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 Entropy as an indicator of fragmented landscape

 Human-induced fragmentation in forest
 landscape involves the substitution of
 contiguous natural land covers by any
 natural, semi-natural or anthropogenic types,

 resulting in disconnected and isolated
 patches of nature1. In simple terms, patches

 consist of communities surrounded by a
 matrix with a dissimilar community struc
 ture or composition2. Fragmentation leads
 to habitat loss, isolation and edge ef
 fects3,4 and subsequent degradation of
 ecosystem. It is considered to have the
 largest impact of all drivers on biodiver
 sity change5. The main cause behind this
 increase is biotic impact in an area.

 Fragmentation itself is a matrix easily
 agreed upon to understand the landscape.
 It is obvious that fragmentation over a
 space could be represented using geospa
 tial tools6. The problem however is to in
 troduce a quantitative measure of forest
 fragmentation. An adequate fragmenta
 tion matrix is consequently needed for
 policy development with respect to nature
 and biodiversity conservation. Developing
 this analogy, the mathematical representa
 tion of degradation and the concept of
 entropy are close (entropy was often
 used as a measure of degradation). In this
 way, information theory can offer an appro

 priate framework to approach the land
 scape as a spatial information system7.
 Moreover, it is demonstrated that hetero

 geneity (pattern) and entropy can be con
 sidered as equivalent terms8. In the present
 study, entropy is used as a measure of
 the fragmentation process, i.e. a measure
 of disorderness in the forest patches. In

 order to develop this concept and to
 demonstrate its applicability to a natural
 ecosystem, we used Shannon's entropy
 index to quantify the intrusion of non
 forest to forest area (conversion of forest

 patches into non-forest areas). Analysis of
 cartographic data or remote sensing imagery

 to analyse the pattern heterogeneity (en
 tropy) of an entire landscape implies data
 completeness: the complete landscape or
 image pattern is always analysed (often
 using a Geographic Information System
 (GIS))8, and is not estimated by use of a
 sample or subset of the landscape of in
 terest.

 The study area, Northeast India, extends
 from 88-97°E and 22-29°30'N, with a
 geographical area of about 255,083 km2.
 The area consists of 25% of the total for

 est cover of the country. The altitude in
 the study area varies from the low-lying
 plains of Brahmaputra to around 6000 m
 in parts of Arunachal Pradesh. The cli
 mate varies from typical tropical to sub
 alpine. Since last three decades, the area
 is being affected by intense land-cover
 changes. The land use practices consist
 of activities for timber collection, shifting
 cultivation, mining, permanent agriculture,
 etc. The practice of shifting cultivation
 has been found to be the major cause behind

 forest fragmentation. It results into con
 version of dense forests to open forests
 as well as non-forests including shifting
 cultivation. About 0.45 million families

 in the northeastern region annually culti
 vate 10,000 km2 of the forests, whereas

 total area affected by 'jhuming' (shifting

 cultivation)9 is about 44,000 km2. With the

 phenomenal increase in human popula
 tion, the 'jhum' cycle has been decreased
 from 20 to 30 years in the past to about
 3-5 years in many areas. Reduction in
 the 'jhum' cycle due to increase in pres
 sure on land because of population in
 crease has accelerated the process of land
 degradation, which has further enhanced
 eco-degradation10. Earlier workers have
 reported a high degree of forest fragmen
 tation in this landscape6,11_13.

 We analysed four historical datasets to
 relate entropy to the degree of forest
 fragmentation over a multi-decadal period
 forest cover estimate of Forest Survey of
 India (FSI) for the years 1987 (ref. 14),
 1989 (ref. 15), 1993 (ref. 16) and 2001
 (ref. 17). For maps showing the pattern
 dynamics of Northeast India, the forest
 cover and its relation with population has
 been carried out. The contiguous vegeta
 tion in the entire Northeast is fragmented
 due to shifting cultivation and other forest

 extraction processes18. The dense forest
 cover has decreased with increase in

 population. It reflects the impact of bi
 otic factors on forest areas. After 1989,
 there is stability in dense forest cover,
 while population has increased with almost
 the same rate. The rate of decrease in

 dense forest was slow between the years
 1987 and 1993, and dense forest cover

 increased during the years 1993 and
 2001. This is due to regeneration in
 abandoned shifting cultivation areas and
 density improvement17'". Also, change
 in forest policies and interim ban imposed
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 by the apex court on felling in forests has
 led to increase in dense forest cover. As

 one-fourth of India's forests is in this

 fragile location, the region has to be re
 stored and the resources are to be used in

 a sustainable way. The order has come at
 a proper time, wherein the region was
 losing 31,700 ha of forest every year,
 mostly due to the nexus between the
 government and traders20.

 Regarding the natural growth rate of
 population during the period of 1971—
 2001, all the states in the region have
 registered higher growth rate than that for
 the whole country. As a result, the in
 creasing population pressure in this re
 gion has given rise to linkages between
 population dynamics and environmental
 degradation21.

 Figure 1 shows the dependency of the
 population on forest for livelihood. It in
 dicates the reverse trend of the forest

 against the compounding population. Since
 1972, dense forest patches in the NE
 have been reduced by 25% in two decades.
 Increasing population pressure has been
 progressively lowering the per capita agri
 culture resource availability. This creates
 more pressure on forests to acquire land
 for cultivation. The population has increased

 twice in the decadal period 1981-91.

 The map sheets prepared by visual in
 terpretation of satellite data at 1:250,000
 scale were used for the year 1987 (Land
 sat MSS data of 1981-83), 1989 (Land
 sat TM data of 1985-87), 1993 (Landsat
 TM data of 1989-91) and 2001 (IRS
 1C/1D LISS III data of 2000). After im
 age-processing (scanning, image enhance
 ment and geometric correction), the database

 was created in the geographic information
 domain (ArcGIS) after patch recognition.
 The dataset was put to spatial analysis.

 On analysing the decrease in dense
 forest and increase in open forest cover,
 the increase in the number of patches is
 evident. The number of patches for both
 dense and open forests was accounted
 with the change in time. Further, these
 maps were queried in geospatial domain
 and were analysed with Shannon's entropy
 index to quantify the intrusion of non
 forest to forest area/conversion of forest

 patches into non-forest areas. The Shannon's

 entropy index is given as:

 H' = - lP}oge(Pd,

 where P, is the proportion of variable
 (non-forest) in the ith zone or forest
 class, and n is the total number of forest

 classes in the region.
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 Figure 1. Relation between forest cover and population (A, Population; □, Dense forest).

 Table 1. Total number of patches and entropy (//') in forest classes

 Year

 Dense forest  Open forest

 Number of patches  Entropy  Number of patches  Entropy

 1987  2422  1.316  2185  1.039

 1989  1790  1.506  2698  1.680

 1993  1685  1.386  2553  1.455

 2001  2165  1.502  2612  1.724

 The entropy for dense and open forest
 patches is considered in order to quantify
 forest fragmentation. The entropy is cal
 culated for dense and open forest patches,
 because in these landscapes forest frag
 mentation is the result of (i) conversion
 of dense to open forest patches, (ii) re
 duction in the size of a forest patch, and
 (iii) complete loss of a forest patch.

 The entropy data indicate an influence
 of the degree of fragmentation on the forest

 pattern. The forest area was found more
 disordered (increase in entropy) with time,
 due to partitioning of the vegetation into
 spatially separated patches and due to
 loss of the original habitat, as evidenced
 by the number of patches (increasing
 with time) and habitat area trends (de
 creasing with time). The trend is not con
 sistent during 1989 to 1993, due to the
 disappearance of entire patches, which
 causes a decrease in total habitat area

 and number of patches at the same time
 and drastic habitat loss (Table 1).

 Calculation of entropy has proved to
 be useful for the assessment of degree of
 fragmentation. The number of patches is
 expressed as a fraction of the highest
 value observed over the considered time

 period. Increasing degrees of fragmenta
 tion coincide with increasing entropy, in
 creasing number of patches and decreasing
 habitat area. The landscape heterogeneity
 is assumed equivalent to uncertainty or
 entropy8. The use of familiar diversity
 indices like the Shannon and Simpson
 indices to represent spatial entropy is
 therefore appealing, although the transfer
 of concepts or terms like entropy be
 tween ecology and the mathematical the
 ory of information can be subjected to
 debate23,24. Some workers have also used

 it in urban sprawl dynamics25'26. The im
 portance of this study lies in the fact that
 entropy is determined not by means of a
 sample or hypothetical dataset but on a
 real landscape, which is facing acute
 fragmentation. On the other hand, work
 dealing with a sample or subset has in
 herent sampling error or sampling variance,

 which does not represent an interpreta
 tion of the natural setup. Hence, in spite
 of unavoidable errors in the dataset prepara

 tion, it represents a reliable estimate. The
 entropy depends on the total area consid
 ered as a drawback, although the dis
 crepancy is negligible for large area.
 Therefore, the absolute values for entropy
 should not be compared (they were influ
 enced by the original image extent and
 the scanning resolution) rather, data should
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 only be interpreted as increasing/decreasing
 trends for a particular site.

 1. Bogaert, J., Van Hecke, P. and Ceule
 mans, R., Environ. Manage., 2002, 29,
 673-682.

 2. Forman, R. T. T. and Godron, M., Bio
 science, 1981, 31, 733-740.

 3. Skole, D. and Tucker, C. J., Science,
 1993, 260, 1905-1910.

 4. Forman, R. T. T., In Land Mosaics: The

 Ecology of Landscapes and Regions,
 Cambridge University Press, Cambridge,
 1997.

 5. Sala, O. E. et al., Science, 2000, 287,
 1770-1774.

 6. Roy, P. S. and Tomar, S., Biol. Conserv.,
 2000, 95, 95-109.

 7. Phipps, M., In Proceedings of the Inter
 national Congress (eds Tjallingii, S. P.
 and De Veer, A. A.), Center for Agricul
 tural Publishing and Documentation,
 Wageningen, 1981, pp. 57-64.

 8. Forman, R. T. T. and Godron, M., Land
 scape Ecology, John Wiley, New York,
 1986.

 9. Singh, G., In Proceedings of Symposium
 on Water Erosion, Settlement and Re
 source Conservation, Dehradun, 25 March

 1990, CSWCTR, Technical Report, vol.
 1, pp. 1-36.

 10. Roy, P. S. and Joshi, P. K., Int. J. Re
 mote Sensing, 2002, 23, 4881-4896.

 11. Roy, P. S. and Kaul, R. N., Int. J. Remote
 Sensing, 1985, 65, 411-418.

 12. Khan, M. L., Menon, S. and Bawa, K. S.,
 Biodivers. Conserv., 1997, 6, 853-868.

 13. Behera, M. D., PhD thesis, Gurukula

 Kangri University, Haridwar, 2001.
 14. FS1, State of Forest Report 1987, Forest

 Survey of India Dehradun, 1988, p. 86.
 15. FS1, State of Forest Report 1989, Forest

 Survey of India Dehradun, 1990, p. 50.
 16. FSI, State of Forest Report 1993, Forest

 Survey of India Dehradun, 1994, p. 82.
 17. FSI, State of Forest Report 2001, Forest

 Survey of India Dehradun, 2002, p. 130.
 18. Anon., Indian Institute of Remote Sensing,

 Dehradun, 2002, p. 296.
 19. FSI, State of Forest Report 1995, Forest

 Survey of India Dehradun, 1996, p. 7.
 20. Anon., Down to Earth, 2002, 26-34.

 21. www.iussp.org/Bangkok2002/S 17Mishra
 .pdf.

 22. Shannon, C. E. and Weaver, W., The
 Mathematical Theory of Communication,
 Urbana, Illinois, 1949.

 23. Pielou, E. C., Ecological Diversity, John
 Wiley, New York, 1975.

 24. Pielou, E. C., Mathematical Ecology,
 John Wiley, New York, 1977.

 25. Yeh, A. G. O. and Li, X., Photogramm.
 Eng. Remote Sensing, 2001, 67, 83.

 26. Sudhira, H. S., Ramachandra, T. V. and

 Jagadish, K. S., Int. J. Appl. Earth Obs.
 Geoinf, 2004, 5, 29-39.

 ACKNOWLEDGEMENTS. The study has been
 funded by ISRO-GBP. We appreciate the
 fruitful discussion and support from Mr H.
 Sudhira.

 Received 17 May 2005; revised accepted 16
 March 2006

 P. K. Joshi*

 Nikhil Lele

 S. P. Agarwal

 Forest and Ecology Division,
 Indian Institute of Remote Sensing,
 4 Kalidas Road,
 PB No. 135,
 Dehra Dun 248 001, India
 *For correspondence.
 e-mail: joshi@iirs.gov.in

 Reconstruction of the ancient Port, Korkai in Tuttukkudi District of
 Tamil Nadu

 Chronologically, Korkai is the oldest port
 site of Tamil country possibly since the
 beginning pf the first millennium bc.
 However, its emergence as a significant
 emporium may have been only around
 the fourth and fifth century bc. Korkai
 (8°40'N; 78°5'E) is recognized by the
 Periplus of the Erythrean Sea as Colchis
 and by Ptolemy as Kolkhoi. Correct in
 dentification came in 1838. Early archaeo
 logical excavations carried out by Caldwell
 in the Tamiraparani delta in the 19th cen
 tury, affirmed its present site almost in
 ruins close to a place called Eral1. It was
 a dual centre of the early Pandya rule,
 identified with Pandya-Kavada by the
 Ramayana and the Mahabharat, and as
 Kapatapuram in Kalithogai. Its reputa
 tion is spoken of in Akananuru and
 Ainkurunuru. The entire Gulf of Mannar is

 recognized by the Periplus as the Colchic
 Gulf, due to pre-eminent status of Korkai.
 Excavations by Nagaswamy and others

 have brought to light the early artifacts
 of the site at Korkai. Stone inscriptions
 in the Koil of Vetrivelamman and the

 Pillayar Kovil at Korkai and at Attur
 across the river on the opposite bank re
 affirm that the site is the old port of
 Korkai. A lone 'Vanni' tree standing in
 Korkai is about 2000 years old, accord
 ing to the Tamil Nadu Archaeological
 Survey.

 Upstream of Korkai about 20 km away
 on the same river valley on the right bank of

 Tamiraparani is Aditchanallur, the larg
 est megalithic burial urn area in South
 India2. Its proximity and the find of mega
 lithic burial urns at Korkai itself indicate

 that the valley side was fairly well-popu
 lated during megalithic times. Carbon
 dating of the artifacts in the area indi
 cates an age of 785 bc, while Aditchanal
 lur findings of copper finds including an
 icon of Mother Goddess of 8th century
 bc indicate that it was an active settlement,

 and probably river navigation extended
 up to it from the delta mouth.

 Korkai is sited on an alluvial terrace,
 above the present-day flood plain of the
 river. The archaeological finds are about
 3 m below the terrace level. Excavations

 have revealed Mauryan pottery of 2nd
 and 3rd century bc and the glazed pottery
 found belong to Northern Black Polished
 ware. The burial urns lie adjoining a
 structure built with large bricks. Adjoin
 ing on the west end are heaps of pearl
 oyster shells, and three ring wells. More
 significantly, the finds of black and red
 pottery ware with old Tamil Brahmi scripts

 (two to four letters in a line or two), apart
 from drawn graffiti of the sun, fish, bow
 and arrow have been dated to a period
 between 3rd century bc and 2nd century
 ad. The occurrence of Roman ware, and
 rouletted ware indicates their external links.

 Archeologists have found ruins of chank
 cutting factories, centres for split opening
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