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Background

Karnataka Forest Department, doordinationwith neighbouringsouthern stateferala, Tamil Nadu
Andhra Pradesh Maharashtra and Gpaconducteda synchronizedelephantcensusfrom 23rd to 25th
May 2012in the stateThe aim of this exercise was &stimate thepopulation ofwild elephans by
direct (sample block count) and indirect (line transect dung count) mesasag@sommended by Project
Elephant Directorate, Ministry of Environment and Fore&svernment of Indiaand also to assess
population structure (aggex composition and sex ratio) usiigta fromdirect sightings of elephants in
block countsand observabns at waterholes in the$arest divisions Wild elephantdhave beemeported

in 32 forestdivisions of Karnataka and thetal area oflephantdistribution is approximately 1300
km?. Two forest divisiongKundapuraand Sagar) @not reportelephants thoughthe occasbnal useof
some of these aredy solitary bulls and herds cannot be ruled. éatrnataka state has presently one
notified Elephant Reserve termed as Mysore Elephant Reserve (MER) that corfgraseslvisions
from BhadraWildlife Division in Malnadto BandipurNP in the south along the Western Ghats, and
from BRT WLS (Chamarajnagarto BannerghattdP along the Eastern Ghats. This encompasses an
area of nearly 1,300 km? ranging fromwet evergreendrestthroughdeciduous foresto dry thorn
forest,harbouringone of the largegiopulationsof Asian elephants.

Training programme and population estimation methods

A planningcumtraining workshopheld on May 10, 2012t BandipurNational ParkKarnatakawas
attended by forest manaig (Conservator, Deputy Conservator and Assistant Conservator of Forests)
along with technical expertsom all the southern stateSriteria for ®lection of sample block&cation

of line transectandsurveying of wateholes wadliscussedt this wokshop and later finalized by the
concerned officials for various forest divisiofi$ie field enumerations@mpleblock counti Figure 1a
andline transectindirect (dung) count) and demographic profiling (watkole observationfigure 1b

was then executetbee appendix 1 for detaitsn methods us@dy the forest staff with the help of
volunteers during Mag3-25, 2012

a
Figures la & b: Elephants sighted during population estimation through block count (a) and
water hole observations (b)

Population datawere analyzed(see appendix 1 for data processif@)individual forestdivisionsand
also for the entire state.

Results

Sample bck count based population estimation was carried o@tlidivisions (Figure 2) of which
only 20divisionsreported elephantsighted in the sampled blocKsine transect dng count waslso
carried out ir31 divisions(Figure 2)of which dung were encountered in 22 divisi¢nable 1)
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Figure 2: Map showing forest divisions where population estimation using sample block count and line transect
indirect (dung) countethodswvas carried outl, in green; in other divisions (2, in yellow)
this exercise was not carried out



Table 1 Details of number of blocksampledandelephant countedndtransect length and numbers of
dung piles encountered various forest divisions in Karnataka.

Block Count Dung count
Name of the Elephant S No Forest Number of No of
Reserve ’ Divisions blocks Elephants Transect dung
sampled counted length (km) piles
Mysore Elephant
Reserve 1 Bandipur 61 662 122 61
2 Bangalore Rural 2 0
3 Bannerghatta 16 78 55 28
4 Bhadra 33 73 65 33
5 BRT 50 208 98 49
6 Cauvery 15 89 48 24
7 Chikmagalur 14 8 41 21
8 Hassan 9 15 19 9
9 Hunsur (T) 13 70 26 13
10 Kollegal 34 94 80 40
11 Madikeri(T) 32 64 68 34
12 Madikeri(W) 27 74 54 27
13 Mandya 5 3 16 8
14 Mysore(T) 9 3 20 10
15 Mysore(W) 3 51 6 3
16 Nagarahole 50 619 100 50
17 Ramanagara 24 28 68 34
18 Virajpet 41 65 70 35
19 Tumkur 0 0 5 0
Proposed Dandel
Elephant Reservi 1 AnshiDandeli 39 32 96 48
2 Belgaum 5 0 140 71
3 Dharwad 29 0 4 0
4 Haliyal 6 0 6 0
5 Haveri 6 0 6 0
6 Yellapura 37 0 37 0
Otherg 1 Bhadravathi 9 0 17 9
2 Koppa 18 0 38 19
3 Kudremukh 42 0 - -
4 Kundapura 31 0 - -
5 Mangalore 119 4 208 104
6 Sagar - - - -
7 ShimogaW) 10 1 - -

(T): Territorial Forest Division; (W): Wildlife Divisio; *: Divisions with occasional elephant presence
- . no population estimation by dung or block was made.

Sample block count

The sizes of the sampled blocks varied considerably; while most of the blocks were in the ra@e of 1
km?, some blocks were stifer or much largerexceeding 100 kfnResuls of elephans countedo area
ratio (for each of the block siz@as®sfrom aboutl to>13 knf) indicatethat block sizesf 3 to 7 knf
would maximizedetection aneblephant count. This ratio peakg 1.04)for block sizes of 5 to 6 ki



(see appendix 2or more details implying that in future population estimation exercisb®ck size
must be maintainedt this sizgi.e. 5-6 knr) asclearlyinstructedin past yearso maximize detection of
elephantgFigures 3a & bjand ensure the least biased estimate of the population.

Figures 3a & blllustrationof sampleblocksenumeratedor elephants(a) perambulation of block by a team
(b) sighting of an elephant in a blo¢kotethe poorvisibility in this block that reduces elephant detection)

Elephant densityaries widely across the statgth the highest densities found in the Mysore Elephant
Reserveg(Figures 4a & h)Apart from makng estimates of elephant densit{€sgures 5)and numbers

for each forest division, we also computed elephant density separately for the Mysore Elephant Reserve
(MER) by pooling data from blocks sampled within the reserve.

As including data from all sapted blocks would result in underestimate of elephant density, we used
only data fromblocks <12.3km? (from 19 forest divisions fall within Mysore Elephant Reserweith
elephant distribution areaf 7336 km? excluding Tumkur and Bangalore Rural Divisiothat do not
normally have elephants)

Figures 4a & bElephans sightings in Mysore Elephant Reserve dusagnpleblock count method

This gavea densityestimateof 081 elephantkm? with correspondingelephantpopulation estimatef

5945 (55561 6333 95% CI) individualsfor the MER. To this figure has to be add&@7 (range92-155)
elephants fronill forest divisions (as ascertained by the local forest officials) that have very sparse
elephant distribution and meaningful sample block was nssiple or carried out. Thus, the elephant
population for the state from pooled dditae MER using sample block counts is estimated6@t2
(5648-6488 95% Cl}Table2.



Table 2: Estimated Elephant number for Karalat State, based on the reswitgoolingforest divisions
of Mysore Elephant Reserve, Proposed Dandeli Elephant Reserve and other forest division that have
occasional elephant presence

S.No Region Elephant number 95% LCL 95% UCL
1 32 Forest Divisions 6072 5648 6488

Estimates for indiidual forest divisions using the same method incorporatimny data from blocks
<12.3 knf are provided imable3.

Table 3: Elephant numberestimated for different forest divisions in Karnatalaivisions 119
represent areas falling with the Mysoreihant Reservé.CL and UCL represent 95% CI.

S.No Forest Divisiorn* Area km® Elephant number LCL UCL
Mysore Elephant

Reserve 1 Bandipur 906 1697 1223 2171

2 Bannerghatta 104 78 77 89

3 Bhadra 492 188 123 253

4 BRT 540 480 345 614

5 Cauvery 527 255 255 550

6 Chikamagalur 79 8 4 12

7 Hassan 299 75 23 127

8 Hunsur 78 70 30 110

9 Kollegal 1227 278 278 601

10 Madikeri (T) 1052 273 176 369

11 Madikeri (W) 344 192 118 266

12 Mandya 97 3 3 6.9

13 Mysore (T) 56 3 1 5

14 Mysore (W) 30 51 51 125

15 Nagarahole 643 1320 950 1690

16 Ramanagara 746 169 106 232

17 Virajpet 116 65 46 84

18 & 19 Tumkur & Bangalore Rural 1108 0(5) 4 6
Proposed Dandel

Elephant Reserv 20 AnshiDandeli 824 47 32 62

21 Belgaum 36 0 (6) 6 8

22 Dharwad 247 0 (8) 6 8

23 Haliyal 1183 (15) 10 20

24 Haveri 331 (7 4 8

25 Yellapur 1660 (20) 18 22

Others 26 Bhadravathi 322 3 1 3

27 Koppa 165 0 () - -

28 Kudremukh 252 0(7) 5 8

29 Kundapura 1037 0 () - -

30 Mangalore 742 5 4 6

31 ShimogaW) 55 1(3) 1 3

32 Sagar 1218 (1) - -

e Elephant numberm brackets are basemh information obtained from Karnataka Forest Departmant
Sagar Division no census was carried out.
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Figure5: Map showing density of elepharfisdividuals per sq. kirby sample block count method for forest
divisions in Karnataka
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Line transect indirect (dung) count

In total, 770 transectsovering alengthof 1536 km were laid to estimatdung density acros&2 forest
divisions of Mysore ER as well those adjoining the ER in the state. Ofd@8%] piles, 96% were used
in estimation of dung densitgy truncationof data at a perpendiculalistance of 12m Elephant
numbers estimated for inddual forest divisions are givein Table4 & Figure 4.

Table 4: Elephant population estimated by dung count method in different forest divisions of Karnataka
S.No ForestDivision TL NT DD SE ED LL UL H EN LCL UCL

1 Bandipur 122 61 2333 277.2 1.39 0.74 221 906 1263 674 2000
2 Bannerghatta 55 28 2140 560.2 1.27 0.48 2.39 104 133 50 250
3 Bhadra 65 33 1993 293.2 1.19 063 19 492 586 312 936
4 BRT 98 49 1910 206.7 1.14 0.62 1.81 540 617 335 976
5 Cauvery 48 24 596 854 0.36 0.2 058 527 187 103 303
6 Chikamagalur 41 21 593 185 0.40 0.1 0.7 79 28 9 51
7 Hassan 19 9 252 48.7 0.15 0.26 7.44 299 45 * *
8 Hunsur (T) 26 13 2274 394 0.36 0.69 2.26 78 28 54 176
9 Kollegal 80 40 439 815 0.26 0.13 0.45 1227 319 161 548
10 Madikeri (W) 54 27 676 125 0.40 0.19 0.67 344 138 65 230
11 Madikeri (T) 68 34 813 126.7 0.49 0.25 0.8 1052 512 266 845
12 Mandya 16 8 517 884 0.31 0.15 052 97 30 15 50
13 Mysore (T) 20 10 435 1389 0.26 05 7.42 56 15 28 418
14 Mysore (W) 6 3 690 321.1 042 09 173 30 13 * *
15 Nagarahole 100 50 2810 265.1 1.68 0.97 2.55 643 1078 622 1637
16 Ramanagara 68 34 438 1142 0.27 0.1 0.48 746 199 77 352
17 Virajpet 70 35 437 922 0.26 0.13 045 116 30 15 52
18 Tumkur 0 0 0 0 0 0 0 0 0 0 0
Bangalore
19 Rural - - - - - - - - - - -
20 AnshiDandeli 96 48 145 485 0.10 0.2 23 824 66 * *
21 Belgaum 140 71 49 27 0 27 7 36 0 99 251
22 Dharwad 0 0 0 0 0 0 0 0 0 0 0
23 Haveri 0 0 0 0 0 0 0 0 0 0 0
24 Haliyal - - - - - - - - - - -
25 Yellapur - - - - - - - - - - -
26 Bhadravati 17 9 79 235 0.05 152 875 47 2 * *
27 Koppa 38 19 311 944 020 03 6.3 166 31 * *

28 Kudremukh - - - - - - - - - - -
29 Kundapura - - - - -
30 Mangalore 208 104 67 19.7 0 13 75 742 30 * *

31 ShimogaW) - - - - - - - - - - -
32 Sagar - - - - - - - - - - -
1536 770 9395

TL: Transect length in km;NT: Number of TransectsDD: Dung density/krﬁ SE: Standard Error;
ED: Elephant density/kn?; H: Habitat area in kfy LCL: Lower 95% @nfidence Limit; UCL: Upper 95%
Confidence Limit;EN: Elephant numbers*Cl valuesaremeaninglessiue toverylow sample sizef dung

When dita from 17 forest divisionsof MER are pooled for analysis,a mean density of 0.89
elephantkm? (95% Cl = 054-1.13) was estimatedver an elephant distribution area @836 knf; this
translats into 6521elephants (373-9530Q 95% C) for Mysore Elephant Resery&able5).
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Figure6: Map showing density of elephants by lin@ensect indirect (dung) count method for
forest divisions in Karnataka
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Table 5: Elephantdensity and number estimated based pooling 17 forest divisionsof Mysore
Elephant Reserve divisionsof AnshiDandeli & Bdgaum and 4 divisions ofKoppa, Kudremukh,
Mangalore & Bhadravati

S.
no

TL NT DD SE ED LCL UCL H EN LCL UCL

Mysore
Elephant
1 Reserve 936 500 14919 81.3 089 054 1.13 7336 6521 3973 9530

Anshi
Dandeli &
2 Belgaum 238 119 64.2 205 0.03 120 7.30 860 26 - -

Koppa
Kudremukh
Mangalore&
3 Bhadravati 359 181 130.0 26.9 0.08 0.13 3.82 1207 97 -

TL: Transect length in ki T: Number of transec®D: Dung density/krf SE: Standard ErroED: Elephant
density/km? H: Habitatarea in krf; LCL: Lower 95% Confidence Limit; OL: Upper 95% Confidence Limit;
EN: Elephant numbers

Overall status of dephant and their distribution in Karnataka

Results ofthe sampleblock and dung count together withinformation obtained from foresofficials,
provide information orthe current status of elephants atieir spatial distributionn the state (Figure
7). The Mysore ElephariReserve (MERYonstituts the major etphantregion ofthe state comprising
about 686 of the elephant distributioarea buB8 % of the wild elephant populatiorlowever, withn
the 19 forest divisions oMER, elephant movements 2 divisions, namelyTumkur and Bangalore
(rural) Divisionsareseasonal.

About 4 to 5 elephants from Savandurga RF of Bwgaa Division move into these divisionsn

occasion In Bangalore(rural) Division, only Nelamangald&kange withan area oR2.5km? (11% of the

total area of division) is reported to have elephants. Bannerghatta and Kanakapura regions are the sourct
for elephants torumkur Division during December and Januaryost of elephant habitat area of
Ramanagara has been added to Bannerghatta NP and curreB@yeRéphants have been reported in

this division.

Outside the MER, the presence and movement of elephantduseddnd often seasonahaking it
difficult to obtain objective estimate®/ithin the proposed &hdeli Elephant Reservihe mainelephant
distributionarea fal§ in the AnshiDandeli Forest DivisionEKalgatgi Range of Dharwadivision and
Hanagh Rangeof HaveriDivision have occasional movements of 6 to 7 elephants from areas in and
around Dandeli Wildlife Sanctuary. Deputy Conservator of For@tarwad has recently reported 8
adult and 3 calves/juvenile elephants in Dhaniadsion. Only 3% of Havei Division constitutes
elephant habitat areajith elephang beingsightedfrom October to December, reportgadominghere
from Yellapur Division. Up to 40 elephants have been repontéllapur Division, with about half of
thembeing resident and thest moving here from Ansiidandeli especiallyluring cropseasorfrom
June to Januar¥lephants fronYellapuralsovisit Haliyal. Belgaumalsohas seasonal occurrencete®
elephantgomingfrom DandeliduringJuneto January
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Sagar Division is not part of proposed Dandeli ElepHae®rve; however, this division gmort rare
occurrence of a tusked elephaaid to be from DandelCertain parts of Sag&ivision such asSagar
Range also had elephant movement reportedly from the Kbpfision in the past few years (observed
during 2011and 2012).Tarikere Range of BhadravatBivision has occasiongbresenceof 4 to 5
elephants fronBhadra WildlifeDivision.

This division has 7 forest ranges of which 2 ranges (Tarikere & Shanjisagant presence of
elephants and about 34% of amfathe division is said to be elephant habitat ateakudremukh
Division, 6 to 7 elephants are report€hly one elephant was sighted in 200KundapurDivision.
Mangalore has 7 ranges of which 5 ranges reff@tpresence of 4 elephantsShimoga Widlife
division has 3 resident elephants in Shettinaflidlife Sanctuary adjoininghe areas of Bhadra Wildlife
Division.

Population Structure (Sex and age classification)

The population structure assessed based on 3007 elephant sightings thgewsere@ show that adults
constitute 53% of the population (males 14%, female 39%). The remaining (47%) population consists of
younger age classes such as-adblts (male 6% and female 16%), juveniles (male 6% and female 7%)
and calves (13%). The overalaleto-female sex ratio is 1:2.4 (irrespective of age) with skew being
more visible afL:2.7in the adult age class.

Salient observations of the 2012 enumeration
Bandipur NP and NagarahdWdP were the only protected areas with more than 1000 elepbaitsas
estimated using both methods

Bandipur and NagaraholBational Parksshowed densities of more than one elephant per square
kilometerby both sample block count and dung count mettiBdsdipur NRP1.9, 1.4; NagaraholsP-

2.1, 1.7). Bannerghatta, BREnd Hunsur (T) showethediumdensities at 1.0 to 1.4/ Knusing both
methodsAll other forest divisions had densities below 1 elepharft/km

The overall elephant population estimates were higher by the dung count method as compared to the
sample block caat method in which a certain degree of underestimation can be expected due to
incomplete detection of elephants, especially in the larger bloskmadied numbers of elephaig the

two methods were, however, not statistically different from both theadstor 16 forest divisions

There were no elephant sightingsridivisions and no dung piles encountered in 4 divislmesause of
very low densityEstimates for these divisions were based on inputs from the forest officials.

The sex ratio of adults unlikely to be accurate as the male:female ratio of 1:2.7 deviates markedly
from elephant population data from research studies over the past ten years at places such as Nagaraho
and Bandipur National Parks.

Summary of Recommendatios
1. Sample bloclcounts:

a) Itis important for sample blocks to be selected at random, as any bias in selection would result in
inaccuratadensity estimation.
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b)

b)

It is essential that block sizes have to be kept to the recommended optimum s&émf ®
maximize detectiorof elephants and minimize bias toward underestimation. Blocks have to be
demarcated on maps using natural features (streams, ridges) and roads such that the frontline
staff engaged in enumeration clearly understand the extent of area they have to paambula
While surveying, those with access to GPS units can use it in track mode in order to know the
exact area covered.

Trainedresearchermay be deputetb each oftheforest divisions (or at least tmeajorelephant
divisions) to assist in selecting btsaand wateholes for survey purpose. The effort put in by the
staff and volunteers would be wasted if there were flaws in the design of the survey itself.

Considering the work | oad of staff at esshe of
of a burden for them if observers or researchers were involved in training field staff in the survey
methods and concepts. This would engbegthe normalschedule of officials is not interrupted

during the survey.

Indirect line transect dung count:

The major shortcoming of the dung count method is the failure to carry out dung decay rate
experiments beginning several months prior to the line transect exd@rgisehas consistently
happened during every major elephant census exercise and Bacedtified in the next census

Waterhole count for population structure:

For the survey on ageex classification, inputs from observers are invaluable; this, however,
does not eliminatene need for taking photograpti#hotographshould be the basfer agesex
classification. It has been observed that volunteers with equipment and opportunity to
photograph elephants during the survey do not provide copies of the same to the survey staff
(either due to oversight or otherwise).

Selected supervisors feach beat/range/division could check that copies of any photos taken are
handed to the staff. Copies of all photographs (from staff or volunteers) of elephants have to be
stored in a computer or a compact disc and maintained by the department.

Enumeratorsieed better training in aging elephants, especially adult male elephants. They tend
to consistently overestimate the age of male elephants, resulting in incorredemale: ratios.

Captive elephant population:

Karnatakaalso has 161 elephants iaptivity (Table § of which 56%is found in different forest camps
and 18% arekept in 2 zoos andone biological park. Elephants belonging to temples and private
individuals contributehe remainind@6% of the total captive elephant population of the state.

12



Table 6: Status of captive elephants in Karnatéka2012)

S.No Type of facility Name of the location Number Total
Forest department camps
1 Nagarhole 34
2 Bandipur 18
3 BRT 3
4 Madikeri 19
5 Shimoga 17 91
Zoos & Biologica park
6 Mysore Zoo 8
7 Bannerghatta 19
8 Pilikula, Nisargadhama 2 29
9 Temple Temples 31
10 Private Private 10 41
Total 161
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Appendix 1:
Methods of population estimats and demographic profiling

Population estimaion methods

Given the practical challenges istienatingthe population of even a large mammal such as the elephant.
a prudent approackvould be to use more than one method in this exercise to look at the degree of
convergence of the resul&mong variousmethodsin vogue over the past8 decades in estimating
elephant populationgwo have beewronsistentlyemployedin Karnataka since 2002 considering their
relative simplicity and the capacity of a large force of frontline forest staff to employ thedaaththe

field with least possible training

¢ Direct sighting of elephants usifiggmpleblock count method
¢ Indirectestimateusingfiihe transectt u n g @nethod t 0

Sampleblock count

Sampleblock count involves direct sighting of elephants by thevesyiteam in each selected block and
is conducted simultaneously across the state on a giverDdawng the training programme it was
emphasized that block sizes should ideally be abefitkd?. In practice,however,blocks of sizes
ranging from 0.02 to33 km? (mean 8.20 ki) 49% of blocks were betweehand 7km?) weresampled

in the stateThe number of blocksampleddepenéd on the size of théorest division the goal was to
sample 8-50% of the area of a forest divisidih should be noted that blksize would be approximate
as there are no boundary markers to separate them in thehfieigh the area was marked on maps
using natural features such as streams, ridges and foaelsch blok, two to three personnéFigure
8a) perambulatd the areacarefully tiying to locate the presence efephants from sounds of animals
feeding, moving through the forest, or vocalizingré&was taken tavoid double counts and making
sure all elephantdetectedvere counteqFigure 8b)and if possible agesex dassified.

b
Figures 8a & b: Sample block coul#) team of enumeratord)sighting of elephastin a sample block

Data Analysis: Data collected from the field exercise, that includes details of number of elephants

counted (}), the area sample(x) and total area of the division X@was used in a formula given in
Lahiri-Choudhury 199for sample blocks of unequal sjze
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