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Abstract 

The study of food chains and their influence on the environment helps in understanding the different processes 

involved in functioning of the ecosystem. As far as carnivores are concerned they are shy, charismatic, dangerous, 

wide ranging, elusive and nocturnal, hence it is almost impossible to precisely evaluate their abundance, distribution, 

diet and behaviour by direct observations in the field. Capture and handling are highly stressful and potentially 

dangerous to both humans and animals, especially with large carnivores. The scientists have solved this problem by 

applying various indirect or noninvasive sampling methods. This idea of collection of samples without actually 

seeing or touching an animal appeal many as carnivores are dangerous and extremely difficult to capture and handle. 

Carnivores are animals of great attention and concern because many of its species are declining at a very fast rate 

and the efforts are being continuously made for their conservation and management. 
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Introduction 

The Order Carnivora is made up of variety of species that differ in various aspects. Noninvasive techniques have 

found many applications in wildlife ecology and conservation biology. Noninvasive method is a set of field, 

laboratory and diagnostic techniques that allow studying the ecological processes without having even to observe 

individuals. It has been recommended as a reliable method for investigating the biology of mysterious, rare or 

endangered species. Noninvasive methods open a new way of sampling that was never imagined before 30 years. 

These techniques are non-destructive and the ease with which the samples are collected, large data can be retrieved. 

Non-invasive techniques are indirect methods to determine ecology of carnivores. These methods also provide 

practical as well as ethical benefits by increasing well-being and safety to animals (Pauli et al., 2010). Moreover, 

handling and capturing of animals particularly carnivores become highly stressful and is unsafe to both animals and 

humans. 

 

Material and Methods 

Non-invasive sampling: Sign investigations 

Ecologists have examined carnivores non-invasively for years. Expert identification of scats, tracks, hairs, hooves, 

kills, bones and scratch marks provide great information regarding the distribution and habitat of carnivores. 

Identification of coyote (Canis latrans) scats shows greater than 90% accuracy despite the presence of other 

carnivores in the Alaska region (Prugh and Ritland 2005). However in many cases morphological identification of 

the scats leads to inaccuracy like the scats of martem (Martes martes) which show only 18% accuracy (Davison et 

al., 2002). Track studies are very effective as well as economical for the studies like distribution and occurrence. 

Tracking surveys during winter has been widely used in Canada and Scandinavia to monitor the distribution of 
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carnivores (Hellstedt et al., 2006). The presence of the carnivores can be determined from hair by applying both 

macroscopic as well as microscopic examination of the hairs (Raphael et al., 1994). This can be aided by signs like 

scrape or scratches and pug marks in the field through sign survey. 
 

Genetic sampling 

Fecal DNA 

Carnivores are identified by the genomic analysis of fecal matter. Fecal matter contains DNA due to shredding of 

intestinal lining and this DNA is extracted from the scat samples (Gorman and Trowbridge 1989; Barja et al., 2005). 

Carnivores walk through definite trails and by identifying those tracks, scats are effectively collected even during 

snow, dust or mud (McKelvey et al., 2006; Ulizio et al., 2006; Marucco et al., 2008). Researchers can increase the 

rate of scat collection by using scent-detecting dogs (Wasser et al., 2004; Long et al., 2007). The scats must be 

stored properly in order to avoid degradation of DNA by enzymes and also the quality of the DNA depends on the 

region and location of the scat collected. 
 

Hairs 

Snags and rub devices are often used to obtain hairs of animals. Hair snag devices are very economical and are easy 

to fix. Researchers have used barbed wire around bait for collection of the left over hairs of the bears (Woods et al., 

1999; Kendall et al., 2009). Glued tips are used to collect hairs from small carnivores (Zielinski et al. 2006). Hair 

snag devices are very economical and are easy to fix. Higher quality DNA is extracted from the hairs with follicles 

and usually multiple hairs are pooled together to extract DNA for the carnivore species detection. However 

researchers must develop a hair snag that allows only one animal to rub it (Beier et al., 2005; Bremner-Harrison et 

al., 2006). 
 

Camera-trap method 

Camera trapping technique in wildlife appeared in 1877 (Guggisberg 1977)  and was used very less until the 

invention of infrared automatic cameras. Later in the mid- 1990s use of lightweight cameras were used with capture 

and recapture method to estimate the abundance and distribution of animals (Karanth 1995). The invention of digital 

camera and its widespread use has resulted in an increase in carnivore inventories as it can facilitate photography of 

multiple species at a time (Barea-Azcon et al., 2007; Datta et al., 2008; Tobler et al., 2008; Pettorelli et al., 2009). 
 

Hormone sampling 

Hormones are a class of signaling molecules that regulate behaviour and physiology of an organism needed and 

helps to survive in the ever-changing environment. Conservation biology helps us to understand the various 

physiological processes and the responses of animals to the changing environment. To monitor wildlife population, 

different indirect endocrine tools are used (Berger et al., 1999; Foley et al., 2001; Garnier et al., 2002; Sands and 

Creel 2004; Cockrem 2005). Scats, hair, urine and saliva samples are immunoassayed and the concentration of the 

particular or selected hormones and their metabolites are measured (Wasser et al., 1998, Creel et al., 1997, Barja et 

al., 2008). Adrenal and gonadal hormones are considered most important hormones for non-invasive studies of wild 

animals. Adrenal hormones includes glucocorticoids which indicates physiology of an organism and gonadal 

hormones like estrogens, androgens reveal information about puberty, ovulation, estrous, pregnancy and sex (Brown 

and Wildt 1997; Morato et al., 2004; Sanson et al., 2005; Graham et al., 2006; Dehnhard et al., 2008; Herrick et al., 
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2010). Immunoassays and spectrometric techniques are used in conservational biology, however, wildlife 

endocrinology is not widely used non-invasive method as it is error prone. 
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