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Anopheles dirus is found in deep-forested areas where
manual surveys are very difficult because of inacces-
sibility. Geographic Information System (GIS) and a
Boolean operator have been used to map areas where
the species is likely to be found. Being a forest-based
species, thematic maps of forest cover, altitude, rain-
fall and temperature were prepared. Overlaying and
integration of thematic maps were done using Arc/Info
NT and analysis by Arc/view 3.1 (GIS ESRI) software.
The results were validated through reported distri-
bution and were found correct. The technique can
cover vast and inaccessible areas, fast and easily dupli-
cable in other parts of the world. Once the vector
distribution is known, species-specific control measures
can be formulated.

GLOBALLY malaria clinical cases are reported as 300-500
million and 1.5-2.7 million deaths annually. The increasing
trend of environmental change is dramatically changing
malaria distribution pattern at local and as well as global
scales. Malaria situation is worsening with large-scale
epidemics and increasing mortality. There have been
immense efforts to correlate malaria and the environment
as the latter influences development of both parasite and
vector (http://www.who.ch/). In spite of several reports of
vector distribution from India, large areas still remain
unexplored, specifically deep-forested areas where manual
surveys are very tedious due to difficult accessibility' ™.
The distribution of vector is mainly governed by suitable
environmental conditions for breeding, survival and longe-
vity. Many parameters associated with environmental
change can now be remotely-sensed using remote sensing
technologies and combined with geographic information
system (GIS) can describe local and landscape-level fea-
tures influencing disease and vector distribution. Recently,
using GIS distribution of Anopheles sundaicus, we have
described a coastal malaria vector species and the results
were found to be very encouraging®. In the present study
an attempt has been made to map the distribution of
Anopheles dirus (Peyton Harrison, 1979) using GIS.
Thematic maps of ecological parameters, namely forest
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cover, altitude, rainfall and temperature toposheets pub-
lished by Survey of India were digitized. Using GIS
favourable range of each ecological parameter for A4n.
dirus was identified and extracted out from the digital
maps. Boolean operator was used to integrate the maps of
favourable range of each ecological parameter to depict
areas where the species is likely to be found. The study
revealed many new areas besides the reported distribution.

An. dirus is one of the most efficient vectors of malaria
in north-eastern India. It breeds in pools, disused wells,
borrow pits, hoof prints and drains covered with foliage in
deep-forested areas®. It enters houses or cattle sheds for
feeding, but leaves soon thereafter. This species maintains
a high man-mosquito contact. In Arunachal Pradesh,
perennial malaria transmission was maintained in spite of
DDT spraying and there was an increase in transmission
between 1964 and 1969. Similar situations also prevail in
other forested areas’. In India an estimated 50 million
people living mainly in deep-forested and forest fringe
areas are exposed to this species along with An. minimus
and An. fluviatilis®. The species is highly anthropophilic
and endophagic, occurs in high numbers and may con-
stitute up to 60% of catches, effective flight range is about
1.5 km. It usually feeds late at night with peak biting
activity from midnight till 03.00 h (ref. 7). The GIS
predicted distribution of An. dirus in different parts of
India is presented here.

Materials and methods

The most influencing environmental parameters for the
distribution of An. dirus happen to be forest cover, alti-
tude, rainfall and temperature. Hence, for GIS-predicted
distribution, digital thematic maps of these four ecological
variables were prepared.

Algorithm for identification of favourable range of
ecological parameters and integration of thematic
maps for An. dirus distribution

From each reported area lower and upper limits (forest
cover (j = 1), altitude (j = 2), rainfall (j = 3) and tempe-
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rature (j = 4)) were identified and denoted as Z,, and Z,;
From the sets of lower and upper bounds denoted as {Z,,}
and {Z,} least lower and highest upper bounds, denoted
as Zy and Z; were identified for each variable and the
range was defined as

Range = {least lower bound (Z;), highest upper
bound (Z)}, (1)

where forest cover (j = 1), altitude (j = 2), rainfall (j = 3)
and temperature (j = 4). Location of each value of each
parameter on ground is defined by X;; and Y, attribute
information is taken as the third value, i.e. Z;; value in 3D
Cartesian coordinate system. Spaces were combined using
the Boolean operator M (intersection) out of M (inter-
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section) and U (union). The favourable areas for distri-
bution of the species were extracted using the following
mathematical model.

0 (XY, 2) <O, Y, Z) < (X, Vi, )
I j

(2

where (X}, Y}, Z;), j = 1-4 denote all geographic locations
having favourable values of the habitat variables; forest,
temperature, rainfall and altitude, respectively.

Digital thematic maps of altitude, forest, temperature
and rainfall were prepared using Survey of India topo-
sheets in the scale 1 : 6,000,000. Forest map was digitized
using plate 7, Land Resources Atlas of India, Govt of
India (1996). which includes forest cover of 1993 correc-

> 2V 5 deg C

Figure 1.

Thematic maps of altitude, rainfall, forest and temperature prepared digitizing Survey of India topo-sheets in the scale of 1 : 6,000,000

by using ARC/Info NT on Summagraphic A0O size digitizer. These maps were overlaid and integrated using ARC/View 3.1 to predict habitats

favourable for 4An. dirus in India.
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ted using remote sensing information. Temperature and
rainfall maps were digitized using plate nos 3 and 4 of
Water Resource Development Atlas of India, published by
Govt of India (1996). These maps were overlaid, integra-
ted and analysed using GIS software Arc/Info NT and Arc
View 3.1. (Environmental Science Research Institute,
USA). GIS is a computer-assisted system which facilitates
inputting, processing, analysing, integrating and presenta-
tion of both spatial and non-spatial information.

Forest:  An. dirus is reported to be found in evergreen-
forested areas. Out of all climatic conditions, rainfall
plays a vital role in forested areas and hence forest
classification mainly rests on rainfall. Areas where rainfall
is > 2500 mm along with average daily temperature of
25°C are categorized as tropical wet evergreen forests.
Moist deciduous evergreen forest areas have rainfall
> 1500-500 mm. Using eq. (1) two types of forests,
namely evergreen tropical wet and moist deciduous forests
were identified as favourable areas for the distribution of
An. dirus (Figure 1).

Altitude: Vector species prefer to establish their popula-
tion at various heights where optimum ecological require-
ment for their survival is satisfied. Survey of India map
showing ten categories of altitude from sea level to
7500 m was used in the study. Since eq. (1) reveals the
species-favourable range from sea level to the height of
4000 m, favourable altitude range was taken up to 4500 m
taking into account Survey of India classification (Figure 1).

Temperature: Mosquito species have different temperature
threshold levels. Besides mosquito survival and longe-
vity, duration of sporogony in mosquito is temperature-
dependent. At temperature lower than 20°C, duration of
sporogony in mosquito is prolonged beyond 30 days, i.e.
more than the average mosquito’s lifespan and hence
active malaria transmission does not take place. At
extreme temperatures, longevity of mosquitoes is drasti-
cally reduced. A temperature map consisting of 5 cate-
gories from <20°C to >27.5°C was used. Temperature
20 to 27.5°C was brought out as favourable range for the
species by eq. (1) (Figure 1).
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Figure 2.
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GIS-predicted areas favourable for 4n. dirus in (@) India; and (b—f) North—eastern states. Earlier reports reveal that An. dirus has been

collected several times from these areas, except Manipur and plays an important role in malaria transmission.
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Rainfall:  For most of the species the number of breeding
sites is proportional to amount of rainfall and its pattern.
Extreme conditions restrict mosquito proliferation, low
rainfall creates less number of breeding habitats, high
rainfall flushes mosquito eggs. In this study, 10 categories
of rainfall ranging from < 100 mm to > 3200 mm were
considered and using eq. (1), rainfall > 2000 mm which is
also the phenomenon of the evergreen tropical wet and
moist deciduous forests was taken as favourable zone
(Figure 1).

Results and discussion

The resultant map obtained by integrating the four thema-
tic maps using the above mathematical model is shown in
Figure 2 a. The favourable areas for An. dirus are shown
in red —evergreen forest and blue — deciduous moist
forest. These are mainly located in the north-east and

Rainfall
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B Tropical Evergreen ( highly favourable )
B Trooical mogt deciduous

Figure 3.

western districts of India. In spot surveys An. dirus has
been reported from north-eastern states and from Karna-
taka, Kerala, Tamil Nadu, Jammu & Kashmir and Andaman
& Nicobar Islands. It is observed that GIS-based distri-
bution overlaps the areas where the species has been
reported earlier. Besides these areas there are some new
areas where surveys have not been conducted and the
species is likely to be found (Figure 2 a). For validation
GIS-predicted areas were compared with reported distri-
bution at micro level; the results are discussed below.

In Assam, the large areas on north-east are found
favourable for An. dirus through GIS (Figure 2 b). The
species has been reported several times from Dibru-
garhs’w, Cachar“’lz, Gokhal Khane”, NanaiM’lS, Brahma-
putra valley'® and Mariani'’. In western Assam deciduous
moist forest areas were found to be favourable for species
occurrence and the species has been reported from Goal-

para'®?* and Kamrup district’'.

Aldeude
- 450 m
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GIS-predicted new areas for distribution of An. dirus {a) States in India; (b) Manipur; (c¢) Madhya Pradesh, Chindwara district is blown

up to zoom in small favourable portion of the district; (d) Uttar Pradesh, and (e) Maharashtra.

1132

CURRENT SCIENCE, VOL. 80, NO. 9, 10 MAY 2001



RESEARCH ARTICLE

Arunachal Pradesh envelopes Assam from the north,
east and a small portion on the west. The species has been
reported from Assam border Tirap district’***°, Nam-
pong®* and Changlang Tenga valley®®. GIS also maps
some areas favourable on Assam border (Figure 2 b).

In Meghalaya deciduous moist forest on eastern and
western sides are favourable for An. dirus (Figure 2 c).
There are reports from East Khasi hills, Burnihat by
Rajagopal®’. The entire state of Mizoram is favourable for
An. dirus and it has been reported from Aizawl and south
Mizoram® ' (Figure 2 d). In Nagaland favourable areas
are found in Kohima, Mohokchung, Mon and Wokh; the
species was reported from western side of Kohima™
(Figure 2e). In Tripura favourable areas are due to
deciduous moist forest; it forms a broken semi circular
ring on the western side (Figure 2 f). The species has
been reported from north Tripura™. But during surveys
conducted by Misra and Dhar’* in 1955 and Anil
Prakash et al.35, in 1998 in south Tripura, 4An. dirus was
not encountered. It may be pointed out that in GIS maps
the distribution at micro level and these boundaries have
no conformance with political boundaries.

An. dirus has been reported from Jammu & Kashmir®,
Andaman & Nicobar Island’’* and Kerala*'. Distribution
through GIS also depicts areas favourable in these states.
In Karnataka it has been reported from Bijapur, Chitra-
durga, Hassan, Shimoga, north Kanara and Coorg. GIS
reconfirms the reports from these areas*™ **. From West
Bengal the reports of the species are from Jalpaiguri™ 2,
Figure 2 shows that these areas are favorable for An.
dirus.

The Indian sub-continent is divided into two epidemio-
logical zones, namely Indo-Chinese and Indo-Iranian.
These two zones are under the influence of two groups of
vector species. North-eastern states are under the influence
of Indo-Chinese species, namely An. dirus and An.
minimus. Rest of the country is under the influence of
Indo-Iranian species, namely An. culicifacies, An. ste-
phensi and An. fluviatilis. An. dirus has made its role in
the hilly tracts of western parts of the country, also falling
in Indo-Iranian zone, namely Karnataka and western
Tamil Nadu. This is substantiated by GIS mapping as well
(Figure 2). Besides new areas in Manipur falling in Indo-
Chinese zone, there are receptive areas for An. dirus in
Madhya Pradesh, Uttar Pradesh and Maharashtra, falling
in Indo-Iranian zone (Figure 3 a—e).

In each state, per cent favourable area with respect to
(i) total state area, and (ii) total area favourable for An.
dirus as per GIS-predicted distribution is calculated using
the software. In respect to state area, maximum area of
about 93% is found favourable in Mizoram followed by
Tripura (52%). In Kerala, Assam, Meghalaya and Mani-
pur favourable area ranges between 30 and 35% of the
total state area. In Goa and Nagaland, the favourable area
is estimated as 25 and 24%, respectively. Per cent favoura-
ble area in Maharashtra, Andhra Pradesh, West Bengal,
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Uttar Pradesh, Madhya Pradesh and Karnataka is below
10. With respect to total favourable area in India for An.
dirus Assam (22.58%) tops the list followed by Karnataka
(16%) and Mizoram (15%). In Maharashtra, Manipur,
Meghalaya, Tripura, Arunachal Pradesh, Nagaland and
Tamil Nadu, 3 to 10% areas are favourable, whereas
states like Uttar Pradesh, Goa, West Bengal and Madhya
Pradesh have less than 1% favourable area.

In the hilly district of Thailand, where drug resistance
was first originated and later covered the entire country
has been attributed to An. dirus™. In India first record of
drug-resistant P. falciparum malaria is from Karbi Ana-
gong district of Assam. This mutant drug-resistant strain
is reported to be spread by An. dirus, supported by An.
minimus in Assam and its neighbouring states. The present
study reveals large areas favourable for An. dirus in north-
eastern states. In areas of drug failure, more emphasis
needs to be given to vector control. GIS-based distribu-
tion can pinpoint areas of occurrence of An. dirus at
micro level, where species-specific environmental-friendly
control measures can be strengthened. Such studies are of
great help in decision-making required for modified plan
of control strategy. The technique is specially useful in
mapping vast and inaccessible areas and easily duplicable
in other parts of the world.

1. Covell, G., Health Bulletin 17, Govt. of India Press, 1930.

2. Rao, T. R., Anophelines of India, Malaria Research Centre, Delhi,
1984, p. 518.

3. Nagpal, B. N. and Sharma, V. P., Indian Anophelines, Oxford and
IBH Publishing Co Pvt Ltd, Delhi, 1995, p. 416.

4. Srivastava, Aruna, Nagpal, B. N., Saxena, R. and Sharma,
V. P., Proceedings of 12th Annual Symposium on GIS, Toronto,
1998, pp. 274-276.

5. Sen, S. K., John, V. M., Krishnan, K. S. and Rajagopal, R.,
J. Commun. Dis., 1973, 5, 98-110.

6. Sharma, V. P., Kalra, N. L., Patanayak, S., Sharma, R. S. and
Orlav, V. S., Report Revised National Malaria Control, Malaria
Research Centre, Delhi, 1995, p. 20.

7. Sharma, V. P., Prasitisuk, Chusak and Kondrashin, A. V., Malaria
Research Centre, Delhi, 1991, pp. 29-54.

8. Sarkar, P. K., Das, N. G. and Rao, K. M., Indian J. Med. Res.,
1981, 73, 331-334.

9. Dutta, P., Bhattarcharya, D. P., Sharma, C. K. and Dutta, L. P.,
Indian J. Malariol., 1989, 26, 95-101.

10. Anil Prakash, Bhattacharayya, D. R., Mohapatra, P. K. and
Mohanta, J., Indian J. Malariol., 1997, 34, 117-125.

11. Strickland, C., Indian J. Med. Res., 1929,17, 174—182.

12. Ramsay, G. C., Indian J. Med. Res., 1930, 18, 533-552.

13. Kareem, M. A., Krishna Singh, Y., Bhatnagar, V. N. and
Krishnaswamy, B. S., J. Commun. Dis., 1985, 17, 29-35.

14. Nagpal, B. N. and Sharma, V. P., Indian J. Malariol., 1987, 24,
143-149.

15. Rajagopal, R., J. Commun. Dis., 1979, 10, 71-74.

16. Khan, S. A., Handoue, R., Tewari, S. C., Dutta, P., Narain, K. and
Mabhanta, J., Indian J. Malariol., 1998, 35,131-145.

17. Macdonald, G. and Chowdhury, K. L., Rec. Mal. Surv. India,
1931, 2, 111-156.

18. Gupta, P., Das, G. and Majumdar, N. R., Rec. Mal. Surv. India,
1933, 3, 843.

1133



RESEARCH ARTICLE

19. Rice, E. M., Savage, J. and Della, M., Rec. Mal. Surv. India, 1932, 39. Krishnan, K. S. and Bhatnagar, V. N., Bull. Natl. Soc. India Med.
2,219-252. Mos. Dis., 1968, 5, 97-107.
20. Dutta, P., Khan, S. A., Sharma, C. K. and Malhotra, J., Indian 40. Nagpal, B. N. and Sharma, V. P., Indian J. Malariol., 1983, 20,
J. Malariol., 1997, 34, 204-207. 7-13.
21. Vasdev, Bull. WHO, 1926, 74, 61-66. 41. Covell, G. and Harbhagwan, J., Indian J. Malariol., 1939, 2, 341—
22. Dutta, P. and Baruha, B. D., Indian J. Malariol., 1987, 24, 159— 376.
162. 42. Viswanathan, D. K., Malaria Control in Bombay State, Arya-
23. Dutta, P. and Bhattacharyya, D. R., J. Commun. Dis., 1990, 22, bhusan Press, Poona, 1950. p. 50.
92-97. 43. Sweet, W. C., Rec. Mal. Surv. India, 1931, 4, 663-674.
24. Dutta, P., Bhattacharya, D. R. and Dutta, L. P., Indian J. 44, Bhambore, S. R., Sitaram, N. L. and Brookwortrh, C., Indian J.
Malariol., 1989, 26, 149-152. Malariol., 1954, 8, 47-62.
25. Dutta, P., Bhattacharyya, D. R., Sharma, C. K. and Dutta, L. P., 45. Sweet, W. C. and Rao, B. A., Rec. Mal. Surv. India, 1931, 2, 655—
Indian J. Med. Res., 1992, 95, 245-249. 657.
26. Malhotra, P. R., Sarkar, P. K., Das, N. G., Hazarika, S. and John, 46. Rama Rao, T. S. and Achuthan, C., Bull. Nati. Soc. India Med.
V.M., Indian J. Malariol., 1987, 24, 151-158. Mos. Dis., 1964, 1, 159-161.
27. Rajagopal, R., J. Commun. Dis., 1976, 8, 235-245. 47. Rao, B. A., Rama Rao, T. S., Sitaraman, N. L. and Brookworth,
28. Malhotra, P. R., Chakaraborrty, B. C., Das, N. G. and Sarkar, C., Indian J. Malariol., 1952, 6, 475-480.
P. K., J. Assoc. Sci. Soc., 1982, 25, 82-85. 48. Singh, Jaswant and Jacob, V. P., J. Mal. Inst. India, 1944, 5, 267—
29. Malhotra, P. R., Bhuyan, M. and Baruah, 1., Indian J. Malariol., 303.
1984, 21, 125-126. 49. Puri, I. M., Indian J. Malariol., 1948, 2, 67-107.
30. Das, S. C. and Baruah, 1., Indian J. Malariol., 1985, 22, 53-55. 50. Pandya, A. P., Barkakaty, B. N. and Narasimham, M. V. L.,
31. Das, S. C., Bhuyan, M. and Baruah, 1., Indian J. Malariol., 1990, J. Commun. Dis., 1991, 23, 103-108.
28, 129-134. 51. Strickland, C. and Choudhury, K. L, Indian J. Med. Res., 1927,
32. Misra, J. P, Nandi, J., Narasimhan, M. V. L. and Rajagopal, R., 152, 377-426.
J. Commun. Dis., 1993, 25, 62-66. 52. lIyengar, M. O., J. Mal. Inst. India, 1939, 2, 105.
33. Das, S. C., Bhuyan, M., Baruah, I. and Talukar, P. K., Indian 53. Roony Willam and Thimasarn, Krongthong, Forest Malaria in
J. Malariol., 1991, 28, 129-134. SEA, Malaria Research Centre, Delhi, 1991, pp. 227-234.
34. Misra, B. G. and Dhar, S. K., Indian J. Malariol., 1955, 9, 11—
123. .
35. Anil Prakash, Bhattacharayya, D. R., Mohapatra, P. K. and ACKNOWLEDGEME.NTS We thank Dr V. P. Sharma ‘ar?d Sri N L.
. ; Kalra for constant interest in the study and for giving critical
Mohanta, ., Indian J. Malariol., 1998, 35, 151-159. LT
36. Nair, C. P.. J. Commun. Dis., 1973, 5, 2246, comments. We also thank Ms Pus‘hpa Kotnala for digitization of maps
37. Christophers, S. R., Sci. Mem. Sanit. Dep. Indian, 1912, 56, 48. and Mr Sanjeev Gupta for processing of data.
38. Covell, G., Report of an inquiry into malaria condition in the
Andamans, Govt. Press, Delhi, 1927. Received 11 July 2000; revised accepted 12 January 2001
1134 CURRENT SCIENCE, VOL. 80, NO. 9, 10 MAY 2001



