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The rapid expansion of commercial aquaculture, particularly prawn culture, in Chilika Lake is contributing directly and indirectly to the decline of the lake’s fisheries and world-renowned bird population. Changes both in India’s economic policies and in global markets have caused a rapid rise in the price of prawns and the abandonment of traditional fishing patterns in favor of aquaculture.

Chilika Lake, the largest lagoon in Asia, covers about 100,000 ha of land on the east coast of peninsular India.  It is one of six Indian wetlands listed in the Ramsar convention of 1982.  Chilika is a very rich preserve of ecological diversity with over 400 vertebrates of both brackish and freshwater species, including several endangered, threatened, and vulnerable species.  Over one million migratory waterfowl and shore birds gather there during winter.  A very large lake with a drainage basin of over 4,300 km2, Chilika provides a livelihood for over 100,000 fisherfolk and contributes to India's foreign exchange balance through tourism and exports of prawns and fish.

Though severe ecological degradation has been observed here over time, it has received little attention at the local, national, and international levels.  Forest degradation, markets, and international changes are usually portrayed as the main causes for such degradation.  The truth of the matter lies in understanding various direct and indirect causes at the local, regional, national, and global levels, and their relative importance.  Only such an approach can provide direction for policy formulation for better preservation of Chilika’s biodiversity. 

Like many wetlands around the world, Chilika Lake is subject to a multiplicity of pressures, ranging from local to global in geographic scales, with impacts over short to very long periods, and with long-term effects on the socioeconomic development of India.  All these are driven in part by market forces and in part by socio-political situations.  In the case of each type of pressure, different sets of root causes of biodiversity change are identifiable. With this backdrop of highly diversified possible root causes, it is important to study this wetland more closely, with a view to its conservation. 

According to this study, the major root causes of biodiversity loss, in order of importance, are population dynamics, globalization, and aquaculture technology and, lastly, if at all, forest degradation and other ecological changes.  This important finding leads to the conclusion that the root causes for biodiversity loss in the lake lie in regional socioeconomic factors.

Site Description

Because it is connected with the Bay of Bengal, the Chilika wetland is actually an estuarine lake or lagoon.  Hemmed between green hills in the south and the Bay of Bengal in the northeast, the lake is dotted with numerous small rocky islands.  Its pristine beauty has fascinated the people of the region for centuries.  Over the last hundred years, Chilika has attracted the attention of biologists, fishery scientists, geologists, oceanographers, planners, and administrators and, in recent years, ecologists, naturalists, and conservationists.

The lake is about 64.5 km long, varying in width from 18.5 km in the north to 5 km in the south.  On its southern end, the lake has a major link with the Bay of Bengal through an irregular 29-km long channel (with several small, sandy, and usually ephemeral islands). About 1.5 km wide, the channel runs parallel to the bay and is separated from it by a very narrow spit, 183 m to 274 m wide.  Chilika Lake also has another link at its southern end (through Palur Canal starting from Rambha Bay up to the mouth of the Rishikulya River, about 18 km down the coast), which is separated from the lake by lowlands, some of which are used as salt pans. 

Figure 10.1 Map: Chilika Lake Showing Four Natural Sectors of the Lake Area
Largest among the lake’s islands, Nalabana is a low-lying marshy island of about 35 km2, covered with low vegetation.  Designated as a bird sanctuary in 1973, it is the only protected part of the lake.  Generally, it is completely submerged after the monsoon.  Several rocky islands in the southern sector, including Kalijai, Somolo, Dumkudi, Honeymoon, Breakfast, and Bird Islands, represent the inundated remnants of the Eastern Ghats.  On the coastal side, many islands, made up of sand dunes; cover about 728 km2.

The drainage basin of Chilika Lake lies between the rivers flowing into Mahanadi and Chilika in the north while, in the northeast, areas draining into the Bhargavi River make up the watershed.  To the west and southwest, the watershed boundary lies between streams flowing into the Rishikulya River and those flowing into Chilika.  Many other smaller rivers, rivulets, and tributaries, also flow through the area.

In addition to the 1,100-km2 area of the lake itself, the drainage basin of Chilika includes 2,325 km2 of agricultural land (mostly dry land), 526 km2 of forests, 192 km2 of permanent vegetation predominantly used for plantations, 71 km2 of swamps and wetlands, and  91 km2 of grassy mud flats in the northeast of the drainage basin.  Only 52 km2 of the basin are occupied by human settlements, roads, railways, and other infrastructure. 

Chilika Lake is home to several ecologically important species of flora and fauna.  Some of the most common varieties of crab species found in Chilika Lake are: Scylla serrata, Neptunus pelagicus, Varuna litterata, Ocypoda Sp., and Paratelphusa Sp.  Commonly known as Chilika's famous "Tiger Crab," S.serrata is the most important species and occurs in greater numbers than all other species combined.  However, it is now on the list of vulnerable species due to over-exploitation.  Five species of prawn form the basis of the commercial prawn fishery in Chilika Lake.  These are: Penaesus monodon, P.indicus, Metapenaesus monoceros, M.affins, and M.dodsoni.  The famous "Tiger Prawn" of Chilika, P.monodon, is also over-exploited by the fast-growing prawn industry. 

Biodiversity losses in Chilika Lake are tremendous.  The number of fish species is estimated to have fallen from 126 in the 1920s to around 69 in 1988.  Prawns used to be abundant in the lake and provided prey for a variety of fish.  Now prawns are scarce, a fact reflected in a decline in both fish and prawn landings.  Chilika also used to be home to a variety of marine animals including crocodile, green sea turtles, and gharials, all of which have become locally extinct. 

Some of the ecological changes that are taking place are worth noting.  The rate of annual siltation in the lake has reached alarming proportions.  The progressive increase in silt, predominantly due to deforestation in the Chilika drainage basin, has reached a rate of almost 13 million tons annually, brought into the lake by the estimated 375,000 million cusec of freshwater flow per year.  The influx of silt is the chief cause of lake shrinkage. The current annual rate of lake and wetland shrinkage is about 14.7 km2.  Shrinkage of the lake area alone has been approximately 1.5 km2 per year. Compared to the fast freshwater inflow, particularly during the monsoon months, outflow is slow due to the constricted channel. This channel runs through a sandy trough, frequently changing course because of shifting of the sea mouth.  The mouth of the lake has been shifting northwards at a rate of 3 km every 10 years, thus making the channel longer every year.  The sea inlet has also been narrowing over time.  At present, the width is about 180 m, down from 195 m in 1992.

Progressive decline in average salinity from around 22.3 ppt in 1957-58 to present levels of 3.6 ppt is another serious ecological change.  Declining salinity is mainly due to the increasing flow of fresh water from the north and clogging and shifting of the lake mouth in the south.  This affects the entire spectrum of fishing practices for both brackish- and freshwater species, since it contributes to the shift from traditional fishing methods known as uthapani, jano, diano, and bahani to pen and cage aquaculture. 

The growth of chemical-based industries in the catchment areas, agricultural intensification in the Chilika basin and, most importantly, the spread of prawn-culture ponds since the mid-1980s have increased pollution and eutrophication of the lake.  The presence of toxic heavy metals including mercury, lead, copper, chromium, and nickel in the lake has been reported.  The net effect of eutrophication is excessive weed growth, because of the high influx of rich organic silt and sedimentation over the years and progressive decline in salinity.  Weed invasion has been claiming 14.3 km2 per year since 1973. 

Chilika Lake boasts 150 species of birds including the dowitcher, one of the least known Asian shorebirds, and the spoonbill sandpiper, one of the rarest.  In addition to its impact on fishing, weed growth has contributed to drastic reductions in these bird populations, particularly noted near the Nalabana bird sanctuary.  Also noted is a decline in the quantity and variety of fish on which these birds prey. Deforestation in the Chilika basin and hunting, to the tune of almost 15,000 to 20,000 birds every year, are also contributing to this decline.  This decline, in turn, has resulted in a substantial decrease in international tourists and ecotourism, which used to contribute greatly to the local economy.

Fishing and Aquaculture Practices

Because of their strong links with the habitat and human livelihoods around the lake, it is very important to note the changing fishing and aquaculture practices in this region.  Chilika Lake provides an excellent brackish-water environment with more than 6,000 ha for prawn and fish culture, about 19 percent of the total available brackish-water resources in the State of Orissa.  For centuries the people of this region followed traditional methods of fishing but prawn culture is a relatively new activity. 

During the early 1980s, brackish-water commercial prawn farming grew rapidly in and around the lake.  Large-scale conversion of various traditional fisheries to aquaculture has taken place.  While diano and uthapani fisheries were converted to aquaculture by non-fishermen and the government, other fisheries such as bahani and jano areas have been converted both by the government and by some fishermen’s cooperative societies, either themselves or through sublets to third parties.

Under a program for landless and rural poor, developed under the Brackishwater Fisheries Development Agency and strongly supported by the Orissa State Fisheries Department, 1,550 shrimp ponds covering an area of 487 ha were established in the periphery of the lake.  Several financial institutions provided more than 1.1 million rupees (Rs) for these projects.  About 600 families of the poorest of the poor in the Chilika area have improved their incomes through prawn culture under the scheme "Economic Rehabilitation of Rural Poor" sponsored by the state government.  In addition, 165 private agencies have developed prawn-farming projects in the lake area using bank credit, and 20 farmers were engaged in prawn farming under a central government-sponsored scheme.  Most of the projects were developed in the northeast and southeast parts of the lagoon.  Recently there has been an attempt to opt for small-scale brackish-water shrimp culture, which has fewer ecological impacts.  Development of low-cost technology for prawn culture has facilitated rapid expansion of aquaculture in confined brackish-water ponds as well as in seasonally dry areas in the lake periphery and in the adjacent areas of saline soil.

Research Methodology

Possible socioeconomic root causes of biodiversity loss were analyzed together with key ecological factors using statistical techniques to arrive at priorities for policy prescriptions.  Some of the likely socioeconomic root causes of biodiversity loss in Chilika Lake identified in initial hypotheses were population growth; urbanization and industrialization; conversion of lake area to agriculture; pressure on land, intensification of land use, and changing cropping patterns; deforestation in the catchment; increased demand for fish and prawns; pricing and growth of the market system; changing caste configuration of fishermen and caste conflicts; changing aquaculture practices; intervention by money lenders; and the legal, political, and institutional role of the state.

Variables for Analysis

The hypothesized ecological and socioeconomic root causes or variables can be grouped into four basic blocks on the basis of scale, namely geographic, ecological, socioeconomic, and temporal scales.  Scale is understood here as the dimension of the effects of the variable.  Under geographic scale, factors influencing the biodiversity of the lake are grouped based on distance.  Three broad geographic levels are considered here: global, national (including regional), and local. In Chilika, the influence of the global on the national and of the national on local processes and institutions are visible.  Under ecological scale, natural phenomenon such as floods, rainfall, deforestation, and climate change, as well as human resource use such as aquaculture and agriculture, are considered.  Under socioeconomic scale, caste systems and their conflicts, population dynamics, poverty, industrialization, urbanization, ecotourism, and markets are considered.  Under temporal scale, only some initial changes have been witnessed.  But recent visible temporal changes, as compared with conditions observed over the last century, must be kept in mind when addressing the problem of biodiversity in the long run.  The geographic and socioeconomic scales seem to provide the most useful basis for organizing the root causes of biodiversity loss in Chilika; this study was organized accordingly.

For the purposes of geographic analysis, the entire lake area was divided into four ecological sectors: northern, central, southern, and outer channel.  This division is based on salinity and depth.  It is assumed that normally the salinity would increase from the north to the outer channel, and that with the increasing nutrition and freshwater inflows from the northern sector and clogging of the lake mouth in the outer channel, the central and southern sectors would lose their distinct characteristics over time.  If that ever happens, biodiversity losses would be very high.  On similar lines, the 128 villages around the lake have been grouped into five zones.  The zoning was based on demographic structure and transition, fishing and agricultural practices, and geographic contiguity.

To analyze the socioeconomic aspects, the first step was to take a close look at the different socioeconomic groups, entities, and actors, and their differing perceptions about the state of lake biodiversity.  They were grouped in four categories for the analysis.  Geographically, they are grouped as local—people of the villages around the lake, about 100,000 people in about 128 villages; regional—people of the districts around the lake (Khurda, Puri, and Ganjam); state and national—the governments of Orissa and of the Indian Union; and global—middlemen, NGOs, market operators, and exporters and importers, among others.  Temporally, they are grouped as present generation and future generation.  Economically, they are grouped as fishermen and non-fishermen, profit makers in aquaculture, export earners, and eco-tourists.  Socially, they are grouped as class and caste groups, money lenders, and politicians.

Data

Representative sample data are shown in summary form in Table 10.1. A large statistical and scientific database already exists on the ecological aspects of the lake. These secondary sources provide significant insight into the ecological changes over the last hundred years.  The major ecological factors included are salinity, siltation, weed growth, lake shrinkage and depth changes, pollution, eutrophication, avifauna, fish catch, and aquaculture. In addition to compiling this data, interviews were held with scientists, bureaucrats, social workers, and citizens with knowledge of the lake.  These focused interviews elicited additional information about historical and current lake characteristics, inhabitants and fishermen in the surrounding areas, and their perceptions and suggestions for improving biodiversity conservation.

The existing literature contains little information on socioeconomic and anthropological factors.  Available information from secondary sources covered fishing licenses; fish landings, exports, and prices; fish processing; employment, cooperatives, and financing; census data on population dynamics; and legal issues. To provide more information on the socioeconomic variables for this study, a survey was conducted. The survey covered cultural practices, livelihood status, demographic structure of the family, social dimensions of fishing communities, perceptions regarding causes of biodiversity changes, income and consumption patterns, and willingness to pay for biodiversity conservation.

Table 10.1 Sample Variables for the Lake
Variable

Units
1986-87
1996-97
CGR

Weed area

km2
395
500
0.0238

Water area

km2
790-805

1.5 per year decline;-0.0018

Forest
Dense
km2
92.99
69.71
-0.0284


Sparse+Degraded
km2
89.04
145.24
0.0501

Degraded plantation

km2
18.31
212.07
0.2775

Agricultural land

km2
697.10
1,112.24
0.0478

Lake depth
Northern sector
m
0.92
0.72
-0.0242


Central sector
m
1.50
1.60
-0.0065*


Southern sector
m
1.64
1.89
-0.0143*


Lake average
m
1.35
1.40
-0.0036*

Salinity
Northern sector
ppt
3.1
0.82
-0.1245


Central sector
ppt
8.28
8.94
-0.0077*


Southern sector
ppt
10.7
8.42
-0.0237


Lake average
ppt
7.02
3.60
-0.0646

No. of PFCS

No.
48 in 1959
92 in 1998
  NA

Aquaculture
Fish production
MT
6,863
1,352
-0.1500


Shrimp production
MT
1,241
281
-0.1380


Fish export
MT
6,623
1,000
-0.1723


Shrimp export
MT
1,540
703
-0.0754

No. of boats
Mechanized
No.
253 in 1992
454
0.1570


Country
No.
4,147 in 1992
4,971
0.0460

No. of nets

No.
31,668
19,190
-0.0480

Population
Total

91,430 in 1981
115,457 in 1991
0.0236


Fishermen
'000
85
104
0.0200


Non-fishermen
No.
17,707
2,5704
0.0370


Active fishermen
'000
20.2
27.2
0.0300

No. of tourists

'000
83.46 in 1983
148.06 in 1994
0.0535

Population density

No./km2
2.34 in 1981
3.1 in  1991
0.0285

Prices
Fish
Rs./kg
20 in 1992
36 in 1998
0.1029


Prawn
Rs./kg
200 in 1992
495 in 1998
0.1630

Note:  CGR = Compound growth rate   '* ' =  Represents the assumed CGR based on field data.

Eight villages with distinctive characteristics were selected in order to capture the important socioeconomic and cultural root causes affecting biodiversity in Chilika Lake.  Two villages in the south-central sector of the lake, Krishnaprasad Garh and Berhampur, were selected because non-fishermen, along with traditional fishing communities, are practicing intensive prawn culture along the shore of the lake in this area.  Two villages located at the entrance of the outer channel to the lake, Satapara and Arakhuda, were selected because both prawn culture and fishing are intensive in this region.  Juvenile prawns are being caught and sold to fishermen in areas where pen culture is common.  One village on the northern side of the lake, Soran, was selected because siltation and weed growth are major problems in this part of the lake.  Bhasandpur and Chandraput, also in the northern part of the lake, were selected because of the settlement of immigrants from Bangladesh in this region, which has generated caste conflicts.  The eighth village, Sabuli, in the southern sector of the lake, was selected because the village is located in the mountainous region of Chilika basin, an area covered with thin forest.  The village is characterized by a split among the fishing cooperatives, which has led to many conflicts affecting fishing rights.

Through interviews and group discussions, about 40 households in each of the eight villages answered a pre-tested structured questionnaire.  To generate interest in the survey among the villagers, group discussions of Chilika’s deterioration and the problems faced were held before the interviews were conducted.  Additional information was gathered through discussions with community leaders and older villagers.

Analysis and the Conceptual Model

The linkages between economic, social, demographic, and ecological variables were estimated using statistical techniques.  Many of the root causes interact one with another.  For instance, population pressure can affect the pressure on land.  Deforestation can cause eutrophication, leading to changes in aquaculture practices.  Moreover, although several measures and indicators could be developed for each of the ecological and socioeconomic variables, it is not easy to assign weights to the perceptions of all the actors involved in the Chilika Lake system as a whole or to rank them numerically. Therefore, the effects or impacts of such factors or root causes were quantified first and cause-and-effect elasticities were calculated.  Next, the varying perceptions of different socioeconomic actors, assessed using primary survey techniques, were interpreted along with the elasticities.

Elasticity matrices were calculated using the data collected through surveys and from secondary sources.  The elasticities depict the variables’ rates of change over a period of about 10 years, and indicate the direction and relative magnitude of effect of the various factors influencing the lake.  For example, shrinkage in water area significantly affects all the other ecological parameters considered, namely salinity, weed growth, and agricultural land area.  Degradation of plantation land, however, only minimal affected the other ecological factors considered by the study.

The socioeconomic aspects and factors were linked with the ecological dimensions and characteristics using a conceptual model, which was developed around the ecological framework of the lake.  Socioeconomic pressures are understood to affect the ecological conditions and, in turn, those conditions are understood to cause socioeconomic changes.

This conceptual model was then simulated for various scenarios.  The major ones were:

1. impact of globalization: price changes, mix of fish in exports, tax and subsidy policy changes;

2. impact of demographic changes: literacy, mortality, fertility, migration;

3. impact of legal changes: licensing, lease policy;

4. natural ecological changes: deforestation, floods, changing lake mouth;

5. technological interventions: aquaculture practices, dredging in the lake.

The conceptual model developed here together with the estimated elasticity matrices clearly suggest both the direction and extent of the impact of root cause factors responsible for the change in the Chilika lake region.  The analysis suggests that biodiversity changes themselves do not set off any chain reaction of changes in the ecology of the region.  Rather, it is the population and socioeconomic dimensions, fueled by global factors that have been bringing significant biodiversity changes to the region. The rate of change in the ecological situation of the region in turn is a threat to the socioeconomic life of the region.

Research Findings: The Local and National Context

Local Issues

The local region refers to the lake periphery and the lake basin, which falls in three districts of Orissa (Puri, Ganjam, and Khurda). Several demographic, social, economic, ecological, institutional, and legal characteristics are relevant in this context.

The most important local issue is the sustainability of fishing in the lake.  The local population depends on fishing.  Until the 1970s, the human population and fish production grew consistently at almost the same rate of about 2 percent per year.  Prawn fishing did not play a special role until the 1980s, when there was a shift to fishing only for prawn, and the growth of prawn farming as a new technology overtook traditional methods.  Then came a phase of high population growth rates, which reached 4 percent per year in the 1990s.  Prawn and crab became the main catches, accounting for 45 percent and 17 percent respectively, and the pen and cage culture gradually replaced traditional jano and bahani techniques.  Prawn culture also attracted non-fishermen to the trade since it does not require any traditional knowledge of fishing.  The number of active fishermen swelled from 8,079 in 1957 to 27,200 by 1996.  The population growth rate and the shift of non-fishermen into fishing have forced local fishermen to opt for intensive prawn farming.  In the early 1990s, the effects of globalization could be seen in the fast-rising prices of prawns compared to those of traditional fish, which made exporting commercially attractive, and attracted middlemen, politicians, and money lenders into the business.  In addition to conventionally or legally assigned fishing sites, people started prawn farming in open areas and the lake periphery.  Not surprisingly, per-family catch fell drastically.  Therefore, the primary root cause for biodiversity loss is identified as local population dynamics, driven by the expansion of prawn farming.

These changes in aquaculture practices have important environmental effects.  Expansion of fishing grounds is one of the main causes of overfishing in Chilika Lake and its outer channel, which, in turn, seriously affected the movement of adult prawns into the sea for breeding purposes as well as the return of young prawns through the lake mouth. Moving prawn larvae and catching juvenile prawns for sale to prawn culture ponds have adversely affected the mature prawn population in Chilika, leading to the decline of several fish species who prey upon prawns. Thus, over-harvesting of prawns since the mid-1980s has gravely affected the ecosystem of Chilika, and yield rates have fallen drastically since 1986.  Interestingly, while the landing rates of prawns have been falling in Chilika, landings in the state as a whole are increasing.  In 1985-86, the share in total production from Chilika was 22 percent, which fell to only 2 percent by 1995-96.    

The second most important local issue is the link between the unsustainable aquaculture practices and the neglect of lake biodiversity.  This study found that it is through local socioeconomic conditions that the ultimate effect of these practices is felt on lake biodiversity.  The starting point is the poverty of the people, which leaves them little choice but to over-exploit Chilika’s fisheries. Catching juvenile prawn and crabs, social conflicts, over-exploitation of lake marine products, growth of weeds, declining salinity, and lake shrinkage have all adversely affected the biodiversity of the lake.  The people of the region seem to understand these problems but are helpless to act because of their poverty. Local fishermen are in perpetual debt because of loans taken from money lenders.  As many as 67 percent of fishermen stated that they are unable to repay the loans on time, largely because of the declining fish catch.  These fishermen have few other resources.  Even among those fishermen with some education and exposure to the external world, almost 88 percent of the households reported that they have no participation in the onward fish trade.  Ideally, vertical linkages with processing, marketing and sale, and distribution activities would be developed while maintaining fishing as the primary activity in the region.  Such an expansion of economic activities would facilitate sustainable management of the lake.

A breakdown of the caste-based division of work in the fishing profession is a third major local root cause.  Traditionally, the fisherman caste was stratified in terms of professional skills in the fishing industry trades, divided as boat and fishing gear-making, net-making, fishing, trade, and so on.  The restrictions entailed by this social system have been lost in the process of globalization, as technology and markets have changed and as non-fishermen have entered the business.

How is the state of the fishery affecting the livelihood of the local people?  Notably, very few “desirable” fish are consumed by the fishermen and their families or other local people.  The bulk of the fish catch from Chilika Lake is consumed elsewhere, mainly in Calcutta and abroad.  For instance, in 1996-97, out of total production of 1,633 MT of fish from Chilika Lake, only about 20 percent was consumed locally, whereas 80 percent was exported to other states and foreign countries.  Similarly, out of total shrimp production, only 22 percent was consumed in the Chilika area whereas 78 percent was sent to other markets.  Though no direct estimate of income from fishing was possible, income from agriculture among fishermen and non-fishermen families was found to be about Rs 4,332 and Rs 8,520 per year (US$1 = Rs 42), respectively.  The field survey indicates that income from fishing is not much better.

Analysis of the primary data indicates that dependency on fishing and the share of the population engaged in fishing is inversely correlated with literacy and educational levels. Literacy is also correlated with high rates of migration from the region for jobs elsewhere.  At approximately 43 percent, the literacy rate is quite low, a factor that should be considered in designing balanced regional development plans.

State and National Issues

What is the role of the government in these local issues?  The people of Chilika believe the root causes of environmental problems are class conflicts, illegal encroachments, and the role of mafia, government, and politicians.  They believe that the government should give priority to restricting the entry of non-fishermen to the fishery, removing weeds, and protecting the lake mouth from clogging and shifting.  The state government, however, treats the problems of social conflicts and biodiversity loss as law-and-order issues. The Revenue Department is considering armed policing of the lake.  The usual approach to restricting exploitation of the lake and reducing related conflicts is to limit new fishing licenses.  Order after order has been passed restricting illegal and unauthorized farming, banning intensive prawn farming and conversion of diano and uthapani leases to pen or net fishing, banning of unregistered societies, and imposing strict licensing policies for both fishing and motorized boats. At the same rate, however, communities and individuals have been going to courts over social conflicts about these issues.  The district authorities are unable to reduce either the conflicts or the increasing number of court cases. 

The major push for exploiting marine and wetland resources began when a national process of structural adjustment and liberalization was started in India in 1991.  These policies created a price gap between traditional species and those in demand for export, such as prawn and crabs.  As a result, aquaculture farms, cold storage, and export houses specializing in marine products have been mushrooming throughout the country’s coastal regions.  Several multinational companies have started ventures.

Another important national link is through ecotourism.  The national and state governments have both recognized this wetland ecosystem under the Ramsar Convention.  Several sites in the lake area have been recognized as important tourist areas. Nalabana Island has been declared a natural bird sanctuary with all human interference barred.  Though the lake offers tourism based on religious, aesthetic, and marine and avifauna attractions, very little has been done to facilitate ecotourism.  Tourist visits increased from 83,000 in 1983 to 148,000 in 1994, registering an average growth rate of 3 percent to 4 percent.  There is still much more scope for this sector to grow. Expansion of ecotourism could bring indirect pressure to preserve the lake’s biodiversity.

National concern about the loss of biodiversity in this lake was registered only when the Supreme Court passed a historic judgement in 1996.  This judgement strongly advocated the establishment of an authority to implement protection of coastal zones based on the principles of  “precaution” and “polluter pays.”  this order set elimination of aquaculture and industries in the coastal zones, creation of an Environment Protection Fund, a ban on converting agricultural, mangrove, and forest lands to shrimp ponds, and many other guidelines. It is to be hoped that this national policy will become a reality. 

The International Context: Globalization

Like many other sectors of the economy, the Chilika fisheries have undergone a process of liberalization, globalization, and a shift to greater market orientation.  This aspect of the development of Chilika’s fisheries has been analyzed closely for this study.  Both spatial and economic dimensions are involved in the transformation.  For Chilika’s fisheries, the process of market orientation began in the 1980s, spurred further by the government’s new economic policy in 1991.  These two phases of globalization are considered separately.

Sufficient evidence exists to say that, until the 1970s, the fishermen of this region, known for their community organization, had confined their fishing mainly to local and domestic use.  From 1929 to 1970, production exceeded 5,000 MT in only four years.  In most years, production averaged around 3,000 MT.  The average annual growth rate of fish farming was about 2 percent, very close to the population growth rate of the region.  No external market forces caused growth in fish farming, and little pressure was applied to export fish products from this region.

From 1970 onward, fish production jumped in Chilika.  The highest production was registered in 1972-73 with 8,882 MT.  In the 1970s and 1980s, fish landings ranged between 5,000 and 6,000 MT, although with a negative annual growth rate of about 1.7 percent. Growing national demand and, to a lesser extent, growing foreign demand have led to rising prices that have more than compensated for the decline in production.

Price effects rooted in growing global demand changed the scenario in the 1980s. Exports of fish picked up in the 1980s, with an average of about 85 percent of the landings exported to foreign markets, as against 60 to 75 percent of landings exported in the 1970s.  Until the 1980s, though the prices of prawns and crabs were rising, export responses were inelastic.  In the 1980s, exports of fish and prawns rose as high as 97 percent of the landings in some years while production rates remained around 6,000 to 7,000 MT per year.  Production reached 8,872 MT in 1986-87, and then gradually started to fall, hitting a low of 1,269 MT in 1995-96 as the lake was overfished.

As mentioned earlier, construction of prawn-culture ponds, which began in the early 1980s, intensified over the subsequent period.  Fishing technology also underwent a sea change.  New, capital-intensive fishing techniques using fine-meshed nylon nets, motorized boats, and larger prawn culture ponds have become common.  Twenty-four ice plants and three fish-processing plants with a total capacity of 166 MT/day have been established around Chilika Lake.  In terms of the change in fishing techniques, it should be noted that, by 1993, prawn and diano fishing grounds had swelled to 69 and 88 respectively, and most of the jano fishing grounds had been converted to prawn culture.  Today, there are as many as 5,000 licensed boats, many of which are motorized.  Fishermen have opted for more and more boats, even though the average cost of each boat is about Rs 40,000.  The field survey reveals that almost 50 percent of financing for the boats came from money lenders.  Thus, more investments, new technology, and introduction of new people into the industry have all gone hand-in-hand since the 1980s.   

What is the end result of globalization and the ecological degradation of the lake? Total fish landings from Chilika started falling sharply after 1986-87.  Annual fish landings reached a low of 1,269 MT in 1995-96, just 14 percent of the all-time high production of 8,872 MT in 1986-87.  Fish landings picked up marginally in 1996-97 to 1,633 MT, still only 18 percent of landings in 1986-87.  The sharp decline in fish catch poses a threat to the traditional fishermen's livelihood.  If this trend continues, fishing in Chilika Lake will soon be a thing of the past.  Overfishing in the lake periphery partly explains the drastic reduction in fish and shrimp landings.  In addition, very intensive fishing at the shallower and choked lake mouth makes it increasingly difficult both for mature prawns and gravid fishes to reach the sea and for juveniles to enter the lake.  The fall in fish, shrimp, and crab landings over the years clearly indicates loss of fauna in Chilika Lake.  Decline in these species has been reflected in the official statistics; equivalent loss of other aquatic species is highly probable.  In response to a question on species loss in the field survey, 85.5 percent of people expressed their awareness of species extinction.

How does prawn culture persist when the lake is ecologically degraded to the point that this degradation is threatening the livelihood of the people?  The answer lies in the pricing of prawns.  The market price of prawns varies with the size and type, from Rs 45 to Rs 500 per kg (prices as of  July 1998).  The price of export quality P. monodon (Tiger Prawn) has increased rapidly from Rs 280/kg in 1992 to Rs 420/kg in 1996-97.  Fishermen received a price of Rs 180/kg in 1988, which increased to Rs 300 by 1996-97.  Thus, the sharp increase in export prices more than offsets the declining rates of prawn (and also crab) landings.  It is this price effect that has kept Chilika Lake prawn culture going, despite the ecological degradation.

An important comment on the rate of exploitation of local resources can be made at this stage.  A comparison of the local value of exported shrimps with the FOB unit values indicates that the degree of exploitation of local resources in the name of export earnings has been increasing over time.  While local prices of export products have only doubled over the last decade, the FOB unit values more than tripled.

In summary, the effects of globalization and market orientation include:

· adverse income distributional effects, benefiting middlemen primarily and leaving a large sector of the population outside of the beneficiary group;

· high domestic prices, even for traditional varieties of fish;

· social tension between fishermen and non-fishermen castes and other social conflicts induced by court cases, money lenders, and mafias;

· loss of cultural identity eg, disappearance of cooperative fishing;

· drain of local resources and income from the region; and

· ecological degradation of the lake due to over-fishing, encroachment, and unsound fishing techniques.

Conclusions

The major conclusions of this study were drawn from the conceptual model (see Figure 10.2) and the empirically estimated elasticities derived from the major indicators. The elasticity estimates do not necessarily reflect any causality, but they do suggest the magnitude of direct relationships (ie, causality) and indirect relationships (ie, other linkages). 

The major finding of this study is that the root causes of biodiversity changes in Chilika lie outside of natural ecological changes.  According to the findings of this study, ecological changes in the surrounding area, such as deforestation, have not brought as much degradation as previous studies have suggested.  Ecological factors can be viewed in terms of lake biodiversity or landscape biodiversity. One of the issues is whether changes in the lake periphery are affecting the ecology of the lake. The second is whether land-related ecological changes have any major effects on the lake.  Land-related changes include deforestation in the catchment area, conversion of the lake periphery to agricultural land, and changes in the rainfall pattern.  Important lake-related ecological indicators are salinity, weed growth, lake depth, siltation, and lake shrinkage.  Contrary to expectation, according to the statistical analysis, the land-related biodiversity factors do not seem to affect the lake ecology as much as the latter affects the land ecology.  The lake-related ecological changes bring about changes in the landscape around the lake, though only indirectly, by increasing human demands on the environment.

The major conclusion of the study is that the root causes of biodiversity change in the lake are found among socioeconomic factors. What are the root causes then?  Population dynamics, globalization, and aquaculture technology.  Until the 1970s, the human population and fish production grew at almost the same rate.  Then came the shift to prawn fishing exclusively, and hence the growing use of commercial prawn-farming technologies.  The pen and cage culture gradually replaced the jano and bahani techniques.  Population growth, together with the shift of non-fishermen into fishing, has forced traditional fishermen to adopt intensive prawn farming, a change magnified by the effects of globalization.  The fast-rising price of prawns, as against that of traditional fish, has made export production commercially attractive.  The significance of population pressure on the lake and land ecology must be seen from the perspective of sustainable regional and human development.  Population concentration in areas of prawn culture over the years has put pressure on the lake in terms of over-fishing and expanded agriculture on the lake margins. Together with the recent development of markets and globalization, national and global benefits have attained overriding importance at the cost of local benefits, thereby affecting the lake ecology significantly.

Figure 10.2 Conceptual Model for Chilika Eco-System

Recommendations

Measures on the Socioeconomic Front

Population dynamics: Chilika is central to the traditional life and culture of the people of this region.  Fishing provides food, social status, and employment. The importance of the lake must be understood in these terms, rather than just as a means of economic support.  Compared to many coastal regions of India, the population growth rate in Chilika is not alarmingly high at 2 percent per year on a compound basis.  However, the exploitation of the lake’s resources is unsustainable at this rate of population growth.

A three-pronged policy is required.  First, the views of the people must be given due weight in determining fishing sites, aquaculture practices, medium of financing, marketing avenues, and secondary employment opportunities. To ensure socially sustainable development, local fishing traditions should be respected.  Second, the scope of Chilika fishing should be expanded to include marine fishing.  The Chilika Development Authority (CDA) can play an important role here by training the fishermen in modern marine fishing, providing financial assistance, organizing marketing, and monitoring aquaculture.  Third, a network of small-scale businesses should be promoted by the CDA and the Orissa government in fishing, cold storage, marketing, and processing.  Fishing communities can be encouraged to take up these activities in addition to routine fishing.  With an educated population of around 20 percent to 30 percent and a literacy rate of 40 percent to 50 percent, such a move towards more balanced regional development should be feasible.  

Globalization and technology: Globalization affects the ecology of the region directly and indirectly.  The price difference between prawns and other fish have all been prompted by technical solutions, such as dredging the lake, developing cold storage, introducing mechanized boats, and financing for fish exports. Measures such as dredging should be carried out only after thorough biological investigations of the lake ecology, species settlements, juvenile growth rates, etc.  In addition, introduction of mechanized boats for both fishing and tourism should be stopped completely if possible with a heavy “user tax” applied to users of mechanized boats.

The globalization process has led to selective fishing, which was not permitted in traditional fishing.  Cooperatives for traditional fishing should be encouraged and provided with support.  Financing and boat licensing should be strictly monitored by an independent agency such as the CDA.

Export targets should have some links with local needs.  An environmental tax could be introduced on all exportable marine products on the lines of the “polluter pays” principle. Such a tax should not become part of the general fund of the government treasury but be retained exclusively for lake development. 

Leasing policies and social harmony: Changes in regional fishery leasing policies, especially since the early 1990s, have resulted in encroachment on the centuries-old fishing rights of traditional fishermen. The changing composition of the labor force and the people involved reflect the influx of non-fishermen into the lake area, leading to social tension and disharmony.  Leasing policies now cater mainly to the interests of businessmen, middlemen, and outsiders. This situation should be reversed by levying heavy fees on non-fishermen entering the trade.  Prawn and fish exports should come under heavy export duties.  Outsiders and non-fishermen should be encouraged to develop ecotourism activities or to find jobs in industry.  The industrial development in the region can certainly accommodate the non-fishermen.

Measures on the Ecological Front

On the ecological front, some comments and observations can be made suggesting possible scientific measures.  First, the rate of siltation in the lake has reached alarming proportions, causing three noticeable ecological effects, namely shrinkage of the lake, decline in lake depth, and weed growth, all of which are interlinked.  A decline in average depth of more than 0.50 meters, with a much larger decline in the northern sectors, has led to shrinkage of the lake area by almost 106 km2 over the last 73 years. The deposition of river-borne silt leads to maximum weed growth in the margins of the lake, with about 500 km2 of weedy area now.  The lake is now so shallow on the margins that one can observe buffalo grazing in these areas.  If the rate of siltation is not checked, then the whole lake area may become sandy and clayey within 200 to 250 years. 

Second, a progressive decline in average salinity from around 22.3 ppt in 1957-58 to present levels of 3.6 ppt is a serious matter.  Hypotheses regarding seasonal and sectoral variations in  salinity in the lake proved true.  As expected, salinity reaches a maximum during the summer and is lowest in the monsoon season.  Salinity is highest in the southern margins because of the link with the sea through the outer channel.  The decline in salinity, due to siltation and sedimentation, is contributing to excessive weed growth in the lake.  Recommendations by experts to raise the average salinity levels to 15 ppt should be implemented with a view to sustaining several fish species.  Biologists must examine proposed measures for increasing salinity, such as dredging operations for the outer lake and other recommended sites near the Satpada and Palur Canals. 

Third, the increasing influx of rich organic silt and sedimentation over the years combined with the decline in salinity has resulted in rapid weed spread.  Weed growth now infests around 52 percent of the lake area.  Potemogeton pectinatus, locally known as Charidal, is the most common weed.  It grows luxuriantly from the silty northern area of the lake to the sandy southern end, and can tolerate wide salinity variations (0.26-15.00 ppt).  If the trend of progressive weed growth goes unchecked, the whole lake could be overgrown in another 50 years.

Fourth, pollution and eutrophication in the lake caused by chemical-based industries in the catchment areas, agricultural intensification in Chilika basin, and the spread of prawn-culture ponds has become an issue, especially since the mid-1980s. Growth of prawn-culture ponds all around Chilika has contributed to the influx of nutrients facilitating weed growth.  The environmental tax proposed on prawn culture should be used to pay for removal of organic matter. 

These ecological changes have drastically affected avifauna of the lake.  More than a million migratory birds used to winter here but the number is falling fast because of weed growth near the Nalabana bird sanctuary and because of the decline in quantity and variety of fish on which these birds use to prey.  Deforestation and hunting in the Chilika basin are also contributing factors.  The decline in avifauna has led to a substantial decline in ecotourism and international tourists, resulting in a local economic loss.  Afforestation in the Chilika basin as well as bans on hunting of birds and on exports of fish and prawns from the area would improve conditions for avifauna and hence for ecotourism, not only improving economic and social conditions of poor inhabitants in the surrounding villages but also sustaining biodiversity.  

Measures at Government and Legal Levels

At present, political efforts to reverse biodiversity loss in the lake area are limited to a few issues.  The approach should be holistic.  The starting point should be bridging the gaps between the fishermen and non-fishermen, with attention to human dignity, rights, and entitlements.  Alternative activities, including ecotourism, should be integrated with aquaculture.  Such an integrated approach is possible only if an authority such as the CDA takes responsibility for all these tasks.  Logically, the CDA should have a broad representation of the people of the region on its board, not just serve as an official organ of the government.  The government should not treat preservation of the lake as a policing exercise.  Instead, the village communities should be involved in all major tasks such as monitoring, de-weeding, technological choices, and  generation of secondary employment.

Many of the findings of this study are based on a limited set of data and information about the habitat, culture, aquaculture, ecology, and socioeconomic conditions of the region.  In order to conserve the lake properly as a Ramsar site, a unit should be created within the CDA or in an organization such as WWF-India to generate and collect scientific data and information on a regular basis.  Apart from regular collection of ecological data from some selected sites that have already been established by several agencies, periodic and continuous surveys, ground truthing, and group discussions with communities are needed.  The information and data should be made available to scientific and socioeconomic agencies to support evaluation of policies. 

