A PROTOCOL ON PHASE-IV MONITORING

(Continuous monitoring of tiger reserves /
tiger source areas)

Technical Document No. 1/2011

NATIONAL TIGER CONSERVATION AUTHORITY

APRIL, 2012



(Continuous monitoring of tiger reserves / tiger source areas)

A PROTOCOL ON PHASE-IV MONITORING

INDEX
Sl. Contents Page
No. No.
SECTION-1
1. | Background 1-5
SECTION-2
2. Phase-IV Management-Oriented Monitoring
(1) For all tiger reserves except Sundarbans
Part-A: Maintaining daily patrolling log in patrolling camp/chowki | 6
registers
Part-B: Carrying out the 8 day protocol of Phase-IV twice a year 7
Part-C: Recording data from pressure impression pads (PIP) 7-8
Part-D: Obtaining the minimum number of tigers in the tiger reserve 8-9
SECTION-3 (Advanced protocol involving scientists)
3. PHASE-1V INTENSIVE MONITORING OF SOURCE POPULATIONS AND TIGER
RESERVES
Part-E: Obtaining the tiger numbers for the reserve using camera traps | 10-11
in a mark recapture framework
Part-F: Using scats for DNA analysis to obtain the minimum tiger | 11
numbers in reserves where camera trapping is not possible
APPENDICES
4. Appendix-1 : SURVEY DESIGN (For all tiger reserves except Sundarbans) | 12
for spatially explicit mark-recapture study involving research workers /
scientists
5. Annexure-| : Patrol Form 13
6. Annexure-Il : Field formats for data collection in distance sampling and | 14-22
related basic information
7. Annexure-lll : Track plot for carnivores and mega herbivores (pressure | 23
impression pad)
8. Annexure-1V : Format for recording camera trap capture data to obtain | 24-26
tiger numbers at the reserve level
9. Annexure-V : Basic information on mark recapture 27-45
10. | Annexure-VI : Capture-recapture sampling data format using camera | 46
trapping (Mark software format)
11. | Annexure-VIl : Data sheet for tiger, other animals and human signs | 47-48
encounter rates for Sundarbans
12. | Annexure-VIll : Encounter rate on line transects for Sundarbans 49
13. | Annexure-IX : Format for vegetation data for Sundarbans 50
14. | Annexure-X : Format for recording human disturbance for Sundarbans 51




SECTION-1



SECTION-1

1. BACKGROUND

1.1 TheTiger Task Forceconstituted by the Nationa Board forWildlife
(2005) has endorsedthe revised methodology / approach propounded
by the erstwhile Project Tiger Directorate (now the Nationa Tiger
Conservation Authority-NTCA) and the Wildlife Institute of India (WII)
for country level estimation / monitoring of tiger / prey statusand its
habitat. The said approachjnteraia, comprises of the following

(@) Country level assessmentf tiger, co-predators,prey and
habitat in 17 tiger Statesonce in every four yearsusng the
double sampling method having three phases (Phase-I:
Spatiad mapping and monitoring of tigers, prey and habitat;
Phase-Il: Assmilation of spatiad and attribute data; and
Phase-lll : Estimating the population of tigers and its prey).

(b) Intensive monitoring of tigersource ppulationsin tiger reserves
and protectedareasn eachtiger landscape complex (Phase-1V),
andmaintenance of a centralized photo-databasef tigers at
NTCA obtaned from camera trapsieployed acrossal tiger
reserves.

(c) Routine management-oriented monitoring, which, inter dia,
comprises of reguar monitoring of tiger signs at beatleve,
which can potentidly be integrated with monitoring of law
enforcemenand patrolling.

(d) SurveyDesign (for al tiger reserves except Sundarbafs)
spatialy explicit mark-recapturestudy involving research
workers / scientists is at Appendix-1.

1.2 Theabove endorsemeant theTiger Task Forcés beingimplemented and
has aso beenreterated in the gudeines issued by the NTCA
(Technica Document: NTCA/01/07). In a country level meding of
Chief Wildlife Wardens /Field Directors held in May, 2011,it was decided
to taken to implement the Mmase- IV monitoring from



November2011l. This was followed by a discusson with experts /
NTCA members and ameding with Chief Wildlife Wardens /Field
Directors in October, 2011

As per thedecisontaken, the minimum standardgor the Phase Y
protocols were:-

(1) Cameratrap density one pair per 4-5sg.km.

(2) Minimum trap nights of a 1000 per 100sqg.km.(i.e. 25 pairs of
camerasn 100sqg.km.for 40 days)

(3) Minimum area coverageof 400 sq.km.

(4) Closure period of 40 to 60days

(5) Minimum of 20 spatia replicates of line transectseach of a
minimum of 2 km length (for the entire reserve)

(6) Entire reserveneeds to besampled. Eachsampling occasion
should cover nnimum area of 400 sg.km (10Qpairs of
cameras) andin case oflarger reserves, the areshould be
covered bydividing the areainto 400 sg.kmblocks and camera
trapping should be donesuccessvely, within the closure period of
60 days.

The objective of the NTCAexercise isto, at the leastobtan a
minimum number of tigers in a Tiger Reserve (Section-2), but aims to
estimate the tiger population size and prey desssitfsection-3) in a reserve
using spatially-explicit capture-recapture appre@achising software tools
such aSPACECAP/ DENSITY for estimating tiger population size & DIBNCE for
estimating densities of prey.

In brief, the Fhase-1V protocol of NTCA contains six components:

(a) Maintaining dally patrolling log (described in Section-2)

(b) Carrying out beat-wise monitoring of sign encountexsce a yea
(described in Section-2)

(c) Recording from PIP (described in Section-2)

(d) Obtaining minimum tiger number @ing cameratraps (described
in Section-2)

(e) Obtaning tiger numbers usng camera traps (40-60 days
closure period) (described in Section-3)

()  Obtaining minimum tiger numbers througNA anaysis from
Scats (described in Section-3)



The field managersare familiarwith some of these componentsUnder
Phase-1V monitoring, emphasis have beengiven on the use ofamera
traps for obtaining minimum  tiger numbers or preferably, tiger
population size estimation and using line transaatpling for estimating
prey densitieslt must be bornen mind that for dataanalysis usng camera
trap data in a mark recapture frameworlas wel as in DISTANCE
sampling, the ‘detection probability’ or ‘probability of detecting animas
is important. Further,it is important to note that moreanimas in an
area may notresult in enhancedetection probability, since the latter is
governedby terrain featurescover, vsbility etc.However, more animas
in an area mayesult in more detections on a line transector more
captures during acamerasesson.

The phrase ‘detection probability’ is used in line transects,
whereas ‘proportions of animals captured is used in the context of

camera trapsThe ‘proportion of capture or ‘capture probability’

facllitates estimation of true popuation sze. To illustrate the
importance of a detection probability, asmple exampleis given below:

e 100spotteddeer were introduceth a known area
Thesamearea wastraversedy a team of twgpersonssix times
resultingin acount of 62spotteddeer (mean)

~

Here, thedetection probability = P= 62/100 =0.62
After a year, the area wagan countedaong the sametrall
resultingin acount of 90spotted eég
Thepopuation estimation is done aselow:
90/0.62 = 145spotted eéq, with the assumption that detection
probability has remained constant over the two year

Thus ageneric formulais given for population estimation:
O
N=C/P
A
where/l:l = population
C = count / index
I\
P = probability of detection



In the aboveexample, the initial figure of 100spotteddeer was known,
which is not the situation underwild condtions. Furthertwo counts/
indces can becompared oly if we know the probability / estimate the

probability of detection. Thus, bothin cameratrap as well as distance

sampling, the anaysis part requires estimation of the probability

of detection / capture.

QuickReferenceGuide

PhaselV involves monitoringof Tiger and its preyon annual basis afiger
Reseave level, while Phase | tdll is done at every year interval for country
level monitoring. The following needs to be keptin mind while planning the
PhaselV:

Carnivore population edimation

1) Cameratrap density one per 45 km

2) Minimumtrap night=of a1000 per100 sgq km

3) Minimum area coveragef 400 sq.km or whatever is theeseve size

4) Closure periodof 40 to 60 days

Trap night are numbebpf daysof operation multipliedby numberof pair of
camerasClosure period is time frame within which animal movemeamtand
out of study area, birth and death are goingto mava negligibleeff ect.

Given the importance of estimating detection pholig as outlined above, this
concept is central to intensive monitoring undeagghlV, unlike in Phases |, Il, and
[l where ‘encounter rates and indices’ were emptbynore prominently.

However, since at the reserve or source populdgesl tiger and prey density
estimation methods which can rigorously deal wittedtion probability require

substantial scientific expertise to design and @gplk may not always be possible
for reserve managers to have access to and bedgbigeadequately qualified

scientists. Therefore, Phase IV intensive momupris being seen as a “ladder
process” in which tiger reserves will gradually reoup the ladder from routine
management oriented monitoring to the intensivergdic monitoring scheme.

States/Reserve managers who do not have readysaxéisained scientists with
expertise in design and deployment of intensivergdic methods may use the first
step of the ladder described here under Secti@s2putine management oriented
activities. These routines will involve a wide ranactivities covered under parts A,
B, C, D under Section 2 of this protocol and wile lgenerally helpful in
management of reserves. One aim of this is torgémeninimum number of tigers
in each reserve, each year without violating imgoatrt closure assumptions
described later. This routine management orientexhitoring is described in

Section 2 of this document.
4



The next step in the “ladder process” involves akeigorous distance sampling
(for prey) and capture-recapture sampling (for rs)e¢ These may require
collaboration with adequately qualified scientistssurvey design, implementation
and data analysis stages. Here the goal is to genealid estimates of population
density and population size for tigers and impdriarey species in each reserve,

fully meeting all the minimum standards and apphescdescribed in Section 3 of
this document.

Where such intensive scientific monitoring of tigand prey populations is
undertaken as described in Section 3, there maybwed for deploying other kind
of line transect or camera trap surveys, to avaitegessary duplication of work.
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SECTION-2

PHASE-1V MANAGEMENT-ORIENTED MONITORING

For all tiger reserves excepuindarbans

Part-A Maintaining daily patrolling log inpatrolling camp/

chowkiregisters

While on regular otargetedpatrolling duties the personnel shal record the
following information:

1)

2)

3)

4)

5)

6)

7

Each patrolling team shal be equipped with a GPSunt and a
digita camera besdes the reguar equpment (e.g. fireams,
wireless torch, etc).

The date time and GPScoordinates of the beginning of the patrol
recorded.

Preferably the GPSunit shal be switched onthroughoutthe patrolin a
track log mode. However, due taonstraints of technica knowhow
or other issues if this is not possble then a GP$oordinate
recordedand written down in the record form every 30min or at major
deviations from astraight line path.

The totalnumber of personson the patrol are recordedaong with
number ofarmed personned and type of arms. The mode mditrol is also
recordedg.g. on foot,bicycle, motorcycle, 4WD, e ephant, boat, etc.
A record ofall illegd activities is enteredn the datasheetalong with
time, dateand coordinate stamp.A photographis alsotaken of the
ste with atime datestamp.

A record ofsigns and sightings or highly endangeredpgcies while on
Patrol is aso maintained by entering the GPSoordinate, date and
time of the sighting /sign as well as recording a digita picture of the
sameif possble.

After the end of the &rol, the GPS tracklog is either downloaded
onto a computer (in MSTrIPES program if this isapplicable at the
site) or thedatasheewith the recorded information deposited at
the Range Hea@uarters.Data formatsfor recording Patrol dataare
provided in Annexure-1.



Part-B  Carrying out beat-wise monitoring of signs and
encounters of animals/vegetation/habitat

disturbances following Phase-l protocotwice a
yea

The entire tiger reservewould be coveredat the beatlevel, by
considering the latter as asampling unt, as done in Phase-l of the
country level assessmentyb following the standardized eight day
protocol (the data collection needs to be done twice a yeathe formats
provided at Annexures-VII, VIII, IX and X). Thiswould involve beat wise
collection of data (in thestandardized formats) twice a yearreating
to tiger / carnivore sgns survey, unguate, encounter ratedabitat
status, human presenamd pelet / dung counts. Based on suchdata,beat
level maps indicating the spatial presence feative abundanceiridex) of
prey / predatorsspecies ould bepreparedn the GlSdomain for record.

(i) Beda-wise collection of data in the standardized formats of
Phase-tountrylevel assessmemirocess

(i)  The datacollection should be donetwice a year(summerand
winter).

(If the tiger reserve is following advanced protiscas described in
Section-3 in collaboration with scientific institoims, then the routine
monitoring of prey animal signs/encounters, vegatateatures and
habitat disturbance features should be carriedalouig transect lines
designed based on protocols described in Part-&eofion-3. There
may be no need for laying of transect lines in dasdt as per Phase-I|
protocol.)

Part-C Recording data from presaure impresson pads (PIP)

As a part of intensive monitoring of source plagions of tigers, data will be
recorded from pressure impression pads (PHPagk plots) in every beat.

e A minimum of 5 PIPs will be permanently maintainen each beat. The

dimension of the PIP shall not be less théam in length the width of
the PIP should equal the foot path, jungbel or dry nullaha’s width
on which the PIP is made. GPS coordinatealloPIP’s need to be
recorded.



e The location of the PIPswithin the beatshould be such that they
maximize the posshility of recording carnivore tracks. Minimum
distance betweerany 2 PIPshould be more thanl.5km.

e The PIPsshould be cleaned of debris, led litter, gravel and covered
with fine dust of about0.5cm depth.After preparing the PIP, data
should be recordedthe next morning and the PIRcleaed of all
tracks. The PIPsshould be sampled thrice every month duing
summerand winter. In case greparedPIP is disturbed due to rain,
traffic etc. thenit should be set again beforedata is collected. The
topographyand forest typeshould berecordedor each PP.

e Trals of al carnivore and mega herbivores species should be
recordede.g. tiger one track setleopard two track sets,severa
dhole track sets (ast may not be possble to identify individua track
sets due to many tracks bypassng dhole pack), one smal cat
track (asspecieslevel identification may not bgossble).

e Itisimportant to note that a track set constituted by one to many
pugmarks madeyba singe anima traversing the trackplot (PIP).
One need noidentify the genderor indvidua anima (tiger), but if
this information is known, it should be enteredin the remarks
column. If thereare more than one track sets of “samnagimal eg. a
tiger moving up and down thdral severa times, they should be
recorded as separate track sets. Data sheet forrecording are
provided in Annexure-111 .

Part-D Obtaining the minimunmumber of tigers in the tiger
reserve

(i) Three pairs of camera trap® bedeployed per bea and
should be left open within a closed period of 40d&9s
depending on the reserve.

(i)  Theperiod of learing the camera trapspen (closure period)

IS important owing to the fundamenta asaumption of
“popuation closure’ (no deaths /births / immigrations /
emigrations in the population). Learing the camerasopen
for longer duration will lead to over estimation of tiger
numbers.

(i)  The photograph®btained from cameratrapping should be
submitted to NTCA foranalysis for fixing indvidua IDs of
tigers.
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(iv) A digitalcamera  trap tiger photo database should
be preparedor the reservewith location ID, Date and Time
Stamps as per format to be provided by NTCA

(v) Theminimum numberof tigers should beascertained based
onindvidua camergphoto trapsof tigers obtained within the
closure period specified to be 45-60 days

(vi) Detallsof new captures missngtigers should berecorded.

(vii)) The format forecording the cameratrap capturedata will be
provided by NTCA
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SECTION-3

(Advanced protocol involving scientists)

PHASE-1V INTENSIVE MONITORING OF SOURCE POPULATIONS AND GER

RESERVES

Part-E

Obtaining tiger population size for the reservengsi

spatially-explicit capture recapture framework a®@thtaining
prey population size using line transect sampling.

(A) Obtaining tiger population size.

(i)

(i)

(iv)

(v)

(vi)

The camera trapgeployed as per the survey design in
Appendix-1. sould be left open for aperiod of 40-60 days
(depending on the areas). Where possible the entire Tiger
Reserve must be surveyed. If the survey area ig ver
large, tiger population size can be obtained bypdizna

a minimum block of 400 square kilometers at a tibn4,
following all other minimum standards in sectionIf3.
deployment of camera traps in an entire reserveads

of it is not feasible for any reason, fecal DNAMgdes
may be collected over the entire Tiger Reserve for
Capture-Recapture analysis. The tiger populatiae si
may then be estimated over the entire Tiger Reserve
using Mark-recapture methodology.

The anadysis of the data needs to be dome collaboration

with atechnica expert /scientist conversanwith spatially-
explicit capture-recapturprocess anaysis.

Theperiod of learing the camera trapspen (closure period)

is important owing to the fundamenta assumption of
“popuation closure’” (no deaths /births / immigrations /
emigrations in the population). Leasing the camerasopen

for longer duration may lead to over estimation.

The format forsummaryrecord ofcamera capturesnd the
basics of mark recapture processsing camera trapsare
provided atAnnexures-V & VI.

The anayss of capture data between years (using open
popuation models) should also be donein collaboration with
technical experts/ scientists/ WII.

10



(B) ODbtaining prey densities

()  Line transects must be systematically placed waitlmandom start
according to the survey design mentioned in Appetdiand
implemented in program DISTANCE.

(i) The line transect data should be anaysed
using the “DISTANCE” softwarefor prey density. The analysis
of the data needs to be doime collaboration with atechnical
expert /scientist conversantvith the DISTANCE SAMPLING
anayss.

(i) The format forcollecting line transectdata tofacilitate anaysis
usng “DISTANCE” software and the basics of DISTANCE
sampling using linetransectsre provided atAnnexure-11 .

Part-F Using scats foIDNA analysis to obtain the minimum

(i)

(ii)

tiger numbers in reserves where cametapping is
not possble

Collection of tiger scat samples: a) Usedisposable surgical gloves
to hande scat samples, b) for each scat a new set gbves
should be used t@void cross contamination, used gloves should be
discarded in an environmentaly friendy way c) about20 gms of
fresh scat sample should be takenand storedin a va/tube
containing buffer &/ or 70% dacohol. Tubes should be
prepared in dupicate with GPS coordinates and date clealy
recordedon the tube(alcohol erases permanemiarking pens).
Obtaining the minimum numberof tigersin the areathroughDNA
anaysis of tiger scatsinvolving an institution having the domain
expertise.

11
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Appendix-I

SURVEY DESIGN (For all tiger reserves excepundarbans) for spatially
explicit mark-recapture study involving researabrkers / scientists

Minimum Standards for monitoring tiger source p@pioins were: Sampling area:
Minimum area of 400 kmor entire Tiger Reserve, if area is

smaller than 400 km

(1) Tiger monitoring by camera trap sampling:

Camera density = 25 double-sided cameras perkit00
Sampling effort = 1000 trap nights / 100&m
Closure period = 40-60 days

NOTE: The period of leaving the camera trappeno (closure period) is
important owing to the fundamental assumptioh“population closure” (no
deaths / births / immigrations / emigrations the population). Leaving the
cameras open for longer duration may lead to gvees estimation.

(i)  Prey monitoring by line transect sampling:

1) Straight or square line transects will be aysdtically placed with a random start
over the study area. These designs must be gedersiteg program DISTANCE.

2) At least 20 spatial replicates must be laid out

3. Each transect must be walked at least 4 timemg@ sampling to generate >40
detections for each important prey species.

DESIGN OF SURVEYS ANALYSES OF DATA

® The survey design and analysis of theda daeceds to be done in
collaboration with a technical expert / scienticonversant with the
advanced open and closed model mark-reeaptind advanced
distance sampling methodologies.

(i)  The format for recording camera capture datad the basic ideas of the
mark-recapture process using camera traps @ovided at Annexures-
V & VI and in published scientific literature.

*k*k
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Data She¢-6

Patrol Form
NameofGuad: .. .. ... .. ..o ...  Date:.. .o Forest Division.. ... .. ... Range .. o v oo v
Beat: ... .. .. .. No.of Pasons on Paol:.. .. .. Armed. v Unarmed.. ... ...

PatrolType: GenealDuties Investigations, Surveillance,Ohers Parol Method:Fod,Jeep, M aorbike,Bicycle,Elephantan
Others

L L g m gz 1A Anm 1M 1 yR 1
Anm 1
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M — Male, F — Female, Un &Unknown,Y — Young, Ad -Adult.
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Annexure-11

Field formats for dataoll ection in distancesampling

Line Transect Data Sheet for monitoring of unguate population by DISTANCE

sampling:

Observer name: .........ccceeeeeeee. Start time.:.............. Date:.....ccocoevvnnnnenn.
Endtime: ........ccceeeee. ID no. of line trad: ........... Total length: ......km
TR/ Forest division: ......................... Range:.....cccce...... Beat:.................
Weather condition: Cloudy/Cleaky
Beginning GPS Lat: ..........cccvvveeeee. N; (o] oo S E
EndGPS Lat: .....oovvvveviiiiieieieeenn, N; LONG...covviiiiiiii e E
Sighting | Time | Species* Total Nos. Young | Sighting | Compass| Forest | Terrain | Remarks

No (Adults & Distance | Bearing Type Type

Young)

1
2
3
4
5
6
7
8

*Species that need to be recorded on the transbital, sambar, nilgai, gaur, barking deer,
elephant, rhino, wild buffalo, swamp deer, hog de#owsingha, blackbuck, chinkara, wild
pig, langur peafowl, hare, cattle (live stock), and other mammaliarcgsseen.

. Location of transects in relation tdegetation andTerrain feaures

Transect | Total Name | Bearing | GPS location | Vegetation | Terrain
No. length type category
(km)

Start End

T1

T2

T3

T4

T5

T6

T7

14



Annexure-1l
(Basicl nformation)

Assesganent of prey usindinetransects following
survey design as described in Part-E of
Section-3 and analyzirtbe data withDISTANCE
Software

(i) The use ofine transectn estimation of prey density is known as
line transect ampling. This technique of abundancesstimation is
included under ‘distance sampling.

(i) It provides a direct estimate of density, provided its assumptions
are met.

(i) It aso accountdor the probability of detection.

(iv) In'Distance Sampling, the fact that theprobability of detection
decreasses with increasing distance from the observer is
modelled by developing a function,A which is used to
estimate the ‘probability of detection’ (B). The density (6) IS
estimated as below:

n
A
D = mmmmee-
A
oB
where, n= total number of detections

a = total area sampled

(v) The observer travels aong a line of length ‘L', located
randomly in the study area, and countl the animals which are
seen. Thereis no assumption that al animals are counted,and the
counts areassumedto be incomplete.More often, a maximum
observation distance ‘w', which is perpendicular to the transectine
on eachside, is established. Beyond this distance, no countis made.
In some casescounting of all animals is done without establishing a
distance.

(vi) Let us consider the common approachof establishing the

‘maximum observation distance (w). Here, it is important to
estimate the 'detection probability’ or the proportion of animals that
are actualy seen (8). Thisisrequired to correct theactual counts.

15
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(Hypothetical from the transectine histogram plot of the number ofletections
against the distance from the transectine, with a smoothfunction fit.)

(vii) If the numberof detections are plotted against distance from
the transectline, a smaler number of detections are seen as the
distance increases. The detection function to the observeddistances

is fitted to estimate the detection probability %

Area under the curve 3500

B = - = 0.70
Total area 4950

A
(vii) Once the detection probability (B ) is computed, anima
abundancen the survey area can bmalculated, as in the case of the
strip sampling, using the canonical estimator as before:
An

(ix) For anima density (B), the abundanceneeds to bedivided by
area, resulting in:

o>
[l

(x) The salient featuresof this estimation technique are asbelow:-

a. From thetransectine, the perpendicular distances (x) to
each detected anima of interest are computed by
measuring the detecting angles ‘M and detection
distances 'r'.

b. This computation is done as »xr sin M.

c. Imagine a situation where'k’' transectines have beenad

16



in some randomized design, having lengths I;.............I,
with a total length ‘'L'.
Further, suppose that ‘n' animals are seen at
perpendicular distances Xi, Xp............Xp, and
animalsbeyond a distance (w) from
the transect (truncation dstance) are not
takeninto account.
In the abovesituation, the areasurveyed(a) is given by :
a= 2wL.
Say 'n’ animals are seen/detectedithin this area.
Estimation of animal density (D) is given by:

o>
[l

where, P, = probability of detection of a
randomly chosen anima within the area
surveyed;

P, = estimate of P,

Thus, it becomes necessaryto give a framework to
estimate P,. Inthis context,the ‘detection function' ‘g(x)’
is defined as the probability of an animal at distance x
from the transectline being detected,given that xis
betweenw and 0O(i.e. 0< x < w). Further, it is aso
assumedthat animals on the transect are certanly
detectedi(e. g (0) =1).

A new parameterpy’ is now defined, which is known as
the ‘effective strip (half) width'. It is the distance from
the transectfor which as manyobjects as are detected
beyond p asare missed within p *.

(Defining a detection function g(x), whereg(0) = 1;u =
the effective strip width).

If the detection function g(x) is plotted aganst
perpendicular distances ‘w' as ahistogram, a model for
g(x) needs to bespecified, and fitted to the distance data.

17
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1.0

rrrrrrrrr

P, is related to p. |If the definition for p = J:g(x)dx,

then B = p/w.
n n n
A
Thus, D= -----=-= = ccmmcmeeee = cmmeemees
A A
ab, 2wLH /w 2ML

Now u(hat),an estimate of u is required. For this another
function known as the'probability density function (pdf) of
perpendicular distances f(x) to detectedanimals is used. This
is the rescaed detection function g(x) for integratng into
unity; i.e. f(x) = g(x)/ p. Snce it is assumedhat g(0) = 1,
hencef(0) =1/ p.

A
n nf (0)
Thus, D =------ = e
2uL 2L

f(x)
Protability
density
function
frequency

0

[Fitting the probability density function (pdf) to the data. The
area underthis function is 1].

f(x) is the pdf ofperpendicular distance p frequencies, plotted
on a histogram of perpendicular distance frequencies. These
are scaled so that the area of thhistogram is 1. By
definition, the areabelow the curveis unity (1). The two
shadedareas in the above curve arequa in six, hencethe
area ofthe rectange, uf(0) is also unity, resulting in u=21/f(0).

Thus the pdf operpendicular distances are modeled, and
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the fitted function is evaluated at x=0. The DISTANCE
Software address this standard statistical issue. A
parametric ‘key' function is selected. However, if the fit
provided by it is not adequate, adjustmeate doneusng
polynomial or cosine series, till the fit is judged
satisfactory by one or more criteria.

m. Usualy, the data aregroupedinto distance categories
before analysis and such grouped data is fitted using
standard likelihood methodsfrom the multinomial data.

(xi) The distance software calculates variance and confidence in
interval inherently and also besides addressng the estimation of
cluster size.

(xii) The data from aline transectsincludes: (a) number of

individual animals / numberof individual animals in a cluster, (b) the
perpendicular distance of the animal / centreof the cluster from the
transect,(c) name /identity of the transectline where count was
made / detectedd) total length of the transectine.

(xiii) The transects lsould be madein all the beats (ateast two line
transectof 2 km each perbea).

(xiv) The transectlines may be straight lines or conforming to
acontinuous dhape leading to the starting point. The transects Isould
be randomly laid, separatedy at least a distance of 2 to 3 km. and
physically markedusing GPS forreplication.

(xv) The total walks on atransect tota effort) is computedby
adding al the waks done on d@ransectsand totaling up suchwalks
on al the transectdad in the area

(xvi) For low density areas, more efforts may berequired on the
transects.

(xvii) Laser rangefinders and compassshould be used fomeasuring
distance and angle respectively.
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Assumptionsin line transectsampling:

The critical assumptions in line transect ampling, which should
be met forareliable density / abundancestimation are asbelow:

A. Random location of transectlines with respect to
distributionof animals:

This assumption helps in estimating the detection function from
the observed distribution of perpendicular distances, leading to the
averageprobability of detection (p). Toensurethis assumption, the
transect lines should be laid randomly, causing minimum disturbance
to the habitat.

B. Detectionof animals with certainty on the transdicte :

This assumption is fundamental for deriving the density
estimator, wherein detection of all objects at 0 perpendcular
distance are assumedi.e. g(o) = 1). The density would be under
estimated if objects / animals falling on the transectsare missed,
since bias is a simple function of g(o). Thus, by missng 15% of the
animals on the transect line, the density estimate on an
average would be lessby 15%.

C. Detectionof animals at their initidlocation:

This assumption can beeasily met for stationary objects like
plants or dung piles of wild animals, but it is difficult to meet for
moving animas. It has been pointed out that movementdoes not
create muchproblem provided it is not in response to the observer.
Further, comparatively faster movemenof observersalso reduces
the problem. However, the observersshould move as slently as
possble to avoid evasive movementof the animals beforedetection,
while trying to detectthem. A considerable evasve movementof
animals would lead to under estimation.
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D. Exactmeasurements ameade:

Proper field measurementare essentia to record reliable
measurements. Erroneous ecordings relating to animals on transect
line from adistance makesanalysis difficult.

Apart from the above,the other assumptions include :

(a) Detections are independent events.
(b) Animals should not be countedtwice on the sameline.

Hypothetical examplef distancesampling:

Effort : 126. 0000

# sanpl es : 42

W dt h : 256. 0000

Left : 0. 0000000

# observations: 447

Model
Hal f -normal key, k(y) = Exp(-y**2/(2*A(1)**2))
Si npl e pol ynomi al adjustments of order(s) : 4, 6

Poi nt St andar d Per cent Coef. 95 Per cent
Par anet er Esti mate Error of Variation Confidence Interval

Al 1) 43. 57 1. 680
Al 2) -115.6 34.19
Al 3) 755.9 242. 4
f(0) 0. 18600E-01 0. 77638E-03 4,17 0.17136E-01 0.20190E-01
p 0.21001 0. 87661E-02 4. 17 0. 19348 0.22796
ESW 53.763 2.2441 4,17 49, 531 58. 358

Sanpl ing Correl ation of Estimated Paraneters

AC L) A 2) A3
A( 1) 1.000 0.427 -0.742
A( 2) 0.427 1.000 -0.886
A( 3) -0.742 -0.886 1.000

10

09 1
08 1
071

2 061

£ o5+

H

4 04+

3
031

021

01+

0.0

0 50 100 150 200 250 300

Perpendicular distance in meters
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Cel | Cut Gbserved Expected  Chi-square

i Poi nts Val ues Val ues Val ues
1 0. 000 44, 2 309 308. 43 0.001
2 44.2 88.3 93 93.78 0. 007
3 88.3 145. 34 34. 07 0. 000
4 145. 220. 11 10. 67 0.011
5 220. 240. 0 0. 05 0. 054
6 240. 256. 0 0.01 0. 007
Total Chi-square value = 0.08 Degrees of Freedom= 2.00

Probability of a greater chi-square value, P = 0.96098

The programhas linmted capability for pooling. The user shoul d
judge the necessity for pooling and if necessary, do pooling by hand.

There is a need for sone pooling to achieve a reliable chi-square test
However, the pooling algorithmbuilt into this programwould result in no
degrees of freedomleft. Therefore pooling is left to the user.

One or nore expected values is < 1.
Try pooling some sone cells by hand to obtain a nore reliable test.

Model
Hal f-nornal key, k(y) = Exp(-y**2/(2*A(1)**2))
Si npl e pol ynomi al adjustments of order(s) : 4, 6
Poi nt St andar d Per cent Coef. 95% Per cent
Par amet er Estimate Error of Variation Confi dence Interval
f(0) 0. 18600E-01 0. 77638E-03 4. 17 0.17136E-01 0.20190E-01
p 0.21001 0. 87661E-02 4. 17 0. 19348 0.22796
ESW 53.763 2.2441 4. 17 49. 531 58. 358
n/ L 3.5476 0. 39480 11.13 2. 8355 4. 4386
DS 32.993 3.9214 11. 89 26. 017 41. 839
E(S) 3.7964 0. 22495 5.93 3.3794 4.2649
D 125. 26 16. 635 13.28 96. 287 162. 94
N 125. 00 16. 601 13. 28 96. 000 163. 00

Density: Nunbers/Sq. kiloneters
ESW neters

Conponent Per cent ages of Var (D)
Det ecti on probability : 9.9
Encounter rate : 70.2
Cluster size 0 19.9



Annexure-ll|
Data Sheet-5
Track Plot for Carnivores and Mega Herbivores
(Pressure Impression Pad)
Name of Observer: .............] Date: ............Forest Division ........... Range: ...........
Beat:......oco oo
PP Tiger Leopard
No. | § g w© T\'S - <
e 28| glz|S|g/Ble|l3 B|B|2|=z|3 |9 lu|ly
g s|5|2|B|2|8 gle|z 5|5|&8|5|8 &|=2|3
s = =
21323
1
2
3
4
5

If track of young carnivores (eg. tiger cubs) abserved, please mentionremarks.

[ =] 1= T 7S

Details of Digital Photographs taken..........coov it ii i e e,
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Annexure-1V

Format for recording camera trap capture data taiokiger
numbers atthe reservdevel

to photograph tigers.

should be over1.5 km.

per beatshould be deployed.

1) Race double-sded camera trapsat the bestlocations within a beat
2) The distance between camera trapsithin and between beats

3) A minimum of 3 camera trapsconsisting of double sded cameras)

The numberof cameratrap will
increase as the size of the beatincreases, keeping the strategyof
one pair of camera trap$or 4 sq.km.area (2 km x 2 ).

4) The GPScoordinates of each cameralocation and the datesof
deployment should be recordedas given below:

Camera

Trap
Station ID

Degree Min, Sec
North

Degree Min, Sec
South

Dates
deployed

Dates not
operating

Rd ndla

— man

2- River
Junct

3- temple
jnct

4-.....

5) Format fordaly monitoring of camera trapsbéa-wise)

Date

CameraJnit

Camera TraBtation 1

Camera TrajBtation 2

Camera TraBtation 3

Remarks*

Tiger | Leopard | Other

Tiger Leopard | Other

Tiger | Leopard | Other

A —Right Sde Camera

B —Left Sde Camera

A —Right Sde Camera

B —Left Sde Camera

A —Right Sde Camera

B —Left Sde Camera

A —Right Sde Camera

B —Left Sde Camera
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A —Right Sde Camera

B —Left Sde Camera

A —Right Sde Camera

B —Left Sde Camera

A —Right Sde Camera

B —Left Sde Camera

A —Right Sde Camera

B —Left Sde Camera

* Nonfundioning of camera traps anissng of tiger capture, etc. tberecordedn the Remark coamn.

6) Photographf tigers, leopards and al mammal species should be

downloaded and saved as folders for each species. Each
photograph should have atime and datestamp recordedigltally,
the cameratrap station identity storedin the file name. An
appropriate format is to have aspecies folder e.g. tiger, sub folder
for cameratrap station id, within which photographof each of the
cameras (from the double sded camera traps)is stored as
separate folders. A CD with the above datapoints 4, & 5) should
be sent taNTCA every 2 months.

7) All Photographsof tigers and leopards should be printed and
compared wmudly basedon ther stripe and spot patternsto
identify individuals. In case of>15 tigers/leopard capturesthe
needof softwareasssted identification may become essential.

8) For estimation of the tiger/leopard population after indvidua
identification using closed captureestimators the dataneedsto be
arrangedn the formatgiven below:

Trap OccasiorfDay)

Tiger /| Dayl |Day2 Day3 |........ Day 35 | ........ Day

Leopard 1D 48....

T-1

T-2

T-3

T-4-.....
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CAMERA TRAP: CAPTURE DATA (Range Level)

Division............... Range.........cocoovvee v Species: Tiger / Leopard ...............
SI.No. | Beat Observer Camera Tiger ID / Date of Remarks
Name Name ID Leopard ID | Capture
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Annexure-V
(Basic information on mark recapture)

Assesganent of tiger population at beat level using photographic
mark-recapture camera trapping while analyzing the data with
an appropriate softwareslike MARK, CAPTURE and CARE. This
should result in the preparationof a reserve-level photo-
capture databasef individual tigers, to be sharedvith the
Chief Wildlife Warden/ NTCA /7 WII .

() The capture—recapturenethodology is largely derived from
the classca Peterson-Lincoln Estimator which is highlighted below:

PetersortEstimate (Lincoln Index)

The mark-recapture methods based PetersonEstimate constitute
the most important pseudo-sample methods. A large number of
variations of this basc method have beenevolved, which have been
further complicated since the technique is smultaneously utilised to
measure movemeiot mortality.

Here the sample of a popuation is markedafter it is caughtand then
released; subsequently, samples are again takenfrom the popuation
after recapturing and the proportion of markedindviduas are recorded.
Using the proportion of markedindviduas in the subsequentamples,

the total population is estimated. The capture-recapture aspling
faclitate estimation of the ‘proportion’ of animas captured which

facilitates estimation of true popuation size.

The smplest form of the mark-recaptureestimator is the Lincoln-
Petersonestimator; this is known \ariously as 'Petersonindex’,
'‘Lincoln index' or 'the Petersonestimate’. This method g@ges an
estimate of actua numbersand henceit is a sample census rathethan
an index. Peterson, in 1896, described this methodfor fish popuations;
however it was first applied for wildlife in 1930 by F.C.Lincoln, for
popuations of waterfowl.

M m
The modd can bederived from the ratio. ----- =

A
N n
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where,M=  tota numberof indviduals markedand released during the
first capture period;

estimated popuaton size (unknown);

total sample taken during the secondcaptureperiod,;
numbeiof individuas capturedn the secondcapturewhich
were marked.

3> z>

The aboveratio can berewritten as anestimator:

Mn

A
N = -

m

Theoreticaly this is a very eegant and smple method and can be
applied to any vertebratewhich can becaptured, wz. from fish to
cats. However,it is time consuming, laborious and costly and becomes
impractical for large areasApart from this, severa critica assumptions
of this methodact asconstraints:—

Eachanima has anequal chanceof being captured.

The behaviour of animals is not influenced by marking.

No marks ardost.

The individuals which are marked mix randomly in the

population after reease.

5. There are nammigrations or births in the areaunder study
betweernthe first and secondirapping seasons.

6. There is no emigration or differentia mortality betweenthe
markedand unmarked membersf the population.

7. Thepopuation is closed; if mortality occurs, then thesstimate of
N is vdid for the initial sze of the popuation. If recruitment occurs
then Nis vadid for the time of recapture.

8. The time spentin sampling is small relative to the inter-sampling

period.

LA

The model assumptions can bere-written concisely as follows:

Assumption 1. A welldefined population of animals having Nindividuals
exists.
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Assumption 2. M othesendividuals aremarked.

Assumption 3. There exists sample of n 'observations' of animals from
the population, having x'observations markedanimals.

Assumption 4. Theaverageprobability Py, of observing an animal that is
markedis equal to p which is the averageprobability of
observing an unmarkedanimal.

i.e. Pm = Pu

nM
A

The formulaN = ---- can be usedsatisfactorily with appropriate assumptions.
m

Useof Lincoln-Petersen SampleEstimator in cameratrapping
of tigers

The sample periods can beaggregatednto two groups— viz. in a
sesson of 30 days, the first 15 days can bealenotedas ‘occason-1
and the nextfortnight as ‘occasion-2'.

In general, for photo trapping of tigers, the camera trapsre setin
the study areg covering the animas so that thetigers in the area
can encounterthe traps at least once (preventing ‘holes so that
tigers are not missed). The traps are set for severa days in
successon, and each days consdered as a'sample period'. Inlarge
areas, thetrapscan be ‘rotated over the area as per [@escribed
scheme,and the data collected over the number of days takento
cover theentire area defines the sampling period.

The cameratrap datais summarised in ‘capture-history’ data sheets,
consisting of rows of ' and ‘0, which indicate the periods when an
anima was cameratrapped. Thus, a history of ‘100101, indicates
that atiger was trappedin periods 1, 4 and 6 of astudy having 6
periods.

Example

m; = numbeiof tigers, with known identity, trappedon occasion 1

m, = numbeiof tigers trappedand released on occasion 2

m = numbelof tigers recapturedn period 2 (i.e. trappedat both
occasions 1 and 2)
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The unknownquantity of interest (total numberof tigers in
the sampled population) is defined as ‘N'.

The model parametersire thendefined as:
py = probability of a tiger exposedto sampling efforts in
the sampled areais trappedon occasoni (i = 1, 2)

p=1-(1-p)(1-po) = the probability that atiger, from the total
numberof tigers in the sampled population N, is trappedat
least once during the study.

The ‘detection probabilities for the twosampling periods are
estimated, by ascertaining the proportion of tigers which
were trappedin one occason are aso trappedin the other
occason. Snce the popuation is “closed”, it can be sad
that the tigers caught dung occasion 1 are aso present
during occasion 2. Thus by“conditioning” tigers trappedin
occason 2, and ascertaining the number of these tigers
which were also trapped during occasion 1, p and p can be
estimated:

P=1-(1- Py (1- Py)

The general equation for estimating abundances:

C
A
N = mmmmmome-
P
A
where,N = estimate of abundanceN (true number of

tigers)

C= Number oftigers counted

p = estimate of capture pobability ‘p’ (probability
that atiger exposedio sampling efforts in the
sampled areais capturedon occasioni (i=1, 2)
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For period 1, the following estimator is obtained:

Ny n NNy
A
N = -—--- = e = mmmmmmcceeo

The assumptions of the Lincoln-Peterson model are agan stated
below:-

1. Thepopulationis a ‘closed one.

2. It is likely that all animals are equally capturedin each sample
(equal probability of capture).

3. The marks are natverlooked, gained or lost.

A short interval betweensamples can meet thefirst assumption. The
secondasaumption is often relaxed, while the last one can be met
with propermarking techniques.

Exampleof Lincoln-Petersonestimate

(cameratrapping exercise)

50 camera trapsre placed in a tiger habitat along trails, and for two
consecutive nights photographsare taken,resulting in the following
data:

n, = 10 tigers camera trapped dung the first night

n, = 8 tigers camera trapped ding the second ght
m = 2 tigers camerawere photographedan both thenights
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Estimationof captureprobabili tiesandabundance

Captureprobabilities of eachnight (sampling occasion) and for both
nights (combined) are calculated as below:

2

pp=-- =0.25
8
2

p, =---- =0.20
10

P =1-(1- p) (- p)
i.e. P= 1-(1-0.25Y1-0.20)
1-(0.75) 0.80)
0.40

Using the Chapmanestimator for abundance:
(N +1) (np+1)

A
(VS —— -1
(my+1)
(10+1) (8+1)
e -1
(2+1)
= 32.

The Variance and Standarderror for the estimate are asbelow:
(10+1) (8+1) (10-2) (8-2

Var(Ne) = -------mmmmmmmmm e
(2+1)* (2+2)
(11) (9) (8)(6) 4752
= e = =132
(3% (4) 36
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~ A -
SE (N) = V132 =11.49
Thus, theestimated numberof tigers in the sampled areais 32.

An approximate 95% confidence interval for this estimate is given
by:

A A
N=+1.96 SEN) = 32 +22.52 = (54.52, 9.48)

The above estimate is not precise and is highly uncertain, perhaps
owing to small sample size in studies of elusive animals like the tiger.

(11) Broadly, the markrecapture methodsave beencategorised on
the basis of population ‘closure as below:-

@) Closed Popuation Models — Where thetotal number
of individuals in a population does notchangedue
to birth, deaths,immigration or emigration. There
are no‘gans or ‘losses in the population between
sampling occasions. Hence, theseare most suitable
for short-time period estimators like abundance
estimation.

(2) Open Bpuation Models — Where thepopulation is
changing during the study due tdoirths, deaths,
iImmigration or emigration. These gains or losses or
both occurbetweenthe sampling periods. The time
interval between sampling occasions is longer.
These models provide scope for estimation of
abundancesurvival rate andrecruitment.

(111) In the Indian context,both models are applicable. The closed

population models are good forabundanceestimation of tigers and

its prey in the country level estimation was carried out after every
four years. Theopen population models are suitable for long term

studies (e.g. PhaséV of the new methodology at source sites for

monitoring tiger and its prey). In this chapter, the focuswould be

on the ‘closed popuation model’ owing to their relevance in the

contextof tiger estimation.
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Capture-RecaptureM odel sfor closedpopulation

Capture-Recapture Data

In the capture-recapture approache capturehistory of the indvidua
anima is maintained as aseries of “non-captures’ (0's) and “captures”
(1's).

Hypothetica Individual Capturehistoryof 10tigerswithfour capture
(cameratrap) occasons

Occason 1l | Occason 2 |Occason 3 |Occason 4

|
Q
Q@

OCOINOOOTAIWIN|F

oolo|o|0|O|R|R|k|~
el R
OorlolorRO|R RO
O OolR|k OOk OO

=

0

The first tiger has acapturerecord of(1111),and was photocaptured
on all four occasons. The secondtiger, having a photo capturerecord
of (1100),was capturedon occasons 1 and 2. Rest of thecapture
history data can benterpreted smilarly. Snce the capture-recapture
data involving a number of animas becomes large, it is usualy
representedh the form ofsummarystatistics for statistica anayss:-

k = numberof captureoccasions;

n; = numberof animals capturedon the T occasion (j=1,...... k);

U = numberof unmarkedanimals capturedon the ]h occason (j=1,
...... K);

m = numberof markedanimas capturedon the t]h occason (j=1,
...... k);

M; = numberof district animas captured beforéhe fh occasion (j=1,
...... K);

(M1=0, and My.1is the totalnumberof distinct animalcapturedn the exercise);

f; = numbelof animals capturedexactly j times(j=1, ......K);
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The statistics pertaning to the hypothetical capture history data is
provided as a summarybeow:

Summary $atisticsforthe Capturehistoryoftigers

N; m; Y Mj flj
J
1 4 0 4 0 6
2 6 4 2 4 1
3 5 3 2 6 1
4 4 2 2 8 2

10 (Ms=10)

TOTAL 19 9 10 10

Descriptionofthe statistics:

column sum for the"joccasion (column) in the capturedata
(history matrix), with (m, na,.....N4).
first capturesout of p animals, with (u, up,.....us)=(4,2,2,2).

=
Il

m recapturesut of p animals, with (m, my,.....m4)=(0,4,3,2).
(4 +m =n;ie. 19
M; = cumulative numberof first recapturesn the first j-loccasons,

thus M= ui+up+.....u.1) and (M, Ma,......, M5)=(0,4,6,8,10);
i.e. thereis a progressve increase of markedanimals in the population
from M; =0 to Ms;= 10.

The capture frequencygf an animad is denotedby its row sum. Thus {f
fo, oon. , Ty) denote the frequencycounts ofall the animals which were
capture(6, 1, 1, 2). Thus, €@gers were photo capturedonce, onetiger
photo capturedtwice, one tiger photo capturedthrice and two on all the
four occasons.

The numberof animals which are nevercapturedis representedy ‘fy,
so that f+ f,+ ..., fy=Mand §+f;+ ....... , ft= N. Thus estimation
of population size ‘N' becomes equivaent to estimation of f,, the number
of missng animals (N=M; + fo).

(1V) There are anumberof models to addresddifferent sourcesof

variation in capture probabilities, which are available in the software
(CAPTURE):
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V)

Mo: equal probability of capturemode
My: Heterogeneity Model

Myh: Behaviour-heterogeneity Model
M;: Time Variation (Schnabel) Model
M. Time-Heterogeneity Model

M,: Time-behavioura Responsaodel
My: Heterogeneity Model

NooRWONE

Issuesrelating to survey design (for cameratrapping of tigers)

Some general considerations are asbelow:

1.

Thesampling time in cameratrapping of tigers should be ‘short’
vissa-vis the tiger popuations turn over for meding the
assumptions relating to ‘close models. It has been statedthat
four to six weeks ofsampling through camerdarapping may be
neededwhich may be stretchedto eight to twelve weeks.
Experience in genera indicates that a period of sx to eight
weeks ofsampling may berequired.

The spaceshould provide scope for everyanima in the study
area to havesome chanceof being captured.

The camera trapshould be adequately spread througlout the
study areaand should be checkedeach dayduring the sampling
period to get a goodcapture history data.

The study area may bdivided into a number of potentia
sampling units, whose size should be justsufficient to set up a
single cameratrap. Eachsampling unit can beconsidered as a
‘grid cell’ which can berandomly selected to place camera traps
at sites which are promising. In the following day, the camera
can be moved to other suchsites in the grid cel and the
processcan berepeaed betweenfive to thirty days to get a
standard captureistory data.

If the areais difficult or the number of camera trapsre not
adequate,then smaller portions of the area can beovered
(block-wise) for cameratrapping for a short period of time
beforemoving successvely to other portions. The total number
of days used focameratrapping to cover theentire area (all

36



blocks) is denotedas sample occason 1. The procedureis
repeatedo get thecaptureoccasion 2.

The other considerations in cameratrapping of tigers include choice
of the equipment (cameraand thetripping device), choice of sites to
set up thetraps, pacing of traps and astandarddata collection
protocol. The tigers are identified visualy from photographs sing
their unique stripe patterns:

Hiby et. a. have used a thredimensional model to matchimages of
living tigers and tiger skins.

The identified individual tigers are numberedand everycaptureof an
individual tiger is assgned to a particular secondary sampling
occasions.

The capture story of individual tigers consist from the databasen
the standard history matrix and are anaysed through a suitable
computer progranCAPTUREor MARK. During analysis, the results
are checkedto ascertain the volation / non-violation of the closure
asumption and finally the statistical tests ‘between models is done
to indicate the bestfitting modd vis-avis the data,from which the
parametersare obtained. Since tigers are territorial, models which
address heterogeneous capturebgbilities (like M;) should be used
for tigers.

Hypothetical Data relating to individual capturestary of 10
tigers with 6 camera trap (capture) occasioAgsaysis with
softwareCAPTURE

Tiger Occasions
1. 100101
2. 101001
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010110
100010
101010
101101
001010
101101
010101
0. 101001

POONOUAW®

Mark-recapture popuation and density estimation program Page
Programversion of 16 May 1995 9-Dec-2010

Inputand ErrorsListing

Inpu---title="rg2'

Input---task read capturesmatrix occasions=6 captures—=6

Input---data='Group '1

Inpu---format="'(a6,6f1.0)’'

Input---readinput data

Summaryof capturesead

Numberof trapping occasons 6
Numberof animals captured 10
Maximum x grid coordinate 1.0
Maximum y grid coordinate 1.0

Input---taskmodel selection

Input---task ppuation estimate appropriate

*  Warning ** Appropriate model has beerselected,
but no estimator is available.

Processng will be attempted.

*** ERROR *** Popuation estimator was notspecified.
Scanning for a new taskcard.

Input---task ppuation estimate null
Input---task ppuation estimate darroch
Input---task ppuation estimate zippin
Input---task ppuation estimate jackknife

Input---task ppuation estimate mh-chao

1
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Input---task ppulation estimate mth-chao

Mark-recapture popuation and density estimation program Page 2
Programversion of 16 May1995 9-Dec-2010
rg2

Model selection procedure. See thissection of the Monograph for details.
Group 1

Occasion = 1 2 3 4 56
Animals caught nj)= 7 2 6 5 4
Total caught M()= O 7 9 10 10
Newly caught u()= 7 2 1 0 O
Frequencies f()= 0 2 6 2 0 O

10

|_\
Oocn

1. Test forheterogeneity of trapping probabilities in popuation.
Null hypothesis of model M(o) vs.aternate hypothesis of model M(h)

Expectedvaues too small. Test noperformed.

2. Test forbehavioral response aftanitial capture.
Null hypothesis of model M(o) vs.aternate hypothesis of model M(b)

Chi-square value = 3.819 degreeas freedom= 1
Probability of larger value = 0.05068

3. Test for time specific ariation in trapping probabilities.
Null hypothesis of model M(o) vs.aternate hypothesis of model M(t)

Chi-square value = 8.687 degreeas freedom= 5
Probability of larger value = 0.12223

4. Goodnes®f fit testof model M(h)
Null hypothesis of model M(h) vs.aternate hypothesis of not model M(h)

Chi-square value = 5.581 degreeas freedom= 5
Probability of larger value = 0.34910

Mark-recapture popuation and density estimation program Page 3
Programversion of 16 May 1995 9-Dec-2010
rg2

Model selection procedure. See thissection of the Monograph for details.
Group 1
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5. Goodnes®f fit testof model M(b)
Null hypothesis of model M(b) vs.aternate hypothesis of not model M(b)

Chi-square value = 7.262 degreas freedom= 4
Probability of larger value = 0.12265

5a. Contribution of first capturehomogeneity acrosstime
Expectedvaues too small. Test noperformed.
5b. Contribution of recapturehomogeneity acrosstime
Chi-square value = 7.252 degreas freedom= 4
Probability of larger value = 0.12316
6. Goodnes®f fit testof model M(t)

Null hypothesis of model M(t) vs.aternate hypothesis of not model M(t)

Expectedvaues too small. Test noperformed.

7. Test forbehavioral responsen presencef heterogeneity.
Null hypothesis of model M(h) vs.aternate hypothesis of model M(bh)

Chi-square value = 0.667 degreeas freedom= 1
Probability of larger value = 0.41422

Model selection criteriaa.  Model selected has maximum value.

Model M(o) M(h) M) Mbh) M@ Mth) M(b) M(tbh)
Criteria 0.89 0.68 0.44 091 000 075 0.431.00

Appropriate model probably is M(tbh)
No estimator results from this model.

Mark-recapture popuation and density estimation program Page 4
Programversion of 16 May 1995 9-Dec-2010
rg2

Population estimation with constantprobability of capture.
See model M(o) of theMonograph for details.

Group 1

Numberof trapping occasions was 6
Numberof animals capturedM(t+1), was 10
Total numberof capturesn., was 30
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Estimated probability of capture, p-hat 8.5000

Population estimate is 10 with standarcerror  0.4189

Approximate 95 percentconfidence interval 10 to 10

Profile likelihood interval 10 to 11

Mark-recapture popuation and density estimation program Page 5
Programversion of 16 May 1995 9-Dec-2010

rg2

Population estimation with time specificchangesn probability of capture.
See model M(t) of theMonograph for details.

Group 1

Occasion = 1 2 3 4 56

Animals caught nj)= 7 2 6 5 4 6

Total animals captured 10

p-hat(j)= 0.70 0.20 0.60 0.50 0.40.60

Population estimate is 10 with standarcerror  0.0053
Approximate 95 percentconfidence interval 10 to 10
Profile likelihood interval 10 to 11

Histogram of n(j)

Frequency 7 2 6 5 4 6

7 *

6 * * *
5 * * *

4 * * * * *
3 * * * * *
2 * * * * * *
1 * * * * * *
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Mark-recapture popuation and density estimation program Page 6
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Population estimation with constantprobability removal estimator.

See model M(b) of theMonograph for details.
Group 1

Occasion = 1 2 3 4 56

Total caught M(G)= 0 7 9 10 10 1010
Newly caught u()= 7 2 1 0 0O
Estimated probability of capture, p-hat =0.714281

Estimated probability of recapture, c-hat 8.434783

Population estimate is 10 with standarcerror  0.0751
Approximate 95 percentconfidence interval 10 to 10
Profile likelihood interval 10 to 10

Histogram of u(j)

Frequency 7 2 1 0 0 O

7 *

6 *

5 *

4 *

3 *

2 * *

1 * * *

Mark-recapture popuation and density estimation program Page 7

Programversion of 16 May 1995 9-Dec-2010
rg2

Population estimation with variable probability of captureby animal.
See model M(h) of theMonograph for details.
Group 1

Numberof trapping occasions was 6
Numberof animals capturedM(t+1), was 10



Total numberof capturesn., was 30

Frequencies of capture f(i)
i= 1 2 3 4 56
f)= 0 2 6 2 00

Computedjackknife coefficients

N(1)

1.833
1.000
1.000
1.000
1.000

absrwnNPE

N(2)
2.500
0.467
1.000
1.000
1.000

NEB) N@)  N©O)

3.000 3.333 3.500
-0.233 -0.833 -1.167
1.225 1542 1.750
1.000 0.956 0.914
1.000 1.000 1.001

The results of the jackknife computations

N(i)
10
10.0
8.9
8.9
9.5
10.0

aprPwWNPEL O™

SE(i)

0.00
0.00
1.49
2.83

3.57

.95 Conf. Limits

Test ofl(i+1) vs. N(i)
Chi-square (1 d.f.)

10.0 10.0 2.250
8.9 8.9 0.002
6.0 11.8 0.261
4.0 15.0 0.488
3.0 17.0 0.000

The dataare ill-conditioned. As abest guesgse

Average p-hat =0.5000

Interpolated population estimate is 10 withstandarcerror  0.4567

Approximate 95 percentconfidence interval 10 to 10

Histogram of f(i)

Frequency 0 2 6 2 0 O
5 *
4 *
3 *
2 * * *
1 * * *

Mark-recapture popuation and density estimation program Page 8

Programversion of 16 May 1995 9-Dec-2010

rg2

Population estimate underindividual heterogeneity in captureprobabilities.

43



See model M(h) of Cha¢1988.

Group 1

Numberof trapping occasions was 6
Numberof animals capturedM(t+1), was 10
Total numberof capturesn., was 30

Frequencies of capture f(i)
i= 1 2 3 4 5
f)= 0 2 6 2 0

Average probability of capture =0.5000

Population estimate is 10 with standarcerror  0.0000

Approximate 95 percentconfidence interval 10 to

Mark-recapture popuation and density estimation program
Programversion of 16 May 1995

rg2

Population estimate undertime variation and

individual heterogeneity in captureprobabilities.

See model M(th) of Chao et d11992).

Group 1

Numberof trapping occasions was 6
Numberof animals capturedM(t+1), was 10
Total numberof capturesn., was 30

Frequencies of capture f(i)
i= 1 2 3 4 5
f)= 0 2 6 2 0

Estimator Gamma N-hat se(N-hat)
1 0.0000 10.00 0.00
2 0.0000 9.74 0.00
3 0.0000 10.34 0.67

p-hat(j) = 0.70 0.20 0.60 0.50 0.40.60

10

Page 9
9-Dec-2010

Bias-corrected population estimate is 10 with standarcerror 0.6687

Approximate 95 percentconfidence interval 10 to
Mark-recapture popuation and density estimation program

Programversion of 16 May 1995
rg2

Successful Executim

13

Page 10
9-Dec-2010
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Capture Matrix of the tiger capture data analyssadve:

Tiger Occasions

1 2 3 4 5 6
1 1 0 0 1 0 1
2 1 0 1 0 0 1
3 0 1 0 1 1 0
4 1 0 0 0 1 0
5 1 0 1 0 1 0
6 1 0 1 1 0 1
7 0 0 1 0 1 0
8 1 0 1 1 0 1
9 0 1 0 1 0 1
10 1 0 1 0 0 1
(V) Analysis

Every tiger captured was given a unique identiitcca number viz.
(MT-002), after examining stripe pattern on flanlksbs, forequarters
Following tiger identification, capture hisies (X matrix) were
developed and analyzed using the program MARK, TARE and
CARE.

CAPTURE gives various probabilities models thfe underlying
capture-recapture process, that are likely heove generated the
observed capture histories

Analysis of capture history involves comparisoriween competing
models using a series of hypothesis tests andtsesf an overall
discriminant function test, in order to sé¢lébe most appropriate
abundance estimation model

Assumption: sampled population was demogragblyic and
geographically closed during the sampling period

Since the entire tiger reserve is camerapped the total
population within the reserve is estimated. Alse fame area is
camera trapped in consecutive years thereforepdipeilation is

directly comparable and there is no need to completesity of

tigers which adds variability and loss ofegsion to detect
trends.
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Annexure-Vl

Capture-recapture Sampling usingCameraTrapping [Mark SoftwareFormat]

Trap Occasion (day)

1D

1 2 3 4 S 6 n

z| N| o o A @ N| P Tiger

Data to be entered &4 format.



ObserveName:
Begin GPS: Lat:

ForestCircle

Approx. Kms. travelled:

Na

Data Sheet for Tiger, Other Animals & Human Sign Errounter Rate

StartTime:

Date:

Long:

ForestBlock & Range:
Time Spent in any other activity

Km.

E

EndTime;

End GPS: Lat:

Beat

N, Long :

Annexure-VIl

Min.

SL
No

Time

GPS Location
(only for tiger sign)

*Animal
Species

Lat.

Long.

M

S

D

M

ASign
Type

Mangrove Type

Creek Bank Type

Sign

Tall
>10’

Medium | Small
4-10’ <4

Steep | Moderate | Gentle

Fresh

Old

Width of
mud flat
(water to
Mangrove
edge)

© o N o g kM w

11.

12.

13.

14.

15.

* Animal species to be recorded: tiger, fishing, gatkal, monitor lizard, crocodile, chital, wildgp rhesus macaque, humans atitexs.

A Sign types to be recorded are pugmark/hoof mawk/fprint, scat/pellet (with condition), vocalizati and directighting.
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Data sheet Ictd...
1) Has any tigress with cubs been reported dutiegoist 12nonths?
Yes No Approximate date/nonth

a) Seen by staff, b) Pugdks,
c) Reported by local persons, d) Seen by officials (¥ theappropiate)
How many cubs , approximate age of cubs .

2) In case tigers are known to be present in tiag, lbeit no sign was obtained during the samplirrgpdehen mention on what evidence was
this concluson made (pugmark, direct sighting, scat, other)sign .
Approximate date/month Tiger presence was last recorded in thatb

3) How many livestock predation events have beearded in the past 3 months by tigers, which carnivores if known | :

4) GPS Coordinates at all creek/channel junctionserial order of suey

S.No. | Time Lat Long
Degree Minutes Seoond Degree Minutes Seoond

1

2

3

4

5

6

7

8

9

10

11

12

5) Comments &Remaiks:




Encounter Rate on Lin€ranects

Annexure-VIlI

ObserveiName: Date: StartTime: EndTime;
Begin GPS: Lat: N, Long: E End GPS: Lat: N, Long :
ForestCircle ForestBlock & Range: Beat
Approx. Kms. Travelled: Km.
S. | Time | Species* Total Young MangroveType Bank Type Perpendiculat  Activity of
No Number Distanceof theanimal(s)
(Adults & Tall | Medium | Small | Steep | Medium | Gentle | 2nimalfrom Basking,
Young) >10' 4-10’ <4 water'sedge foraging,
moving, etc.
1
2
3
4
5
6
7
8
9
10

*Species that need to be recorded on the transleitsl, rhesus, macaque, wild pig, monitor lizardl estuarine crocodile and other mammalian

species sa.
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VEGETATION

(To be recorded at every 15 minute traveinterval)

Annexure-1X

Name of Observer: ................ccw. Date: .......cevvvennnnnn. Forest Circle: ................ Forest Dvision............
Range: ....ccoovviiiiii e Beat: ..........cooiiils ID No. of Line TransSect: ..........ccceoviviiiiiniin e,

Sl Locationof Tree Species (Descending Oraér Grass/Herbs/Sedg&pecies Densityof Remarks

No GPS Reading at every plfsom Plot- Left Abundance, (Giv&lames) (Descending Order Abundance| Vegetation

beginning of creekransect side/Right including reg. mangroves|I O0to4
Lat Long side vegetation < 4t.) 0- Open
_ _ 4- very tense
Deg | Min | Sec | Deg | Min | Sec 1 2 3 4 5 1 2 3 4 5
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Human Disturbance

Annexure-X

Name of Observer: ........cooovvvvinun. Date: ...ocovvvininnnn. Forest Circle: ......ccu....... Forest Dvision............
Range: ... Beat: ..........cooiiils ID No. of Line TransSect: ..........cccevviviiiiiniin e,
S GPS locations of the beginning akeek Human Dsturbances
No transect and at every 15 minavel 0-4 Rating, 0-None, 4-Veryigh
interval theredter Wood Cutting Loppng Fishing evidenceesn People Seen frorthe
0-4 0-4 from the vegetationlpt plot
Lat Long Y/N Y/N
1 Deg | Min | Sec | Deg | Min| Sec
2
3
4
5
6
7
8
9
10

Are there any permanent human settlements in ta& pées/No). If Yes, how many?
Is there NTFP collection in the beat (Yes/No). If yes, what NTFP is collected

Rate NI'FP collection on a scale of 0-4, 0-No to 4-Veryhhig

. Approximate human population ,

Intensity of fishing ..........ccccvveeeeeen. catiger prawn seed collection .....................In the beat at 0-4 scalié nil, 4 is very high)
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