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- Educating the people to refrain from collecting fodder and firewood from the forests.
- Educating the people on dos and don’ts while living in the vicinity of elephant

Use of koonkies: Trained koonkies astride well trained and courageous mahouts are
very cffective and has saved many life and properties in the north eastern region
from the raiding elephants. !

Beating of drums and bursting of fire crackers deterred wild elephants from entering
villages in olden days. Villagers put up huge fires in the entry points to villages
which also scared the elephants from the villages and farms. But with very superior
intelligence, they were prompt to understand that these were only painless rituals
and overcome the fear for these old fashioned deterrents.

Educating the villagers for not brewing liquor at home or to loiter at night.

Facilities for street lights in human dwelling houses,

habitats.

- Organizing the people to develop “elephant refuges” by qualitative up-gradation of

denuded forest lands near their villages so that the elephants get something to eat
outside the villages and crop fields also.

- Putting identification marks to habitual killer elephants.
. Capture, domestication and translocation of known trouble makers.
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This study was carried out between 2013 and 2014 in Coimbatore Forest Division, Tami] Nady,
India with the objective of assessing the Human-Elephant conflict due to land use changes iy the
elephant migratory route (EMR). The land use land cover (LULC) changes in EMR during 1990_3000
revealed that about 27.6 kii® and 19.90 km? of barren/scrub land converted to agriculturellow Vegetation
and forests respectively. It is important to note that about 3.26 km? area of barrenflow vegetatioy g
converted to built-up. During 2000-2010, agriculturalflow vegetation and barren/scrub land was highly
converted to forests as 27.94 km? and 13.59 km respectively. Apart from that 13.98 kmn? of agricultyyqy
low vegetation was converled to barvenfscrub land. In addition, about 2.56 km? and 2.17 kn? of
agriculturalflow vegetation and barreniscrub land respectively were converted to buill-up, 45
noteworthy that 0.33 km? area of water converted to various LULC types in EMR. The results of Waeinan
deaths due to elephants found that totally 96 deaths were recorded during past 22 years. Of which, 2073
altributed highest deaths (n=18) followed by 2010 (n=17) and 2012 (n=11). From 1999 to 2009 over a
period of ten years the casualty was ranged from just 1-8. On the contrary the trend has Sudden]
changed as 17 human deaths were occurred during 2010 and the subsequent years of 2011 to 2013 e
casualty ranged from 7-18. Similarly most of the victims were recorded inside the forest areas during
1583-2009, in contrast most of the victims were recorded outside the Reserve forest since 2010 OMpards,
Wilcoxon rank test reveals that there is no difference in human death before the year of 2000 (Z= 1.265,
P=0.206). Interestingly, there is a significant difference in human death after 2000 (2= 2.805, p=
0.005). Also there is a significant variation on human deaths occurred inside the forest (F=3.429 p-
0.028) and outside the forest (F= 4.409, P=0.015). Totally 142 elephant deaths were recorded from 1993
to 2014. The main cause of deaths, were due to diseases (n=50), natural deaths (n=36) and electrocytipy
(n=28). Totally sixteen elephant deaths were caused by accidents. Of which, most of the incidences were
happened by slipped from slopes (n=8) followed by other reasons (n=5) and train collision ( 1=3), The
relative percentage of elephant deaths due to irrespéctive of causes over the years from 1993 t 3974
showed that there was an increasing trend from 1998 to 2014. The highest percentage of deaths yepe
recorded in 2013 as 10.6%. An average of only 1.1% elephant deaths per year were occured during
1993-1997. On the other hand the annual percentage of elephant deaths were occurred high betypeer,
1998 and 2014 as 5.6%. It seemed to be an alarming trend in elephant deaths between 1998 ang 2014,
The regression analysis revealed that there was a linear increase in the number of elephant death across
the years (R*=0.447). In conclusion, the study clearly revealed that the LULC changes in EMR have
highly influenced on set off and iricreasing HEC incidences in Coimbatore Forest Division.
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INTRODUCTION

and use land cover (LULC) changes are the major issues of global environmental
Lchange. Land cover refers to the surface cover on the ground, whether vegetation,
urban infrastructure, water, rock, bare soil or other land types. Land use refers to the
purpose for which the land serves, whether for agriculture, development, recreation,
wildlife habitat or mixed uses. Agriculture, forestry and other land-management
practices have modified the entire landscapes and altered plant and animal communities
of many ecosystems throughout the world (Clark et al., 1986; Ehrlich et al, 197\7 Turner
et al., 1990, 1993). As the global human population grows and its COnsumption patterns
change, there is the need of additional land will be needed for living space and
agricultural production. A critical question facing global society is as to how the growing
human demands for living space, food, fuel, and other materials are met with, while
sustaining ecosystem services and biodiversity (Millennium Ecosystem Assessment,
2005).

The elephant is one of the most conflict-prone wildlife species in India, causing
large-scale damage to crops and human lives. Each year, nearly 400 people and 100
elephants are killed in conflict related instances in India, and nearly 500,000 families are
affected by crop damage (MoEF, 2010). Conversion of elephant corridors into estates,
buildings and crop cultivation sites results in crop damage and human causalities
(Sukumar, 1990; Easa and Sankar, 1999).

The Coimbatore Forest Division (CFD] is one of the severe Human—Elephant
conflicts (HEC) forest divisions in Nilgiri Biosphere Reserve of Western ghats, has a
sizeable elephant population and ‘viable habitat for the population of resident and also
for the migratory elephants (Ramkumar et al., 2013). The movement of elephants in CFD
is mostly restricted to foot hills due to escarpment of steep slope on the west and human
habitations on the east. Therefore HEC is higher level compared to other largely
populated elephant habitats in South India (Ramkumar et al., 2014).

Since the CFD shares the eastern boundary at the length of about 350 km with
human habitations and farm lands, the villages adjoining to the reserve forest boundary
are highly prone to elephant depredation (Ramkumar et al., 2013). Earlier elephants used
to visit only forest fringe villages, attracted by standing crops. These days however,
elephants are coming frequently into the human habitation and crop fields located even
more than five kilometers from forest boundary (Rdmkumar, 2014). The frequency and
severity. of HEC incidents are not only influencéd by the density, movement patterns
and behavior of the animals (Sukumar, 1990) but also due to various factors associated
with land cover changes and land use patterns such as human populatwn density and
distance to protected areas (Newmark ef 4., 1994; Williams et al., 2001; Sitati ef al., 20(13
2005). -
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Determining and understanding the influence -of LULC changes in elephant
migratory route will enable a better and comprehensive understanding of the factors an
processes that influence HEC. This Interdisciplinary approach is essential but rarely has
been achieved in most of the studies of LULC change in various parts of India and
Coimbatore as well. Thus present study has been taken up in order to understand the
consequences of LULC changes in EMR of Coimbatore Forest Division with the
following objectives,

(i) toassess LULC changes in EMR from 1990 to 2010
(i) to document elephant and human deaths caused due to conflict from 1990 to 2010

STUDY AREA

“The CFD covers an area of 694 km? and is situated in the South-east of the Nilgiri
Biosphere Reserve (NBR). Also CFD falls under the Elephant Reserve No. 8, in which
Nilambur-Silent Valley of Kerala forming the major portion of the tract. The CFD is also
part of Nilgiris and Eastern Ghats Landscape which is holding single largest Asian
elephant population in the world. The area lies between latitude 10°51’ and 11°27’ and
longitude 76° 39" and 77° 4’ (Map 1).
Elephant migratory route

The elephant migratory route in this division starts from Koothamandy North beat
of Sirumugai range (between Bhavanisagar reservoir & foothill) and ends in Sholakkarai
beat of Coimbatore range (Map 2). Since most of the division has highly steep and
undulated mountains, elephants are mostly using the gentle slopes and plain forests for
migration. This kind of terrain mostly available all along the eastern foot hills of CFD for
the distance about 350 km. The distance of 500 meter towards forests and private lands
from the forest boundary for the distance about 350 km was considered as EMR.

COIMBATORE
BISTRICT

Map 1: Map showing the Cn:mbqtore Forest Division, Tamil Nadu
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Map 2: 3D map showing the elephant migratory route (EMR) in Coimbatore Forest Division, Tamil Nady

METHODOLOGY
Supervised classification

Landsat TM data covering the study area of the year 1990 and Landsat ETM+ for the
years 2000 and 2010 were used in this study. The satellite image was used in FCC (false
color composite) band combination including NIR (near infra-red), Red and Green
bands. FCC combination works well in the interpretation of the cultural landscape as
well as natural and vegetated surfaces. Supervised classification method was adopted to
classify the image. The images were classified into 5 categories as Agricultural/ low
vegetation land, Barren/scrub land, Built-up, Forest and Water.

Classification of LULC
General description of the five LULC classes used in the classification

LULC dlass Remarks

It is defined as the land primarily used for farming and for production of food,
fibre, and other commercial and horticultural crops. It includes land under Crops
(irrigated and un-irrigated), fallow, plantation, etc.

Agricultural/
low vegetation

Barren/ Scrub | < 10% ground cover by other LC classes and woody vegetation < 3 m in height
land with at least 10% ground cover

It is defined as an area of human habitation developed due to non-agricultural
Built-up use and that which has a cover of buildings, transport, communication utilities
' in association with water vegetation and vacant lands. : ;

It is an area (notified and non notified forest boundary) bearing an association

Forest predominantly of trees and other vegetation types

Water It is a natural or man-made enclosed water body. -
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Change detection

LULC transformation from one class to another class was assessed. The classified
raster images are converted to vector files. The changes are computed by intersecting the
vlassified vector data of two years and comparing the LULC type of the two different
vears. For extracting the changes of specific LULC types, the LULC types were extracted
from the earlier year data and intersect it with the newer dataset.

Assessment of human deaths

The available records on human death caused by elephant were considered to assess
the conflict scenario in CFD over the years from 1993 to 2014. The variables such as
number of human deaths caused by elephants, year of incident, occurrence of death -
inside and outside forest were extracted from the official records of the forest
department and pooled together on yearly basis. The Wilcoxon Signed-Rank test was
used to find out the difference of human deaths occurred before and after the year of
2000. The analysis of variance (ANOVA) was used to compare variation of human
deaths occurred inside and outside the forest areas.

Assessment of elephant deaths

The available records with the forest department on elephant deaths due to various
causes were considered to assess the elephant mortality due to HEC in CFD over the
years from 1993 to 2014. The variables such as sex of the elephant, various causes of
death such as electrocution, poisoning, poaching, gunshot, accident (train hit, slipped
from slopes and others), natural causes and disease were extracted from the records and
pooled together on yearly basis. A paired t test was used to find out the difference of
elephant deaths due to electrocution before and after the year of 2000. Kruskal Wallis
Test (Chi-square) was used to find out the difference of elephant deaths in relation to
various months. The analysis of variance (ANOVA) was used to compare variation in
causes of elephant death and also between sex categories.

RESULTS

LULC types (Map 3) and changes over time for thirty years from one type to another
in EMR have been summarized in Table 1. The LULC changes during 1990-2000 revealed
that about 27.6 km? and 19.90 km? of barren/scrub land converted to agricultural/low
vegetation and forests respectively. It is important to note that about 3.26 km? area of
barren/low vegetation converted to built-up.

During 2000-2010, agricultural/low vegetation and barren/scrub- land were highly
converted to forests as 27.94 km? and 13.59 km? respectively. Apart from that 13.98 km2
of agricultural/low vegetation was converted as barren/scrub land. In addition, about
256 km? and 2.17 km? of agricultural/low vegetation and barren/scrub land was
respectively converted to built-up. It is important to note that about 0.33 km? area of
water converted to various LULC types in the EMR. '

Ecology and Health Hanagement of Asiatic
Elephant (Elephas maximus) - S et

__ 1920 November, 2015~
NASC Complex, New Defhi - "




i

|.ULC changes in EMR

Percentage of LULC change over a period of thirty yedrsin EMR is summarized in
lable 2. In EMR during 1990-2000, the highest percentage of change detected in water
was +68.75% followed by built-up (+43.38%), agriculturalflow vegetation (+40.82%) and
lorest (+18.51%). During 2000-2010 also almost similar'pattern was observed in built-up
(+39.91%) and Forest (24.79). On the contrary this pattern has changed in Agrictltural/
low vegetation (-86.14%), Barren/Scrub land (+3.71%) and Wattg;h(:Q_S}ZEg%l during 2000-
2010. .

Table 2. Percentage change of LULC types in EMR.

e i

[ 20 Cor I Fr O A _

. % Change:1 !
LULC type 1990-2000 i 20002010
Agricultural/ low vegetation +40.82 X -86.14
Barren/ Scrub land -37.69 +3.71
Built-up +43.38 +39.91
l'orest +18.51 +24.79
Water +68.75 -23.75

L = R |
Map 3. Comparison of LULC types in the years of 1990, 2000 and 2010

Table 1. Extent of area changed from one LULC type to another type in EMR during the
period between 1990 and 2010 ' '

LULC type 4 Area changed in the period (Sq.km)
E : 1990-2000 2000-2010 1990-2010

chanC];:?l iy Ga&ﬁ:gd . Extent | Area | Extent | Area | Extent | Area

; ofarea | in% | ofarea | in% | ofarea | in%

Agricultural/ | Barren/ Scrub land 27.62 | 44.08 1.71 254 2851 | 22.24
low Forest 0.96 1.53 0.18 0.27 1.09 0.85
vegetation Water 0.00 0.00 0.01 0.01 0.00 0.00
Bartan Agricultural/ low vegetation 5.62 8.97 1398 | 20.75 | 18.93 | 14.76
Seribiland Forest : 1.15 1.84 4.68 6.95 5.81 4.53
¥ Water 0.00 0.00 0.19 0.28 0.10 0.08
Agricultural/ low vegetation | 0.22 | 035 | 256 | 380 | 283 | 221

Built-up | Barren/ Scrub land 3.26 5.20 217 3.22 553 +| 431
Forest 0.19 0.30 0.11 0.16 0.31 0.24

Water 0.00 0.00 0.03 0.04 0.00 0.00
Paisst | Agricultural/ low vegetation 3.21 5.12 2794 | 4147 | 31.12 | 2427
¥ Barren/ Scrub land 1990 | 3176 | 1359 | 2017 | 33.52 | 26.14

Water 0.00 0.00 0.10 0.15 0.00 0.00

Water Agricultural/ low vegetation 0.32 0.51 0.08 0.12 0.21 0.16
“Barren/ Scrub land 0.21 0.34 0.01 0.01 0.25 0.19

i v | Forest 000 | 000 | 004 | 006 | 000 | 0.00
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Human deaths caused bj/ elephants

Totally 96 human deaths due to elephants were recorded during the past twenty two
years. Of which, 2013 attributed highest deaths (n=18) followed by 2010 (n=17) and 2012
(n=11). From 1999 to 2009 over a period of ten years the casualty was ranged from just 1-
8. On the contrary the trend has suddenly changed as 17 human deaths were occurred
during 2010 and the subsequent years of 2011 to 2013 the casualty ranged from 7-18 (Fig.
1). It is important to note that any human deaths were not reported during 1993 to 1998.
Wilcoxon rank test reveals that there is no difference in human death before the year of
2000 (Z=1.265, P= 0.206). Interestingly, there is a significant difference in human death
after 2000 (Z= 2.805, P=0.005).
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Fig. 1. Human casualty caused by elephants from 1993 to 2014 i =
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Also il has been found that most of the human deaths were occurred outside the
forest (human habitations, farm lands, villages, barren lands and any sort of lands
localed outside the boundary of reserved forest) areas (67%) and considerable human
deaths were recorded inside forest areas (33%). There is a significant variation on human
deaths occurred inside the forest (F=3.420, P= 0.028) and outside the forest (F= 4.409,

P=0.015).

Causes of elephant deaths

Totally 142 elephant deaths were recorded from 1993 to 2014. The main cause of
deaths, were due to diseases (n=50), natural deaths (n=36) and electrocution (n=28).
Totally sixteen elephant deaths were occurred due to accidents. Of which, most of the
incidences were occurred due to slipped from slopes (n=8) followed by other reasons
(n=5) and train collision (n=3). Apart from natural deaths electrocution played a vital role
as a man made death due to conflicts in the deaths of elephants (Table 3). The variation
in elephant deaths due to various causes was insignificant (F= 0.3871, P= 0.8857).
However, there was a significant variation in elephant death between sex categories such
as male, female and young ones (F=5.8111, P=0.01).

Table. 3. Causes of elephant death from 1993-2014 (N=142)

; No. of Demography (%)

Casstes of elephantdeath. | .. vt doaihe | -Aduitiale Adulgtrl-‘l:mj;le Calf
Accident (Train) 3 33.3 66.7 0.0
Accident (Slipped from slopes) 8 62.5 12.5 25.0
Accident (other reasons) 5 40.0 60.0 0.0
Disease 50 38.0 48.0 14.0
Electrocution 28 64.3 35.7 0.0
Poaching 5 100.0 0.0 0.0
Natural 36 36.1 41.7 222

| Unknown 7 14.3 714 14.3

The relative percentage of elephant deaths due to irrespective of causes over the
years from 1993 to 2014 showed that there was an increasing trend from 1998 to 2014.
The highest percentage of deaths were recorded in 2013 as 10.6%. An average of only
1.1% elephant deaths per year were occurred during 1993-1997. On the other hand the
annual percentage of elephant deaths were occurred high between 1998 and 2014 as
5.6%. It seemed to be an alarming trend in elephant deaths between 1998 and 2014. (Fig.
3). Further from the regression analysis it is revealed that there was a linear increase in
the number of elephant death across the years. (No. of elephant death= 1.426 + 0.271 X
year; R2=44.7%). '

It was interesting to note that no elephant deaths occurred in the years of 1993, 1996,
1997, 2005, 2006, 2012 and 2014 due to electrocution. On the contrary, maximum deaths
were recorded in the year 2009 (28.6%), followed by 2004 (10.7%), 2002 (10.7%) and 2013
International Symposiomoen .
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(7.1%) (Fig. 4). There is a difference in elephant deaths due to electrocution before and
aller the year 2000 (t=-1.8736, P=0.04).
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‘Fig: 3. ?ela!iw frequency of elephant deaths irrespective of causes from 1993 to 2014 (n=142).
(The line indicates the linear mlationsl-nip between the number of elephant deaths across the years.
The respective regression equation and R? value are given.)
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Fig. 4. Relative frequency of elephant deaths due to electrocution from 1993 to 2014 (N=28)
DISCUSSION

Human deaths and injuries are a major form of conflict in eiephant ranges, yet these
have only been simply described in most of the studies (Sukumar, 1989; Sukumar, 2003)
or totally avoided. Human deaths and injuries, although less common than crop
damage, are the most severe manifestations of HEC. The present study in the CFD on
HEC found that totally 96 people was killed by elephants between 1993 and 2014. Of
which human deaths were not reported during 1993 to 1998 clearly revealed that I11i(’
issues started from 1999. Wilcoxon rank test also showed that there is a significan!

difference in human death after 2000. Also there is a significant difference in elephini

deaths due to electrocution before and after the year 2000 (t=-1.8736, P= 0.04). This could
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be due to blockage of elephant migratory route and adjoining areas during 1990s by
scevere land use changes.

Ramakrishnan (2008) pointed out that the indiscriminate growth in the construction
of buildings in the forms of resorts, educational institutions, ashrams and amusement
parks in the fringes of the corridors considerably affects the movement of elephants
which becomes a cause for the HEC. In Coimbatore forest division about 22 buildings
were established in fringes of narrow forest foothills during the period of 1995-2005,
causing heavy restrictions on the movément of elephants. Ramakrishnan (2008) also
assumed that these elephants get bounced back due to blockage of corridor and are
brought into conflict with people.

If EMR is blocked in CFD, elephants have only three options for movement which
are 1) go back on the same way 2) move through the adjoining agricultural fields and
human settlements 3) take risk and use the adjoining steep mountain slopes. In CFD
about 6% of elephants were died due to slipped from steep slopes clearly revealed that
elephants were forced to use the steep mountain slopes due to blockage of EMR.

LULC change from one class to various classes in EMR during 1990-2000 also
showed that notable change from barren/scrub land to agricultural/low vegetation and
forest. On the other hand it is important to note that about 3.26 km? area of barren/low
vegetation has been converted to built-up area. The HEC was started in Coimbatore
Forest Division and adjoining villages (CFDAV) during late 1990s. The conversion to

_ agricultural/low vegetation and built-up from barren/scrub land during 1990-2000 must

be one of the major cause for initiation of HEC in CFDAV. This is mainly because of rich
people buying a cheaper barren land in EMR areas and converting to farm houses with
crops such as coconut, mango, areacanut, banana and other cash crops. Generally all
these crops are being protected by electric fences which physically obstructing the free
movement of elephants in EMR. The EMR areas were once occupied almost by
barren/scrub lands up to 1990s even though these areas were private lands. In addition
there was no need of creating physical barriers to prevent elephants although elephants

-were used these private barren lands for migration. Thus land owners not bothered

about the movement of elephant in their land up to 1990s. This phenomenon must be
continued many generations along the forest fringes (EMR) of the CFD. Unfortunately
this trend was broken during the middle of 1990s when the barren lands were converted
to agricultural practices, built-up areas and the corresponding rise of modern mitigating
measures to protect these lands from elephants. These activities must have influenced on

* launching of HEC in CFDAV.

Apart from this the conversion to built-up areas from barren/scrub land, EMR could
be played a notable role of initiating the HEC in CFDAV. Because built-up areas are
physically hindered the elephant movement in EMR. On the other hand, the
corresponding human activities like creation of bore wells and water tanks are attracting
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the clephants. Subsequently the chances of encountering with people increase drastically
and lead to severe HEC in CFDAV. Over the period, built-up areas were keep on raising
i about 2.56 km? of agricultural/low vegetation and 2.17 km? of barren/scrub lands were
vonverted to built-up area in EMR during 2000-2010. It further more obstructed the
tlephant movement in EMR and led to straying of elephants more frequently into the
villages and associated rise of HEC in this region.

Coimbatore is an ever developing city with a high potential for industrial growth,
I'MR has become a hub for establishing new educational institutions and ashrams due to
real estate bang to purchase of barren lands in cheaper prize near to the forest fringes
(EMR) rather than the unaffordable lands nearer to the city.

About 13.98 km? of agricultural/low vegetation lands had been barren/scrub land
during 2000-2010 period in EMR is indicating clearly on people’s mindset that the lands
are being ready to be sold to the development companies for high profitable price in
future. As per the norms of town planning, barren and uncultivable land only can be
vonverted to residential, industrial & commercial layouts. Hence lot of farmers discarded
the agricultural practices to make barren land.

In conclusion, human deaths caused by elephants increased drastically in last five
years in the CFD. Conversion of each LULC types will obstruct and divert the elephant
movement from the actual EMR on their own way and lead to severe HEC. Thus land
use changes should be controlled effectively in EMR in order to control the HEC issues
in this division. The Solar Fence, EPT and other preventive methods can be considered as
only short term, which may provide only some immediate relief. In addition to EPT,
modern tools using mobile communications such as mobile alerts and alarms and early
warning systems about elephant presence can be tried. As long term measure, intensive
management of elephant migratory routes is needed (Ramkumar ef al., 2014). Also
management strategies in this division should be aimed at regulating land use changes
in private lands at least 2 km from forest boundary, habitat improvement in foothill
forests and detailed research on factors of hﬁman—elephant conflict and new techniques
on control measures. Private lands located at least 200m from foothill forest should be
freed from all sort of physical barriers. Water sources could be provided along every 5
km in the forest foothills during summer, to negate the need for elephants to move
further inlands into human areas.
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