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Why this topic? 

• This is an exciting time to study carnivore 
ecology via noninvasive sampling methods. 

  

• Technological and methodological advances, 
increased accessibility to these advances, and 
new techniques for data analysis, have all 
contributed to the rapid expansion of 
noninvasive studies, especially for carnivores.  



Why this topic? 
Today, we can estimate size and survival rate for a 
population and determine genetic diversity and 
historic and current rates of movement across a 
fragmented landscape, without ever catching, 
handling, or even seeing a single individual animal !! 

 



Invasive Sampling 
 
Capture in a trap and handle 
Immobilize 
Radio/GPS collar 



Non-invasive sampling 
Noninvasive sampling is the gathering of data without 
capturing, handling or otherwise physically restraining 
individual animals. The techniques usually imply that a 
target animal is not observed during data collection and, 
presumably, is unaffected by data collection.  

Tracks 
Remote 
photographs Scat collection 

using scat dog 



Advantages to non-invasive sampling 

1) Capture and handling (esp. for tigers), is highly stressful 
and potentially dangerous to both humans and animals 
 

2) Eases the process of obtaining permits to work on 
carnivores and eliminates hold-ups that can occur with 
animal care committees 
 

3) Field techniques (e.g. scat/hair collection, camera 
maintenance) are often relatively simple to employ and 
standardize, making it easier to train inexperienced 
people and to cover large areas, thus reducing 
researcher/technician bias. Higher sample sizes! 



Advantages to non-invasive sampling 

4) Capture, handling and subsequent monitoring, especially 
for elusive, low density, and/or trap shy species, are all 
very time consuming. 
 

5) Non-invasive sampling is less likely than traditional studies 
to induce trap response or otherwise affect the animals 
being studied, again reducing the likelihood of human-
induced bias affecting the attributes being studied or 
estimated.  
 

6) Finally, with the advances in parameter estimation and 
genetic analyses, we can now expand the scope of 
question asked and hypotheses addressed about 
carnivore ecology.  



Caveat: Non-invasive 
• Perhaps a better name is “less invasive” because 

we do not really know the impact of removing 
scat samples found in a habitat for 2 months. 
 

• This can disrupt marking behavior and unknown 
impacts could arise in a study site from the 
presence of a trained scent-detecting dog 
locating scats.  
 

• Nonetheless, the term has gained familiarity and 
become conventional  



Types of Non-invasive sampling 

• Tracks (pugmarks), 
scrapes, tree nests, 
latrines, hair 
macroscopy 
(morphology) 
 
 

• Camera trapping 
 
 

• Genetic sampling – 
hair/scat etc. 



Types of Non-invasive sampling 

• Tracks (pugmarks), scrapes, tree nests, 
latrines, hair …. 

 

Effective for Tiger Presence – Occupancy modeling 

NOT Effective for Tiger Abundance – why? – 
Very difficult to distinguish individuals 



Types of Non-invasive sampling – 
Camera trapping 

• Photographing wildlife via a remotely triggered system has a long 
history in wildlife biology, beginning in 1877 and expanding in the early 
1900s primarily to photograph animals for aesthetic reasons.  
 

• In the 1950s remote photography appeared in the wildlife sciences 
literature. Most early camera systems were homemade and relied on 
trip wires, trip plates, or pressure pads, often only allowing one 
photograph per animal visit. 
 



Camera trapping 
• In the mid 1980s, cameras became commercially 

available, lightweight, easy to operate, and 
relatively inexpensive.  
 

• The 2000s also brought a dramatic increase in 
commercial availability of relatively inexpensive 
remote cameras and the beginning of the phase out 
of film cameras with the rise in digital remote 
camera technology.  
 



Analytical Advancements 
• The mid-1990s saw another major advance with the linking 

of capture-mark-recapture (CMR) statistical analysis to 
large scale camera grids for abundance and density 
estimation (Karanth 1995; Karanth and Nichols 1998) 
particularly for animals with unique natural markings. 
 

• The technique was then modified for other boldly marked 
species, especially felids, such as ocelots and jaguars (Kelly 
2003; Silver et al. 2004; Dillon and Kelly 2007). 



Estimating population size requires 2 cameras to 

photograph both sides of the animal 



Non-Invasive Sampling 

• Camera trapping 

http://www.youtube.com/watch?v=TXCgvWTsU8o 

http://www.youtube.com/watch?v=TXCgvWTsU8o


Individual ID 



Non-Invasive Sampling 

Camera Traps 
arrayed across 
the landscape 



 

Effective for Tiger Presence AND for Tiger Abundance 



title=tiger survey 2Pine 8/28/04 to 
10/27/04' 
task read captures occasions=20 x matrix 
format='(T1,A3,1X,20F1.0)' 
read input data 
T27 11110110011001101001 
T31 00000010010010000000 
T34 00000000000000000010 
T35 00000000001010001100 
T36 00000000001000000000 
T37 00000000000100000000 
task closure test  
task model selection 
task population estimate all 

MARK-RECAPTURE STATISTICS 

 N = Mt+1/[1-(1-p1)(1-p2)(1-p3)(1-p4)] 
 
1111        1101        0101 
p1c2c3c4        p1c2(1-c3)c4       (1-p1)p2(1-c3)c4 

Estimate Population Size without 

seeing cats first hand 

Establish Capture History 

for Each Tiger 



X X X X X 

X X X X X 

X X X X X 

X X X X X 

X X X X X 

2km 

2km 

2km 

2km 2km 2km 

2km 

2km 

Maximum distance 

moved for each 

animal –(surrogate 

for home range 

diameter) 

 

Take the average of 

those maximums 

 

Divide by ½ (for the 

radius of the HR 

 

Add this number ½ 

MMDM as the buffer 

around your traps 

Part 2: How much area was surveyed? 
Survey area based on Trap Spacing and animal 

movement 



Convert to Density 

• Traditional ad 
hoc methods (all 

problematic) 

 

– Buffer each 
camera trap with 
some metric 

• ½ MMDM 

• Full MMDM 

• Home range 
radius 

 

^^^

/ AND 

Highly influenced by this buffer size and 
not the population estimate – especially 
the 1 males that moved a huge distance 
(Dillon and Kelly 2007) 

D = 4.8 tigers per 100km2 



What can we do? 
• The rise of Spatially Explicit Capture Recapture models:  

    SECR 
– Distance between successive captures of an individual 

provides information on the scale of movements, but is a 
function of trap spacing and grid size. 
 

– Probability of detection declines radially with increasing 
distance from the fixed home-range centers, and the density 
of the centers is the parameter of interest used to estimate 
animal density (Efford et al. 2009). 

 



Freedom from trap layout!! 
• The method uses any configuration 

of traps (e.g. grid, web or line) and 
any choice of closed- population 
estimator. Program DENSITY 

 
• Bayesian analysis – Program 

SPACECAP. Markov Chain Monte 
Carlo (MCMC) simulations, and 
data augmentation are used to 
treat home range centers as 
missing data (Royle et al. 2007; Royle and 

Young 2008; Royle et al. 2009). Density of the 
home range centers is determined 
as with previous method. 



So what does it mean?? 

Gerber, Karpanty, Kelly 2011. Malagasy civet work 

Past methods have very likely been overestimating population 
density for many, many studies, possibly including tigers 



Types of non-invasive sampling 

• Genetic sampling 

– New developments in DNA amplification from 
small amounts and poor quality DNA.  

• Hair samples 

• Fecal samples 

 

• CMDN and U of I 



The rise of genetic sampling 
• In the late 1980s, at the same time that the invention 

of infra-red, automatic, trip cameras opened the door 
for widespread camera trap use...  

Polymerase Chain 
Reaction – PCR – 
“amplify” or 
replicate DNA for 
very poor quality 
samples 
now not only feasible, but 
becoming affordable. 



Non-invasive genetic sampling 

• With PCR it suddenly became possible to 
decipher genetic makeup of organisms from 
what seemed to be samples of impossibly 
poor quality or small quantity.  

 

• The implications of early applications of PCR 
amplification to human forensics were quickly 
recognized for wildlife. 



Non-invasive genetic sampling 
How do we get the DNA 

Hair Sampling 
http://www.youtube.com/watch?v=W0j0v7uT43U&f
eature=related 

 

http://www.youtube.com/watch?v=W0j0v7uT43U&feature=related
http://www.youtube.com/watch?v=W0j0v7uT43U&feature=related
http://www.youtube.com/watch?v=W0j0v7uT43U&feature=related


Hair Sampling 

≠ 

Hair sampling is NOT effective for Tigers 



Scat samples 

• Carnivore species, which often deposit scat at 
prominent sites for intra- and interspecific 
communication 



DNA  EXTRACTION  FROM  SCAT  SAMPLE 
(molecular scatology)  

Worn out cells of Intestinal tract 

Big Cat 
Intestinal cells in scat 

Break down the cells to 
release DNA Purified precipitated DNA DNA 



Differentiate Species of Wild Cats 

Species Specific 
PCR reaction 



Sex Specific 
PCR reaction 

Male Female 



Microsatellite PCR reaction 

Individual ID 



Non-invasive genetic 
sampling 

• Scat sampling 

– Identify species 

– Identify sex 

– Identify individuals 



How do we collect scat 

Sample collection: 
Human surveyors –collect scat samples 
on transects 

Use of trained dog to collect scat 
samples on transects 

Inside National Parks 

Potentially for outside National Parks 

Scat sampling is VERY effective for Carnivores 



Proper field collection techniques: 
  - proper labeling/organization 
  - prevent contamination 
  - survey sufficient area 
 



Survey Design and 
Sample Collection 

• Must use standard protocol for survey design 
 

• Must use standard protocol for data collection 
 

• Techniques must be repeatable to compare from 
one site to another in Nepal and across sites in 
other areas of the tiger range 
 



Scat Survey Design 
 

• Scat Survey Grid 

 10-13 grid cells (4x4 km) 

  Average = 7km/cell 

  

• 4-5 repetitions (70 km 
each) 

 

• Opportunistic Survey 

 Roads, trails, game trails  

 Off- road/trail 

 Other geographic 
features 

 
Remote camera stations 
Dog Survey Grid 



Genetic Mark-Recapture 
Genetic  vs. photographic “tagging”  

Genetics: 4-5 capture occasions   each 
occasion equals 70km of scat dog survey 
 

Program CAPTURE 
N = Mt+1/[1-(1-p1)(1-p2)(1-p3)(1-p4)] 
 

MMDM calculation based on  
 genetic re-captures 

title='jag genetic survey 1RB 

2008' 

task read captures occasions=5 x 

matrix 

format='(T1,A2,1X,5F1.0)' 

read input data 

J1 00010 

J2 00110 

J3 00100 

J4 01000 

J5 01111 

J6 11101 

J7 11100 

J8 00001 

task closure test 

task model selection 

task population estimate all 

 

L. Waits lab - Idaho 



Methods – Remote 

Camera Grids 

MPR = 47 

Camera 

stations 

CBWS = 

43 camera 

stations 
RBCMA = 

40 camera 

stations 



Jaguar Gender – cameras vs. scat 
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Jaguar Density Estimates 
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Intensive survey in Chitwan National Park – 
Phase 1 of NTGP 

Chitwan 
National Park 

Grid System placed across Chitwan. 
15 X 15 Km grid cells to be searched 
for tiger scat within each grid cell 



Scat sampling vs camera trapping 

• Sampling is not always as straight-forward as it is 
for camera trapping – difficult to incorporate time 
models into detectability. Often scat collection is 
not sequential like camera trapping. Does not fit 
into the classic CMR 
 

• Same issues with determining density using 
buffer methods. 
 

• SECR models – not straight forward to get the 
data into the same format as for camera trapping 
 



Methods: Scat Detector Dogs  

Billy & Bruiser 



Training the Team 

Claudia Wultsch – PhD student 



Scat survey design C  

Opportunistic search 

 

 

Linear search – on and off-trail 

Area/zig-zag search – off-trail 
 

 

 
 
 
 

Areas surveyed: 

Roads, trails, game trails, riverbeds, ridgelines, 
various habitats 

 



Reward 





Non-invasive genetic sampling 
BOTH Camera Trapping and  
Genetic Sampling can estimate  
Population Size 
 
 
BUT… 
• Some advantages of genetic sampling over camera trapping 

– Can assess genetic health (diversity)…  
– Can assess genetic connectivity 
– Can assess parentage (relatedness = parent/offspring or siblings) 

and obtain estimates of dispersal to and from reserves 
– Potential for forensic applications (poaching) 



 

Jaguar 

Relatedness  

 
 

                Jaguar Pairs 

PO - Parent/offspring 

FS - Full siblings 

Rio Bravo 

MPR 

Cockscomb 



Tigers across the TAL 

 

RSWR & BZ 

RBNP and BZ 

RCNP and BZ 

PWR 



Genetic Linkage and 
total population size ? 



Conclusions 
Recent advances in non-invasive sampling have made it possible to survey animal 
populations in ways not previously possible 
 
Recent advances in statistical data analysis are on-going and have allowed us to 
estimate demographic parameters for very low density species with relative confidence 
 
Camera trapping analyses can be adopted for scat sampling but with modifications 
which are currently the topic of on-going research in study design and analytic analysis 
 
Genetic sampling can open other doors into research on genetic health and gene flow 


