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SPECIES DISTRIBUTION MODELLING OF GENUS ATALANTIA IN 

PENINSULAR INDIA USING BIOCLIM, GARP AND MAXENT ALGORITHMS. 

 

Arun, K, Das; Ramesh Prabu, N; Sudhakar, Swamy, P* 

ABSTRACT 

The genus Atalantia belonging to family Rutaceae are known for their medicinal uses; in 

which about three species of this genus are found in South India. A. racemosa Wight and 

A.monophylla (L.) DC have wider occurrence in the Western and Eastern Ghats of peninsular 

India, while the third species A. wightii Tanaka endemic to the Western Ghats, a well-known 

biodiversity hotspot. In the present study Species distribution modeling was done based on 

consensus modelling approach using the following algorithms: Genetic Algorithm for Rule-

set Production (GARP), Bioclim and Maximum entropy (MaxEnt). The bioclimatic and 

topographical variables are used for prediction. These methods are selected for our study 

because of their predictive abilities and wide usage. Identification of potential distribution of 

species by species modeling prioritizes the unexplored favorable biogeographic areas which 

can assist to lead the conservation and management activity of the threatened species in a 

precise way. Currently available floras, which provide valuable information about the species 

distribution pattern, do not indicate specific locations. The conservation of threatened plants 

has to be based upon site-specific geographical information, knowledge of their critical 

habitat and distribution pattern of each threatened species in a phytosociological layout. 

Therefore the present study can help in identifying core areas inhabited by these plants and 

aid in conservation planning. 

Key words: Atalantia, GARP, MaxEnt, Bioclim, Conservation, SDM. 

 

INTRODUCTION 

 

Biodiversity is very important for the survival of humans and all other species on the Earth. 

Without the diversity of species, ecosystems are more fragile to natural disasters and climatic 

change. Species occurrence data and species distribution models are two tools that can assist 

researchers in studying and conserving threatened species (Chapman 2005; Peterson and 

Vieglas 2001). Environmental niche modelling, alternatively known as species distribution 
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modeling or (ecological) niche modeling or predictive habitat distribution modelling, refers to 

the process of using computer algorithms to predict the distribution of species in geographic 

space on the basis of a mathematical representation of their known distribution in 

environmental space (realized ecological niche). Species distribution models (SDMs) 

emerged from efforts to determine relationships between species and their environments 

(Guisan and Thuiller 2005; Robertson et al. 2004; Austin 2002) and are used to predict 

climate change impacts, study biogeography, assist in reserve selection, improve species 

management, and to develop conservation biology needs (Guisan and Zimmerman 2000). 

These models allow for interpolating between a limited number of species occurrence and 

they are used in several research areas in conservation biology, ecology and evolution. 

 

Currently available floras, which provide valuable information about the species distribution 

pattern, do not indicate specific locations. The preservation of threatened plants has to be 

based upon site-specific geographical information, knowledge of their critical habitat and 

distribution pattern of each threatened species in a phyto sociological layout (Varghese and 

Krishna Murthy, 2006). The vast number of medicinal plants present in any region is an 

integral part of the livelihood of local communities. Apart from their medicinal usage, many 

plants are used as edible items, source for oil, fodder, fuel and timber which has been 

documented for a long time (Singh et al., 1984; Olsen and Larsen, 2003). However, the 

exponential augmentation of natural resource utilization, booming market demand and 

environmental changes nowadays put the medicinal plant resources under serious threat of 

existence (Ved et al., 2003). The growing list of rare, threatened and endangered plants of the 

region is a direct outcome of these consequences. Precise prediction of the distribution of 

endemic and endangered species is an important tool for assessment, especially for those 

whose conservation and management activities involve large areas but constrained by 

resources to carry out detailed exploration and investigation. The advantages of distribution 

modeling is diverse which explains basic ecological phenomenon behind species distribution, 

understanding biogeography and dispersal barriers, verification of the earlier presence 

records, to explore the yet uncovered regions, assessment of impacts of environmental 

changes over species distribution, conservation planning and reserve system design (Peterson, 

2006; Guisan and Thuiller, 2005).  

 

Identification of potential distribution of species by species modeling prioritizes the 

unexplored favorable biogeographic areas which can assist to lead the conservation and 
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management activity of the threatening species in a precise way. Considering the extent of 

plant distribution and diversity in India, available data related to ecology and environmental 

preference still represents a very small fraction of the vast field of geoinformatics especially 

distribution modelling (Ganeshaiah et al., 2003; Irfan Ullah et al., 2007; Giriraj et al., 2008). 

These strategies have to be applied in a broad way to conserve the wide range of potentially 

important species which are in critical state of extinction in near futurere.  

 

The genus Atalantia belonging to family Rutaceae are known for their medicinal uses in 

which about four species are found in India (Ranade et al. 2009). Three species of this genus 

are distributed in South India and one species (A. simplicifolia) is found in the Khasi hills of 

Meghalaya.  Among the three species found in south India Atalantia racemosa Wight and A. 

monophylla (L.) DC have wider occurrence in the Western and Eastern Ghats of peninsular 

India, while the third species A. wightii Tanaka endemic to the Western Ghats, a well-known 

biodiversity hotspot. Both Atalantia monophylla and A. racemosa exhibit high level of 

morphological plasticity through out their natural range in Southern peninsular India. In their 

natural habitats they are seen in the edges of the forests, near streams and water holes. 

 

The plants are used in Ayurveda, Siddha and traditional systems of medicine. A wide variety 

of phytochemicals like coumarins, alkaloids, essential oil, oximes, flavones, diterpenes have 

been isolated from the species of this genus. Experimental studies on the extracts and isolated 

chemical constituents from the genus Atalantia have exhibited a number of pharmacological 

activities, viz., anti-allergic, anti-feedant, anti-hepatotoxic, anti-inflammatory, anti-malarial, 

anti-microbial, anti-oxidant, anti-viral, cytotoxic, hypoglycemic, larvicidal and wound 

healing activities (Pavithra et al. 2009). Berries are pickled and leaves are used as flavoring 

agent. Wood is hard and close-grained which is highly recommended for making furniture as 

it is strong and shock resistant. It is also a source of firewood for the local communities. As it 

is a close relative of Citrus, the plants are used as a rootstock for breeding new cultivars 

(Guhabhakshi et al, 1999). The natural population is gradually shrinking due to habitat 

destruction, collection of wood, seeds for pickling and extraction of leaves, fruits and roots 

for medicinal purposes by the local communities. Hence, species distribution modeling of 

three species of Atalantia was carried out to obtain information on the potential habitats of 

this medicinally important genus for formulating reintroduction and restoration strategies. We 

used consensus three different modelling approaches using the BIOCLIM, MAXENT and 
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GARP in our study. The bioclimatic and topographical variables are used for prediction. 

These methods are selected because of their predictive abilities and wide usage.  

 

 

MATERIALS AND METHODS 

 

Species occurrence data 

Sixty different sites where Atalantia populations present were short listed from a collection of 

field survey done and secondary data available from published literatures (Fig.1). The 

populations were recorded from five states in India namely Tamil Nadu, Kerala, Karnataka, 

Andhra pradesh and Orissa. A. monophylla populations were identified from 31 sites and A 

.racemosa and A. wightii were identified from 18 and 11 sites respectively. Field study was 

conducted by following standard ecological methods and the species was identified with the 

help of keys (published flora) and the herbarium specimens were prepared. The herbarium 

specimens were then identified at Botanical survey of India, Southern circle, Coimbatore and 

deposited at the herbarium of Department of plant sciences, Madurai Kamaraj University, 

Madurai. 

 

Environmental data 

The environmental variables used for all the three modelling algorithms consist of both 

bioclimatic and geographic variables. Bioclimatic variables are derived from the monthly 

temperature and rainfall values in order to generate more biologically meaningful variables. 

The bioclimatic variables represent, annual trends (e.g. mean annual temperature, annual 

precipitation), seasonality (e.g. annual range in temperature and precipitation) and extreme or 

limiting environmental factors (e.g. temperature of the coldest and warmest month, 

precipitation of wet and dry quarters). For the variables and its code refer to Table 1. These 

variables were obtained from globally interpolated datasets (source: 

http://www.worldclim.org) which are presumed to be relevant to plant existence (Pearson and 

Dawson, 2003; Irfan-Ullah et al, 2007; Hijmans et al, 2005). Analyses were conducted at the 

1 x 1 km pixels spatial resolution of the environmental data sets. Slopes, altitude, land cover 

and tree covers were the geographic variables used for the modelling (Source: 

http://www.spatial-analyst.net/wiki/?title=Global_datasets and http://www.worldclim.org). 
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Model development 

Three different modelling algorithms were followed in the present study based on the 

Open Modeller Desktop version 1.1.0 (downloaded from 

http://openmodeller.sourceforge.net) software. BIOCLIM, GARP (GARP with best subsets – 

new open modeller implementation) and MaxEnt algorithms were run using the above 

software (Peterson, 2001; Busby, 1991; Stockwell and Peters, 1999; Philips et al, 2004). 

BIOCLIM is one of the earlier modelling techniques, based on climatic envelop. For each 

given environmental variables the algorithm finds the mean and standard deviation (assuming 

normal distribution) associated with the occurrence points. Each variable has its own 

envelope represented by the interval [M - CO* StDev, M + C* StDev], where 'M' is the 

mean; 'CO' is the cut off input parameter; and ‘StDev‘ is the standard deviation. Besides the 

envelope, each environmental variable has additional upper and lower limits taken from the 

maximum and minimum values related to the set of occurrence points (Hijmans et al, 2005). 

GARP, genetic algorithm for ruleset prediction is an ecological niche modelling 

method based on a genetic algorithm.  The model predicts the suitable environmental 

conditions under which the species should be able to maintain populations. For input, GARP 

uses a set of point localities where the species is known to occur and a set of geographical 

layers that might limit the species' capabilities to survive. This model is a random set of 

mathematical rules which can be read as limiting environmental conditions
40

. We used 

default values available in Open-modeller i.e. commission threshold = 50% of distribution 

models, omission threshold = 20% of the models with least omission error and resample 

value = 2,500.  

The maximum entropy (MaxEnt) approach estimates a target probability distribution 

of the species by finding the probability distribution of maximum entropy (i.e., that is most 

spread out, or closest to uniform with reference to a set of environmental variables). Default 

values of different parameters, maximum iterations = 500, convergence threshold = 0.00001 

and 50% of data points were used as a random test percentage in the present study (Busby, 

1991; Philips et al, 2004).  

 

Model validation 

Predictive performance was evaluated by cross validation (K-fold partitioning) and 

confusion matrix. Cross validation was done by performing prediction with whole 

environmental data and also by separating the environmental data into two sets (climatic and 

geographic) with the 10% threshold value.  A receiver operating characteristics (ROC) plot 
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can be generated by incorporating the sensitivity values, the true positive fraction against the 

false positive fraction for all available probability thresholds to measure prediction accuracy 

of the models output(abo et al, 2008; Boubli and de Lima, 2009; VanDerWal et al, 2009; 

Yates et al, 2010). The sensitivity values were calculated using confusion matrix. A curve 

which maximizes sensitivity against low false positive fraction values is considered as good 

model which was evaluated using area under the curve (AUC). Cross-validated AUC values 

were summarized to present overall model performance by taking mean AUC values of all 

model accuracies. The range of AUC is from 0.0 to 1.0. A model providing excellent 

prediction has an AUC higher than 0.9, a fair model has an AUC between 0.7 and 0.9, and a 

model with AUC below 0.7 is considered poor (Swets, 1988). Variable contribution and 

multicollinearity were tested by Pearson correlation coefficient (Kumar and Stohlgern, 2009). 

The Area under the Receiving Operator Curve (AUC) was used to evaluate model‘s 

goodness-of-fit and model with highest AUC value was considered as the best performer. The 

Jackknife procedure was used to assess the importance of the each variables used for 

prediction. 

 

RESULTS AND DISCUSSION 

Species distribution modeling (SDM) helps to envisage species distribution in unknown area 

based on the environmental conditions of known sites thereby to identify the relationship 

between the species and environment. The factors that influence the species distribution are 

ecological parameters such as climate, soil, and biotic factors. Data for such direct 

parameters, however, are generally difficult or expensive to measure due to the fine 

spatiotemporal resolution and potentially complex nature of biotic dimensions (Barve et. al., 

2011). On the other hand, indirect parameters (e.g. topographic variables: elevation, slope, 

aspect) are most easily measured by remote sensing and are often used because of their good 

correlation with observed species patterns (Guisan and Zimmermann, 2000). In this work, 

potential distribution sites of a medicinally important genus Atalntia in peninsular India was 

identified through SDM. Both climatic and topographic variables are used for this purpose. 

From the AUC values obtained, among the three algorithms used, it was found that 

BIOCLIM and GARP algorithms are better than MaxEnt for predicting the potential 

distribution of Atalantia genus. The jackknife test of variable importance has been done to 

identify the major factors determining the distribution of Atalantia genus. The distribution of 

all the three species was found to be determined by the climatic variables such as Bio 11 
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(Mean temperature of coldest quarter), Bio 4 (Temperature seasonality), Bio 6 (Min 

Temperature of Coldest Month) and Bio 7 (Temperature annual range). 

Potential distribution sites of Atalantia monophylla 

A. monophylla is a small thorny tree commonly seen in the dry evergreen forests of South 

India, especially in Tamil Nadu. It is commonly distributed along the coast line to about 

600m. The percentage of predicted area using BIOCLIM in India is 3.82% of the total area 

and GARP algorithm predicted 8.61%. The AUC value for both the above algorithms is 0.99 

which shows that both these are suitable models for SDM of this particular species. The areas 

of high probability of distribution of this species were the Eastern Ghats and Tropical dry 

evergreen forests (TDEF) regions along the coromondel coast (Fig. 2).  

Potential distribution sites of Atalantia racemosa 

A. racemosa is mostly an unarmed tree species and is considered as a replacement taxon for 

A. monophylla. It is seen growing from about 150m to about 1000m. The species was 

predicted to be distributed along the Western Ghats and also in certain pockets of   Ghats in 

Tamil Nadu. The percentage of distributed area predicted are 8.61 and 1.85 using Bioclim 

and GARP algorithms respectively. The AUC values for both the above algorithms are 0.99 

and 0.94 respectively. 

Potential distribution sites of Atalantia wightii 

A. wightii are commonly seen as shrubs in wet evergreen forests and can even grow up to 4m 

tall. Fully mature individuals are now seen only in the shola forests and it is endemic to the 

Western Ghats. It is distributed from 100m to about 1700m in the Western Ghats. The major 

predicted areas of the distribution of species are the central Kerala and Southern Karnataka. 

The total areas of distribution for A. wightii are 0.13 and 6.84 for Bioclim and GARP 

respectively. Similarly the AUC values of both BIOCLIM and GARP hold good for the 

prediction of this species. 

Similar studies were reported in Pterocarpus santalinus L.f. (Red Sanders), Aglaia 

bourdillonii, and Berberis aristata (Babar et al., 2012; Irfan-Ullah et al.2006; Ray et al, 

2011). In Aglaia bourdillonii, a plant narrowly endemic to the southern portion of the 

Western Ghats (WG), GARP (Genetic Algorithm for Rule-set Prediction) was successfully 

used for prediction of its distributional range. In B. aristata Genetic Algorithm for Rule-set 
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Production (GARP), Bioclim and Maximum entropy (MaxEnt) was used for the prediction as 

in this work. Maximum entropy has predicted wider potential distribution (10.36%) 

compared to GARP (4.63%) and Bioclim (2.44%). Validation confirms that these outputs are 

comparable to the present distribution pattern of the B. aristata. 

CONCLUSION 

Monitoring populations of rare and endangered species has become a priority for most 

conservation agencies. It provides the major source of data for updating World Conservation 

Union and national red lists (Rodriguez et al. 2006), the main use of which is setting the long-

term goals of conservation programs to identify biotopes or areas particularly in need of 

protection (Prendergast et al. 1993). Niche-Based Models are used to improve the sampling 

of rare Species. In this study, we have successfully modeled and identified the potential 

distribution sites of the members of the genus, Atalantia in peninsular India. The members of 

this genus are highly medicinal and also having utility for the local people as food and as 

source of firewood. Due to anthropogenic pressure, the population distributions of this 

species are under threat and need immediate attention for conservation. Hence, this work will 

help conservation biologists to take necessary action for protecting the natural habitats of this 

important genus. 

 

Table 1. Bioclamatic and topographical variables used in the study. 

Variables Details 

Bio1  Annual mean temperature                                                                      

Bio2  Mean diurnal temperature range [mean of monthly (max temp–min temp)] 

Bio3  Isothermality (P2/P7) (×100) 

Bio4  Temperature seasonality (standard deviation×100) 

Bio5 Max Temperature of Warmest Month 

Bio6 Min Temperature of Coldest Month 

Bio7  Temperature annual range (P5–P6) 

Bio8  Mean temperature of wettest quarter 

Bio9  Mean temperature of driest quarter 
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Bio10  Mean temperature of warmest quarter 

Bio11  Mean temperature of coldest quarter 

Bio12  Annual precipitation 

Bio13 Precipitation of Wettest Month 

Bio15  Precipitation seasonality (coefficient of variation) 

Bio16  Precipitation of wettest quarter 

Bio17  Precipitation of driest quarter 

Bio18  Precipitation of warmest quarter 

Bio19  Precipitation of coldest quarter 

Slope Slope value from global digital elevation model  

Altitude Elevation above sea level (m) 

Land cover Global land cover map 

Tree cover Percent tree cover 

Table 2 Comparative details of the different modeling outputs for the three species of 

Atalantia. 

Parameters Bioclim GARP MaxEnt 

A.M A.R A.W A.M A.R A.W A.M A.R A.W 

Accuracy (%) 100 100 100 100 88.9 100 100 100 100 

AUC value 0.99 0.99 0.99 0.99 0.94 0.99 0.89 0.76 0.89 

Omission error 0 0 0 0 0.1 0 0 0 0 

Total distribution(%of 

the total area) 

3.82 0.36 0.13 8.61 1.85 6.84 78.08 23.56 12.04 

 

 

Fig 1. Occurrence points used in the present study 
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Fig 1. Predicted distribution of A. monophylla using the three algorithms. 

 

 

Fig 3. Predicted distribution of A. racemosa using the three algorithms. 
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Fig 4. Predicted distribution of A. wightii using the three algorithms.

 

Fig 5. The Jackknife test for evaluating the relative importance of environmental variables for 

A. monophylla in peninsular India. 

 

 

 

Fig 6. The Jackknife test for evaluating the relative importance of environmental variables for 

A. racemosa in peninsular India. 
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Fig 7. The Jackknife test for evaluating the relative importance of environmental variables for 

A. racemosa in peninsular India. 
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Diversity of the solid bamboo Dendroclamus stocksii along the Central Western Ghats of 

India 
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ABSTRACT 

Dendroclamus stocksii (Munro), a thornless midsized bamboo with solid loosely 

spaced culms, naturally distributed in Central Western Ghats, is an extremely manageable 

species with economic and ecological importance. However, its distribution across a 

gradient of various ecological and climatic conditions may have caused natural variations in 

its morphological characteristics. Due to lack of viable seed setting, macropropagation is 

considered the only viable means of propagation which may have resulted in narrow 

genetic variability over a period of time. Assessment of genetic variation available within 

this species could thus be the key for species improvement and may be essential for its long 

term survival. Hence, a study comprising of identification of distinct genotypes was 

undertaken in 2012-13 along the natural distribution of this species in Central Western 

Ghats. 

 A total of 102 clumps were evaluated for culm and clump characteristics among 12 

different populations in the Western Ghats. Parameters like clump diameter and culm 

production besides culm characters like culm basal diameter, 5
th

 internode length/diameter, 

cw/cd ratio (culm wall thickness to culm diameter ratio) and extent of solidness in 

individual culms were evaluated to understand the diversity. The clump production 

capacities were same among all the populations while the culm characters varied.  

Key words: Dendrocalamus stocksii, solid bamboo, morphological variation, Western Ghats 

INTRODUCTION 

Dendrocalamus stocksii is an extremely manageable bamboo species with a great 

economic and ecological importance (Singhal and Gangopadhyay, 1999) finding large scale 

utilization in scaffolding, paper and pulp, crafts, construction, making baskets, umbrella 

handles and poles. The non-prominent node and good cw/cd ratio (culm wall thickness to 

culm diameter ratio) makes it the most suitable species for furniture and construction industry 

below 2 inch category.   Owing to its solid thronless nature of culms it is maintained in field 

bunds/farm boundaries and in homesteads (Viswanath et al., 2013). This species is endemic 

to the Western Ghats of India and is mainly distributed between 12
o
 to 17.5

 o
 North latitudes.  

Previous studies have indicated that this species has a problem in seed setting which is 

compounded with its sporadic flowering behaviour. Usually dichogamy and protogyny is 

observed in this species, where the gynoecium matures 3 - 4 days before androecium 

preventing self-pollination (Beena, 2007). There is considerable evidence on the role of out 

crossing in determining patterns of genetic diversity and amounts of gene flow among 

populations (Hamrick & Godt, 1996). Studies have shown that the pattern of genetic variation 

among populations for growth potential closely follows the pattern of variation in  

environment (Langlet, 1971; Linhart and Grant, 1996; Rweyongeza et al., 2007). The 

distribution of this species across a gradient of various ecological and climatic conditions 

may have caused natural variation in many of its morphological characteristics. 
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Phenotypes are determined both by genotypes at loci that underlie quantitative traits 

and by environmental conditions under which individuals live (Wang et al., 2010). 

Environment has long been recognized as playing a key role in both these determinants of 

phenotype in plants through effects on survival, growth, and reproduction and in the longer 

term, acting as a major selection force affecting plant genotypes. Climate-related natural 

selection leads to local adaptation and differentiation of tree populations along climatic 

gradients (Howe et al., 2003). Thus, tree populations typically show moderate to strong local 

adaptation despite high levels of gene flow (Howe et al. 2003, Savolainen et al. 2007).   

A clear understanding of the degree of divergence for economic characters in the 

species will be an added advantage in this regard, as inter-mating of divergent groups would 

increase variability and range of frequency distribution (Alicchio and Palenzona, 1974). The 

estimation of genetic divergence has wide scope in tree breeding as it helps in identifying the 

diverse genotypes for a crossing programme (Pandey et al., 1995 and Tewari et al., 1989). 

The present study was primarily conducted to understand the variation in economic 

characters/traits among the populations of Dendrocalamus stocksii along the area of its 

natural distribution.  

 

MATERIALS AND METHODS 

A survey was conducted to understand the distribution and morphological variations in 

economic characters of D. stocksii along Central Western Ghats from Kasargod in Kerala to 

Ratnagiri in Maharashtra (Fig 1). Based on the initial survey, twelve populations of 

Dendrocalamus stocksii were identified on the basis of its distribution pattern and elevation 

(Table 1). Villages consisting of a substantial number of D. stocksii clumps were identified in 

each population and matured clumps within were randomly selected for evaluation. Care was 

taken to maintain a minimum distance of 10 km between two clumps while sampling. The 

survey attempted to cover the entire spectrum of morphological diversity present in D. 

stocksii.  

GPS bearings were recorded for each of the identified clumps were marked on and the 

locations details including elevation were recorded. Clump parameters viz. clump diameter, 

clump height, total number of standing culms, total number of harvested and current year 

emerging culms were recorded. The clump diameter was measured as average of North-South 

and East-West diameter. The total number of standing culms and stumps (remains of the 

previous years‘ harvested culms) along with the current year emergents were noted.  

Five matured culms (> 2 year old) from each of the identified clumps were randomly 

sampled and evaluated for basal culm diameter, length and diameter at the fifth internode 

segment using digital calipers. One mature individual culm from each clump was harvested at 

the base for biometric observations like total height, commercial exploitation height (Base to 

20mm culm diameter) using a measuring tape. The harvested culm was cut into pieces from 

bottom at every one meter distance to record the extent of solidness. The cw/cd ratio (culm 

wall thickness to culm diameter ratio) was estimated at the cut end of the pieces with a digital 

caliper. The data was analyzed using SAS 9.3 statistical software to estimate the variation 

among the populations and the culms number per clump and the data was log transformed 

before statistical analysis. 
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Table 1. Details of the Populations of Dendrocalamus stocksii in Central Western 

Ghats evaluated to study the diversity (Latitude and longitude are given in decimal 

degrees). 

Population Latitude (N)  Longitude (E) Altitude (m.asl) No. of clumps 

sampled 

Dapoli 17.444338 73.110834 130.47 8 

Patan 17.175870 73.492500 536.70 3 

Ratnagiri 16.461830 73.245540 139.69 8 

Sindhudurg 16.013478 73.521820 114.43 17 

Kolhapur 15.510400 74.090800 762.61 9 

North Goa 15.381850 74.023920   90.84 10 

South Goa 15.230990 74.030200   80.17 4 

Belgaum 15.443740 74.304050 738.86 8 

Karwar 14.485160 74.272150 556.76 6 

Sirsi 14.195870 74.512580 582.24 12 

Udupi 13.154830 74.533230   88.92 7 

Kasargod 12.295700 75.002620 113.97 10 
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Fig. 1. Distribution of Dendrocalamus stocksii populations along the Western Ghats 

 

RESULTS AND DISCUSSION 

 All the 12 populations of D. stocksii had good culm production capacities with an 

annual culm production averaging 16 culms per clump (Fig. 1). The number of standing 

culms retained per clump after annual harvest for commercial purposes was also more or less 

similar among the studied populations. As this species is deliberately retained in farmlands 

and homesteads by farmers due its perceived multiple utilities and benefits (Viswanath et al., 

2013) a regular clump management and harvesting schedule might already have been in 

place. Earlier reports also indicate that this species has been extensively used by farmers in 

Southern India (Rao et al., 2008). It is always recommended to undertake regular harvesting 

of bamboo to obtain sustainable production capacities and such selective thinning regimes are 

universally accepted for bamboo among the farming communities.    

 The commercial culm height (height upto 20 mm diameter) varied among the clumps 

of the studied populations along the Western Ghats of India (Table 2). The D. stocksii clumps 

from lower elevation, high rainfall areas, especially from Ratnagiri and Karwar had 

maximum commercial height of 9.77 m and 9.58 m respectively, while those from higher 

elevation, less rainfall zone comprising populations in Patan, Kolhapur and Belgaum 

produced culms of lower commercial height. A similar growth trend was noticed in the case 

of culm diameter also in these regions. The lower elevation locations, Ratnagiri and Karwar, 

are located on the windward side of Western Ghats which were exposed to higher rainfall 

regime especially during monsoon, while Kolhapur, Patan and Belgaum populations are 

present in the leeward aspects of Western Ghats. The Western Ghats form a major barrier to 

the South-West monsoonal current on the west coast. It is well acknowledged that the 

Western Ghats enhance rainfall activity substantially under favourable conditions, with 

increasing trend on the windward and decreasing pattern on the leeward side. Due to such 

variations in the rainfall pattern, homogeneity in rainfall distribution cannot be expected over 

the entire Western Ghat region (Venkatesh and Jose, 2007). The high rainfall also improves 
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the nutrient and physical properties of soil through enhanced decomposition of soil organic 

matter. Weather conditions may have a decisive influence on shoot emergence and culm 

growth of which the total precipitation appears to be more important than the mean annual 

temperature. Good weather condition throughout the year in the growing site may be the 

basis for good bamboo growth according to a study by Wang and Wei, 2002. They have 

showed a good correlation between the culm growth and the weather factors in the different 

Moso bamboo producing regions or at the different sites of the same producing region in 

China. 

 The cw/cd ratio of the culms among different populations varied significantly. 

Clumps from the Patan and Belgaum comparatively produced thick walled culms having a 

cw/cd ratio of 0.57 and 0.48 respectively. Further, the culms from these regions had longer  

height of solidness, with few culms producing completely solid culms.   
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Table 2. Culm and clump parameters of D. stocksii populations in Central Western Ghats of India 

Population Clump 

diameter (m) 

Commercial 

culm height 

(m) 

Basal 

diameter of 

culms (cm) 

5
th

 internode 

diameter of 

culms (cm) 

5
th

 internode 

length of the 

culms (cm) 

Culm wall 

thickness to 

diameter ratio 

Height of 

culm solidness 

(m) 

Dapoli  2.58 8.61
abc 

4.55
bcd 

3.75
bdcef 

29.67
fg 

0.31
abcde

 0.85
d 

Patan  2.93 7.61
bc 

4.21
def 

       3.42
ef 

35.10
bc 

       0.57
a 

4.57
abc 

Ratnagiri  2.28 9.77
abc 

4.79
ab 

3.93
abc 

31.95
def 

0.32
bcde 1.90

bcd 

Sindhudurg  2.40 8.78
ab 

4.63
abc 

3.88
abcd 

32.33
cdef 

0.33
cde 

5.14
ab 

Kolhapur  3.20 6.67
c 

4.43
bcd 

3.64
cdef 

28.20
g 

0.37
cde 

2.93
bcd 

North Goa 3.01 8.27
bc 

4.47
bcd 

3.88
abcde 

34.08
bcd 

0.29
abc 

1.63
bcd 

South Goa 2.94 8.67
abc 

4.47
bcd 

3.68
bcdef 

31.13
ef 

   0.31
abcde 

2.25
bcd 

Belgaum 2.16 6.58
c 

4.33
bcd 

       3.49
ef 

36.09
bcde 

0.48
ab 

7.01
a 

Karwar 2.23 9.58
ab 

4.90
a 

       4.01
ab 

40.36
a 

0.27
de 

1.03
cd 

Sirsi 2.72 8.48
abc 

4.94
a 

4.07
abcd 

40.32
a 

0.35
abcd 

2.91
bcd 

Udupi 2.09 8.07
abc

 4.89
a 

       4.41
a 

31.84
edf 

0.28
abcd 

0.23
d 

Kasargod 2.59 8.25
abc 

4.56
bcd 

       3.85
edf 

33.71
bced 

0.27
ab 

1.14
cd 

SE  N. S. 0.772 0.16 0.12 0.93 0.01 1.12 

CD 5%  1.943 0.314 0.29 2.32 0.02 2.90 

Trait means not followed by the same superscript are significantly different at p=0.05   
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Fig. 2. Culm production capacity of genotypes in different populations of Dendrocalamus stocksii 

CONCLUSION: 

 The diversity of D. stocksii appears to be conserved, maintained and managed by the farmers 

with similar harvesting regimes indicating its wide utilization potential and acceptance. The frequent 

harvesting of culms is prevalent due to the presence of market demand of this species.  The 

morphological diversity which is  present among the genotypes of this species which can be harnessed 

for further improvement work. However this needs to be substantiated with multilocational trials of the 

genotypes in different agroclimatic zones to clarify if the morphological traits which are manifested 

phenotypically like extent of solidness, culm height, culm diameter and  cw/cd ratio  are genetically 

correlated. Further, there is need to undertake improvement work by harnessing the available diversity 

in this species to meet the increasing demand and increase value addition potential.   
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Abstract: 

 

Forests are dynamic, and documenting their dynamicity is vital for appreciating most the 

ecological processes mediated by them.  With an aim at generating long term data on forest dynamics, 

a study was carried out in six Linear Tree Increment (LTI) plots in the central Western Ghats region.  

The six plots are located in wet evergreen forests and mois deciduous forests of Uttara Kannada and 

Kodagu districts.  Parameters related to structure, diversity and regeneration were quantified.  Each plot 

(Between 3.0 and 3.7 ha. in size) was completely enumerated.  Later, secondary data recorded since 

1936 at periodical intervals were collated and compared.  Trends revealed considerable changes in tree 

density, basal area and girth increment.  There were discernible and unique changes in the diversity as 

revealed by various indices such as Species richness, Shannon‘s index, Evenness index, Similarity 

index and species composition. Dominance relationship between species, with respect to density and 

basal area, also changed within this time frame.  Constraints in the establishment of regenerates at pole 

stage were noticed.  Overall changes in species composition over the past 75 years could not be 

attributed to normal vegetational succession trends alone.  If these trends truly reflect the current status 

of forests in Western Ghats, it could well be a cause for concern. 

Key words: Forest diversity, Permanent Preservation Plots (PPP’s), Regeneration, Tropical evergreen 

forests  

1. INTRODUCTION: 

Amongst the natural resources in this world, forest resource stands out as an unique gift for 

survival of mankind and amongst forest resources, intact ecological communities now exist only in 

very few places on the earth. Western Ghats is one such prime example and hence regarded as one of 

the top 34 global hotspots of biodiversity in the world. The Western ghats, a chain of highlands running 

along the western edge of the Indian subcontinent from Gujarat to down south upto Kanyakumari in 

Tamil Nadu cover an area of 1,60,000sq km,  harbours exception biodiversity and is characterized by 

high levels of endemism coupled with high levels of habitat loss. Severe pressures from population 

expansion resulting in over exploitation of forest resources to meet timber and agricultural lands have 

threatened these  fragile ecosystems and affected speciation. Though, the Western ghats cover less than 

5% of  total land area, they are home to more than 30% of  plants, birds and mammals found in  India 

also provide a sanctuary  to over 1700 endemic plant species despite  having lost  75% of the original 

forest cover. However, currently these areas are under considerable threat from agriculture, mining, 

hydroelectric dams and urbanization. 

 It is also unfortunate that the vegetation structure and composition of many of the forest types 

in the Western Ghats is not adequately known and the effects of human activities, including logging 
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and fragmentation have not been adequately quantified. In addition to the floristic composition, studies 

on regeneration pattern of individual species can be useful tool in analyzing the existing trend in 

vegetation succession and in obtaining a foresight into the future vegetation composition. It is believed 

that the very birth of the science of forestry is in regeneration studies. Regeneration is the process of 

sylvigenesis by which the trees and forest survive over time (Halle et al., 1978). Natural regeneration is 

important in maintaining the numerical stability and stable age structure of species in a community. But 

unfortunately, there are very little studies conducted with respect to the regeneration process in the 

ecosystem, and fairly nothing about its functionality. Successful natural regeneration establishment 

depends on multitude of edaphic and biotic factors, seed quality, method of seed dispersal, seed 

viability under natural conditions, predation, recalcitrant nature of seeds, biochemical processes within 

the seeds and microclimatic conditions which directly influence  seed germination process.  The 

ecological significance of germination has to be clearly understood in any conservation strategy  

especially in species which are rare, threatened or endangered (Viswanath, 1999).  

In the case of most evergreen forests of Western Ghats, the number of species, regeneration and 

occurrence of other species varied from plot to plot and over a period of time and  more number of 

species have disappeared from evergreen forest compared to moist deciduous forests (Bhat et al. 

2000).The regeneration of a species and their survival are determined by many factors. Boraiah (2001) 

reported that mild disturbance accomplished by little light penetration rather than fully dense or highly 

distributed conditions favored regeneration. In Shorea robusta there was nearly 100 per cent mortality 

of emerging seedlings in dense forests and only 25 per cent survival at forest  periphery which could be  

attributed to degree of light penetration in understorey (Parihar and Kottwal,1991). Akbar Sha (1989) 

also reported that the performance of regeneration in different sites was not equal, even though the 

major locality factors in all the different compartments in Kerti reserve forests of Bannadapare in  

central western ghats  were almost similar. This points to the influence of certain other  inherent factors 

influencing the regeneration. In forest areas adjoining human habitations forest fires and biotic 

pressures like grazing could also play a significant role in natural regeneration process and subsequent 

establishment of key species. A study on regeneration status of Ougenia dalbergioides in Bhagavathi 

range, Uttara Kannada, revealed that population structure indicated less numbers of individuals in 

lower girth classes suggesting lower regeneration of the species in that area which could be directly 

attributed to different biotic factors (Hareesh,2000). Occasionally in tropical forests seed predation by 

wild animals  may also have an significant impact on germination of certain species like in the case of 

Semicarpus kathlekanensis, a highly endemic threatened swamp species found only in Katlekan, on an 

average only 40 per cent of the germinated seeds successfully become young recruits due to  predation 

by porcupines and wild boars (Raghu, 2000). 

It is now being recognized that continuous monitoring of vegetation and structure of tropical forests is 

of prime importance to recognize subtle changes in composition and regeneration status to take quick 

remedial measures. Long term monitoring of forest health can be best achieved through establishment 

of permanent preservation plots or PPPs.  Preservation plots are ecological models of the existing forest 

and  important for studies on ecological succession, recording diversity in plant population with time 

and can be used for predictive modeling studies especially on climate change. The idea of establishing 

permanent preservation plot (PPP) in India was proposed in Third Silvicultural Conference during the 

British colonial era  in  1929 (Verma and Totey, 1996). The broad objectives of long-term research are 

to investigate forest composition, structure and dynamics in space and time and to serve as a research 

base for diverse aspects of tropical ecology. Repeated surveys of PPP‘s can provide information that is 

crucial for conservation and management of tropical forests. Presently, some of these long-term 
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observational studies are functional, some are disturbed and others have almost been lost. The 

accumulated data will become increasingly important in the context of environmental modelling and 

climate change, especially if the plots and data can be maintained and/or revived (Tewari et al., 2013). 

2. MATERIALS AND METHODS: 

The present investigations were carried out in six  permanent preservation plot (PPP‘s) also 

called as Linear Tree Increment Plots, located in tropical wet evergreen forests and moist deciduous 

forests in  Western Ghats in Karnataka. Viz., Katlekan, Gersoppa range in Honnavar Division, Uttara 

Kannada (Latitude 14° 16' 332'', Longitude 074° 44' 446'' and Altitude 914 m.asl) covering a total area 

of 3.2 ha (20m x 1600m strip). Bannadapare, Makuta range(N 12 04‘39.2‖; E 75 43‘33.6‖ and 

altitude of 675.3 mts) Coorg District covering a total area of 3.7 ha (20m x 1850m strip). Malemane, 

Gersoppa range in Uttara Kannada (latitude of 14º 16' 0.069'', longitude of 74º 41' 507'' and altitude of 

121 mts covering a total area of 3.2 ha (20m x 1600m strip). Bhagawati, Bhagawati Range of Haliyal 

Division, Uttara Kannada (Latitude 15° 07' 923'', Longitude 074° 45' 401'' and Altitude 505.9 m.asl) 

covering a total area of 3.2 ha (20m x 1600m strip). Karka, Karka Range of Haliyal Division, Uttara 

Kannada (Latitude 15° 18' 332'' , Longitude 74° 41' 085'' and Altitude 552 m.asl) covering a total area 

of 3.2 ha (20m x 1600m strip) and Kulagi, Kulagi Range of Haliyal Division, Uttara Kannada 

(Latitude 15°09' 53'', Longitude 74°40'24.5'' and Altitude 438 m.asl) covering a total area of 3.2 ha 

(20m x 1600m strip). The Katletan, Malemane and Bannadapare plots are typical representative areas 

of North western ghats mountain rain forests featuring towering evergreen trees upto 45m tall draped 

with climbers, woody vines and epiphytes and dominant tree families include Dipterocarpaceae, 

Clusiaceae, Ebenaceae, Anacardiaceae, Sapotaceae and Meliaceae. The Bhagawati. Karka and Kulagi 

sites are representative of north western ghats moist deciduous forest which occur as a broad band 

around the northern montane rainforests and contain a set of species different from the rainforests of 

which Tectona grandis and Dalbegia latifolia dominate as commercially important species. 

The plots in evergreen forest types were established during the pre-independence period in 

1930‘s and subsequently in moist deciduous forest types by the Karnataka forest department after 1950 

and with an objective of monitoring the forest type  at regular intervals. The same plots were used to 

assess the growth characters mainly increment in terms of girth, for which observations are recorded by 

Karnataka Forest Department at periodic intervals. From this secondary data and primary data 

(collected by conducting field enumeration during 2008 and 2012), structure and diversity parameters 

like species richness, species diversity, evenness index and  basal area worked out.  

The Basal Area was calculated using formulae  

BA = G2/4π 

where,  G – Girth at Breast height , π = 3.142, BA - Basal area 

The Species diversity was calculated following  Shannon and Wiener, 1963 

                          S       

                H‘ = -∑ [(ni/N) ln (ni/N)] 

                         i=1 

      Where, ni= Number of individuals belonging to the ith species. 

                N= Total number of individuals in the sample. 

                S=No of species. 

                ln= Natural logarithm  
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The Evenness Index was calculated following Pielou, 1996 

   E = H'/ ln (S) 

               Where,   H' = Shannon‘s index 

                  S = Species richness 

Species similarity index were analysed using the ecological software Biodiversity Pro 2008.  

Regeneration studies was carried out within 4 X 4 m sub plots along the line transect at regular interval. 

A total of 16 m
2
 constituted the sample size for regeneration assessment in the entire transect. In 

regeneration plot all plant species below 30 cm GBH were considered as regenerates and enumerated 

separately into four regeneration classes viz. Class – I: Individuals below 40 cm height; Class – II: 

Individuals between 40-100 cm height; Class – III: Individuals more than 100 cm height and  less than 

10 cm gbh; Class – IV: Individuals above 10 cm gbh- less than 30 cm gbh and the different 

regeneration classes worked out as a proportion to total number in each site. 
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 Fig. 1. Map showing location of study sites in Central Western Ghats of Karnataka. 

 

   

Bannadapare Malemane Katlekan 

Plate I.. Three PPP plots in Wet evergreen forests in Western Ghats of Karnataka 

   

Bhagawathi Karka Kulagi 

Plate II.  Three LTI plots in Moist deciduous  forests in Western Ghats of Karnataka 

 

3. RESULTS AND DISCUSSION:  

3.1.  STAND DENSITY AND TOTAL BASAL AREA 

3.1.a. Wet Evergreen Forests  

The results showed that the total no of stems/ha decreased gradually in all the plots over years 

from 1939 to 1993 in Katlekan, from 1937 to 1954 in Bannadapare and from 1939 to 1957  in 

Malemane. Number of stems/ha increased from 162/ha in 1993 to 413/ha in 2012 in Katlekan, from 

908/ha in 1954 to 2074/ha in 2008 in Bannadapare and from 940/ha in 1957 to 1133/ha in 2008 in 

Malemane (Table 1).  Total Basal Area of stems of standing trees in  Katlekan and Malemane followed 

a decreased trend. In Katlekan plot, however, there appeared to be a spurt in 1977 and thereafter it 

decreased. In Bannadapare, the basal area increased from 18.21 m
-2

 in 1954 to 67.89 m
-2

 in 2008 which 

could be correlated to the increase in stand density  during the same period (Table 1). There was not 

much similarity among the dominant species in the three plots. Only Syzygium gardneri and Knema 

attenuate appeared to be dominant in all the three plots. Ficus nervosa and Hopea wightiana were 

dominant in Katlekan and Malemane (Table 3).  

3.1.b. Moist Deciduous Forests 
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The same decreasing trend over the years was observed in Bhagawati from 1961 to 1987, from 

1950 to 2001 in Karka, from 1953 to 1994 in Kulagi. Number of stems/ha increased from 397/ha in 

1987 to 848/ha in 2012 in Bhagawati, from 484/ha in 2001 to 635/ha in Karka and from 164/ha in 1994 

to 546/ha in 2012 in Kulagi. The decrease in number of stems from 481/ha in 1953 to 164/ha in 1994 

could be attributed to a hydel project near Kulagi where a portion of the plot was submerged in the 

catchment area. The decrease in Karka and Bhagawathi during the period between 1970 to 1980 could 

be attributed to selection felling carried out during that period as per working plan report. In Bhagawati 

basal area increased slowly from 1961 to 2012, Karka plot showed overall increase in Basal Area from 

1950 to 2012 with some fluctuations between 1970-88 period. There was a drastic increase in Kulagi in 

basal area 1953 to 1994 and subsequently decreased in 2012 (Table 2). This could be due to presence 

of some large diameter trees till 1994.  

There was lot of similarity among the dominant tree species in Bhagawati, Karka and Kulagi 

plots. Terminalia tomentosa, Tectona grandis, Anogeissus latifolia, Dalbergia latifolia, Grewia tilifolia 

and Terminalia paniculata were dominant in all the three plots.  Xylia xylocarpa, Lagerstroemia 

lanceolata, Mitragyana parviflora, Schleichera trijuga and Stephegyna parviflora were found to be 

dominant in both Karka and Kulagi plots (Table 4). 

The variation in stand density and basal area  in preservation plots could be correlated to the 

degree of past disturbances in the plots due to various  factors. Increase in number of stems/ ha was 

observed in all the plots during 2008 and 2012 enumerations. Bhuyan et al., 2003 recorded that in the 

forests of Arunachal Pradesh the highest stand density (5452 stems per hectare) was observed in 

undisturbed stand and lowest stand density (338 stems per hectare) in moderately disturbed stand. 

Raghavendra (2003) observed that the density of tree species varied from 280 to 410 trees per hectare. 

Among the three  plots in wet evergreen forests Katlekan plot was more subjected to biotic 

interferences as it was more closer to the state highway as compared to the other two plots. All the 

three plots in moist deciduous forests were subjected to varying degrees of biotic disturbances 

especially annual fires and grazing pressures. However Bhagwati and Karka plots were  relatively 

protected as compared to Kulagi and this was reflected in stand density. 

Basal area values are related to the stand disturbance index. So in disturbed forest stand the 

basal area may be lower than in the undisturbed stands. The basal area values of Sengaltheri, mid 

elevation forest in Kalakkad Mundanthari Tiger Reserve (KMTR) was well within the range of tropical 

wet forests; 25.5 m
2
 in Rio Xingu, Brazil (Campbell et al., 1992) 82.76 m

2
 in the tropical rain forests of 

Reunion islands to 94.6 m
2
/ha in the high elevation forests of Kalakkad (Parthasarthy, 1999).  

3.2. SPECIES RICHNESS , DIVERSITY AND SIMILARITY INDEX: 

3.2.a. Wet Evergreen Forests  

Results of the data on species richness and diversity index indicates  that, there was a decrease in 

species richness in Bannadapare and Malemane, but in Katlekan it has remained more or less stable. In 

Katlekan species richness  decreased from 1939 to 1993 and  increased subsequently(Table 1). Species 

diversity as indicated by Shannon‘s index showed a decreased trend from 1939 to 1993 and 

subsequently increased in 2012 in Katlekan. This could be correlated to the species richness in 

Katlekan during that period.  Similarly in Malemane it decreased from 1939 to 1957 and slightly 

increased in 2008 whereas in Bannadapare there was a slight decrease from 1937 to 2008  (Table 1). 
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3.2.b. Moist Deciduous Forests 

Decrease in species richness was observed in Bhagawati and Kulagi, but in Karka there was a 

slight increase. In Bhagawati it decreased from 30 to 27 from 1961 to 2012, where as in Kulagi it 

decreased from 40 to 26 from 1953 to 2012,but in Karka it decreased from 1950 till 2001 (25 to 19) 

and subsequently increased in 2012. Bhagawati and Kulagi showed a decreasing trend in diversity 

index from 2.40 to 2.02 (1961 to 2012) in Bhagawati and from 2.49 to 1.77 (1953 to 2012) in Kulagi. 

In Karka it decreased from 2.12 to 1.99 (1950 to 2001) and slightly increased to 2.19 in 2012 (Table 2).  

 Species richness is the simplest way to describe community and regional diversity (Magurran, 

1988) and this variable number of species forms the basis of many ecological models of community 

structure (Mc Arthur and Wilson 1967; Connell 1978; Stevens 1989). Parthasarathy (1999) found that 

species richness was greatest in undisturbed site and was lowest in selectively felled and frequently 

disturbed sites. Bhuyan et al., 2003 reported that diversity as per Shannon‘s index was high in 

undisturbed stand (2.02) than mildly disturbed (1.93), moderately disturbed (1.99) and least was in 

highly disturbed stand (0.70) in Tropical Wet Evergreen forests of Arunachal Pradesh.  

Similarity between the species in all the plots over years was calculated using Bray-Curtis 

Cluster Analysis (Single Link) using Biodiversity pro software Ver.2008 which showed a decreased 

pattern in all the plots from 95 per cent to less than 50 percent in Katlekan, Bannadapare from 96 per 

cent to 8.4 per cent and in Malemane it decreased from 97 per cent to 51 per cent (Fig 2).  Similarly it 

decreased from 93 per cent to 61 per cent in Bhagawati, 96 per cent to 83 per cent in Karka and from 

98 per cent to 41 per cent in Kulagi (Fig 3).  

Table 1.  Species richness, Diversity index, Basal area  and stand density from 1937-2012 in 

Katlekan, Bannadapare and Malemane PPP in Wet Evergreen Forests of Karnataka 

 

a.  Katlekan 

Year 

Species 

Richness 

Shannon's 

index 

Basal 

Area 

Density 

1939 53 3.15 54.81 373 

1944 51 3.10 51.41 341 

1949 52 3.10 84.78 320 

1954 50 3.06 52.79 298 

1959 49 3.01 47.22 281 

1965 47 3.00 52.04 262 

1970 45 2.94 49.30 228 

1975 43 2.89 49.19 221 

1977 43 2.87 176.82 197 

1993 35 2.76 68.14 162 

2012 54 3.27 46.78 413 

 

 

 

 

b. Bannadapare 

 

Year 

Species 

Richness 

Shannon's 

index 

Basal 

Area 

Density 
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1937 64 3.26 15.87 1015 

1944 64 3.26 17.72 992 

1948 62 3.23 17.87 966 

1954 62 3.23 18.21 908 

2008 58 3.17 67.89 2074 

 

 

c. Malemane 

 

Year 

Species 

Richness 

Shannon's 

index 

Basal 

Area 

Density 

1939 72 3.21 31.06 1180 

1944 71 3.18 29.68 1124 

1949 69 3.17 29.07 1060 

1957 67 3.13 28.52 940 

2008 67 3.38 25.76 1133 

 

Table 2. Species richness, Diversity index, Basal area  and stand density from 1950-2012 in 

Bhagawati, Karka and Kulagi LTI Plots in Moist Deciduous Forests of Karnataka 

a. Bhagawati 

Year 

Species 

Richness 

Shannon's 

index 

Basal 

Area 

Density 

1961 30 2.40 56.70 679 

1965 27 2.36 57.48 596 

1970 28 2.37 58.19 570 

1975 27 2.39 50.50 455 

1987 25 2.33 55.09 397 

2012 27 2.02 82.40 848 

 

 

b.Karka 

 

Year 

Species 

Richness 

Shannon's 

index 

Basal 

Area 

Density 

1950 25 2.12 58.18 1020 

1956 25 2.13 56.49 950 

1965 25 2.11 60.61 854 

1970 24 2.10 62.11 788 

1975 23 2.10 56.88 689 

1988 24 2.08 64.93 662 

1994 20 2.02 60.23 520 
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2001 19 1.99 56.73 484 

2012 27 2.19 90.53 635 

 

c. Kulagi 

 

Year 

Species 

Richness 

Shannon's 

index 

Basal 

Area 

Density 

1953 40 2.49 61.11 481 

1956 40 2.49 65.01 467 

1988 24 2.20 214.37 197 

1994 23 2.16 236.38 164 

2012 26 1.77 56.71 546 

 

Table 3. Dominant species based on Basal Area in Katlekan, Bannadapare and Malemane PPP in 

Wet Evergreen Forests of Karnataka 

 

Species Katlekan Bannadapare Malemane 

Lophopetalum wightianum     

Dipterocarpus indicus      

Syzygium gardneri       

Nephelium longana      

Machilus macrantha     

Ficus nervosa      

Hopea wightiana      

Elaeocarpus tuberculatus     

Calophyllum elatum     

Olea dioica     

Gymnacranthera canarica     

Palaquium ellipticum     

Knema attenuate       

Cassia fistula     

Persea macarantha     

Holigarna arnotiana     
Cinnamomum zeylanicum     
Lansium annamallayanum     
Drypetes elata     
Palaquium ellipticum     
Diospyros sp     
Kingeodendron pinnatum     
Humboldtia brunonis     
Myristica spp     
Vateria indica     
Diospyros silvatica     
Cinnamomum malabatrum     



37 
 

Vitex altissima     

Diospyros oocarpa     

Lagerstroemia flos-reginae     

Diospyros microphylla     

Syzygium jambolana     

Diospyros candolliana     

Sageraea laurifolia     

Vepris bilocularis     

Stereospermum chelonoides     

Myristica malabarica     

Table 4 Dominant species based on Basal Area in Bhagawati, Karka and Kulagi LTI Plots in 

Moist Deciduous Forests of Karnataka 

Species Bhagawati Karka Kulagi 

Terminalia tomentosa       

Tectona grandis       

Anogeissus latifolia       

Dillenia pentagyna      

Dalbergia latifolia       

Ougeinia dalbergioides     

Grewia tiliaefolia       

Adina cordifolia      

Pterocarpus marsupium     

Terminalia paniculata       

Spondias acuminata     

Lagerstroemia parvifolia     
Xylia xylocarpa      
Odina wodier     
Randia dumetorum     
Phyllanthus emblica     
Lagerstroemia lanceolata      
Mitragyana parvifolia      
Schleichera trijuga      
Lannea coramandalica     

Stephegyna parviflora     
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Fig. 2. Similarity matrix of in Katlekan, Bannadapare and Malemane PPP in Wet Evergreen 

Forests of Karnataka 

 

a. Katlekan 

b. Bannadapare 

c. Malemane 

a. Bhagawati 
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Fig. 3. Similarity matrix of Bhagawati, Karka and Kulagi LTI Plots in Moist Deciduous Forests 

of Karnataka 

3.3. REGENERATION STATUS:  

3.3.a. Wet Evergreen Forests  

The regeneration pattern in the three plots in wet evergreen forests showed a significant lacunae 

in class IV regeneration with nearly 50-65% of the regenerates were in the class I category, 25-30% in 

class II category and 10-20% in class III. There was complete absence of class IV category in 

Bannadapare and 1-2% class IV category in Malemane and Katlekan (Fig 4). This indicates that even 

though the class I regeneration showed high proportion of individuals they failed to establish probably 

due to anthropogenic pressure in all the plots. 

3.3.b. Moist Deciduous Forests 

The regeneration status was slightly better in the moist deciduous forest type where upto 5% 

regenerates were observed in class IV category in Karka and 2-3% in Bhagawathi and Kulagi. The 

b. Karka 

c. Kulagi 
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overall pattern of regeneration appeared to follow an inverted ‗J‘ curve.  The trend in regeneration 

classes in Bhagawathi and Karka appeared  to be much better than in Kulagi which is understandable 

considering the higher biotic disturbance factors in Kulagi.  

Regeneration in the forests is an indicator of the well being of the forests. Regeneration is the 

process of ‗sylvigenesis‘ (forest building) by which trees and forests survive over time (Halle et al., 

1978).  The overall trend in regeneration establishment especially in the preservation plots in wet 

evergreen forests does give cause for concern. 

 

 

 

Fig. 4. Regeneration status in three PPP plots in Wet evergreen Forests in Central Western Ghats 

of Karnataka 

 

 

Fig. 5. Regeneration status in three LTI plots in Moist Deciduous Forests in Central Western 

Ghats of Karnataka 
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4. CONCLUSION: 

Forest observational studies can provide essential information to understand ecosystem 

structure and forest dynamics. Such studies would allow to compare natural succession under 

managed ecosystem by providing an ecological approach to manage forest. Thus, these plots yields 

valuable information relating to species composition, climate change and carbon sequestration. 

Using the long term data of regeneration we can predict regeneration patterns and analyze reasons 

for failure of dominant species to reach pole stage. Therefore, systematic recording and 

maintenance of these are plots are very much important in the context of climate change and long 

term monitoring of forest health. 
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Assessment of water quality and phytoplankton diversity in Shantipura lake of southern 

Karnataka, India. 

M.K.Mahesh    and Sushmitha.B.R 

 

                                                                              Abstract 

Water quality assessment and study of plankton diversity of Shanti pura lake at Mysore district was conducted 

for a period of 12 months from February 2012 to January 2013. Water is alkaline and a total of 51 species of 

phytoplankton were recorded. Bacillariophyceae were represented by 28 species and was dominated by Synedra 

ulna followed by Fragillaria, Pinnulariakiusunensis and Naviculahaplophila. Cyanophyceae was represented by 7 

species. Merismopodiaglauca was the most dominant species. Desmid was represented by 6 species. 

Cosmariumordinatum and Staurastrumcrassins were dominant species. Chlorococcales was represented by 3 

species, Euglenaceae by 2 species, Chlorophyceae by 5 species dominated by Coelosphaeriumnaegeli. Synedra 

ulna was rich plankton of the lake. Diversity of the lake is significantly high indicating good water quality and 

the phytoplankton diversity can be used in determining the quality of lake water. 

Key words : Phytoplankton diversity, correlation matrix, Species richness 

                                                             INTRODUCTION 

Lakes are the most fertile, diverse, productive and most interactive ecosystems in the world and water is one of 

the most essential components for the existence of life on the earth. Interactions in plankton diversity of fresh 

waters are often difficult to understand. A measure of physico-chemical parameters and plankton diversity have 

often helped ecologists to grade the water quality as good or bad. Mysore city,  traditionally believed to have 

been founded in 1399 is situated in southern part of India and is among the more modern and urbanized regions 

of India.Shantipura lake also known as Hebbal lake is situated at latitude of 12° 06´ 43.84˝N, longitude of 76° 

19´41.98˝E and elevation of 2299ft. it is located about 65 Km away from Mysore in H.D. Kotetaluk.  One side of 

the lake is surrounded by agricultural field and other side is covered by bund. The catchment area is about 

99.3hectare and greatest depth is about 9-10 meters. The Shape of the lake is irregular. The fishing activity is 

predominant in the lake. Water is also used for nursery (plant), agricultural, washing clothes and vehicles, 

domestic purpose. Diversity can be measured by recording the number of species, by describing their relative 

abundance or by using a measure which combines the two components. It is a common observation that the two 

communities consists of species of equal abundance. Quite a number of species are rare; some are moderately 

common while few are abundant. Diversity measures are very useful in lake ecosystems where large number of 

algae appear.The present study is based on the data collected over a period of one year on the distribution of 

algal biodiversity in Shantipuralake of Mysore. 
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Materials and method 

Water samples from Shantipuralake of Mysore were collected for a period of one year from February 2012 to 

January 2013. Sampling, analysis of water for various physico-chemical parameters were as per APHA (1990). 

Collection, preservation, enumeration were done accordingly to the methods described by Hosmani and 

Bharathi(1980) and lackey(1938). Identification of the algal samples were done referring to monographs of 

Desikachary(1929), Philipose(1967),Prescott(1982),Scott and Prescott(1961) and Taylor et al(2007). The algal 

count is expressed as O/L. 

RESULTS AND DISCUSSION: 

The result of plankton is presented in Table 1. During the entire period of collection a total of 51 species were 

recorded. Bacillariophyceae were represented by 28 species among which Synedra ulna was dominant by 11760 

O/L. Other species that were slightly dominant were Fragillaria,Pinnulariakiusunensis (skv) and 

Naviculahaplophila. Other species were represented in smaller numbers. 

Cyanophyceae were represented by 7 species. Dominant species were Merismopediaglauca represented by 5040 

O/L followed by Merismopediaelegans. A Braun and SpirulinasubsalsaDerstd.Desmids were represented by 6 

species among which CosmariumordinatumBerges, Staurastrumcrasins  West& West represented by 1680 O/L 

were dominant. Staurastrum, Cosmarium and Closterium were represented by 2 species each. Species diversity 

is seen here which shows the good quality of water.Chlorococcales were represented by 3 species among which 

dominant were Spirogyra crassa with 2520 O/L.Euglenaceae was  represented by Lepocinclis ovum and 

Phacustorta with low dominance .Presence of low numbers of Euglenaceae is often evident as low 

organic pollution (Hosmani 1980).Chlorophyceae was represented by 5 species which was dominated 

byCoelosphaeriumnaegelianum with 4200 O/L and others were in smaller numbers. 

                                           In order to understand the possible physico-chemical parameters of the lake 

responsible for the diversity, 21 parameters were estimated (Table 2). The data was further subjected to 

statistical analysis (Pearson‘s correlation matrix) to arrive at precise conclusion (Table 2.1). Clusters of 
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two parameters responsible for distribution of plankton were Water temperature and pH, conductivity 

and total alkalinity, chloride and TASA, while COD,sulphate and turbidity along with D.O, BOD and 

total hardness formed closed clusters of 3 parameters each. Those were the main factors operating in 

the lake in regulating the distribution of plankton. 

Table 2.Physico-chemical Parameter of Shantipura Lake from 

Feb 2012 to Jan 2013 

SL 

NO 
P.C.P FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN 

1 A.T 28 26 29 31 38 33 34 33 39 31 29 31 

2 W.T 26 24 27 26 33 31 32 32 34 28 27 29 

3 F.pH 9.5 10.1 9.8 10.3 10.3 10.4 10 10.4 10.4 7.4 9.8 7.2 

4 L.pH 9.3 10.2 9.5 8.6 10.4 9.6 9.8 10.3 10.2 8.2 9.5 7 

5 COND 100 100 100 100 100 100 200 100 200 200 200 100 

6 D.O 11.6 8.48 8.71 9.93 14.18 11.35 11.55 15.2 8.1 12.16 9.93 6.28 

7 B.O.D 9.2 6.02 2.02 5.86 6.21 9.34 5.25 13.17 6.08 11.8 6.86 3.04 

8 C.O.D 11.4 18.85 19.65 19.05 22.4 16.1 17.6 19.08 20.6 22.4 16 35.2 

9 CO2 4.4 0 0 0 0 0 0 0 0 0 0 2.2 

10 T.A 70 105 90 100 105 100 105 105 150 190 150 115 

11 T.H 70 74 76 68 56 56 66 38 72 56 68 62 

12 Ca 28.05 29.6 25.29 19.22 16.02 18.43 17.63 23.24 21.64 24.84 18.43 24.84 

13 Mg 0 0 3.4 4.86 3.8 1.45 5.34 0.5 4.37 1.45 4.37 0 

14 Cl 17.52 15.6 19.88 26.98 42.6 56.16 65.25 80.96 72 63.9 76 62.48 

15 TURB 26 32.6 29.5 31.6 28.6 25.5 21.7 34.2 28.4 35.1 33 0.5 

16 T.S.S 20 22.3 21.4 18.2 12.5 14.6 18.1 19.1 15.6 17.8 15.4 12.2 

17 P.O.M 1.6 1.29 1.5 1.95 2.8 1.86 2.5 1.5 1.95 2.82 2.5 1.16 

18 NO3 0.2 0.2 0.3 0.5 0.3 0.3 0.1 0.2 0.5 0.3 0.3 0.2 

19 SO4 25 25 20 20 30 25 10 5 35 10 10 70 

20 PO4 0.03 0.06 0.04 0.07 0.04 0.03 0.01 0.04 0.03 0.09 0.04 0.01 

21 T.A.S.A 42.72 40.8 22.18 47.48 72.9 81.46 75.35 86.14 107.5 74.2 86.3 132.48 
AT-air Temperature, WT- Water Temperature, F.pH-field pH, L.pH-Lab pH, Cond-Conductivity, D.O-Dissolved Oxygen, BOD-Biological oxygen 

demand, COD- Chemical oxygen demand, CO2-Carbon-di-oxide, TA-Total alkalinity, TH-Total Hardness, Ca-Calcium, Mg-Magnesium, Cl-Chlorine, 

Turb-Turbidity, TSS-Total suspended solids, POM-Particulate organic matter, NO3-nitrate,  SO4-Sulphate, PO4-Phosphate, TASA-Total anions of strong 

acids. 

The percent distribution of the diversity of plankton indicates that Bacillariophyceae were highest with 

57% followed by Cyanophyceae with 13% and the others fluctuated between 4-18%. Synedra ulna of 

Bacillariophyceae was the most dominant species in the entire lake. 

CONCLUSION: 

Diversity studies have potential applications in aquatic ecosystems, mainly in conservation studies. 

Species rich communities are good environments as compared to species poor communities. In 
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monitoring lake ecosystems adverse effects are reflected by the diversity of planktonic species. More 

the diversity, more balanced is the aquatic ecosystem. Diversity of Shantipuralake is significantly high 

and indicates that the quality of water is good. 

 

Table3  Pearson’s Correlation Matrix: Physicochemical Parameter of Shantipura Lakefrom  

Feb 2012 to Jan 2013 

    A.T W.T F.pH L.pH COND D.O B.O.D C.O.D CO2 T.A T.H Ca Mg CI TURB T.S.S P.O.M NO3 SO4 PO4 T.A.S.A 

A.T 1                     

W.T .935** 1                    

F.pH 0.258 0.226 1                   

L.pH 0.301 0.33 .855** 1                  

COND 0.271 0.267 -0.153 0.031 1                 

D.O 0.285 0.362 0.312 0.465 -0.054 1                

B.O.D 0.048 0.148 0.03 0.191 0.096 .722** 1               

C.O.D 0.192 0.176 -646* -615* -0.092 -0.412 -0.369 1              

CO2 -0.322 -0.283 -0.35 -0.37 -0.297 -0.136 0.01 -0.041 1             

T.A 0.211 0.156 -0.44 -0.218 .759** -0.069 0.259 0.271 -0.411 1            

T.H -0.33 -0.484 0.056 -0.048 0.139 -727** -715** 0.152 0.158 -0.123 1           

Ca -651* -596* -0.37 -0.209 -0.276 -0.336 0.046 0.052 0.473 -0.109 0.258 1          

Mg 0.466 0.315 0.41 0.251 0.502 0.002 -0.372 -0.175 -0.517 0.169 0.292 -736** 1         

CI 0.508 .654* -0.144 -0.028 .589* 0.209 0.361 0.248 -0.316 .595* -0.568 -0.45 0.17 1        

TURB -0.067 -0.145 0.505 .607* 0.185 0.5 0.492 -676* -0.459 0.214 -0.069 -0.034 0.222 -0.101 1       

T.S.S -606* -0.569 0.231 0.28 -0.123 0.021 0.095 -0.517 0.018 -0.269 0.31 .618* -0.169 -0.53 0.511 1      

P.O.M 0.434 0.331 0.012 0.159 .626* 0.472 0.226 -0.185 -0.379 0.533 -0.156 -650* .592* 0.336 0.375 -0.332 1     

NO3 0.349 0.075 0.234 -0.003 0.103 -0.218 -0.091 -0.009 -0.306 0.296 0.222 -0.257 0.445 -0.029 0.309 -0.179 0.152 1    

SO4 0.113 0.059 -0.433 -0.521 -0.322 -633* -0.526 .728** 0.414 -0.129 0.205 0.178 -0.301 -0.095 -841** -0.524 -0.453 0.055 1   

PO4 -0.273 -0.451 -0.12 -0.066 0.053 0.189 0.383 -0.135 -0.332 0.442 -0.05 0.209 -0.046 -0.238 .684* 0.36 0.284 0.4 -0.431 1  

T.A.S.A 0.506 .586* -0.363 -0.319 0.322 -0.15 0.073 .605* 0.003 0.441 -0.396 -0.294 -0.056 .803** -0.562 -780** 0.055 0.005 0.496 -0.426 1 
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Rejuvenation of Ancient Water Bodies in Historical Cities of Daulatabad & Kandhar, 

Marathwada,  Maharashtra, India 

Ramakant D. Kaplay and  Brototi Biswas 

Abstract 

Most of the historical cities are well planned and had some definite water planning in bringing 

up the overall water structure of the city. Many of the historical cities are abandoned today. However, 

the old, already constructed, water conservation systems can be rejuvenated even today. The ‗tanks‘, 

and ‗moat‘ surrounding the fort at Daulatabad & Kandhar, can be rejuvenated and can be used for 

supply of drinking water to the nearby city. Even the aquifers located at critical places can be recharged 

by using old water conservation techniques and can be put to the best use for drinking and other 

purposes and the biodiversity, prevailing in the past, can be restored. 

 In addition, to the water conservation methods, the water was put to the multi-use by the ancient 

planners in a very innovative way. ‗The Fort‘ had  ‗AC‘ Room, which was constructed, by running the 

capillary tubes through the entire walls and roof of the room, through which water used to flow and in 

turn used to keep the room cool.  The paper presents all these details of ancient water-bodies that can 

be used for drinking & agriculture purpose. 

Key words: historical cities, rejuvenation, ancient water bodies 

 

Introduction  
India with different geographical variations has a variety of climatic regions. Low water availability in 

certain parts is compensated through over extraction of the already dwindling ground water. Water 

problem is more acute in the Deccan plateau region as basalt shows irratic behavior in terms of 

availability of groundwater. 

Water management was deemed to be a priority for the rulers of ancient and medieval India. 

Simple, basic yet useful scientific knowledge was applied for water management. The techniques did 

not involve any complex, intricate and costly engineering feats. The results were however more 

satisfying than the results obtained by modern day city planners as far as water supply and management 

was concerned. Most of these ancient and medieval engineering feats are in oblivion, some of them 

discarded outright, some overhauled, some damaged. The paper seeks out the various water supply 

methods and management methods for the various water bodies which were in use in the past in 

Marathwada region and the feasibility of rejuvenation of the same which can prove to be a supporting 

system for modern day water planning department.  

The main objectives of the present study are 

       1. to find out the probability of rejuvenating ancient water bodies in the forts of Marathwada 

Region 

       2. Importance of local Geographical attributes towards medieval water supply planning  

       3. to find out the possibility of using Innovative ways of having AC rooms in hot cities like 

Nanded which also faces severe problem of load shedding  
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For the present work two ancient forts (Daulatabad and Kandhar) of Marathwada, Maharashtra has 

been chosen. The Daultabad Fort is about 14 km away from famous Aurangabad City, while the 

Kandhar Fort is about 45 km away from Nanded City, in Marathwada Region of State of Maharashtra, 

India. 

Material and methods  
 

For the present study, following methodology is adopted.  

1. Actual visit to the site 

2. Literature survey 

      2. Collection of primary data 

      3. Use of imageries (digital imagery; courtesy Google Earth) to study the nature of landform and 

land slope 

The mapping of moat and tanks was carried out using GIS techniques and actual field visit that 

provided sufficient details to generate data that could be worked out later on.  

 

Results and Discussion 

Water supply in Daulatabad  

Daulatabad (19
0
57'N; 75

0
15'E) is located at a distance of 15 km northwest of Aurangabad 

district of Maharashtra state of India. Daulatabad was earlier known as Devagiri. The city witnessed 

various power changes. Originally a Hindu kingdom it later became an important and strategic Muslim 

kingdom. The erstwhile kingdom comprised of a fort (Photo 1) and surrounding settlements. The 

capital i.e. township included the citadel hill and Suburbs of the towns of Devagiri. The fort is built on 

a conical hill top. The civil population resided the area surrounding the hill. Water planning was done 

for the entire kingdom. However Daulatabad, a semi arid region, witnessed some major water 

engineering feats.  
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Photo 1: Bird’s eye view of Daulatabad with a ‘moat’ & ‘Hatti-Haud’ (Courtsey Google earth) 

 

In exploration it is found out that there were different schemes of water supply, such as 

fragments of earthen or stone conduits, remnants of silting cum filtering chambers, portions of water 

towers, open channels, remains of small bunds and walls, tanks - cum - wells, pressure relief towers, 

number of small and big cisterns and reservoirs, but all of them were badly affected and it seems there 

is no mark of such resources. Various water supply schemes were implemented at different period 

(Somawanshi, et.al. 2009) 

Rain water was accumulated in reservoirs/tanks which were built in heighted areas generally on 

hill tops. Following gravitational pull, down linking terracotta pipes connected the reservoirs to other 

areas …… simple techniques which involved nature and not went against the nature were implemented 

serving the dual purpose of fulfilling the water requirement of the area as well as conserving nature 

(Biswas, 2011). 

Of the various techniques used we discuss only a few here. 

Much of the water system planning owes to the genius of Malik Ambar. The erstwhile rulers 

realized that rain water could solve many a problems in Daulatabad. Hence efforts were made to store 

this rain water which otherwise would just flow (waste) away. In the northern foothill an elongated 

diversion bund of 1 mt breadth was dug out. Parallel to this bund another bund/obstruction of the 

dimension of 750 m × 450 m × 2000 m was constructed. It served the purpose of diversion of the rain 

water coming from the top of the mountain. The rain water in this way, diverted and accumulated at the 

lower end of the diversion bund where a receiving - Cum - filtering chamber was provided. The 

elevation difference between the receiving chamber and the discharging chamber was considerably 

high. Through elaborate pipelines and following gravitational force a part of this water was left out into 

canal/conduit and the other part was conveyed to the palace. At present this is non-existent.  

Moat 

Hatti Haud 



52 
 

Moat 

The fort had many lines of defence. The fourth line of defence in the Daultabad Fort is the deep 

rock cut moat that surrounds the citadel. It is considered an incredible engineering feat, 16 metres wide, 

20 metres deep with 1536 meters of length. The water in the moat, filled with crocodiles, was 

controlled by a dam to increase its level during times of threat. The area of the moat comes out to be 

24576 m2. The total volume is 491520 m3. The moat with such a large volume can hold 491520000 

liters of water (Photo 2). We suggest that aquatic plants grown on the surface of moat water  (Photo 2) 

needs to be removed in the first phase. In the second phase de-silting should be done and then in the 

third phase rainwater harvesting should be carried out to restore water level in the moat. 

 

Photo 2: Moat around Daultabad Fort can be rejuvenated  

Another classic example of water management was the Hatti Haud (The largest tank is called 

Hathi Haud, which translates to "Elephant Tank," due to its size). It is a rock cut structure of the dimension 

of 43 mt × 40 m × 6.6 m The water holding capacity of this reservoir is 11352000  liters (Photo3). 

There are steps from the three sides of the tank to reach the bottom. On the hill top the rain water was 

stored in two rock - cut cisterns/ caves presently known as Moti - taka and Hathi - taka both having 

very small storage capacity with adequate monsoon, the stored water at the top would suffice for two 

hundred persons for the whole year. A part of the water collected was diverted to Hatti Haud through 

pipelines following gravitational force. In the northern side 3 tanks were constructed between the 

adjoining area of two hillocks, which goes by the names of Parion - Ka - Talab, Haud -e-kutlak and - 

Ab - Pash - Dara. Rain water as accumulated in them. A huge receiving cum filtration tank was 

constructed near the second tank. Through pipelines the water was diverted to canals and a part went to 

Hatti Haud. Through controller water from the third tank was diverted to the canal for public use.  

If both these ancient water bodies are rejuvenated, with proper rain-harvesting method in the 

catchment area, then water from ‗moat‘ & ‗Hatti-Haud‘ can quench the thirst of about 10,000 people 
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for one year. This is not a bad bargain in a recently drought affected Aurangabad region. It is to be 

noted that last year Aurangabad region faced severe drought situation.  

 
Photo 3: Hatti-Haud can be rejuvenated  

 

The Fort and the Daulatabad town had an extensive network of underground water pipes, tanks 

and wells to preserve the water supply during the dry months. Many of these wells are still intact 

around the Fort and within the Amberkot walls. A number of wells in the foothill also quenched the 

public requirement in the past. These are non-existent now due to lack of interest and maintenance. But 

the same can be re-located, cleaned and re-used for drinking water purpose with proper rain-water 

harvesting techniques. 

     The erstwhile rulers constructed a network of canals (nahar) in Aurangabad. Of the total 14 

watercourses only 4 are operational at present owing to lack of maintainance, deposition of silt, 

overhauling, etc. During the reign of Malik Ambar a 6 km long canal was dug out. However this canal 

is of no use at present. Although, if rejuvenated, they can like the rest, prove to be the backbone of the 

present water supply planning (Joshi, 2007). 

Another example of water engineering is Panchakki  of Aurangabad city. It was designed to 

generate energy via water brought down from a spring on a mountain in. Water was supplied to the city 

of Khadki from the famous Panchakki (Pan from Hindi paani means water and Chakki means a tread-

mill) which drove the water down the Nahr e Ambari (Ambar's canal) from the stream called Kham. 

The water mill is kept fed with sufficient water by an underground conduit, which commences from a 

well just above the junction of the Harsul river and its tributary just 8 Km away. The whole system is a 

typical example of medieval engineering. The water is made to reach the final reservoir (Panchakki 

reservoir) through earthen pipes. It is then raised by a siphon to the top of the rectangular masonry 

pillar from where it is made to fall into the reservoir below. The blades of the Panchakki used to rotate 

by the water falling on them and with the aid of a wooden valve turn the flow into that canal, the Nahr, 

for the city. The tower of this Panchakki housing a valve and air outlet still exists in ruins today in the 

old precincts of Aurangabad in Labour Colony, Junabazar area along with other relics of Malik 



54 
 

Ambar's times. The complete water channel is made up of earthen pipes finely lined up and at 

approprite distance. Masonry pillars were erected serving as natural suction pumps to make the water 

flow through the pipes with force through the distance of 8 Kms. Though ‗Panchakki‘ gets water, but 

during summer time it goes dry. If sincere efforts of rain-water harvesting are made in the catchment 

area then one can get water in panchakki round the clock. 

The second site that is studied is ‗Kandhar Fort‘. Kandhar is situated on the banks of Manyad 

river and is at 18
0 

52' N; 77
0 

14' E. The average elevtion is around 410 mts. Kandhar receives rainfall of 

863.3 mm. The total forested area is 2264.18 hectares.  

In  18
0 

52' N; 77
0 

14' E, Krishna III build the famous 'Jagattung' reservoir (Kathare et al 2005). 

It is located at a height of 1355 ft with the water holding area as 459 sq mile (Sruvey, 2007). On the 

northern, southern & western side are small hillocks and on the eastern side is a wide valley. An 

earthen bund in north-south direction was build to block a small river -Manyad. The length of the bund 

was 900 mts & width 6 mts. To provide support to the inner side of the bund from getting washed away 

a stone wall of 5 mts height was constructed. Conduits carried the water from here & distributed 

elsewhere (Bhagwan, 1986). Special care, attention & technique were used so as not to let 

sedimentation of the reservoir (Biswas, 2011). Rain water flowing from the hill slopes & the blocked 

river water were the source of water for this perennial reservoir. At present the reservoir remains dry 

for the greater part of the year for want of maintenance and rampant deforestation. The dimensions of 

the reservoir at present are 824 × 805 m with an area of 66320 m2. The dimension of the lake is 

reduced by almost 40-45% (Photo 4). To rejuvenate this water body and restore water, in the first 

phase weed grown here needs to be removed. In the second phase proper removal technique of silt and 

rain-water harvesting techniques may rejuvenate the water body to its fullest capacity.  

 
Photo 4: Shrinking ‘Jugtung Sagar’ 

 

The erstwhile administration took steps in some case, to build percolation tanks in which rain 

water was stored (Mate, 2006). They were located at higher levels than the levels of the well.  

The Kandhar fort just like Daultabad fort has a ‗moat‘ and few ‗water tanks‘. The width of the 

moat is 30.48 m with its depth as 15.24 m, the length of the moat is 1016.5 m. The total area of the 

moat is 30982.92m2 with its volume as  472179.7 m3. The total water holding capacity of the moat is 

472179701 liters (Photo 5).  
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Photo 5: The moat around Kandhar fort. 

 

The water from Jagtung Sagar which is hardly 250 m away from the moat (Photo 6) can be 

brought into the moat and the ancient water body can thus be rejuvenated. 

 

Photo 6: The Kandhar Fort with a ‘moat’ surrounding the Fort which is hardly 250 m away from 

‘Jagtung Sagar’ 

 

Moat 

Moat 

Jagtung Sagar 

250 m 
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The fort has two small tanks (not as big as Hatti-Haud at Daultabad) 3 × 3 m with depth of 

0.91m. the water holding capacity of this small tank is 8409 liters (Photo 7).  

 
Photo 7:  A small tank in ‘Kandhar Fort’  
While the second tank (Photo 8) has the dimension of 4.57 × 4.57 m with depth of 1.82 m. The 

water holding capacity of this tank is 37801 liters. This water can quench the thirst of about 8625 

people for one year. 

 
Photo 8: Small tank in Kandhar Fort 

 

Importance of local Geographical attributes? towards medieval water supply planning  

In the absence of any modern day engineering tools and mechanics, medieval water supply 

planning had to utilize the natural techniques and local geographical attributes whatever was available. 

Geographical attributes like rugged topography, gravitational force, catchment areas, availability of 

stone and black soil, subterranean water flow, springs, caves, more forests (ensuring regular rain) etc 

were utilized to the fullest. 

  The salient features of water supply system were:- 
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1. The rugged topography (Kandhar & Daulatabad) suited the construction of reservoirs (Brototi, 

2011). Reservoirs were situated in excellent catchment areas. Sometimes 2 or 3 bunds were constructed 

one below the other for siltation in upper lake and allow purer water to go to the lower one and 

eventually to the pipelines.  

2. brick built conduits, some 6 feet high to enable a person to walk through it were built (Mate, 2005).  

The region has black soil which is excellent for making good quality terracotta pipes. Apart from 

pipelines earthen canals distributed the water throughout the kingdom (Santosh et al, 2009).  

4. Natural science like gravitational force and siphon technology found prodominance in water 

management and supply. The catchment areas were generally built in higher altitude which helped the 

water flow following gravity. In places where water had to be raised up siphon technology was used. 

5. Rain water harvesting was intricately associated with the people of medival age (Brototi, 2011). 

6. The first aqueduct in Aurangabad was designed in 1612 by Malik Ambar in order to address the 

shortage of water caused by the lack of reservoirs and natural water reserves in the area. The reason for 

the construction of the aqueduct was the discovery of a subterranean water supply in the mountainous 

valleys north of Aurangabad.  

7. A number of aqueducts were built to convey the water accumulated from the hills (run off and 

springs) by means of stone conduits and the supply was distributed through innumerable earthen pipes 

and fountains. 

Innovative use of water, if any, to tackle high temperatures during the medieval times. 

Medieval times used water in various innovative ways. As discussed regarding siphon 

technology in Panchakki reservoir, where water was lifted and then made to fall in a 30 mt fall into the 

Panchakki cistern. This kinetic motion was used in a very innovative way.  In the north western corner 

adjacent to the cistern is the water driven mill. Flour was obtained in olden days without any human 

effort. The bottom of the cistern forms the roof of a spacious hall. The water helped in cooling the 

room temperature. The cool chambers were used by pilgrims in summer. 

 The study thus concludes that ―Moat and Tanks are hydrological marvels in the historical forts that 

were created centuries ago. We are now destroying them. If rejuvenated, the moat and tank that we 

studied at Daultabad and Kandhar could have a storage capacity of approximately 502872000 liters and 

472225912 liters of water per year respectively‖.  

In order to rejuvenate water bodies, supply of water from local sources to moat and tank and 

decentralised treatment as well as the use of recycled water must be encouraged and transmission of 

water from distant sources must be the last resort. However, desilting of the moats should be the first 

priority and rainwater harvesting and other water conservation facilities also need to be set up. The 

facility will also help improve the water quality. The water bodies could have walker‘s path and 

compound wall that will have pleasant sight and will help attract more tourists too, like the one that is 

there in Tamilnadu (Photo 9) (K.Maniknandan, 2008).  
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            Photo 9: Pleasant view of Tambaram Tank in Tamilnadu (rejuvenated water body) 

 

Similarly, about 42 water bodies are rejuvenated in Berhampur, Odissa. The restored water bodies are 

contributing substantially improving city environment, the physical character of water bodies is also 

improving. In Kolkatta too, the action plan to rejuvenate water bodies is formulated. The master plan is 

also prepared to restore water bodies in Chennai city. However, till now no one has thought of 

rejuvenating ancient water bodies in old historical cities. Authors expect same could happen to ancient 

water bodies in historical cities too. 

Conservation of water bodies is of utmost importance since it enhances bio-diversity and in turn helps 

to ecological balance too. The authors plan to submit the study to the State government, to help ensure 

that long-term drinking needs of the villages in drought prone region are met. Action plan for 

development of these and such ancient water bodies needs to be formulated. The task of renovating 

water tanks and moats should be complete before the onset of next monsoon.  

 

Conclusions  
The main conclusion of the study is that ‗ancient water bodies‘ like ‗moat‘ and ‗tanks‘ are one of the 

few water bodies in historical cities that can be rejuvenated and could be used as a drinking water 

source. The water from such water bodies can quench the thirst of about 18000 people for one year. By 

rejuvenating such water bodies old climate can also be restored. Furthermore walker‘s path around 

such historical places will help attract tourists too. 
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Naturally Occurring Radioactive Materials (NORM) exists with different concentrations in earth‘s 

crust. Human activities such as oil and gas production and mineral extraction and processing could 

enhance the natural level of NORM in by-product waste streams. Produced water, scales and sludge are 

the main categories of these wastes in petroleum industry. Iran is among the top five countries in oil 

production since 2005. This high production rates would emphasize the importance of NORM 

management to ensure the safety of public and wildlife. Presence of animals including dolphins, sea 

turtles and chinkaras make this island one of the most unique wildlife refuges in Iran. This paper 

combines waste disposal methods relevant to the petroleum offshore industries, NORM wastes 

characteristics, geography, geology and climate of Lavan Island to develop enveloping exposure 

scenarios. Sludge burning (Fire) is determined as the most concerning scenario by considering 

chinkaras as the endpoint. Clearance level for radiation protection of chinkaras is calculated according 

to this scenario and is equal to 360 Bq/g. This value may be insufficient for radiation protection of 

workers settled on the island because exposure pathways are not related to human behavior. According 

to environmental pathways and condition of chinkaras, this value sufficiently covers all aspect of 

radiation protection. 

 

Keywords: NORM, Petroleum wastes, Radiological Assessments, Lavan Island, Sludge burning, 

Chinkara. 

 

Introduction 

NORM 

Naturally Occurring radioactive materials (NORM) which are enhanced by industrial process are also 

referred as TENORM (Technologically Enhanced Naturally Occurring Radioactive Material) in 

researches and literatures. In this paper they are both simply called as NORM. Naturally occurring 

radionuclides such as the ones from the 
238

U and 
232

Th series, as well as 
40

K, are essential constituents 

of the earth‘s crust and can be found in higher than normal concentrations in some regions of the 

planet, known as ‗‗high natural radiation areas‘‘ (Gazineu and Hazin, 2008). 

The majority of radionuclides in NORM (principally radium and radon) arise from uranium and 

thorium decay. Primordial radionuclides 
238

U, 
232

Th and 
235

U, are the parent radionuclides for the three 

naturally occurring decay series commonly called the uranium, thorium and actinium series, 

respectively (Ojovan and Lee, 2005). Occurrence of actinium series is extremely rare in nature which 

makes its radionuclides negligible NORM components especially in radiological assessments.  
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NORM activities could be significantly enhanced in waste stream and by-product of some human 

activities. Physical and chemical procedures like grinding, incineration, smelting, leaching and etc. 

which usually alter the matrix and molecular bonding of materials are responsible for the enhancement 

of activity levels in wastes or by-products. A considerable body of knowledge and experience has 

already been built up concerning operations involving minerals and raw materials (in addition to 

uranium ores) that may lead to a significant increase in exposure to natural sources. The following 

industries has been sorted in descending order of priority for radiological protection requirements 

(IAEA, 2006): Extraction of rare earth elements; Production and use of thorium and its compounds; 

Production of niobium and ferro-niobium; Mining of ores other than uranium ore; Production of oil and 

gas; Manufacture of titanium dioxide pigments; The phosphate industry; The zircon and zirconia 

industries; Production of tin, copper, aluminium, zinc, lead, and iron and steel; Combustion of coal and 

Water treatment. 

 

 
Figure 1: Uranium, thorium and actinium decay series (Ojovan and Lee, 2005). 

 

TENORM is typically associated with non-nuclear industries. Uranium milling tailings (UMT) are a 

component of the nuclear fuel cycle, and have generally been considered distinct from TENORM 
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(Landa, 2007). Regardless of the activity which NORM originates from, there are six types of materials 

which could contain the elevated levels of radiation: Waste rock; Sand; Slag; Ash; Sludge and Scale. 

Other material types like used filters, scrap metals and produced fluids could also have enhanced or 

considerable amounts of NORM. These materials are related to specific industries and should be 

analyzed in specific radiological assessments. This papers deals with petroleum industry and introduces 

a new approach to drive both generic and specific clearance levels for NORM. 

 

NORM in Petroleum Industry 

Iranian petroleum industry is divided into two main sectors: Upstream and downstream. Upstream 

sector which widely called E & P (Exploration and Production) includes the exploration for potential 

oil and gas reservoirs, drilling of exploratory wells and subsequently production wells that recover and 

bring the crude oil and/or raw natural gas to the surface. The downstream sector involves the refining 

and processing of hydrocarbons into usable products such as gasoline and variety of petrochemical 

products. The main producer of NORM in petroleum industry is upstream sector. Two out of six 

NORM categories and one particular type exists in petroleum industries which are scale, sludge and 

produced water respectively. 

Uranium and thorium series exists in various concentrations in unground formations. Both 
238

U and 
232

Th are relatively insoluble and remain in place in subsurface formations; however, some of their 

decay products are slightly soluble and can become mobilized in liquid phase of the formation (Smith 

et al., 1996). The soluble progenies includes 
226

Ra and its daughters 
222

Rn and 
210

Pb (decay products of 

uranium series) and 
228

Ra (from thorium decay chain). 

Underground oil and gas reservoirs are usually accompanied by large amount of water which widely 

mentioned as produced water. Produced water is highly saline and contains high concentration of 

chloride and low concentration of sulfide compounds (due to reduction condition in underground 

environments). During drilling and production operations, produced water is extracted from 

underground formations and brought to surface which contains considerable amounts of 
226

Ra and 
228

 

Ra. For gas reservoirs 
222

Rn migrates with gas to surface. Figure 2 indicates the origins of NORM in 

upstream petroleum industry (OGP, 2008). 

 

 
Figure 2: The origin of NORM, indicating where NORM could accumulate in the recovery process (OGP, 2008). 
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The reservoir‘s fluids are directly sent to GOSP (gas-oil separation plant) in order to separate gas, oil 

and water and then store them in different tanks. GOSP, storage tanks and pipelines which could 

contain sludge and scale, are the primary sources of NORM in production facilities.  

Injecting produced water to deep subsurface structures and EOR (enhanced oil recovery) wells, 

discharging to evaporation ponds or simply to surrounding marine environment are basic disposal 

options that are largely used by companies In Iran.  

Solubility of radium isotopes in water depends mainly on pH and salinity of water. By increasing 

salinity and acidic or basic properties of water, more radium would dissolve in water. On the other 

hand due to decreasing temperature and pressure, the precipitation rate would increase. Pressure and 

temperature would drop when produced water is brought to surface and moves inside pipelines. This 

process would lead to the formation of a hard material known as scale. 

Scales could directly affect petroleum rate production by blocking the interior space of pipes. Scales 

should be removed so their extracting, handling and disposal require radiological safety assessments 

and specific clearance levels. Both mechanical and chemical methods are available to remove scales 

from pipes or other equipment. In Iran scales are directly discharge in sea or disposed along other kinds 

of wastes into landfills. Other methods like encapsulation which is used around the world (Smith et al., 

1996),are not very common practices in Iran. 

Unlike scales which are produced from water, sludges tend to deposit from crude oil. Heavy oils have 

more potential to settle its deposits and form sludges. GOSP and oil storage tanks are primary places 

for sludge formation. Incinerating, landspreading and landfilling are common practices in Iran which 

should be evaluated under radiological safety assessment.  

Radon is a radioactive gas which moves with natural gas to the well head facilities. Radon progenies 

attach themselves to airborne particles and forming thin radioactive layers inside gas processing 

equipment. These equipment are contaminated with NORM and due to difficulties in removing 

radioactive film, they should be either recycled or disposed. Gas compressor, scrubbers and pipes are 

main places which NORM could accumulate. 

A limited number of researches have been conducted on NORM originated in Iranian petroleum 

industry (Khodashenas et al., 2012, Moatar et al., 2009). These researches indicate that water disposal 

pits should be designed in order to minimize radiological effects both to the people and the 

environment. According to these studies reinjection of produced water into abandon wells of Iranian 

Offshore Oil Company in Persian Gulf, have preference over discharging to the pits.  

In addition to common six waste types (waste rock, sand, slag, sludge, scale and ash) which are 

assessed in (EC, 2001), water containing NORM is also considered in this study. Produced water from 

oil and gas industry, wastewater from mining operations and leachate from tailing dams are concerning 

issues in environmental contamination management. If water is exposed to evaporation, concentration 

of NORM in liquid phase could be considerably enhanced. This problem is more substantial in arid 

environments like Lavan Island. These issues are convincing enough to consider liquids as a separate 

waste type in radiological assessment of NORM.  

 

Lavan Island 

Lavan is the third big island in the Persian Gulf following Qeshm and Kish Islands. Lavan is a 

populated island with area of 76 km
2
 and population of 3000 native individuals. High temperature 

(50
oC

) and extremely humid climate are at their apex in summer. Local peoples are either pearling or 

working at petroleum facilities. Figure 2 indicated the location of Lavan Island in Persian Gulf. 
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Figure 3: Lavan Island Located in Persian Gulf (Wikipedia, 2013c). 

 

There are three major islands in Persian Gulf that each of them is an endpoint for related oil and gas 

reservoirs. Aforementioned islands are: Lavan, Khark and Siri. Depending on area and volume of 

underground reservoirs, some production platforms have been established. According to personal 

observations and documents of Iranian Offshore Oil Company (IOOC), Lavan Island is selected as case 

study for this paper. At present, Lavan Island has more than 3100 inhabitants, generating up to 7514 kg 

waste per day. In general, the solid waste generators in Lavan Island are the IOOC, Lavan Oil Refining 

Company, Lez village, military facilities and other sources including domestics(Shams Fallah et al., 

2013). Lavan Island is the center of four oil and gas reservoirs. Group one (Salman, Reshadat, Resalat 

and Belal) and group 2 (Lavan) are oil and gas reservoirs respectively (IOOC, 2013). 

Discharge of produced water into the marine environment is a typical disposal method in brazil (Jerez 

Vegueria et al., 2002), Europe (Betti et al., 2004) and many other countries. On offshore production 

platforms, most produced water is directly discharged to the Persian Gulf and crude oil and natural gas 

are sent to the processing facilities located on Lavan Island, anyway a significant portion of produced 

water is brought to the island. Scales are formed in pipelines which are extracted by mechanical means 

(known as pig running operation). Amount of participation of scales is a function of production rate 

and the time which liquids are still in the pipes. Extracted scales are contained and stored in drums. 

Scales which are extracted on the platform are usually discharge into the water. No wastes are 

considered to be landfilled on the island so related exposure pathways would be omitted from 

radiological assessment. 

On the island there are facilities to contain crude oil until oil tankers arrive for loading. Large volumes 

of sludge are settled on the bottom of storage tanks. Parts of these sludges are transported to 

underground trenches which are excavated beneath the tanks. In case of storage tanks leakage, sludges 

are burnt or contained in the drums. Sludge and scale drum transported back to the onshore facilities 

like Bahregan. Shipped sludge and scale drums do not consider in Lavan radiological safety 

assessment.  

The chinkara (Gazella bennettii) is a species of gazelle normally found in southern Asia. Iran, India and 

Pakistan are the main habitat of this animal in the world. There are approximately 400 chinkaras live 

on the Island. This creature is very similar to goitered gazelle (Gazella subgutturosa) which also lives 

in northwestern part of Iran. Goitered gazelle is slightly larger than chinkara. The main difference 

http://en.wikipedia.org/wiki/Gazelle
http://en.wikipedia.org/wiki/Asia
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between these two species is that both male and female chinkaras have antlers but only male goitered 

gazelle has antlers. Figure 4 indicates chinkara and goitered gazelle. 

 

 
Figure 4: Chinkara (left) and Goitered gazelle (right) (Wikipedia, 2013a, Wikipedia, 2013b) 

 

Due to absence of natural predators (leopard, cheetah and etc.) and lack of food and limited pastures on 

the island, most chinkaras do not afraid of human and are attracted to residences and waste storage 

facilities. These facilities could contain NORM so radioactive exposure is inevitable. Sludge burning 

and settlement of ash on pastures is an important exposure pathway which is investigated thoroughly in 

this paper. 

 

Materials and Methods 

This research attempts to develop real and enveloping scenarios in order to calculate the dose received 

by wildlife specifically chinkaras. Enveloping and conservative exposure scenarios are developed 

according to personal visits and IOOC documents. Sludge burning is the only significant scenario 

concerning chinkaras on the island. As mentioned in introduction, sludge burning is not a common 

waste disposal activity but sometimes it is unavoidable. 

Burning of sludge produces plume, if this plume moves toward inland following exposure pathways 

would happen regarding to chinkaras as endpoint. It should be mentioned that open burning without 

any protection measurement and incineration equipment is favorable condition for this scenario.  

1. Submersion in plume: Small size of the island and territory of chinkaras which is near human 

residences and facilities could lead to submersing them into the plume. The main pathway 

would be external irradiation from NORM particles (especially radon). 

2. External irradiation from soil and water: After deposition of plume on surface of the soil or 

water, external exposure of NORM particles could be a significant pathway.  

3. Ingestion of pasture, soil and water: Chinkaras graze in the limited meadows of the island 

every day. If plume particles deposit on the surface of pasture, soil or water, then chinkara 

would ingest them without noticing the contamination. 

Assuming the worst case scenario, all three pathways happen for chinkara so the final result would be 

the summation of received dose from each pathway. Conceptual model of Fire scenario is indicated in 

figure 5. This paper combines the proper equation for ecological and radiological risk assessment with 

local data of Lavan Island. Most models and equations are according to (IAEA, 2003). 
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Figure 5: Conceptual model for the Fire scenario. 

 

Source Term Modeling 

The release rate of a radionuclide from the fire, Rfire, is given by: 

𝑅𝑓𝑖𝑟𝑒 =  𝑓𝑟𝑒𝑙 ,𝑓𝑖𝑟𝑒𝐴𝑚𝑉𝑓𝑖𝑟𝑒 𝜌𝑏𝑑/𝑡𝑓𝑖𝑟𝑒   

Where f rel,fire is the release fraction for the radionuclide i; Am is the specific activity of the radionuclide 

in the sludge; Vfire is the volume of the waste consumed in the fire; ρbd is the bulk density of the waste 

and tfire is the duration of the fire. 

It is cautiously assumed that the associated plume is neutrally buoyant. Using an approach consistent 

with (IAEA, 2003), the air concentration of a radionuclide at ground level, Cair,fire, at a given distance 

for prevalent atmospheric conditions (major atmospheric condition of Lavan Island) is given by: 

𝐶𝑎𝑖𝑟 ,𝑓𝑖𝑟𝑒 =  𝑅𝑓𝑖𝑟𝑒 𝐶𝑖𝑛𝑡𝑒𝑔 .𝑓𝑖𝑟𝑒   

Where Rfire is the release rate of the radionuclide from the fire and Cinteg,fire is the time-integrated air 

concentration at ground level at the given distance for the prevalent atmospheric conditions. The above 

equation cautiously assumes that the plume is non-depleting during passage towards the exposed 

individual. 

Activity may be deposited on the ground by dry and wet deposition. The surface concentration of a 

radionuclide, Csurf,fire, resulting from dry and wet deposition is given by: 

𝐶𝑠𝑢𝑟𝑓 ,𝑓𝑖𝑟𝑒 = 𝐶𝑎𝑖𝑟 ,𝑓𝑖𝑟𝑒 𝑡𝑑𝑒𝑝 ,𝑓𝑖𝑟𝑒 (𝑉𝑔,𝑓𝑖𝑟𝑒 +  𝑊𝑜𝑢𝑡 ,𝑓𝑖𝑟𝑒 𝑓𝑖𝑟𝑒 )   

Where Cair,fire is the air concentration of a radionuclide at ground level; tdep,fire is the time over which 

deposition occurs; Vg,fire is the dry deposition velocity; Wout,fire is the washout coefficient and hfire is the 

plume height. 

 

 

Dose Assessment 

The total dose to a chinkara living on the island can be expressed as: 

𝐷𝑜𝑠𝑒𝑡𝑜𝑡𝑎𝑙 = 𝐷𝑜𝑠𝑒𝑠𝑢𝑏 + 𝐷𝑜𝑠𝑒𝑒𝑥𝑡 + 𝐷𝑜𝑠𝑒𝑖𝑛 + 𝐷𝑜𝑠𝑒𝑖𝑛𝑔     

Where Dosesub is the dose due to the external irradiation from submersion in the plume released by the 

fire; Doseinh is the dose from inhalation of particles in the plume; Doseext is the dose from external 

irradiation from deposited activity both during and after the passing of the plume and Doseing is the 

dose from the ingestion of activity deposited on leafy green vegetables. 

𝐷𝑜𝑠𝑒𝑠𝑢𝑏 = 𝐶𝑎𝑖𝑟 ,𝑓𝑖𝑟𝑒 𝑡𝑒 ,𝑜𝑢𝑡𝐷𝐹𝑠𝑢𝑏𝑂𝑐𝑐𝑓𝑖𝑟𝑒      
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Where Cair,fire is the air concentration of a radionuclide at ground level; tout,fire is the time spent during 

the fire; DFsub is the dose factor for external irradiation from submersion in the plume and Occfire is the 

number of fires per year.  

External dose caused by direct irradiation from soil can be expressed as: 

𝐷𝑜𝑠𝑒𝑒𝑥𝑡 ,𝑠𝑜𝑖𝑙 = 𝐹𝑎𝑏𝑜𝑣𝑒 𝐹𝑟𝑢𝑓  𝐶𝑠𝑢𝑟𝑓 ,𝑓𝑖𝑟𝑒𝐷𝐹𝑒𝑥𝑡 ,𝑠𝑜𝑖𝑙𝐶𝐹.𝐸𝐶𝐹  

Where Doseext,soil is the external dose rate to receptor from above ground exposures to contaminated 

soil; Fabove is the dose rate reduction factor accounting for the fraction of time the receptor spends 

above ground; Fruf is the dose rate reduction factor accounting for ground roughness (unitless); Csurf,fire 

is the activity ofradionuclide i in surface soil; DFext,soil is the dose coefficient for radionuclide i in soil 

contaminated to depth of 15 cm; CF is the conversion factor and ECF is the Elevation correction factor 

to adjust dose coefficients to value representative of effective height of animal above ground. 

External exposure due to direct irradiation from water can be expressed as: 

𝐷𝑜𝑠𝑒𝑒𝑥𝑡 ,𝑤𝑎𝑡𝑒𝑟 = 𝐹𝑠𝑢𝑟𝑓𝑎𝑐𝑒 0.5 𝐶𝑠𝑢𝑟𝑓 ,𝑓𝑖𝑟𝑒
1

𝜌𝑤𝑎𝑡𝑒𝑟
𝐷𝐹𝑒𝑥𝑡 ,𝑤𝑎𝑡𝑒𝑟 𝐶𝐹    

Where Doseext,soil is the external dose rate to receptor from exposures at water surface; Fsurface is the dose 

rate reduction factor accounting for the fraction of time the receptor spends at the water surface; 0.5 is 

the dose reduction factor to account for the difference between being immersed in water and being at 

the water surface; Csurf,fire is the activity ofradionuclide i in surface water;ρwater is the density of water; 

DFext,water is the dose coefficient for radionuclide i for organism immersed in water and CF is the 

conversion factor . 
Animals may receive internal radiation doses after ingesting contaminated prey, pasture, soil or water. 

Internal dose according to ingestion of contaminated material can be expressed as: 

𝐷𝑜𝑠𝑒𝑖𝑛𝑔 = 𝑄𝐹𝐶𝑡𝑖𝑠𝑠𝑢𝑒 𝐴𝜀𝑖𝐶𝐹.𝐴𝐹 

Where Doseing is the internal dose rate received after ingestion of contaminated material; QF is the 

quality factor to account for the greater biological effectiveness of α particles. (20 for α; 1 for β and γ 

emissions); Ctissue is the activity of radionuclide i in tissue of organism; A is the mass of ingested 

material (soil, water and pasture); εi is the energy for a, β or γ emissions by nuclide; CF is the 

conversion and AF is the absorption factor. 
Total dose received by each individual chinkara is obtained from summation of aforementioned doses. The 

dose criterion of 1 μSv/yr should be considered to fulfill radiation protection of human. In this paper the 

same criteria is assigned as annual dose limit for total exposures of chinkaras to NORM sources. 

 

Result and Discussion 

The model proposed in this paper is developed by MATLAB. Table 1 indicates the activity 

concentration according to dose criterion of 1 μSv/yr. Calculations are carried out mainly for radium 

isotopes and their daughters mentioned in figure 2. 
 
 Table 1: Activity concentration for Fire scenario  

Radionuclide Activity concentration (Bq/g) 
226

Ra+ 360 
210

Pb+ 930 
210

Po+ 660 
228

Ra+ 450 
228

Th+ 570 
  + Also includes daughters 
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Activity concentrations in table 1 indicate the clearance levels for NORM in sludge wastes. From this 

research following results would be acquired: 

1. By considering the importance of radiation protection and conservative assumptions, the 

minimum value between clearance levels is usually declared as the main specific clearance 

level. In this research 360 Bq/g (concentration of 
226

Ra) is chosen as activity limits for sludge 

burning. This value may be insufficient for radiation protection of workers settled on the island 

because exposure pathways are not related to human behavior. According to environmental 

pathways and condition of chinkaras, this value sufficiently covers all aspect of radiation 

protection. 

2. Specific nature of this paper (against generic nature) demands to apply local data and waste‘s 

specific characteristics in the model. These data includes: precipitation rate, atmospheric 

condition, chinkaras‘ diet and territory, physical and chemical properties of sludge, 

radionuclides in waste package and etc. 

3. Due to dissolving radium in produced water and remaining of uranium and thorium in reservoir, 

only radium isotopes and their daughters are present and should be assessed.  

4. Although open burning is not a recommended and safe disposal method, but anyway it should 

be considered that activity of waste package should not exceed clearance levels. 

5. It should be noted that specific clearance level is derived by considering chinkara as the 

endpoint. This could not be extended for worker and public. In case of human as the endpoint, 

new sets of scenarios must be developed. 

6. It is recommended to analyze the activity concentration of sludge and produced water and 

compare them with specific clearance level. In addition to these two wastes, hard scales from 

pipelines should also be investigated thoroughly. Activity concentration of scales has been 

recorded as highest among other NORM wastes in petroleum industry.  
 

Conclusion 

There is no official record about the activity of sludge containing NORM in Iran. Typical measurement 

around the world, indicates the activity between 0.05 to 800 Bq/g (IAEA, 2006). The clearance level 

derived specifically for Lavan Island depicts that if authorities decide to burn sludges, their NORM 

content shouldn‘t be more than this limit. 
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Abstract 

Syzygium caryophyllatum (L.) Alston., commonly known as Wild black plum, a tropical evergreen tree 

belongs to the family Myrtaceae. S.caryophyllatum is native to India and Sri Lanka; in India the 

distribution mainly occur in Peninsular India especially in the forests of the Western Ghats. The present 

study focuses on the phytochemical investigation and antimicrobial activity of different solvent extracts 

of bark and leaves of S. caryophyllatum. Total phenol, flavonoid and tannin contents in hexane, 

chloroform, acetone, methanol and water extracts of leaves and bark were analysed. Antibacterial 

activity was carried out by disc diffusion method against six pathogenic bacteria viz., Bacillus cereus, 

B. licheniformis, Escherichia coli, Staphylococcus aureus, S. hominis and Aerococcus viridians. The 

total tannin content in the extracts ranged between 0.34 to 0.73 mg TAE/mg. The concentration of total 

phenol and flavonoid in plant extracts varied from 0.11 to 0.71 mg GAE/mg and 0.047 to 0.81mg 

RE/mg respectively. The results of the antibacterial activity revealed that the crude extracts of leaves 

and bark exhibited pronounced antibacterial activity against gram positive and gram negative 

pathogenic bacteria. Further investigations are required to identify the bioactive compounds presents in 

S. Caryophyllatum. 

 

Introduction   

  The phenolic compounds are one of the largest and ubiquitous plant secondary metabolites and 

widely found in the secondary products of medicinal and edible plants. Plant phenolics present in the 

fruit and vegetables have received considerable attention because of their potent antioxidant property. 

Previous report suggested that the plant possess more phenolic content show better antioxidant activity 

this is due to the direct correlation between total phenolic content and antioxidant activity
1,2

. 

Flavonoids are ubiquitous in the higher plants and play an ecological as well as physiological role.  An 

edible fruit rich in antioxidant plays an essential role in the prevention of cardiovascular disease, cancer 

and age related neurodegenerative diseases
3,4

.  

 Syzygium caryophyllatum (L.) Alston., commonly known as Wild black plum, an endangered 

tropical evergreen tree. The vernacular name of this plant is Jangli Jamun in Hindi, Kattunjara or 

Jnarapazham in Malayalam.  S.caryophyllatum is native to India and Sri Lanka; in India the distribution 

mainly occur in Peninsular India especially in the forests of the Western Ghats. Based on the threat 

perception due to its habitat destruction and anthropogenic pressures this tree is listed under the 

endangered category of IUCN Red List. Therefore, any new research findings in this species will 

increase the conservation value furthermore. The seeds and bark were dried and its decoction was used 

in the treatment of diabetes mellitus
5
and also shows antioxidant property. The fruits of many species of 

this genus are edible and some are medicinally important
6
. Previous study reported that different parts 

of Syzygium cumini, such as seeds, bark, fruit, and leaves have been used in traditional medicine as a 
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remedy for diabetes mellitus in many countries
7,8

. Essential oil of Syzygium species are reported to 

possess antioxidant, antibacterial
9
 activities. Species closely related to plants containing known 

polyphenolic antioxidants are likely to have similar polyphenolic constituents; hence the 

phytochemistry of one plant may serve as clues for related plants. In this plant species there was no 

systematic studies on phytochemistry and antimicrobial activities are available in the literature. 

Therefore the present study aimed at to screen the phytochemical content and antibacterial activity of 

leaves and bark extracts against clinically important bacterial strains. 

 

Materials and Methods 

 Plant material and preparation of extracts 

 The fresh leaves of S. caryophyllatum were collected from Thirunelveli district of Tamilnadu, India 

and a voucher specimen (PLS2011007) was prepared, identified and deposited at the department of 

plant science herbarium, Madurai Kamaraj University. Coarse powder of the air dried leaves and bark 

material were sequentially extracted with the same powder using solvents of increasing polarity such as 

hexane, chloroform, acetone, methanol and aqueous solution in Soxhlet apparatus. The extracts were 

filtered through Whatman No.1 filter paper and the filtrate was evaporated under reduced pressure. 

Dried extracts were stored in 4°C until further analysis. 

 Quantitative Phytochemical Analysis 

 After the confirmation of presence of phenol, flavonoid and tannin by preliminary qualitative 

phytochemical tests, the extracts were used for further quantitative estimation. 

 Estimation of total phenol content 

 The total phenol content in different solvent extracts was determined with Folin–Ciocalteu reagent 

using gallic acid as a standard
10

. A standard curve was prepared by using gallic acid as a standard. The 

amount of phenol in plant extracts in gallic acid equivalents (GAE) was calculated by the following 

formula: 

X = (A. mo) / (Ao.m) 

where X is the phenol  content, mg/mg plant extract in GAE, A is the absorption of plant extract 

solution, Ao is the absorption of standard gallic acid solution, m is the weight of plant extract, mg and 

mo is the weight of gallic acid in the solution, mg. 

 Estimation of total flavonoid content 

 The flavonoid content in extracts was determined spectrophotometrically according to standard 

method
11

.This method is based on the formation of a complex flavonoid–aluminium, having the 

absorbtivity maximum at 430 nm. Rutin was used to make the calibration curve. Flavonoid content was 

expressed in mg per mg of rutin equivalent (RE).  

 Estimation of Tannin content 

 The amount of tannin content was determined by modified Prussian blue method
12

. This method is 

based on the mechanism that the phenols reduce potassium ferricyanide to produce ferrous ions; these 

ferrous ions in turn react with ferric chloride in the presence of dilute HCl to form a Prussian blue 

coloured complex, which can be measured spectrophotometrically at 700 nm wavelength. Tannic acid 

was used to make a calibration curve. The content of tannins in extracts, expressed as tannic acid 

equivalents (TAE) per mg of dry extract. 

Antibacterial Sensitivity testing of the crude plant extracts  

 Antibacterial activity of crude extracts of leaf and bark were investigated by the disc diffusion 

method described by Irobi et al
13

. Mueller-Hinton agar medium (MHA) was used for antibacterial 

susceptibility tests. Petri plates were prepared by pouring 20 ml of MHA medium and allowed to 

solidify. The microbial suspensions were then streaked over the media surface using a sterile cotton 
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swab to ensure confluent growth of the organism. 20 µL of 2.5 mg /ml of bark and leaf extracts were 

impregnated on sterile discs of 5 mm size. The discs were then aseptically applied to the surface of agar 

plates at well-spaced intervals. The plates were incubated at 36 °C for 24 h and the observed zones of 

inhibition were measured. DMSO served as a control and antibiotic disks (6.0 mm in diameter) of 

10/10 mcg/ml Ampicillin/Sulbactum, 120 mcg/ml Gentamycin were also used as positive controls. 

Antibacterial activity was evaluated by measuring the diameter of the zones of inhibition against tested 

bacteria. All the experiments were performed in triplicate and the mean values are presented. 

Statistical analysis 
 All the experiments were repeated three times and the results were reported as mean ± SD (standard 

deviation of estimate). The statistical analysis was performed using Microsoft Excel. 

 

Results  

Quantitative Phytochemical Analysis 

 The quantitative estimation of total phenol, flavonoid and tannin content of different solvents extract 

of S. caryophyllatum leaves and bark are shown in Table1. The maximum concentration of total phenol 

content in terms of Gallic acid equivalent (the standard curve equation: y=0.0095x, r
2
=0.994) obtained 

in acetone extract (0.71 mg GAE /mg of dry extract) followed by methanol (0.53 mg/mg) and 

chloroform (0.32 mg/mg) water (0.15 mg/mg), and hexane (0.11 mg/mg).  While total phenol content 

in bark extracts of hexane, chloroform, acetone, methanol and water were noted to be 0.18, 0.23, 0.61, 

0.59 and 0.43 mg GAE/mg of dry sample respectively. The maximum concentration of total flavonoid 

content in terms of Rutin equivalent (the standard curve equation: y=0.0085x, r
2
=0.996) obtained in 

acetone extract (0.81 mg RE/mg of dry extract) followed by chloroform (0.50 mg/mg) and hexane 

(0.24mg/mg) methanol (0.09 mg/mg), and water (0.047 mg/mg). The amount of total flavonoid content 

in the bark extracts (hexane, chloroform, acetone, methanol and water) found in the range of 0.03-0.44 

mg RE/mg of dry sample. Total maximum concentration of tannin content in terms of tannic acid 

equivalent (the standard curve equation: y=0.0117x, r
2
=0.998) obtained in methanol leaves extract 

(0.73 mg TAE/mg of dry extract) followed by acetone (0.60 mg/mg), chloroform (0.57 mg/mg) hexane 

(0.58 mg/mg) and water (0.34 mg/mg). Whereas in bark total tannin contents in different solvent 

extracts (hexane, chloroform, acetone, methanol and water) were varied from 0.23 to 0.62 mg TAE/mg 

of dry sample. The results showed that total phenol, flavonoid and tannin contents were high in acetone 

and methanol extracts of leaf and bark. 

 

Antibacterial sensitivity test 
 The antibacterial activity of crude extracts of leaf and bark was determined by disc diffusion method 

against six pathogenic bacteria species. Antibacterial activity of different leaves and bark extracts 

(hexane, chloroform,  acetone, methanol, and aqueous) of S. caryophyllatum against both gram positive 

and gram negative bacteria viz. B. cereus, B. licheniformis, S. aureus, S. hominis, A. Viridian and E. 

coli  given in the Table 2. Methanol, water and acetone extracts of bark exhibited the pronounced 

antibacterial activity against all the bacterial strains tested. The zones of inhibition were ranged from 7 

to 16.5 mm in diameter. The maximum zone of inhibition noted in water extract against A. Viridans 

(16.5 mm) and S. hominis(16 mm). The leaf methanol and acetone extracts exerted potential effects of 

antibacterial activity against tested bacterial strains. The zones of inhibition were ranged from 6 to 14 

mm in diameter. The maximum zone of inhibition showed against E.coli and B.cereus with zone 

diameter of 14.3 mm and14 mm respectively. However, chloroform and hexane extracts of both leaf 

and bark exhibited moderate effect of antibacterial activity against some of the tested bacterial strains. 

The blind control (DMSO) did not inhibit any of the bacteria tested. Among the six extracts of leaf and 
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bark used in the antimicrobial susceptibility test, the methanol, water and acetone extracts showed 

significant antibacterial activity than that of other extracts. The MIC values confirmed the significant 

activity against the tested microorganisms, as shown in Table 3.  

Discussion 
Phenolic compounds can act as antioxidants by chelating metal ions, preventing radical formation and 

improving the antioxidant endogenous system
14

. Phenolic compounds are important in plant defence 

mechanisms against invading bacteria and other types of environmental stresses, such as wounding and 

excessive light or ultraviolet radiation
15,16

. Antioxidants which predominantly originate from 

phytochemicals have been reported to play an important role in the treatment of diabetes
17

. The earlier 

report shown that high phenol content in Syzygium aqueum leaf ethanol extracts may be the reason for 

its high anti-glycation activity
18

. Previous studies showed that extracts obtained with acetone, ethyl 

alcohol and ether showed higher antimicrobial activity than chloroform extracts
19

. Plaza et al.
20

 found 

significant differences in the antimicrobial activity depending on the solvent used. Tannins were 

reported to exhibit antiviral, antibacterial and anti-tumour activities. According to previous report the 

closely relatived species of Syzygium cumini fruits and leaves extract showed antioxidant activity
21

. In 

general, aqueous extracts exhibited very low antimicrobial activities compared to the other polar and 

non polar solvent extracts. This may be due to the difference in the extractability of solvents to extract 

the constituents having antimicrobial activity
22

. S. cumini leaves methanol and aqueous extract also 

showed similar antimicrobial activity and it may be due to tannins and other phenolic constituents.  

Plant derived antimicrobials have considerable therapeutic potential with lesser side effects that are 

often associated with synthetic antimicrobials
23

.  

  The results of the present study concluded that the extracts of S. caryophyllatum contain high 

amount of tannins and phenolic compounds, which may be attributed to the good antibacterial activity 

as shown. Hence the fractionation of crude extracts has to be done to isolate and identify the 

polyphenolic compound(s) responsible for the antibiotic resistance. It is clear that the bark and leaves 

extracts have great potential as antibacterial compounds against resistant bacteria causing infectious 

diseases. Phytochemical properties are the various bioactive chemical compounds found in plants, as 

antioxidants which are considered to be useful to human health. Our findings showed that the leaves 

and bark of S. caryophyllatum are rich in secondary metabolites which offer great potential for food 

and pharmaceutical industries. Therefore, the studies on population and reproductive biology of this 

species are needed urgently considering its medical value and other potential anthropogenic pressures 

operating at ecosystem level.  
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Table: 1 The quantitative estimation of total phenol, flavonoid and tannin content of the different solvents extract of S. 

caryophyllatum leaves and bark. 

Solvent 

Extracts 

  Total phenol (mg gallic acid 

equivalent/mg dry material) 

Total flavonoid (mg rutin 

equivalent/mg dry material) 

Total tannin (mg tannic acid 

equivalent/mg dry material) 

 Leaf Bark Leaf Bark Leaf Bark 

Hexane 0.111 0.185 0.242 0.135 0.548 0.239 

Chloroform 0.327 0.230 0.501 0.364 0.574 0.259 

Acetone 0.714 0.612 0.812 0.448 0.606 0.428 

Methanol 0.530 0.597 0.090 0.039 0.733 0.630 

Water 0.156 0.433 0.047 0.034 0.348 0.620 
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Table: 2 Antibacterial sensitivity of leaf and bark extracts using disc diffusion method. 

 

Sample 

 

Extracts 

 

S. aureus 

 

S.hominis 

 

A. viridans 

 

E. coli 

 

B. cereus 

 

B. licheniformis 

 Hexane nd nd nd nd 6.1±0.2 nd 

Leaf Chloroform 7± 1.0 nd nd 11.6±0.5 nd nd 

 Acetone 12.6±1.1 nd nd 12.0±1.0 10.1±0.2 9.5±1.1 

 Methanol 12.3±0.5 nd 6.3±0.57 14.3±0.5 14±1.0 11.1±0.5 

 Water 9.3 ± 0.5 nd 9.5 ± 1.1 12.3 ± 1.0 10.1 ± 0.2 9.3 ± 0.5 

 Hexane 8.3±0.5 nd nd nd nd 11.3±0.5 

Bark Chloroform nd nd nd nd nd 11.6±0.5 

 Acetone 7.6±0.7 14.3±1.1 9.3 ±0.5 9.3 ±0.5 9.3±0.2 14 ±1.0 

 Methanol 8.3±0.5 12.3±0.5 11.3 ±0.5 8.3 ±0.5 8.4±0.5 12.1 ±0.7 

 Water 12±1.0 16±1.0 16.5 ±0.5 11.6±0.5 11.5±0.5 12.3 ±0.5 

  

Amp/Sulb 

 

13.5 ± 1.5 

 

30 ± 0.5 

 

10 ± 1.5 

 

10 ± 2.0 

 

9.5 ± 1.1 

 

31 ± 1.1 

Standards Gentamycin 21 ± 1.1 28 ± 0.5 24.5 ± 0.5 25 ± 0.5 27 ± 1.1 23 ± 1.0 

 

Negative 

control 

(DMSO) 

- - - - - - - 

Values are given as mean ± SD of triplicate experiment. 

Standard antibiotics: Ampicillin/Sulbactum (10/10 mcg/disc); Gentamycin (120 mcg/disc). 

nd, not detected. 

 

 

 

Table: 3 MIC (Minimum inhibitory concentration) of leaf and bark extracts against 

pathogenic bacteria. 
 

 

  Samples 

 

Extracts (µg/ml) 

 

S. aureus 

 

S.hominis 

 

A. viridans 

 

E. coli 

 

B. cereus 

 

B. licheniformis 

 Hexane - - - - 2000 - 

  Leaf Chloroform 500 500 500 1000 250 2000 

 Acetone 1000 1000 250 500 250 2000 

 Methanol 1000 1000 1000 500 2000 500 

 Water 500 1000 1000 2000 1000 2000 

 Hexane - - - - - - 

  Bark Chloroform 2000 2000 2000 2000 1000 - 

 Acetone 2000 - 500 1000 1000 - 

 Methanol 500 2000 250 1000 - 2000 

 Water 2000 2000 - - 2000 - 
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IMPORTANCE OF EDUCATION FOR SUSTAINABLE WETLAND TOURISM 

 

   H.R.Uma, H.K.Renushree 

Abstract: 

  Tourism is growing and diversifying, becoming one of the fastest growing economic sectors in 

the world. In 2010, the number of international tourists reached 940 million, and this is forecast to grow 

to around 1.6 billion by 2020.  With half of international tourists traveling to wetlands. the tourism 

expenditure linked to wetlands can be estimated at around USD 925 billion each year.  

   Wetlands can benefit directly from tourism through entry fees, sale of local products, public 

relations efforts and more. However, there is a risk that comes with promoting wetlands as tourism 

locations. The challenge is to ensure that sustainable tourism practices, for which education and 

willingness of the tourists and locals is very essential..The sustainable eco-tourism value chain can 

generate significant employment and income opportunities.  

  

 Results and Conclusion: This paper is based on the work which was carried out in Gudavi Bird  

sanctuary of Shimoga district, which fall under Western Ghats range. The Main objective is to present 

tourist attitude towards willingness to pay for conservation and sustainable development and assess the 

relationship between educations on willingness to pay. The findings reveal that education has a positive 

spillover impact and people‘s response towards willingness to pay. 

Key Words: Wetland Ecotourism ,Sustainable Development,  Gudavi Bird sanctuary, Education. 

Introduction: 

 It is widely acknowledged that Tourism is the largest and fastest growing industry in the world. 

Tourism has emerged from being a relatively, small-scale activity into a global economic phenomenon 

from 1960s onward. Today, it is described as one of the world‘s largest and fastest growing economic 

sector. 125 nations of the world‗s economy depends on tourism.  According to W.T.O, it has generated 

annual income of around US$ 680 billion in 2005 globally. It has contributed over ten per cent to global 

GDP and has generated employment for over 240 million. From 1950 to 2005, annual international tourist 

arrivals expanded at a rate of 6.5 %, while GDP grew by 3.5 %. 

The impact of tourism on developing countries is a serious sustainability issue. 

Ecotourism is a form of tourism that appeals to ecologically and socially conscious individuals 

and is one of the fastest growing sectors in tourism industry. Attraction towards ecotourism has been 

increasing in recent years, particularly, after Rio summit (Earth summit) not only as an alternative to mass 

tourism, but also as a means of economic development and environment conservation. Since 1990s, 

ecotourism has been growing at 20% - 34% per year. Amongst the total visitors, nature tourists comprise 
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40-60% and wildlife tourists 20-40%. United Nations Environment Programme (UNEP) and UNWTO 

have indicated that most of tourism‘s expansion is occurring in and around the world‘s remaining natural 

areas. For many countries, ecotourism is not simply a marginal activity to finance protection of the 

environment, but is a major industry of the national economy. 

The concept of Sustainable development emerged out of the ever increasing concern and awareness 

among the Governments for the environmental decay, depleting natural resources and increasing 

poverty that threatens the very survival of man and other living beings.  The concept  of "Ecologically 

sustainable development‖ was given shape by United Nations Conferences on Human Environment, 

held in Stockholm in June 1972.  

It has been suggested by many studies, that the haphazard tourism development in many parts of 

the world leading to socially and ecologically damaging to the host communities and environments and 

the tourism development for economic benefits is unsustainable as it exercises stress on human and 

natural resources. This criticism arises from a shift of paradigm from a growth –oriented tourism 

development towards more sustainable form of development in tourism in tune with a general shift in 

other social sciences. For tourism industry, sustainability is new word, which is often missing or rarely 

used. But it is not difficult to identify what is not sustainable about tourism development. 

Wetland Tourism: 

The World Wetlands Day theme for 2012 is Wetlands and Tourism. By doing this the world 

recognized the relevance of wetlands as tourist spots and discussed the possible sustainable economic 

development by the conservation of the same. 

Wetland tourism has benefits both locally and nationally for people and wildlife – benefits such as 

stronger economies, sustainable livelihoods, healthy people and thriving ecosystems. At least 35% of 

Ramsar Sites around the world record some level of tourism activity and this percentage is consistent 

throughout all regions. Of course it is important to consider tourism in all wetlands.   

It is worth noting that tourism is one of the many services that wetlands deliver. Ensuring well-managed 

tourism practices in and around wetlands and educating tourists on the value of wetlands contributes to 

their health and the long-term benefits that wetlands provide to people, wildlife, economics, and 

biodiversity.WWD 2012 is an opportunity to use the campaign Wetlands and Tourism to look at the value 

of your local wetlands from the perspectives of tourists and local community members, and to examine 

the benefits of sustainable tourism on wetland ecosystems.Like.. 

          How can tourists contribute to local economies, conservation goals, education and                      raise 

awareness about the benefits of wetlands? 

        How can recreation encourage conservation? 

       How can local NGOs partner with wetlands managers for best practices to maintain or increase 

biodiversity and ecosystem health? 

          How many ways can wetlands managers and tourism planners integrate sustainable tourism and 

recreation into well-managed wetlands? 
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Objectives: 

The main objectives of the paper are 

To study the Impact of education on the sustainable development of wetlands 

To study tourists interest towards wetland conservation through WTP method 

Hypotheses: 

Wetland tourism  promotes sustainable development.  

Education plays significant role in determining Tourist willingness pay 

Methodology 

Area of Study:Gudavi Bird Sanctuary:    Map 

 

 

 

Gudavi (0.74 sq. km) was declared a sanctuary on 10th July 1989. This is located in Sorab Taluk 

,Shimoga district in a dense forest area. It comprises a large water tank covering 0.30 ha and a patch of 
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dense moist deciduous forest. The sanctuary is surrounded by agricultural fields on the west and north 

and by moist deciduous forest on the east and south. 

Sample Design  

Primary data has been collected through Surveys of individual tourists with the help of structured 

questionnaires.  Data was collected in the above mentioned site of Shimoga district. Overall 900 

samples were collected.   

Sampling procedure  

Non-probability convenience sampling was used while selecting samples. The questionnaire was 

designed to gather information concerning the socio-economic background and the valuation of 

recreational resources. Contingent Valuation Method (CVM) was used to measure the amount of WTP 

of visitors.  

CVM,  is commonly used as one of the standard approaches to measure the economic values of non-

market goods, such as recreation resources, wildlife, and environmental quality goods. The CVM 

relies on the stated intentions of individuals‘ willingness-to-pay (WTP) for recreation resources or 

activities, contingent on hypothetical changes in the quantity or quality of environmental amenity 

(Walsh, 1986). 

 

Results and Discussion: 

Following are some of the results got after the analysis of the collected data 

Respondent’s Education 

                                                                                         

 

 

 

 

 

 

 Frequency Percent 

SSLC 152 16.9 

Degree 154 57.1 

Post Graduate 152 16.9 

Other 82 9.1 

Total 900 100.0 
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The above table classify the tourists based on their level of education.It was clear in the pie diagram that 

majority of the tourists have high level of education(ie Degree 57.1% and Post Graduation 16.9%) 

 

Willingness to pay 

              

 

 

                      

 

 

 

 

The above Table depicts respondents view towards  willingness to pay.As more numer of tourists had 

education and knows the significance of conservation they were willing to contribute towards wetland 

conservation. 

      Determinants of Willingness to Pay – Results of the Logit Model 

16.9

57.1

16.9

9.1
SSLC

Degree

post graduate

other

82

18

yes

no

 
Frequency Percent 

yes 738 82.0 

no 162 
18.0 

Total 900 100.0 



83 
 

To study the significance of education in tourists awareness about conservation of wetlands and their 

desire to contribute towards the same, Willingness to pay was regressed on a number of potential 

explanatory Variables.  

                                                      

Empirical Representation of the Logit Model and Hypothesized Relationships 

 

The 

above 

Table 

describe

s the 

variable

s 

expecte

d to 

explain 

willingn

ess to 

pay. The 

variable

‘s units 

of 

measure

ment are 

also 

provide

d. 

Take the form: 

Willingness to pay = β0+ β1GEN+ β2 AGE + β3EDUC + β4 INC + β5 NUMVIS +β6 KNWECT + β7 

PURVSIT 

 

The variables were taken with the following reasons in mind, ceteris paribus.  

Person‘s income is expected to have a positive relationship with their WTP. Higher income People are 

likely to be able to pay higher amounts. Similarly with regard to Education also one can expect to have 

a positive relationship with WTP. People who are highly educated will know the importance as well as 

need for conservation may contribute more and vice versa. Age of person is expected to have a 

positive impact on WTP; younger people will have more concern towards environment with still in a 

working group will be willing to pay more than aged group. Tourists, who visit less often, may be 

willing to pay those who visit more often. Also, people who have knowledge of the concept of what 

Variable Description Measurement Hypothesize

d 

Relationship

s 

WTP Dummy variable   Dependant 

variable 

RESGEN Respondent‘s gender 1 if male and 0 Female + 

RESAGE Respondent‘s age Whole, positive number + 

RESEDU Respondent‘s education whole positive number + 

RESMICOM Respondent‘s income In terms of Rs Monthly 

income 

+ 

NUMVIT Number of visits whole positive number - 

KNWECT Knowledge about 

Ecotourism 

1 if yes and 0 No + 

PURVSIT Purpose of visits   + 
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ecotourism is about will be willing to pay than their counterpart who doesn‘t know its significance. 

Further purpose of visit also play important role in determining WTP, if people had come with the 

purpose of recreation , they will be willing to pay more. 

Factors influencing respondents willingness to pay logistic regression results 

 

 

 

 

 

 

 

                 

 

        

 

 

 

             Notes: ** and * show significance levels of 5 and 10 percent respectively.  

Most of the estimated coefficients had a positive influence on the probability of respondents 

saying ‗yes‘ to the principle WTP questions but only three variables had significant relation. Variables 

like Education, Income, knowledge of ecotourism. Variable like gender, age, number of visits, and 

Purpose although influenced positively but they failed to give significant contribution towards WTP.  

 Variable RESEDU is statistically significant at 1 percent level indicates that the probability of 

saying ‗yes‘ for the WTP question has increased with the level of education. This is understandable 

that more the level of education would  increase a person‘s knowledge about social, political, 

economic and environmental happenings. Moreover, the education would help a person comprehend 

news about environmental effects of economic development  

 

CONCLUSION: 

Variable Coefficient Std .Error Z statistics 

C -1.482664 0.470396 -3.151947 

RESGEN 0.388899 0.312705 1.243660 

RESAGE 0.024239 0.130711 0.185441 

RESEDU 0.407515* 0.158601 2.569441 

RESMICM -1.090168** 0.162598 -6.704682 

NUMVIT 0.092979 0.090234 1.030414 

KNWECT 0.340885* 0.189820 1.795829 

PURVSIT 1.147135 0.305849 3.750652 

Obs with Dep=0  738 Total obs 

Obs with Dep=1 162 900 
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Wetlands are essential for biodiversity and people.  Covering about 6% of the world‘s surface, they occur 

in every country, from the tundra to the tropics (Thorsell et al, 1997).  As well as providing freshwater for 

countless species of plants and animals, wetlands support large numbers of birds, mammals, reptiles, 

amphibians, fish and invertebrate species.  Wetlands also provide economic benefits, for example water 

supplies, fisheries, agriculture, timber production, recreation and tourism opportunities.  Wetlands are an 

important part of our cultural heritage, providing us with a source of inspiration and forming the basis of 

local traditions.   

Despite their enormous value, many wetlands are being damaged and destroyed because of pressure from 

people.  Threats from development for industry, housing, roads and marinas have permanently destroyed 

many significant wetlands around the world.  Other regular losses or damage of wetlands are caused 

through drainage and pollution.  They are one of the most vulnerable habitats on our planet and it is 

essential that we develop knowledge, understanding and action for improved protection and management 

of these fantastic places.  Wetlands provide excellent opportunities to educate schoolchildren, decision-

makers and other target audiences.  Many of these sites are ideal for education programmes that can 

develop knowledge, understanding and action in support of nature conservation.     

Education is a vital tool if we are to improve the long-term protection of biodiversity.  We have to reach 

out to key audiences, including decision-makers, teachers and children.  We need to take them on a 

fantastic journey of exploration to introduce them to the magic of the natural world.  Wetlands are one of 

the most vulnerable habitats on our planet; it is essential that we develop knowledge, understanding and 

action for improved protection and management of these fantastic places.   

Wetlands and botanic gardens are ideal sites to begin the education of decision-makers, schoolchildren, 

teachers and other target audiences.  They can provide the important staring point for people to begin the 

journey of understanding, support and action for the conservation of biodiversity. 

 

According to our expectation the results of regression analysis  reveals that  higher Education level can 

bring about  positive influence on  tourist  WTP .Thus  these findings confirms our Hypothesis. 
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Abstract 

Records of studies of Sri Lankan fireflies were date back to work in early 18
th

 century by 

Europeans. Since then, over two centuries no proper scientific investigations have been 

conducted on Sri Lankan firefly fauna. Hence present study focused to investigate the species 

diversity, human threats and conservation status of fireflies in Sri Lanka.  

Study was carried out from 2010 to 2012 in all nine Provinces of the country. Results revealed 

13 nocturnal firefly species belonging to 6 genera were recorded from all Provinces. Recorded 

species were Asymmetricata humeralis, Curtos costipennis, Luciola species such as L. cerata, L. 

cingulata, L. dubia, L. extricans, L. horni, L. melaspis and L. praeusta, Diaphenes lutescens, 

Diaphenes vitrifera, Lamprigera tenebrosa and Stenocladius sp. Out of total, A. humeralis and L. 

dubia were recorded even all Provinces, L. cerata restricted to Northwestern and two species 

such as L. horni and D. vitrifera distributed only in Uva Province. The highest species diversity 

was reported in Uva Province (1.949) and the lowest in the Eastern (0.334). L. cingulata was the 

dominant one in Sabaragamuwa Province. L. dubia was most abundant firefly in Uva, Central, 

Western, Northwestern and North central, while A. humeralis was the dominant in other regions. 

Light pollution, habitat destruction and water canal modifications were the noted most effective 

human threats for the present firefly population and hence, immediate conservation measures 

should be implemented if we save them in future.    

Key words: Fireflies, Regional Diversity, Sri Lanka. 

 

1. INTRODUCTION 

 

Fireflies are dominant group of nocturnal insects in terrestrial ecosystems and several species are 

specified to live in aquatic ecosystems. They live in both temperate and tropical climates 

throughout the world. During certain seasons, these insects fly about in the evening and are 

conspicuous by their blinking lights (Lloyd, 1971).  

1.1 Distribution 

There are nearly 2,000 species and more than 90 genera of fireflies (Family: Lampyridae) known 

from the world (McDermott, 1964) inhabiting mainly in tropical and temperate regions (Booth et 

al. 1993, Rooney & Lewis, 2000). However, the original edition of Pars 9 by McDermmot, 

(1966) contained 1097 recognized species distributed belonging to 53 genera. Olivier, 1907 

includes 64 genera and 31 further species of fireflies.  Two hundred and eighty species of 
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fireflies have been recorded in wormer regions of Asia including the high number from Sri 

Lanka (Wijesekera and Wijesinghe, 2003). 24 species of fireflies were recorded in Central and 

Northwestern Provinces of Sri Lanka belonging to Subfamily Luciolinae and species such as L. 

melaspis and L. cingulata recorded in Southern Province of the country (McDermott, 1964, 

1966), the endemic species, Harmataliua ototreinae was restricted to Central Province of Sri 

Lanka as having potentially high value for conservation. E. Olivier, (1885) also reported that, L. 

chinensis, L. cingulata and L. doriae recorded from Galle in Southern Province in Sri Lanka. The 

occurrences of aquatic lampyrid larvae in Sri Lanka have been reported by Bertrand, (1973). 

Fireflies in other Provinces of Sri Lanka have never been studied properly. Ballantyne, (2010) 

prepared the ―Geographical list of Luciolinae South East Asia‖, including 258 species and out of 

them, 16 species have included from Sri Lanka with the location of their type specimens. They 

have described originally from Sri Lanka by old scientist and their types are presently stored at 

European museums. However, these old taxonomic records of fireflies are now revised with the 

modern knowledge of firefly taxonomist`s and hence most of old identifications are not valid 

today. 

 

1.2 Historical records  

Studies on Sri Lankan fireflies had limited during past few decades and they had concerned as an 

untouched insect group of the country. There were no proper investigations have been conducted 

within past 200 years based on the diversity, taxonomy and distribution of fireflies in Sri Lanka. 

Hence, available museum collection of fireflies in National Museum, Colombo is very old, 

discolored, damaged and in poor conditioned and it had collected in early 18
th

 century by 

Europeans. The second problem is these information and most of such type specimens of fireflies 

were locally unavailable and presently stored in British Museums.  According to such records, 29 

species were reported by Green, (1912) and Bertrand, (1973) from Sri Lanka.  In (1966), 

McDermott, have reported that 30 species of fireflies represented in Sri Lanka. Tennent, 1861 

also published a book ―The list of Animals in Ceylon‖, which had included 28 species of fireflies 

belonging to five genera. Hence, different taxonomists have been involved to count the number 

of species of fireflies in Sri Lanka in various time periods. They have built up the museum 

collection through their expeditions and it contributed to our present knowledge of the firefly 

fauna in Sri Lanka. It revealed the 63 firefly species belonging to 24 genera had stored and 

labeled as fireflies. The present revision of McDermott, (1966) listed 1891 species in worldwide 

(Junk, 1966) and out of them, 24 species of fireflies have been described originally from Sri 

Lanka. Thereafter, only conducted research was to investigate the distribution and species 

composition of fireflies in Southern Province of Sri Lanka concerning agro ecosystems, 

mangroves and other natural habitats of the Province by Wegiriya et al, (2009, 2008) and 

Bogahawatte et al, (2009, 2008). Those results indicated 7 species of fireflies with several 

numbers of larval stages. However, according to the modern taxonomic revisions of fireflies in 

South East Asian region, several numbers of such identified taxons should be revised. Hence, 
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presently very little is known about the fireflies of Sri Lanka. In addition ecological and 

biogeographically understanding of Sri Lankan fireflies obviously lags even far behind compared 

to their taxonomy (Wegiriya et al, 2009). In addition, current human threats on Sri Lankan firefly 

fauna and possible conservation measures are never been studied previously. Hence, those 

collapses and unavailability of updated museum specimens during past few decades of Sri 

Lankan firefly fauna may create more difficulties and many obstacles for present taxonomists 

and researchers of the country. 

 

Objective 

The main aim of the present study was to investigate the species diversity, human threats and 

conservation status of fireflies in Sri Lanka.  

2. MATERIALS AND METHODS 

 

2.1 Time duration of the study 

The preliminary study was done from November to December 2009 to study the firefly fauna 

of Sri Lanka.  Survey was carried out from 2010 to 2012.  

 
 

2.2 Sites selection of the study 

All nine Provinces of Sri Lanka, such as Uva, Sabaragamuwa, Southern, Western, Central, 

Eastern, Northern, North-Western, North- Central was selected for this study. 

 

 
 

 

 Plate 1: The map of nine Provinces of Sri Lanka. 

 

 Three sub-sampling sites were selected in each province based on different   

            habitats types/ vegetation types of the region (Table 2.1).  

 

 

Province Sub-sampling 

sites/ Locality 

Latitude & Longitude Habitat/ Vegetation 

type 

Uva Welimada 6° 54′ 04″ N,80° 55′ 22″ E Fresh water associated 

 Bandarawela 6° 50′ 0″ N, 80° 59′ 0″ E Paddy cultivation 

Table 01: Description of the selected habitats of nine Provinces of Sri Lanka 

 



90 
 

 

 

 

2.3 Data collection 

Data collection was done from 5.30 p.m. to 10.00 p.m. of each sampling day. The 100 m
2
 area 

was selected in each habitat and adult fireflies were collected using hand nets. Two sampling 

occasions were carried out within each six month and totally eight samplings were carried out.  

In each three month, all provinces were covered up as one month for three Provinces. Recorded 

individuals within the selected area were identified and counted in the field and then they 

released back. Unidentified and doubtful individuals were brought to the laboratory and 

confirmed later. In addition, human threats which affect the firefly fauna were identified and 

possible conservation measures are noted. 

 

2.4 Species Identification 

 Wellawaya 6° 44' 0" N, 81° 6' 0"E Terrestrial grassland  

Sabaragamuwa Balangoda 6° 39′ 0″ N, 80° 41′ 0″ E Fresh water associated 

 Rathnapura 6° 40′ 0″ N, 80° 24′ 0″ E Paddy cultivation 

 Embilipitiya 6° 20′ 38″ N,80° 50′ 56″ E Terrestrial grassland 

Southern Matara 5° 57′ 0″ N, 80° 33′ 0″ E Terrestrial grassland 

 Galle 6° 3′ 0″ N, 80° 13′ 0″ E Fresh water associated 

 Hambanthota 6° 7′ 28″ N, 81° 7′ 21″ E Paddy cultivation 

Central Peradeniya 7° 16′ 0″ N, 80° 36′ 0″ E Terrestrial grassland 

 kandy 7° 17′ 47″ N, 80° 38′ 6″ E Paddy cultivation 

 Nuwaraeliya 6° 58′ 0″ N, 80° 46′ 0″ E Fresh water associated 

Western Maharagama 6° 51′ 0″ N, 79° 59′ 0″ E Fresh water associated 

 Panadura 6° 42′ 48″ N,79° 54′ 15″ E Paddy cultivation 

 Gampaha 7° 5′ 30″ N, 79° 59′ 59″ E Terrestrial grassland 

NorthWestern Kurunegala 7° 29′ 0″ N, 80° 22′ 0″ E Terrestrial grassland 

 Kuliyapitiya 7° 28′ 14″ N, 80° 2′ 44″ E Paddy cultivation 

 Narammala 7° 26′ 4″ N, 80° 13′ 17″ E Fresh water associated 

Northern Point Pedro 9° 49′ 0″ N, 80° 14′ 0″ E Terrestrial grassland 

 Jaffna 9° 40′ 0″ N, 80° 0′ 0″ E Paddy cultivation 

 Kilinochchi 9° 23′ 0″ N, 80° 24′ 0″ E Fresh water associated 

Eastern Arugam bay 6° 51′ 0″ N, 81° 50′ 0″ E Terrestrial grassland 

 Ampara 7° 5′ 0″ N, 81° 45′ 0″ E Paddy cultivation 

 Trincomalee 8° 34′ 0″ N, 81° 14′ 0″ E Fresh water associated 

Northcentral Anuradhapura 8° 21′ 0″ N, 80° 23′ 0″ E Paddy cultivation 

 Kekirawa 8° 2' 0" N, 80° 36' 0"E Fresh water associated 

 Polonnaruwa 7° 56′ 0″ N, 81° 0′ 0″ E Terrestrial grassland 
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Collected specimens were identified morphologically using available keys and published 

information of Lampyrids in South East Asian region. Used reference links were Ballantyne & 

Lambkin, 2009; Ballantyne, 2010(Pers. Comm.); Jeng, 2008;        Jeng, et al., 1998; Jeng, 

2010(Pers. Comm.). Photographs of type specimens stored in European museums were also used 

to confirm the species. Firefly specimens stored in National museum, Colombo were used some 

extent as reference specimens for this study. Furthermore, doubtful identifications were further 

confirmed using modern taxonomic knowledge and experts of world and advance techniques of 

genitalia dissection.  

 

2.5 Data analysis  

The data was analyzed using following two indices such as abundance and species diversity.  
 

 Species abundance in each habitat were obtained by calculating equation of (Total number of 

individuals =∑ ni -   where ni is the number of each species) for each species. 
 

 Species diversity of fireflies in each Province was calculated by Shannon – Wiener species 

diversity index (Begon et al. 1986). 
 

 

 

3. RESULTS AND DISCUSSION 

 

 

 

3.1 Recorded species 

 

During the study, 13 nocturnal species of fireflies belonging to 3 subfamilies and 6 genera 

were taxonomically identified from nine Provinces of Sri Lanka. 

 

 

Table 02: Recorded species of fireflies in Sri Lanka 

No Subfamily Genus Species 

1 Luciolinae Asymmetricata  A.humeralis (Walker, 1858) 

2 Luciolinae Curtos C.costipennis (Gorham, 1880) 

3 Luciolinae Luciola L. cerata (Olivier, 1912) 

4   L. cingulata (Olivier, 1885) 

5   L. extricans (Walker, 1858) 

6   L. horni (Bourgeois, 1905) 

7   L. melaspis ( Bourgeois, 1909) 

8   L. praeusta (Kiesenwetter, 1874) 

9   L. dubia(Olivier, 1903) 

                  H = - 1
0
∑ Pi ln Pi 

H- Diversity 

Pi- The propotion of species ‖i‖ 
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Out of the total number of recorded fireflies, genus- Luciola were the dominant firefly group in 

Sri Lanka while other recorded genera were consisted with few numbers of species because 

Ballantyne, (1987b) mentioned that‖ Luciolinae fireflies presently found in almost all 

geographical areas except the polar ice caps and the North and South America‖. Especially, the 

genus Curtos has been recorded in South East Asian countries such as China, Taiwan, Japan and 

Indonesia, and it recorded in first time from Sri Lanka during this study. It provides better view 

point to update the firefly taxonomy and current list of fireflies in Sri Lanka. The genus- 

Asymmetricata also introduced by Ballantyne, (2009), and Asymmetricata humeralis recorded 

under this genus. The taxon of L. dubia confirmed recently by Ballantyne in 2012 and before that 

it had placed in to the ―Luciola preausta complex‖ and named as Near (L. terminalis). 

3.2 Abundance 

 

3.2.1 Average abundance of fireflies. 

 
  

 

 

 

 

 

 

 

 

 

              Figure 1: Average abundance of recorded fireflies in nine Provinces of Sri     

                              Lanka. 

According to the figure 1, the highest abundance of fireflies was recorded in Uva Province of Sri 

Lanka and, second and third places had in Sabaragamuwa and Southern Provinces respectively. 

Majority of areas in these provinces have wet climate with considerable high rainfall. That may 

10 Lampyrinae Diaphenes D. lutescens (Walker, 1858) 

11   D. vitrifera 

12 Lampyrinae Lamprigera L. tenebrosa (Walker, 1858) 

13 Ototretadrilinae- 

Ototretinae complex 
Stenocladius  Stenocladius sp (Fairmaire, 1878) 
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be one reason to represent the highest firefly population comparing rest of six Provinces because 

Fernando, (1984) mentioned as ―The distribution and abundance of fireflies in Sri Lanka is 

thought to be influenced by climatic variation‖. The lowest population of fireflies has recorded in 

Northern Province of Sri Lanka. 

 

3.3 Distribution 

  3.3.1 Distribution of each firefly species in each Province of Sri Lanka 

 

  

 

 

 

 

 

 

 

 

 

          Figure 2: Distribution of recorded fireflies in nine Provinces of Sri Lanka. 

 

Distribution variations of fireflies are provided valuable insight to illustrate the dissemination 

pattern of their species among various regions and ecosystems of the country. Figure 2 revealed 

that L. cerata restricted to the Northwestern Province and, both L. horni and D. vitrifera 

distributed only in Uva Province. Two species such as A. humeralis and L. dubia recorded in all 

nine Provinces while others were limited to one or several regions of the country. In addition, L. 

cingulata was the dominant one in Sabaragamuwa Province. L. dubia was most abundant firefly 

in Uva, Central, Western, Northwestern and North central, while A. humeralis was the dominant 

firefly species in Southern, Eastern and Northern Provinces. 
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  3.3.2 Distribution of recorded fireflies in each habitat of Sri Lanka 

 

  

 

 

 

 

 

 

 

 

 Figure 3: Percentage distribution of recorded fireflies in three selected habitats  

                             of Sri Lanka. 

 

Ecological information of adult fireflies is provided important view point to identify their life 

cycle stages and to study the behavioral characters in their natural environment. According to the 

figure 3, the highest percentage of fireflies have distributed in terrestrial grassland areas of Sri 

Lanka while the lowest percentage recorded in habitats associated with fresh water. Ballantyne et 

al, 2000, 2001, 2006 and 2009 mentioned that widely behaving habitats of adult fireflies 

depended on their larval association. As such, the subfamily Luciolinae fireflies were the 

dominant group in Sri Lanka and most of them may have terrestrial larvae. Whereas Ballantyne, 

et al., 2002 tabulated data showed that mode of life of Luciolinae larvae in Sri Lanka not 

recorded and doubtful.  

 

 

3.4 Species Diversity 

 

3.4.1 Species diversity of fireflies in nine Provinces of Sri Lanka. 
 

Table 03: Species diversity of fireflies in nine Provinces of Sri Lanka 

Province Shannon wiener 

diversity 

39.24%

32.07%

28.69%
Terrestrial 
grassland

Paddy cultivation

Fresh water 
associated
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Uva 1.989 

Sabaragamuwa 1.656 

Southern 1.638 

Central 0.871 

Western 1.128 

Eastern 0.334 

Northern 0.398 

Northwestern 1.560 

Northcentral 0.836 

 

According to the table 03, the highest Shannon wiener species diversity was recorded in Uva 

Province indicating the higher number of various species of fireflies than other nine Provinces of 

Sri Lanka. Sabaragamuwa Province had placed of second highest diversity, while Eastern 

Province had the lowest species diversity of fireflies in Sri Lanka. Preferable climatic conditions 

with high rainfall and temperature may influence to have such regional diversity variations of 

fireflies in Sri Lanka. 

 

3.4.2 Species diversity of fireflies in selected habitats of Sri Lanka. 

 

 

Table 04: Species diversity of fireflies in selected habitats of Sri Lanka. 

 

 

 

 

The table 04 revealed that the terrestrial grassland habitat represented the highest species 

diversity of recorded fireflies in Sri Lanka while habitats associated with fresh water had 

indicated the lowest species diversity. That may indicated the highest numbers of recorded firefly 

species in Sri Lanka have terrestrially active larvae and numbers of species with having aquatic 

or semi-aquatic larvae were very few. 

3.5 Identified major anthropogenic threats for firefly fauna. 

 

a) Destruction of firefly sensitive habitats - The major reason for declining of firefly 

population is destruction of their sensitive habitats by anthropogenic activities. Fireflies are 

usually associated with terrestrial habitats and aquatic vegetations. Activities such as egg 

laying, larvae and pupae development are being associated with ground level of their habitats 

Habitat Terrestrial 

grassland 

Paddy 

cultivation 

Fresh water 

associated 

Shannon wiener 

diversity 

1.676 1.572 1.521 
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and adults show their flashing behavior on tree tops of their vegetation. Hence such activities 

directly affected by increasing of logging and destructing of habitat for commercial purposes. 

As such, natural feeding and breeding habitats of fireflies are vanished day by day 

throughout the country.  

 

b)  Modification of aquatic habitats- it is major emerging threat for present firefly fauna in Sri 

Lanka because modifying of lining ditches with artificial damps or concretes are major trend 

of current development projects in Sri Lanka. Even water irrigation canals in paddy fields are 

also modifying by concrete. That severely affect the firefly population by wipe outing their 

eggs, larval stages, pupas and even adult stages from these water associated riparian areas 

because most of such stages have preferably incorporated with semi aquatic ecosystems. In 

addition lining ditches with cement makes it more difficult for firefly larvae to search foods 

and mates and especially aquatic larvae to leave the water to pupate. 

 

c) Pesticide pollution- It is one of reasons to be threatened the existing firefly population. Sri 

Lanka is an agricultural country and those hazardous chemicals hence wise use in 

agricultural industry in all most all provinces of the country. Used chemicals in agricultural 

lands may be reasoned to gradually contaminate nearest aquatic ecosystems and also 

terrestrial habitats by water transmission ways and hence it indirectly affected the 

neighboring firefly populations. Most of synthetic ingredients of such chemicals might be 

influence to cease the continuity of their life cycles by being toxic or lethal for eggs, 

immature stages and adult forms. 

 

d) Light pollution- Artificial lightning is becoming to major threat that severely disturbs the 

mating behavior of fireflies at dark. This has increased in extent enormously since the 1960s 

and few landscapes are now free from light pollution. Flashing lights throughout the night 

may lead to avoid the activities of fireflies such as mates and food searching at dark. As such 

it is an obstacle to their population continuity. Road lamps, household lights and other many 

of flashes are reasons to harm fireflies today. 

 

 

3.6 Suggestions for conservation measures of firefly fauna in Sri Lanka 

 

a) Preservation of excising firefly population of the country. 
 

b) Continuing the environmental quality- Clean gardens and natural ecosystems 
 

c) Reducing the habitat destruction and pesticide pollution 

 

 
 

e) Minimizing the light pollution-  

by avoiding the flashes lights, minimizing the house-hold lights and street lamps, attach a 

shade to street lamps to avoid lightning of surrounding sensitive ecosystems. 
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f) Restoration of firefly natural habitats. 
 

g) Implement the sustainable firefly tourism programs-  

        Aware of tourist, local people and school children about significance and   

        diversity of fireflies,  introduce books, leaflets, posters and photographs of   

        fireflies, initiating of ground level programs to promote firefly based night-  

        tourism industry, declare the association and organizations to conserve fireflies  

        in Sri Lanka. 

  

Overall findings of the study will be provided an overview of firefly fauna in Sri Lanka. During 

the study, 13 firefly species identified using modern taxonomic information in South East Asian 

region. In addition their abundance variation, regional distribution and species diversity were 

studied. Furthermore, current anthropogenic threats for firefly population and major suggestions 

to implement conservation programs for them were addressed. Hence, that information will 

helpful to fill the void of firefly biodiversity in Sri Lanka and Insect population of the country to 

some extent after 18
th

 century. 

Conclusion 

Out of the total recorded fireflies in Sri Lanka, genus-Luciola species were the dominant firefly 

group. The highest firefly population was recorded in Uva Province and lowest in Northern 

Province of Sri Lanka. L. cerata restricted to the Northwestern Province and, both L. horni and 

D. vitrifera distributed only in Uva Province. A. humeralis and L. dubia recorded in all nine 

Provinces while others were limited to one or several regions of the country. The highest 

percentage of fireflies have distributed in terrestrial grassland areas of Sri Lanka. The highest 

Shannon wiener species diversity was recorded in Uva Province and terrestrial grassland habitats 

of Sri Lanka. Destruction of sensitive habitats, water canal modifications, pesticide pollution and 

light pollution were major identified anthropogenic threats for present firefly population and 

proper conservation activities should be implemented urgently if we preserve our firefly fauna 

for future generations. 
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