amphibian species and 

water quality parameters during different months of the study period, year and 

infestations of the ponds, the species diversity was calculated using Shannon-Weiner 

index (Shannon and Wienner, 1949). 

4.6.6. Correlation 

Pearson's correlation co-efficient was calculated for investigating the relationship 

between water quality variables and amphibian populations characteristics viz., density, 

richness and diversity. 
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5. Biology of Study Animal 
5.1. INDIAN TOAD (Duttaphrynus melanostictus) 

 

Fig 5.1:  Indian Toad (Duttaphrynus melanostictus) 

Description     

      Yellow to olive brown, red or black, Marbled or plain, white-grey below with 

fine marbling.  Indian Toad (Fig.5.1) was identified by its medium to large size and the 

numerous black tipped, horny warts spread all over the body.  The hardened and horny 

ridges on the head, like the numerous warts and the tips of the fingers and toes, are all 

back. The underside is largely whitish with fine black spots. In juveniles, the throat has a 

blackish band that runs between the chin and breast. The breeding males have the throat 

region enriched in colour, often sporting bright yellow –orange hues. Such males often 

turn lemon yellow in over all coloration. The ear drum is as big as the eye or at least ½ 

its size and is very conspicuous. Calling males inflate a singles, large balloon like 

external vocal sac. 

Habit & Habitat 

The common Indian Toad uses any available habitat from sea level to over 2000 m 

ASL in the hills of peninsular India .It is amongst the few species of amphibians that 

inhabit close to the sea. Despite its preference for human modified habitats and home 

steeds, it may be seen even along the edges of forests, including those in the Western 

Ghats. 

Distribution 

The species found all over India and the adjacent countries such as Indonesia and it 

is the commonest among the Indian amphibians. 

INDIAN TOAD  
 

 
 

 

Phylum Chordata 

Class Amphibia 

Order Anura 

Family  Bufonidae 

 Genus Duttaphrynus 

Species melanostictus 

Local Name Chori Thavalai 

IUCN status     LC (Least Concern)  
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5.1.2. BUFO FERGUSONII - Duttaphrynus scaber 

COMMON TOAD 

 

Phylum Chordata 

Class Amphibia 

Order Anura 

Family  Bufonidae 

Genus Duttaphrynus 

Species scaber 

Status IUCN status   - LC 
(Least Concern) 

 
Fig 5.2: BUFO FERGUSONII - Duttaphrynus scaber 

Description 
Duttaphrynus scaber is a terrestrial species that occurs in various habitats: wet 

evergreen tropical forest, tropical dry forest, dry scrubland, grassland, coastal marshes 

and rural farmland areas. Adult toads are generally found under ground cover, except 

during the breeding season when they are found in grasslands close to water bodies. The 

tadpoles develop in stagnant waters (Fig.5.2). 

Habit &Habitat  

This terrestrial species inhabits a number of habitat types including wet evergreen 

tropical forest, tropical dry forest, dry scrubland, grassland, coastal marshes and rural 

farmland areas. Adults are generally found under ground cover, or during the breeding 

season they are found in grasslands close to water bodies. Larvae are aquatic and occur 

in stagnant waters. It is seriously threatened by habitat loss caused by deforestation, 

pollution, and urbanization.  

Distribution 

This species is widespread in India and Sri Lanka. It is generally present up to  

sea level to 300 m ASL. 

Threats 

Deforestation for commercial purposes, pollution of land and water bodies with 

agrochemicals and the loss of habitat due to urbanization are major threats to this 

species. 

Conservation actions 

It is found in many protected areas in India and Sri Lanka. 
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5.1.3. INDIAN SKIPPER FROG (Euphlyctis cyanophlyctis) 

 

Fig  5. 3: Indian Skipper Frog (Euphlyctis cyanophlyctis) 

Description 

           The skipper frog is a medium sized aquatic frog. It is easily identified by its habit 

of floating in open water. The skipper frog floats even in deep water, effortlessly and 

with all limbs on level with the body. The back is dark olive –brown, normally bearing 

black blotches. The adult of this species attain a maximum length of 6.9cm and the 

females are normally larger than males.  The eardrum is clearly visible. The toes are fully 

webbed, appearing more are that of ducks. The vocal sacs are external, bluish and are 

visible on either side of the throat as the males call (Fig.5.3). 

Habits & Habitat 

               The adult of this species are rather territorial and aggressive, commonly 

inhabiting open wells and small stagnant ponds.  The males keep challenging each other 

by calling and chasing away intruding rivals. Falling insects are picked up from the 

surface of water. The adults are known to capture and eat fish and tadpoles. The skipper 

frog is one of the most adaptive of Indian amphibians and hence found practically in all 

kinds of water bodies including polluted ones from sea level to over 2000 MSL. This 

species is quite tolerant of brackish water and  often inhabits puddles and channels close 

to estuaries. 

Distribution 

 This species is widely distributed in Asia including India, Sri Lanka, Pakistan, 

Afghanistan, Nepal, Bhutan, Bangladesh and Myanmar. It occurs virtually everywhere 

with in peninsular India, Including the highest hills in the Western Ghats. 

INDIAN SKIPPER FROG  

 
 

 
 

 
 

Phylum Chordata 

Class Amphibia 

Order Anura 

Family  Dicroglossidae 

 Genus Euphlyctis 

Species cyanophlyctis 

Local Name Thavalai (Tamil) 

Status IUCN status   - LC 
(Least Concern) 

 



 
 

46 
 

5.1.4.  INDIAN POND FROG (Euphlyctis  hexadactylus) 

 

INDIAN POND FROG 
 

Local Name: Pachchai 
Thavalai (Tamil Nadu) Phylum Chordata 

Class Amphibia 

Order Anura 

Family  Dicroglossidae 

 Genus Euphlyctis 

Species hexadactylus 

IUCN status    LC (Least Concern) 

 
Fig 5.4: Indian Pond Frog (Euphlyctis hexadactylus) 

Description    
The Indian pond frog is a medium to large sized frog that is commonly seen in fresh 

water ponds throughout the plains of peninsular India. The frogs that occur in the coastal 

plains of the eastern peninsula are exceptionally green dorsally, blending in well with the 

background of water plants where the adults tend to rest. The younger frogs are more 

strikingly coloured with patches of green and black scattered over the olive-black back. At 

this stage, the Indian pond frog tends to resemble the skipper frog. The adults of the Indian 

pond frog reach a maximum length of 14.4 cm. The eyes are placed more towards the top of 

the head and the air drum is large and distinct. The vocal sacs are external and the region 

around the vocal sacs tends to turn yellow in breeding males (Fig.5.4). 

Habit& Habitat      

The Indian Pond frog is locally abundant, where it stays floating in   water in water 

amongst aquatic plants. It leaps out of water when pursued splashing loudly The adults of this 

species have the unique habit of feeding on aquatic plants .The younger individuals feed on a 

variety of insects, fish and small frogs. As the name implies, the Indian pond frog is more of 

pond dweller. It is seen in paddy fields, tanks choked with water plants and sometimes in 

pools beside hill streams .It is generally a species that does not ascend the hills beyond 700 m 

ASL. The Indian Pond Frog is most common in the stagnant waters of the coastal plains. 

Distribution 

This species occurs in India, Sri Lanka and Bangladesh. In India, it is restricted to 

peninsular India occurring in Maharashtra, West Bengal, Orissa and southwards up to Kerala. 

It is also commonly found along the coastal plains of northern Tamil Nadu, especially in 

Chennai. 
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5.1.5.  INDIAN BULLFROG (Hoplobatrachus tigerinus) 

 

Fig 5.5: Indian Bullfrog (Hoplobatrachus tigerinus) 

Description    

            The Indian Bull frog is the largest frog in India. It is readily identified by its large 

size and the bold tiger-like strips and spots on the pale skin. The overall colouration is 

yellowish and some individuals have traces of green on the sides. A broad white bands 

runs along the sides separating the darker colour pattern of the back from the unmarked 

white belly. The adult Indian Bull frogs may grow up to 16.0 cm in length. They are very 

bulky with long and muscular limbs. The snout is distinctly long and pointed. The males 

are smaller and darker than the females and they also have large breeding pads on the 

first finger (Fig.5.5). 

Habits & Habitat  

              The Indian Bull frog is generally a slow-moving frog. While hopping about it 

clearly shows sign of heaviness. In general, the Indian Bull frog is not very shy. It has 

been observed that it was moving and feeding amongst the feet of people who wade and 

clear vegetation from irrigation channels .During the dry season, the adults burrow deep 

into the soil and have been observed 2-3 inches below the surface. This species is found 

in a wide range of habitats from sea level to about 2000 m ASL. It is however, more 

often found in the hills inhabiting rice plantation, irrigation channels, ponds and stream 

sides.     

Distribution 

 The Indian bull frog is found in India, Sri Lanka, Nepal, Bangladesh and 
Pakistan. It has also been introduced into Madagascar with in India. It is widely 
distributed throughout the peninsula. It is most common in the Western Ghats.    

INDIAN BULLFROG  
 
 
 
 
 
 
 

Phylum Chordata 

Class Amphibia 
Order Anura 

Family  Dicroglossidae 

 Genus Hoplobatrachus 
Species tigerinus 
Local Name Naama Thavalai(Tamil) 

IUCN status    LC (Least Concern)  
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5.1.6.  JORDON`S BULL FROG (Hoplobatrachus crassus) 

INDIAN POND FROG Local Names 
Vellai Thavalai (Tamil Nadu) 

Phylum Chordata 

Class Amphibia 
Order Anura 
Family  Dicroglossidae 
 Genus Hoplobatrachus 
Species crassus 
IUCN status    LC (Least Concern) 

 
Fig 5.6: JORDON`S BULL FROG (Hoplobatrachus crassus) 

Description 

 The Jordon’s Bullfrog is a medium-large sized frog. It is identified on the basis of 

coloration of the back that is olive-brown, boldly marked with black stripes and spots. 

Many individuals bear a thin white vertebral line along the entire length of the back. The 

adults of the Jordon’s bullfrog reach a maximum length of 13.0cm. The vocal sac in the 

males is external and turns black at the time of breeding. The snouts are shorter and blunt 

(Fig. 5.6). 

Habits & Habitat 

 The Jordon’s Bull frog is a very active frog, especially after the rains the adults 

generally rest along the edge of the water, partially submerged in a saucer-like 

excavation that they make in the sand or wet mud. The calling males tend to keep 

changing posture in a rather agitated manner by quickly turning around within their small 

territory. The species is more commonly seen in the plains till about an elevation of 250 

m ASL, inhabiting rainwater pools, tanks, and rice field and irrigation channels.  

Distribution 

 The Jordon’s Bullfrog occurs in India, Sri Lanka and Nepal. In India, the species 

is widely distributed in most parts of peninsular India. It is most common around 

Chennai. The adults of this species start breeding after heavy rains. The male may be 

heard calling throughout the night in quick succession. The upper surface of the body is 

more densely spotted. The belly of the tadpole is more bulged in profile. 
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5.1.7  PADDY FIELD FROG (Fejervarya limnocharis) 

 

Fig 5.7: Paddy Field Frog  (Fejervarya limnocharis) 

Description 

 The paddy field frog is a small -to-medium sized frog of the Indian wetlands. It is 

olive -brown in colour with black spots and bands all over the upper surface in the adults 

of this species reach a length of 2.0-6.4 CM. The males are much smaller than the 

females. The skin on the back may bear some folds and warts. The snout is pointed. The 

first finger is longer than the second. The males have external vocal sacs that are visible 

when they call (Fig.5.7). 

Habit & Habitat 

 The paddy field frog, as the name implies, is a species that is commonly seen in 

paddy fields amongst the rice plants, even when there is little standing water. Large 

numbers of them may be seen in grass and other damp areas especially when it rains. It is 

commonly seen along streams and other water. 

Distribution 

 This species is widely distributed in India, Pakistan and Sri Lanka, throughout 

Southeast Asia to China and Japan. 
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Class Amphibia 
Order Anura 
Family  Dicroglossidae 
Genus Fejervarya 
Species limnocharis 
Local Name Faddy field Frog  
IUCN status    LC (Least Concern)  
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5.1.8. INDIAN BURROWING FROG (Sphaerotheca breviceps) 

COMMON TOAD 
Phylum Chordata 

Class Amphibia 

Order Anura 

Family  Dicroglossidae 

Genus Sphaerotheca 

Species breviceps 

IUCN status     LC (Least Concern) 
 

Fig. 5.8 INDIAN BURROWING FROG (Sphaerotheca breviceps) 

Description 

 The head is short, with a rounded snout; and the  inter orbital space is narrower 

than the upper eyelid. The tympanum is distinct, about two-thirds the diameter of the 

eye. The fingers are moderate and obtuse, with the first extending much beyond second, 

nearly as long as third; the toes are moderate, obtuse, and half-webbed; sharp-edged, 

shovel-shaped, and longer than the inner toe; no outer tubercle or tarsal fold is present. 

The hind limbs are short. The skin above is smooth or granulate, with some scattered 

tubercles or short, interrupted longitudinal folds; a strong fold runs from the eye to the 

shoulder; the belly and lower surfaces of thighs are granulate.  It is light brown or olive 

above, with darker spots, often a light vertebral band, and sometimes another on the 

upper side of each flank; the throats of males are blackish, and those of females are 

usually brown-spotted. The male has two well-developed internal subgular vocal sacs. 

From snout to vent, it averages 2.5 inches. 

Habit and Habitat 

          It is found in the drier regions of India from the Punjab and Sind to southern India 

and Sri Lanka. In the Himalayas, it occurs up to about 7000 feet. The structure of the 

hind limbs enables this frog to burrow in the ground for about 1.56” feet .The habitat 

ranges from dry, arid land to moist deciduous forest. The microhabitat in which this frog 

is found includes leaf litter or under rocks, in crevices or in open spaces in arid areas 

Distribution 

 Indian burrowing frog is a species of frog found in south Asia (Fig. 5.8).  
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5.1.9: ORNATE NARROW-MOUTHED FROG (Microhyla ornata) 

ORNATE NARROW –MOUTHED 
FROG 

 
 

Phylum Chordata 

Class Amphibia 

Order Anura 
Family  Microhylidae 

 Genus Microhyla 
Species ornata 
IUCN status    LC (Least Concern) 

 

5.9: ORNATE NARROW-MOUTHED FROG (Microhyla ornata) 

Description 

 The ornate Narrow-mouthed frog is a small, vividly-patterned, squat frog. It is 

generally bronze-gold in colour with a dark brown band running through the eyes along 

the sides. The limbs are distinctly cross-barred with dark band. The under parts are 

white, except the throat that is black in breeding males. The adults of this species reach a 

length of 2.5cm.  The head is rather small with a narrowly pointed snout. The digging 

appendages on the sole are well developed (Fig.5.9). 

Habits & Habitat 

 The ornate narrow- mouthed frog is a very active species, capable of leaping high 

and across distance remarkable for its size. It normally moves about and feels amongst 

grass, it feeds mainly on ants and other insect. The species has a wide habitat preference 

ranging from urban garden to dense forests. It occurs from close to the sea till about 

1500m ASL in the hills. 

Distribution 

 The Ornate Narrow-mouthed frog is widely distributed in India, Sri Lanka and 

neighboring countries, the species is known from the coasts to the hills of the Western 

Ghats. 
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5.1.10  MARBLED NARROW MOUTHED  FROG – Microhyla rubra 

MARBLED NARROW MOUTHED  
FROG  

 

 

Phylum Chordata 
Class Amphibia 
Order Anura 
Family  Microhylidae 
 Genus Microhyla 
Species rubra 
IUCN status     LC (Least Concern) 

 
Fig 5.10: Marbled narrow mouthed  Frog – Microhyla rubra 

Description 

Snout rounded, inter orbital space broader than the upper eyelid. Fingers 
moderate, first much shorter than second ; toes moderate, one-third webbed ; tips of 
fingers and toes not swollen ; subarticular tubercles very distinct ; two rather large, oval, 
compressed, very prominent metatarsal tubercles, outer somewhat larger than inner. The 
tibio-tarsal articulation reaches somewhat beyond the shoulder, never to the eye. Skin is 
smooth. Reddish brown above, sides darker; a dark brown line from the tip of the snout 
through the eye along the side of the back to the groin; a dark brown mark across the 
thigh, beginning on the loin; limbs with more or less distinct dark cross bars; sometimes 
a dark X-shaped marking on the anterior portion of the back, commencing between the 
eyes; beneath whitish, immaculate or with a few brown dots on the throat (Fig.5.10).  

Distribution 

This species is widely distributed throughout Sri Lanka and much of peninsular 
and northwestern India, and is also present in Bangladesh. Habitat is distributed from 
Southern India and Sri Lanka. Some adults have been observed dwelling in elephant 
dung. 

Habit and Habitat  

A lowland species inhabiting dry forest, shrub land and grassland, agricultural 
land and often close to human habitation.  Individuals are found in loose soil, amongst 
leaf-litter, and under logs and other ground cover. Breeding takes place in still waters 
and paddy fields.  

Major Threats 

Pollution of land and waterways is due to agrochemicals and wetland reclamation 
and loss of habitat to infrastructure development are all threats to this species.  
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5.1.11.  MARBLED NARROW –MOUTHED FROG (Ramanella variegata)  

 

Fig 5.11: Marbled Narrow- Mouthed Frog (Ramanella variegata) 

Description    
                The marbled Narrow –mouthed frog is a small , squat, olive brown frog with a 
small head and a distinctly narrow neck .The skin is entirely smooth and the large and 
well developed triangular discs on the fingers are pale and clearly visible. The adults of 
this species reach a length of 3.5 cm. The eardrum is not visible. The toes have 
rudimentary webbing. The digging appendages on the inner and outer aspects of the sole 
are present, the inner being larger than the outer. The single vocal sac is external and is 
most conspicuous when the males call (Fig.5.11). 
Habits & Habitat      
              This species is rather shy and is not generally seen except during the rain. It is 
frequent in Chennai after the October rains, when the adults and juveniles even enter 
human residences .once inside the bathroom or kitchen and the individuals stay there for 
long periods unmindful of human activities. They are also known to inhabit termite 
mounds and share burrows with scorpions and other insects. In soft soil, they burrow and 
stay underneath with their noses above the ground. The Marbled Narrow mouthed frog is 
one of the most widely occurring species in the genus Ramanella. It is found up to 1000 
m MSL. It is known from highly urbanized cities to cultivated areas and forests. 
Distribution 
 This species is found in peninsular India and Sri Lanka. It occurs in Mathya 
Pradesh, Orrisa, West Bengal, Tamil Nadu, Karnataka and Kerala. 

MARBLED NARRAOW – MOUTHED 
FROG  

 
 
 
 
 
 
 
 

Phylum Chordata 

Class Amphibia 

Order Anura 

Family  Microhylidae 

 Genus Ramanella 

Species variegata 

Local Name Marbled Narrow – 
Mouthed Frog (Tamil) 

IUCN status     LC (Least Concern) 
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5.1.12.  TREE FROG (Polypedates maculatus) 

 

Fig 5.12: Tree Frog (Polypedates maculatus) 

Description    

The common frog is a medium large sized frog that could be readily identified by 

its persistent habit of habitation in human dwellings. The adult of this species measures 

between 3.5- 8.5cm in length. The body bears a series of small spots and stripes on the 

back. The toes are about ½ webbed and there are traces of webbing on the fingers. Both 

the fingers and toes have large discs.  The single internal vocal sac is clearly visible 

when the males call (Fig.5.12).  

Habits &Habitat 

The common Tree frog is a well-known Indian amphibian due to its fondness for 

inhabiting human dwellings. It takes shelter during the daytime with in cupboards, 

between books, inside shoes, buckets, vases and any artifact that keeps it cool during the 

dry summer months. This species is generally an urban tree frog. However, it also occurs 

within secondary forests and in the Western Ghats up to over 2000 m ASL. 

Distribution 

The Common Tree frog is widespread in India, Nepal, Bangladesh, and Sri 

Lanka. In peninsular India, it is found practically everywhere except in the semi-desert 

areas. 

 

TREE FROG  
 
 
 
 
 

Phylum Chordata 
Class Amphibia 

Order Anura 

Family  Rhacophoridae 

 Genus Polypedates 

Species maculatus 
Local Name Therai (Tamil) 
IUCN status     LC (Least Concern)  
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6. OBSERVATION AND RESULTS 

Objective 1:  

6.1. To monitor the spatial and temporal variations of amphibian population in 

Eichhornia infested ponds of Cauvery delta areas during 2013-2015 

A total of 12 amphibian species were recorded from 31 village ponds during the 

study period. About 6 species of Euphlyctis cyanophlyctis, Euphlyctis hexadactylus , 

Hoplobatrachus tigerinus, Hoplobatrachus crassus, Fejervarya limnocharis and 

Sphaerotheca breviceps, were belonging to the family Dicroglosidae, whereas only three 

species of Microhyla ornate, Microhyla rubra and Ramanella varigata were belonged to 

the family Microylidae and  toads and terrestrial species of Duttaphrynus melanostictus 

and Duttaphrynus scaber were observed from the family Bufonidae. The only arboreal 

species encountered was Polypedatus maculates, belonged to the family Rhacophoridae. 

Regarding amphibian diversity, about 12 species were reported from Nagapattinam, 11 

species from Thiruvarur and only 10 species from Thanjavur districts (Table 6.1).  
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Table 6.1: List of amphibian species, belonging to their families with IUCN status 
encountered in the study area of Nagai, Thiruvarur and Thanjavur, during the 

study period 2013-2015. 

Sl. 
No Family Species Name Nagai Thiruvarur Tanjavur 

Total No. 
Of  

Individual 

IUCN 
Status 

1 Bufonidae Duttaphrynus 
melanstictus 1 1 1 378 LC 

2 Duttaphrynus 
scaber 1 1 0 9 LC 

3 Dicroglossidae Euphlyctis 
cyanophlyctis 1 1 1 2071 LC 

4 Euphlyctis 
hexadactylus 1 1 1 570 LC 

5 Hoplobatrachus 
tigerinus 1 1 1 239 LC 

6 Hoplobatrachus 
crassus 1 1 0 27 LC 

7 Fejervarya 
limnocharis 1 1 1 325 LC 

8 Sphaerotheca 
breviceps 1 1 1 8 LC 

9 Microhylidae Microhyla 
ornata 1 1 1 97 LC 

10 Microhyla 
rubra 1 1 1 51 LC 

11 Ramanella 
varigata 1 0 1 2 LC 

12 Rhacophoridae Polypedatus 
maculates 1 1 1 26 LC 

 
 

The season wise amphibian density was higher in the pre-monsoon season 

whereas less in summer season.  (Fig.6.1.1). The Euphlyctis cyanophlyctis was the 

highest amphibian species in all the seasons, whereas the species Ramanella varigata 

was less in all the seasons. (Fig.  6.1. 2). 
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Fig 6.1.1: Season wise amphibian population in the districts of Nagapattinam, 
Thiruvarur and Thanjavur during the study periods from Dec. 2012 to April 2015. 

 
 
 
 
 

 
 

Fig 6.1.2: Season and species wise amphibian population in the districts of 

Nagapattinam, Thiruvarur and Thanjavur during the study periods from Dec. 2012 

to April 2015. 
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Amphibian population was estimated in various degrees of infestations of 

Eichhornia ponds. The density of amphibian species was higher in less infestation ponds 

than the high and medium infestations of Eichhornia ponds (Fig. 6.1.3 & 6.1.4). The 

mean and standard deviation of Eichhornia infestation is 2.14 ±0.89 (Table 6.1.4)  
 
 

 
Fig 6.1.3:  Density of amphibians based on degrees of Eichhornia infestations  

(High, Medium & Less ) 
 
 

 
 

Fig 6.1.4: Percentage of various degrees of infestations of Eichhornia ponds of the 
study area during the study period 2012-2015 
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Table 6.1.2: Density, Diversity and Richness of amphibian species in Eichhornia 
infested village ponds of the study area during the study period 2013-15 

Category Amphibian 
species 

Density Diversity Richness 

High(1) 1047 0.273797 0.15403 12 

Medium(2) 889 0.232479 0.1473 11 

Less(3) 1888 0.493724 0.15133 11 

 

 

Fig 6.1.5: Overall amphibian species in the Eichhornia infested ponds of the 
districts of Nagapattinam, Thiruvarur and Thanjavur during the study periods 

from Dec. 2012 to April 2015 
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Table 6.1.3:  Eichhornia Infestation category wise amphibian species in the infested ponds of the districts of Nagapattinam, Thiruvarur 

and Thanjavur during the study periods from December 2012 to April   2015. 

 

 

 

 

 

 

 

 

Infestation Category ECY EHX HTG HCR FLM FJB DML DSC MCO MRU PMC RMV All spp 

High(1) 462 181 71 2 112 0 89 1 26 30 11 2 1047 

Medium(2) 553 112 39 14 50 4 93 6 26 7 3 0 889 

Less(3) 1056 277 129 11 163 4 196 2 45 14 12 0 1888 

Overall 2071 570 239 27 325 8 378 9 97 51 26 2 3824 
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A total of twelve species of frogs and toads were recorded from the study area of 

three districts, which belonged to five families. Overall amphibian population was 3824 

(Table 6.1.3). All the 31 ponds have good diversity of amphibians in which Euphlyctis 

cyanophlyctis was the most commonly encountered species. Among them, the population 

of E. cyanophlyctis was higher (892.38±319.9)in three classified areas of Eichhornia 

infested ponds than other species(Table 6.1.3). Amphibians were higher in the less 

Eichhornia infested ponds than densely infested ponds (Fig. 6. 1.3). The results of 

Shannon Weiner clearly showed that the variation is significant in different village ponds 

i.e., (H = 0.151 (less), 1.54 (Dense) and 0.14 (less) in various water hyacinth infested 

ponds. The diversity indices showed that the amphibian population was higher in less 

water hyacinth ponds and lower in dense water hyacinth ponds which were influenced by 

E. crassipes infestations (Table 6.1.2). The density of amphibians was also estimated 

with various degrees of E. crassipes infested ponds, in which low density of amphibians 

(0.23/ acre) was in medium infested ponds and (0.27/acre) in dense water hyacinth ponds 

when we compared with less infestation ponds (0.49/acre). The only one species RMV 

could not be observed in low and medium infestation with Eichhornia ponds (Table 6.1. 

2) which was present only in high infestation pond at a meager level (1.03±1.1) Fig. 

(6.1.5). 

As the infestation of water hyacinth forms a vegetation mat over the surface of water, the 

amphibians get relatively more microhabitat and niches for them, and that could be the 

reason for the increased population of amphibians when compared to the open ponds. 

 
Statistical analyses were made to determine the amphibian species population whether 

there are significant similarities between the species or not. When observing the species 

of amphibian population, out of twelve species only two species were statistically 

significant (P<0.05) and ten species were not statistically significant (P>0.05) (Table 

6.1.4). 
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Table 6.1.4: Oneway ANOVA table for species wise amphibian population 

 

Sl. NO Species Sum of Squares Df Mean Square F Sig. 

1 ECY 778.965 2 389.482 4.896 0.008 
2 EHX 308.252 2 154.126 13.044 0.000 
3 HTG 1.467 2 .733 0.153 0.859 
4 HCR 0.216 2 .108 0.087 0.917 
5 FLM 2.171 2 1.085 6.786 0.001 
6 FJB 4.295 2 2.148 1.187 0.306 
7 DML 0.014 2 0.007 1.089 0.338 
8 DSC 13.907 2 6.953 2.796 0.063 
9 MCO 0.181 2 0.091 2.340 0.097 
10 MRU 0.807 2 0.404 0.367 0.693 
11 PMC 0.996 2 0.498 1.190 0.305 
12 RMV 0.039 2 0.020 0.199 0.820 

 
 
Table 6.1.5: ANOVA to evaluate the impact of relationships of year with reference 

to amphibian species studied during the entire study periods from 2012 to 2015. 

Sp.Name  Sum of Squares Df Mean Square F Sig. 

HCR Between 
Groups 785 2 0.392 5.469 0.004 

 Within Groups 53.237 742 0.072   
 Total 54.021 744    

 
 

One-way ANOVA was used to analyze the impact of relationships of year with    

reference to amphibian species .When observing the species of amphibian, out of twelve 

species only one species HCR was statistically significant (P<0.05) (Table 6.1.5).The 

calculated value of F (5.46) is not less than critical value i.e. 0.004 and hence the 

difference in the mean of year is significant. Hence it is concluded that the amphibian 

(HCR) population is significant at P>0.005 level (Table 6.1.5). 
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Table 6.1.6: ANOVA table shows the impact of relationships of pond with    
reference to amphibian species studied during the entire study periods from 2012 to 

2015. 
 

Sl. 
No 

Species 
Sum of 
Squares 

Df Mean Square F Sig. 

1 ECY 967.586 30 32.253 2.681 0.000 
2 EHX 263.922 30 8.797 2.540 0.000 
3 DML 121.244 30 4.041 1.839 0.004 
4 MCO 59.535 30 1.985 1.872 0.003 
5 All sp 1651.063 30 55.035 3.320 0.000 

 
One-way ANOVA was used to analyze the impact of relationships of with    

reference to amphibian species .When observing the species of amphibian, out of twelve 

species, only four species i.e., ECY,  EHX, DML,MCO were statistically significant 

(P<0.05) and overall amphibian species were also statistically significant (P<0.05) 

(Table 6.1.6).The calculated value of F (2.681) is not less than critical value i.e. 0.000  

and hence the difference in the mean of pond is significant and hence it is concluded that 

the amphibian species ECY,EHX,DML and MCO were  significant at P>0.005 level 

(Table 6.1.6). 

Table 6.1.7: ANOVA table shows the impact of relationship of month with    
reference to amphibian species studied during the entire study periods from 2012 to 

2015. 
 

Sl. No Species Sum of 
Squares 

Df Mean Square F Sig. 

1 ECY 386.514 11 35.138 2.808 0.001 
2 All sp 771.356 11 70.123 4.042 0.000 

 

One-way ANOVA was used to analyze the impact of relationships of with    reference to 

month. When observing the species of amphibian, out of twelve species only one species 

i.e., ECY was statistically significant (P<0.05) and overall amphibian species were also 

statistically significant (P<0.05) (Table 6.1.7). The calculated value of F (2.808) is not 

less than critical value i.e. 0.001 and hence the difference in the mean of month is 

significant. Hence, it is concluded that the amphibian species ECY were significant at 

P>0.005 level (Table 6.1.7). 
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Table 6.1.8: One way ANOVA to evaluate the significance of place on amphibian 
density in the study area  during the study periods from May 2013 to April 2015 

 
S. No Species Sum of Squares Df Mean Square F Sig. 

1 ECY 764.609 22 34.755 2.853 0.000 
2 EHX 196.585 22 8.936 2.540 0.000 
3 MCO 48.167 22 2.189 2.058 0.003 
 

One-way ANOVA was used to analyze the impact of relationships of with    

reference to place of amphibian species. When observing the species of amphibian, out 

of twelve species only three species i.e., ECY, EHX and MCO were statistically 

significant (P<0.05) (Table 6.1.8). 

 The calculated value of F (2.853) is not less than critical value i.e. 0.000 and 

hence the difference in the mean of place is significant. Hence, it is concluded that the 

amphibian species ECY, EHX and MCO were significant at P>0.005 level (Table 6.1.8). 

 
Table  6.1.9: ANOVA table shows the impact of relationships of Eichhornia  with 

reference to the different amphibian species studied during the entire study periods 
from 2012 to June 2015. 

Sl. No Species Sum of 
Squares 

Df Mean Square F Sig. 

1 ECY 515.797 2 257.899 21.161 0.000 

2 HCR 0.868 2 .434 6.057 0.002 

3 All sp 601.671 2 300.836 17.322 0.000 

 
One-way t-test was carried out to analyze the impact of Eichhornia infestations 

versus amphibian density at village ponds. Out of twelve amphibian species, ECY and 

HCR only was statistically significant (P < 0.05) (Table 6.1.9) and the Overall 

amphibians species also was statistically significant (P < 0.05) (Table 6.1.9). 
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Relationship between frog population and Eichhornia Water Hyacinth infestations 
 

To understand the relationships between the Eichhornia infestation and 

amphibian species the Pearson’s correlation was applied and results are given in Table 

6.1.9. The species of amphibians such as MRU (r = -0.055), PMC (r = -0.013) and RMV 

(r = - 0.066) were showed negatively significant relationships (P<0.05) (Table 6.1.9). 

Among the 13 amphibian species nine amphibians showed positive correlation whereas 

only three of them showed negative correlation. The significance levels of the 

correlations and the sample sizes are reported in the table 6.1.9. 
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Table 6.1.9: Pearson’s Correlation to evaluate the relationships between the frog density and water chemistry studied in the study areas 
during the entire study periods from 2012 to 2015. 

 

Amp.sp. Correlation ECY EHX HTG HCR FLM FJB DML DSC MCO MRU PMC RMV 
Eichh. 

infestati
on 

ECY Pearson Correlation 1 -0.119 -0.032 0.11 -0.106 -0.047 -0.069 -0.04 -0.090* -0.019 -0.021 0.032 0.122** 

 Sig. (2-tailed)  0.001 0.39 0.003 0.004 0.205 0.061 0.274 0.014 0.601 0.567 0.382 0.001 
EHX Pearson Correlation -0.119** 1 -0.026 -0.046 0.01 -0.007 -0.038 0.004 -0.047 -0.026 -0.009 -0.021 0.009 

 Sig. (2-tailed) 0.001  0.476 0.21 0.776 0.852 0.301 0.915 0.2 0.477 0.798 0.572 0.803 
HTG Pearson Correlation -0.032 -0.026 1 -0.037 -0.053 0.004 -0.051 .139** -0.03 -0.029 -0.009 -0.014 0.029 

 Sig. (2-tailed) 0.39 0.476  0.318 0.149 0.908 0.164 0 0.421 0.432 0.815 0.7 0.432 
HCR Pearson Correlation .110** -0.046 -0.037 1 -0.013 -0.013 0.041 -0.008 0.002 0.001 0.049 -0.007 0.028 

 Sig. (2-tailed) 0.003 0.21 0.318  0.715 0.733 0.267 0.822 0.95 0.975 0.185 0.849 0.447 
FLM Pearson Correlation -.106** 0.01 -0.053 -0.013 1 0.054 -0.024 0.01 -0.031 -0.027 -0.035 -0.016 0.003 

 Sig. (2-tailed) 0.004 0.776 0.149 0.715  0.142 0.513 0.784 0.394 0.463 0.346 0.661 0.93 
FJB Pearson Correlation -0.047 -0.007 0.004 -0.013 0.054 1 0.015 0.053 0.011 .080* -0.01 -0.005 0.037 

 Sig. (2-tailed) 0.205 0.852 0.908 0.733 0.142  0.683 0.146 0.772 0.029 0.777 0.895 0.318 
DML Pearson Correlation -0.069 -0.038 -0.051 0.041 -0.024 0.015 1 0.002 -0.042 0 -0.003 -0.017 0.051 

 Sig. (2-tailed) 0.061 0.301 0.164 0.267 0.513 0.683  0.957 0.253 0.996 0.925 0.634 0.165 
DSC Pearson Correlation -0.04 0.004 0.139** -0.008 0.01 0.053 0.002 1 0.005 -0.006 -0.007 -0.003 -0.003 

 Sig. (2-tailed) 0.274 0.915 0 0.822 0.784 0.146 0.957  0.883 0.86 0.852 0.931 0.946 
MCO Pearson Correlation -.090* -0.047 -0.03 0.002 -0.031 0.011 -0.042 0.005 1 0.003 -0.014 -0.006 0.007 

 Sig. (2-tailed) 0.014 0.2 0.421 0.95 0.394 0.772 0.253 0.883  0.941 0.706 0.86 0.855 
MRU Pearson Correlation -0.019 -0.026 -0.029 0.001 -0.027 0.080* 0 -0.006 0.003 1 -0.012 -0.005 -0.055 

 Sig. (2-tailed) 0.601 0.477 0.432 0.975 0.463 0.029 0.996 0.86 0.941  0.748 0.881 0.137 
PMC Pearson Correlation -0.021 -0.009 -0.009 0.049 -0.035 -0.01 -0.003 -0.007 -0.014 -0.012 1 -0.006 -0.013 

 Sig. (2-tailed) 0.567 0.798 0.815 0.185 0.346 0.777 0.925 0.852 0.706 0.748  0.875 0.714 
RMV Pearson Correlation 0.032 -0.021 -0.014 -0.007 -0.016 -0.005 -0.017 -0.003 -0.006 -0.005 -0.006 1 -0.066 

 Sig. (2-tailed) 0.382 0.572 0.7 0.849 0.661 0.895 0.634 0.931 0.86 0.881 0.875  0.07 
Infestation Pearson Correlation 0.122** 0.009 0.029 0.028 0.003 0.037 0.051 -0.003 0.007 -0.055 -0.013 -0.066 1 

 Sig. (2-tailed) 0.001 0.803 0.432 0.447 0.93 0.318 0.165 0.946 0.855 0.137 0.714 0.07  
. **. Correlation is significant at the 0.01 level (2-tailed) 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Fig 6.1.6: Linear regression model to predict the density of ECY on other 

amphibians’ species in response to various degrees of infestations of Eichhornia in 
the Cauvery delta area ponds 

 Linear regression model was applied to predict the density of ECY on other 

amphibian’s species in response to various degrees of infestations of Eichhornia in the 

Cauvery delta area ponds .This graph is called a normal Probability Plot because of the 

residuals were normally distributed and lie along a 45º upward sloping diagonal line 

(Fig.6.1.6). 

Table 6.1.10: Multiple regression model to predict the density of amphibians 
in response to variations in various degrees of infestations of Eichhornia in the 

Cauvery delta area ponds 

ANOVAb 

Model 
Sum of 
Squares 

Df Mean Square F Sig. 

1 
Regression 18.696 12 1.558 1.961 0.025a 
Residual 577.542 727 0.794   

Total 596.238 739    

a. Predictors: (Constant), RMV, DSC, MCO, MRU, HCR, FLM, PMC, DML, 
EHX, FJB, HTG, ECY 
b. Dependent Variable: infestation 

 
The table showed regression among the infestations of Eichhornia Vs amphibian 

species of the test statistic for the slope is 1.961, and the associated P-value is 

approximately 0.025. All  tests  showed  a statistical significance between x and y. 
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Table 6.1.11: Multiple regression Coefficients to predict the density of amphibians 

in response to variations in various degrees of infestations of Eichhornia in the 
Cauvery delta area ponds 

 
Coefficientsa 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients T Sig. 

B Std. Error Beta 

1 

(Constant) 2.011 0.052  39.022 0.000 

ECY 0.034 0.009 0.137 3.638 0.000 
EHX 0.013 0.017 0.028 0.761 0.447 
HTG 0.029 0.028 0.038 1.038 0.300 
HCR 0.046 0.122 0.014 0.375 0.708 
FLM 0.006 0.024 0.009 0.248 0.804 
FJB 0.356 0.285 0.046 1.248 0.212 

DML 0.037 0.022 0.063 1.710 0.088 
DSC -0.026 0.168 -0.006 -0.155 0.877 
MCO 0.020 0.031 0.024 0.643 0.520 
MRU -0.075 0.051 -0.054 -1.472 0.142 
PMC -0.025 0.105 -0.009 -0.239 0.811 
RMV -1.183 0.632 -0.068 -1.872 0.062 

a. Dependent Variable: infestation 
 

 

 The coefficient table showed that standardized coefficients or betas for each 

variable. These betas allowed comparing the relative importance of each independent 

variable. In this case the species of amphibians ECY (beta= 0.137) (Table 6.1.11) have a 

greater impact on Eichhornia infestation. 

II) Temporal variation of amphibian species in Eichhornia infested ponds 

6.1.12. Temporal variation of amphibian species in Eichhornia infested ponds 

The study was carried out from December 2012 to April 2015.  During 2013, 

only eight months from the month of May to December were surveyed in which the 

mean value of amphibian population was (X ± S.E) 11.55 ± 0.62 in Nagapattinam, 

Thiruvarur and Thanjavur districts. Twelve months of field work was made during 2014 

in the above three districts. Likewise only four months of surveys were carried out 

during the year 2015 in the study area. The mean values are given in the Table 6.1.12 
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Table 6.1.13: One way ANOVA to evaluate the significance of amphibian 
density on year, season, Exotic plant and pond habitat in the study area  during the 
study periods from May 2013 to April 2015 

Parameter SS Df MS F Sig. 

Model 83914.864a 38 2208.286 45.468 .000 

YEAR 769.961 2 384.980 7.927 .000 

SEASON 134.144 3 44.715 .921 .431 

Exotic plant 735.486 2 367.743 7.572 .001 

Pond ID 23576.846 30 785.895 16.181 .000 

Error 24769.731 510 48.568   

Total 108684.596 548    

   

Statistical analyses were made to determine the amphibian density with year, 

season, exotic species Water hyacinth and thirty three ponds of three districts. Among 

the parameters, the season was not statistically significant (P>0.05) and the remaining 

parameters such as year, pond and based on the degrees of infestations of water hyacinth 

were statistically significant (P<0.05) (Table 6.1.13). 

Table 6.1.14:  Density (No./ 100 ha.) of different  amphibian species in various 
degrees of infestation of water hyacinths ponds  of the study area during study 

period. Values are X ± SD (n). (Data pooled across all months and stations.) 

Amp. 
SP 

Dense Medium Low 
Mean± 

Std. 
Deviation 

Min
. 

Ma
x 

Mean± 
Std. 

Deviation 

Mi
n 

Ma
x 

Mean± 
Std. 

Deviation 
Min Ma

x 

ECY 4.46±2.30 1 9 7.28± 2.94 3 18 6.52±2.65 1 18 
ECH 4.41±2.02 2 9 4.31±2.13 1 9 4.62±2.37 1 9 
HTG 4.44±1.45 1 6 3.90±1.79 1 7 3.69±1.77 1 7 
HCR 2.00± 2 2 1.75±0.70 1 3 1.83±0.75 1 3 
FLM 4.67±1.90 1 9 3.33±1.67 1 6 3.70±2.17 1 9 
FJB    1.00±0.00 1 1 1.33±0.57 1 2 

DML 3.07±1.64 1 7 4.65±2.70 1 9 3.50±2.24 1 9 
DSC 1.00± 1 1 3.00±2.82 1 5 1.00±0.00 1 1 
MCO 4.33±2.94 2 9 5.20±3.42 2 11 7.50±5.54 2 15 
MRU 6.00±3.87 1 10 3.50±2.12 2 5 2.80±1.30 1 4 
PMC 2.75±0.95 2 4 1.50±0.70 1 2 2.00±1.54 1 5 
RMV 1.00±0.00 1 1        
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Density 

Total ECY density ranged between 4.46 ± 2.30/sq in dense pond, 7.28±2.94 in 

medium and6.52±2.65 in less infestation ponds in 2012-2015 during the study period. 

Amphibian density was lowest in dense infestation pond (Table 6.1.14). The variation in 

the density of ECY showed significant difference among infestations (F= 29.57; 

P<0.001) as well as ECY and ECH population was also present in all thirty one ponds of 

various degrees of infestation ponds of my study area (Table 6.15).The variation in the 

density of ECH, HTG, HCR, FLM, FGV, DML,DSC, MCO,MRU and PMC showed no 

significant difference among the Eichhornia infestations (P>0.005) (Table 6.15). 

 
Table 6.1.15: One way ANOVA to evaluate the significance of   Eichhornia 

infestation ponds on amphibian species during the study period 

ANOVA 
Amphibian 
Species S S Df M S F Sig. 
Ecy * Eichhornia  
infestation 407.321 2 203.660 29.571 0.000 

Ech * Eichhornia  
infestation 2.059 2 1.030 .209 0.811 

Htg * Eichhornia  
infestation 6.210 2 3.105 1.070 0.350 

Hcr * Eichhornia  
infestation .067 2 .033 .063 0.939 

FLm * 
Eichhornia  
infestation 

20.584 2 10.292 2.527 0.086 

Sbv * Eichhornia  
infestation .190 1 .190 1.429 0.286 

DML * 
Eichhornia  
infestation 

30.788 2 15.394 3.202 0.045 

Dsc * Eichhornia  
infestation 4.800 2 2.400 .600 0.625 

Mco * 
Eichhornia  
infestation 

31.896 2 15.948 .916 0.423 

Mru * Eichhornia  
infestation 26.950 2 13.475 1.701 0.236 

Pmc * Eichhornia  
infestation 2.417 2 1.208 .713 0.516 
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Total ECY population ranged between 7.53 ± 2.10/ no. /100 sq, ECH and HCR 

was 2.00±0.00, FLM was 3.00±1.73 and DML was 7.00±2.82 in the pond I during the 

study period 2012-2015. Table.5.1.16). The other amphibians such as HTG, FGV, DSC, 

MCO, MRU, PMC and RMV were absent in the pond (Table 6.16). 

Results of One way ANOVA to evaluate the significance of Village ponds on 

amphibian species during the study period are given in Table 6.1.17. Significant "p" 

values are indicated by bold letters. The ANOVA showed that the variation in the 

amphibian species of ECH only showed significant difference among ponds (F= 0.846; 

P<0.001) (Table 6.1.17).The variation in the other amphibian species of ECY, HTG, 

HCR, FLM, DML, MCO, MRU and PMC showed no significant difference among the 

village ponds (P>0.005) (Table 6.1.17). 
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Table  6. 1. 16. Density (No./ 100 ha.) of different  amphibian species in different ponds of the study area during study period. Values are 
X ± SD (n). (Data pooled across all months and stations.) 

 
Pond ID Ecy Ech Htg Hcr FLm SBV DML Dsc Mco Mru Pmc Rmv 
1.00 Mean± 

Std. Dev 
7.53± 
2.100 

2.00±   2.00± 
0.00 

3.00± 
1.73 

  7.00± 
2.82 

          

Minimum 5 2   2 1   5           
Maximum 12 2   2 4   9           

2.00 Mean± 
Std. Dev 

5.50± 
2.61 

8.00± 
2.00 

    3.00± 
1.41 

2.00± 6.00±           

Minimum 2 4     2 2 6           
Maximum 11 9     4 2 6           

3.00 Mean± 
Std. Dev 

7.50± 
5.36 

2.00± 
1.22 

3.33± 
2.08 

  5.00± 
2.82 

1.00± 
0.00 

2.00± 
1.15 

1.00±   5.00± 5.00±   

Minimum 2 1 1   1 1 1 1   5 5   
Maximum 18 4 5   7 1 3 1   5 5   

4.00 Mean± 
Std. Dev 

5.75± 
1.909 

3.67± 
1.155 

5.00± 
  

1.00± 
0.000 

  
  

  
  

5.00± 
  

  
  

  
  

  
  

  
  

  
  

Minimum 3 3 5 1     5           
Maximum 9 5 5 1     5           

5.00 Mean± 
Std. Dev. 

5.60± 
1.776 

5.00± 
2.449 

3.50± 
1.732 

2.00± 
  

3.40± 
.894 

  
  

3.25± 
1.500 

  
  

7.00± 
  

4.50± 
3.536 

  
  

1.00± 
  

Minimum 3 2 2 2 2   1   7 2   1 
Maximum 8 8 6 2 4   4   7 7   1 

6.00 Mean± 
Std. Dev 

5.00± 
2.789 

6.00± 
2.449 

3.50± 
3.536 

  
  

3.00± 
0.000 

  
  

3.67± 
2.066 
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Minimum 2 2 1   3   1           
Maximum 9 8 6   3   5           

7.00 Mean± 
Std. Dev 

6.54± 
1.808 

2.00± 
0.000 

5.00± 
0.000 

3.00± 
  

5.17± 
1.835 

  
  

1.00± 
  

  
  

2.00± 
  

  
  

  
  

  
  

Minimum 3 2 5 3 2   1   2       
Maximum 9 2 5 3 7   1   2       

8.00 Mean± 
Std. Dev 

5.84± 
3.096 

4.00± 
2.828 

  
  

  
  

3.00± 
0.000 

  
  

3.50± 
3.536 

  
  

  
  

  
  

  
  

  
  

Minimum 1 2     3   1           
Maximum 11 6     3   6           

9.00 Mean± 
Std. Dev 

5.29± 
2.752 

3.00± 
1.414 

3.33± 
1.155 

2.00± 
  

1.67± 
1.155 

  
  

3.00± 
3.367 

  
  

  
  

  
  

2.00± 
  

  
  

Minimum 2 2 2 2 1   1       2   
Maximum 9 5 4 2 3   8       2   

10.00 Mean± 
Std. Dev 

7.25± 
3.686 

4.00± 
  

2.50± 
0.707 

  
  

2.25± 
1.258 

  
  

2.00± 
1.000 

1.00± 
  

  
  

  
  

  
  

  
  

Minimum 3 4 2   1   1 1         
Maximum 12 4 3   4   3 1         

11.00 Mean± 
Std. Dev 

5.69± 
2.136 

3.00± 
0.000 

3.00± 
1.633 

  
  

3.50± 
2.082 

  
  

2.00± 
0.000 

  
  

  
  

  
  

  
  

  
  

Minimum 2 3 1   1   2           
Maximum 9 3 5   6   2           

12.00 Mean± 
Std. Dev. 

6.89± 
2.759 

4.50± 
2.646 

3.25± 
1.258 

  
  

3.00± 
1.414 

  
  

3.00± 
0.000 

5.00± 
  

  
  

  
  

  
  

  
  

Minimum 4 2 2   2   3 5         
Maximum 13 8 5   4   3 5         
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13.00 Mean± 
Std. Dev. 

5.38± 
1.923 

4.71± 
2.138 

4.25± 
2.062 

2.00± 
  

5.00± 
5.657 

  
  

3.25± 
2.435 

  
  

13.00± 
2.828 

  
  

2.00± 
  

  
  

Minimum 2 1 2 2 1   1   11   2   
Maximum 8 7 6 2 9   7   15   2   

14.00 Mean± 
Std. Dev. 

5.81± 
2.562 

5.60± 
3.286 

  
  

  
  

1.00± 
  

  
  

4.13± 
2.295 

  
  

  
  

3.00± 
  

1.00± 
  

  
  

Minimum 2 2     1   1     3 1   
Maximum 11 8     1   7     3 1   

15.00 Mean± 
Std. Dev. 

5.50± 
2.380 

4.50± 
3.536 

5.00± 
1.155 

  
  

5.83± 
2.994 

  
  

5.00± 
3.162 

  
  

  
  

1.00± 
  

  
  

  
  

Minimum 3 2 4   1   2     1     
Maximum 8 7 6   9   9     1     

16.00 Mean± 
Std. Dev. 

5.29± 
2.431 

4.22± 
1.787 

2.00± 
1.414 

  
  

2.80± 
0.837 

1.00± 
  

2.88± 
1.126 

1.00± 
  

8.00± 
5.196 

1.00± 
  

3.50± 
0.707 

  
  

Minimum 1 2 1   2 1 1 1 2 1 3   
Maximum 8 6 3   4 1 4 1 11 1 4   

17.00 Mean 
Std. Dev. 

6.40± 
4.050 

3.00± 
  

5.50± 
3.000 

  
  

5.00± 
0.000 

  
  

4.00± 
2.582 

  
  

  
  

  
  

1.00± 
  

  
  

Minimum 1 3 1   5   1       1   
Maximum 13 3 7   5   7       1   

18.00 Mean 
Std. Dev. 

5.71± 
2.400 

4.00± 
1.871 

4.00± 
  

  
  

5.00± 
5.657 

  
  

2.50± 
0.707 

  
  

  
  

10.00± 
  

  
  

  
  

Minimum 3 2 4   1   2     10     
Maximum 11 7 4   9   3     10     

19.00 Mean 
Std. Dev. 

6.50± 
2.245 

2.25± 
1.258 

3.00± 
  

2.00± 
1.000 

2.67± 
1.155 

  
  

3.00± 
1.414 

  
  

2.00± 
0.000 
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Minimum 3 1 3 1 2   1   2       
Maximum 11 4 3 3 4   4   2       

20.00 Mean 
Std. Dev. 

6.33± 
2.664 

6.33± 
.577 

2.00± 
0.000 

  
  

4.00± 
  

  
  

3.25± 
1.893 

1.00± 
  

2.00± 
  

  
  

  
  

  
  

Minimum 1 6 2   4   2 1 2       
Maximum 9 7 2   4   6 1 2       

21.00 Mean 
Std. Dev. 

6.33± 
2.769 

2.50± 
0.707 

  
  

1.33± 
0.577 

3.50± 
0.707 

  
  

2.00± 
0.000 

  
  

3.60± 
0.548 

3.33± 
1.155 

  
  

  
  

Minimum 2 2   1 3   2   3 2     
Maximum 11 3   2 4   2   4 4     

22.00 Mean 
Std. Dev. 

4.67± 
1.633 

2.75± 
1.258 

5.00± 
  

  
  

3.25± 
0.500 

  
  

3.00± 
1.732 

  
  

  
  

  
  

  
  

  
  

Minimum 3 1 5   3   2           
Maximum 7 4 5   4   5           

23.00 Mean 
Std. Dev. 

6.50± 
1.354 

4.58± 
1.564 

  
  

  
  

4.00± 
  

  
  

1.00± 
  

  
  

  
  

  
  

  
  

  
  

Minimum 4 2     4   1           
Maximum 8 7     4   1           

24.00 Mean 
Std. Dev. 

5.50± 
2.517 

4.00± 
1.414 

3.75± 
0.500 

  
  

4.67± 
3.055 

  
  

1.50± 
0.707 

  
  

  
  

  
  

  
  

  
  

Minimum 2 3 3   2   1           
Maximum 8 5 4   8   2           

25.00 Mean 
Std. Dev. 

3.80± 
2.588 

6.00± 
1.414 

3.00± 
1.414 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

Minimum 1 5 2                   
Maximum 8 7 4                   
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26.00 Mean 
Std. Dev. 

6.15± 
3.184 

7.00± 
0.000 

5.25± 
1.500 

  
  

  
  

  
  

4.00± 
1.414 

  
  

9.00± 
  

9.00± 
  

1.00± 
  

  
  

Minimum 2 7 3       3   9 9 1   
Maximum 14 7 6       5   9 9 1   

27.00 Mean 
Std. Dev. 

7.43± 
3.546 

6.13± 
2.475 

4.00± 
1.414 

  
  

5.25± 
1.500 

  
  

3.00± 
  

  
  

  
  

  
  

  
  

1.00± 
  

Minimum 3 4 3   3   3         1 
Maximum 13 9 5   6   3         1 

28.00 Mean 
Std. Dev. 

5.30± 
1.767 

4.00± 
0.000 

  
  

  
  

3.00± 
  

1.00± 
  

4.50± 
1.643 

  
  

5.00± 
  

  
  

  
  

  
  

Minimum 2 4     3 1 2   5       
Maximum 9 4     3 1 7   5       

29.00 Mean 
Std. Dev. 

6.25± 
3.696 

4.00± 
2.000 

6.00± 
0.000 

  
  

4.25± 
1.500 

  
  

3.50± 
0.707 

  
  

  
  

  
  

  
  

  
  

Minimum 1 2 6   2   3           
Maximum 12 6 6   5   4           

30.00 Mean 
Std. Dev. 

6.67± 
2.345 

5.00± 
1.000 

4.00± 
1.732 

  
  

5.50± 
0.707 

1.00± 
  

7.20± 
2.683 

  
  

  
  

3.00± 
  

1.00± 
  

  
  

Minimum 3 4 3   5 1 3     3 1   
Maximum 11 6 6   6 1 9     3 1   

31.00 Mean 
Std. Dev. 

5.00± 
4.110 

4.17± 
1.329 

  
  

  
  

6.00± 
  

  
  

4.67± 
3.055 

  
  

  
  

  
  

2.00± 
0.000 

  
  

Minimum 1 2     6   2       2   
Maximum 16 5     6   8       2   
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Table 6.1.17: One way ANOVA to evaluate the significance of   Village ponds on 
amphibian species during the study period 

ANOVAa,b,c 
 Sum of 

Squares Df 
Mean 

Square F Sig. 
Ecy * Pond ID 207.181 30 6.906 .846 .701 
Ech * Pond ID 268.090 30 8.936 2.496 .000 
Htg * Pond ID 65.257 22 2.966 1.031 .455 
Hcr * Pond ID 3.733 7 .533 1.400 .334 
FLm * Pond 

ID 
123.743 27 4.583 1.132 .340 

DML * Pond 
ID 

188.150 29 6.488 1.461 .097 

Mco * Pond 
ID 

212.329 8 26.541 3.360 .053 

Mru * Pond 
ID 

83.083 8 10.385 2.054 .299 

Pmc * Pond 
ID 

17.167 8 2.146 12.875 .030 

 

Total ECY population ranged between 3.8 ± 2.588 no. / sq, ECH and HTG was 6±.1.44 

and 3±1.44  in the village I during the study period 2012-2015 (Table.5.1.18).  
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Table 6.1.18: Density (No / 100 ha) of amphibian species in the study area of different villages during the study period. Values are X ± 
SD (n). (Data pooled across all months and stations.) 

 
VILLAGE Ecy Ech Htg Hcr FLm SBV DML Dsc Mco Mru Pmc Rmv 

1 

Mean±Std. Dev 

3.8± 

2.588 

6± 

1.414 

3± 

1.414          

Minimum 1 5 2 

Maximum 8 7 4 

2 

Mean±Std. Dev. 5.75±2.268 

5.11± 

1.997 

3.5± 

3.536 

3.25± 

0.5 

3.29± 

2.138     

Minimum 2 2 1 3 1 

Maximum 9 8 6 4 5 

3 

Mean±Std. Dev 5.38±1.923 

4.71± 

2.138 

4.25± 

2.062 2±0 

5± 

5.657 

3.25± 

2.435 

13± 

2.828 2± 

Minimum 2 1 2 2 1 1 11 2 

Maximum 8 7 6 2 9 7 15 2 

4 

Mean±Std. Dev 

6.33± 

2.664 

6.33± 

0.577 2±0 4± 

3.25± 

1.893 1± 2±   

Minimum 1 6 2 4 2 1 2 

Maximum 9 7 2 4 6 1 2 
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5 

Mean±Std. Dev 

5.5± 

2.611 8±2   

3± 

1.414 2± 6±     

Minimum 2 4 2 2 6 

Maximum 11 9 4 2 6 

6 

Mean±Std. Dev 

7.5± 

5.368 

2± 

1.225 

3.33± 

2.082 

5± 

2.828 1±0 

2± 

1.155 1±  5± 5± 

Minimum 2 1 1 1 1 1 1 5 5 

Maximum 18 4 5 7 1 3 1 5 5 

7 

Mean±Std. Dev 

6.17± 

3.42 3.5±1 

5.4± 

2.608 1±0 5±0 

4.2± 

2.28    1± 

Minimum 1 3 1 1 5 1 1 

Maximum 13 5 7 1 5 7 1 

8 

Mean±Std. Dev 

6.25± 

3.696 4±2 6±0 

4.25± 

1.5  

3.5± 

0.707     

Minimum 1 2 6 2  3 

Maximum 12 6 6 5  4 

9 

Mean±Std. Dev 

5.6± 

1.776 

5± 

2.449 

3.5± 

1.732 2± 

3.4± 

0.894  

3.25± 

1.5  7± 

4.5± 

3.536 ± 1± 

Minimum 3 2 2 2 2  1  7 2 1 

Maximum 8 8 6 2 4  4  7 7 1 
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10 

Mean±Std. Dev 

6.13± 

2.637 3±2 5±0 3± 

4.63± 

1.847  

2.67± 

2.887  2±    

Minimum 1 2 5 3 2  1 2    

Maximum 11 6 5 3 7  6 2    

11 

Mean±Std. Dev 

7.25± 

3.686 4± 

2.5± 

0.707  

2.25± 

1.258  2±1 1±     

Minimum 3 4 2  1 1 1     

Maximum 12 4 3  4 3 1     

12 

Mean±Std. Dev 

5.69± 

2.136 3±0 

3± 

1.633  

3.5± 

2.082  2±0      

Minimum 2 3 1  1  2     

Maximum 9 3 5 6  2     

13 

Mean±Std. Dev 

6.5± 

2.245 

2.25± 

1.258 3± 2±1 

2.67± 

1.155  

3± 

1.414  2±0    

Minimum 3 1 3 1 2 1 2 

Maximum 11 4 3 3 4 4 2 

14 

Mean±Std. Dev 

5.5± 

2.38 

4.14± 

1.748 

2.67± 

1.528  

3.43± 

2.637 1± 

2.8± 

1.033 1± 

8± 

5.196 

5.5± 

6.364 

3.5± 

0.707  

Minimum 1 2 1  1 1 1 1 2 1 3  

Maximum 11 7 4  9 1 4 1 11 10 4  
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15 

Mean±Std. Dev 

5.75± 

2.468 

5.29± 

3.094 

5± 

1.155  

5.14± 

3.288  

4.5± 

2.624   

2± 

1.414 1±  

Minimum 2 2 4  1  1  1 1 

Maximum 11 8 6  9  9  3 1 

16 

Mean±Std. Dev 

6.15± 

3.184 7±0 5.25±1.5    

4± 

1.414  9± 9± 1± 

Minimum 2 7 3   3  9 9 1 

Maximum 14 7 6  5  9 9 1 

17 

Mean±Std. Dev 

7.48± 

2.836 

5.67± 

2.693 

4± 

1.414 2±0 

4.29± 

1.89  

5.67± 

3.055     1± 

Minimum 3 2 3 2 1  3  1 

Maximum 13 9 5 2 6  9 1 

18 

Mean±Std. Dev 

4.67± 

1.633 

2.75± 

1.258 5±  

3.25± 

0.5  

3± 

1.732      

Minimum 3 1 5  3  2      

Maximum 7 4 5  4  5      

19 

Mean±Std. Dev 

5.5± 

2.517 

4± 

1.414 

3.75± 

0.5  

4.67± 

3.055  

1.5± 

0.707      

Minimum 2 3 3  2 1      

Maximum 8 5 4 8 2 
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20 

Mean±Std. Dev 

6.33± 

2.769 

2.5± 

0.707 

1.33± 

0.577 

3.5± 

0.707  2±0 

3.6± 

0.548 

3.33± 

1.155   

Minimum 2 2 1 3  2 3 2 

Maximum 11 3 2 4  2 4 4 

21 

Mean±Std. Dev 

6.19± 

2.786 

3.75± 

2.121 

3.29± 

1.113 2± 

2.2± 

1.304  

3± 

2.608 5±   2±  

Minimum 2 2 2 2 1 1 5 2  

Maximum 13 8 5 2 4 8 5 2  

22 

Mean±Std. Dev 

5.3± 

1.767 4±0  3± 1± 

4.5± 

1.643 ± 5±    

Minimum 2 4  3 1 2 5 

Maximum 9 4  3 1 7 5 

23 

Mean±Std. Dev 

5.79± 

3.409 

4.44± 

1.236 

4± 

1.732  

5.67± 

0.577 1± 

6.25± 

2.915   3± 

1.75± 

0.5 

Minimum 1 2 3 5 1 2 3 1 

Maximum 16 6 6 6 1 9 3 2 
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Table 6.1.19: One way ANOVA to evaluate the significance of   Village ponds on 
amphibian species during the study period 

ANOVA Tablea,b,c 

 Sum of Squares Df Mean 
Square F Sig. 

Ecy * VILLAGE 165.028 22 7.501 .928 .558 
Ech * VILLAGE 231.982 22 10.545 2.888 .000 
Htg * VILLAGE 62.378 19 3.283 1.200 .304 
Hcr * VILLAGE 3.733 7 .533 1.400 .334 

FLm * 
VILLAGE 78.035 20 3.902 .901 .587 

DML * 
VILLAGE 151.538 21 7.216 1.620 .064 

Mco * 
VILLAGE 212.329 8 26.541 3.360 .053 

Mru * 
VILLAGE 40.583 6 6.764 .586 .733 

Pmc * 
VILLAGE 16.417 7 2.345 7.505 .035 

 
The variation in the amphibian species of ECH showed significant difference 

among villages (F= 2.888; P<0.001) (Table 6.1.19).The variation in the other amphibian 

species namely ECY, HTG,  HCR, FLM, FGV, DML,  DSC, MCO,MRU and PMC 

showed no significant difference among the other villages (P>0.005) (Table 6.1.19). 

Density of amphibians in Cauvery delta area ponds 

Mean densities of different amphibian species in the Cauvery delta area ponds 

during different years of the present study are given in Table 6.1.20 and the One way 

ANOVA evaluated is presented in Table 6.1.21. The density of amphibians was found 

highest in 2014, while the density of divers was found to be highest in the year 2013 and 

2014. The density of ECY was highest when compared to other amphibians. Among the 

three years ECY was more in 2014. In the mean time ECH and HTG were most probably 

equal in all the years. But the FLM was more in 2014 and 2015 instead of 2013. 

Variations in the density of amphibians in ponds with different infestations of water 

hyacinth in different regions of the Cauvery delta area during different months and years 

of the study period. Density of DSC, HCR and RMV was not encountered in the year 

2015. 
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Table 6. 1.20: Density (No. / 100 ha.) of different amphibian species in the study 
area during different years of the study period. Values are X ± SD (n). (Data pooled 

across all months and stations.) 
 

Sl. 
N
o 

YEAR 2013 2014 2015 
Specie
s  

Mean± 
Std. Dev. Min Max 

Mean± Std. 
Dev. Min Max 

Mean± 
Std. Dev. Min Max 

1 
Ecy 

5.59±2.7
0 

1.0
0 14.00 6.20±2.95 

1.0
0 

18.0
0 6.67±2.70 2.00 

13.0
0 

2 
Ech 

5.27±1.9
8 

2.0
0 9.00 4.85±2.19 

1.0
0 9.00 2.80±1.56 1.00 8.00 

3 
Htg 

4.18±1.4
2 

2.0
0 7.00 4.41±1.87 

1.0
0 7.00 2.88±1.27 1.00 6.00 

4 
Hcr* 

1.82±0.6
0 

1.0
0 3.00 1.75±0.96 

1.0
0 3.00 

5 
FLm 

4.04±1.5
8 

1.0
0 7.00 4.21±2.15 

1.0
0 9.00 3.24±2.26 1.00 9.00 

6 
Sbv 

1.00±0.0
0 

1.0
0 1.00 1.00±0.00 

1.0
0 1.00 1.33±0.58 1.00 2.00 

7 
DML 

4.45±2.3
5 

2.0
0 9.00 3.64±2.18 

1.0
0 9.00 2.40±1.66 1.00 7.00 

8 
Dsc* 

2.33±2.3
1 

1.0
0 5.00 1.00±0.00 

1.0
0 1.00 

9 
Mco 

2.00±0.0
0 

2.0
0 2.00 6.20±4.18 

2.0
0 

15.0
0 2.00±0.00 2.00 2.00 

10 
Mru 

6.17±2.9
3 

3.0
0 10.00 1.50±0.71 

1.0
0 2.00 2.75±1.71 1.00 5.00 

11 
Pmc 

2.20±1.1
0 

1.0
0 4.00 2.17±1.60 

1.0
0 5.00 2.00±0.00 2.00 2.00 

12 
Rmv* 

1.00±0.0
0 

1.0
0 1.00 1.00±0.00 

1.0
0 1.00 

 

Table 6.1.21: One way ANOVA to evaluate the significance of   year on amphibian 
species during the study period  

Sl. No ANOVA Tablea 
S S Df M S F Sig. 

1 Ecy * YEAR 52.44 2.00 26.22 3.30 0.04 
2 Ech * YEAR 115.98 2.00 57.99 14.51 0.00 
3 Htg * YEAR 25.84 2.00 12.92 5.04 0.01 
4 Hcr * YEAR 0.01 1.00 0.01 0.03 0.87 
5 FLm * YEAR 13.28 2.00 6.64 1.60 0.21 
6 Sbv * YEAR 0.19 2.00 0.10 0.57 0.60 
7 DML * YEAR 60.17 2.00 30.08 6.66 0.00 
8 Dsc * YEAR 2.13 1.00 2.13 0.60 0.50 
9 Mco * YEAR 31.13 2.00 15.56 0.89 0.43 
10 Mru * YEAR 46.17 2.00 23.08 3.99 0.06 
11 Pmc * YEAR 0.03 2.00 0.02 0.01 0.99 
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Table 6.1.22: The other amphibians of HCR, FLM, FGV, DML, DSC, MCO, MRU, 

PMC and RMV was absent in the village I (Table 6.1.18). 

 

 
Ecy Ech Htg Hcr 

FL
m Sbv 

DM
L Dsc Mco Mru Pmc Rmv 

January Mea
n±Sd
t.De
v. 

7.06
±2.7

7 

6.63
±1.6

8 

4.50
±2.1

2 

1.75
±0.9

5 

5.83
±2.7

8 

1.50
±0.7

0 

5.00
±1.8

2 

  4.00
±0.0

0 

2.50
±0.7

0 

2.00
±0.0

0 

  

Min. 2 4 3 1 2 1 3   4 2 2   
Max.  13 9 6 3 9 2 7   4 3 2   

February  Mea
n± 
Std. 
Dev. 

8.27
±3.1

5 

3.20
±1.8

7 

3.57
±2.2

9 

  3.20
±1.9

2 

  2.80
±1.4

7 

  5.00
±5.1

9 

2.00
±0.0

0 

    

Min. 2 2 1   1   1   2 2     
Max.  18 7 7   6   6   11 2     

March Mea
n± 
Std. 
Dev. 

6.38
±2.4

4 

4.33
±2.3

2 

3.00
±0.7

0 

  4.00
±2.5

8 

1.00
±0.0

0 

1.89
±1.0

5 

  4.00
±0.0

0 

3.00
±2.8

2 

    

Min. 2 1 2   1 1 1   4 1     
Max.  13 9 4   9 1 4   4 5     

April Mea
n± 
Std. 
Dev. 

6.14
±1.6

8 

2.82
±2.3

5 

3.29
±1.6

0 

  3.11
±1.7

6 

1.00
±0.0

0 

3.18
±2.3

5 

  7.00
±5.6

5 

      

Min. 3 1 1   1 1 1   3       
Max.  9 9 6   5 1 9   11       

May Mea
n± 
Std. 
Dev. 

7.46
±4.0

7 

5.67
±1.5

2 

6.67
±0.5

7 

  4.67
±2.3

0 

1.00
±0.0

0 

4.71
±2.0

5 

  5.00
±5.1

9 

      

Min. 1 4 6   2 1 3   2       
Max.  18 7 7   6 1 9   11       

June Mea
n± 
Std. 
Dev. 

6.25
±2.2

3 

5.14
±2.7

3 

5.33
±1.1

5 

  5.00
±0.0

0 

1.00
±0.0

0 

7.00
±2.3

0 

1.00
±0.0

0 

9.00
±8.4

8 

      

Min. 3 3 4   5 1 5 1 3       
Max.  11 9 6   5 1 9 1 15       

July Mea
n± 
Std. 
Dev. 

7.41
±2.8

5 

5.00
±1.1

5 

6.00
±0.0

0 

  5.67
±2.3

0 

1.00
±0.0

0 

6.00
±2.3

6 

  5.00
±0.0

0 

  5.00
±0.0

0 

  

Min. 3 4 6   3 1 2   5   5   
Max.  16 6 6   7 1 9   5   5   
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The density of ECY, ECH and HTG was recorded in all the seasons. The range value of 

ECY was more in Post monsoon (2-18) and summer (1-18)    than Pre monsoon(1-16) 

and Monsoon(1-12).The density of RMV was recorded only in Monsoon season (1-1) 

(Table 6.1.22). The lowest number of population was recorded during the study period. 

More sightings were recorded  during Pre monsoon, post Monsoon and summer. 

 
 
 
 
 
 
 
 
 

August Mea
n± 
Std. 
Dev. 

6.73
±2.5

5 

5.58
±1.2

4 

5.50
±0.7

0 

2.00
±0.0

0 

6.00
±0.0

0 

  5.00
±1.2

2 

  4.00
±0.0

0 

7.00
±4.2

4 

    

Min. 2 4 5 2 6   4   4 4     
Max.  14 8 6 2 6   7   4 10     

September Mea
n± 
Std. 
Dev. 

5.21
±2.5

0 

6.45
±1.8

0 

3.80
±1.3

0 

1.50
±0.7

0 

3.63
±1.6

8 

  4.00
±2.2

3 

  8.00
±1.4

1 

8.00
±1.4

1 

3.00
±1.0

0 

  

Min. 1 3 2 1 2   1   7 7 2   
Max.  12 9 5 2 7   7   9 9 4   

October Mea
n±St
d. 
Dev. 

5.46
±2.9 

4.77
±2.0

8 

4.38
±1.5

0 

1.50
±0.7

0 

3.82
±1.9

9 

  3.25
±2.0

9 

1.00
±0.0

0 

  3.00
±0.0

0 

2.00
±0.0

0 

1.00
±0.0

0 

Min. 1 2 2 1 1   1 1   3 2 1 
Max.  12 8 6 2 8   9 1   3 2 1 

November Mea
n± 
Std. 
Dev. 

4.58
±1.8

9 

3.50
±0.9

2 

3.86
±1.3

4 

2.00
±0.7

0 

4.50
±1.7

3 

  3.43
±2.2

9 

5.00
±0.0

0 

    1.50
±0.7

0 

1.00
±0.0

0 

Min. 2 2 2 1 3   1 5     1 1 
Max.  9 5 6 3 7   8 5     2 1 

December Mea
n±St
d. 
Dev. 

4.85
±2.7

4 

3.41
±1.7

9 

2.70
±1.3

3 

2.00
±0.0

0 

2.54
±1.1

9 

  2.71
±1.8

7 

1.00
±0.0

0 

2.00
±0.0

0 

2.50
±2.1

2 

1.00
±0.0

0 

  

Min. 1 1 1 2 1   1 1 2 1 1   
Max.  11 8 5 2 5   8 1 2 4 1   
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Table 6.1.22: Density (No./ 100 ha) of different amphibian species in the study area during different seasons of the study period. Values 

are X ± SD (n). (Data pooled across all months and stations.) 
 

SEASON Pom Sum Prm Mon 

Species 
Mean± 
Std. Dev. Min. Max. 

Mean± 
Std. Dev. Min. Max. 

Mean± 
Std. Dev. Min. Max. 

Mean± 
Std. Dev. Min. Max. 

Ecy 7.24±2.88 2.00 18.00 6.52±2.66 1.00 18.00 6.23±2.75 1.00 16.00 4.93±2.54 1.00 12.00 
Ech 4.53±2.37 1.00 9.00 4.00±2.63 1.00 9.00 5.85±1.54 3.00 9.00 3.84±1.84 1.00 8.00 
Htg 3.50±1.79 1.00 7.00 4.54±1.94 1.00 7.00 4.67±1.41 2.00 6.00 3.56±1.53 1.00 6.00 
Hcr2 1.75±0.96 1.00 3.00 1.67±0.58 1.00 2.00 1.88±0.64 1.00 3.00 
FLm 4.29±2.60 1.00 9.00 4.05±1.68 1.00 6.00 4.33±1.97 2.00 7.00 3.32±1.74 1.00 8.00 
Sbv4 1.33±0.58 1.00 2.00 1.00±0.00 1.00 1.00 1.00±0.00 1.00 1.00 
DML 2.83±1.72 1.00 7.00 4.36±2.59 1.00 9.00 4.85±2.16 1.00 9.00 3.00±1.99 1.00 9.00 
Dsc1,3 1.00±0.00 1.00 1.00 2.00±2.00 1.00 5.00 
Mco 4.60±3.71 2.00 11.00 6.71±5.44 2.00 15.00 6.25±2.22 4.00 9.00 2.00±0.00 2.00 2.00 
Mru 2.60±1.52 1.00 5.00 7.50±2.65 4.00 10.00 2.67±1.53 1.00 4.00 
Pmc 2.00±0.00 2.00 2.00 3.50±1.29 2.00 5.00 1.43±0.53 1.00 2.00 
Rmv1,2,3 1.00±0.00 1.00 1.00 

1-Pom;   2- sum;  3-Prm :  4-Mon  
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Table 6.1.23: One way ANOVA to evaluate the significance of   Season on 

amphibian species during the study period 

ANOVA Tablea 
Species with 
Season Sum of Squares Df 

Mean 
Square F Sig. 

Ecy * 
SEASON 281.72 3.00 93.91 12.90 0.00 
Ech * 
SEASON 73.49 3.00 24.50 5.60 0.00 
Htg * SEASON 15.70 3.00 5.23 1.88 0.14 
Hcr * SEASON 0.11 2.00 0.05 0.10 0.90 
FLm * 
SEASON 15.73 3.00 5.24 1.25 0.30 
Sbv * 
SEASON 0.19 2.00 0.10 0.57 0.60 
DML * 
SEASON 72.25 3.00 24.08 5.42 0.00 
Dsc * 
SEASON 0.80 1.00 0.80 0.20 0.69 
Mco * 
SEASON 28.15 3.00 9.38 0.49 0.69 
Mru * 
SEASON 63.38 2.00 31.69 8.18 0.01 
Pmc * 
SEASON 10.95 2.00 5.48 7.34 0.01 
a. Fewer than two groups - statistics for Rmv * SEASON cannot be computed. 

 

The variation in the amphibian species of ECY, ECH, DML, MRU and PMC 

showed significant difference among seasons (F= 12.90, 5.60, 5.42, 8.18 and7.34; 

P<0.001) (Table 5.1.23).The variation in the other amphibian species of HTG, HCR, 

FLM, FGV, DSC and MCO was not significant among the seasons (P>0.005) (Table 

6.1.23). 
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Table 6.1.24: One way ANOVA to evaluate the significance of   months on 
amphibian species during the study period 

ANOVA Tablea,b 

Sum of Squares Df Mean 
Square F Sig. 

Ecy * 
MONTH 435.86 11.00 39.62 5.67 0.00 

Ech * 
MONTH 183.83 11.00 16.71 4.49 0.00 

Htg * 
MONTH 67.48 11.00 6.13 2.81 0.01 

Hcr * 
MONTH 0.65 5.00 0.13 0.20 0.95 

FLm * 
MONTH 80.81 11.00 7.35 1.96 0.05 

Sbv * 
MONTH 0.36 5.00 0.07 0.14 0.95 

DML * 
MONTH 161.40 11.00 14.67 3.79 0.00 

Mco * 
MONTH 61.53 9.00 6.84 0.22 0.98 

Mru * 
MONTH 65.25 6.00 10.88 1.65 0.30 

Pmc * 
MONTH 15.17 5.00 3.03 7.28 0.02 

a. No variance within groups - statistics for Dsc * MONTH cannot be 
computed. 
b. Too  few cases - statistics for Rmv * MONTH cannot be computed. 

 

The variation in the amphibian species of ECY, ECH, HTG, FLM, DML and 

PMC showed significant difference among months (F= 5.67, 4.49, 2.81, 1.96 and7.28; 

P<0.005) (Table 6.1.24). The variation in the other amphibian species namely HCR, 

FGV, DSC, MCO and MRU showed no significant difference among the months 

(P>0.005) (Table 6.1.24). 

 

Objective 2 

6.2. To assess the variation in the pond length, width and depth 

The study was carried out from June 2012 to June 2015. The village ponds were 

selected from three districts of Tamil Nadu in Cauvery delta region. Among the three 

districts 31 village ponds were selected based on the degree of infestations of exotic 
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plant Eichhornia crassipes. Only 15 village ponds include about15.371 acres from ten 

villages were identified and measured by using GPS during the study period from 

Nagapattinam district. About 6.598 acres of pond area from seven ponds were identified 

and measured from five villages of Thanjavur District. About 7.071 acres of pond area 

from nine ponds were identified and measured from six villages’ of Thiruvarur district. 

Thus, the study made to understand as to how the area, length, width and depth of the 

pond with water hyacinth infestations influence the amphibian density of various pond 

ecosystems. 

Table 6.2.1: Area, length and width measurements of 15 village ponds of  

Nagapattinam District 

Sl. 
No 

Village Name Pond Name Area on 
Acres 

Length(m) Width(m) 

Nagapattinam District Village Ponds  
1 Keezhaiyur Keezhaiyur Kulam 0.954 69.8 63.3 
2 Karuvazhakarai Periyakulam 3.19 142 106 
3 Karuvazhakarai Karuvazhakarai 

Pond1 
0.389 50.4 30.9 

4 Melayur PalathanKulam 0.5 44.6 45.6 
5 Melayur PillaiyarKulam 0.291 41.2 31.6 
6 Kanjanagaram Puthukulam 0.989 69.7 64.6 
7 Melakattalai (parasalur) PillaiyarKulam 1.211 87.5 56.9 
8 Parasalur ThamaraiKulam 1.8 113.3 59.4 
9 Parasalur (thirupariyalur) Thirukulam 0.211 36.9 28.2 

10 Parasalur (thirupariyalur) AyyanarKulam 0.939 71 61 
11 Thattamadam (Parasalur) SammanKulam 1.719 87.5 88.3 
12 Ilayalur IlayalurKulam 0.48 46.2 42.3 
13 Ilayalur SivankoilKulam 0.439 48.2 36 
14 Keelamangalam Vannapadugaikulam 1.716 64.5 42.6 
15 ChozhachakraNallur Thamaraikulam 0.543 43.4 38.0 

      
 
  Nagapattinam district lies on the east coast of the south Cuddalore district and 

another part of the Nagapattinam district lies to the south of Karaikkal and Thiruvarur 

districts. Thanjavur and Tiruvarur districts flank on the west and the south east. It is 

bordered by the Bay of Bengal. The district lies between 10°25’ and 11°40’ N and 

76°49’ and 80°01’ E. The general geological formation of the district is plain and 

coastal. From this district, about15 ponds were selected from 10 villages which were 

Chozhachakranallur, Keezhaiyur, Melaiyur, Karuvazhakkarai, Kanjanagaram, 
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Melakkattalai (Parasalur), Thirupariyalur, Thattamangalam, Ilayalur and Keelamangalam 

and their corresponding pond names are Keezhaiyurkulam, Periyakulam, Karuvazhakarai 

Pond1, Palathankulam, Pillaiyarkulam, Puthukulam, Thamaraikulam, Thirukulam, 

Ayyanarkulam, Sammankulam, Ilayalurkulam, Sivankoilkulam, Vannanpadugaikulam 

and Thamaraikulam. The above 15 village ponds were surveyed during the study period 

of June 2012 to June 2015. 

 
 Table 6.2.2: Area, length and width measurements of 9 village ponds of Thiruvarur district 

Sl.No Village Name Pond Name Area 
on 

Acres 

Length(m) Width(m) 

Thiruvarur District Village Ponds 
1 Kunniyur SathiramKulam 0.723 50.4 47.3 
2 Kunniyur Kunniyur kulam -2 0.831 60.1 47.8 
3 Mavur MavurKulam 0.678 44.3 43.5 
4 ThiruthuraiPoondi TherasaKulam 0.654 43.4 41.6 
5 ThiruthuraiPoondi Madathukulam 0.865 51.4 48.2 
6 ThiruthuraiPoondi Metupalayamkulam 1.2 61.5 56.4 
7 Kachanam MuthumariammanKoil 

kulam 
0.468 38.6 35.8 

8 SrinivasaPuram SrinivasapuramKulam 0.863 59.7 56.8 
9 Sannanallur SannanallurKulam 0.789 50.9 48.6 
 

 In Thiruvarur district about 9 ponds were selected from 6 villages which were 

Sathiram kulam, Kunniyur kulam, Mavur kulam, Theresas kulam Madathu kulam, 

Metupalayam kulam, Muthumariyammankoilkulam, Srinivaspuram kulm, Sannanallur 

Kulam. The above 9 village ponds were surveyed during the study period of June 2012 

to June 2015. 
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Table 6.2.3: Area, length and width measurements of 7 village ponds of Thanjavur district 

Sl.No Village Name Pond Name Area on 
Acres 

Length(m) Width(m) 

Thanjavur District Village Ponds 
1 Narasinganpettai Narasinganpettai Pond-1 0.231 32.1 29.5 
2 Narasinganpettai Narasinganpettai Pond-2 0.542 44.7 40.6 
3 Thiruvalangadu Thiruvalangadu 0.582 47.2 45.2 
4 Kanjanur KanjanurKulam 2.873 97.8 89.5 
5 Mananjery MananjeryKulam 0.456 56.6 49.3 
6 Veppathur Veppathur Pond-1 0.684 50.1 48.7 
7 Veppathur Veppathur  Pond-2 1.23 61.6 49.2 

 

 In Thanjavur district the 7 village ponds of Narasinganpettai Pond-1 &2, 

KanjanurKulam, Thiruvalangadu kulam, KanjanurKulam, Mananjery Kulam, Veppathur 

Pond-1&2 were surveyed during the study period of June 2012 to June 2015. 
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Table 6.2.4: Amphibian species diversity, richness and evenness for each pond of study area for throughout the study period 

Sl.NO Pond Name Taxa_S Indv. Dominance 
_D Simpson_1-D Shannon_H Evenness 

_e^H/S Equit._J 

1 KeezhaiyurPond 5 21 0.2647 0.7353 1.449 0.8516 0.9002 

2 Karuvazhakarai 
Pond 5 24 0.2387 0.7613 1.507 0.9027 0.9364 

3 Periyakulam 9 31 0.1504 0.8496 2.014 0.8328 0.9167 
4 Palathankulam 5 19 0.2339 0.7661 1.502 0.8982 0.9333 
5 Pillayarkulam 9 33 0.1328 0.8672 2.092 0.8998 0.9519 
6 Puthankulam 5 20 0.2136 0.7864 1.576 0.9675 0.9795 
7 Pillayarkulam2 7 24 0.1843 0.8157 1.795 0.8601 0.9225 
8 Thamaraikulam 4 15 0.2673 0.7327 1.353 0.9677 0.9763 
9 Thirukulam 7 19 0.1648 0.8352 1.875 0.9312 0.9634 
10 Ayyanarkulam 6 18 0.2351 0.7649 1.607 0.8314 0.897 
11 SammanKulam 5 16 0.2255 0.7745 1.55 0.9419 0.9628 
12 IlayalurKulam 6 24 0.1845 0.8155 1.741 0.9507 0.9718 
13 SivankoilKulam 8 38 0.1798 0.8202 1.898 0.834 0.9127 
14 Vannapadugaikulam 6 19 0.2208 0.7792 1.609 0.8332 0.8982 
15 ThamaraiKulam 6 25 0.1882 0.8118 1.705 0.9167 0.9515 
16 Kunniyur-1 10 29 0.1446 0.8554 2.092 0.8101 0.9086 
17 Kunniyur-2 6 24 0.1971 0.8029 1.683 0.8969 0.9393 
18 Mavur pond 6 30 0.2011 0.7989 1.698 0.9102 0.9475 
19 Therasakulam 7 20 0.1753 0.8247 1.852 0.91 0.9515 
20 Madathukulam 7 24 0.1865 0.8135 1.79 0.8554 0.9197 
21 Mettpalayam pond 7 20 0.1732 0.8268 1.845 0.9043 0.9483 
22 Sirinivasapuram Pond 5 17 0.2121 0.7879 1.58 0.9707 0.9815 
23 Sannanallur pond 4 15 0.3103 0.6897 1.243 0.8662 0.8964 
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24 Muthumariyamman Pond 5 17 0.2237 0.7763 1.541 0.9337 0.9574 
25 Narasingapettai pond 3 12 0.3628 0.6372 1.056 0.958 0.961 
26 Narasanpettaipond2 7 41 0.1712 0.8288 1.825 0.886 0.9378 
27 Thiruvalangadu pond 6 26 0.2036 0.7964 1.664 0.88 0.9286 
28 Kanjanurpond 6 22 0.1911 0.8089 1.702 0.9137 0.9496 
29 Mananjerypond 5 23 0.2107 0.7893 1.583 0.9738 0.9835 
30 Veppathur pond 8 32 0.1604 0.8396 1.915 0.8487 0.9211 
31 Veppathurpond2 5 21 0.2185 0.7815 1.557 0.9493 0.9677 
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Fig 6.2.1: The slope line (-2.654) indicates that the pond volume decreases by 
Eichhornia. The pond volume Vs Eichhornia table of coefficients also reports some 

T-statistics and significance P= 0.000 levels 

Table 6.2.6: ANOVA table to shows the relation with Eichhornia and pond volume 

ANOVA a 

Model Sum of Squares Df Mean Square F Sig. 

1 

Regression 194.513 1 194.513 1.246 0.265b 

Residual 69646.145 446 156.157   

Total 69840.658 447    
 

a. Dependent Variable: Eichhornia  ;  b. Predictors: (Constant), PV 

 

Table 6.2.7: Regression analysis to the relation between Eichhornia with pond 
volume 

Coefficients a 
Model Unstandardized 

Coefficients 
Standardized 
Coefficients 

T Sig. 

B Std. Error Beta 

1 (Constant) 28.713 0.675  42.565 0.000 
PV -2.654E-007 0.000 -0.053 -1.116 0.265 

a. Dependent Variable: Eichhornia 
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Fig 6.2.2: Eichhornia Vs volume of pond  graph is called a normal Probability Plot 
because of the residuals were normally distributed and lie along a 45º upward 

sloping diagonal line. 

Table 6.2.8: Regression analysis of Coefficients  between Eichhornia Vs area 

Coefficients a 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

T Sig. 

B Std. Error Beta 

1 
(Constant) 28.675 1.052  27.265 0.000 

Area -0.320 0.855 -0.018 -0.375 0.708 

 

The value of the test statistic for the slope is -0.375 and the associated P-value is 

approximately 0.708. As in all t tests there is a statistically significant between x and y. 
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Fig 6.2.3:  Eichhornia Vs pond area: The  graph is called a normal Probability Plot 
because of the residuals were normally distributed and lie along a 45º upward sloping 

diagonal line. 

Table 6.2.9:  ANOVA table for Eichhornia Vs surface area. 

ANOVA a 

Model SS Df Mean Square F Sig. 

1 

Regression 14183.550 1 14183.550 206.840 0.000b 

Residual 37372.079 545 68.573   

Total 51555.630 546    

 

a. Dependent Variable: Density 

b. Predictors: (Constant), Area 
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Table 6.2.10:  Regression analysis to  compare Eichhornia with  surface area 

Coefficients a 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 
(Constant) 17.590 0.623  28.222 0.000 

Area -7.071 0.492 -0.525 -14.382 0.000 

 

The table area Vs density of the test statistic for the slope is -14.382, and the 

associated P-value is approximately 0.000. As in all t tests there is a statistically 

significant between x and y. 

 

Fig 6.2.4: The amphibian density pond area graph is called a normal Probability Plot 
because of the residuals were normally distributed and lie along a 45º upward sloping 

diagonal line. 
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Table 6.2.11:  Regression analysis  for amphibian density Vs pond volume 

ANOVAa 

Model SS Df Mean Square F Sig. 

1 

Regression 5357.131 1 5357.131 63.198 0.000b 

Residual 46198.499 545 84.768   

Total 51555.630 546    

Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients T Sig. 

B Std. Error Beta 

1 
(Constant) 11.984 0.452  26.496 0.000 

PV -1.203E-006 0.000 -0.322 -7.950 0.000 

 

 

Fig 6.2.5: The amphibian density  Vs pond volume: The  graph is called a normal 
Probability Plot because of the residuals were normally distributed and lie along a 45º 

upward sloping diagonal line. 
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Table 6.2.12: Amphibian density Vs pond volume 

ANOVAa 

Model SS Df Mean Square F Sig. 

1 

Regression 5357.131 1 5357.131 63.198 0.000b 

Residual 46198.499 545 84.768   

Total 51555.630 546    

Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients T Sig. 

B Std. Error Beta 

1 

(Constant
) 

11.984 0.452  26.496 0.000 

PV -1.203E-
006 

0.000 -0.322 -7.950 0.000 

              

 

Fig 6.2.6: Both the volume and area of the pond are highly significant for density of 
amphibians.  
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 The plants have more roots when they are floating in deep water than in shallow 
water, while the leaf area, and the summer growth of the plant, are greater in the latter 
case. In the present study also it shows at significant level. 
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Objective 3:   To monitor monthly variations in physic-chemical characteristics of pond water and effect of water hyacinth on water  

                       quality 

Table.6.3.1. Mean and Std. Deviation of water quality changes due to spatial variation in various degrees of Eichhornia infestation pond  

Weed Dense infestation Medium infestation Low infestation 
Water Quality 
parameter Mean Range Min. Max. Mean Range Min. Max. Mean Range Min. Max. 

pH 7.53±0.47 2.56 6.24 8.80 7.53±0.42 2.25 6.53 8.78 7.47±0.37 2.50 6.37 8.87 

Tem0 C 31.23±1.06 7.22 26.65 33.87 31.3±0.91 4.47 29.26 33.73 31.25±0.88 5.5 28.3 33.8 

Ec(μs) 0.95±0.5 2.24 0.33 2.56 0.94±0.42 1.95 0.38 2.33 0.95±0.38 2.04 0.38 2.42 

TDS (µS/cm) 0.74±0.34 1.95 0.2 2.14 0.67±0.19 0.98 0.2 1.17 0.73±0.26 1.93 0.21 2.14 

Sal (ppm) 1.1±0.57 3.48 0.22 3.7 1.02±0.61 2.59 0.22 2.81 0.93±0.51 3.17 0.23 3.4 

Turb (NTU) 2.92±2.4 9.89 0.22 10.11 3.33±2.48 9.15 0.27 9.42 3.58±2.74 9.61 0.34 9.95 

Do (mg L-1) 13.36±3.1 21.78 6 27.78 13.87±2.82 13.47 5.43 18.9 14.11±2.5 13.9 5.65 19.55 
 

Note: Tem= Temperature, Ec=Electrical Conductivity, TDS= Total Dissolved Oxygen, Sal=Salinity, Turb= Turbidity, Do=Dissolved Oxygen  
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 The mean value of DO of the low infested area was 14.11±2.5 (mgL-1) was higher than 

the other infested areas (Table 6.3.1).  The relatively low level of DO in the pond could 

be due to the depletion. The mean value of EC of the highly infested areas was 

0.95±0.5μs while the other infested areas showed 0.94±0.42 &0.95±0.38 (Table 6.3.1). 

The average range of turbidity was higher 9.89(NTU) in the high infestation pond than 

the low infestation pond (Table 6.3.1). 
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Table 6. 3. 2. ANOVA table for water quality changes due to spatial variation in various degrees of Eichhornia infestation pond 

ANOVA Table 

Compared with degrees of infestation Sum of 
Squares Df Mean Square F Sig. 

pH * degrees of infestation 0.71 2.00 0.35 2.01 0.13 

Tem0 C* degrees of infestation 0.41 2.00 0.20 0.22 0.80 

Ec(μs)* degrees of infestation 0.01 2.00 0.01 0.04 0.96 

TDS(µS/cm)* degrees of infestation 0.44 2.00 0.22 2.77 0.06 

Sal (ppm) * degrees of infestation 3.83 2.00 1.91 6.20 0.00 

Turb (NTU) * degrees of infestation 58.44 2.00 29.22 4.43 0.01 

Do (mg L-1) * degrees of infestation 73.17 2.00 36.58 4.67 0.01 

 

Note: Tem= Temperature, Ec=Electrical Conductivity, TDS= Total Dissolved Oxygen, Sal=Salinity, Turb= Turbidity, Do=Dissolved Oxygen 
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One-way ANOVA were used to analyze the impact of water quality parameters 

with    reference to various degrees of infestations. The Salinity, Turbidity and DO levels 

were statistically significant (P<0.01) (Table 6.3.2). The calculated value of f=2.681 was  

less than critical value i.e. 6.20, 4.43 and 4.67 respectively.  
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Table  6. 3. 3. Mean and Std. Deviation of water quality changes due to spatial variation in various degrees of Eichhornia infestation pond  

Pond ID 
 

pH Tem0 C Ec (μs) TDS(µS/cm) Sal (ppm) Turb (NTU) Do (mg L-1) 

1 

Mean ± Std. Dev. 7.5±0.29 31.3±0.91 0.79±0.38 0.71±0.37 0.94±0.55 3.9±3.24 13.83±3.84 
Range 1.18 3.60 1.26 1.30 1.81 9.29 11.95 
Minimum 6.92 29.28 0.46 0.37 0.47 0.66 7.60 
Maximum 8.10 32.87 1.72 1.67 2.28 9.95 19.55 

2 

Mean ±Std. Dev. 7.33±0.51 31.46±1.01 0.99±0.38 0.76±0.28 0.89±0.44 2.95±2.05 13.84±2.71 
Range 1.64 3.93 1.29 1.33 1.60 6.12 10.01 
Minimum 6.37 29.29 0.54 0.44 0.38 0.36 7.17 
Maximum 8.01 33.22 1.83 1.77 1.98 6.48 17.18 

3 

Mean± Std. Dev. 7.54±0.46 31.3±0.71 0.84±0.23 0.83±0.35 1±0.49 4.41±2.49 14.01±3.17 
Range 2.23 2.25 1.09 1.47 1.70 8.82 11.80 
Minimum 6.24 30.13 0.46 0.47 0.27 0.34 6.18 
Maximum 8.47 32.38 1.55 1.94 1.97 9.16 17.98 

4 

Mean± Std. Dev. 7.51±0.16 31.01±0.6 0.82±0.38 0.72±0.28 0.7±0.35 2.32±1.75 14.4±1.81 
Range 0.57 2.23 1.26 1.09 1.16 5.33 5.65 
Minimum 7.27 30.20 0.38 0.20 0.22 0.54 11.03 
Maximum 7.84 32.43 1.64 1.28 1.38 5.87 16.68 

5 

Mean± Std. Dev. 7.27±0.34 31.05±1.01 0.99±0.34 0.96±0.46 0.8±0.46 4.85±3.02 13.82±3.9 
Range 1.34 4.50 1.41 1.66 1.95 8.79 11.97 
Minimum 6.52 28.97 0.56 0.48 0.35 0.63 5.90 
Maximum 7.86 33.47 1.97 2.14 2.30 9.42 17.87 

6 

Mean± Std. Dev. 7.44±0.49 31.31±1 0.78±0.32 0.63±0.24 1.01±0.92 2.3±1.78 11.33±2.68 
Range 1.93 4.17 1.02 0.93 3.47 6.05 9.45 
Minimum 6.55 29.70 0.41 0.34 0.23 1.20 6.00 
Maximum 8.47 33.87 1.43 1.27 3.70 7.25 15.45 

7 
 
 
 
 

Mean± Std. Dev. 7.69±0.46 31.38±1 0.83±0.37 0.6±0.16 0.9±0.48 4.47±3.5 14.32±2.77 
Range 1.75 3.47 1.32 0.53 1.51 8.97 10.04 
Minimum 7.12 30.00 0.35 0.34 0.25 0.73 8.72 

Maximum 8.87 33.47 1.67 0.87 1.76 9.70 18.76 
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8 

Mean ±Std. Dev. 7.62±0.42 31.41±0.85 0.77±0.26 0.57±0.28 1.13±0.59 2.63±2.67 15.05±1.7 
Range 1.67 3.13 1.06 1.36 1.93 9.07 5.80 
Minimum 6.76 29.74 0.39 0.21 0.23 0.63 11.37 
Maximum 8.43 32.87 1.45 1.57 2.16 9.70 17.17 

9 

Mean± Std. Dev. 7.4±0.33 31.26±0.79 1.11±0.34 0.7±0.17 0.95±0.36 1.4±1.02 14.44±1.07 
Range 1.48 2.86 1.25 0.74 1.43 3.51 4.34 
Minimum 6.75 30.22 0.38 0.20 0.22 0.63 12.34 
Maximum 8.23 33.08 1.62 0.93 1.65 4.14 16.68 

10 

Mean± Std. Dev. 7.39±0.4 31.46±0.48 0.88±0.33 0.67±0.17 1.81±0.78 2.94±1.43 12.86±1.68 
Range 1.67 2.40 1.22 0.62 3.09 4.94 6.42 
Minimum 6.78 30.28 0.45 0.35 0.61 0.76 10.50 
Maximum 8.45 32.68 1.67 0.97 3.70 5.70 16.92 

11 

Mean± Std. Dev. 7.38±0.35 30.85±0.85 0.87±0.4 0.6±0.16 0.96±0.56 3.95±2.13 12.99±2.83 
Range 1.61 3.05 1.45 0.66 1.86 8.20 11.79 
Minimum 6.73 29.32 0.43 0.34 0.30 1.23 5.65 
Maximum 8.34 32.37 1.88 1.00 2.16 9.43 17.44 

12 

Mean± Std. Dev. 7.43±0.18 31.48±1.01 0.7±0.25 0.8±0.15 0.88±0.47 4.57±2.52 15.43±2.77 
Range 0.68 3.01 0.80 0.62 1.31 8.53 11.30 
Minimum 6.98 30.24 0.33 0.54 0.44 0.63 6.68 
Maximum 7.66 33.25 1.12 1.16 1.75 9.16 17.98 

13 

Mean± Std. Dev. 7.49±0.32 30.92±0.74 0.73±0.26 0.62±0.2 0.81±0.42 2.96±2.97 12.26±4.31 
Range 1.61 2.80 1.25 0.81 1.31 8.90 13.45 
Minimum 6.87 29.67 0.38 0.21 0.37 0.47 5.43 
Maximum 8.48 32.47 1.63 1.02 1.68 9.37 18.88 

14 

Mean± Std. Dev. 7.66±0.41 31.27±1.1 0.76±0.26 0.68±0.11 1.11±0.42 3.96±2.74 16.34±3.24 
Range 1.67 4.82 1.05 0.46 1.33 8.46 17.44 
Minimum 6.87 28.35 0.39 0.46 0.45 1.55 10.34 
Maximum 8.54 33.17 1.44 0.92 1.78 10.01 27.78 

15 

Mean± Std. Dev. 7.6±0.41 31.11±0.98 0.88±0.32 0.82±0.22 1.19±0.43 2.72±1.44 14.21±1.74 
Range 1.98 3.53 1.13 0.99 1.51 4.75 6.73 
Minimum 6.78 29.34 0.40 0.48 0.52 0.63 12.03 
Maximum 8.76 32.87 1.53 1.47 2.03 5.38 18.76 



 
 

108 
 

16 

Mean± Std. Dev. 7.45±0.27 31.36±0.85 1.13±0.59 0.68±0.14 1.28±0.65 2.7±2.61 14.11±1.97 
Range 0.95 3.57 1.94 0.45 2.17 9.47 6.45 
Minimum 7.03 30.23 0.48 0.47 0.64 0.64 10.75 
Maximum 7.98 33.80 2.42 0.92 2.81 10.11 17.20 

17 

Mean± Std. Dev. 7.59±0.47 31.43±1.11 1.01±0.46 0.84±0.39 1.06±0.6 2.53±2.3 11.73±3.03 
Range 1.78 4.61 1.99 1.75 2.02 6.61 10.11 
Minimum 6.83 29.12 0.51 0.39 0.28 0.72 6.27 
Maximum 8.61 33.73 2.51 2.14 2.30 7.33 16.38 

18 

Mean± Std. Dev. 7.49±0.34 31.53±0.97 1.33±0.56 0.89±0.35 1.3±0.62 3.1±2.29 13.07±2.36 
Range 1.44 3.92 2.00 1.14 2.48 6.74 7.48 
Minimum 6.92 29.26 0.51 0.53 0.28 0.54 10.39 
Maximum 8.36 33.18 2.51 1.67 2.76 7.28 17.87 

19 

Mean± Std. Dev. 7.58±0.39 31.46±0.81 1.17±0.44 0.83±0.22 0.84±0.39 4.8±2.62 14.76±2.21 
Range 1.68 2.87 1.65 1.04 1.29 8.35 8.36 
Minimum 6.67 30.21 0.62 0.63 0.27 0.78 9.14 
Maximum 8.35 33.08 2.27 1.67 1.56 9.13 17.50 

20 

Mean± Std. Dev. 7.65±0.41 31.19±0.81 1.06±0.54 0.67±0.22 0.84±0.55 4.78±3.25 14.16±1.81 
Range 1.70 2.81 1.80 0.86 2.05 9.04 6.01 
Minimum 6.97 30.08 0.54 0.36 0.38 0.66 10.76 
Maximum 8.67 32.89 2.34 1.22 2.43 9.70 16.77 

21 

Mean± Std. Dev. 7.56±0.49 31.05±0.94 0.98±0.59 0.76±0.31 1.13±0.67 2.82±2.43 13.47±3.5 
Range 2.13 4.01 2.02 1.22 2.45 7.63 11.80 
Minimum 6.42 28.30 0.54 0.43 0.24 0.63 6.18 
Maximum 8.54 32.31 2.56 1.65 2.69 8.26 17.98 

22 

Mean± Std. Dev. 7.49±0.31 30.82±0.84 0.9±0.49 0.69±0.15 1.16±0.44 1.45±1.24 12.77±3.00 
Range 1.28 3.12 1.70 0.49 1.40 5.54 7.95 
Minimum 6.92 29.80 0.53 0.44 0.46 0.22 8.72 
Maximum 8.20 32.92 2.23 0.93 1.86 5.76 16.67 

23 

Mean± Std. Dev. 7.53±0.41 30.91±1.28 0.69±0.19 0.58±0.27 0.83±0.6 2.56±2.14 13.43±2.43 
Range 1.57 6.51 0.69 1.32 2.33 7.50 9.09 
Minimum 6.90 26.65 0.37 0.21 0.31 1.22 8.37 
Maximum 8.47 33.16 1.06 1.53 2.64 8.72 17.46 
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24 

Mean± Std. Dev. 7.4±0.22 30.78±0.66 0.92±0.47 0.62±0.15 0.8±0.39 2.4±2.49 12.89±2.35 
Range 0.88 2.35 1.81 0.50 1.28 9.02 7.16 
Minimum 6.92 30.08 0.53 0.42 0.38 0.35 9.70 
Maximum 7.80 32.43 2.34 0.92 1.66 9.37 16.86 

25 

Mean± Std. Dev. 7.65±0.43 31.54±1.02 0.96±0.43 0.8±0.27 1.09±0.52 2.63±2.69 13.05±2.45 
Range 1.66 3.45 1.35 0.80 1.71 8.57 8.96 
Minimum 7.14 30.28 0.58 0.49 0.52 0.68 7.84 
Maximum 8.80 33.73 1.93 1.28 2.23 9.25 16.80 

26 

Mean± Std. Dev. 7.52±0.52 31.29±1.01 1.27±0.63 1.04±0.48 0.91±0.49 4.74±2.54 14.15±1.55 
Range 2.02 3.76 2.08 1.62 1.40 9.20 6.22 
Minimum 6.43 29.50 0.43 0.39 0.37 0.36 10.43 
Maximum 8.45 33.26 2.51 2.01 1.77 9.56 16.65 

27 

Mean± Std. Dev. 7.46±0.72 31.49±1.32 0.92±0.5 0.7±0.32 0.93±0.5 3.62±3.01 13.22±2.81 
Range 2.32 4.81 1.69 1.41 1.35 8.90 8.23 
Minimum 6.48 28.92 0.43 0.34 0.28 0.34 9.55 
Maximum 8.80 33.73 2.12 1.75 1.63 9.24 17.78 

28 

Mean± Std. Dev. 7.23±0.49 31.37±0.87 1±0.90 0.78±0.17 0.89±0.50 3.08±2.55 14.86±2.41 
Range 0.93 2.46 1.33 0.62 1.37 8.53 10.25 
Minimum 6.77 30.24 0.43 0.54 0.38 0.63 6.68 
Maximum 7.70 32.70 1.76 1.16 1.75 9.16 16.93 

29 

Mean± Std. Dev. 7.57±0.49 31.23±0.91 0.98±0.36 0.63±0.17 1.1±0.49 3.55±2.26 14.67±2.34 
Range 2.26 3.67 1.43 0.63 1.38 7.72 8.76 
Minimum 6.52 29.55 0.55 0.30 0.38 0.82 8.68 
Maximum 8.78 33.22 1.99 0.93 1.76 8.54 17.44 

30 

Mean± Std. Dev. 7.44±0.39 31.05±1.12 1.2±0.46 0.66±0.17 1.24±0.54 2.58±1.8 13.85±2.77 
Range 1.68 4.34 1.55 0.61 1.58 6.67 11.93 
Minimum 6.58 29.26 0.54 0.28 0.43 0.65 5.44 
Maximum 8.26 33.60 2.09 0.89 2.01 7.32 17.37 

31 

Mean± Std. Dev. 7.58±0.55 31.73±1.13 1.01±0.4 0.64±0.14 0.94±0.47 2.93±2.21 13.68±2.72 
Range 2.29 3.61 1.41 0.49 1.57 8.15 11.36 
Minimum 6.27 30.11 0.48 0.43 0.44 0.68 6.28 
Maximum 8.56 33.72 1.89 0.92 2.01 8.83 17.64 
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Note:  1. Keezhaiyur Kulam; 2. Karuvazhakarai Kulam1; 3. Periyakulam; 4. Palathan 
Kulam ; 5. Pillaiyar Kulam; 6. Puthakulam; 7. Pillaiyar Kulam; 8. Thamarai Kulam;9. 
Thirukulam; 10. Ayyanar Kulam; 11. Samman kullam; 12. Ilavular Kulam; 13. Sivankoil 
Kulam;  14. Vannapatugai Kullam;  15. Thamarai Kulam; 16. Kunniyur Kulam- 1; 17.  
Kunniyur Kulam- 2; 18. Mavur Kulam 19. Theresa Kulam 20.  Madathukulam  21. 
Mettupalayam Kulam 22. Srinivasa Puram Kulam 23. Sannanallur Kulam 24. 
Muthumariyamman Kulam 25. Narasinganpettaikulam-1; 26. Narasingan pettaikulam -2;  
27. Thiruvalangadu  28. Kanjanur Kulam 29. Mananjery Kulam 30. Veppathur Kulam-1; 
31. Veppathur Kulam-2 
 

       The mean value of DO of the Kunniyur Kulam-1 showed the minimum of 
11.73±3.03 (mgL-1) whereas  the maximum was   in the Vannapatugai Kullam 
16.34±3.24 (mgL-1). The Minimum and Maximum pH value was 6.24 and 8.8 in the 
pond Periyakulam and Thiruvalangadu respectively. The mean value of the maximum 
salinity which was showed in the Ayyanar kulam was  1.81±0.78ppm and the minimum 
mean value showed in Palathan Kulam  0.7±0.35ppm (Table 6.3.3). 
 

Table 6.3. 4. ANOVA table for water quality changes due to spatial variation in 
various degrees of Eichhornia infestation pond  

ANOVA 

 Water Quality Parameter Sum of Squares Df Mean Square F Sig. 

pH * Pond  7.06 30.00 0.24 1.36 0.10 

Tem0 C* Pond 35.58 30.00 1.19 1.31 0.12 

Ec(μs)* Pond 17.18 30.00 0.57 3.35 0.00 

TDS (µS/cm)* Pond 8.68 30.00 0.29 4.16 0.00 

Sal (ppm)* Pond 26.20 30.00 0.87 3.04 0.00 

Turb (NTU) * Pond 607.56 30.00 20.25 3.37 0.00 

Do (mg L-1)* Pond 690.48 30.00 23.02 3.20 0.00 

 
Note: Tem= Temperature, Ec=Electrical Conductivity, TDS= Total Dissolved Oxygen, Sal=Salinity, 
Turb= Turbidity, Do=Dissolved Oxygen 

One-way ANOVA were used to analyze the water quality changes due to spatial 

variation in various degrees of infestations of Eichhornia. The different values of 

Salinity, Turbidity and DO levels showed statistically significant (P=0.00) with 

Eichhornia ponds. The results of ANOVA showed that pH and Temperature of the pond 

were f = 1.36 and 1.31, (P>0.1) statistically significant (Table 6.3.4) between water 

quality parameters and Eichhornia infestation. 
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Table 6.3.5. Mean and Std. Deviation of water quality changes due to temporal variation in various degrees of Eichhornia infestation pond  

YEAR 2013 2014 2015 

Water Quality 
Parameter 

Mean± Std. 
Dev. Min. Max. Range Mean± Std. 

Dev. Min. Max. Range Mean± Std. 
Dev. Min. Max. Range 

pH 7.53±0.45 6.42 8.80 2.39 7.48±0.42 6.24 8.87 2.63 7.56±0.36 6.75 8.54 1.79 

Tem0 C 31.25±1.15 26.65 33.73 7.08 31.24±0.89 29.12 33.47 4.35 31.30±0.70 30.00 33.87 3.87 

Ec(μs) 0.86±0.42 0.33 2.51 2.18 0.97±0.44 0.39 2.56 2.17 1.06±0.41 0.37 2.42 2.05 

TDS (µS/cm) 0.65±0.29 0.20 1.94 1.75 0.75±0.27 0.21 2.14 1.93 0.81±0.29 0.21 1.76 1.55 

Sal (ppm) 0.92±0.58 0.22 3.70 3.48 0.99±0.56 0.23 3.70 3.47 1.30±0.42 0.41 2.43 2.02 

Turb (NTU) 3.39±2.77 0.22 9.95 9.73 3.37±2.63 0.34 10.11 9.77 2.73±1.78 0.73 9.24 8.51 

Do (mg L-1 ) 13.92±2.95 5.43 19.55 14.12 13.96±2.79 5.44 27.78 22.34 12.77±2.39 5.90 17.43 11.53 

 

Note: Tem= Temperature, Ec=Electrical Conductivity, TDS= Total Dissolved Oxygen, Sal=Salinity, Turb= Turbidity, Do=Dissolved Oxygen 
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   The table shows the mean and standard   deviation of water quality changes due 

to temporal variation in various degrees of Eichhornia infestation ponds. The range value 

of DO of the year 2015 showed the minimum of 11.53 (mgL-1) whereas  the maximum of 

22.34(mgL-1) during the year 2014. The pH and temperature values were more or less 

similar during the all the three years 8.5 to 8.8 and 33.50 C to 33.80 C. The maximum 

salinity was showed equally in the years of 2013 and 2014 (3.70ppm) whereas the 

minimum showed during 2015(2.423ppm) (Table 6.3.5). 
 

Table 6.3.6. ANOVA table for water quality changes due to temporal variation in 
various degrees of Eichhornia infestation pond  

ANOVA Table 

  
Sum of 
Squares Df 

Mean 
Square F Sig. 

pH * Year 0.69 2.00 0.35 1.97 0.14 

Tem0 C* Year 0.26 2.00 0.13 0.14 0.87 

Ec(μs)* Year 2.96 2.00 1.48 8.00 0.00 

TDS (µS/cm)* Year 2.08 2.00 1.04 13.53 0.00 

Sal (ppm)* Year 8.81 2.00 4.40 14.63 0.00 

Turb (NTU) * Year 31.39 2.00 15.69 2.36 0.09 

Do (mg L-1)* Year 104.97 2.00 52.49 6.74 0.00 
 

Note: Tem= Temperature, Ec=Electrical Conductivity, TDS= Total Dissolved Oxygen, Sal=Salinity, 
Turb= Turbidity, Do=Dissolved Oxygen 

One-way ANOVA was used to analyze the water quality changes due to temporal 

variation in various degrees of infestations of Eichhornia. The Salinity and DO levels 

were statistically significant (P=0.00) with Eichhornia infestation. The year wise pH of 

the pond were statistically significant (P>0.1) with Eichhornia infestation (Table 6.3.6).  
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Table 6.3.7 Mean and Std. Deviation of water quality changes due to seasonal variation in various degrees of Eichhornia infestation pond  

SEASON pH Tem0 C Ec(μs) TDS(µS/cm) Sal(ppm) Turb(NTU) Do(mg L-1) 
Pom Mean ±Std.Dev. 7.43±0.39 31.19±0.82 1.03±0.44 0.76±0.26 1.15±0.56 2.53±1.83 13.43±2.52 

Range 2 5 2 2 3 9 13 
Min. 6 29       1 6 
Max. 9 34 2 2 3 9 19 

Sum Mean± Std. Dev. 7.60±0.39 31.51±0.77 1.16±0.48 0.79±0.29 1.00±0.55 3.92±2.92 13.71±2.75 
Range 2 4 2 2 3 9 12 
Min. 7 30       1 6 
Max. 9 34 3 2 3 10 18 

Prm Mean± Std. Dev. 7.53±0.43 31.26±0.99 0.86±0.39 0.64±0.23 0.87±0.47 3.63±2.70 14.16±2.64 
Range 2 5 2 2 2 10 14 
Min. 7 29         6 
Max. 9 34 3 2 2 10 20 

Mon Mean± Std. Dev. 7.47±0.43 31.09±1.10 0.81±0.33 0.73±0.30 1.03±0.60 3.09±2.54 13.77±3.19 
Range 3 7 2 2 3 9 22 
Min. 6 27         5 
Max. 9 34 2 2 4 9 28 

 

Note: Tem= Temperature, Ec=Electrical Conductivity, TDS= Total Dissolved Oxygen, Sal=Salinity, Turb= Turbidity, Do=Dissolved Oxygen; Pom= Post Monsoon, 
Mon=Monsoon , Prm=Pre Monsoon, Sum=Summer   
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 The table showed that the mean and standard   deviation of water quality changes 

due to seasonal variation in various degrees of Eichhornia infestation ponds. The mean 

value of DO of the Pre-monsoon showed the maximum of 14.16±2.64 (mgL-1) whereas 

the post monsoon season showed the minimum of 13.43±2.52 (mgL-1). The range value 

of pH showed 2 in all the seasons except the monsoon season. The mean and standard 

deviation of maximum temperature showed during summer 31.51±0.770 C than the other 

seasons. The minimum salinity was showed during Pre-monsoon season only 

(0.87±0.47ppm) (Table 6.3.7). 

 
Table 6.3.8. ANOVA table for water quality changes due to seasonal variation in 
various degrees of Eichhornia infestation pond  

ANOVA Table 

Water Quality Parameter Sum of Squares df Mean Square F Sig. 

pH * Season 2.44 3.00 0.81 4.70 0.00 

Tem0 C* Season 14.78 3.00 4.93 5.49 0.00 

Ec(μs)* Season 12.74 3.00 4.25 24.90 0.00 

TDS (µS/cm)* Season 1.94 3.00 0.65 8.38 0.00 

Sal (ppm)* Season 6.55 3.00 2.18 7.15 0.00 

Turb (NTU) * Season 172.75 3.00 57.58 8.95 0.00 

Do (mg L-1)* Season 44.67 3.00 14.89 1.89 0.13 
 
Note: Tem= Temperature, Ec=Electrical Conductivity, TDS= Total Dissolved Oxygen, Sal=Salinity, 
Turb= Turbidity, Do=Dissolved Oxygen 

One-way ANOVA was used to analyze the water quality changes due to seasonal 

variation in various degrees of infestations of Eichhornia. The DO levels were 

statistically significant (P>0.1) with Eichhornia infestations. The seasonal variation of 

pH, Temperature, EC, TDS, Salinity and Turbidity of the pond were also statistically 

significant (P=0.0) with Eichhornia infestations (Table 6.3.8).  
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Table 6.3.9. Month wise Mean and Std. Deviation of water quality changes due to seasonal variation in various degrees of Eichhornia 
                     infestation pond 

MONTH pH Tem Ec TDS Salin Turb Do 

January 

Mean± Std. Dev. 7.42±0.4 31.28±0.75 1.06±0.42 0.78±0.29 1.38±0.66 1.97±1.2 13.75±2.15 
Range 2.39 2.77 1.54 1.39 2.98 5.06 8.47 
Min. 6.37 30 0.43 0.37 0.28 0.54 8.45 
Max. 8.76 32.77 1.97 1.76 3.26 5.6 16.92 

February 

Mean± Std. Dev. 7.29±0.36 30.71±0.66 0.92±0.4 0.72±0.29 0.96±0.5 3.11±2.32 13.2±2.73 
Range 1.78 3.32 2.02 1.55 1.47 8.53 10.75 
Min. 6.43 29.26 0.39 0.21 0.29 0.63 6.18 
Max. 8.21 32.58 2.41 1.76 1.76 9.16 16.93 

March 

Mean± Std. Dev. 7.56±0.39 31.53±0.82 1.11±0.49 0.77±0.22 1.16±0.49 2.45±1.63 13.4±2.62 
Range 2.01 4.53 2.05 1.44 2.31 8.61 13.11 
Min. 6.53 29.34 0.37 0.21 0.38 0.63 5.65 
Max. 8.54 33.87 2.42 1.65 2.69 9.24 18.76 

April 

Mean± Std. Dev. 7.61±0.34 31.59±0.68 1.19±0.5 0.77±0.28 1.13±0.56 4.09±2.95 13.61±2.56 
Range 1.56 3.68 2.08 1.28 2.49 8.89 11.6 
Min. 6.89 30.12 0.43 0.39 0.27 0.82 5.9 
Max. 8.45 33.8 2.51 1.67 2.76 9.7 17.5 

May 

Mean± Std. Dev. 7.48±0.4 31.49±0.73 1.16±0.44 0.88±0.28 0.88±0.51 3.14±2.66 13.69±3.19 
Range 1.7 2.74 2.15 1.69 2.53 8.44 10.86 
Min. 6.56 29.82 0.41 0.32 0.23 0.76 6.46 
Max. 8.26 32.56 2.56 2.01 2.76 9.2 17.32 

June 

Mean± Std. Dev. 7.67±0.43 31.43±0.9 1.14±0.5 0.74±0.31 0.95±0.57 4.34±3.03 13.84±2.74 
Range 2 3.62 1.99 1.6 2.5 8.8 11.57 
Min. 6.78 30.11 0.52 0.34 0.31 0.76 6 
Max. 8.78 33.73 2.51 1.94 2.81 9.56 17.57 

July 
Mean± Std. Dev. 7.61±0.5 31.35±1.08 0.91±0.41 0.64±0.24 0.83±0.46 3.6±2.77 14.16±2.84 
Range 2.2 4.22 1.97 1.56 1.62 9.66 13.67 
Min. 6.67 29.25 0.38 0.2 0.22 0.35 5.76 
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Max. 8.87 33.47 2.34 1.75 1.84 10.01 19.43 

August 

Mean± Std. Dev. 7.45±0.39 31.11±0.92 0.86±0.39 0.65±0.2 0.88±0.51 3.5±2.42 14.08±2.59 
Range 1.86 4.61 1.5 1.2 2.03 8.6 12.12 
Min. 6.58 29.12 0.43 0.37 0.28 0.56 6.78 
Max. 8.44 33.73 1.93 1.57 2.31 9.16 18.9 

September 

Mean± Std. Dev. 7.54±0.4 31.34±1 0.81±0.38 0.64±0.27 0.9±0.48 3.79±2.94 14.23±2.56 
Range 2.15 4 2.16 1.58 1.59 9.84 12.3 
Min. 6.52 29.72 0.35 0.2 0.22 0.27 7.25 
Max. 8.67 33.72 2.51 1.77 1.81 10.11 19.55 

October 

Mean± Std. Dev. 7.53±0.38 31.33±1.02 0.78±0.31 0.72±0.29 0.88±0.55 3.4±2.53 13.96±3.92 
Range 2.13 4.19 1.5 1.93 3.15 9.03 22.34 
Min. 6.68 29.34 0.38 0.21 0.25 0.22 5.44 
Max. 8.8 33.53 1.88 2.14 3.4 9.25 27.78 

November 

Mean± Std. Dev. 7.53±0.37 31.08±1 0.86±0.37 0.71±0.27 1.1±0.53 2.7±2.54 13.48±2.81 
Range 1.88 4.63 1.54 1.53 2.29 9.03 12.55 
Min. 6.57 28.97 0.43 0.34 0.32 0.34 5.43 
Max. 8.44 33.6 1.97 1.88 2.6 9.37 17.98 

December 

Mean± Std. Dev. 7.34±0.52 30.86±1.23 0.78±0.31 0.76±0.36 1.12±0.69 3.18±2.56 13.86±2.75 
Range 2.56 7.08 1.65 1.79 3.47 9.08 11.59 
Min. 6.24 26.65 0.33 0.35 0.23 0.34 6.39 
Max. 8.8 33.73 1.97 2.14 3.7 9.42 17.98 

 

Note: Tem= Temperature, Ec=Electrical Conductivity, TDS= Total Dissolved Oxygen, Sal=Salinity, Turb= Turbidity, Do=Dissolved Oxygen 
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The table showed that the month wise mean and standard   deviation of water 

quality changes due to seasonal variation in various degrees of Eichhornia infestation 

ponds. The mean value of pH of the month May showed the maximum of 7.67±0.43  and 

the month of February showed the minimum of 7.29±0.36 (Table 6.3.9). 

 
Table 6.3.10. Month wise ANOVA table for water quality changes due to temporal 
variation in various degrees of Eichhornia infestation pond  

ANOVA Table 
Water Quality 

Parameter 
Sum of 
Squares Df Mean Square F Sig. 

pH 7.321 11 0.666 3.972 0.000 

Tem0 C 43.096 11 3.918 4.534 0.000 

Ec(μs) 14.378 11 1.307 7.683 0.000 

TDS (µS/cm) 2.581 11 0.235 3.046 0.001 

Sal (ppm) 14.810 11 1.346 4.548 0.000 

Turb (NTU) 255.120 11 23.193 3.632 0.000 

Do (mg L-1) 61.876 11 5.625 0.706 0.734 

Note: Tem= Temperature, Ec=Electrical Conductivity, TDS= Total Dissolved Oxygen, Sal=Salinity, 
Turb= Turbidity, Do=Dissolved Oxygen 

One-way ANOVA was used to analyze month wise water quality changes due to 
temporal variation in various degrees of infestations of Eichhornia. The TDS (µS/cm) 
levels were statistically significant (P>0.001) (Table 6.3.10).  

 
Table   6.3.11. Mean and Std. Deviation of water quality changes due to temporal 
variation in various degrees of Eichhornia infestation and presence of amphibian 
species  

YEAR Eichhornia  Amphibians  
Dense Mean± Std. Dev. 28.48±12.526 7.05±3.450 

Range 53 18 
Minimum 2 1 
Maximum 55 19 

Medium Mean± Std. Dev. 28.33±12.645 6.43±3.086 
Range 57 21 

Minimum 2 1 
Maximum 58 22 

Low Mean± Std. Dev. 28.06±12.002 8.74±3.955 
Range 50 16 

Minimum 3 2 
Maximum 53 18 
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The table shows that the mean and standard   deviation of water quality changes 

due to temporal variation in various degrees of Eichhornia infestation and presence of 

amphibian species. The mean value of Eichhornia biomass showed dense, medium and 

low ponds were 28.48±12.526, 28.33±12.645 and 28.06±12.002 respectively. The mean 

and SD value of amphibians also showed in dense, medium and low ponds were 7.05± 

3.450, 6.43±3.086 and 8.74±3.955 respectively (Table 6.3.11). 

Table  6.3.12. Mean and Std. Deviation of water quality changes due to seasonal 
variation in Eichhornia biomass and presence of amphibian population 

SEASON Eichhornia Amphibians 
POM Mean± Std. Dev. 26.06±11.523 7.91±3.572 

Range 50 16 
Minimum 3 2 
Maximum 53 18 

Sum Mean± Std. Dev. 27.26±12.963 6.48±2.820 
Range 51 17 
Minimum 2 1 
Maximum 53 18 

PrM Mean± Std. Dev 28.98±13.173 7.03±3.047 
Range 57 16 
Minimum 2 1 
Maximum 58 17 

Mon Mean± Std. Dev. 29.84±12.227 6.52±3.847 
Range 56 21 
Minimum 2 1 
Maximum 58 22 

 
PoM= Post Monsoon, Mon=Monsoon , PrM=Pre Monsoon, Sum=Summer   

The table shows that the mean and standard   deviation of water quality changes 

due to seasonal variation in various degrees of Eichhornia biomass infestation with 

amphibian species. The mean and SD value of Eichhornia biomass were higher during 

Monsoon season (29.84±12.227) and lesser (26.06±11.523) during post monsoon season. 

But at the same time the mean and SD value of amphibians were higher in post monsoon 

season (7.91±3.572) and lesser during summer season  ( 6.48±2.820) (Table 6.3.12). 
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Table 6.3.14.  ANOVA table for temporal variation of Eichhornia biomass and 
amphibian population   

ANOVA Eichhornia Amphibian 

 Year Season Month Year Season Month 

SS 7.273 1007.756 2315.217 332.149 175.080 302.775 

Df 2 3 11 2 3 11 
Mean 
Square 3.636 335.919 210.474 166.074 58.360 27.525 

F 0.023 2.167 1.359 14.812 5.065 2.403 

Sig. 0.977 0.091 0.190 0.000 0.002 0.006 
 

One-way ANOVA was used to analyze the temporal variation of Eichhornia 

biomass and amphibian population at various degrees of infestations of Eichhornia 

ponds. The season wise presence of amphibians was statistically significant (P>0.005) 

(Table 6.3.14) with Eichhornia biomass.  

6.3.16.    Mean± Std. Dev. Based on spatial difference of various degrees of 
infestations of Eichhornia and amphibian population  

Weed Eichhornia  Amphibian 
Dense Mean± Std. Dev. 35.55±10.364 5.45±2.609 

Range 55 16 
Minimum 3 1 
Maximum 58 17 

Medium Mean± Std. Dev. 21.72±6.658 7.94±3.524 
Range 28 16 
Minimum 2 3 
Maximum 30 19 

Low Mean± Std. Dev. 14.10±8.816 7.74±3.553 
Range 31 21 
Minimum 2 1 
Maximum 33 22 

 

The mean  and SD value of dense Eichhornia was 35.55±10.364 higher than the other 

infested areas (Table 5.3.16) whereas the mean value of amphibian population was 

higher in medium infested areas was 7.94±3.524 while the other infested areas showed 

7.74±3.55 &5.45±2.60 (Table 5.3.16).  
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Table 6. 3.20. Mean ±Std. Dev. Values of water quality parameters on spatial variation of various degrees of infestation of pond  

Weed Dense Medium Low 
Water Quality 

parameter Mean Range Min. Max. Mean Range Min. Max. Mean Range Min. Max. 

pH 7.53±0.47 2.56 6.24 8.80 7.53±0.42 2.25 6.53 8.78 7.47±0.37 2.50 6.37 8.87 

Tem0 C 31.23±1.06 7.22 26.65 33.87 31.3±0.91 4.47 29.26 33.73 31.25±0.88 5.5 28.3 33.8 

Ec(μs) 0.95±0.5 2.24 0.33 2.56 0.94±0.42 1.95 0.38 2.33 0.95±0.38 2.04 0.38 2.42 

TDS (µS/cm) 0.74±0.34 1.95 0.2 2.14 0.67±0.19 0.98 0.2 1.17 0.73±0.26 1.93 0.21 2.14 

Sal (ppm) 1.1±0.57 3.48 0.22 3.7 1.02±0.61 2.59 0.22 2.81 0.93±0.51 3.17 0.23 3.4 

Turb (NTU) 2.92±2.4 9.89 0.22 10.11 3.33±2.48 9.15 0.27 9.42 3.58±2.74 9.61 0.34 9.95 

Do (mg L-1) 13.36±3.1 21.78 6 27.78 13.87±2.82 13.47 5.43 18.9 14.11±2.5 13.9 5.65 19.55 
 

            Note: Tem= Temperature, Ec=Electrical Conductivity, TDS= Total Dissolved Oxygen, Sal=Salinity, Turb= Turbidity, Do=Dissolved Oxygen 
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The maximum pH of the dense infested areas was 8.80 whereas the maximum pH 

of  medium and low infested ponds were 8.78 and 8.87 respectively. The mean value of 

DO level was more in (14.11±2.5 mg L-1) less infestation of Eichhornia infestation ponds 

whereas less in dense (13.36±3.1 mg L-1)  Eichhornia infestation ponds (Table 6.3.20). The 

mean value of EC of the dense infested areas was 0.95±0.5μs while the other infested 

areas showed 0.94±0.42& 0.95±0.38 (Table 6.3.20).  

 

Table 6. 3.21. ANOVA table for spatial variation in water quality parameters compared 
with various degrees of Eichhornia infestation    

ANOVA Table 
Compared with 
Classification pond Sum of Squares Df Mean Square F Sig. 

pH * degrees of 
Eichhornia infestation 

0.71 2.00 0.35 2.01 0.13 

Tem0 C* degrees of 
Eichhornia infestation 

0.41 2.00 0.20 0.22 0.80 

Ec(μs)* degrees of 
Eichhornia infestation 

0.01 2.00 0.01 0.04 0.96 

TDS(µS/cm)* degrees of 
Eichhornia infestation  

0.44 2.00 0.22 2.77 0.06 

Sal (ppm) * degrees of 
Eichhornia infestation  

3.83 2.00 1.91 6.20 0.00 

Turb (NTU) * degrees of 
Eichhornia infestation  

58.44 2.00 29.22 4.43 0.01 

Do (mg L-1) * degrees of 
Eichhornia infestation  

73.17 2.00 36.58 4.67 0.01 

 
Note: Tem= Temperature, Ec=Electrical Conductivity, TDS= Total Dissolved Oxygen, Sal=Salinity, 
Turb= Turbidity, Do=Dissolved Oxygen,  

Analysis of variance showed that turbidity and DO values were significantly 

higher (P> 0.01) in water hyacinth infested areas. The other parameters such as pH, 

temperature, EC, TDS and salinity were not significantly higher (P< 0.05) in water 

hyacinth infested areas (Table 6.3.21). 
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Table 6. 3.37. Mean ± Std. Dev. for seasonal variation of Eichhornia biomass and 
Amphibian population  

SEASON Eichhornia Amphibians 
Pom Mean± Std. Dev. 26.06±11.523 7.91±3.572 

Range 50 16 
Minimum 3 2 
Maximum 53 18 

Sum Mean± Std. Dev. 27.26±12.963 6.48±2.820 
Range 51 17 
Minimum 2 1 
Maximum 53 18 

Prm Mean± Std. Dev 28.98±13.173 7.03±3.047 
Range 57 16 
Minimum 2 1 
Maximum 58 17 

Mon Mean± Std. Dev. 29.84±12.227 6.52±3.847 
Range 56 21 
Minimum 2 1 
Maximum 58 22 

Pom= Post Monsoon, Mon=Monsoon ,Prm=Pre Monsoon, Sum=Summer   

 Mean and SD values for seasonal variation of Eichhornia Biomass was higher in 
monsoon season (29.84±12.227) but lesser in post monsoon season(26.06±11.523)  and the 
amphibian population was higher in post monsoon season (7.91±3.572)  but less in summer 
season (6.48±2.820) (Table 6.3.37) 
 
Table 5.3.41.  Mean± Std. Dev. for spatial  variation of Eichhornia biomass and Amphibian 
population in various degrees of infestation Ponds    

Eichhornia infested Pond Eichhornia Amphibian 
Dense Mean± Std. Dev. 35.55±10.364 5.45±2.609 

Range 55 16 
Minimum 3 1 
Maximum 58 17 

Medium Mean± Std. Dev. 21.72±6.658 7.94±3.524 
Range 28 16 
Minimum 2 3 
Maximum 30 19 

Low Mean± Std. Dev. 14.10±8.816 7.74±3.553 
Range 31 21 
Minimum 2 1 
Maximum 33 22 

 

Mean an SD values of amphibian population was higher in medium (7.94±3.524) and 
less (7.74±3.553) Eichhornia biomass. If the biomass of Eichhornia increased  the 
amphibian population decreased(Table 5.3.41) 
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Fig.6.3.1.  Linear regression graph for physic- chemical parameters  

 Eichhornia Vs water quality parameters  such as the DO, pH,  temperature, turbidity, salinity  
and TDS of the linear regression graphs were called a normal Probability Plot because of the 
residuals were normally distributed and lie along a 45º upward sloping diagonal line. 
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Objectives 4:  
 
4.1. Conservation measures of amphibian fauna to enrich the habitat for the density 

of amphibians 
 
4.1.1 Management and control of the E. crassipes infestation to enrich amphibians  

 

Today there is a global agreement among scientists and managers that there is no 

totally effective method to eradicate E. crassipes indicating the best option is integrated 

management and control of the weed. Although there has been little attention paid to the 

integration of chemical and biological control as Center et al. (1982) reported in an 

experimental study weevils were more effective in combination with a growth retardant. 

It makes suitable feed for many animals, and can be a source of protein for man. Its use 

has been recommended in farming as fertilizer and compost for mushroom culture. As a 

green manure it can be either ploughed into the ground or used as mulch. It can be 

converted into compost and used on the land with proper management and technology. 

Vermicomposting is kind of manure production can be done by any farmer with a small 

pond with Water Hyacinth. No investment is required, only labour and time and 

environmental awareness measures should also be taken through various 

communications media.  Just clearing of the weed is not the best way to solve the socio 

economic problem of this declining of amphibians due to the fast re growth of the Water 

Hyacinth. Hence, the best way to solve this problem depends upon the choice of the 

solution lies in the size of the water body, area of Water Hyacinth growth, lifestyle of 

people living around it, need for employment, etc.  In the present study showed both the 

volume and area of the pond are highly significant for density of amphibians. 

 Semlitsch et al., 2015 tested whether pond area was a significant predictor of 

density, species richness, and diversity of amphibians. They found that in all cases a 

quadratic model fit their data significantly better than a linear model. Because small 

ponds have a high probability of pond drying and large ponds have a high probability of 

fish colonization and accumulation of invertebrate predators. They also found that not all 

intermediate sized ponds produced low amphibian density, richness, and diversity. Their 

results indicated that hylid and chorus frogs are found predictably more often in 

ephemeral ponds whereas bullfrogs, green frogs, and cricket frogs are found most often 

in permanent ponds with fish. In the present study also it shows at significant level. 
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Landia et al. (2012) also observed, the depth of ponds is one of the key factors 

for the amphibians, whose limiting factor for survival is sufficient water in the driest 

months. Gichuki et al. ( 2012) suggested that the E. crassipes infestation is a symptom of 

broader watershed management and pollution problems to alter aquatic biodiversity. In 

the present study also, it could be the reason that water quality and environment changes 

by E. crassipes plants in village ponds of the study area. This research focused on 

possible impact of water quality indicators and exotic species of water hyacinth on 

amphibian extinction. The study area encompassed water quality parameters with water 

hyacinth infested ponds of the Cauvery delta areas. Water quality appears to be an 

important factor which may limit the occurrence of amphibians. The local environmental 

factors influence the water qualities of the pond in which the vegetation also determine 

the quality of the particular ponds. 

The physic-chemical parameters like temperature, electrical conductivity and 

total dissolved solids are significantly related to amphibian population. So the physico- 

chemical parameters were the response of the amphibian communities on water hyacinth 

is highly dependent on the physicochemical conditions and water hyacinth density. The 

combination of these factors makes it very difficult to predict specific effects. From the 

above results, we came to know that the amphibian population fluctuation was 

influenced by various factors like water quality parameters and water hyacinth. 

4.1.2 Recommendations to enrich the amphibian population 

The most important conclusion of this study is that the clearing of weeds, 

restoration of ponds in the villages is a viable approach for conservation of amphibians. 

Thus, Ecosystem-level research programmes that simultaneously monitor the effects of 

water hyacinth on multiple trophic-levels are needed to further our understanding of 

invasive species. In addition that, an Intensive survey and regular monitoring of larval 

and adult amphibians in the Cauvery deltaic regions is also very essential. The 

degradation or alteration of lands into plots should be minimized.  We need to be studied 

about the details of the impacts and causes of water quality on amphibians for preventing 

severity of declining amphibian population. The conservation of species from 

unprotected ponds should also be strengthening particularly in urban areas. Last but not 

least, community and School based awareness programs should be conducted in young 

minds to protect the amphibians.  
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VII. Summary 

   Spatial  variations of amphibian population in Eichhornia infested ponds  

       A total of 12 amphibian species were recorded from 31 village ponds during the 

study       period. About 6 species of Euphlyctis cyanophlyctis, Euphlyctis hexadactylus , 

Hoplobatrachus tigerinus, Hoplobatrachus crassus, Fejervarya limnocharis and 

Sphaerotheca breviceps, were belonging to the family Dicroglosidae, whereas only three 

species of Microhyla ornata, Microhyla rubra and Ramanella varigata were belonged to 

the family Microylidae and  toads and terrestrial species of Duttaphrynus melanostictus 

and Duttaphrynus scaber were observed from the family Bufonidae. The only arboreal 

species encountered was Polypedatus maculates, belonged to the family Rhacophoridae. 

Regarding amphibian diversity, about 12 species were reported from Nagapattinam, 11 

species from Thiruvarur and only 10 species from Thanjavur districts. The 12 species of 

amphibians were recorded under” Least Concern” categories as per the Red Data Book 

of IUCN, 2016. The season wise amphibian density was higher in the pre-monsoon 

season whereas less in summer season.  The Euphlyctis cyanophlyctis was the highest 

amphibian species in all the seasons, whereas the species Ramanella varigata was less in 

all the seasons. The density of amphibian species was higher in less infestation ponds 

than the high and medium infestations of Eichhornia ponds. The mean and standard 

deviation of Eichhornia infestation is 2.14 ±0.89. Out of twelve species only two species 

were statistically significant (P<0.05). The impact of relationships of year with    

reference to amphibian species only one species HCR was statistically significant 

(P<0.05) whereas the impact of relationships with    reference to amphibian species, only 

four species i.e., ECY, EHX, DML, MCO were statistically significant (P<0.05). The 

impact of Eichhornia infestations versus amphibian density at village ponds, ECY and 

HCR was statistically significant (P < 0.05). However, the Eichhornia infestation in 

relation with amphibian species showed that nine amphibians were positive correlation 

whereas only three of them showed negative correlation. 
 

Temporal variation of amphibian species in Eichhornia infested ponds 

The amphibian density on various parameters such as water hyacinth, year, 

season on thirty three ponds of three districts, year, pond and the degrees of infestations 

of water hyacinth were statistically significant (P<0.05). Amphibian density was lowest 

in dense infestation pond. The variation in the density of ECY showed significant 

difference among infestations (F= 29.57; P<0.001) as well as ECY and ECH population 
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was also present in all thirty one ponds of various degrees of infestation ponds of my 

study area. The ANOVA showed that the variation in the amphibian species of ECH only 

showed significant difference among ponds (F= 0.846; P<0.001). The variation in the 

other amphibian species of ECY, HTG, HCR, FLM, DML, MCO, MRU and PMC 

showed no significant difference among the village ponds (P>0.005). The variation in the 

amphibian species of ECH showed significant difference among villages (F= 2.888; 

P<0.001). The density of amphibians was found highest in 2014, while the density and 

diversity was found to be highest in the year 2013 and 2014. The density of ECY was 

highest when compared to other amphibians. Among the three years ECY was more in 

2014. In the mean time ECH and HTG were most probably equal in all the years. But the 

FLM was more in 2014 and 2015 instead of 2013.Variations in the density of amphibians 

in various ponds with different infestations of water hyacinth at different regions of the 

Cauvery delta area during different months and years of the study period. The density of 

ECY, ECH and HTG was recorded in all the seasons. The range value of ECY was more 

in Post monsoon (2-18) and summer (1-18)    than Pre monsoon (1-16) and Monsoon (1-

12).The density of RMV was recorded only in Monsoon season (1-1). The lowest 

number of population was recorded during the monsoon period. More sightings were 

recorded during Pre monsoon, Post Monsoon and summer. Density of DSC, HCR and 

RMV was not encountered in the year 2015. The variation in the amphibian species of 

ECY, ECH, DML, MRU and PMC showed significant difference among seasons (F= 

12.90, 5.60, 5.42, 8.18 and7.34; P<0.001). However, the variation in the amphibian 

species of ECY, ECH, HTG, FLM, DML and PMC showed significant difference among 

months (F= 5.67, 4.49, 2.81, 1.96 and7.28; P<0.005). 
 

 The variation in the pond length, width and depth 

This study was measured the length, width and depth to determine whether the 

exotic species has any negative impact on amphibian population. All the variables were 

co-dependent on one another. A total of 15.371, 6.598 and 7.071 acres of pond area were 

covered by GPS. Both the volume and area of the pond are highly significant with 

density of amphibians. The Eichhornia Vs volume of pond  graph is called a normal 

Probability Plot because of the residuals were normally distributed and lie along a 45º 

upward sloping diagonal line. The Eichhornia Vs pond area  graph is called a normal 

Probability Plot because of the residuals were normally distributed and lie along a 45º 

upward sloping diagonal line. The amphibian density  Vs pond area  graph is called a 
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normal Probability Plot because of the residuals were normally distributed and lie along 

a 45º upward sloping diagonal line. The amphibian density  Vs pond volume  graph is 

called a normal Probability Plot because of the residuals were normally distributed and 

lie along a 45º upward sloping diagonal line. The value of the test statistic for the slope is 

-0.375and the associated P-value is approximately 0.708. As in all t tests there is a 

statistically significant between x and y. The area Vs density of the test statistic for the 

slope is -14.382, and the associated P-value is approximately 0.000. As in all t tests there 

is a statistically significant between x and y. However, both the volume and area of the 

pond are highly significant for density of amphibians.  
 

Monthly variations in physic-chemical characteristics of pond water  

    The mean value of DO of the low infested area was 14.11±2.5 (mgL-1) was higher 

than the other infested areas whereas EC of the highly infested areas was 0.95±0.5μs 

while the other infested areas showed 0.94±0.42 &0.95±0.38. The average range of 

turbidity was higher 9.89(NTU) in the high infestation pond than the low infestation 

pond. One-way ANOVA were used to analyze the impact of water quality parameters 

with    reference to various degrees of infestations. The Salinity, Turbidity and DO 

levels were statistically significant (P<0.01).  The mean value of DO of the Kunniyur 

Kulam-1 showed the minimum of 11.73±3.03 (mgL-1) whereas the maximum was   in 

the Vannapatugai Kullam 16.34±3.24 (mgL-1). The Minimum and Maximum pH value 

was 6.24 and 8.8 in the pond Periyakulam and Thiruvalangadu respectively. However, 

the mean value of the maximum salinity which was showed in the Ayyanar kulam was 

1.81±0.78ppm and the minimum mean value showed in Palathan Kulam  0.7±0.35ppm.  
 

 Effect of water hyacinth on water quality 

One-way ANOVA were used to analyze the water quality changes due to spatial 

variation in various degrees of infestations of Eichhornia. The different values of 

Salinity, Turbidity and DO levels showed statistically significant (P=0.00) with 

Eichhornia ponds. The results of ANOVA showed that pH and Temperature of the 

pond were f = 1.36 and 1.31, (P>0.1) statistically significant between water quality 

parameters and Eichhornia infestation. The range value of DO of the year 2015 showed 

the minimum of 11.53 (mgL-1) whereas the maximum of 22.34(mgL-1) during the year 

2014. The pH and temperature values were more or less similar during the all the three 

years 8.5 to 8.8 and 33.50 C to 33.80 C. The maximum salinity was showed equally in 

the years of 2013 and 2014 (3.70ppm) whereas the minimum showed during 
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2015(2.423ppm).  One-way ANOVA was used to analyze the water quality changes 

due to temporal variation in various degrees of infestations of Eichhornia. The Salinity 

and DO levels were statistically significant (P=0.00) with Eichhornia infestation. The 

year wise pH of the pond were statistically significant (P>0.1) with Eichhornia 

infestation. The mean and standard   deviation of water quality changes due to seasonal 

variations in various degrees of Eichhornia infestation ponds. The mean value of DO of 

the Pre-monsoon showed the maximum of 14.16±2.64 (mgL-1) whereas the post 

monsoon season showed the minimum of 13.43±2.52 (mgL-1). The range value of pH 

showed 2 in all the seasons except the monsoon season. The mean and standard 

deviation of maximum temperature showed during summer 31.51±0.770 C than the 

other seasons. The minimum salinity was showed during Pre-monsoon season only 

(0.87±0.47ppm). One-way ANOVA was used to analyze the water quality changes due 

to seasonal variation in various degrees of infestations of Eichhornia. The DO levels 

were statistically significant (P>0.1) with Eichhornia infestations. The seasonal 

variation of pH, Temperature, EC, TDS, Salinity and Turbidity of the pond were also 

statistically significant (P=0.0) with Eichhornia infestations. The month wise mean and 

standard   deviation of water quality changes due to seasonal variation in various 

degrees of Eichhornia infestation ponds. The mean value of pH, the month  of May 

showed the maximum of 7.67±0.43 and the month of February showed the minimum of 

7.29±0.36 values. One-way ANOVA was used to analyze month wise water quality 

changes due to temporal variation in various degrees of infestations of Eichhornia. The 

TDS (µS/cm) levels were statistically significant (P>0.001). The mean and standard   

deviation of water quality changes due to temporal variation in various degrees of 

Eichhornia infestation and presence of amphibian species. The mean value of 

Eichhornia biomass showed dense, medium and low ponds were 28.48±12.526, 

28.33±12.645 and 28.06±12.002 respectively. The mean and SD value of amphibians 

also showed in dense, medium and low ponds were 7.05± 3.450, 6.43±3.086 and 

8.74±3.955 respectively. The mean and standard   deviation of water quality changes 

due to seasonal variation in various degrees of Eichhornia biomass infestations with 

amphibian species. The mean and SD value of Eichhornia biomass were higher during 

Monsoon season (29.84±12.227) and lesser (26.06±11.523) during post monsoon 

season. But at the same time the mean and SD value of amphibians were higher in post 

monsoon season (7.91±3.572) and lesser during summer season (6.48±2.820). One-way 

ANOVA was used to analyze the temporal variation of Eichhornia biomass and 



 
 

130 
 

amphibian population at various degrees of infestations of Eichhornia ponds. The 

season wise presence of amphibians was statistically significant (P>0.005) with 

Eichhornia biomass. The mean and SD value of dense Eichhornia was 35.55±10.364 

higher than the other infested areas whereas the mean value of amphibian population 

was higher in medium infested areas was 7.94±3.524 while the other infested areas 

showed 7.74±3.55 &5.45±2.60. The maximum pH of the dense infested areas was 8.80 

whereas the maximum pH of medium and low infested ponds were 8.78 and 8.87 

respectively. The mean value of EC of the dense infested areas was 0.95±0.5μs while 

the other infested areas showed 0.94±0.42& 0.95±0.38. However, the mean value of 

DO level was more in (14.11±2.5 mg L-1) less infestation of Eichhornia infestation 

ponds whereas less in dense (13.36±3.1 mg L-1) Eichhornia infestation ponds.  
 

  Contribution to the society  
 

Just clearing of the weed is not the best way to solve the socio economic problem 

of this declining of amphibians due to the fast re growth of the Water Hyacinth. Hence, 

the best way to solve this problem depends upon the choice of the solution lies in the size 

of the water body, area of Water Hyacinth growth, lifestyle of people living around it, 

need for employment, etc.  As a green manure it can be either ploughed into the ground 

or used as mulch. It can be converted into compost and used on the land with proper 

management and technology. Vermicomposting is kind of manure production can be 

done by any farmer with a small pond with Water Hyacinth. No investment is required, 

only labour and time and environmental awareness measures should also be taken 

through various communications media. 

Recommendations 

Thus, Ecosystem-level research programmes that simultaneously monitor the 

effects of water hyacinth on multiple trophic-levels are needed to further our 

understanding of invasive species. In addition that, an Intensive survey and regular 

monitoring of larval and adult amphibians in the Cauvery deltaic regions is also very 

essential. The degradation or alteration of lands into plots should be minimized.  We 

need to be studied about the details of the impacts and causes of water quality on 

amphibians for preventing severity of declining amphibian population. The conservation 

of species from unprotected ponds should also be strengthening particularly in urban 

areas. Last but not least, community and School based awareness programs should be 

conducted in young minds to protect the amphibians.  
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Photographs showing the amphibian species in the study area during the survey period 
2012-2015. 

1.    Duttaphrynus melanstictu  2. Duttaphrynus scaber 

  
3. Euphlyctis cyanophlyctis 4. Euphlyctis hexadactylus 

  
5.  Hoplobatrachus tigerinus 6. Hoplobatrachus crassus 
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7. Fejervarya limsnocharis  8. Sphaerotheca breviceps 

  
9. Microhyla ornata 10. Microhyla rubra 

 

 11. Ramanella varigata 12.Polypedates maculates 
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PLATE: 2 Photographs showing various degrees of infestations of Eichhornia 

crassipes in the study area  
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PLATE: 3 Photographs showing the field survey with Principal Investigator and 
Research Fellow 
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Amphibians are highly sensitive animal an indicator of climate changes in an integral component of the 

environment. The declining of amphibians due to various factors.  It may influencing the fluctuation of 

amphibian populations. The factors like climate changes, temperature, fertilizer and pesticides, habitat 

degradation and water pollution. Status of amphibian population declining is influencing several reasons 

even water quality parameters, microhabitat and aquatic plants also. There is three research questions arise; 

to estimate the diversity of amphibian population, to evaluate the water hyacinth ponds presence 

influencing amphibian populations and to estimate the distribution status of amphibian population in three 

different districts. Amphibian survey was carried out five months at 31 village ponds in three districts and 

Visual Encounter method followed for encounter the species list and estimate the diversity of amphibians 

on the study area. For estimating population and diversity Shannaon Weiner and Simpson D indices were 

used for statistical. The distribution status of amphibian in district wise Nagapattinam district seven species 

974 individuals, Thiruvarur district six species 330 individuals and Thanjavur district five species 124 

individuals are reported during the study period. Amphibian diversity is analyzed two diversity indexes in 

three different types of E. Crassipes ponds high, moderate and lass/free ponds (Shannon weiner 1.6288, 

1.7312 and 1.7824; Simpson D 3.7493, 4.3658 and 4.4433) respectively. Less population was noticed in 

water hyacinth dominated ponds and normal distribution in moderate level presence and rich diversity in 

less level of water hyacinth presence ponds. There intensive and long term research is needed to conclude 

the reason influencing the population fluctuation of amphibian species further more water quality changes 

and microhabitat also need to study. 
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NATIONAL CONFERENCE ON CONSERVATION AND INVENTERIZATION OF BELOW GROUND BIODIVERSITY 
DECEMBER 19‐21, 2013, COIMBATORE,TN 





National Seminar on New Frontiers in Biology, 18 & 19, Dec 2012, J.A. College, PKM

27

 

 

BDC4 
 

A PRELIMINARY SURVEY OF ANURANS IN AND AROUND MAYILADUTHURAI, 
NAGAPATTINAM DISTRICT, TAMIL NADU 

K. Thenmozhi1 and T.Karthik2 
1 Assistant Professor, A.V.C. College (Autonomous), Mannampandal, Mayiaduthurai, Nagapattinam 
District 609 305. 
2 Research Fellow, A.V.C. College (Autonomous), Mannampandal, Mayiaduthurai, Nagapattinam District 
609 305. 
Abstract • 

Anurans were surveyed in the ponds and paddy fields in and around Mayiladuthurai. Time-Constrained 
Visual Encounter Survey method (Heyer et al., 1994) was carried out  for surveying anurans systematically. 
The study was carried out for three months from September 2012 to November 2012. A total of about 3 
Oman hours were spent for studying the anurans. Night surveys were carried out opportunistically for 
species inventory. Four species of Dicroglossidae, two species of Bufonidae, two species of Microhylidae 
and single species of Rhacophoridae were recorded. Of the total nine species Euphlyctis cyanophlyctis was 
the most encountered anuran. 

Key words: Anuran, VES, Bufonidae, Microhylidae, Dicroglossidae, Rhacophoridae 
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Does water hyacinth  regulates frog population in ponds? 
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In India, Water hyacinth plant is a major problem in water bodies for aquatic species. These 

plants creating harms to other plants and animals by their fast growth and creating changes in water 
quality. This Invasive species are widely accepted as one of the leading causes of biodiversity loss. 
Amphibians are integral components of many ecosystems and serve as excellent bio-indicators of the 
environment. Species richness and multispecies reproductive success are more closely associated with 
characteristics of the pond such as water quality, vegetation and predators. Water quality is the significant 
role in the frog‘s diversity and their distribution. Euphlyctis cyanophlyctis is the one of the most common 
available species in aquatic area. Even though this species is purely aquatic, they can survive in little 
stagnant water or temporary water bodies also. Hence water quality is the main role for distribution of 
amphibian species. Some of the ponds were identified and selected for the present study according to the 
infestations of water hyacinth. The ponds were selected from three districts of Cauvery delta regions of 
Tamil Nadu. The present study was carried out in Nagapattinam, Thanjavur and Thiruvarur district ponds 
from January 2013- December 2013. A total of 31 selected village ponds were surveyed and classified 
into three types (Less, Moderate and dense) based on water hyacinth (Eichhornia crassipes) infestations. 
The selected village ponds were regularly monitored to find out the diversity and density of amphibian 
population in the study area. Visual Encounter Survey (VES) method was carried out to estimate the 
E.cyanophlyctis population. Water samples were collected from various ponds of three districts. Samples 
were collected once in a month in each pond to monitor periodical changes. Collected water samples were 
brought to the laboratory to analyze the water quality parameters such as pH, Temperature, Salinity, 
Turbidity, TDS, Electrical Conductivity and Dissolved Oxygen. The above parameters were analyzed by 
using SYSTRONICS 371 model electronic equipment in the laboratory. The E. cyanophlyctis population 
and water quality data were correlated with the help of Statistical packages SPSS version 16.0 and MS 
Excel software Windows 2007. Through Statistical analysis ANOVA was carried out. The result exhibits 
that E. cyanophlyctis was higher in less infestation ponds and lower in dense water hyacinth ponds of the 
study area. The population was statistically significant with the water quality parameter of pH and 
Temperature. Thus, the water hyacinth could regulate the E.cyanophlyctis population. 
 
Key words : Euphlyctis cyanophlyctis, Water hyacinth ponds, pH, Temperature. 
  















P - ISSN  0973 - 9157 www.bvgtjournal.com
E - ISSN  2393 - 9249
October to December 2015 Scientific Transactions in Environment and Technovation

Effect of water chemistry on Anuran species diversity in the water hyacinth
(Eichhorniacrassipes) infested  ponds in Cauvery delta regions of Tamil Nadu
Thenmozhi Jagaveerapandian* and Karthik Thamizharasu
Department of Zoology and Wildlife Biology, A.V.C. College (Autonomous), Mannampandal, Mayiladuthurai, Tamil
Nadu, India.

ABSTRACT
Amphibian density is impacted by a multitude of different factors. The potential impact of water hyacinth infestations on
the physico-chemical parameters of the aquatic environment, morphology of ponds, density and diversity of amphibians
was investigated. Water quality plays a key role in driving the anuran population in aquatic habitat. The water hyacinth
significantly affected water quality as well as density of amphibian population in the ponds of Cauvery deltaic regions.
Totally 31 ponds were randomly selected using GPS. Water samples were collected once in a month from ponds of three
districts. Water quality parameters of the samples such as pH, temperature, salinity, turbidity, TDS, electrical conductivity
and dissolved oxygen were determined by standard protocols. Water quality variables from three infestation areas were
compared by means of one way analysis of variance (ANOVA). The level of significance was set through Binary Logistic
Regression and Multiple ANOVA.  The analysis showed that salinity was significantly higher (P<0.05) in water hyacinth
infested areas (1.00±0.74) than open water/less infestation areas (0.90±0.55). Similarly the pH was significantly higher
(P<0.05) in water hyacinth dense areas (7.71±0.57) than open water/less infestations (7.48±0.43). The temperature was
higher in densely infested areas (31.53±0.95) than open water (31.24±1.06) and medium dense or sparse (31.19±1.38) water
hyacinth. Therefore it could be concluded that  water hyacinth affected the ecology of Cauvery delta ponds. Effective
control of water hyacinths of various ponds of deltaic region is very important, in order to conserve amphibians   and
prevent both ecological and economic loss due to loss of biodiversity.

Key words: Anurans, Eichhorniacrassipes, diversity, ponds, water chemistry
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INTRODUCTION

In India, amphibian population is declining day by day.
The declining and disappearance of amphibian
population in ponds are influenced by several factors
such as climatic changes, fertilizers, pesticides, invasion
of exotic plants and degradation of microhabitats. Water
hyacinth (Eichhornia crassipes) creates a major problem
for aquatic plants and other aquatic organisms by
altering the physico-chemical properties of the water.
In India, 342 species of amphibians are classified, in
which 161 are still under the data deficient category
which indicates the need of elaborative, systematic and
coordinated efforts for estimating the population and
delimiting the distribution of species. Dinesh et al. (2012)
reported that the amphibians are the ecological indicator
species in the environment. One-third of 6,000
worldwide amphibian species are under threatened
category. Besides habitat loss, over exploitation or
introduced species, amphibians are affected due to the
pollution of surface waters with fertilizers and pesticides
(Richard, 2010). Katie Finlinsonet al. (2002) reported that
amphibians are integral components of many ecosystems
and serve as excellent bio-indicators of the environment.

Existing agricultural field and village ponds are not
suitable habitats for amphibian population in the current
trends. Various factors influence the   population
dynamics of amphibian species in aquatic habitats.

These factors could influence the decline of amphibian
population in the local areas of our study.  Temperature
of the water is an important environmental determinant
of the prevalence of amphibian, too low temperature or
its sudden decrease could cause reduced activity or even
death of breeding individuals, and prolong the duration
of tadpole stage (Anna et al., 2014). It is critical to
determine the influence of different factors, including
environmental as well as physic-chemical factors of the
water on amphibian population (Maciejet al . ,
2014).Similarly land alterations like converting
agriculture land to human habitation, uses of pesticides
in agriculture field, water contamination in village ponds
by using pesticide and chemical fertilizers around the
water bodies are some of the causes for decline of
amphibian population. Nutrient enrichment is widely
regarded as the main contributing factor to the
proliferation of water hyacinth. Midgley et al. (2006)
concluded that water hyacinth’s impacts on biodiversity
in aquatic ecosystems.  Hence, the present article deals
with the above said information.

MATERIALS AND METHODS

The ponds were marked by GPS and GIS Program in
Cauvery delta regions of Nagapattinam, Thanjavur and
Thiruvarur districts, Tamilnadu, India,  (Fig.1) during
January 2013- December 2013.Thirty one ponds were
selected on the basis of the degree of water hyacinth
infestations i.e. Dense, Medium and Low. Water samples
were collected once in a month from the above said
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infestation pondsof three districts. Collected water
samples were brought to the laboratory and the water
quality parameters such as pH, temperature, salinity,
turbidity, TDS, electrical conductivity and dissolved
oxygen were determined by using Water kit analyzer.

Amphibian population

The selected village ponds were monitored monthly once
to find out the diversity and density of amphibian
population. Visual Encounter Survey Method was
carried out to estimate the amphibian population (Heyer,
1994) in various ponds and the diversity of frog species
was recorded in the morning or evening time.
Amphibianswere thoroughly searched in the water
bodies, edge of the water, grasses, bushes, holes, crevices,
stones or under stones and over the surface of the water.
The data was collected for required information of frog
and its environment.  The data were statistically
analysed using suitable statistical tools and protocols
of the software packages SPSS (Ver-16), Excel (MS office-
2007)

RESULTS AND DISCUSSION

A total of nine species of frogs and toads were recorded
from the study area of three districts, which belonged to
five families. All the 31 ponds have good diversity of
amphibians in which Euphlyctis cyanophlyctis was the
most commonly encountered species.  Among them, the
population of E. cyanophlyctis was higher in three
classified areas of Eichhornia infested ponds than other
species.  Amphibians   were higher in the sparsely
Eichhornia infested ponds than densely infested ponds
(Table 1).

The results of Shannon weiner and Simpson index
clearly showed that the variation is significant in
different village ponds i.e., (H = 1.88 (less), 1.52 (Dense)
and 2.09 (sparse) and Simpson D= 0.00059 (Less),
0.00057 (Dense) and 0.0025 (Sparse) in various water
hyacinth infested ponds. Both the diversity indices
showed that the amphibian population was higher in
less water hyacinth ponds and lower in dense water
hyacinth ponds which were influenced by E. crassipes
infestations (Table 1). As the infestation of water
hyacinth forms a vegetation mat over the surface of
water, the amphibians get relatively more microhabitat
and niches for them, and that could be the reason for the
increased population of amphibians when compared to
the open ponds.

Monthly samples were made between May2013 to
December 2013 from the three classified infestation areas
of the ponds to study the effects of water hyacinth
infestation on the physic- chemical properties of the
ponds. It was found that there was a slight difference in
the abiotic parameters of the three categories of
Eichhornia infested ponds there was variation in the

pH, temperature, dissolved oxygen, electrical
conductivity, salinity and turbidity of water in relation
to infestation with water hyacinth (Table 2).

Though there were variations in the values of pH such
as 7.7±0.57, 7.5±0.42 and 7.48±0.43 in the ponds infested
with high, medium and low levels of infestations
respectively. It was not statistically significant (P>0.05;
Table 2&3). Amphibian population was higher in 7.0 to
8.0pH value ponds, which is ideal range for amphibian
diversity in Eichhornia infested ponds. Thus obviously
there was variation in the pH of the ponds due to
infestation of water hyacinth. However, the variation
were within the optimum range of pH, required for
amphibians

Similarly the variations in temperature of the ponds
infested with water hyacinth was statisticallysignificant
(P<0.05; Table 2&3). However, the slight increase in
temperature could be due to the pressure of dense mat of
water hyacinth over the water surface, which could block
the exchange of heat between the pond surface and the
atmosphere. At the same time the decaying of organic
matter of the water hyacinth results in heat generation
which could also be the cause for   rise in temperature.
The more amphibian population was observed where
the optimum range temperature was 30 to 320 C.

The mean dissolved oxygen of the highly infested area
(12.71±3.00mg L-1) was lower than the other infested
areas and the variation is statistically significant (P >
0.05). The relatively low level of DO in the pond could
be due to the depletion. Depletion of DO from the water
by complexity of metabolic activities of aquatic flora and
fauna, which resulted in increased BOD. The green mat
of water hyacinth also prevents gaseous exchange
between the atmosphere and water. Therefore, the
presence of water hyacinth causes continued depletion
of dissolved oxygen which adversely affects the
biodiversity in the pond.The highest amphibian
population was found in optimal range of 14 to 17 ppm
of Dissolved Oxygen in Eichhornia infested ponds.

The mean value of EC of the highly infested areas was
0.77±0.21µs while the other infested areas showed
0.86±0.46&0.90±0.44 (Table 2). Analysis of variance
showed that conductivity values in high water hyacinth
infested areas were significantlylesser (P > 0.05) than
the other infested areas of water hyacinth. Amphibian
population was relatively high when the the optimum
range was between 0.5 to 1.0ìS of electrical conductivity.

Mean value of turbidity of the less infested areas was
3.8±2.8NTU while the other infested areas showed
2.18±2.02 and 3.38±2.84 (Table 2). Analysis of variance
showed that turbidity values in less water hyacinth
infested areas were not significantly higher (P> 0.05)
than the other infested areas of water hyacinth. The
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Table  1.  Diversity index of anuran population in water hyacinth ponds of Nagapattinam, Thiruvarur and Thanjavur
Districts

Category of  water hyacinth pond Shanon  Weiner index for Anurans Simpson’s index for Anurans
H D

Less 1.8811 0.00059
Dense 1.5204 0.000574
sparse 2.0931 0.000254

Table  2.  A comparison of the Eichhornia sites with Water chemistry.

Water Quality Dense Moderate Less
Eichhornia Eichhornia Eichhornia
Pond Pond Pond Significance

±SD ±SD ±SD P – value
pH 7.71±0.57 7.53±0.42 7.48±0.43 0.53
Temperature (0C) 31.53±0.95 31.19±1.38 31.24±1.06 0.58
Electrical Conductivity (ìs) 0.77±0.21 0.86±0.46 0.90±0.44 0.35
Total Dissolved Solids (ppm) 0.56±0.20 0.66±0.33 0.65±0.26 0.41
Salinity (ppt) 1.00±0.74 0.92±0.58 0.90±0.55 0.01
Turbidity (NTU) 2.18±2.02 3.38±2.84 3.80±2.83 0.83
Dissolved Oxygen (ppm) 12.71±3.00 14.24±2.77 13.94±3.02 0.08

Table  3. Binary logistic Regression to compare the Eichhorniawith  amphibian presence or absence versus water
quality parameters.

Binary Logistic Regression: Site Number versus water Variables  in the Equation

Score Df Sig.
pH 0.37 1 0.53
Temperature (0C) 0.30 1 0.58
Electrical Conductivity (ìs) 0.86 1 0.35
Total Dissolved Solids (ppt) 0.65 1 0.41
Salinity (ppt) 6.18 1 0.01
Turbidity (NTU) 0.04 1 0.83
Dissolved Oxygen (ppm) 1.52 1 0.21
Overall Statistics 12.54 7 0.08

Table 4. Multiple ANOVA shows a comparison of the water physico- chemical parameters versus the sites, which
correlate with frog presence or absence

Water Quality  Parameters Type III Sum of Squares df Mean Square F Sig.
pH 0.07 1 0.07 0.37 0.54
Temperature (0C) 0.42 1 0.42 0.30 0.58
Electrical Conductivity (ìs) 0.15 1 0.15 0.86 0.35
Total Dissolved Solids (ppt) 0.05 1 0.05 0.65 0.42
Salinity (ppt) 2.10 1 2.10 6.32 0.01
Turbidity (NTU) 0.31 1 0.31 0.04 0.84
Dissolved Oxygen (ppm) 13.01 1 13.01 1.51 0.22
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Fig.  1.  Study area map of three districts of Nagapattinam,
Thiruvarur and Thanjavur, TamilNadu.

Fig.2. Effect of pH on anuran species diversity in water
hyacinth infested (Dense, Sparse and less) ponds

(Eichhornia Infested Ponds)H=Dense, M= Sparse,
L=Less; CI= Class Interval

Fig.3.Effect of Temperature on Anuran species diversity
in water hyacinth infested ponds (Dense, Sparse and
less)

(Eichhornia Infested Ponds)H=Dense, M= Sparse,
L=Less; CI =Class Interval

(Eichhornia Infested  Ponds)H=Dense, M= Sparse,
L=Less; CI= Class Interval

Fig.5.Effect of Electrical Conductivity on Anuran species
diversity in water hyacinthinfested ponds (Dense,
Sparse and less).

(Eichhornia Infested Ponds)H=Dense, M= Sparse,
L=Less; CI =Class Interval

Fig.6.Effect of Turbidity on Anuran species diversity in
water hyacinth infested ponds (Dense, Sparse and less)

(Eichhornia Infested Ponds)H=Dense, M= Sparse,
L=Less; CI =Class Interval

Fig.7. Effect of salinity on Anuran species diversity in
water hyacinth infested ponds (Dense, Sparse and less)

Fig.4.Effect of Dissolved oxygen on Anuran species
diversity in water hyacinth infested ponds (Dense,
Sparse and less).

(Eichhornia Infested Ponds)H=Dense, M= Sparse,
L=Less; CI=Class Interval
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 Fig.8.Effect of Total Dissolved Solids on Anuran species
diversity in water hyacinth infested ponds (Dense,
Sparse and less)

(Eichhornia Infestedponds)H=Dense, M= Sparse,
L=Less; CI= Class Interval

highest number of amphibians were recorded where the
turbidity range was 0-2 NTU.

Salinity fluctuations were observed in water hyacinth
highly infested and other classified water hyacinth
areas. Highly Infested areas showed higher salinity (1.00
± 0.74 ppt) than the other two infestation areas (0.92±0.58
& 0.90±0.55) as shown in Table 2 which was statistically
significant (P < 0.05). These results indicate that water
hyacinth in various ponds greatly reduce the growth
and reproductive success of aquatic macrophytes. The
maximum number of amphibians was recorded from 0-
0.9 ppm salinity in low Eichhornia infested ponds.

Statistical analyses were made to determine whether
there are significant similarities between water
chemistry composition of the sites with and without
frogs. One-way ANOVA were used to analyze the water
chemistry versus the site visited. To correct this and to
get   accurate statistical information the data were then
analyzed for Binary Logistic regression. Binary Logistic
Regression were utilized in this study to analyze the
different values of acidity (pH), temperature, electrical
conductivity, total dissolved solid, salinity, turbidity
and dissolved oxygen. When observing the water
chemistry, out of seven parameters six parameters were
not statistically significant (P>0.05). Salinity variation
alone was statistically significant (P< 0.05) (Table 3&4).
Maximum number of amphibians was occurred in the
range between 0-1.0 ppm of TDS of water in the
Eichhornia infested ponds.

All the water quality parameters were statistically
analyzed through multiple (ANOVA) variance
comparison with physic-chemical parameters versus site
numbers which correlate with the anuran presence or
absence. Within the seven variables, only salinity
showed statistically significant P < 0.05 (Table. 4). Rest
of the six parameters of pH, temperature, electrical
conductivity, total dissolved solid, turbidity and
dissolved oxygen were not statistically significant
(P>0.05) with anuran occurrence.

The results obtained from our study showed that the
physical parameters of water in the infested ponds had
an impact on amphibian density. The analysis revealed
that the salinity contribute to decrease the density of
each amphibian species in various infested ponds (Table
2 & 3; Fig. 2 to 8).

Salinity is usually highest during periods of low water
flows. Salty water conducts electricity more readily than
pure water. Salinity refers to total concentration of all
ions in water.  The fluctuation in the salinity is probably
due to fluctuations in total solids [Boyd and Tucker
1998]. Salam et al.(2000) also observed the fluctuation
trend in salinity. In the present study also salinity was
more in densely infested ponds where as low in less
water hyacinth infested ponds.

Navarro and Phiri, (2000) reported that the analysis of
variance on the physicochemical parameters revealed
that there was no significant difference with respect to
temperature between water hyacinth infested and open
water areas; however infested area showed  high
temperature. This slight increase in temperature is a
result of dense mats of water hyacinth over the surface,
which blocks the exchange of heat between the water
column and the atmosphere.  Mehraet al. (1999) reported
also shown that floating water hyacinth mats may have
a profound influence on the diurnal temperature
fluctuation. In our study also the old leaves of water
hyacinth turned brown and gradually started to decay
whereas the mat remained intact with entangled root
masses and trapped detritus, largely composed of dead
hyacinth plants, which caused the temperature
increased in the infested ponds.

Kasulo ( 1999) reported that the most of the vertebrates
found in the water hyacinth infested areas were either
purely dependent upon aerial respiration like water
snakes or were supplemental air breathers such as frogs
and air breathing fishes like Clarias sp.  In this study
also dissolved oxygen was found to be higher under the
mats of less infested water areas while in dense water
hyacinth it was fairly lower. The water hyacinth and
the physic chemical factors   indicate that the maximum
number of amphibian species was encountered in sparse
E.crassipes infestation ponds.  It is logically suggested
that the frog could benefit from highly fragmented mats
of water hyacinth. Such mats had a highest edge-to core
ratio, providing some of the benefits of water hyacinth
and minimizing the negative effects of dense non-
fragmented mats. The less water hyacinth ponds had
anuran population which was not rich and not low
when compared to the other two types of ponds.   The
moderate water hyacinth ponds had high amphibian
diversity than the rest of two ponds. The effects of water
hyacinth on amphibians were complex and difficult to
decide. Stephen and Robert (1996) reported that
amphibian species richness was negatively correlated
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with five chemical variables (chloride conductivity,
magnesium, total hardness, and turbidity).  In the present
study also the six physico- chemical parameters namely
pH, temperature, electrical conductivity, total dissolved
solid, turbidity and dissolved oxygen were not
statistically significant (P>0.05) with anuran occurrence
(Table 4).

This study aimed to understand as to how water
hyacinth influences the amphibian density and the
physic-chemical environment of various pond
ecosystems. This complex relationship is likely attributed
to several factors associated with the timing of this study.
Certain factors such as weather fluctuations, biomass
of water hyacinth and water level variations may directly
influence our collection of data.  Pond would be full of
water during some months ideally warm and moist, and
some were too cold. Originally, each site was supposed
to be visited monthly twice. However, some sites were
only visited once due to weather limitations, as well as
time limitations. During the course of this study water
hyacinth availability among the ponds decreased
drastically, likely due to herbicide on water hyacinth
for control treatments. The physic-chemical parameters
like temperature, electrical conductivity and total
dissolved solids are significantly related to amphibian
population. So the physico- chemical parameters were
the response of the amphibian communities on water
hyacinth is highly dependent on the physicochemical
conditions and water hyacinth density. The combination
of these factors makes it very difficult to predict specific
effects. From the above results, we came to know that the
amphibian population fluctuation was influenced by
various factors like water quality parameters and water
hyacinth.
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Abstract
Amphibian declination is mainly due to water pollution. The water may appear clean but there is enormous physico-
chemical elements dissolved there which contaminate the water and affect the quality of water and  life s. The adult
amphibians also remain exposed to water quality. 0-25% of the total utilizable water in India is infested with water
hyacinth (Eichhornia crassipes).  Numbers of problems are caused due to water hyacinth. The study was carried out in the
Cauvery delta region of Nagapattinam, Thiruvarur and Thanjavur districts.  Results of the analyses are interpreted using
standard statistical procedures. A total of twelve species of frogs and toads were recorded from the study area of three
districts which belonged to five families. All the 31 ponds have good diversity of amphibians in which Euphlyctis
cyanophlyctis was the most commonly encountered species. Among them, the population of E. cyanophlyctis was higher in
three classified areas of E. crassipes ponds than other species.  Amphibians   were higher in the less colonized E. crassipes
ponds than the ponds with dense E. crassipes . One way ANOVA was used to test amphibian density with response to
water quality parameters in water hyacinth infested ponds. The analysis showed that salinity was significantly higher
(P<0.05) in water hyacinth infested areas (f = 1.3, P = 0.01) than open water/less infestation areas. Density of amphibian
population (13.5/acre) was decreased in the dense Eichhornia ponds when compared to less and sparse ponds of water
hyacinth. Therefore it could be concluded that the exotic species of water hyacinth might have influenced the amphibian’s
abundance, diversity and distributional variations in addition to water quality of Cauvery delta ponds. In order to
conserve amphibians, effective control of water hyacinths of various ponds of deltaic region is very important.

Keywords: Amphibians diversity, Cauvery delta districts, village ponds, water hyacinth infestations and water
quality

INTRODUCTION

IAmphibians are in the midst of an extinction crisis.
According to the Global Amphibian Assessment,
nearly one-third of all amphibian species are
endangered or threatened, making amphibians the
most endangered group of animals in the world. The
rapid disappearance of amphibian populations in the
recent decades has become undoubtedly the most tragic
loss of biodiversity, and it is one of the most serious
environmental issues. Alteration and destruction of
both terrestrial and aquatic habitats are the largest
threats. Research of past two decades has proved
amphibian declination is mainly due to water
pollution. The water may appear clean but there is
enormous physico-chemical elements dissolved in it,
in which it contaminates water and affect the quality
of water and life . The adult amphibians also remain
exposed to water quality because of their respiratory
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skin through which water enters the body continuously
and thus remain unprotected to contaminants. The
parameters selected for the present research are pH,
electrical conductivity, salinity, turbidity, dissolved
oxygen, total dissolved solids and temperature. Each
physico-chemical parameter performs different
functions. Most of the problems associated with E.
crassipes are due to its rapid growth rate, its ability to
successfully compete with other aquatic plants, and
its ease of propagation. These characteristics give rise
to enormous amounts of biomass that cover the water
surface of a great variety of habitats often interfering
with the use and management of water resources.
Among 140 aquatic weeds, Eichhornia crassipes, Hydrilla
vercillata, Salvinia and Pistia stratiotes are four primary
aquatic weeds of the world. It is, however, estimated
that 20-25% of the total utilizable water in India has
beeen infested with water hyacinth (E. crassipes) (Gopal
and Sharma, 1981). More than 70% of these water
bodies were infested by water hyacinth in Tamil Nadu
rivers, lakes, ponds, canals and irrigation ways (Cherly,
2013). In Tamil Nadu almost 80% of 39,000 tanks were
already infested with this weed (Christopher and
Sajomon, 2010).  Numbers of problems are caused due
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to water hyacinth. Some of the important aspects  are
that it blocks the  irrigation channels and rivers, restricts
livestock access to water, destroys natural wetlands,
eliminates native aquatic plants, reduces infiltration
of sunlight, change the temperature, pH oxygen levels
of water surface, increases water loss through
transpiration, alters the habitats of aquatic organisms,
restricts recreational use of waterways, reduce aesthetic
values of waterways, reduces water quality from
decomposing plants, snd destroys fences, roads and
other infrastructure when large floating rafts become
mobile during  flood events. Hence, the water hyacinth
has become a major ecological and economic problem
in the Cauvery delta regions.

 MATERIALS AND METHODS

STUDY AREA

The study was carried out in the Cauvery delta areas
of Nagapattinam, Thiruvarur and  Thanjavur districts.
The Nagapattinam district lies between 10°25’ and
11°40’ North Longitude and 76°49’ and 80°01’ East
longitude. The general geological formation of the
district is plain and coastal. The Thanjavur district lies
between 10° 08’ and 11° 12’ North Longitude and 78°
48’ and 79° 38’ East longitude and the Thiruvarur
district lies between 10° 20’ and 11° 12’ North
Longitude and 78° 48’ and 79° 38’ East longitude.
About thirty three ponds were selected for the present
study. The water resources from various ponds are
mainly used for agriculture and inland aquaculture.

Present investigation was conducted in thirty three
permanent amphibian ponds in the village areas of
three districts viz: Nagapattinam, Thiruvarur and
Thanjavur. Each district was studied separately and
marked for regular sampling with the help of Global
Positioning System (GPS) (Fig.1). The survey was
conducted monthly once from 2013-2015. The names

of amphibians  encountered in each district are
mentioned below:

District of Nagapatinam: Duttaphrynus melanostictus,
Duttaphrynus scaber, Euphlyctis cyanophlyctis, Euphlyctis
hexadactylus, Hoplobatrachus tigerinus, Hoplobatrachus
crassus, Fejervarya limnocharis, Sphaerotheca breviceps,
Microhyla ornate, Microhyla rubra, Ramanella varigata,
Polypedates maculates.

District of Thiruvarur: R.varigata was the only one
amphibian species which was absent when compared
to Nagapattinam district during the study period.

District of Thanjavur: The amphibian species of
H.crassus and D.scaber which was absent during the
study period when compared to Nagapattinam district
during the study period

The ponds were marked by GPS and GIS Program in
Cauvery delta regions of Nagapattinam, Thanjavur and
Thiruvarur districts, Tamil Nadu, India, (Fig.1) during
May 2013- April 2015. Thirty one ponds were selected
on the basis of the degrees of water hyacinth
infestations i.e. Dense, Medium or sparse and Low.
Water samples were collected once in a month from the
above said infestation ponds of three districts. The
selected village ponds were regularly monitored for
diversity and density of amphibian population. Visual
Encounter Survey (VES) method was carried out to
estimate the amphibian population (Heyer, et al., 1994)
in various ponds and the diversity of frog species was
recorded in the morning or evening time. Amphibians
were thoroughly searched in the water bodies, edge of
the water, grasses, bushes, holes, crevices, stones or
under stones and over the surface of the water. Care
was taken to see that the amphibians were not
disturbed due to the visits of counting. The study period
was grouped into four different seasons. The Pre-
Monsoon season (PrM) includes the months of July,
August and September. The Monsoon season (Mon)
includes the months of October, November and
December. The Post Monsoon (PoM) includes the
months of January, February and March and the
summer season (Sum) includes the months of April,
May and June (Pandiyan et al., 2006). Collected water
samples were brought to the laboratory and the water
quality parameters such as pH, temperature, salinity,
turbidity, TDS, electrical conductivity and dissolved
oxygen were determined by using Water kit analyzer.
Species richness was calculated based on the number
of amphibians recorded in the pond (Heyer et al., 1994)
and the species diversity was calculated by using the
Shannon –Wiener Index (H’: Shannon & Wiener, 1949).
Individual amphibian density was calculated as
number per hectare of the pond in each season. One
way ANOVA was used to test the significance of
variance between the amphibian densities with water

Fig.  1.  Study area map of three districts of
Nagapattinam, Thiruvarur  and Thanjavur,
Tamil Nadu

Assessement of amphibian environment ........
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quality parameters in Eichhornia infested ponds. All
the statistics were run by using SPSS 16.0. Results of
the analyses have been interpreted using standard
statistical procedures (Sokal and Rohalf, 1981).

RESULTS AND DISCUSSION

A total of 12 amphibian species were recorded from 31
village ponds during the study period. About 6 species
are belonged to the family Dicroglosidae, whereas only
three species of M. ornate, M. rubra and R. varigata aere
belonged to the family Microylidae and toads and
terrestrial species of D. melanostictus and D. scaber were
observed assigned to the family Bufonidae.  The only
one arboreal species P. maculates was also encountered
which belonged to the family Rhacophoridae.
Regarding amphibian diversity, about 12 species were
reported from Nagapattinam, 11 species from
Thiruvarur and only 10 species from Thanjavure
districts (Table 1). The seasonal variation showed that

amphibian density was higher in the pre-monsoon
season whereas less in summer season (Fig. 2).

The results of Shannon Weiner  Index clearly showed
that the variation is significant at different village
ponds i.e., (H = 1.43 (less), 1.6 (Dense) and 1.36 (sparse)
in various water hyacinth infested ponds. The diversity
indices showed that the amphibian population was
higher in dense water hyacinth ponds whereas lower
in sparse water hyacinth ponds which were influenced
by E. crassipes infestations (Table 3). As the infestation
of water hyacinth forms a vegetation mat over the
surface of water, the amphibians get relatively more
microhabitat that could be the reason for the increased
diversity of amphibians when compared to the open
ponds.

Moreover, this study mainly focused to find out as to
how water hyacinth influences the amphibian density
and the physico-chemical environment of various pond
ecosystems. This complex relationship is likely
attributed to several factors associated with the timing
of this study. Certain factors such as weather
fluctuations, biomass of water hyacinth and water level
variations could directly influence the data.

The density of amphibians was estimated with various
degrees of E. crassipes infested ponds, in which low
density of amphibians (13.5/ acre) was found in dense
water hyacinth ponds when  compared  with other
infestation ponds of medium (16.19/acre) and less
(19.36/acre) infested ponds (Table 3).  Among them,
the population of E. cyanophlyctis was higher (Table 1)
in all the three classified areas of E. crassipes ponds
than other species. The mean and SD value of the
amphibian density was lower (6.24±3.37) in dense

.lS
oN ylimaF emaNseicepS iagaN ruravurihT ruvajnahT fo.oNlatoT

laudividnI
NCUI
sutatS

1
eadinofuB

sutcitsnalemsunyrhpattuD 1 1 1 873 CL

2 rebacssunyrhpattuD 1 1 0 9 CL

3

eadissolgorciD

sitcylhponaycsitcylhpuE 1 1 1 1702 CL

4 sulytcadaxehsitcylhpuE 1 1 1 075 CL

5 suniregitsuhcartabolpoH 1 1 1 932 CL

6 sussarcsuhcartabolpoH 1 1 0 72 CL

7 sirahconmilayravrejeF 1 1 1 523 CL

8 speciverbacehtoreahpS 1 1 1 8 CL

9

eadilyhorciM

etanroalyhorciM 1 1 1 79 CL

01 arburalyhorciM 1 1 1 15 CL

11 atagiravallenamaR 1 0 1 2 CL

21 eadirohpocahR setalucamsetadepyloP 1 1 1 62 CL

Table 1. List of amphibian species, belonging to their families with IUCN status encountered in the study area
of Nagai, Thiruvarur and Thanjavur, during the study period 2013-2015.

Fig.2. Seasonal variations of amphibian density during
the study period of 2013-2015
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Hp meT CE SDT nilaS BRUT OD ainrohhciE

Hp

P 1

2R

)0C(erutarepmeT

P **493.0 1

2R 000.0

lacirtcelE
)sµytivitcudnoC

P 570.0 **972.0 1

2R 550.0 000.0

devlossiDlatoT
)tpp(diloS

P 760.0- **301.0 **373.0 1

2R 580.0 800.0 000.0

)tpp(ytinilaS

P 800.0 **521.0 **381.0 **561.0 1

2R 148.0 100.0 000.0 000.0

)UTN(ytidibruT

P 930.0 630.0- **401.0- 950.0 **752.- 1

2R 123.0 363.0 800.0 331.0 000.00

devlossiD
)mpp(negyxO

P 900.0- 920.0 *780.0- 260.0- **731.0- **814.0 1

2R 428.0 954.0 620.0 211.0 000.0 000.0

ainrohhciE

P 140.0 810.0- 410.0- 320.0 **451.0 **201.0- **111.0- 1

2R 982.0 836.0 327.0 455.0 000.0 900.0 500.0

Table 2.  Pearson correlation between amphibian density and water quality parameters with water hyacinth.

ytisneD/ytisreviD esneD esrapS sseL

ercA/ytisneD 56.31 91.61 63.91

73.3±42.6 37.4±73.9 50.6±69.9

renieWnonnahS
xedniH 6.1 63.1 34.1

ssennevE 46.0 55.0 75.0

Table 3. Density, diversity and evenness of amphibians
on Eichhornia infested village ponds of the study area
during the study period 2013-15

retemaraP SS fd SM F P

)sµ(ytivitcudnoClacirtcelE 589.95 042 052. 687.1 000.

)tpp(diloSdevlossiDlatoT 347.62 042 111. 319.1 000.

)tpp(ytinilaS 324.48 042 253. 103.1 710.

)UTN(ytidibruT 765.7102 042 704.8 293.1 400.

)mpp(negyxOdevlossiD 347.3062 932 498.01 707.1 000.

Table 4. ANOVA shows a comparison of the
amphibian’s density with physic- chemical parameters
in the study area during the study period of 2013-2015.

retemaraP
esneD esrapS sseL

VDS±naeM VDS±naeM VDS±naeM

Hp 64.0±35.7 14.0±25.7 73.0±64.7

)0C(erutarepmeT 50.1±32.13 19.0±03.13 88.0±42.13

)sµ(ytivitcudnoClacirtcelE 94.0±59.0 24.0±49.0 73.0±59.0

)tpp(diloSdevlossiDlatoT 33.0±47.0 91.0±76.0 62.0±37.0

)tpp(ytinilaS 75.0±01.1 06.0±20.1 15.0±29.0

)UTN(ytidibruT 04.2±19.2 74.2±23.3 37.2±85.3

)mpp(negyxOdevlossiD 01.3±63.31 18.2±68.31 05.2±01.41

Table 5. Mean and standard deviation of physic-
chemical parameters in the three classified water
hyacinth infested ponds.

sretemaraP MoP mmuS MerP noM

)tpp(SDT 72.0±57.0 92.0±87.0 42.0±46.0 13.0±37.0

)tpp(NILAS 75.0±51.1 65.0±00.1 84.0±78.0 06.0±30.1

Hp 93.0±34.7 93.0±95.7 34.0±35.7 34.0±64.7

)sµ(CE 54.0±30.1 94.0±61.1 93.0±58.0 33.0±08.0

)0C(meT 38.0±1.13 77.0±5.13 0.1±2.13 01.1±0.13

Table 6.  Season wise physico- chemical parameters
during the study period 2013-2015

Assessment of amphibian environement .......



      Scientific Transactions in Environment and Technovation

www.bvgtjournal.com

J. Sci. Trans. Environ. Technov. 10(1), 2016

July to September 2016

P - ISSN   0973 - 9157
E - ISSN  2393 - 9249

22

infestation ponds whereas higher in medium 9.37± 4.73
and less (9.96±6.05) infestation ponds (Table 3).

One-way t-test was carried out to analyze the water
chemistry versus amphibian density at village ponds.
The different values of acidity (pH), temperature,
electrical conductivity, TDS, salinity, turbidity and
dissolved oxygen showed that out of seven parameters
of the water quality parameters, the electrical
conductivity, TDS, salinity, turbidity and dissolved
oxygen showed statistically significant (P < 0.05). In
addition that electrical conductivity, total dissolved
solid and turbidity also statistically significant (P< 0.05)
with amphibian occurrence. Stephen and Robert (1996)
reported that amphibian species richness was
negatively correlated with conductivity, total hardness,
and turbidity.  In the present study also physico-
chemical parameters such as pH and temperature was
not statistically significant (P>0.05) with amphibian
occurrence (Table 4).

The results of ANOVA showed that salinity was f =
1.3, P= 0.01 (Table 4) statistically significant between
water quality parameters and amphibian population.
The dissolved oxygen level was found to be higher
(14.10±2.50) under the mats of less infested water areas
while in dense water hyacinth it was lower
(13.36±3.10) Table 5.

The pH, temperature and electrical conductivity were
more or less similar in three degrees of infestations of
water hyacinth (Table 5). Blaustein et al. (1994) and
Hayes et al. (2002) suggested that the chemical
contamination was a factor leading to amphibian
decline. Nyananyo (2007) observed in his study that
there was just a slight difference between the pH of the
water that was underneath the mats of E. crassipes and
that of the water that was  free from E. crassipes mats. In
the present study also there was no significance
between pH and temperature.  Gururaja et al, (2003)
studied that the abiotic environments influenced the
efficiency of physiological function of a species;  and
these factors not only determine quality of habitat but
also explain viability of population over a range of
habitat components.

EPA (2012) reported that the dissolved solids were also
important to aquatic life by keeping cell density
balanced. In water with a very high TDS concentration,
cells will shrink. These changes can affect an
organism’s ability to move in a water column, causing
it to float or sink beyond its normal range. Wetzel (2001)
suggested that high levels of total suspended solids
will increase water temperatures and decrease
dissolved oxygen (DO) levels. This is because
suspended particles absorb more heat from solar
radiation than water molecules. This heat is then
transferred to the surrounding water by conduction.
Hickin (1995) observed that the warmer water cannot
hold as much dissolved oxygen as colder water, so DO
levels will drop. In addition, the increased surface
temperature can cause stratification, or layering, of a
body of water. When water stratifies, the upper and
lower layers do not mix. As decomposition and
respiration often occur in the lower layers, they can
become too hypoxic for organisms to survive.

The salinity is usually highest during the periods of
low water flows i.e.  Post Monsoon (1.15ppt); Monsoon
(1.03) and in summer season (1.00 ppt). Salty water
conducts electricity more rapidly than pure water.
Salinity refers to total concentration of all ions in water.
Boyd and Tucker (1998) observed that the fluctuations
in the salinity are probably due to fluctuations in total
solids. In the present study also, salinity was more in
post monsoon season only which was lowest in pre
monsoon season when compared to other seasons
(Table 6 and Fig.3)

Salam et al. (2000) also observed the same fluctuation
trend in salinity. In the present study also salinity was
more in densely infested ponds where as low in less
water hyacinth infested ponds. The most oxygen
depletions occurred in the summer months because
the warm water holds less dissolved oxygen than cold
water. In addition to that treating a heavy infestation
of aquatic weeds with an herbicide during the summer

Fig.3. Seasonal variations of physic- chemical
parameters during the study period of 2013-2015

Thenmozhi Jagaveerapandian and Karthik Thamilarasu



      Scientific Transactions in Environment and Technovation

www.bvgtjournal.com

July to September 2016

P - ISSN   0973 - 9157
E - ISSN  2393 - 9249

J. Sci. Trans. Environ. Technov. 10(1), 2016 23

could cause oxygen depletion. As the rapid
decomposition of a mass of aquatic weeds, it could
deplete dissolved oxygen.  Due to depletion of dissolved
oxygen, the colour of the water was started to change,
the whole pond was turned brown. Ultsch (1973)
reported that dense mats reduced light to submerged
plants, and thus depleting oxygen in aquatic
communities. Kasulo ( 1999) also suggested that  most
of the vertebrates found in the water hyacinth infested
areas were either purely dependent upon aerial
respiration like water snakes or were supplemental air
breathers such as frogs and air breathing fishes like
Clarias sp.

Villamagna (2009) also found the same result as
dissolved oxygen levels can reach seriously low levels
for aquatic diversity when large water hyacinth mats
prevent light infiltration or when a relatively large area
of plants decompose at the same time . In the present
study also DO level showed significant values.
Villamagna (2009) observed that the wide spread and
fast growth plant is easily occupying the large places
of water bodies and absorbs the physico chemicals from
the water. So, the optimum water quality changed as
abnormal stages from the normal quality level of pH,
temperature, electrical conductivity, salinity, turbidity,
total dissolved solid and dissolved oxygen,  etc.,.
Midgley et al., (2006) concurred that  water hyacinth’s
impacts on biodiversity in aquatic ecosystems.
Moreover, Landiaet al. (2012)  also observed, the depth
of ponds is one of the key factors for the amphibians,
whose limiting factor for survival is sufficient water in
the driest months. Gichuki et al. ( 2012) suggested that
the E. crassipes infestation is a symptom of broader
watershed management and pollution problems to alter
aquatic biodiversity. In the present study also, it could
be the reason that water quality and environment
changes by E. crassipes plants in village ponds of the
study area.

This research focused on possible impact of water
quality indicators and exotic species of water hyacinth
on amphibian extinction. The study area encompassed
water quality parameters with water hyacinth infested
ponds of the Cauvery delta areas. Water quality
appears to be an important factor which may limit the
occurrence of amphibians. The local environmental
factors influence the water qualities of the pond in
which the vegetation also determine the quality of the
particular ponds. Pearson correlations test was used
to investigate the association between water quality
parameters with water hyacinth infested ponds.

Thus the amphibian population fluctuation was
influenced by various factors like water quality
parameters and water hyacinth. This could be the
reason for quality and quantity of water. Moreover,
physico chemical characteristic features of the pond
and characteristic features of exotic species such as

water hyacinth and amphibian species etc.,
(Thenmozhi and Karthik, 2015).

In this report, we first explore our information about
water hyacinth on pond water quality. We collected
very limited water quality parameters such as pH, TDS,
EC, temperature, salinity and turbidity. Total dissolved
solids, a measure of the amount of nutrients and other
materials in a pond’s water could be increased in the
increased levels of dissolved calcium, magnesium and
potassium ions. There was also a suggestion in the
data that TDS increased with greater human
development in the surroundings. Temperature data
were too scant to allow in-depth analyses. In a nutshell,
our initial explorations of water characteristics showed
a marked link to the geology of the landscape and,
perhaps, at least a partial link to neighbouring land
use.

Both the depth of the water and changes in water level
are important for the growth of this species. Oki and
Ueki (1984)  reported that the plants have more roots
when they are floating in deep water than in shallow
water, while the leaf area, and the summer growth of
the plant, are greater in the latter case . In the present
study also it showed significant level.

Thus, this study provides information as to how the
water hyacinth influences the amphibian density and
the physico-chemical environment of various pond
ecosystems.

Management and control of the E. crassipes infestation

 Today there is a global agreement among scientists
and managers that there is no totally effective method
to eradicate E. crassipes indicating the best option is
integrated management and control of the weed.
Although there has been little attention paid to the
integration of chemical and biological control as Center
et al. (1982) reported in an experimental study weevils
were more effective in combination with a growth
retardant. Great caution is needed in selecting
herbicides to be used together with biological control.
At a general level, in countries where E. crassipes
infestation affects hundreds of thousands of hectares,
integrated control may include several different
measures. It makes suitable feed for many animals, and
can be a source of protein for man. Its use has been
recommended in farming as fertilizer and compost for
mushroom culture. Environmental awareness
measures should also be taken through various
communications media.

CONCLUSION

Based on the present study, it is concluded that the
water hyacinth (E. crassipes) influences the water
quality, and amphibian diversity and density in the
study area. Several studies have been reported which

Assessment of amphibian environement .......
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are similar to our report.  Just clearing of the weed is
not the best way to solve the socio economic problem of
this declining of amphibians as water hyacinth
impacting the aquatic biodiversity and affecting the
water quality. It was due to the fast regrowth of the
water hyacinth. Hence, the best way to solve this
problem   depends upon the choice of the solution,
which lies in the size of the water body, area of E.
crassipes growth, lifestyle of people living around it,
need for employment, etc. As a green manure it can be
either ploughed into the ground or used as mulch. It
can be converted into compost and used on the land
with proper management and technology. Oranic
manure can be produced with a small pond with water
hyacinth. No investment is required, only labour and
time.
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Abstract
Amphibians play an important role in the ecological cycle of the agroecosystem. The declining trend and disappearance
of amphibian population in ponds are influenced by several factors such as climatic changes, fertilizers, pesticides and
invasion of exotic plants. Time constrained VES (Visual Encounter Survey) method involves systematic search of an
area. A   total of 9 species of anurans were recorded   in the present study in Nagapattinam district. They belonged to
seven genera and four families of amphibians. Studies on the microhabitats revealed that most of the amphibians
preferred the water bodies and edge of the water as the micro habitat.  In the present study Hoplobatrachus crassus,
Fejervarya limnocharis and Microhyla ornata were encountered in all types of microhabitats when compared to other
species of amphibians.

Keywords: Amphibians, GPS, Micro habitats, VES Method and Nagai District.
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INTRODUCTION

Amphibians are habitat specific and highly sensitive
animals. So, these are called indicator species of
environment and also, they play an important role in
ecological cycle around the agricultural field
(Blaustein and Wake, 1990; Vitt et al., 1990; Wyman,
1990; Wake, 1991; Cushman, 2006). Among  the
amphibians, the order Anuran constitute the vast
majority (88%) of living species of amphibians and the
bulk of their genetic, physiological, ecological and
morphological diversity. Amphibians currently
include more than 7301 recognized species in the world
and 342 species in India (Frost, 2013). Out of the 342
species of known amphibians from India, 75 species
are yet to be evaluated and 81 species are still under
the data deficient category (Dinesh et al., 2013). The
342 species of Indian amphibians include 306 species
of anurans, 35species of Gymnophiona and 1 species
of Salamander (Dinesh et al., 2013). The amphibians of
the Western Ghats are diverse and unique, with more
than 80% of the 181 amphibian species are endemic to
the region. About 77 species are reported from the state
of   Tamil Nadu, India (Dinesh and Radhakrishnan,
2009).  Also, many new species have been recently
discovered   from India, especially in Western Ghats
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(Vasudevan   and Dutta, 2000; Dutta  and Ray, 2000;
Biju and Bossyut, 2003; Gururaja et al., 2007; Dinesh et
al., 2009; Biju et al., 2009, 2010; Joshy et al., 2009; Dinesh
et al.,2013). Amphibians are more threatened and
declining in population than birds and mammals
(Stuart et al., 2004).

Fig. 1.  Study area map showing the sampling points
of different habitats of Nagapattinam District during
the study period from May 2014 to September 2014.
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The declining and disappearance of amphibian
population in ponds are influenced by several factors
such as climatic changes, fertilizers, pesticides,
invasion of exotic plants and degradation of
microhabitats. Pond ecosystems may provide the
framework for metapopulation structure and
dynamics in many amphibian species (Stephen and
Closkey, 1996). Current agricultural systems have
become not suitable habitat for Anuran species, which
has been attributed to pesticides contamination,
habitat degradation, cultivation changes and
deficiency of irrigational facility in the Cauvery deltaic
region. Agricultural landscapes containing arable
land in many regions are the dominating habitats,
having little resemblance to natural habitats. Few

S.No. Family Species Name IUCN Status
1 Bufonidae Duttaphrynus melanostictus LC
2 Dicroglossidae Euphlyctis cyanophlyctis LC
3 Dicroglossidae Euphlyctis hexadactylus LC
4 Dicroglossidae Hoplobatrachus tigerinus LC
5 Dicroglossidae Hoplobatrachus crassus LC
6 Dicroglossidae Fejervarya limnocharis LC
7 Microhylidae Microhyla ornate LC
8 Microhylidae Ramanella varigata LC
9 Rhacophoridae Polypedates maculates LC

Table 1.  List of Anuran species recorded from
Arupathy and its surrounding habitats of
Nagapattinam District during the study period from
May 2014 to September 2014.

1 Duttaphrynus melanostictus 0 1.1±0.3 1.0±0.0 0 0 0 0 0 0
2 Euphlyctis cyanophlyctis 1.0±0.0 1.2±0.5 0 1.0±0.0 1.0±0.0 0 0 1.7±1.3 5.5±0.5
3 Euphlyctis hexadactylus 0 1.1±0.5 0 1.1±0.4 1.0±0.0 0 0 1.4±0.8 2.3±1.8
4 Hoplobatrachus crassus 0 1.6±0.8 1.0±0.0 1.0±0.0 1.0±0.0 1.0±0.0 0 1.3±0.8 1.0±0.0
5 Hoplobatrachus tigerinus 0 1.2±0.5 1.0±0.0 1.0±0.0 0 0 0 1.2±0.4 0
6 Fejervarya limnocharis 0 1.3±0.6 1.3±0.4 1.8±0.9 1.0±0.0 0 0 1.3±0.7 0
7 Microhyla ornate 1.0±0.0 1.0±0.1 0 0 1.0±0.0 0 2.0±0.0 1.0±0.0 0
8 Polypedates maculates 0 1.0±0.0 0 0 0 0 1.0±0.0 1.0±0.0 0
9 Ramanella varigata 1.0±0.0 1.0±0.0 1.0±0.0 0 0 0 1.0±0.0 1.0±0.0 0

Grand Total 1.0±0.0 1.1±0.5 0.9±0.5 1.3±0.6 1.0±0.0 1.0±0.0 1.1±0.4 1.4±0.9 3.2±2.2

Leaf on 
water Stone

Tree 
branches Water

Water 
Edge

Sl.
No

           Species Banana 
Tree Ground

Grass 
land

Leaf 
Litter

Table 2. Mean values of microhabitat usage by Anurans in  Nagapattinam  District during the study period
from May 2014 to September  2014.

Species Name Banana 
Tree

Ground Grass 
land

Leaf Litter Leaf on 
water

Stone Tree 
branches

Water Water 
Edge

Total %

Duttaphrynus melanostictus - * * - - - - - - 6
Euphlyctis cyanophlyctis * - - - * - - * * 13
Euphlyctis hexadactylus - - - - * - - * * 6
Hoplobatrachus crassus - - * - * * - * * 16
Hoplobatrachus tigerinus - - * * - - - * - 9
Fejervarya limnocharis - * * * * - - * - 16
Microhyla ornate * * - - * - * * - 16
Polypedates maculates - * - - - - * - - 6
Ramanellavarigata * * * - - - * - - 13
Total 3 5 5 3 5 1 3 6 3 100

Table 3.  Amphibian species presence and absence in different microhabitats of the study area of Nagapattinam
District during the study period from May 2014 to September 2014.

animal species have their main pattern of distribution
in this kind of habitat and frog diversity is typically
much lower in agricultural areas than the surrounding
habitats (Bonin et al., 1997). In human habitation and
semi-urban area non practiced or non domestic
animals are facing every risk in their life cycle. The
major problem of living habitat, even they are prepared
as small place, is that the habitat is either changed or
altered for the purpose of cultivation or for human
settlement.. Habitat alteration is a major factor in the
global trend of declining populations of amphibians

(Collins and Storfer, 2003; Stuart et al., 2004).
Amphibians are more threatened and attained the
declining status as per the IUCN red list than the other
animals (Stuart et al., 2004). They are sensitive to
environmental changes both in terrestrial and aquatic
habitats because they have highly semi-permeable
skins and different stages of life cycle (Alford and
Richards, 1999). There are many studies on the
microhabitat use by forest-dwelling amphibians, but
very few such works on amphibians of grassland and
agricultural areas. This study examines habitat use of

Karunakaran Kasinathan et al.,
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the Anurans, which inhabit grasslands and
agricultural areas.

Totally 90 endemic amphibian species of Western
Ghats require habitat and habitat-quality protection.
Several other restricted species occurring in other bio-
geographic zones with high human impact include
the Eastern Ghats, north-eastern India, Himalayas, the
Terai and the islands of Andaman and Nicobar,  which
need urgent and immediate attention for conservation.
In this context the present article deals with the
diversity of amphibians and the microhabitats in the
agro ecosystem of Nagappattinam  district, Tamil
Nadu, India.

DESCRIPTION OF THE STUDY AREA

The Nagapattinam district lies on the east coast of the
south Cuddalore district and another part of the
Nagapattinam district lies on the south of Karaikkal
and Thiruvarur district. It is bordered by the Bay of
Bengal. The district lies between 10°25’ and 11°40’
North Longitude and 76°49’ and 80°01’ East latitude.
The general geological formation of the district is plain
and coastal. The district is also known as “The District
of Ponds”.  The district has a varied topography with
sea on one sides and the other parts of Thiruvarur,
Karaikal (Territory Union), Thanjavur and Cuddalur
Districts on the other side.  Field work was carried out
in Arupathi, EaswaranKoil, East Meaterupu,
Parasalur, Kezaparasalur of Nagappattinam district,
Tamil Nadu, India. Paddy and Banana were cultivated
in these areas.  Anuran survey was intensively carried
out in five different habitats including the fields of
banana, paddy and nut grass, and ponds and canals.
All the coordinates were pointed using the Global
Positioning System (GPS).

MATERIALS AND METHODS

Visual Encounter Survey method (VES) was carried
out for 246 hours by involving  two persons. The
headlights and torch lights were used to find out the
presence or absence.  All the areas were walked
thoroughly for the survey of amphibians.  Sighting of
an   individual species was recorded with notes on
ecological parameters. Time constrained   VES involves
systematic search of an area or habitat for a prescribed
time (Heyar et al., 1994; Campbell and Christman, 1982).

The field work was carried out from May 2014 to
September 2014. Overall, data were collected regularly
during morning and evening of the study period. The
list of species encountered and co-variables such as
temperature, microhabitat, and water distance from
each species sightings, vegetation type and soil types
were also recorded during the study period.
Photographs of the amphibians and various pictorial
field guides were used to identify the species in the
field itself. Unidentified species was identified with
published keys  of Daniels (2005).

RESULTS AND DISCUSSION

 Totally 9 species of amphibians were recorded during
the present study. They included five species of
Dicroglossidae, two species of  Microhylidae and  a
single species of Rhacophoridae and Bufonidae each.
The nine species of amphibians include Duttaphrynus
melanostictus, Euphlyctis cyanophlyctis, Euphlyctis
hexadactylus, Hoplobatrachus tigerinus, Hoplobatrachus
crassus, Fejervarya limnocharis, Microhyla ornata,
Ramanella varigata, and Polypedatus maculatus.
(Table 1).

According to the usage of habitat and characteristics
the amphibians are categorized into aquatic, terrestrial
and arboreal. Among the nine species four species
were belonged to aquatic, four species were terrestrial
and the remaining one was arboreal. In the present
study both aquatic and terrestrial amphibians were
reported and analyzed for microhabitat usage by the
species. Microhabitat usages of amphibians were less
in grassland habitats (0.9±0.5) and maximum was in
water (3.2±2.2) (Table 2).  Three amphibians,
Hoplobatrachus crassus, Fejervarya limnocharis and
Microhyla ornate were used  all types of habitats (16 %)
Euphlyctis cyanophlyctis was found recorded from
banana plant, leaf surfaces in water and in water,
whereas Ramanella varigata (13%) was found mostly
on the plant surfaces. Hoplobatrachus tigerinus used
plant surfaces and water (9%) and the three species
namely Duttaphrynus melanostictus, Euphlyctis
hexadactylus  and Polypedates maculatus used either
water or plant surfaces (6%) (Table 3). Amphibian
species were most sited in four main microhabitats of
the study area.   Totally 6 species from water, and 5
species from ground, floor, grassland and plant leaves
on water were recorded . The other four microhabitats
included  banana plant, leaf litter, tree, tree branches
and water edges.  Three species were present in all
habitats (Table 3). Only one species was sighted under
stone. Dennis et al. (2013) described agricultural area
was more suited habitat than the secondary forest area
which could be due to the hydrological conditions and
food availability in the area. All the agriculture areas
of Cauvery delta regions are converted into human
habitation due to  urbanization and lack of water for
irrigation and less rainfall. Many wet lands of these
districts  have been converted into residential places.
Seshadri et al. (2012) discussed the impact of
urbanization on the population status of amphibians
in Puducherry state.  It has been reported that about
33% of amphibians were eliminated from the city.  The
present study area of Nagapattinam had undergone
urbanization  and rapid conversion of agricultural
lands into residential places in the recent years.
Seshadri et al. (2012) reported 14 species of amphibians
from the wetlands of   Puducherry, India. GrazyKutty
(2007) recorded 12   species of amphibians from
agricultural areas of Periyakulam Taluk. 10 species of

Diversity of amphibians in the micro habitats....
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amphibians have been reported from agricultural area
of Kanyakumary District. But in the present study only
9 species of amphibians were encountered

CONCLUSION

Amphibians are habitat specific and highly sensitive
animal.  The habitat degradation leads to decline in
the  amphibian population and density. Hence, to
protect the environment and the balanced ecosystem,
the amphibians need urgent and immediate
conservation.
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INTRODUCTION

Amphibians are excellent “Bio indicator species”
because they can provide information on the health of
two habitats.  Due to their biphasic lifestyle and
permeable skins, amphibians are commonly used as
“Bio indicators”.  They are also considered as
“Environmental sponges” because their semi-
permeable skin allows environmental toxins to be
easily absorbed (SERC, 2007). There are several
possible causes such as agriculture, habitat
destruction, exotic species, pollution, toxic substances.
However information are backing to accurating assess
the current status of the complibian.  Scientists estimate
that about 43% of amphibians or about 1,856 species
are threatened and are declining at a rapid rate
worldwide (Stuart et al., 2004).  The faunal diversity of
amphibian   in Tamil Nadu includes 76 species.
Schedule IV includes 23 species of amphibians (Tamil
Nadu Forest Deportment).In India, 342 species of
amphibians are classified, in which 161 are still under
the data deficient category which indicates the need
of elaborative, systematic and coordinated efforts for

estimating the population and to assess the factors
delimiting the distribution of species. Dinesh et al.
(2012) reported that the amphibians are the ecological
indicator species in the environment.  It has been
estimated that one-third of 6,000 worldwide
amphibian species are under threatened category.
Besides habitat loss, over exploitation or introduced
species, amphibians are affected due to the pollution
of surface waters with fertilizers and pesticides.  Katie
Finlinsonet al. (2002) reported that amphibians are
integral components of many ecosystems and serve as
excellent bio-indicators of the environment.

They are the important ecological component of both
wetlands and dry land. Amphibians as a group are
much more closely associated with water and wetlands
than most reptiles, birds, or mammals. Both the aquatic
and terrestrial environments are to be intact   in order
to protect the amphibian species. The amphibian larvae
had to have either developed enough to leave the pond
or to have perished as the pond dried up. Any change
in dissolved oxygen due to the loss of leaf litter has its
impact on the development of the larvae.
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Abstract
Populations of amphiasis are declining at rapid rate.  There are several possible causes for the decline of amphibians.
Existing agricultural field and village ponds have become not suitable habitats for amphibian population due to
pollution Invasive plant species are widely recognized as a major threat to biodiversity and ecosystem stability. In the
present study the length, width and depth  were assessed to determine whether the exotic species has any negative
impact on amphibian population. All the variables were found dependent on one another; The study was carried out in
the selected village ponds of three districts viz., Nagapattinam, Thiruvarur and Thanjavur from June 2012 to June 2015
which were monitored monthly once to find out the diversity and density of amphibian. Visual Encounter Survey
Method was adopted to estimate the amphibian population in various ponds.  The biomass of the water hyacinth was
employed by quadrate method. The study period was grouped into four different seasons. Among the three districts,
thirty one village ponds were selected on the basis of the degrees of water hyacinth infestation. A total of 15.371, 6.598
and 7.071 acres of pond area were covered by GPS.The present article deals with the influence of area, length, width and
depth of the pond and water hyacinth infestation on the amphibian density.

Key words: Amphibian, Cauvery delta regions, GPS, pond length, pond width, Water hyacinth
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In India, water hyawalts (Eichhornva crassipes) is a
major problem in water bodies for aquatic diversity.
They changes in the water quality due to changes in
the physics chemical properties.  This plant is turbulent
in water, also occupying surface of pond and
dominating the other aquatic plants. It blocks the water
flowing in running water, rivers and canals. It is the
major issue for disconnecting the linkage of water
connection of local area and water bodies.  The weeds
in turn provide ideal breeding sites for mosquitoes by
keeping the water surface placid and rendering it
inaccessible to any methods of chemical control
(Jayanth, 1987). Water hyacinth tolerates the high and
low temperature limits,  and causes in water quality
changes in natural village ponds, canals and rivers,
which in turn affects the aquatic biodiversity either
directly or indirectly. Species like shells, fishes and
amphibians were affected by changes in physio-
chemical parameters of water. Because of its extremely
high rate of development, Eichhornia crassipes is an
excellent source of biomass. The ecological and socio-
economic impacts of this invasive species are currently
well understood (Villamagna and Murphy, 2010,
Balasubramanianand  Arunachalam, 2014).

Water hyacinth mats decrease concentration of
dissolved oxygen, one of the most important water
quality variables for aquatic fauna, by preventing the
transfer of oxygen from the air to the water surface
(Perna and Burrows, 2005). Although McVea and Boyd
(1975) found a negative relationship between
dissolved oxygen and water hyacinth coverage, a
water hyacinth cover of 25% out of 400 m2 experimental
ponds did not show decreased level of dissolved
oxygen. Water hyacinth infestations are also known
to aggravate mosquito problems by hindering
insecticide application (Seabrook, 1962). The socio-
economic effects of water hyacinths are dependent on
the extent of the invasion, the uses of the impacted
water body, control methods and the response to
control efforts (Villamagna and Murphy, 2010).

Study Area

The study was carried out in the selected village ponds
of three districts viz., Nagapattinam, Thiruvarur and
Thanjavur which were covered by various habitats of
those districts.

METHODOLOGY

Mapping

The ponds were marked by GPS and GIS Program in
Cauvery delta regions of Nagapattinam, Thanjavur
and Thiruvarur districts, Tamil Nadu, India (Fig.1)
Thirty one ponds were selected on the basis of the

degree of water hyacinth infestations i.e. Dense,
Medium and Low. A pond surface area could be
estimated by walking the perimeter of the pond and
stopping at various waypoint locations along the
pond shoreline. The way points were stored at each
location where the pond shape changes.

Amphibian counting

Study was carried out from June 2012 to June 2015.
The selected village ponds were monitored monthly
once to find out the diversity and density of amphibian
population. Visual Encounter Survey Method (VES)
was carried out to estimate the amphibian population
(Heyer, 1994) in various ponds and the diversity of
frog species was recorded in the morning or evening
time. Amphibians were thoroughly searched in the
water bodies, edge of the water, grasses, bushes and
over the surface of the water.

Biomass of the water hyacinth

Assessment of Biomars was made by quadrate method
Madesen (1993), in which four quadrates were laid
randomly. The height and weight of the plant was
measured by using scales or measuring tap and Spring
balance, respectively.

Seasons

The study period was grouped into four different
seasons. The Pre-Monsoon season (PrM) includes the
months of July, August and September. The Monsoon
season (Mon) includes the months of October,
November and December. The Post Monsoon (PoM)
includes the months of January, February and March
and the summer season (Sum) includes the months of
April, May and June (Pandiyan et al., 2006).

Fig.1. REGRESSION /MISSING LISTWISE /
STATISTICS COEFF OUTS R ANOVA CHANGE /
CRITERIA=PIN (.05) POUT(.10) /NOORIGIN /
DEPENDENT Eichhornia /METHOD=ENTER PV /
RESIDUALS NORMPROB(ZRESID).
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1 Narasinganpettai Narasinganpettai Pond-1 0.231 32.1 29.5
2 Narasinganpettai Narasinganpettai Pond-2 0.542 44.7 40.6
3 Thiruvalangadu Thiruvalangadu 0.582 47.2 45.2
4 Kanjanur KanjanurKulam 2.873 97.8 89.5
5 Mananjery MananjeryKulam 0.456 56.6 49.3
6 Veppathur Veppathur Pond-1 0.684 50.1 48.7
7 Veppathur Veppathur  Pond-2 1.23 61.6 49.2

Village Name Pond Name
Area on 
Acres

Length 
(m)

Thanjavur District Village Ponds

Width
(m)

Sl.
No.

1 Keezhaiyur KeezhaiyurKulam 0.954 69.8 63.3
2 Karuvazhakarai Periyakulam 3.19 142 106
3 Karuvazhakarai Karuvazhakarai 

Pond1
0.389 50.4 30.9

4 Melayur PalathanKulam 0.5 44.6 45.6
5 Melayur PillaiyarKulam 0.291 41.2 31.6
6 Kanjanagaram Puthukulam 0.989 69.7 64.6
7 Melakattalai(parasalur) PillaiyarKulam 1.211 87.5 56.9
8 Parasalur ThamaraiKulam 1.8 113.3 59.4
9 Parasalur (thirupariyalur) Thirukulam 0.211 36.9 28.2
10 Parasalur (thirupariyalur) AyyanarKulam 0.939 71 61
11 Thattamadam (Parasalur) SammanKulam 1.719 87.5 88.3
12 Ilayalur IlayalurKulam 0.48 46.2 42.3
13 Ilayalur SivankoilKulam 0.439 48.2 36
14 Keelamangalam Vannapadugaikulam 1.716 64.5 42.6
15 ChozhachakraNallur Thamaraikulam 0.543 43.4 38

Village 
Name

Pond 
Name

Nagapattinam District Village Ponds

Sl.
No.

Area on
Acres

Length
(m)

Width
(m)

Pond Depth and Volume Measurement

Average pond depth was calculated by dividing the
pond into at least four sub-areas. At least one depth
within each of the sub-areas was taken which were
used to calculate the overall average pond depth.
This method is suitable when the pond bottom is
irregular rather than bowl shaped. The volume of
water in the pond (in acre-feet) was calculated by
simply multiplying the pond area (in acres) by the
average pond depth in feet. One acre-foot of water is
equal to 325,851 gallons.

Statistical analysis

Statistical analyses were performed by using Windows
based Statistical package viz., Microsoft Excel, SPSS
(Statistical Package for Social Science: Nieet al, 1975)

RESULTS AND DISCUSSIONS

A total of 15.371, 6.598 and 7.071 acres of pond area in
Nagapattinam, Thanjavur and Thiruvarur districts of
Tamil Nadu in Cauvery delta region respectively were
covered from June 2012 to June 2015 by using GPS.
Among the three districts 31 village ponds were
selected based on the degree of infestations of exotic
plant Eichhornia crassipes fifteen village ponds covering
an are aabout15.371 acres from ten villages were
identified and measured from Nagapattinam district
(Table 1). In Thanjavur district, only seven ponds from
five villages were identified in which about 6.598 acres
of pond area were sampled(Table 3).   In Thiruvarur
district, only nine ponds were identified from six
villages in which about 7.071 acres of pond area(Table
2) were surveyed.

The slope of the line (-2.654) indicates that the pond
volume decrease due to infestation  by Eichhornia. The
pond volume Vs Eichhornia table of coefficients also
reports some T-statistics and significance P= 0.000
levels (Fig. 1). The Eichhornia Vs volume of pond  graph
also re presents  normal Probability Plot because of
the residuals were normally distributed and lie along
a 45º upward sloping diagonal line (Fig.2). The
Eichhornia Vs pond area  graph is called a normal
Probability Plot because the residuals were normally
distributed and lie along a 45º upward sloping
diagonal line (Fig. 3). The amphibian density  Vs pond
area  graph is called a normal Probability Plot because
of the residuals were normally distributed and lie along
a 45º upward sloping diagonal line (Fig.4). The
amphibian density  Vs pond volume  graph is called a
normal Probability Plot because the residuals were
normally distributed and lie along a 45º upward
sloping diagonal line (Fig.5).

The value of the test statistic for the slope is -0.375 and
the associated P-value is approximately 0.708. As in
all t tests there is a statistically significance between x
and y (Table 8). The (Table10) area Vs density of the
test statistic for the slope is -14.382, and the associated

Table.1. Area, length and width measurements of
15 village ponds of Nagapattinam District

1 Kunniyur SathiramKulam 0.723 50.4 47.3
2 Kunniyur Kunniyur kulam -2 0.831 60.1 47.8
3 Mavur MavurKulam 0.678 44.3 43.5
4 ThiruthuraiPoondi TherasaKulam 0.654 43.4 41.6
5 ThiruthuraiPoondi Madathukulam 0.865 51.4 48.2
6 ThiruthuraiPoondi Metupalayamkulam 1.2 61.5 56.4
7 Kachanam MuthumariammanKoil kulam 0.468 38.6 35.8
8 SrinivasaPuram SrinivasapuramKulam 0.863 59.7 56.8
9 Sannanallur SannanallurKulam 0.789 50.9 48.6

Village Name Pond Name
Area on 
Acres

Length
(m)

Width
(m)

Thiruvarur District Village Ponds

Sl.
No.

Table.2. Area, length and width measurements of
9 village ponds of Thiruvarur district

Table.3. Area, length and width measurements of 7
village ponds of Thanjavur district

Assessment of amphibian population . . .
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1 KeezhaiyurPond 5 21 0.2647 0.7353 1.449 0.8516 0.9002
2 Karuvazhakarai Pond 5 24 0.2387 0.7613 1.507 0.9027 0.9364
3 Periyakulam 9 31 0.1504 0.8496 2.014 0.8328 0.9167
4 Palathankulam 5 19 0.2339 0.7661 1.502 0.8982 0.9333
5 Pillayarkulam 9 33 0.1328 0.8672 2.092 0.8998 0.9519
6 Puthankulam 5 20 0.2136 0.7864 1.576 0.9675 0.9795
7 Pillayarkulam2 7 24 0.1843 0.8157 1.795 0.8601 0.9225
8 Thamaraikulam 4 15 0.2673 0.7327 1.353 0.9677 0.9763
9 Thirukulam 7 19 0.1648 0.8352 1.875 0.9312 0.9634

10 Ayyanarkulam 6 18 0.2351 0.7649 1.607 0.8314 0.897
11 SammanKulam 5 16 0.2255 0.7745 1.55 0.9419 0.9628
12 IlayalurKulam 6 24 0.1845 0.8155 1.741 0.9507 0.9718
13 SivankoilKulam 8 38 0.1798 0.8202 1.898 0.834 0.9127
14 Vannapadugaikulam 6 19 0.2208 0.7792 1.609 0.8332 0.8982
15 ThamaraiKulam 6 25 0.1882 0.8118 1.705 0.9167 0.9515
16 Kunniyur-1 10 29 0.1446 0.8554 2.092 0.8101 0.9086
17 Kunniyur-2 6 24 0.1971 0.8029 1.683 0.8969 0.9393
18 Mavur pond 6 30 0.2011 0.7989 1.698 0.9102 0.9475
19 Therasakulam 7 20 0.1753 0.8247 1.852 0.91 0.9515
20 Madathukulam 7 24 0.1865 0.8135 1.79 0.8554 0.9197
21 Mettpalayam pond 7 20 0.1732 0.8268 1.845 0.9043 0.9483
22 SirinivasapuramPond 5 17 0.2121 0.7879 1.58 0.9707 0.9815
23 Sannanallurpond 4 15 0.3103 0.6897 1.243 0.8662 0.8964
24 MuthumariyammanPond 5 17 0.2237 0.7763 1.541 0.9337 0.9574
25 Narasingapettai pond 3 12 0.3628 0.6372 1.056 0.958 0.961
26 Narasanpettaipond2 7 41 0.1712 0.8288 1.825 0.886 0.9378
27 Thiruvalangadu pond 6 26 0.2036 0.7964 1.664 0.88 0.9286
28 Kanjanurpond 6 22 0.1911 0.8089 1.702 0.9137 0.9496
29 Mananjerypond 5 23 0.2107 0.7893 1.583 0.9738 0.9835
30 Veppathurpond 8 32 0.1604 0.8396 1.915 0.8487 0.9211
31 Veppathurpond2 5 21 0.2185 0.7815 1.557 0.9493 0.9677

Evenness_
e^H/S

Equit.
_J

Sl.
No.

Pond Name Taxa_S Indv.
Simpson

_1-D
Shannon

_H
Dominance

_D

Table.4.  Amphibian species diversity, richness and
evenness for each pond of study area for throughout
the study period

Fig.2. Regression analysis of Eichhornia Vs volume
of pond

Fig.3. Regression analysis of Eichhornia Vs pond area

Fig.4. Regression analysis for amphibian density Vs
pond area

Fig.5. Regression analysis for amphibian density Vs
pond volume

Sum of 
Squares

Df
Mean 

Square
F Sig.

Regression 194.513 1 194.513 1.25 0.265b

Residual 69646.15 446 156.157
Total 69840.66 447

ANOVA a

Model

1

a. Dependent Variable: Eichhornia  ;  b. Predictors: 
(Constant), PV

Table. 5.  ANOVA table to show the relations between
Eichhornia species and volume of pond

Standardized 
Coefficients

B Std. Error Beta
(Constant) 28.713 0.675 42.565 0

PV -2.65E-07 0 -0.053 -1.116 0.265
a. Dependent Variable: Eichhornia

Coefficients a

Model
Unstandardized 

Coefficients T Sig.

1

Table.6. Regression analysis to the relations between
Eichhornia species with volume of pond.
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Mean Square
5357.131

84.768

0
0PV -1.20E-06 0 -0.322 -7.95

1
(Constant) 11.984 0.452 26.496

Coefficientsa

Model
Unstandardized 

Coefficients
Standardize

d T
B Std. Error Beta

Sig.

Total 51555.63 546
1

Regression 5357.131 1 63.198 0.00
bResidual 46198.5 545

ANOVAa

Model SS Df F Sig.

P-value is approximately 0.000. As in all t tests there is
a statistically significance between x and y. Both the
volume and area of the pond are highly significant for
density of amphibians. Thus, study clearly indicates
that the water hyacinth influences the amphibian
density and the physic-chemical environment of
various pond ecosystems (Fig.6).

DISCUSSION

Oki and Ueki (1984) reported that the plants have more
roots when they are floating in deep water than in
shallow water, while the leaf area, and the summer
growth of the plant are greater in the latter case. In the
present study both the volume and area of the pond
significantly influenced the density of amphibians.
Semlitsch et al., 2015 tested whether pond area was a
significant predictor of density, species richness, and
diversity of amphibians. They found that in all cases a
quadratic model fit their data significantly better than
a linear model. Because small ponds have a high
probability of pond drying and large ponds have a
high probability of fish colonization and accumulation
of invertebrate predators. They also found that not all
intermediate sized ponds produced low amphibian
density, richness, and diversity. Their results indicated
that hylid and chorus frogs are found predictably more
often in ephemeral ponds whereas bullfrogs, green

Fig.6. Regression analysis for amphibian population
VS pond volume and area

Standardized 
Coefficients

B Std. Error Beta

(Constant) 28.68 1.052 27.265 0

Area -0.32 0.855 -0.018 -0.375 0.708

Coefficients a

Model
Unstandardized 

Coefficients T Sig.

1

Table. 7. Regression analysis of Coefficients between
Eichhornia Vs area

SS df
Mean 

Square
F Sig.

Regression 14183.55 1 14183.6 206.8 0.000b

Residual 37372.08 545 68.573
Total 51555.63 546

ANOVA a

Model 

1

Table.8. ANOVA table for Eichhornia Vs surface  area.

a. Dependent Variable: Density
b. Predictors: (Constant), Area

Table.9. Regression analysis to compare Eichhornia
with surface area.

Standardized 
Coefficients

B Std. Error Beta
(Constant) 17.59 0.623 28.222 0

Area -7.071 0.492 -0.525 -14.38 0

Coefficients a

Model
Unstandardized 

Coefficients T Sig.

1

Df
1

545
546

(Constant)
PV 0

Sig.

0.000b

ANOVAa

1
11.984 0.452 26.496 0

-1.20E-06 0 -0.322 -7.95

Coefficientsa

Model
Unstandardized 

Coefficients
Standardi

zed T Sig.
B Std. Error Beta

Total 51555.63
1

Regression 5357.131 5357.131 63.198
Residual 46198.5 84.768

Model SS Mean 
Square

F

Table.10. Regression analyses for amphibian density
Vs pond volume

Table.11. Regression analyses for amphibian density
Vs pond volume

Assessment of amphibian population . . .
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frogs, and cricket frogs are found most often in
permanent ponds with fish. In the present study also
it shows at significant level.

Management and control of the E. crassipes
infestation

 Today there is a global agreement among scientists
and managers that there is no totally effective method
to eradicate E. crassipes, and the best option is integrated
management and control of the weed.  Although,there
has been little attention paid to the integration of
chemical and biological control, Center et al. (1982)
reported that weevils in combination with a growth
retardant were more effective in controlling the weed.
Great caution is needed for selecting combination of
suitable herbicides to used together for biological
control. Generally in countries where E. crassipes
infestation affects hundreds of thousands of hectares,
integrated control could include several different
measures. It could be used as suitable feed for many
animals, as a source of protein for man, could be
recommended in farming as fertilizer and compost for
mushroom culture.

CONCLUSION

It is concluded that the water hyacinth (E. crassipes)
influencing the water quality, amphibian diversity and
density in the study area. Several studies reported
similar findings.  Hence it in right time to evolve
strategies for the control of water hyacinth in order to
maintain the water quality and the associated
biodiversity including the population of amphibians.
Attempts should be made to convert the biomass of
water hyacinth into organic manures, substractes
formulation, cultivation, vermi composting, etc.
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Abstract
The study was carried out in the Cauvery delta areas of selected village ponds of Nagapattinam, Thiruvarur and
Thanjavur districts. Amphibians are considered as “Environmental sponges” because of their semi-permeable skin
which allows environmental toxins. In India, 342 species of amphibians have been classified, in which 161 are still
under the data deficient category which indicates the need of coordinated efforts for estimating the population and
delimiting the distribution of species. The faunal diversity of amphibian   in Tamil Nadu includes 76 species in which
23 species of amphibians are included under the Schedule IV as reported by Tamil Nadu Forest Department. A total of
12 amphibian species have been recorded from 31 village ponds during the study period. About 6 species of Euphlyctis
cyanophlyctis, Euphlyctis hexadactylus, Hoplobatrachus tigerinus, Hoplobatrachus crassus, Fejervarya limnocharis and Sphaerotheca
breviceps were belonged to the family Dicroglosidae whereas only three species of Microhyla ornata, M. rubra and
Ramanella varigata were belonging to the family Microhylidae and toads of terrestrial species Duttaphrynus melanostictus
and D.scaber were observed from the family Bufonidae.  The only one arboreal species Polypedates maculates also
encountered, which belonged to the family Rhacophoridae. Regarding amphibian diversity, about 12 species were
reported from Nagapattinam, 11 species from Thiruvarur and only 10 species from Thanjavur districts.

Key words: Amphibia, Diversity, Eichhornia crassipes, Nagapattinam, Thiruvarur and Thanjavur District
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INTRODUCTION

Amphibians are excellent “Bio indicator species”
because they can provide information on the health of
two habitats.  Due to their biphasic lifestyle and
permeable skins, amphibians are commonly used as
“Bio indicators”, which in turn makes it very common
for amphibian populations to be severely affected
when there are serious disturbances to their natural
habitats (Collins and Storfer, 2003).  Amphibians are
also considered as “Environmental sponges” because
of their semi-permeable skin which allows
environmental toxins to be easily absorbed.
Throughout the history of civilization, human (SERC,
2007) activities have been detrimental to the natural
biota, which is particularly evident in the clearing of
the forest that houses the greatest diversity of anurans
(Duellman and Treub, 1986). There are several possible
causes for the decline of amphibians, such as
agriculture, habitat destruction, exotic species,
pollution, toxic substances, acidification and excess
nutrients. Disease, pollution, invasive species,

excessive collection, global changes and other causes
have been documented or proposed to be responsible
for particular or widespread amphibian declines
(Collins and Storfer, 2003; Weldon et al., 2004;
Thenmozhi, et al., 2015). More than 500 scientists from
over 60 nations contributed to the assessment.
Sufficient data are lacking to accurately assess the
status. Scientists estimate that about 43% of
amphibians or about 1,856 species are threatened and
are declining at a rapid rate worldwide (Stuart et al.,
2004). Globally 7,044 amphibians have been reported
(Frost, 2013) and 342 species are known from India
(Dinesh et al., 2012).The faunal diversity of amphibian
in Tamil Nadu includes 76 species. In India, 342
species of amphibians are classified, in which 161 are
still under the data deficient category. It indicates the
need of coordinated efforts for estimating the
population and delimiting the distribution of species.
One-third of 6,000 worldwide amphibian species are
under threatened category. Besides habitat loss, over
exploitation or introduced species, amphibians are
affected due to  pollution of surface waters with
fertilizers and pesticides (Richard, 2010). However,
amphibian populations naturally fluctuate (Skelly,
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1999) and the Habitat alteration has been attributed
as one of the major causes of the current global
amphibian decline.

In India only few studies have been reported,
Karunakaran 2014.   Seshadri et al., (2012) reported
14 species of amphibians from the wetlands of
Puducherry, India. Grazy Kutty (2007) recorded
12 species of amphibians from agricultural areas of
PeriyakulamTaluk. Jayasekar (2013)  reported
10 species of amphibians from agricultural areas of
Kanyakumary District. Tews et al. (2004) proposed the
Community Ecology theory which predicts that
heterogeneous habitats will have higher species
richness than homogenous habitats at local and
regional scales. Weins et al., (1993) reported that the
modification of the lands.  Is one of the causes of
declining of anurans.  The present article deals with
survey of the study area with the help of GPS  and GIS
programs in order to understand the status of diversity
of amphibians in the Cauvery delta areas and
management recommendations to protect amphibians.

Study Area

The study was carried out in the selected village ponds
of three districts viz., Nagapattinam, Thiruvarur and
Thanjavur districts. Annual seasonal pattern has been
classified into 1. Post Monsoon season from January
to March; 2. The summer season from April to June; 3.
The Pre-Monsoon from July to September, and 4.
Monsoon season  from October to December.  The above
said wetlands received the rainfall during the north-
east monsoon from October to December.

MATERIALS AND METHODS

Amphibian counting

A field survey was conducted in Cauvery delta area
ponds in June 2012 to June 2015 in order to document
the diversity and conservation issues of the
amphibians in the area. The selected village ponds
were monitored monthly once to find out the diversity
and density of amphibian population. Visual
Encounter Survey Method (VES) was carried out to
estimate the amphibian population (Heyer et al.,  1994)
in various ponds and the diversity of frog species was
recorded in the morning or evening time. Amphibians

Sl. 
No.

Fam ily
Species 
Nam e

Nagai
Thiru-
varur

Tanjure
Total No.

of 
Individual

IUCN 
Status

1 Duttaphrynus 
melanostictus

1 1 1 378 LC

2 Duttaphrynus 
scaber

1 1 0 9 LC

3 Euphlyctis 
cyanophlyctis

1 1 1 2071 LC

4 Euphlyctis 
hexadactylus

1 1 1 570 LC

5 Hoplobatrach
us tigerinus

1 1 1 239 LC

6 Hoplobatrach
us crassus

1 1 0 27 LC

7 Fejervarya 
limnocharis

1 1 1 325 LC

8 Sphaerotheca 
breviceps

1 1 1 8 LC

9 Microhyla 
ornate

1 1 1 97 LC

10 Microhyla 
rubra

1 1 1 51 LC

11 Ramanella 
varigata

1 0 1 2 LC

12 Rhacophoridae Polypedatus 
maculates

1 1 1 26 LC

Bufonidae

Dicroglossidae

Microhylidae

Table.1. List of amphibian species, belonging to their families with IUCN status encountered in the study area
of Nagai,Thiruvarur and Thanjavur, during the study period 2013-2015.
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were thoroughly searched in the water bodies, edge of
the water, grasses, bushes, holes, crevices and over
the surface of the water (Katie Finlinson et al., 2002)

Mapping

The ponds were marked by GPS and GIS Program in
Cauvery delta regions of Nagapattinam, Thanjavur
and Thiruvarur districts, Tamil Nadu, India. Thirty
one ponds were selected on the basis of the degree of
water hyacinth infestations i.e. Dense, Medium and
Low. A pond surface area could be estimated by
walking the perimeter of the pond and stopping at
various waypoint locations along the pond
shoreline. The way points were stored at each
location where the pond shape changes, the
resulting area will be extremely accurate, probably
within 1 per cent of the actual pond area.

Statistical analysis

Species richness was calculated based on the number
of amphibians recorded in the pond (Heyer et al., 1994)
and the species diversity was calculated by using the
Shannon –Wiener Index H’ (Shannon and Wiener,
1949). Individual of amphibian density was calculated
as number per hectare of the pond in each season.
Statistical analyses were performed by using Windows
based Statistical package viz., Microsoft Excel, SPSS
(Statistical Package for Social Science).

RESULTS

Checklist of amphibian population in Cauvery delta
areas

A total of 12 amphibian species were recorded from 31
village ponds during the study period. About 6 species
of Euphlyctis cyanophlyctis,Euphlyctis hexadactylus,
Hoplobatrachus tigerinus, Hoplobatrachus crassus,
Fejervarya limnocharis and Sphaerotheca breviceps were
belonged to the family Dicroglosidae, whereas only
three species of Microhyla ornate, Microhyla rubra and
Ramanella varigata were belonged to the family
Microhylidae and toads, and terrestrial species of
Duttaphrynus melanostictus and Duttaphrynus scaber
were observed from the family Bufonidae.  The only
one arboreal species, Polypedatus maculates, was also
encountered which was belonged to the family
Rhacophoridae. Regarding amphibian diversity, about
12 species were reported from Nagapattinam, 11
species from Thiruvarur and only 10 species from
Thanjavur districts (Table1).

Biology of amphibians

Indian Toad

Description

Fig.2. Tree Frog  (Polypedates maculatus)

Fig.1.Indian Toad (Duttaphrynus melanostictus)
Indian Toad (Fig.1) is identified by its medium to large
size and the numerous black tipped, horny warts
spread all over the body.  The hardened and horny
ridges on the head, like the numerous warts and the
tips of the fingers and toes, are all black. The underside
is largely whitish with fine black spots. In juveniles,
the throat has a blackish band that runs between the
chin and breast. The breeding males have the throat
region enriched in colour, often sporting bright yellow
–orange hues. Such males often turn lemon yellow in
overall colouration. The ear drum is as big as the eye
or at least ½ of its size and is very conspicuous. Calling
males inflate a singles, large balloon like external vocal
sac.

Habit and Habitat

The common Indian Toad uses any available habitat
from sea level to over 2000 m ASL in the hills of
peninsular India. It is amongst the few species of
amphibians that inhabit at the close vicinity of the sea.
Despite its preference for human modified habitats and
home steeds, it could be seen even along the edges of
forests, including those in the Western Ghats.

Distribution

 The species is found all over India and in the adjacent
countries.  It is also found in Indonesia and it is the
commonest species almost the Indian amphibians.

Tree Frog

Description

Diversity of amphibian population with reference . . .
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The adult of this species measures between 3.5- 8.5cm
in length. The body bears a series of small spots and
stripes on the back. The toes are about ½ webbed and
there are traces of webbing on the fingers. Both the
fingers and toes have large discs.  The single internal
vocal sac is clearly visible when the males call (Fig. 2).

Habits and Habitat

The common Tree frog is a well-known Indian
amphibian due to its fondness for inhabiting human
dwellings. It takes shelter during the daytime with in
cupboards, between books, inside shoes, buckets, vases
and any artifact that keeps it cool during the dry
summer months. This species is generally an urban
tree frog. However, it also occurs within secondary
forests and in the Western Ghats up to over 2000 m
MSL.

Distribution

The Common Tree frog is widespread in India, Nepal,
Bangladesh, and Sri Lanka. In peninsular India, it is
found practically everywhere except in the semi-desert
areas.

Indian Skipper Frog

Description

The adult of this species are rather territorial and
aggressive, commonly inhabiting open wells and small
stagnant ponds.  The males keep challenging each
other by calling and chasing away intruding rivals.
Falling insects are picked up from the surface of water.
The adults are known to capture and eat fish and
tadpoles. The skipper frog is one of the most adaptive
of Indian amphibians and hence found practically in
all kinds of water bodies including polluted ones from
sea level to over 2000 MSL. This species is quite
tolerant of brackish water and often inhabits puddles
and channels close to estuaries.

Distribution

This species is widely distributed in Asia including
India, Sri Lanka, Pakistan, Afghanistan, Nepal,
Bhutan, Bangladesh and Myanmar. It occurs virtually
everywhere with in peninsular India, including the
highest hills in the Western Ghats.

Indian Bull Frog

Fig.3. Indian Skipper Frog (Euphlyctis cyanophlyctis)

The skipper frog is a medium sized aquatic frog. It is
easily identified by its habit of floating in open water.
The skipper frog floats even in deep water, effortlessly
and with all limbs on level with the body. The back is
dark olive –brown, normally bearing black blotches.
The adult of this species attain a maximum length of
6.9cm and the females are normally larger than males.
The eardrum is clearly visible. The toes are fully
webbed, appearing more or less similar to that of ducks.
The vocal sacs are external, bluish and are visible on
either side of the throat as the males call (Fig.3).

Habits and Habitat

Description

The Indian Bull frog is the largest frog in India. It is
readily identified by its large size and the bold tiger-
like strips and spots on the pale skin. The overall
colouration is yellowish and some individuals have
traces of green on the sides. A broad white band runs
along the sides separating the darker colour pattern of
the back from the unmarked white belly. The adult
Indian Bull frogs may grow up to 16.0 cm in length.
They are very bulky with long and muscular limbs.
The snout is distinctly long and pointed. The males
are smaller and darker than the females, they also have
large breeding pads on the first finger (Fig.4).

Habits and Habitat

The Indian Bull frog is generally a slow-moving frog.
While hopping about it clearly shows sign of
heaviness. In general, the Indian Bull frog is not very
shy. It has been observed moving and feeding amongst
the feet of people who wade and clear vegetation from

ThenmozhiJagaveerapandian and Karthik Thamilarasu

Fig.4.Indian Bull Frog (Hoplobatrachus tigerinus)
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irrigation channels during the dry season, the adults
burrow deep into the soil and have been observed 2-3
m below the surface. This species is found in a wide
range of habitats from sea level to about 2000 m MSL.
It is however, more often found in the hills inhabiting
rice fields, irrigation channels, ponds and stream sides.

Distribution

The Indian bull frog is found in India, Sri Lanka,
Nepal, Bangladesh and Pakistan. It has also been
introduced into Madagascar with in India. It is widely
distributed throughout the peninsula. India it is most
common in the Western Ghats.

Fig.5.Indian Pond Frog (Euphlyctis hexadactylus)

Indian Pond Frog

Description

The Indian pond frog is a medium to large sized frog
that is commonly seen in fresh water ponds
throughout the plains of peninsular India. The frogs
that occur in the coastal plains of the eastern peninsula
are exceptionally green dorsally, blending in well with
the background of water plants where the adults tend
to rest. The younger frogs are more strikingly coloured
with patches of green and black scattered over the
olive-black back. At this stage, the Indian pond frog
tends to resemble the skipper frog. The adults of the
Indian pond frog reach a maximum length of 14.4 cm.
The eyes are placed more towards the top of the head
and the air drum is large and distinct. The vocal sacs
are external and the region around the vocal sacs tend
to turn yellow in breeding males (Fig.5).

Habits amd Habitat

The Indian Pond frog is locally abundant, where it
stays floating in   water in water amongst aquatic
plants. It leaps out of water when pursued splashing
loudly The adults of this species have the unique habit
of feeding on aquatic plants .The younger individuals
feed on a variety of insects, fish and small frogs. As

the name implies, the Indian pond frog is more of pond
dweller. It is seen in paddy fields, tanks choked with
water plants and sometimes in pools beside hill
streams .It is generally a species that does not ascend
the hills beyond 700 m MSL. The Indian Pond Frog is
most common in the stagnant waters of the coastal
plains.

Distribution

This species occurs in India, Sri Lanka and
Bangladesh. In India, it is restricted to peninsular India,
occurring in Maharashtra, West Bengal, Orissa and
southwards till Kerala. It is also commonly found along
the coastal plains of northern Tamil Nadu, especially
in Chennai.

Fig.6. Marbled Narrow - Mouthed Frog (Ramanella
variegata)

Marbled Narrow

Description

The marbled Narrow –mouthed frog is a small , squat,
olive brown frog with a small head and a distinctly
narrow neck .The skin is entirely smooth and the large
and well developed triangular discs on the fingers are
pale and clearly visible. The adults of this species reach
a length of 3.5 cm. The eardrum is not visible. The toes
have rudimentary webbing. The digging appendages
on the inner and outer aspects of the sole are present,
the inner being larger than the outer. The single vocal
sac is external and is most conspicuous when the males
call (Fig.6).

Habits and Habitat

This species is rather shy and is not generally seen
except during the rain. They are also known to inhabit
termite mounds and share burrows with scorpions and
other insects. In soft soil, they burrow and stay
underneath with their noses above the ground. The
Marbled Narrow mouthed is one of the most widely
occurring species in the genus Ramanella. It occurs
from near the sea till about 1000 m ASL. It is known
from highly urbanized cities to cultivated areas and
forests.

Diversity of amphibian population with reference . . .
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Distribution

This species is found in peninsular India and Srilanka.
It occurs in Mathya Pradesh, Orrisa, West Bengal,
Tamil Nadu, Karnataka and Kerala.

Ornate Narrow Mouthed Frog

Description

The ornate Narrow-mouthed frog is a small, vividly-
patterned, squat frog. It is generally bronze-gold in
color with a dark brown band running through the
eyes along the sides. The limbs are distinctly cross-
barred with dark band. The under parts are white,
except the throat that is black in breeding males. The
adults of this species reach a length of 2.5cm.  The
head is rather small with a narrowly pointed snout.
The digging appendages on the sole are well
developed (Fig.8).

Habits and Habitat

The ornate narrow- mouthed frog is a very active
species, capable of leaping high and across distance
remarkable for its size. It normally moves amongst
grass and it feeds mainly on ants and other insect. The
species has a wide habitat preference ranging from
urban garden to dense forests. It occurs from close to
the sea till about 1500m MSL in the hills.

Distribution

The ornate narrow-mouthed frog is widely distributed
in India, Sri Lanka and neighboring countries, the
species is known from the coasts to the hills of the
Western Ghats.

Fig.8.Ornate Narrow Mouthed Frog (Microhyla ornata)

Fig.9.Jordon’s Bull Frog (Hoplobatrachus crassus)

Paddy Field Frog

Description

The paddy field frog is a small -to-medium sized frog
of the Indian wetlands. Meadows and other damp
ground it is olive -brown in colour with black spots
and bands all over the upper surface. The adults of
this species reach a length of 2.0-6.4 CM. The males
are much smaller than the females. The skin on the
back may bear some folds and warts. The snout is
pointed. The first finger is longer than the second. The
males have external vocal sacs that are visible when
they call (Fig.7).

Habits and Habitat

The paddy field frog is commonly seen in paddy fields
amongst the rice plants, even when there is little
standing water. Large numbers of them may be seen in
grass and other damp areas especially when it rains.
It is commonly seen along streams and other water.

Distribution

This species is widely distributed in India, Pakistan
and Sri Lanka, throughout Southeast Asia to China
and Japan. Jordon’s Bull Frog

Description

The Jordon’s Bullfrog is a medium-large sized frog. It
is identified by the colouration of the back that is olive-
brown, boldly marked with black stripes and spots.
Many individuals bear a thin white vertebral line
along the entire length of the back. The adults of the
Jordon’s bullfrog reach a maximum length of 13.0cm.
The vocal sac in the males is external and turns black
at the time of breeding. The snouts are shorter and
blunt (Fig. 9).

ThenmozhiJagaveerapandian and Karthik Thamilarasu

Fig.7. Paddy Field Frog (Fejervarya limnocharis)
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Habits and Habitat
The Jordon’s Bull frog is a very active frog, especially
after the rains the adults generally rest along the edge
of the water, partially submerged in a saucer-like
excavation that they make in the sand or wet mud. The
calling males tend to keep changing posture in a rather
agitated manner by quickly turning around within
their small territory. The species is more commonly
seen in the plains till about an elevation of 250 m MSL,
inhabiting rainwater pools, tanks, and rice field and
irrigation channels.

Distribution
The Jordon’s Bullfrog occurs in India, Sri Lanka and
Nepal. In India, the species is widely distributed in
most parts of peninsular India. It is most common
around Chennai. The adults of this species start
breeding after heavy rains. The male may be heard
calling throughout the night in quick succession. The
upper surface of the body is more densely spotted. The
belly of the tadpole is more bulged in profile.

Distribution

This species is widely distributed throughout Sri
Lanka and much of peninsular and northwestern
India, and is also present in Bangladesh. It occurs from
sea level up to around 460m MSL in Sri Lanka and
700m MSL in India. Habitat is distributed from
Southern India and Sri Lanka. Some adults have been
observed dwelling in elephant dung.

Habit and Habitat

A lowland species is inhabiting dry forest, shrubland
and grassland, agricultural land and often close to
human habitation (including urbanized areas).
Individuals are found in loose soil, amongst leaf-litter,
and under logs and other ground cover. Breeding takes
place in still waters and paddy fields.

Major Threats

Pollution of land and waterways by agrochemicals,
wetland reclamation (drainage for urbanization) and
loss of habitat to infrastructure development are all
threats to this species.

Marbled Narrow Mouthed Frog

Description

Snout rounded, a little shorter than the diameter of the
orbit, inter orbital space broader than the upper eyelid.
Fingers moderate, first much shorter than second ; toes
moderate, one-third webbed ; tips of fingers and toes
not swollen ; subarticular tubercles very distinct ; two
rather large, oval, compressed, very prominent
metatarsal tubercles, outer somewhat larger than
inner. The tibio-tarsal articulation reaches somewhat
beyond the shoulder, never to the eye. Skin is smooth.
Reddish brown above, sides darker; a dark brown line
from the tip of the snout through the eye along the side
of the back to the groin; a dark brown mark across the
thigh, beginning on the loin; limbs with more or less
distinct dark cross bars; sometimes a dark X-shaped
marking on the anterior portion of the back,
commencing between the eyes; beneath whitish,
immaculate or with a few brown dots on the throat
(Fig.10).

Fig.10.Marbled Narrow-Mouthed Frog– Microhyla
rubra Fig.11.Bufo Fergusonii - Duttaphrynus scaber

Bufo Fergusonii

Description

Duttaphrynus scaber is a terrestrial species that occurs
in various habitats: wet evergreen tropical forest,
tropical dry forest, dry scrubland, grassland, coastal
marshes and rural farmland areas. Adult toads are
generally found under ground cover, except during
the breeding season when they are found in grasslands
close to water bodies. The tadpoles develop in stagnant
waters (Fig.11).

Habit and Habitat

This terrestrial species inhabits a number of habitat
types including wet evergreen tropical forest, tropical
dry forest, dry scrubland, grassland, coastal marshes
and rural farmland areas. Adults are generally found
under ground cover, or during the breeding season
they are found in grasslands close to water bodies.
Larvae are aquatic and occur in stagnant waters.It is

Diversity of amphibian population with reference . . .
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seriously threatened by habitat loss caused by
deforestation, pollution, and urbanization.

Distribution

This species is widespread in India and Sri Lanka. It
is generally present from sea level to 300 m ASL

Threats

Deforestation for commercial purposes, pollution of
land and water bodies with agrochemicals and the
loss of suitable habitat due to urbanization are the
major threats to this species.

Conservation actions

It is found in many protected areas in India and Sri
Lanka.

Fig.12.Indian Burrowing Frog (Sphaerotheca
breviceps)

Indian Burrowing Frog

Description

The head is short, with a rounded snout; and the  inter
orbital space is narrower than the upper eyelid. The
tympanum is distinct, about two-thirds the diameter
of the eye. The fingers are moderate and obtuse, with
the first extending much beyond second, nearly as long
as third; the toes are moderate, obtuse, and half-
webbed; sharp-edged, shovel-shaped, and longer than
the inner toe; no outer tubercle or tarsal fold is present.
The hind limbs are short. The skin above is smooth or
granulate, with some scattered tubercles or short,
interrupted longitudinal folds; a strong fold runs from
the eye to the shoulder; the belly and lower surfaces of
thighs are granulate. It is light brown or olive above,
with darker spots, often a light vertebral band, and
sometimes another on the upper side of each flank; the
throats of males are blackish, and those of females are
usually brown-spotted. The male has two well-
developed internal subgular vocal sacs. From snout to
vent which in about 2.5 inches.

Habit and Habitat

It is found in the drier regions of India from Punjab
and Sind to southern India and Sri Lanka. In the
Himalayas, it occurs up to about 7000 feet. The
structure of the hind limbs enables this frog to burrow
in the ground for about 1.56" feet .The habitat ranges
from dry, arid land to moist deciduous forest.
The microhabitat in which this frog is found includes
leaf litter or under rocks, crevices or open spaces in
arid areas

Distribution

Indian burrowing frog is a species of frog found in
south Asia (Fig. 12).

Season wise amphibians

The season wise amphibian density was higher in the
monsoon season whereas less in post monsoon season.
(Fig.13). The Euphlyctis cyanophlyctis was the highest
amphibian species in all the seasons, whereas the
species Ramanella varigata was less in all seasons (Fig
14). Amphibian population was estimated in various

Fig.13. Season wise amphibian population in the
districts of Nagapattinam, Thiruvarur and Thanjavur
during the study periods from Dec. 2012 to April 2015.

Fig.14. Season and species wise amphibian population
in the districts of Nagapattinam, Thiruvarur and
Thanjavur during the study periods from Dec. 2012 to
April 2015.

ThenmozhiJagaveerapandian and Karthik Thamilarasu
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degrees of infestations of Eichhornia ponds. The density
and percentage of amphibian species was higher in
less infestation ponds than the high and medium
infestations of Eichhornia ponds (Fig.15and 16).
Amphibians were higher in the less Eichhornia infested
ponds than densely infested ponds (Table 2). The

results of Shannon Weiner clearly showed that the
variation is significant in different village ponds i.e.,
(H = 0.151 (less), 1.54 (Dense) and 0.14 (less) in various
water hyacinth infested ponds. The diversity indices
showed that the amphibian population was higher in
less water hyacinth ponds and lower in dense water
hyacinth ponds which were influenced by E. crassipes
infestations (Table2). The density of amphibians were
also estimated with various degrees of E. crassipes
infested ponds, in which low density of amphibians
(0.23/ acre) were in medium and (0.27/acre) in dense
water hyacinth ponds when compared with less
infestation ponds (0.49/acre). The only one species
RMV could not be observed in low and medium level
of infestation of Eichhornia inponds Fig. (14).

DISCUSSION

Thenmozhi et al. (2015) reported that the amphibian
species were severely disturbed with exotic species.
All of these species breed in ponds. Most parts of the
Cauvery delta areas have been transformed into aqua
culture farms and residential plots. As a result, various
microhabitats such as leaf litter, rotten logs, tree holes,
shrubs and bushes have been destroyed. Breeding sites
such as swamps, freshwater marshes, small creeks and
ditches become dry due to increased light intensity.
This phenomenon will affect the population of frog
species and some species that cannot survive in a new
environment will die. Infestations of invasive species
like water hyacinth, Eichhornia crassipes, is one of the
major factors in declining of the amphibian population
(Thenmozhi et al., 2014 and 2015).  On the other hand,
the use of pesticide and herbicide in the agricultural
areas also affected the survival of the frog species. To
protect the frog species in the Cauvery delta region the
government, especially the agriculture department,
should monitor or minimize pesticides, control exotic
species like water hyacinth in these areas. It has been
stated that the number of individuals that represents,
each species in the community may vary from place to
place depending on the amount of rainfall, availability
of habitats and human interferences as the structure
and diversity of an amphibian community is
determined by the availability of food, moisture and
micro habitat. In the present study, the anuran
population got suddenly decreased during post
monsoon and summer. This might have happened due
to aestivation of anurans because of the unfavorable
conditions. Certain external factors like weather
fluctuations, biomass of aquatic plants, predator’s
population and variations in water levels, harvesting
of crops, etc., also directly influenced the collection of
data. In some months, Ponds were full of water with
ideally warm and moist, and some were too cold, and
rights during the period led to more prevalent anuran

Fig.15.  Density of amphibians based on degrees of
Eichhornia infestations (High, Medium and Low)

Fig.16. Percentage of infestations on various degrees
of Eicchornia ponds of the study area during the study
period 2012-2015

Diversity of amphibian population with reference . . .

Table.2.  Density, Diversity and Richness of
amphibian species on Eichhornia infested village
ponds of the study area during the study period
2013-15

 Dense(1) 1047 0.2738 0.15403 12
Medium(2) 889 0.23248 0.1473 11
Less(3) 1888 0.49372 0.15133 11

Category Density Diversity Richness
Amphibian

species



www.stetjournals.com
      Scientific Transactions in Environment and Technovation

P - ISSN   0973 - 9157
E - ISSN  2393 - 9249

October to December 2018

J. Sci. Trans. Environ. Technov. 12(2), 201872

calling. Originally, each site of four habitats was
supposed to have been visited daily twice.

Habitat preservation and protection are important
steps in maintaining amphibian population. Mehra
and Parris (2002) suggested that the baseline
information on species distribution, abundance, and
habitat requirements are needed, especially in the case
of poorly known and/or threatened species to clarify
the extent and pattern of population declines. Analysis
of habitat variables can help to elucidate the
distribution, habitat requirements and preferences of
a particular amphibian species. Thenmozhi and
Thangapandian, (2013) observed more number of
Duttaphrynus melanostictus was encountered in the non
cultivable habitat, Euphlyctis cyanophlyctis was more
in the field of cultivable and pond habitats. But in the
present study Euphlyctis hexadactylus was encountered
in more number in most of the ponds. These results
emphasize the importance of the variation in various
natural habitats and their role in supporting
biodiversity.

MANAGEMENT RECOMMENDATIONS

Anurans are habitat specific and highly sensitive
animals. When the habitat is degraded, anurans
population and density are decreased. Hence the
anurans need urgent and immediate conservation to
protect the environment and the balanced ecosystem.

• An intensive survey and regular monitoring
of amphibians in Cauvery delta regions is essential

• The degradation or alteration or conversion
of habitats for the agriculture or residential purpose
should be restricted.

• Details of the impacts and causes of water
quality on amphibian needs to be studied for
preventing severity of declining amphibian population

• Conservation of species from unprotected
ponds should also be strengthening particularly the
urban areas.

• Community and School based awareness
programs should be conducted
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