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ABSTRACT 

Catastrophic population declines threaten the under-studied and Endangered Indochinese tiger (Panthera 

tigris corbetti) with extinction. Thailand now plays a critical role in the conservation of the Indochinese 

subspeciesΣ ƎƛǾŜƴ ŦŜǿ ƪƴƻǿƴ ōǊŜŜŘƛƴƎ ǇƻǇǳƭŀǘƛƻƴǎ ƛƴ ƻǘƘŜǊ ǊŀƴƎŜ ŎƻǳƴǘǊƛŜǎΦ ¢ƘŀƛƭŀƴŘΩǎ 5ƻƴƎ tƘŀȅŀȅŜƴ-Khao 

Yai forest complex (DPKY) is recognised as a tiger landscape of national importance, though it has been largely 

understudied. A lack of information on the status, ecology, and conservation of tigers in this landscape 

undermines effective management and renders an incomplete picture of its role in the conservation of tigers 

in the region.  

 

The goal of this thesis is to assess the ecology and conservation status of tigers in the Dong Phayayen-Khao 

Yai Forest Complex. Specifically, through this thesis, I aim to: 1) Assess tiger presence, persistence, breeding, 

and population density; 2) Explore important associations with habitat, prey, and threats that influence the 

population; 3) Investigate long-term habitat connectivity and population viability; and (4) Conduct novel 

assessments on methods commonly used in ecological research. 

 

In Chapter 1, I contextualize the research conducted in this thesis by providing an overview of the 

conservation history and status of tigers in Southeast Asia and Thailand. This chapter also highlights 

prevailing methodological trends involved in such research. 

 

Chapter 2 of this thesis represents the first dedicated, long-term study on tigers across DPKY. Here, I describe 

heterogeneity in the distribution of tigers across the landscape, identify potential prey species, and 

document long-term persistence of individuals. Importantly, results confirm breeding at the site, establishing 

DPKY as one of the few remaining breeding populations of Indochinese tigers globally and a tiger landscape 

of global conservation significance.  

 

In Chapter 3, I investigate the degree to which scale- and functional form (shape)-optimization affect 
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performance of habitat selection models for tigers and conduct a first-of-its-kind assessment of optimization 

approaches in modelling species-habitat relationships. Importantly, results confirm the importance of 

optimizing such models for spatial scale while optimizing for functional form did not  improve model 

performance. These results reinforce the importance of broad-scale protection of core tiger habitat in DPKY 

as part of a landscape-scale management strategy.  

 

In Chapter 4, I evaluate the degree to which prey, human presence, and environmental factors explain tiger 

presence in DPKY both independently and collectively. I found that tiger presence had strong, positive 

associations with wild boar (Sus scrofa) presence and prey richness, and strong negative associations with 

human settlements, public roads, and poacher presence. However, environmental characteristics, 

particularly confounded with human factors, best explained variance in tiger presence, suggesting these 

factors could aid in modelling potential tiger occurrence where other data may be lacking.  

 

Chapter 5 of this thesis represents the first dedicated peer-reviewed study to estimate tiger population 

density in DPKY. Importantly, I utilize simulations to aid in the development, validation, and implementation 

of an effective survey design, an approach which may be beneficial for similar studies of low-density 

carnivore populations. While estimated density (0.63 ± SE0.22 [0.32ς1.21] tigers per 100km2) and population 

(20 [14ς33]) were relatively low, these key metrics provide a crucial, reliable baseline for evaluating 

population changes over time.  

 

In Chapter 6, I simultaneously ŜǾŀƭǳŀǘŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ 5tY¸Ωǎ ǘƛƎŜǊ ǇƻǇǳƭŀǘƛƻƴ ǘƻ ŘƛǎǇŜǊǎŜ ǘƻ ƻǘƘŜǊ 

potential habitat and assess the sensitivity of connectivity models to changes in key parameters. Here, I 

demonstrate that landscape connectivity models can be highly sensitive to parameter values with significant 

interactions and relative strength of effects varying by timestep. Dispersal ability, mortality risk, and their 

interaction dominated predictions, underscoring the importance of incorporating these factors in a spatially- 

and temporally-dynamic framework. Results from this study suggest reasonable dispersal potential of tigers 
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to Khao Yai National Park in DPKY though dispersal and persistence within and beyond the landscape could 

be drastically undermined by increased mortality.  

 

In Chapter 7, I utilize an individual-based, spatially-explicit population modelling approach to evaluate the 

effects of landscape change scenarios and mortality risk on the probability of tiger persistence in DPKY as 

well as model sensitivity to mortality risk, resistance surface transformation, and population density. 

Mortality risk dominated predictions of population persistence with results indicating strong negative effects 

resulting from road expansion and construction of dams. The high sensitivity of models to mortality risk and 

high variability in population trajectories suggest this population is extremely vulnerable to extinction. 

 

Lastly, in Chapter 8, I summarize and synthesize findings from previous chapters. Here, I discuss the 

implications of this research for the management and conservation of tigers in this landscape, offer 

perspectives on methods of research in this field, and contextualize results within the broader realms of 

conservation in Thailand and Southeast Asia.    
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Introduction   

Few species have inspired human imagination, fear, and reverence like the tiger (Panthera tigris, 

Linnaeus 1758). Across a history spanning two to three million years (Luo et al. 2004; Davis et al. 2010), the 

tiger has become entrenched in the consciousness and culture of people living with the species (Paddle 2003; 

Thapar 2004). The tiger is pervasive in human culture, becoming arguably the most recognizable, admired, 

and charismatic species in the world (Macdonald et al. 2015; Courchamp et al. 2018; Albert et al. 2018). 

Apex predators, such as tigers, are believed to exert an important top-down influence on the 

ecological systems in which they are embedded (Paine 1980; Luo et al. 2010; Terborgh and Estes 2010). While 

there is a paucity of tiger-specific studies relating to trophic cascades resulting from their removal from an 

ecosystem, available studies of other apex predators, such as wolves (Canis lupus), document far-reaching, 

complex, and potentially unforeseen ecosystem impacts following extirpation (Ripple and Beschta 2004; 

Ripple et al. 2014). 

In threatened ecosystems, tigers can effectively serve as flagship species to attract funding for 

conservation efforts (Sergio et al. 2006). Due to the large home range size of the tiger (Sunquist 2010), such 

efforts may result in benefits to a wide variety of other species within the local ecosystem. For species that 

lack scientific research, recognition, or perceived charisma, the tiger may serve as an effective ecological and 

conservation umbrella or ambassador species (Sergio et al. 2006; Wikramanayake et al. 2010; Dickman et al. 

2015; Macdonald et al. 2017) . 

While protection of tigers for their own sake is arguably convincing in its own right, the role of tigers 

in an ecosystem can also have significant and far-reaching economic benefits. A single protected area with 

tigers may generate substantial local benefits through tourism, forest products, and community forestry 

(Heinen and Mehta 2000; Wikramanayake et al. 2010; Badola et al. 2010). Indirectly, these ecosystems have 

larger-scale benefits such as carbon sequestration and maintenance of watersheds (Cutter and Hean 2010; 

Bhagabati et al. 2014) which underpin economic security for millions of people in tiger range countries, with 

potential income-generation opportunities via payment for ecosystem services initiatives (Dinerstein et al. 

2013).  
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1. The Global Decline of Tigers 

5ŜǎǇƛǘŜ ǘƘŜ ǊƻƭŜ ƻŦ ǘƛƎŜǊǎ ƛƴ ŎǳƭǘǳǊŜΣ ŜŎƻǎȅǎǘŜƳǎΣ ŀƴŘ ŜŎƻƴƻƳƛŜǎ ŀƴŘ ƛǘǎ ǇŜǊǾŀǎƛǾŜƴŜǎǎ ƛƴ ƘǳƳŀƴƛǘȅΩǎ 

collective consciousness, the species is no longer pervasive within the forests of Asia. Historically, tigers once 

ranged throughout Asia (Luo et al. 2004). However, both the tigerΩǎ range and population have been subject 

to catastrophic declines, particularly over the past century (Walston et al. 2010b). This has been driven by 

significant human pressure, including direct killing, loss of prey, and loss of habitat, compounded by habitat 

fragmentation (Dinerstein et al. 2007; Goodrich et al. 2015; Sandom et al. 2017a, b). Such pressures have 

arisen in part from rapid increases in human population in Asia, which tripled in size from 1950 to 2015 (UN 

DESA 2015), driving accelerated growth in resource demands and infrastructure. The result has been an 

estimated 96% loss in ǘƘŜ ǘƛƎŜǊΩǎ population and a 93% loss in habitat since the start of the 20th century 

(Sanderson et al. 2006; Walston et al. 2010b). Habitat loss has been particularly acute in South and Southeast 

Asia, with a 41% reduction between 1996 and 2006 (Sanderson et al. 2006) and an estimated  forest loss of 

71,134km2 in priority tiger conservation landscapes (TCLs) from 2001 to 2014 (Joshi et al. 2016).  

Of nine currently described subspecies of tiger (Luo et al. 2004; Goodrich et al. 2015), three are now 

classified as extinct - the Bali tiger (Panthera tigris balica), the Caspian tiger Panthera tigris virgata), the Javan 

tiger (Panthera tigris sundaica) - and a fourth, the South China tiger (Panthera tigris amoyensis) is likely to be 

extinct in the wild (Tilson et al. 2004; Goodrich et al. 2015). Remaining described subspecies extant in the 

wild include the Bengal tiger (Panthera tigris tigris), the Sumatran tiger (Panthera tigris sumatrae), the 

Malayan tiger (Panthera tigris jacksoni1), the Amur tiger (Panthera tigris altaica), and the Indochinese tiger 

(Panthera tigris corbetti)2. Currently, approximately 2,154-3,159 individuals are believed to occur in the wild 

across their global range (Goodrich et al. 2015). 

 
1 Kitchener et al. (2017) assert that Panthera tigris jacksoni, άƘŀǎ ƴƻǘ ōŜŜƴ ƴŀƳŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ ǊǳƭŜǎ ƻŦ ǘƘŜ 
ICZN and is a nomen nudumέΦ 
2 A task force of the IUCN Cat Specialist Group (Kitchener et al. 2017) proposed a revision of Panthera tigris and its 

subspecies, which included reclassification of tiger taxonomy into two subspecies: a mainland tiger subspecies 
(Panthera tigris tigris  Linnaeus, 1758) and a Sunda island tiger subspecies (Panthera tigris sundaica, Temminck, 1844). 
At the time of this writing, the IUCN Red List has not yet formally adopted this reclassification (Goodrich et al. 2015). As 
such, prevailing IUCN Red List classifications are used in this thesis.  
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Tigers have been subject to considerable funding, research, and management efforts in order to 

understand and recover populations (Walston et al. 2010b). Such investments appear to be generating 

positive results, as evidenced by the recent announcements of a rise in global tiger numbers, though not 

without debate (Karanth et al. 2016; WWF 2016a, b; Harihar et al. 2017).  Caution should be taken in viewing 

global population increases as indicative of the current state of tiger conservation overall. Walston et al. 

(2010b) documented only 42 source sites with confirmed breeding throughƻǳǘ ǘƘŜ ǘƛƎŜǊΩǎ ǊŀƴƎŜΣ ŀƴ ŀǊŜŀ 

covering 90,000km2Σ ƻǊ ŀǇǇǊƻȄƛƳŀǘŜƭȅ рΦф҈ ƻŦ ǘƘŜ ǘƛƎŜǊΩǎ ŎǳǊǊŜƴǘ ŜǎǘƛƳŀǘŜŘ ǊŀƴƎŜ (Sanderson et al. 2006). 

Even marginal population increases in tiger range states that support larger numbers of tigers may obscure 

catastrophic declines in smaller populations elsewhere. This is most starkly illustrated in Southeast Asia, 

where recent declines may represent national extirpation of tigers and, consequently, a reduction in the 

number of current range states with wild tigers, severely constraining global recovery efforts.  

 

2. Tigers in Southeast Asia 

The Indochinese tiger (Panthera tigris corbetti) was historically distributed throughout most of 

mainland Southeast Asia (Luo et al. 2004; Fig. 1). Historical range states included Cambodia, Lao PDR, 

Myanmar, Thailand, Viet Nam and southern China (Lynam 2010). Now classified as Endangered under the 

IUCN Red List, the subspecies has followed a similarly catastrophic population trajectory as its counterparts 

(Lynam and Nowell 2011; Goodrich et al. 2015). Obscuring this decline has been a paucity of reliable 

population data in current range countries, suggesting this may be one of the least understood subspecies of 

tiger (Lynam and Nowell 2011).  

The most recent IUCN Red List assessment of the Indochinese tiger (Lynam and Nowell 2011) is cause 

for concern. Government estimates cited in the assessment estimate a total wild population of 352 

individuals in Cambodia, Lao PDR, Myanmar, Thailand, and Viet Nam, though these figures are noted as being 

speculative. At the time of the assessment, reviewers expressed particular concern about a lack of confirmed 

records of tigers in Cambodia and Viet Nam as well as low figures in one site in Myanmar. 

More recent information has cast further doubt on the status of tigers in Southeast Asia and further 
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reinforces the suggestion of Lynam and Nowell (2011) that the subspecies could qualify for Critically 

Endangered status (IUCN 2000).  Potentially three range states have lost viable populations. In Lao PDR, Nam 

Et-tƘƻǳ [ƻǳŜȅ bŀǘƛƻƴŀƭ tǊƻǘŜŎǘŜŘ !ǊŜŀ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƻƴƭȅ ǎƻǳǊŎŜ ǎƛǘŜΣ ǿƛǘƘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мт 

individuals (Walston et al. 2010a). Despite previous evidence of a viable breeding population (Johnson et al. 

2006; Vongkhamheng 2011), it is now believed that tigers have been extirpated from this site (Rasphone et 

al. 2019).  In 2016, the Cambodian government declared tigers extinct in their country and is pursuing 

reintroduction (AFP 2016; Gray et al. 2017), a decision met with scepticism by some (Connor 2017; Miquelle 

et al. 2018). Lastly, Viet Nam remains a country without a confirmed tiger record in more than 20 years 

(Lynam and Nowell 2011).  

It is possible that the only remaining source sites for the subspecies are in Myanmar and Thailand. 

aȅŀƴƳŀǊΩs national tiger population estimate is 85 individuals though records supporting this estimate are 

scarce (Lynam and Nowell 2011). One population estimate for Hukuang Valley Tiger Reserve, the largest of 

its kind in the world, ranged considerably from 7 to 71 individuals (Lynam et al. 2009). A later study by (Naing 

et al. 2015) reported low and declining detection rates of tigers in the reserve over nine years, while an 

interview-based study on community hunting practices in an adjoining protected area reported a likely 

decline and possible extirpation of tigers (Rao et al. 2010). More recently, a study in the Htamanthi landscape 

documented seven individuals (Naing et al. 2019) while another in the Tanintharyi landscape near the Thai 

border documented at least five individuals (Aung et al. 2017). Tigers have also been documented in Karen 

state, but numbers of individuals have not been publicly disclosed (Moo et al. 2018). In 2016, a tiger from 

Thailand crossed the border into Myanmar and was killed by villagers, indicating transboundary movement 

along the shared Tenasserim mountain landscape (Smith and Saunter 2016). Protection of tigers in Myanmar 

is likely undermined by ongoing civil unrest, mining, infrastructure development, and hunting of tigers and 

prey (Lynam 2003; Lim et al. 2017) . Furthermore, rampant trade in tigers and other felids in border markets 

appears to continue unabated, representing a looming threat for tigers that remain (Oswell 2010; Nijman 

and Shepherd 2015). 
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Fig. 1 Estimated extant and likely extirpated range of the Indochinese tiger (Panthera tigris; adapted from Luo et al. 

2004; Panthera 2015). Given recent evidence, this range map may overestimate current range in some areas (Lynam 

and Nowell 2011; DNP 2016; Rasphone et al. 2019). 

 

Severe declines are also observed in another big cat in mainland Southeast Asia, the Indochinese 

leopard (Panthera pardus delacouri). A study by Rostro-García et al. (2016) found the subspecies likely occurs 

in 6.2% of its historical range with only 2.4% of areas with confirmed presence. It is now likely that only two  

strongholds remain in the region, Peninsular Malaysia and the Northern Tenasserim Forest Complex. Many 

of the factors driving ǘƘŜ ŘŜŎƭƛƴŜ ƛƴ ǘƘŜ ǊŜƎƛƻƴΩǎ ƭŜƻǇŀǊŘǎΣ ǎǳŎƘ ŀǎ ǇƻŀŎƘƛƴƎΣ Ƙŀōƛǘŀǘ ƭƻǎǎΣ ŀƴŘ ǇǊŜȅ ŘŜǇƭŜǘƛƻƴΣ 

are drivers for the decline in tigers (Dinerstein et al. 2007). The likely extirpation of leopards from large parts 

of the region, including functional extinction in Viet Nam and Lao PDR (Rostro-García et al. 2016; Rasphone 

et al. 2019), appears consistent with the available evidence for tigers.  

 

3. Tigers in Thailand 
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3.1 Historical context 

Historically, much of Thailand was covered in forest (Mouhot 1864; Johnston 1975). Accounts from 

Mouhot (1864) suggest that interactions between tigers and communities were relatively common. 

Phylogenetic data indicates the Indochinese tiger population was historically contiguous (Luo et al. 2004), 

suggesting that tigers were widespread throughout, what is now, modern day Thailand. 

A policy-driven expansion of agriculture, particularly rice cultivation to capitalize on emerging global 

markets, resulted in the deforestation of lowland areas in and around ¢ƘŀƛƭŀƴŘΩǎ central Chao Praya basin 

(Molle 2005). Much of the basin had relatively intact forest up until the 1860s (Johnston 1975) when 

agricultural expansion accelerated. By the 1970s, much of central Thailand had been converted to agriculture 

or other uses by human activities (Molle 2005).  

Combined with human activities in other areas of the country, forest cover is believed to have declined 

from an estimated 75% in 1913 to 25% in the 1990s (Klinsawat 2016). In the 1980s, Thailand had the highest 

rate of annual forest loss in the region (Hirsch 1990). A national logging ban in natural forests in 1989, put in 

place following high-profile natural disasters and public pressure (Hirsch et al. 1989), had mixed effects (Durst 

et al. 2001; Lang 2002). While forest cover stabilized and increased slightly post-ban (Klinsawat 2016), 

encroachment into forested areas continued (Durst et al. 2001; Lang 2002).  

The conversion of large forested areas in Thailand during the 20th century resulted in a restriction in the 

tigerΩǎ range in Thailand into fragmented forest landscapes (Tunhikorn et al. 2004). Many of these were in 

protected areas, which were established following the declaration of Khao Yai National Park in the 1960s 

(Emphandhu and Chettamart 2013). These protected areas were largely gazetted in mountainous areas that 

were typically unsuitable for traditional farming, prior to improvements in accessibility (Hirsch et al. 1989; 

Kalyawongsa et al. 1997; Molle 2005). This has resulted in a lack of representation of lowland forest and 

ƻǘƘŜǊ ŦƻǊŜǎǘ ǘȅǇŜǎ ƛƴ ¢ƘŀƛƭŀƴŘΩǎ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀ ǎȅǎǘŜƳ (Trisurat 2007). By the start of the 21st century, it is 

likely that tigers occurred almost exclusively within these protected area systems (Pisdamkam et al. 2010). 

bƻǘ ƻƴƭȅ ŘƛŘ ¢ƘŀƛƭŀƴŘΩǎ ǘƛƎŜǊǎ ƭƻǎŜ habitat during the 20th century, the country also lost two potential 

prey species. The Schomburgk deer (Rucervus schomburgki) likely became extinct in the 1930s (Duckworth 
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et al. 2015) and ElŘΩǎ 5ŜŜǊ όRucervus eldii) is likely extirpated from Thailand, save for a handful of 

reintroduced individuals (Gray et al. 2015). The loss of these species was likely a result of the conversion of 

their preferred open lowland habitat (Duckworth et al. 2015; Gray et al. 2015). Rabinowitz (1989) suggests 

four of six cervid species in Thailand, which typically account for a large proportion of tiger diets range wide 

(Sunquist et al. 1999), are rare or extinct. 9ƭǎŜǿƘŜǊŜ ƛƴ ǘƘŜ ǘƛƎŜǊΩǎ ǊŀƴƎŜΣ ǘƛƎŜǊ ŘŜƴǎƛǘȅ ŀǇǇŜŀǊǎ ŎƭƻǎŜƭȅ 

associated with prey density and prey size (Karanth et al. 2004; Sunquist 2010). While tigers are considered 

habitat generalists, the availability of preferred habitat of prey species is a significant limiting factor (Sunquist 

2010). Rabinowitz (1993) cited lowland forest mosaic habitat as optimal habitat for tigers and prey (Sunquist 

et al. 1999), asserting that the loss of such areas may have been a significant contributor to the loss of tigers 

in Thailand, now restricted to sub-optimal, mountainous areas.  

Exacerbating declines in tigers from range restrictions may have been a potential increase in poaching 

and trade in tigers in the early 1990s (Day 1995), though poaching statistics specific to Thailand from this 

period are lacking. The period was marked by an increase in poaching and trafficking globally, primarily for 

end markets in China which had depleted stockpiles of tiger products for traditional medicines (Mills and 

Jackson 1994).  

 

3.2 Thailand tiger assessments and action plans  

9ǎǘƛƳŀǘŜǎ ƻŦ ¢ƘŀƛƭŀƴŘΩǎ ǘƛƎŜǊ ǇƻǇǳƭŀǘƛƻƴ ƛƴ ǘƘŜ Ǉŀǎǘ ǎŜǾŜǊŀƭ ŘŜŎŀŘŜǎ ƘŀǾŜ ōŜŜƴ ǾŀǊƛŜŘΦ ¢ƘŜ ŦƛǊǎǘ 

ǎȅǎǘŜƳŀǘƛŎ ŀǘǘŜƳǇǘ ŀǘ ǉǳŀƴǘƛŦȅƛƴƎ ¢ƘŀƛƭŀƴŘΩǎ ǊŜƳŀƛƴƛƴƎ ǘƛƎŜǊ ǇƻǇǳƭŀǘƛƻƴ ǿŀǎ ƳŀŘŜ ōȅ Rabinowitz (1993), a 

survey that ran from 1987 to 1991. At the time, Rabinowitz (1993) estimated the population to number no 

more than 250 adults, differing substantially from previous rough estimates ranging from 400 to 600 as cited 

in Lekagul and McNeely (1977), Leng-EE (1979) and Jackson (1990). Later, Smith et al. (1999) estimated that 

Thailand had a potential national breeding population of approximately 500 tigers in 15 populations, an 

estimate derived from track and sign surveys.   

¢ƘŀƛƭŀƴŘΩǎ ŦƛǊǎǘ ƴŀǘƛƻƴŀƭ ǘƛƎŜǊ ŀŎǘƛƻƴ Ǉƭŀƴ (Tunhikorn et al. 2004) did not provide an updated 

population estimate, but noted that tigers had declined substantially (Fig. 2). Authors of the plan concluded 
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that tigers occurred almost exclusively in protected areas, specifically 15 metapopulations across 50 

protected areas. 

The status of tigers in the country was again updated in 2010 with the Thailand Tiger Action Plan 

(2010-2022; Pisdamkam et al. 2010). In addition to updating management goals, the plan provided an 

estimate of 190-250 tigers in the country (Fig. 3). The number of protected areas in which the tiger was 

believed to have occurred was also revised, reduced from 50 to 25 protected areas. These protected areas 

were grouped into ten conservation landscapes and metapopulations.  

Lƴ нлмсΣ ¢ƘŀƛƭŀƴŘΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ bŀǘƛƻƴŀƭ tŀǊƪǎΣ ²ƛƭŘƭƛŦŜ ŀƴŘ tƭŀƴǘ /ƻƴǎŜǊǾŀǘƛƻƴ ό5btύ Ǉroduced a 

20-year plan for tiger management (DNP 2016). While no official population estimate was included in the 

ǊŜǇƻǊǘΣ ƛƴŘƛǾƛŘǳŀƭ ǇƻǇǳƭŀǘƛƻƴ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ¢ƘŀƛƭŀƴŘΩǎ ŦƻǊŜǎǘ ŎƻƳǇƭŜxes as described in the report (Fig. 4) 

totalled only 101-128+ tigers in four metapopulations (though inclusive of a vague upper bound). If this 

recent population range is reasonably accurate, this would constitute a much lower estimate than cited in 

the most recent IUCN Red List Assessment for the subspecies (Lynam and Nowell 2011). Furthermore, the 

plan also suggested that there may be as few as one or two tigers in two previously established and priority 

tiger landscapes, Kaeng Krachan Forest Complex (3,002km2) and Phu Khieo-Nam Nao Forest Complex 

(2,546km2; Pisdamkam et al. 2010). Effective extirpation of tigers from these two landscapes would be 

considerably damaging to the conservation prospects of ¢ƘŀƛƭŀƴŘΩǎ ǘƛƎŜǊǎ, leaving two remaining potential 

strongholds, the Western Forest Complex (25,000km2) and the Dong Phayayen-Khao Yai Forest Complex 

(6,155km2). 

 

3.3 Current threats 

Tigers that remain in the wild in Thailand continue to be threatened by a number of human activities. 

Poaching and trade of tigers continues in the country (Oswell 2010; Pinitwong 2015; Pongrai 2015; Stoner et 

al. 2016); one of the most prolific tiger poachers, Luethai Diawcharoen, has been arrested and released on 

multiple occasions (Personal Communication, T. Redford 2017). In a recent, high-profile case, a poacher was 

arrested after having travelled from Viet Nam, specifically to poach tigers (Wongruang 2013). This highlights  
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Fig. 2 Estimated range of tigers in Thailand in 2004. In the national tiger action plan in which this range map was 

featured, no population estimate was given, but tigers were believed to have occurred in 15 metapopulations including: 

(i) the Dong Phayayen-Khao Yai Forest Complex (DPKY), and (ii) the Western Forest Complex (WEFCOM). Adapted from 

Tunhikorn et al. (2004) with forest cover from Hansen et al. (2013). 
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Fig. 3 Estimated range of tigers in Thailand in 2010, with population estimation of 189-252 wild tigers in 10 

metapopulations, including (i) the Dong Phayayen-Khao Yai Forest Complex (DPKY), and (ii) the Western Forest Complex 

(WEFCOM). Adapted from Pisdamkam et al. (2010) with forest cover from Hansen et al. (2013). 
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Fig. 4 Estimated range of tigers in Thailand in 2016 with a population estimation of 101-128+ wild tigers in four 

metapopulations, including (i) the Dong Phayayen-Khao Yai Forest Complex (DPKY), and (ii) the Western Forest Complex 

(WEFCOM). Adapted from DNP (2016) with forest cover from Hansen et al. (2013). 
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that some poachers are willing to travel large distances and that the loss of tigers elsewhere in the region 

may inexorably drive an increase in poaching pressure on remaining Thai populations. 

While tigers are believed to occur primarily in protected areas, large scale intensification of human  

activities, habitat conversion, and large infrastructure projects could threaten the integrity of these 

landscapes (Pisdamkam et al. 2010). The increasing economic development of Thailand may facilitate 

additional growth of urban areas and transnational economic corridors in and around tiger habitat 

(Kobayashi et al. 2017; Wongwuttiwat and Lawanna 2018). In turn, this could facilitate increasing pressure 

to expand or develop roads in, and in close proximity to, remaining tiger habitat (IUCN World Heritage 

Outlook 2020). In addition, population growth and climate change is driving concerns over water security as 

a considerable socio-economic challenge (Marks 2011; Seeboonruang 2016; Manorom 2020). This may 

prompt increasing pressure for additional dams and reservoirs at major rivers originating in protected areas, 

projects that could potentially inundate parts of tiger habitat (IUCN 2015; IUCN World Heritage Outlook 

2020). 

Long-term genetic viability of tiger persistence is also a concern, given the high degree of 

fragmentation of tiger populations in the country. Only one population in the country may be genetically 

viable over the next 100 years (Klinsawat 2016). Others may be subject to the effects of inbreeding 

depression and genetic drift, which may leave them vulnerable to environmental and demographic 

stochasticity (Kenney et al. 2014).  

While population figures remain obscure, it is certain that tigers have declined substantially over the 

past several decades and are now extremely vulnerable to extinction. If Thailand hosts the majority of 

remaining Indochinese tigers, as evidence may suggest, this represents a critical juncture in the conservation 

of tigers in Southeast Asia 

 

4. Tigers in the Dong Phayayen-Khao Yai Forest Complex 

4.1 Overview 

The Dong Phayayen-Khao Yai Forest Complex (DPKY) is located approximately 160km northeast of 
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.ŀƴƎƪƻƪ ōŜǘǿŜŜƴ мпϲ ллΩ ǘƻ мпϲооΩb ŀƴŘ млмϲ лрΩ ǘƻ млоϲмпΩ9. It is a primarily forested landscape of 

approximately 6,155km2, extending along an east-west orientation along part of the Phnom Dongrak 

escarpment for approximately 200km. It is situated within the jurisdiction of six provinces, Saraburi, Nakhon 

Nayok, Nakhon Ratchasima, Prachinburi, Sa Kaew and Buriram. To the east, it partially borders the 

international boundary between Thailand and northwest Cambodia. Its terrain is relatively mountainous with 

elevations ranging from 100m to 1,351m a.s.l..  

 DPKY consists of five protected areas, four national parks and one wildlife sanctuary (DNP 2004). The 

first park established was Khao Yai National Park (KYNP; 2,168km2ύΣ ǘƘŜ ƴŀǘƛƻƴΩǎ ŦƛǊǎǘΣ ƛƴ мфснΦ ¢Ƙƛǎ ǿŀǎ 

followed by Thap Lan National Park (TLNP; 2,236km2) in 1981 and Pang Sida National Park (PSNP; 844km2) in 

1982. Ta Phraya National Park (TPNP; 594km2) and Dong Yai Wildlife Sanctuary (DYWS; 313km2) were both 

designated in 1996.   

DPKY contains all major forest types in Eastern Thailand, but primarily consists of mixed evergreen 

and mixed dipterocarp/deciduous primary and secondary forest (DNP 2004). It also contains grassland/scrub 

areas, some of which are anthropogenic in origin. The climate of DPKY is dictated by ¢ƘŀƛƭŀƴŘΩǎ three major 

seasons which run from mid-May to mid-October (Rainy or Monsoon Season), mid-October to mid-February 

(Cool Season), and mid-February to mid-May (Dry or Hot Season; Khedari et al. 2002). Annual rainfall in DPKY 

ranges from 1,000mm to 2,270mm, mostly occurring during the rainy season (DNP 2004), characterized by 

almost daily rainfall. This transitions into a relatively dry period with lower temperatures in the cool season. 

The dry or hot season is characterized by high temperatures and little rainfall; severe droughts and 

widespread water scarcity are common during this season (Khedari et al. 2002).  The average annual 

temperature for the complex is 23°C (UNEP 2011). 

5tY¸Ωǎ ŜŎƻƭƻƎƛŎŀƭ ǎƛƎƴƛŦƛŎŀƴŎŜ Ƙŀǎ ōŜŜƴ ǿƛŘŜƭȅ ǊŜŎƻƎƴƛȊŜŘΦ Lƴ нллрΣ ƛǘ ǿŀǎ ƛƴǎŎǊƛōŜŘ ƻƴ ǘƘŜ ¦ƴƛǘŜŘ 

bŀǘƛƻƴǎ 9ŘǳŎŀǘƛƻƴŀƭΣ {ŎƛŜƴǘƛŦƛŎ ŀƴŘ /ǳƭǘǳǊŀƭ hǊƎŀƴƛȊŀǘƛƻƴΩǎ ό¦b9{CO) World Heritage List under criterion X3 

for its outstanding natural and conservation value (UNESCO 2017). Among the characteristics cited in this 

 
3 άContain[s] the most important and significant natural habitats for in-situ conservation of biological diversity, 
including those containing threatened species of outstanding universal value from the point of view of science or 
conservation.έ ό¦b9{/h - http://whc.unesco.org/en/criteria/) 
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ŘŜŎƛǎƛƻƴ ǿŀǎ 5tY¸Ωǎ ǎƛƎƴƛŦƛŎŀƴǘ ŦƭƻǊŀ and fauna, including 112 mammals, 392 birds, 200 reptiles/amphibians, 

and 2,500 plant species (DNP 2004).  

The landscape also has considerable economic significance. DPKY is a source for a number of major 

rivers in five watersheds (DNP 2004). This includes the Mun river, which acts as a tributary of the Mekong. 

These rivers are also the source of a number of reservoirs around the complex. In effect, the complex is a 

significant source of water for Northeast Thailand, underpinning an agricultural industry which provides the 

ŜŎƻƴƻƳƛŎ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ƻƴŜ ƻŦ ¢ƘŀƛƭŀƴŘΩǎ ǇƻƻǊŜǎǘ ŀǊŜŀǎ (Bedi et al. 2007). 

The complex also supports a substantial tourism industry. Protected areas in Thailand designated as 

national parks permit tourism activities within their boundaries; however, wildlife sanctuaries are not open 

to tourists (UNEP 2011). Due to its proximity to Bangkok, parts of the complex attract large numbers of 

tourists, particularly Khao Yai National Park. From 2003-2007, Khao Yai National Park averaged approximately 

904,845 reported tourists per year, increasing during that period at a rate of 6.94% per annum (Phumathan 

2010)Φ ¢Ƙƛǎ ǊŜǇǊŜǎŜƴǘǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǎƻǳǊŎŜ ƻŦ ǊŜǾŜƴǳŜ ŦƻǊ ¢ƘŀƛƭŀƴŘΩǎ 5bt ŀƴŘ ƭƻŎŀƭ ōǳǎƛƴŜǎǎŜǎ (Cohen 2014; 

Bangkok Post 2015).  

DPKY is situated within a primarily human-dominated landscape of human settlements, agriculture, 

industry, and silviculture. Major crops include cassava, rice, corn, and sugar cane. Large forest plantations 

primarily consist of eucalyptus, rubber, and, to a lesser degree, oil palm. The area around the complex also 

supports industrial activities such as sugar processing. There are no recognized indigenous communities living 

within or around the complex (UNEP 2011). 

Management and oversight of the complex falls under the Department of National Parks, Wildlife 

ŀƴŘ tƭŀƴǘ /ƻƴǎŜǊǾŀǘƛƻƴ ό5btύΣ ǇŀǊǘ ƻŦ ¢ƘŀƛƭŀƴŘΩǎ aƛƴƛǎǘǊȅ ƻŦ 9ƴǾƛǊƻƴƳŜnt and Natural Resources (MoNRE; 

DNP 2004)Φ ²ƛǘƘƛƴ ǘƘŜ 5btΣ 5tY¸Ωǎ ƴŀǘƛƻƴŀƭ ǇŀǊƪǎ ŀǊŜ ƎƻǾŜǊƴŜŘ ōȅ ǘƘŜ hŦŦƛŎŜ ƻŦ bŀǘƛƻƴŀƭ tŀǊƪǎ ǿƘƛƭŜ 5ƻƴƎ 

Yai Wildlife Sanctuary is governed under the Office of Wildlife Conservation.  

5tY¸Ωǎ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀ ǊŀƴƎŜǊǎ ƘŀǾŜ ǘƘŜ ƭŜƎŀƭ ŀǳǘƘƻǊƛǘȅ ǘƻ ŎƻƴŘǳŎǘ ŜƴŦƻrcement operations (such as 

patrolling) and detain individuals suspected of breaking protected area laws. Legal cases are most often 

transferred and administered by the Royal Thai Police (RTP). Enforcement may be augmented by other units 
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within DNP such as its Protection and Suppression Division, or the Royal Thai Army (RTA), Border Army, and 

other agencies (Ash 2015)Φ wŀƴƎŜǊǎ ŎƻƴŘǳŎǘ ǊŜƎǳƭŀǊ ǇŀǘǊƻƭǎ ƛƴ 5tY¸Ωǎ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎΣ ǘƘƻǳƎƘ ǘƘƛǎ ǾŀǊƛŜǎ 

depending on the park and resources available. There are no official buffer zones in DPKY, as defined by 

Dudley (2013). Some areas of forest along or near park boundaries are directly adjacent to farmland, 

ǊŜǇǊŜǎŜƴǘƛƴƎ ŀ άƘŀǊŘέ ōƻǳƴŘŀǊȅΦ Lƴ ōƻǳƴŘŀǊȅ ŀǊŜŀǎ ǿƘŜǊŜ ƭŀƴŘ Ƙŀǎ ōŜŜƴ ǊŜŎƭŀƛƳŜŘκǊŜŦƻǊŜǎǘŜŘ ƻǊ ŀǊŜŀǎ ǘƘŀǘ 

are denuded by human incursions into parks, forest land undergoes a more gradual transition.  

DPKY, in recent decades, was subject to a number of significant human pressures which may have played 

a major role in shaping the current state of wildlife conservation in the area. Up until recently, Khao Yai 

National Park was home to a number of villages in what is currently the park headquarters area (Lynam et al. 

2006). In Thap Lan National Park, the area was subject to occupation by a contingent of communist insurgents 

in the 1970s (Ash 2015; Stokes 2017). The vicinity of DPKY was also home to a large number of Cambodian 

ǊŜŦǳƎŜŜǎ ƛƴ ǘƘŜ мфтлǎ ŀƴŘ ŜŀǊƭȅ мфулǎΦ ¢Ƙƛǎ ƛƴŎƭǳŘŜŘ ά{ƛǘŜ LLέΣ ǿƘƛŎƘ ƘƻǎǘŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мплΣллл ǘƻ мрлΣллл 

refugees near Ta Phraya National Park (Russell 1987). Site II was renowned for its lawlessness (Normand 

1990) and anecdotal evidence suggests that the hunting of large mammals was rampant. The area also 

supported a training camp for Khmer Rouge soldiers (Lynam et al. 2006). Some parts of the complex also 

attracted sport hunting in the 1980s and early 1990s (Lynam et al. 2006). Logging concessions were also 

present in some parts of the complex, particularly Thap Lan National Park (Lynam et al. 2006). National 

highway route 3462, was constructed in 1988-1989 along a north-south orientation through the middle of 

TLNP and Pang Sida NP (Ash 2015). The road remained unpaved following its construction in 1988-1989 and 

was closed to the public in 2002 (IUCN World Heritage Outlook 2020). This history of human presence and 

infrastructure likely resulted in considerable pressure on local resources and wildlife.  

 

4.2 Potential threats in the Dong Phayayen-Khao Yai Forest Complex 

While all protected areas in the complex have shared borders, the complex is only partially contiguous. 

Major roads split the complex in two areas, along national highway Route 304 between Khao Yai National 

Park and Thap Lan National Park, and national highway route 348 which splits parts of Ta Phraya National 
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Park and Dong Yai Wildlife Sanctuary. Both highways are a potentially significant source of anthropogenic 

disturbance and barrier for effective wildlife migration (Wilcox and Murphy 1985; Forman and Alexander 

1998). Route 304 is the main road transportation link between northeast Thailand and a major shipping port 

in Laem Chabang, resulting in substantial vehicle traffic (Ash 2015). UNESCO has highlighted this as a source 

of concern and has requested Thailand to mitigate the effects of these highways (UNESCO 2013, 2014). A 

highway expansion project along Route 304, which includes various structures to allow movement of wildlife, 

has been completed though its effects are uncertain. No such crossing structures have been planned for 

Route 348 (IUCN World Heritage Outlook 2020).  

Human encroachmŜƴǘ ƛƴǘƻ 5tY¸Ωǎ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎ Ƙŀǎ ōŜŜƴ ƴƻǘŜŘ ŀǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƴŎŜǊƴΦ {ŜǘǘƭŜƳŜƴǘǎ 

and agricultural land have claimed approximately 21.5% of TLNP (UNEP 2011) with an estimated additional 

10% considered denuded or heavily impacted by human activity, such as cattle grazing (Ash 2015). This, along 

with encroachment in KYNP and DYWS has been subject to a long-running encroachment crackdown by 

authorities in recent years (Marukatat 2014; Praiwan 2015).  

While legally protected, certain infrastructure projects have been permitted inside DPKY. Notably, this 

includes the construction of tourist facilities, particularly in KYNP (UNEP 2011). The construction of dams 

have resulted in the inundation of some parts of the complex, most recently the Huay Samong Dam/ 

Naruebodindrachinta reservoir, which has inundated a small part of Thap Lan and Pang Sida national parks 

(IUCN World Heritage Outlook 2020).  

Border areas of DPKY are subject to human disturbance in the form of villagers collecting NTFPs (non-

timber forest products) and wildlife poaching (Ash 2015). Wildlife poaching by local residents is reported to 

be relatively common near park boundaries that are more accessible to villages. Most poaching is believed 

to be for subsistence rather than for trade purposes and is often indiscriminate. Rangers report species 

poached are often smaller species such as muntjac (Muntiacus vaginalis), mouse deer (Tragulus kanchil), 

squirrels, civets, and other rodents, but may also include larger species such as wild boar (Sus scrofa), bears, 

sambar deer (Rusa unicolor), or serow (Capricornis milneedwardsii). Illegal logging has been an ongoing 

source of concern, particularly for rosewood (Dalbergia ssp.). The high value of rosewood has attracted large 
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numbers of armed poachers in recent years and is considered a major threat to both rosewood and wildlife 

species in DPKY (Ash 2015). 

DPKY, as a World Heritage Site, has come under close scrutiny by UNESCO in recent years (UNESCO 2013, 

2014). The UN agency has expressed concern over a number of issues, including illegal logging, cattle grazing, 

roads, dams, and other potential infrastructure projects. This has prompted UNESCO to consider designation 

of DPKY to its List of World Heritage in Danger, which has been avoided in recent committee sessions 

(Chanatinart 2013; IUCN World Heritage Outlook 2020).  

  

4.3 Tiger research in the Dong Phayayen-Khao Yai Forest Complex 

Prior to the research described in this thesis, knowledge of the status of tigers in DPKY has been 

incomplete. While there have been a number of tiger studies conducted in other parts of Thailand, including 

ƻƴƎƻƛƴƎ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ǘƛƎŜǊǎ ƛƴ ¢ƘŀƛƭŀƴŘΩǎ ²ŜǎǘŜǊƴ CƻǊŜǎǘ /ƻƳǇƭŜȄ ό²9C/ha; Simcharoen et al. 2007, 2014; 

Duangchantrasiri et al. 2016), this is not the case for DPKY. Prior to this thesis, there had been no major 

publications released, specific to DPKY, in which tigers were the focal species of interest. Insight into tigers 

in DPKY have primarily been the result of general assessments of faunal communities, other carnivores, or 

speculation based on interviews or personal communications (Lynam 2001; Kanwatanakid et al. 2002; Lynam 

et al. 2006; Jenks et al. 2011). Furthermore, these previous studies were focused on Khao Yai National Park 

which suggested tigers were, at best, present in low numbers.  

A personal communication cited in Lynam et al. (2006), claimed four to five tigers were present in 

Khao Yai National ParkΩǎ ƘŜŀŘǉǳŀǊǘŜǊǎ ŀǊŜŀ ƛƴ мффт-1998. Lynam (2001) photographed two tigers within 400 

camera-trap nights (CTN) in KYNP between 1999 and 2000. The same study estimated low numbers 

elsewhere in the complex (4.8 tigers were estimated to occur in Thap Lan National Park). No tigers were 

photographed in a later study in Khao Yai National Park, which was conducted across 6,260 camera-trap 

nights (CTN) from 2003-2007 (Jenks et al. 2011). 

A study of birds and mammals in DPKY by Lynam et al. (2006), combined camera-trap surveys with 

track/sign data and interviews. Camera-trap surveys were conducted from 1998-2000 in Khao Yai National 
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Park, Thap Lan National Park, Ta Phraya National Park, and Dong Yai Wildlife Sanctuary, though surveys were 

notably more geographically expansive in KYNP. Camera-trap relative abundance indices (RAI; detections per 

100 trap nights) for tigers in Khao Yai National Park were relatively low. No tigers were photographed in Thap 

Lan National Park, Ta Phraya National Park, or Dong Yai Wildlife Sanctuary, though tracks were reported in 

Thap Lan. Pang Sida National Park was not included in these camera-trap surveys and authors speculated 

that prey densities were insufficient to support tigers in Ta Phraya National Park or Dong Yai Wildlife 

Sanctuary. These results were also included in a national-scale felid study by Ngoprasert et al. (2012). Lynam 

(2010)Σ ŎƛǘƛƴƎ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ŀƴŘ ǇŜǊǎƻƴŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΣ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƛƎŜǊǎ ƛƴ 5tY¸ ǿŜǊŜ άhanging on in 

ones anŘ ǘǿƻǎέ, much lower than previously suggested (Smith et al. 1999). Evidence from these studies, 

particularly those in later years, suggest that tigers in Khao Yai National Park were disappearing and may 

have been extirpated.  

 

5.  Methods in Tiger Ecology and Conservation 

Given the precarious status of the tiger in Southeast Asia and Thailand, a comprehensive review of 

the status and ecology of the tiger in DPKY, a population of potential importance, has been overdue. Tools 

available for studying vulnerable species such as tigers are diverse, enabling quantitative and qualitative 

assessments of demographic traits, habitat use, and behavioural patterns necessary for developing 

management strategies (Norris 2004). However, there are a number of aspects of tiger ecology and behaviour 

that merit careful consideration in conducting research on tigers. 

Application of research tools for tigers has been the subject of extensive discussion and revision 

(Karanth and Chundawat 2002; Karanth and Nichols 2017). At the site-level, the tiger is inherently difficult to 

monitor. It is notably elusive, ranges over large areas, and may be present in extremely low densities. These 

factors create logistic and resource constraints and introduce distinct methodological challenges (Karanth 

and Nichols 2010; Sunquist 2010).   

Tools such as camera-traps can be helpful for answering fundamental questions such as where tigers 

occur (presence/absence), minimum number of individuals, potential prey, threats, and breeding. Placement 
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of cameras may be opportunistic (e.g., ad hoc, lacking broad-scale organization) or targeted (part of broader 

placement strategy, but limited in resources4; Harihar et al. 2007; Stein et al. 2008; Rovero et al. 2013; 

Johnson et al. 2016; Rockhill et al. 2016), as is the case for many camera-trap based studies (Burton et al. 

2015). If conducted over time, this could contribute valuable insight into tigers and other species in 

understudied landscapes (Stein et al. 2008; Jenks et al. 2011) and provide a foundation for further ecological 

enquiries.  

With application of specific methodological and statistical frameworks in survey planning, 

researchers can investigate critical traits of a tiger population such as estimates of population size and 

density.  Recently, the use of camera traps combined with a spatially explicit capture-recapture (SECR) 

framework (Efford 2004; Royle et al. 2014), has become a widely accepted method of estimating tiger 

densities which can be used to monitor population change over time (Karanth et al. 2017; Royle et al. 2017). 

However, researchers may face challenges in meeting statistical assumptions and ensuring resources are 

sufficient to carry out such surveys (Foster and Harmsen 2012), particularly for low density or understudied 

populations (White et al. 1982; Karanth and Nichols 1998).   

Understanding habitat selection is crucial for the conservation and management of tigers and other 

species. Notably, processes of habitat selection are inherently scale-sensitive (McGarigal et al. 2016) and the 

relationships between habitat components and their selection by animals may be complex and non-linear 

(Austin et al. 1990). However, few studies have formally evaluated the effects of scale (McGarigal and 

Cushman 2002; McGarigal et al. 2016) and functional response shape ό.ŀǊπaŀǎǎŀŘŀ Ŝǘ ŀƭΦ нлммΤ CƛǎƘŜǊ Ŝǘ ŀƭΦ 

2011; Mateo-Sánchez et al. 2015; Devoe et al. 2015; Shirk et al. 2018) on habitat relationships. This is 

particularly relevant to tigers and other large mammals which have large home ranges, can disperse large 

distances (Smith 1993; Sunquist 2010), and can be affected by variation in the environment at broad scales 

(Krishnamurthy et al. 2016; Reddy et al. 2017; Hearn et al. 2018).  Investigations into habitat selection of 

 
4 {ǳǊǾŜȅǎ ǳƴŘŜǊǇƛƴƴƛƴƎ ǘƘŜ ǿƻǊƪ ƛƴ ƳǳŎƘ ƻŦ ǘƘƛǎ ǘƘŜǎƛǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ ŀǎ άƻǇǇƻǊǘǳƴƛǎǘƛŎέ ǘƘƻǳƎƘ ǘƘŜȅ ƳƻǊŜ ŀŎŎǳǊŀǘŜƭȅ 
ƳŜŜǘ ǘƘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ άǘŀǊƎŜǘŜŘέ ǎǳǊǾŜȅǎΦ CƻǊ ŎƻƴǎƛǎǘŜƴŎȅ ǿƛǘƘ ǇǳōƭƛǎƘŜŘ ǿƻǊƪǎΣ L ǊŜǘŀƛƴ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ ǘŜǊƳ 
άƻǇǇƻǊǘǳƴƛǎǘƛŎέΣ ƴƻǘƛƴƎ ƘŜǊŜ ǘhat camera placement in these surveys was conducted as part of a broader strategy to 
assess tiger presence with limited resources.  
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tigers may benefit from explicitly accounting for scale and functional form (shape) in modelling relationships 

with habitat, but, without explicit evaluation on its influence in model performance, empirical evidence 

remains scarce.  

Along with environmental and habitat considerations, the degree to which prey and human activity 

influence tiger presence in an area is similarly important. Prey Ƙŀǎ ŜƳŜǊƎŜŘ ƛƴ ǎǘǳŘƛŜǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǘƛƎŜǊΩǎ 

range as the strongest, or among the strongest, predictors of tiger presence (Karanth et al. 2011; Harihar and 

Pandav 2012; Ngoprasert et al. 2012; Barber-Meyer et al. 2013). Conversely, studies also report strong 

negative associations between tiger presence and anthropogenic disturbance (Kerley et al. 2002; Sunarto et 

al. 2012). Understanding the degree to which these factors broadly explain tiger presence independently and 

confounded could provide critical information for the development of protection strategies. 

Lastly, tigers are naturally wide-ranging, occur within metapopulations shaped considerably through 

dispersal and landscape configuration. ¢ƘŜ ŎƻƴǎǘǊƛŎǘƛƻƴ ƻŦ ǘƘŜ ǘƛƎŜǊΩǎ ǊŀƴƎŜ ǘƻ ƭŀǊƎŜƭȅ ƛǎƻƭŀǘŜŘ ǇƻŎƪŜǘǎ ƻŦ 

forest across their range threatens to undermine evolutionary processes such as the maintenance of genetic 

diversity (Kenney et al. 1995; Vasudev et al. 2017; Thatte et al. 2018). Further isolation may likely prevent 

restoration of extirpated populations through natural colonization (Linkie et al. 2006; Banerjee et al. 2010; 

Thatte et al. 2018). This is of notable relevance to DPKY which is embedded, and potentially isolated, in a 

human-dominated landscape. Understanding population dynamics, degrees of connectivity with other 

potential habitat, and how these factors change over time with potential changes to the landscape are critical 

for developing long-term management and conservation strategies. However, development of such models 

may be challenging, undermined by uncertainty of parameters, such as population density, landscape 

resistance to movement, dispersal ability, and spatial variation of mortality risk. Models may be particularly 

sensitive to these factors and their interactions over time, necessitating careful consideration and sensitivity 

analysis.   

 

6. Research Aims  

Following the suspected extirpation of tigers in Khao Yai National Park, targeted camera-trap surveys 
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were initiated by FreelaƴŘ CƻǳƴŘŀǘƛƻƴΣ ƛƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ ¢ƘŀƛƭŀƴŘΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ bŀǘƛƻƴŀƭ tŀǊƪǎΣ ²ƛƭŘƭƛŦŜ 

and Plant Conservation, with the purpose of detecting tigers in other areas of the complex. These surveys, 

which began in 2008, included five protected areas (PAs) in DPKY. Initial surveys documented notable tiger 

and prey presence, which provided justification for increased survey effort across DPKY. Evidence from these 

surveys suggested the tiger population in DPKY was larger than previously suggested (Lynam 2010) and, 

potentially, of considerable conservation significance. These surveys have generated valuable data on tiger 

presence, prey, threats and other important information, and represent the first dedicated camera-trap 

survey of tigers over the entirety of the DPKY landscape. This has provided a potential foundation for 

investigating the status and ecology of tigers throughout DPKY, which is critical for understanding its 

conservation importance and developing appropriate management strategies. 

Given catastrophic population and range declines elsewhere in Thailand and Southeast Asia, 

understanding the tiger population in DPKY is of national, regional, and potentially global importance. 

Specifically, I recognize three focal problem statements that guide my research in this thesis: 

1. The importance of the Dong Phayayen-Khao Yai forest complex (DPKY) within national and 

regional conservation paradigms has been unclear - tiger distribution and density, habitat use, 

prey species, threats, and long-term viability are not yet fully understood; 

2. A lack of information on tigers, habitat, prey, threats, and other factors undermines management 

effectiveness; and 

3. Previous tiger population surveys by Freeland/DNP have generated significant and valuable 

information on tigers, prey, human activity and other areas of conservation importance, but data 

is under-utilized and findings are unavailable to the greater scientific community. 

 

To address these problem statements, through this thesis, I aim to: (1) analyse and describe results 

from these extensive camera-trap surveys, assessing the distribution and population of tigers in DPKY; (2) 

conduct investigations of the tiger population in DPKY, along with habitat, prey, and threats that influence 

tiger distribution in the landscape; (3) evaluate broad-scale landscape connectivity, long-term population 
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ǾƛŀōƛƭƛǘȅΣ ŀƴŘ ƪŜȅ ŦŀŎǘƻǊǎ ŀŦŦŜŎǘƛƴƎ ǘƘŜ ǘƛƎŜǊ ǇƻǇǳƭŀǘƛƻƴΩǎ ŦǳǘǳǊŜΤ ŀƴŘΣ όпύ ŎƻƴŎǳǊǊŜƴǘƭȅΣ conduct novel 

assessments on methods commonly used in ecological research.  

 

7. Research Questions  

To guide the research in this thesis, each chapter has been developed to answer a specific research 

question pertaining to tigers in DPKY: 

1. What does opportunistic, long-term monitoring of tigers reveal about the presence of tigers  and 

conservation significance in DPKY?; 

2. How does habitat selection of tigers explain heterogeneity in tiger distribution in DPKY?; 

3. How do environment, prey, and human factors explain heterogeneity in tiger distribution within 

DPKY?; 

4. What is the population density of tigers in DPKY?; 

5. To ǿƘŀǘ ŜȄǘŜƴǘ ƛǎ 5tY¸Ωǎ ǎƻǳǊŎŜ ǇƻǇǳƭŀǘƛƻƴ ŎƻƴƴŜŎǘŜŘ ǘƻ ƻǘƘŜǊ ǇƻǘŜƴǘƛŀƭ Ƙŀōƛǘŀǘ ǿƛǘƘƛƴ 5tY¸Σ 

elsewhere in Thailand, and in Cambodia/Lao PDR?; and 

6. What is the potential long-term viability of the tiger population in DPKY and what factors affect 

this viability? 

 

In addition, some thesis chapters also explore research questions pertaining to methods used in ecological 

research, including: 

7. To what degree is the explanatory power of habitat selection models affected by spatial scale- 

and functional form (shape) optimization?; 

8. To what extent can simulations be used to guide study design for population density surveys?; 

and 

9. How sensitive are population connectivity and viability models to parametric variation and to 

what degree do model parameters interact to affect model predictions? 
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8. Thesis Overview  

I explore the research questions outlined above in six distinct studies (Chapter 2 ς Chapter 7) and 

provide a summary and synthesis of important findings in a concluding Discussion chapter (Chapter 8). I 

briefly describe these chapters below: 

 

Chapter 2 - Opportunity for Thailand's forgotten tigers: Assessment of the Indochinese tiger Panthera tigris 

corbetti and its prey with camera-trap surveys 

This chapter presents and summarizes results from the first camera-trap study focused on tigers across all 

protected areas in DPKY from 2008-2017. The goal of this chapter was to assess tiger and prey populations 

across all five protected areas of this forest complex, reviewing discernible patterns in rates of detection, as 

well as individual persistence, evidence of breeding, and presence of other species of interest.  

 

Chapter 3 - Optimization of spatial scale, but not functional shape, affects the performance of habitat 

suitability models: A case study of tigers (Panthera tigris) in Thailand. 

The third chapter of this thesis concurrently evaluates patterns of habitat selection of tigers in DPKY while 

providing the first formal assessment of the relative impacts of scale-optimization and functional form 

(shape) optimization on model performance and habitat suitability predictions. This chapter also explores 

how the optimization of models influences conclusions regarding tiger habitat selection and spatial variation 

of the probability of occurrence across DPKY.  

 

Chapter 4 ς Environmental factors, human presence, and prey interact to explain patterns of tiger presence 

in Eastern Thailand 

This chapter examines which factors, among prey, human presence, and environmental characteristics, best 

explain tiger presence in the Dong Phayayen-Khao Yai Forest Complex (DPKY). Using survey data described 

in Chapter 2, this chapter evaluates the relationship between tiger presence and a suite of prey, human 

presence, and environmental variables, using variance partitioning to discern the degree to which variance 
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in tiger detections are explained by these factors independently and confounded.  

 

Chapter 5 - Estimating the density of a globally important tiger (Panthera tigris) population: Using 

simulations to evaluate survey design in Eastern Thailand 

This study highlights the challenges associated with developing a robust study design capable of generating 

a population density estimate for a low-density population. The goal of this chapter is to (1) use simulations 

to investigate and evaluate spatially-explicit capture-recapture study design, and (2) generate a reliable 

estimate of density for a population of tigers in DPKY. Simulations were conducted on different camera-

trapping arrays with variations of model parameters. Simulation predictions were then compared with real-

world performance to validate this approach. Importantly, this chapter also generates a baseline estimate of 

tiger density and population for future evaluation.  

 

Chapter 6 - How Important Are Resistance, Dispersal Ability, Population Density and Mortality in 

Temporally Dynamic Simulations of Population Connectivity? A Case Study of Tigers in Southeast Asia 

Using spatially- and temporally-explicit simulations, this chapter provides an evaluation of the sensitivity of 

population distribution, abundance and connectivity of tigers in DPKY and beyond, to variations of resistance 

surface, dispersal ability, population density, and mortality. Specifically, this study tests the effects and 

interactions of these factors on predicted population size, distribution and connectivity, as well as 

displacement and divergence in scenarios across timesteps. This chapter provides insight into how 

conclusions on landscape connectivity and persistence of species - in this case, tigers in DPKY - are affected 

by the variation and interaction of these factors. 

 

Chapter 7  - Tigers on the edge: Mortality and landscape change dominate individual-based spatially-

explicit simulations of a small tiger population 

This chapter utilizes an individual-based, spatially-explicit population modelling approach to evaluate the 

relative effects of potential landscape change scenarios and mortality risk on the probability of tiger 
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persistence in DPKY. Concurrently, this chapter includes an evaluation of the relative effect of, and sensitivity 

of predictions to, spatially-differential mortality risk, landscape resistance transformation, and maximum 

potential population density. Ultimately, this study aims to generate insight on the factors likely to affect 

tiger persistence for the development of conservation and management strategies in DPKY while highlighting 

key considerations for spatially-explicit population modelling for other threatened species. 

 

Chapter 8  - Discussion  

The final chapter of this thesis provides a broad summary and synthesis of the results from the previous 

chapters and explores the implications of these results on the conservation of tigers in DPKY and for methods 

in large carnivore research. Importantly, this chapter aims to highlight notable findings for the development 

of management strategies and further research, and contextualizes results within the broader realm of 

conservation in Thailand and Southeast Asia.    
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!ōǎǘǊŀŎǘ  

Dramatic population declines threaten the Endangered Indochinese tiger Panthera tigris corbetti with 

extinction. Thailand now plays a critical role in its conservation, as there are few known breeding populations 

ƛƴ ƻǘƘŜǊ ǊŀƴƎŜ ŎƻǳƴǘǊƛŜǎΦ ¢ƘŀƛƭŀƴŘΩǎ 5ƻƴƎ tƘŀȅŀȅŜƴ-Khao Yai Forest Complex is recognized as an important 

tiger recovery site, but it remains poorly studied. Here, we present results from the first camera-trap study 

focused on tigers and implemented across all protected areas in this landscape. Our goal was to assess tiger 

and prey populations across the five protected areas of this forest complex, reviewing discernible patterns 

in rates of detection. We conducted camera-trap surveys opportunistically during 2008-2017. We recorded 

1,726 detections of tigers in 79,909 camera-trap nights. Among these were at least 16 adults and six 

cubs/juveniles from four breeding females. Detection rates of both tigers and potential prey species varied 
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considerably between protected areas over the study period. Our findings suggest heterogeneity in tiger 

distribution across this relatively continuous landscape, potentially influenced by distribution of key prey 

species. This study indicates that the Dong Phayayen-Khao Yai Forest Complex is one of the few remaining 

breeding locations of the Indochinese tiger. Despite limitations posed by our study design, our findings have 

catalysed increased research and conservation interest in this globally important population at a critical time 

for tiger conservation in South-east Asia. 

 

Keywords Bos gaurus; distribution; Dong Phayayen-Khao Yai Forest Complex; Indochinese tiger; Panthera 

tigris corbetti; prey abundance; Rusa unicolor; Sus scrofa 

 

1. Introduction 

The tiger Panthera tigris has suffered catastrophic declines in its population (96%) and habitat (95%) 

over the past century (Nowell and Jackson 1996; Goodrich et al. 2015; Wolf and Ripple 2017). Evidence 

suggests only 42 source sites (i.e., sites with breeding populations that have the potential to support future 

recovery of the tiger over a larger ŀǊŜŀύ ǊŜƳŀƛƴ ŀŎǊƻǎǎ ǘƘŜ ǎǇŜŎƛŜǎΩ ǊŀƴƎŜΣ ǘƻǘŀƭƭƛƴƎ флΣлл0km2 (5.9% of current 

range; Walston et al. 2010). Habitat loss has been particularly acute in South and South-east Asia, with a 41% 

reduction from 1996 and 2006 (Sanderson et al. 2006) and an estimated forest loss of 71,134km2 in priority 

tiger conservation landscapes from 2001 to 2014 (Joshi et al. 2016).  

The Indochinese tiger Panthera tigris corbetti is one of six extant tiger subspecies and is categorized 

as Endangered on the IUCN Red List (Lynam and Nowell 2011; Goodrich et al. 2015). It was historically 

distributed throughout most of mainland South-east Asia (Luo et al. 2004, 2019) across Cambodia, Lao, 

Myanmar, southern China, Thailand, and Viet Nam (Lynam 2010). Evidence suggests three range countries 

(Cambodia, Lao and Viet Nam) have lost viable populations, and the Indochinese subspecies may qualify for 

Critically Endangered status (Lynam and Nowell 2011). Despite previous evidence of a viable breeding 

population in Nam Et Phou Louey National Protected Area in Lao (Johnson et al. 2006; Vongkhamheng 2011), 

recent evidence suggests tigers may have been extirpated from the country (Rasphone et al. 2019). Tigers 
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are probably extinct in Cambodia, prompting plans for reintroduction (Gray et al. 2017) and, in Viet Nam 

there have been no confirmed tiger records in > 20 years (Lynam and Nowell 2011). A paucity of reliable 

population data in current range countries has obscured these declines (Lynam and Nowell 2011) and 

information on remaining populations is needed urgently.  

It is possible that the only remaining source sites for the Indochinese tiger are in Myanmar and 

Thailand. However, studies in key landscapes in Myanmar have documented low and potentially declining 

numbers (Lynam et al. 2009; Rao et al. 2010; Moo et al. 2018; Naing et al. 2019) reinforcing the importance 

ƻŦ ¢ƘŀƛƭŀƴŘ ŀǎ ǘƘŜ ǘƛƎŜǊΩǎ ƭŀǎǘ ǎǘǊƻƴƎƘƻƭŘ ƛƴ ǘƘŜ ǊŜƎƛƻƴΦ Lƴ ¢ƘŀƛƭŀƴŘΩǎ нлмл ŀŎǘƛƻƴ ǇƭŀƴΣ ǘƘŜ ƴŀǘƛƻƴŀƭ ǘƛƎŜǊ 

population was estimated to be 190ς250 individuals (Pisdamkam et al. 2010). A recent, updated government 

report included landscape-specific population estimates of at least 101-128 individuals (DNP 2016), with 

potentially only two viable populations of tigers, in the Western Forest Complex (25,000km2) and the Dong 

Phayayen-Khao Yai Forest Complex (6,155km2) in Eastern Thailand.  

 Although a number of tiger-focused studies have been conducted in other parts of Thailand, 

including ongoing monitoring in the Western Forest Complex (Duangchantrasiri et al. 2016), data from the 

Dong Phayayen-Khao Yai Forest Complex are limited. Information on tigers there has originated primarily 

from general assessments of faunal communities or other carnivores, or from interviews and personal 

communications (Lynam 2001; Kanwatanakid et al. 2002; Lynam et al. 2006; Jenks et al. 2011). Evidence 

suggests that tigers may have been extirpated in Khao Yai National Park, but almost no information is 

available from other areas in this forest complex. To our knowledge, there have been no studies focusing on 

tigers across this forest complex in its entirety. Comprehensive studies on prey species, an important factor 

for tiger distribution and persistence (Karanth and Stith 1999; Karanth et al. 2004), are also lacking.  

Given catastrophic population and range declines elsewhere in Thailand and South-east Asia, 

knowledge of the tiger population of the Dong Phayayen-Khao Yai Forest Complex is of national, regional and 

global importance. Here, we describe results from the first camera-trap study focused on tigers and 

implemented across all protected areas in this landscape, conducted during 2008ς2017. We aimed to assess  
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Fig. 1 Survey locations in the Dong Phayayen-Khao Yai Forest Complex, which includes five protected areas: Dong Yai 

Wildlife Sanctuary, Khao Yai National Park, Pang Sida National Park, Thap Lan National Park and Ta Phraya National Park. 

Survey locations are depicted as 3 × 3km grids and shaded according to total survey effort (number of camera-trap 

nights) from 2008-2017. Forest cover adapted from Hansen et al. (2013).  

 

tiger and prey populations and to identify any patterns in detection frequencies of tigers and prey species 

amongst protected areas. Our findings provide baseline information for tigers and their prey, and also 

document potentially important information on other mammal species of research and conservation 

interest.  

 

2. Methods 

нΦм {ǘǳŘȅ ŀǊŜŀ 

The Dong Phayayen-Khao Yai Forest Complex (DPKY) lies c.160km north-east of Bangkok (Fig. 1). To 

the east it partially borders the international boundary between Thailand and north-west Cambodia. The 

terrain is hilly, with altitudes ranging from 100m to 1,351m a.s.l.. The forest complex consists of five 

protected areas: Dong Yai Wildlife Sanctuary, Khao Yai National Park, Pang Sida National Park, Thap Lan 

National Park and Ta Phraya National Park (DNP 2004). These parks are collectively inscribed on the UNESCO  
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Table 1 {ǳǊǾŜȅ ŜŦŦƻǊǘ ŀŎǊƻǎǎ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎ ƛƴ ¢ƘŀƛƭŀƴŘΩǎ 5ƻƴƎ tƘŀȅŀȅŜƴ-Khao Yai Forest Complex during 2008ς2017, 

showing camera-trap nights and total number of camera stations (stations with paired camera traps in brackets). 

 No. of camera-trap nights / camera stations (paired stations) 

Year Dong Yai WS1 Khao Yai NP1 Pang Sida NP1 Thap Lan NP1 Ta Phraya NP1 

2008    525 / 22 (3)  

2009    2,886 / 89 (5)  

2010  126 / 3 (1) 399 / 26 (0) 4,965 / 151 (9)  

2011   6,727 / 149 (6) 2,172 / 36 (7)  

2012 1,574 / 57 (0) 2,402 / 38 (0) 5,092 / 94 (11) 1,804 / 16 (7)  

2013 1,564 / 38 (0)  3,802 / 56 (32) 2,260 / 14 (4) 844 / 30 (0) 

2014  2,357 / 24 (0) 2,294 / 23 (1) 3,062 / 18 (4) 4,230 / 66 (2) 

2015 210 / 6 (0) 2,539 / 26 (0) 4,242 / 22 (3) 3,636 / 15 (5) 690 / 6 (1) 

2016 1,455 / 12 (0) 197 / 3 (0) 5,765 / 27 (10) 10,784 / 75 (71)  

20172 68 / 4 (0)  437 / 15 (5) 851 / 28 (26)  

Total camera-trap nights (%) 4,871 (6.10) 7,621 (9.54) 28,698 (35.91) 32,955 (41.24) 5,764 (7.21) 

1WS, Wildlife Sanctuary; NP, National Park 

2 January-February only. 

 

World Heritage List (UNESCO 2017). 

The complex contains all major forest types characteristic of eastern Thailand, but is primarily 

covered by mixed evergreen and mixed dipterocarp/deciduous primary and secondary forest. It also contains 

grassland/scrub areas, some of which are anthropogenic. These forests have been influenced to varying 

degrees by a complex history of human presence and exploitation, including logging, settlements, agriculture 

and other activities (Lynam et al. 2006). Currently, the complex is surrounded almost completely by a human-

dominated matrix of villages, farmland and infrastructure. 

We conducted camera-trap surveys during March 2008ςFebruary 2017. The study design was 

opportunistic because of limited resources, and data collection for the five protected areas varied in spatial 

and temporal extent (Supplementary Fig. 1, Supplementary Material 1), precluding analysis within an 

occupancy framework. We placed camera traps in locations suitable for tigers, to maximize detections. Such 

locations included geographical or topographic features (e.g., ridges, river valleys) and access roads or trails 

likely to be used regularly by tigers (Karanth 1995; Karanth and Nichols 1998). We also used tiger track and 

sign (e.g., pugmarks, scats), and presence of prey species, to identify prospective camera locations.  
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We considered consecutive detections of a species at one camera station to be independent if they 

occurred after > 30 minutes όhΩ.ǊƛŜƴ Ŝǘ ŀƭΦ нллоύ. Individual tigers were given an alphanumeric identifier to 

compile detection histories. Tigers not conclusively identified were marked as unknown. We calculated 

detection rates of tigers and prey as the number of detections per 100 camera-trap nights, with cumulative 

rates reported for each protected area across survey years. Although such indices do not reliably indicate 

abundance (Jennelle et al. 2002; Sollmann et al. 2013), we also carried out a comparative analysis of 

photographic capture rates for tigers and prey for all five protected areas (Supplementary Material 1). 

 

оΦ wŜǎǳƭǘǎ 

Camera traps were active for a total of 79,909 camera-trap nights (CTN) at 914 locations. Survey 

effort varied significantly across protected areas. Thap Lan National Park (32,955 CTN) and Pang Sida National 

Park (28,698 CTN) accounted for approximately 77.15% (61,653) of total camera-trap nights and c.74.18% 

(n=678) of stations. Survey effort by protected area and year is summarized in Table 1.  

 Surveys recorded 1,726 independent detections of tigers during the study period (Table 2). Tigers 

were documented in three of the five protected areas (Thap Lan National Park, Pang Sida National Park and 

Dong Yai Wildlife Sanctuary), with Thap Lan National Park and Pang Sida National Park accounting for > 99% 

of detections (1,203 and 516 detections, respectively). Tigers were detected in Dong Yai Wildlife Sanctuary 

only in 2016 (seven detections). Tigers were not detected in Khao Yai National Park and Ta Phraya National 

Park. Detection rates in Thap Lan National Park were higher than in Pang Sida National Park with cumulative 

means of 3.65 (range 0.54-7.18) and 1.80 (range 0.41-3.40) detections per 100 camera-trap nights, 

respectively.  

In total, at least 16 adults were documented: seven females, seven males and 2ς3 partially identified 

adults whose sex could not be confirmed (Table 3). A minimum of 12 individuals were documented in Thap 

Lan National Park, nine in Pang Sida National Park and two in Dong Yai Wildlife Sanctuary, with six being 

detected across multiple protected areas. The number of individual tigers detected was highly correlated 

ǿƛǘƘ ǎǳǊǾŜȅ ŜŦŦƻǊǘΦ CƛǾŜ ƛƴŘƛǾƛŘǳŀƭǎ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ƻǾŜǊ ŀ ǇŜǊƛƻŘ ƻŦ җ у ȅŜŀǊǎ ŀƴŘ ǎƛȄ ƛƴŘƛǾƛŘǳŀƭǎ ƻǾŜǊ о-5 years  
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Table 2 Cumulative tiger Panthera tigris detections and detection rates (detections per 100 camera-trap nights) for 

protected areas in the Dong Phayayen-Khao Yai Forest Complex during 2008-2017). 

Year 
Dong Yai 

WS1 
Khao Yai 

NP1 
Pang Sida 

NP1 
Thap Lan 

NP1 
Ta Phraya 

NP1 

2008    15 (2.80)  

2009    30 (1.04)  

2010  0 (0) 2 (0.59) 27 (0.54)  

2011   229 (3.40) 78 (3.59)  

2012 0 (0) 0 (0) 21 (0.41) 58 (3.22)  

2013 0 (0)  47 (1.24) 90 (3.98) 0 (0) 

2014  0 (0) 38 (1.66) 220 (7.18) 0 (0) 

2015 0 (0) 0 (0) 82 (1.93) 131 (3.60) 0 (0) 

2016 7 (0.48) 0 (0) 92 (1.60) 493 (4.57)  

20172 0 (0)  5 (1.14) 61 (7.17)  

 
1WS, Wildlife Sanctuary; NP, National Park 

2 January-February only. 

 

(Supplementary Fig. 2, Supplementary Material 1). 

 Surveys documented successful breeding in 2015 and 2016, with six cubs/juveniles from four adult 

females. One litter of two juveniles were photographed without their mother (who could thus not be 

identified). One cub (C1), first documented in 2015, appeared to be independent from its mother by 2017. 

 We documented six potential prey species: gaur Bos gaurus, banteng Bos javanicus, Chinese serow 

Capricornis milneedwardsii, northern red muntjac Muntiacus vaginalis, sambar Rusa unicolor and wild boar 

Sus scrofa. We considered these species potential tiger prey based on information from Thailand and 

ŜƭǎŜǿƘŜǊŜ ǿƛǘƘƛƴ ǘƘŜ ǘƛƎŜǊΩǎ ǊŀƴƎŜ (Karanth et al. 2004; Sunquist 2010; Steinmetz et al. 2013). All but one 

potential prey species (banteng) were documented in all five protected areas. 

 Mean cumulative detection rates of sambar (Supplementary Table 1, Supplementary Material 1) 

were considerably higher in Thap Lan National Park (14.70 detections per 100 camera-trap nights) than in 

other protected areas (0.02-8.67), whereas detection rates of other prey species were comparatively lower 

in this park. Mean cumulative detection rates for wild boar were highest in Dong Yai Wildlife Sanctuary (6.67 

detections per 100 camera-trap nights) and Pang Sida National Park (6.66). Sambar and wild boar were 

generally detected more frequently than other prey species. 
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 Although tigers were the primary focus of surveys, we also documented a number of other species 

(Supplementary Table 1, Supplementary Material 1), with 947 detections of other felids, including the Asiatic 

golden cat Catopuma temminckii (35 detections), mainland clouded leopard Neofelis nebulosa (158), 

marbled cat Pardofelis marmorata (30) and leopard cat Prionailurus bengalensis (724). We did not detect 

leopards Panthera pardus. We documented 37 mammal species in total, including one Critically Endangered, 

five Endangered, 10 Vulnerable, three Near Threatened and 18 categorized as Least Concern. 

 

пΦ 5ƛǎŎǳǎǎƛƻƴ 

This study provides insights into tigers and their prey in the understudied Dong Phayayen-Khao Yai 

Forest Complex. Most of our detections of tigers were in Thap Lan and Pang Sida national parks, potentially 

a result of larger survey effort (32,955 and 28,698 camera-trap nights, respectively, of a total of 79,909). This 

was the result of our opportunistic study design, which prioritized survey areas based on potential or 

confirmed tiger presence. Nonetheless, the absence of detections of tigers or their sign from two of the five 

protected areas, despite reasonable survey effort, suggests higher tiger abundance in these two parks than 

elsewhere in this forest complex. Tiger presence across the complex appears to be heterogeneous, but to an 

unknown degree. Our records from Dong Yai Wildlife Sanctuary are from an area just outside the formerly 

known extant range of P. tigris (Goodrich et al. 2015). The lack of tiger detections from Khao Yai National 

Park is consistent with speculation that tigers have been extirpated from this protected area (Lynam et al. 

2006; Jenks et al. 2011), although our survey effort and coverage in this park was relatively low (7,622 CTN).  

Although the number of tigers we documented in the complex is not a population estimate, our 

results suggest the population may be larger than previously assumed (Lynam 2010), and also document the 

long-term persistence of a number of individuals in this area (Supplementary Fig. 2, Supplementary Material 

1). To our knowledge, the photographs of tiger cubs we obtained are the first confirmed records of successful 

breeding in the forest complex since at least 1999 (Lynam et al. 2003, 2006; Jenks et al. 2011) and confirm 

that the site supports a breeding population. Breeding and subsequent dispersal could potentially result in 

expansion into Khao Yai National Park, and contribute to overall population recovery. 
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 The presence of prey is an important factor for tiger distribution, density, and persistence (Karanth 

and Stith 1999; Karanth et al. 2004), as noted by studies elsewhere in Thailand (Steinmetz et al. 2013; 

Simcharoen et al. 2014). Thap Lan and Pang Sida national parks both had relatively higher rates of detection 

of sambar and wild boar, respectively, two species with which tigers have strong associations (Ngoprasert et 

al. 2012) and that are important prey ŜƭǎŜǿƘŜǊŜ ƛƴ ǘƘŜ ǘƛƎŜǊΩǎ ǊŀƴƎŜ (Sunquist et al. 1999; Biswas and Sankar 

2002; Hayward et al. 2012). However, a dedicated prey study is required to determine the extent to which 

tigers in these parks rely on these species. Low prey detection rates in Ta Phraya National Park and Dong Yai 

Wildlife Sanctuary could explain the absence of tiger detections in these two areas.  

We did not detect leopards, which, given that they have similar behavioural patterns to tigers and 

can tolerate some degree of spatial overlap (Karanth and Sunquist 1995; Andheria et al. 2007), suggests they 

may be absent from the forest complex. The Indochinese leopard Panthera pardus delacouri has not been 

detected recently in other parts of Southeast Asia, suggesting a decline in its population and range (Rostro-

García et al. 2016). Abundance and diversity of suitable prey are important for the co-existence of tigers and 

leopards (Karanth and Sunquist 1995; Andheria et al. 2007). Historical overhunting of prey in the forest 

complex could have driven competitive exclusion of leopards by tigers or other carnivores (Harihar et al. 

2011; Volmer et al. 2017). Direct hunting by humans may have also driven population declines. However, 

given the paucity of reliable historical data, the reasons for the absence of the leopard in the Dong Phayayen-

Khao Yai Forest Complex remain unconfirmed. 

Our data could not be used to estimate tiger occupancy or population size because the study design 

would violate key assumptions of the appropriate methods (Harmsen et al. 2010; Welsh et al. 2013). 

Methodologically-rigorous study designs should be employed wherever possible in monitoring wildlife 

populations, but if resources are constrained an opportunistic study design may be appropriate (Harihar et 

al. 2007; Stein et al. 2008; Johnson et al. 2016). Although conclusions that can be drawn from such studies 

are limited, they can contribute important insights into species presence in poorly studied areas (Stein et al. 

2008; Jenks et al. 2011). 

 At the start of this study, tigers were believed to have disappeared from Khao Yai National Park  
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Table 3 Individual tiger detections during the study period. Cubs are placed under their mother with the exception of 

C5 and C6 whose mother was not confirmed. Blank cells indicate no detections. 

  2008 2009 2010 2011 2012 2013 2014 2015 2016 2017* 

Adult ID Cub ID           
M1  2          
M2  8 14 11 110 36 81 98 84 181 14 
M3     2 3 1     

M4        26 24 61 11 
M5  3 5 6 122 2 18 41 4 2  

M6          17  

M7       1   9  

F1  1 8 6 2  1   1  

F2       4 7 35 29 3 
 C1 (M)        3 13  

F3   1 1 44 33 18 49 51 154 16 
 C2 (F)         36 9 
 C3 (F)         33 5 
F4   1 1 2 1    7  

F6       1  3 9 5 
 C4 (M)         1 1 
F7       2 33 2 19  

F8          1  

**             
 C5 (M)         5  
 C6 (F)         3  
            

UL1      1      

UR1      1      

UR2         1   

U  1 1 4 25 2 10 4 6 11 2 
            

Detections  15 30 29 307 79 137 258 213 592 66 
Stations  19 89 173 169 196 138 128 76 116 48 
CTN  535 2,886 5,430 8,899 10,872 8,470 11,943 11,317 18,201 1.356 
Detection Rate  2.80 1.04 0.53 3.45 0.73 1.62 2.16 1.88 3.25 4.87 

1M indicates male and F female individuals; U is used for individuals for which only one side was photographed, with L and R denoting 

whether the left or right flank of the individual was captured (sex could not be determined for these individuals and it is unknown 

whether UL1 is the same tiger as UR1 or UR2); U without L or R denotes detections of unidentified individuals (poor image quality or 

partial photographs). 

2 JanuaryςFebruary only. 

 

(Lynam 2001; Lynam et al. 2006; Jenks et al. 2011), information was lacking for other areas and resources 

were limited. In these circumstances, an opportunistic study design was suitable to address our fundamental 

research question, specifically, to confirm tiger presence. Early findings suggested  tigers were present in the 

area, which enabled us to secure further funding and improved access to resources such as camera traps that 

were later used for tiger density and population estimates. Additional funding also enabled investments in 

law enforcement, patrol-based monitoring and community outreach programmes. To build on this work, we 

recommend additional analyses to model relationships between tigers, prey, threats and habitat required 
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for spatial prioritization of protection and recovery interventions. 

Our study provides insight into what is probably one of the most important extant tiger populations 

remaining in mainland South-east Asia. A comprehensive investigation of the tiger in other understudied 

sites in the region is urgently needed to generate a more accurate picture of their status. In order to recover 

and double the population of wild tigers (Global Tiger Initiative 2011; Harihar et al. 2018), additional 

resources will need to be allocated to implement robust monitoring in sites where tigers remain.  

 To our knowledge, our work is the first to assess the tiger population across the Dong Phayayen-Khao 

Yai Forest Complex and suggests this region is important for the Indochinese tiger, which has lost most of its 

range in South-east Asia. Our findings establish this forest complex as home to one of the few remaining 

breeding populations of Indochinese tigers, demonstrate the long-term persistence of some individuals, and 

suggest heterogeneous tiger presence across the five protected areas, potentially influenced by distribution 

of prey species. Our initial results have catalysed increased research and conservation investment in this 

landscape at a critical time for tiger conservation in South-east Asia. 
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Supplementary Material 1 Comprehensive analysis of the photographic capture rate index for tigers and 

prey for all five parks. 

 

1. Introduction 

The use of photographic capture rates (photographic capture rate index, PCRI; or relative abundance 

index, RAI) as a correlate with abundance is controversial (Carbone et al. 2001; Jennelle et al. 2002; Harmsen 

et al. 2010), notably because it fails to account for detection probabilities. Jenks et al. (2011) highlighted that 

such rates, while not a true metric of abundance and limited in applications, may be useful for opportunistic 

camera-trap studies, which have been common across Asia. This includes identifying areas for conservation 

interventions and potential trends to merit further research (Carbone et al. 2001; Jenks et al. 2011). This 

method was employed previously in Khao Yai National Park to document species declines and identify species 

hotspots to focus further research or management inquiries (Jenks et al. 2011). If used with additional 

analysis, such indices can be useful for comparing detection rates between areas of interest (Rayan and Linkie 

2015, 2016). In addition to the methods described in the main text, we conducted additional analysis on PCRI 

to compare rates across protected areas and survey years. However, as such indices are not a true measure 

of abundance, results should not be assumed to reflect actual differences in abundance. We feel results may 

nonetheless be of interest and have therefore included this supplementary information.  
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2. Methods 

We define PCRI as the number of species detections per 100 camera-trap nights όhΩ.ǊƛŜƴ Ŝǘ ŀƭΦ нллоΤ 

hΩ.ǊƛŜƴ нлммύ and calculated this separately per year for each camera station by dividing the sum of 

detections for a species by the total number of camera-trap nights divided by 100. PCRI values for prey 

species were calculated separately for each species as well as for all species combined, calculated as the sum 

of PCRI values for each individual prey species (Ngoprasert et al. 2007).  

We conducted individual comparisons among PCRI for tiger, individual prey species, and combined 

prey across parks and years using analysis of variance (ANOVA; Sokal and Rohlf 1981). To determine 

significance of differences in mean PCRI between protected areas and years, we applied a post-hoc Tukey 

honest significance difference test (Tukey 1949), examining differences in PCRI between parks, years, and 

the interaction between parks and years. We considered differences significant when P < 0.01, very 

significant when P < 0.001, and highly significant when P < 0.0001. 

 

3. Results 

Tiger PCRI was generally higher in Thap Lan National Park than Pang Sida National Park (Fig. 1). 

Results of ANOVA and Tukey honest significance difference test for tigers in Thap Lan NP and Pang Sida NP 

indicated highly significant (P < 0.0001) differences in mean PCRI (Table 1), with Thap Lan NP characterized 

by a much higher mean PCRI compared to Pang Sida NP. We also found highly significant differences in PCRI 

between certain years and for several interactions of park and year. Particularly, mean PCRI for Thap Lan NP 

in 2014 were higher than almost all years in Pang Sida NP. In general, mean PCRI in the latter years of the 

study (2013ς2016) were significantly higher in comparison to early years (2010, 2012; Table 2), which are 

mostly attributable to Thap Lan NP. 

Differences between combined prey species mean PCRI (Fig. 2) among all variables were highly 

significant. Thap Lan NP had significantly higher mean PCRI for prey compared to Pang Sida NP, Ta Phraya 

NP, and Dong Yai WS (Table 3). Mean PCRI for Thap Lan NP in 2015 were higher than most years for Pang 

Sida NP. Mean PCRI for Khao Yai NP, particularly for 2014 and 2015, were also significantly higher compared 
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to those of Pang Sida NP, Ta Phraya NP, and Dong Yai WS. Similar to tigers, prey PCRI was generally higher in 

the later years of the study (2013ς2016) compared to earlier years (2009, 2010, 2012; Table 2). 

A number of notable significant relationships are evident among prey species (Table 3, Fig. 3). For 

sambar, mean PCRI for Thap Lan NP was higher to a significant or highly significant degree compared to Pang 

Sida NP, Ta Phraya NP, and Dong Yai WS across a number of years. Furthermore, wild boar mean PCRI in Pang 

Sida NP was significantly higher than in Thap Lan NP, particularly in 2016. For gaur, differences in mean PCRI 

were significant for all variables with Khao Yai NP and Pang Sida NP having higher mean PCRI values compared 

with Thap Lan NP to a highly significant degree. 

 

4. Discussion 

The significant differences in PCRI between the studied parks over time provide insight into this 

previously understudied tiger population. Large and highly significant differences in mean PCRI occur 

between Thap Lan NP and Pang Sida NP, particularly with substantial survey effort. These differences occur 

despite contiguous forest cover between Thap Lan NP, Pang Sida NP, Ta Phraya NP, and Dong Yai WS. This 

may imply a heterogeneity in suitability of this landscape for tigers, which merits further investigation. 

We documented significantly higher PCRI values overall in later years of study compared to earlier 

years for tigers, particularly for Thap Lan NP. Higher overall PCRI values over time may have resulted from 

population changes during the study period, however, this cannot be confidently concluded because of 

limitations in the study design. It is possible that detection probabilities increased over time as a result of 

ƛƴŎǊŜŀǎŜŘ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ǘƛƎŜǊǎΩ ǳǎŜ ƻŦ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ŀƴŘ/or improvements in camera-trap performance. 

Despite the limitations mentioned, we can conclude that conditions in at least some areas of DPKY support 

breeding and dispersal of tigers, which could provide a foundation for population recovery and expansion 

into areas such as Khao Yai NP.  

Given that prey is an important factor for tiger distribution, density and persistence (Karanth and 

Stith 1999; Karanth et al. 2004; Chapron et al. 2008), significant differences in PCRI of prey between Thap 

Lan NP and Pang Sida NP could be linked to differences in tiger PCRI between these parks. We found that 
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mean PCRI for sambar in Thap Lan NP was significantly higher than in Pang Sida NP, whereas Pang Sida NP 

had significantly higher mean PCRI for gaur and wild boar than Thap Lan NP. Elsewhere in Thailand, studies 

indicate that sambar, gaur, banteng (Petdee 2000; Prommakul 2003) and wild boar (Ngoprasert et al. 2012) 

ŀǊŜ ƛƳǇƻǊǘŀƴǘ ǇǊŜȅ ǎǇŜŎƛŜǎ ŦƻǊ ǘƛƎŜǊǎΣ ǿƘƛŎƘ ƛǎ ŎƻǊǊƻōƻǊŀǘŜŘ ōȅ ǎǘǳŘƛŜǎ ŜƭǎŜǿƘŜǊŜ ƛƴ ǘƘŜ ǘƛƎŜǊΩǎ ǊŀƴƎŜ 

(Andheria et al. 2007; Sunquist 2010; Hayward et al. 2012). Mean PCRI for combined prey were generally 

higher in the latter part of the study period. Although this could reflect increases in prey populations, it could 

also be a result of increased detection probabilities. 

Given limitations imposed by the study design, we feel analysis of PCRI, although not ideal, was useful 

for examining differences in detections in our study overall and to illuminate potential trends for more 

targeted investigation. Our assessments are conservative, given that our study design precludes calibration 

of PCRI with independent estimates of density or detection probability (Nichols et al. 2010). Further, we do 

not make comparisons across species or studies nor do we recommend this approach over occupancy or 

markςrecapture based methods. Methodologically-rigorous study designs should be employed wherever 

possible in monitoring tiger populations. 
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Table 1 Cumulative species detections and detection rates (detections per 100 camera-trap nights) for protected areas in DPKY. 

Scientific Name Common Name 
IUCN Red 

List Status1 
DYWS2 KYNP2 PSNP2 TLNP2 TPNP2 

Panthera tigris Indochinese tiger EN 7 (0.14)  516 (1.8) 1203 (3.65)  

Manis javanica Sunda pangolin CR 2 (0.04) 2 (0.03) 7 (0.02) 9 (0.03)  

Bos javanicus Banteng EN   7 (0.02)  11 (0.19) 

Cuon alpinus Dhole EN 11 (0.23) 109 (1.43) 147 (0.51) 366 (1.11) 3 (0.05) 

Elephas maximus Asian elephant EN 309 (6.34) 128 (1.68) 1047 (3.65) 1500 (4.55) 5 (0.09) 

Viverra megaspila Large-spotted civet EN 3 (0.06) 8 (0.1) 7 (0.02) 53 (0.16) 10 (0.17) 

Arctictis binturong Binturong VU 1 (0.02) 2 (0.03) 11 (0.04) 9 (0.03)  

Arctonyx collaris Hog badger VU 5 (0.1) 16 (0.21) 186 (0.65) 84 (0.25)  

Bos gaurus Gaur VU 119 (2.44) 292 (3.83) 815 (2.84) 422 (1.28) 173 (3) 

Helarctos malayanus Malayan sun bear VU 33 (0.68) 21 (0.28) 467 (1.63) 144 (0.44) 17 (0.29) 

Lutrogale perspicillata Smooth-coated otter VU  5 (0.07) 1 (0.003)   

Macaca leonina Pig-tailed macaque VU 60 (1.23) 275 (3.61) 292 (1.02) 641 (1.95) 86 (1.49) 

Neofelis nebulosa Clouded leopard VU 3 (0.06) 19 (0.25) 83 (0.29) 46 (0.14) 7 (0.12) 

Nycticebus bengalensis Bengal slow loris VU   1 (0.003)   

Rusa unicolor Sambar VU 81 (1.66) 661 (8.67) 56 (0.2) 4844 (14.7) 1 (0.02) 

Ursus thibetanus Asiatic black bear VU 21 (0.43) 35 (0.46) 152 (0.53) 104 (0.32) 10 (0.17) 

Capricornis milneedwardsii Chinese serow NT 2 (0.04) 9 (0.12) 93 (0.32) 47 (0.14) 12 (0.21) 

Catopuma temminckii Asiatic golden cat NT  2 (0.03) 11 (0.04) 22 (0.07)  

Pardofelis marmorata Marbled cat NT  2 (0.03) 10 (0.03) 17 (0.05) 1 (0.02) 

Arctogalidia trivirgata Three-striped palm 

civet 

LC    1 (0.003)  

Atherurus macrourus Asiatic brush-tailed 

porcupine 

LC 6 (0.12) 3 (0.04) 144 (0.5) 12 (0.04) 28 (0.49) 

Canis aureus Golden jackal LC  10 (0.13) 16 (0.06) 34 (0.1) 10 (0.17) 

Herpestes javanicus Small Asian mongoose LC 1 (0.02) 16 (0.21) 9 (0.03) 12 (0.04) 6 (0.1) 

Herpestes urva Crab-eating mongoose LC 7 (0.14) 15 (0.2) 152 (0.53) 144 (0.44) 1 (0.02) 

Hystrix brachyura Malayan porcupine LC 97 (1.99) 181 (2.38) 770 (2.68) 804 (2.44) 22 (0.38) 

Lepus peguensis Siamese hare LC  5 (0.07) 1 (0.003) 25 (0.08) 1 (0.02) 

Macaca fascicularis Long-tailed macaque LC 1 (0.02)     

Martes flavigula Yellow-throated 

marten 

LC 7 (0.14) 4 (0.05) 62 (0.22) 182 (0.55) 3 (0.05) 

Muntiacus vaginalis Northern red muntjac LC 177 (3.63) 

 
 
 
 
  

461 (6.05) 691 (2.41) 

 
  

724 (2.2) 160 (2.78) 
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TABLE 1 continued. 

Scientific Name Common Name IUCN Red 
List Status1 

DYWS2 KYNP2 PSNP2 TLNP2 TPNP2 

Paradoxurus hermaphroditus Common palm civet LC 11 (0.23) 74 (0.97) 261 (0.91) 224 (0.68) 25 (0.43) 

Prionailurus bengalensis Leopard cat LC 20 (0.41) 51 (0.67) 271 (0.94) 369 (1.22) 13 (0.23) 

Prionodon pardicolor Spotted linsang LC   4 (0.01) 9 (0.03)  

Rhizomys pruinosus Hoary bamboo rat LC   7 (0.02) 7 (0.02)  

Sus scrofa Wild boar LC 325 (6.67) 398 (5.22) 1911 (6.66) 1522 (4.62) 199 (3.45) 

Tragulus kanchil Lesser mouse-deer LC 49 (1.01) 28 (0.37) 287 (0.1) 40 (0.12) 10 (0.17) 

Viverra zibetha Large Indian civet LC 16 (0.33) 114 (1.5) 424 (1.48) 584 (1.77) 9 (0.16) 

Viverricula indica Small Indian civet LC 4 (0.08) 14 (0.18) 43 (0.15) 198 (0.6) 2 (0.03) 

Camera-trap nights 4,871 7,621 28,698 32,955 5,764 

Number of Species 27 30 35 33 26 
1CR, Critically Endangered; EN, Endangered; VU Vulnerable; NT, Near Threatened; LC, Least Concern. 

2DYWS, Dong Yai Wildlife Sanctuary; KYNP, Khao Yai National Park; PSNP, Pang Sida National Park; TLNP, Thap Lan National Park; TPNP, Ta Phraya National Park. 
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Table 2 Summary of Tukey honest significance difference test results comparing differences in mean tiger PCRI values 

for and their significance among the interaction between protected areas and years. Only Thap Lan NP and Pang Sida 

NP were included because of low or no detections of tigers in other protected areas.  
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P
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P
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TL10  -2.5 -1.9 -4.5 -6.3 -3.9 -4.0 -3.2 -0.2 -2.7 0.4 -0.4 -1.2 -1.6 -1.1 -0.3 
TL11 2.5  0.6 -1.9 -3.8 -1.4 -1.5 -0.6 2.4 -0.1 2.9 2.1 1.3 0.9 1.5 2.2 
TL12 1.9 -0.6  -2.5 -4.4 -2.0 -2.1 -1.2 1.8 -0.7 2.3 1.5 0.7 0.3 0.9 1.6 
TL13 4.5 1.9 2.5  -1.8 0.5 0.4 1.3 4.3 1.8 4.9 4.1 3.3 2.8 3.4 4.2 
TL14 6.3 3.8 4.4 1.8  2.3 2.2 3.1 6.1 3.6 6.7 5.9 5.1 4.7 5.2 6.0 
TL15 3.9 1.4 2.0 -0.5 -2.3  -0.1 0.8 3.8 1.3 4.3 3.5 2.7 4.7 2.9 3.7 
TL16 4.0 1.5 2.1 -0.4 -2.2 0.1  0.9 3.9 1.4 4.5 3.7 2.9 2.4 3.0 3.8 
TL17 3.2 0.6 1.2 -1.3 -3.1 -0.8 -0.9  3.0 0.5 3.6 2.8 2.0 1.5 2.1 2.9 
PS10 0.2 -2.4 -1.8 -4.3 -6.1 -3.8 -3.9 -3.0  -2.5 0.6 -0.2 -1.0 -1.5 -0.9 -0.1 
PS11 2.7 0.1 0.7 -1.8 -3.6 -1.3 -1.4 -0.5 2.5  3.1 2.3 1.5 1.0 1.6 2.4 
PS12 -0.4 -2.9 -2.3 -4.9 -6.7 -4.3 -4.5 -3.6 -0.6 -3.1  -0.8 -1.6 -2.0 -1.5 -0.7 
PS13 0.4 -2.1 -1.5 -4.1 -5.9 -3.5 -3.7 -2.8 0.2 -2.3 0.8  -0.8 -1.2 -0.7 0.1 
PS14 1.2 -1.3 -0.7 -3.3 -5.1 -2.7 -2.9 -2.0 1.0 -1.5 1.6 0.8  -0.4 0.1 0.9 
PS15 1.6 -0.9 -0.3 -2.8 -4.7 -4.7 -2.4 -1.5 1.5 -1.0 2.0 1.2 0.4  0.6 1.3 
PS16 1.1 -1.5 -0.9 -3.4 -5.2 -2.9 -3.0 -2.1 0.9 -1.6 1.5 0.7 -0.1 -0.6  0.8 
PS17 0.3 -2.2 -1.6 -4.2 -6.0 -3.7 -3.8 -2.9 0.1 -2.4 0.7 -0.1 -0.9 -1.3 -0.8  

  
P < 0.0001 
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Table 3 Summary of Tukey honest significance difference test results comparing differences in mean PCRI values and 

their significance across years for tigers and combined prey species. For tigers, only Thap Lan NP and Pang Sida NP were 

included because of low or no detections of tigers in other protected areas.  
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2008  - - - - - - - - -   13.2 16.0 4.1 5.7 -2.3 -0.3 -7.5 -4.0 5.7 
2009 -  - - - - - - - -  -13.2  2.8 -9.1 -7.5 -15.5 -13.5 -20.7 -17.2 -7.4 
2010 - -  -4.0 -1.5 -3.0 -4.8 -3.6 -3.5 -2.7  -16.0 -2.8  -11.9 -10.2 -18.3 -16.2 -23.5 -20.0 -10.2 
2011 - - 4.0  2.5 1.0 -0.9 0.4 0.5 1.3  -4.1 9.1 11.9  1.7 -6.4 -4.3 -11.6 -8.1 1.7 
2012 - - 1.5 -2.5  -1.5 -3.4 -2.1 -2.0 -1.2  -5.7 7.5 10.2 -1.7  -8.0 -6.0 -13.2 -9.7 0.0 
2013 - - 3.0 -1.0 1.5  -1.8 -0.6 -0.5 0.4  2.3 15.5 18.3 6.4 8.0  2.0 -5.2 -1.7 8.1 
2014 - - 4.8 0.9 3.4 1.8  1.3 1.4 2.2  0.3 13.5 16.2 4.3 6.0 -2.0  -7.2 -3.7 6.0 
2015 - - 3.6 -0.4 2.1 0.6 -1.3  0.1 0.9  7.5 20.7 23.5 11.6 13.2 5.2 7.2  3.5 13.2 
2016 - - 3.5 -0.5 2.0 0.5 -1.4 -0.1  0.8  4.0 17.2 20.0 8.1 9.7 1.7 3.7 -3.5  9.8 
2017 - - 2.7 -1.3 1.2 -0.4 -2.2 -0.9 -0.8   -5.7 7.4 10.2 -1.7 0.0 -8.1 -6.0 -13.2 -9.8  
  

P < 0.0001 
 
лΦлллм Җ t ғ лΦллм   лΦллм Җ t ғ лΦлм   лΦлм Җ t Җ лΦлр 
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Table 4 Summary of Tukey honest significance difference test results comparing differences in mean PCRI values 

amongst protected areas for combined prey, gaur Bos gaurus, sambar Rusa unicolor and wild boar Sus scrofa.  

 
Combined prey Gaur 

 DYWS KYNP PSNP TLNP TPNP  DYWS KYNP PSNP TLNP TPNP 

DYWS  -12.3 0.3 -11.7 3.8   -1.3 -0.6 0.8 -0.5 

KYNP 12.3  12.5 0.6 16.1  1.3  0.8 2.1 0.8 

PSNP -0.3 -12.5  -11.9 3.6  0.6 -0.8  1.3 0.1 

TLNP 11.7 -0.6 11.9  15.5  -0.8 -2.1 -1.3  -1.3 

TPNP -3.8 -16.1 -3.6 -15.5   0.5 -0.8 -0.1 1.3  

Sambar    Wild boar   

DYWS  -7.6 1.2 -14.2 1.3   -0.3 -0.9 0.8 2.4 

KYNP 7.6  8.8 -6.6 8.9  0.3  -0.7 1.1 2.6 

PSNP -1.2 -8.8  -15.4 0.2  0.9 0.7  1.8 3.3 

TLNP 14.2 6.6 15.4  15.5  -0.8 -1.1 -1.8  1.5 

TPNP -1.3 -8.9 -0.2 -15.5   -2.4 -2.6 -3.3 -1.5  

  
P < 0.0001 

 
лΦлллм Җ  t ғ лΦллм   лΦллм Җ t ғ лΦлм   лΦлм Җ t Җ лΦлр 
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Table 5 Summary of ANOVA test results comparing differences in mean PCRI values and their significance among 

protected areas (PARK), years (YEAR), and the interaction between protected areas and years (PARK:YEAR). Only Thap 

Lan NP and Pang Sida NP were included because of low or no detections of tigers in other protected areas. 
 

 Sum of 
squares 

Mean square F-value p Significance 

T
ig

e
r 

PARK 637.83 637.83 28.12 1.45E-07 ***  
YEAR 1973.38 219.26 9.67 3.69E-14 ***  
PARK:YEAR 408.28 58.33 2.57 1.26E-02  
Residuals 19598.57 22.68    

C
o

m
b
in

e
d
 

p
re

y 

PARK 95200.16 23800.04 21.38 2.45E-17 ***  
YEAR 114570.51 12730.06 11.44 1.06E-17 ***  
PARK:YEAR 55125.62 3242.68 2.91 5.69E-05 ***  
Residuals 2554308.87 1112.99    

S
a

m
b
a

r PARK 122714.90 30678.73 33.43 3.85E-27 ***  
YEAR 57491.87 6387.99 6.96 5.76E-10 ***  
PARK:YEAR 28359.21 1668.19 1.82 2.11E-02  
Residuals 2106122.78 917.70    

G
a

u
r 

PARK 1267.02 316.75 11.75 1.90E-09 ***  
YEAR 652.39 72.49 2.69 4.14E-03 *  
PARK:YEAR 2333.33 137.25 5.09 4.46E-11 ***  
Residuals 61876.47 26.96    

W
ild

 b
o

a
r PARK 2471.56 617.89 5.58 1.80E-04 **  

YEAR 5347.12 594.12 5.37 2.69E-07 ***  
PARK:YEAR 4470.12 262.95 2.38 1.23E-03 *  
Residuals 254016.40 110.68    

M
u
n
tja

c PARK 2992.86 748.21 21.47 2.10E-17 ***  
YEAR 4174.74 463.86 13.31 5.68E-21 ***  
PARK:YEAR 2182.20 128.36 3.68 4.96E-07 ***  
Residuals 79994.68 34.86    

B
a

n
te

n
g PARK 4.56 1.14 4.26 1.94E-03 *  

YEAR 3.91 0.43 1.62 1.03E-01  
PARK:YEAR 6.38 0.38 1.40 1.25E-01  
Residuals 613.90 0.27    

S
e
ro

w 

PARK 18.74 4.69 3.05 1.601E-02  
YEAR 20.73 2.30 1.50 1.415E-01  
PARK:YEAR 17.41 1.02 0.67 8.375E-01  
Residuals 3521.12 1.53    

* p < 0.01. 
**p < 0.001 
***p < 0.0001 
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Table 6 Summary of Tukey honest significance difference test results comparing differences in observed mean PCRI for 

combined prey, confidence intervals, adjusted p-values (p), and their significance among the interaction between 

specific protected areas and years (PARK:YEAR).  

Variables 
Difference in 

Means 

Lower 
Confidence 

Interval 

Upper 
Confidence 

Interval 
P Significance 

TL:2015-PS:2012 41.08 22.55 59.60 3.06E-11 ***  
TL:2015-TP:2014 41.51 22.85 60.17 3.06E-11 ***  
TL:2015-PS:2011 41.54 23.60 59.49 3.07E-11 ***  
TL:2015-TL:2010 41.75 23.40 60.11 3.07E-11 ***  
TL:2015-PS:2015 40.03 20.10 59.97 3.27E-11 ***  
TL:2015-TL:2009 38.55 18.62 58.48 4.98E-11 ***  
TL:2015-KY:2012 41.22 18.78 63.67 3.81E-10 ***  
TL:2015-PS:2013 37.62 17.04 58.20 4.79E-10 ***  
TL:2015-DY:2012 41.18 17.69 64.67 3.89E-09 ***  
PS:2016-TL:2015 -32.35 -51.02 -13.67 6.98E-09 ***  
TL:2016-PS:2011 20.01 7.71 32.30 1.15E-07 ***  
TL:2015-TP:2013 46.52 17.76 75.28 1.48E-07 ***  
TL:2016-TL:2010 20.22 7.34 33.10 5.05E-07 ***  
TL:2015-PS:2014 34.88 11.95 57.81 1.67E-06 ***  
TL:2016-TP:2014 19.97 6.67 33.28 2.74E-06 ***  
TL:2015-DY:2013 37.85 12.58 63.12 2.93E-06 ***  
TL:2016-PS:2012 19.54 6.42 32.66 3.65E-06 ***  
TL:2013-PS:2011 29.09 9.36 48.83 5.21E-06 ***  
TL:2015-PS:2010 48.44 15.55 81.32 5.33E-06 ***  
TL:2013-TL:2010 29.30 9.20 49.41 7.71E-06 ***  
TL:2015-TL:2014 29.69 8.91 50.47 1.50E-05 ***  
TP:2014-TL:2013 -29.06 -49.45 -8.68 1.61E-05 ***  
TL:2013-PS:2012 28.63 8.36 48.89 2.16E-05 ***  
PS:2015-TL:2013 -27.58 -49.14 -6.02 3.79E-04 **  
DY:2016-TL:2015 -34.76 -62.00 -7.51 4.10E-04 **  
TL:2015-TL:2011 28.87 5.95 51.80 5.69E-04 **  
KY:2014-PS:2011 23.12 4.62 41.62 6.85E-04 **  
TL:2016-TL:2015 -21.54 -38.78 -4.30 6.94E-04 **  
KY:2015-PS:2011 23.37 4.46 42.28 9.03E-04 **  
KY:2014-TL:2010 23.33 4.44 42.23 9.19E-04 **  
TL:2016-PS:2015 18.49 3.45 33.54 1.03E-03 *  
KY:2015-TL:2010 23.58 4.29 42.88 1.18E-03 *  
TL:2013-TL:2009 26.10 4.54 47.66 1.47E-03 *  
TL:2013-KY:2012 28.77 4.88 52.67 1.67E-03 *  
TP:2014-KY:2014 -23.09 -42.28 -3.90 1.69E-03 *  
TP:2015-TL:2015 -41.67 -76.64 -6.71 2.10E-03 *  
KY:2015-TP:2014 23.34 3.75 42.93 2.10E-03 *  
KY:2014-PS:2012 22.66 3.60 41.72 2.22E-03 *  
KY:2015-PS:2012 22.91 3.45 42.37 2.76E-03 *  
TL:2013-DY:2012 28.73 3.84 53.61 4.15E-03 *  
TL:2017-TL:2015 -33.63 -63.12 -4.15 5.30E-03 *  
TP:2013-TL:2013 -34.07 -63.98 -4.16 5.45E-03 *  
TL:2013-PS:2013 25.17 3.02 47.33 5.74E-03 *  
TL:2016-TL:2009 17.01 1.97 32.05 6.31E-03 *  

* Significant (P < 0.01). 
**Very Significant (P < 0.001). 
*** Highly Significant (P < 0.0001). 
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Fig. 1 Spatial extent of surveys in 2008ς2017, shaded according to total survey effort (number of camera-trap nights). 
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Fig. 2 Number of years between first and last confirmed detections of individual adult tigers, indicating the minimum 

length of persistence within the study site since first detection. Five individuals were detected over a period of 8ς10 

years, six individuals were detected over 3ς5 years, and another six were documented in 1 year during the study.  
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Fig. 3 Boxplot of photographic capture rate indices (PCRI) of tigers for Dong Yai WS, Pang Sida NP, and Thap Lan NP over 

the study period (2008ς2017). Boxes indicate the range between 25th and 75th percentiles, with an internal line 

designating the median. Whiskers indicate the range between minimum and maximum values, with dots representing 

outliers.  

 

 

Fig. 4 Boxplot of photographic capture rate indices (PCRI) of combined prey (sambar Rusa unicolor, wild boar Sus scrofa, 

gaur Bos gaurus, northern red muntjac Muntiacus vaginalis, banteng Bos javanicus and Chinese serow Capricornis 

milneedwardsii) for each park in DPKY over the study period (2008ς2017). 
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 Fig. 5 Boxplot of photographic capture rate indices (PCRI; detections per 100 camera-trap nights) of prey species (a) 

gaur, (b) sambar and (c) wild boar, for each park in DPKY over the study period (2008ς2017). 
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Abstract 

Context Species habitat suitability models rarely incorporate multiple spatial scales or functional shapes of a 

ǎǇŜŎƛŜǎΩ ǊŜǎǇƻƴǎŜ ǘƻ ŎƻǾŀǊƛŀǘŜǎΦ hǇǘƛƳƛȊƛƴƎ ƳƻŘŜƭǎ ŦƻǊ ǘƘŜǎŜ ŦŀŎǘƻǊǎ Ƴŀȅ ǇǊƻŘǳŎŜ ƳƻǊŜ ǊƻōǳǎǘΣ ǊŜƭƛŀōƭŜΣ ŀƴŘ 

ƛƴŦƻǊƳŀǘƛǾŜ Ƙŀōƛǘŀǘ ǎǳƛǘŀōƛƭƛǘȅ ƳƻŘŜƭǎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ōŜƴŜŬŎƛŀƭ for the conservation of rare and endangered 

species, such as tigers (Panthera tigris). 

Objectives ²Ŝ ǇǊƻǾƛŘŜ ǘƘŜ ŬǊǎǘ ŦƻǊƳŀƭ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ǊŜƭŀǘƛǾŜ ƛƳǇŀŎǘǎ ƻŦ ǎŎŀƭŜ-optimization and shape-

optimization on model performance and habitat suitability predictions. We explored how optimization 

ƛƴƅǳŜƴŎŜǎ ŎƻƴŎƭǳǎƛƻƴǎ ǊŜƎŀǊŘƛƴƎ Ƙŀōƛǘŀǘ ǎŜƭŜŎǘƛƻƴ ŀƴŘ ƳŀǇǇŜŘ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ƻŎŎǳǊǊŜƴŎŜΦ 

Methods We collated environmental variables expected to affect tiger occurrence, calculating focal statistics 

and landscape metrics at spatial scales ranging from 250m to 16km. We then constructed a set of presenceς

absence generalized linear models including: (1) single-scale optimized models (SSO); (2) a multi-scale 
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optimized model (MSO); (3) single-scale shape-optimized models (SSSO); and (4) a multi-scale- and shape-

optimized model (MSSO). We compared performance and resulting prediction maps for top performing 

models. 

Results The SSO (16km), SSSO (16km), MSO, and MSSO models performed equally well (AUC [0.9). However, 

these differed substantially in prediction and mapped habitat suitability, leading to different ecological 

understanding and potentially divergent conservation recommendations. Habitat selection was highly scale-

dependent and the strongest relationships with environmental variables were at the broadest scales 

ŀƴŀƭȅǎŜŘΦ aƻŘŜƭƭƛƴƎ ŀǇǇǊƻŀŎƘ ƘŀŘ ŀ ǎǳōǎǘŀƴǘƛŀƭ ƛƴƅǳŜƴŎŜ ƛƴ ǾŀǊƛŀōƭŜ ƛƳǇƻǊǘŀƴŎŜ ŀƳƻƴƎ ǘƻǇ ƳƻŘŜƭǎΦ 

Conclusions Our results suggest that optimization of the scale of resource selection is crucial in modelling 

tiger habitat selection. However, in this analysis, shape-optimization did not improve model performance.  

 

Keywords functional form; habitat selection; Panthera tigris; scale-optimization; shape-optimization; Dong 

Phayayen-Khao Yai Forest Complex   

 

1. Introduction 

Much of modern ecological analysis is underpinned by ecological niche theory (Hutchinson 1957). At 

the center of ecological inquiries is the organism, with its distribution, abundance, and survival dictated by 

ƛǘǎ ƴƛŎƘŜΣ ŘŜŬƴŜŘ ŀǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ƭƛƳƛǘŜŘ ǊŜǎƻǳǊŎŜǎ ǿƛǘƘƛƴ ŀƴ n-dimensional hypervolume of continuous 

space (Hegel et al. 2010; Blonder 2018). The proliferation of modern analytical tools (Elith et al. 2006; Blonder 

2018) and increased computational power to quantify these fundamental and realized niches has advanced 

ǘƘŜ ŬŜƭŘ ƻŦ ƭŀƴŘǎŎŀǇŜ ŜŎƻƭƻƎȅ ŀƴŘ Ŝƴŀōled more powerful habitat selection modelling (Hegel et al. 2010). 

However, such assessments, even for well-studied species, are rarely straightforward (Mayor et al. 2009).  

Gradients of factors along niche hypervolume axes can exhibit complex patterns across a continuum 

of spatial scales (Cushman 2007; Hegel et al. 2010), with organism responses to its environment 

ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƛƴƅǳŜƴŎŜŘ ōȅ ōƻǘƘ ŬƴŜ- and broad-scale environmental attributes (Wiens 1976; Johnson et 

al. 1992; Levin 1992). bƻ ǎƛƴƎƭŜ ǎǇŀǘƛŀƭ ǎŎŀƭŜ ƛǎ ǘȅǇƛŎŀƭƭȅ ǎǳŦŬŎƛŜƴǘ ǘƻ ŜƭǳŎƛŘŀǘŜ ƻǊƎŀƴƛǎƳ-habitat relationships. 
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Thus, investigations into habitat selection should be conducted at multiple, ecologically-relevant spatial 

scales (Wiens 1989; Goodwin and Fahrig 1998; McGarigal et al. 2016). In addition, organism responses to 

environmental and other factors, may not necessarily be linear. Austin et al. (1990) provide evidence of 

complex, non-ƭƛƴŜŀǊ ƻǊƎŀƴƛǎƳ ǊŜǎǇƻƴǎŜǎ ƛƴ Ƙŀōƛǘŀǘ ǎǘǳŘƛŜǎΣ ŀ ǊŜǎǳƭǘ ǊŜƅŜŎǘŜŘ ƛƴ ŀ ƴǳƳōŜǊ ƻŦ ƻǘƘŜǊ ǎǘǳŘƛŜǎ ƻƴ 

species-habitat relationships (Wasserman et al. 2012; Hebblewhite et al. 2014; Timm et al. 2016; Bosco et al. 

2019; Macdonald et al. 2019). However, related assumptions pertaining to these relationships have largely 

been untested. 

The importance of incorporating spatial scale into modelling of speciesςhabitat relationships is well-

established (McGarigal and Cushman 2002; McGarigal et al. 2016). Failing to do so can undermine the 

performance of habitat selection models and their interpretation (e.g., Wasserman et al. 2012; Mateo-

Sanchez et al. 2014; Shirk et al. 2014), potentially leading to errors of inference and application (McGarigal 

and Cushman 2002; Wasserman et al. 2012). Optimized multiple-scale approaches (see definitions by 

McGarigal et al. [2016]) have been used to model habitat selection, limiting factors, and threats for a number 

of species (Thompson and McGarigal 2002; Toews 2011; Gonthier et al. 2014; Wan et al. 2017), and typically 

out-perform single-scale models in predictive or explanatory power (Kanagaraj et al. 2011; Wasserman et al. 

2012; Mateo-Sanchez et al. 2014; Timm et al. 2016; McGarigal et al. 2016). It is notable, that despite the 

ƛƴŎǊŜŀǎŜŘ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ƻŦ ǎŎŀƭŜ ƛƴ Ƙŀōƛǘŀǘ ǎǳƛǘŀōƛƭƛǘȅ ǎǘǳŘƛŜǎ ǎƛƴŎŜ ǘƘŜ ǇǳōƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ƛƴƅǳŜntial McGarigal 

et al. (2016) review paper, few studies have formally applied scale-optimization to evaluate the effects of 

landscape components on species habitat suitability at multiple scales. 

/ƻƴǾŜǊǎŜƭȅΣ ǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭ ǎƘŀǇŜ ƻŦ ŀ ǎǇŜŎƛŜǎΩ ǊŜǎǇƻƴǎŜ ǘƻ ŎƻǾŀǊiates (i.e., 

functional form) affects model performance has largely been overlooked. Assuming a single response type 

for data being modelled may fail to account for different forms of relationship, an assumption that may not 

be appropriate even for modelling simple ecological associations (Oksanen and Minchin 2002). Indeed, the 

functional form of speciesςhabitat relationships can vary across habitat characteristics (Redfern et al. 2006) 

and scales (Wan et al. 2017). Inclusion of variable-ǎǇŜŎƛŬŎΣ ƴƻƴ-linear functional relationships may strengthen 
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the relationship between dependent and independent variables, improving representation of covariates in 

top models that may otherwise be obscured and, potentially, improving explanatory power (Carle 2006). 

Generalized linear models (GLMs) have been the most widely-used approach in habitat modelling 

ǎǘǳŘƛŜǎΣ ƎƛǾŜƴ ǘƘŜƛǊ ƛƴǘǳƛǘƛǾŜƴŜǎǎ ŀƴŘ ƅŜȄƛōƛƭƛǘȅ (McGarigal et al. 2016). GLMs assume a linear relationship 

between link function-transformed predictor variables and explanatory variables (Nelder and Wedderburn 

1972). However, variables may have unique, non-linear response shapes. The vast majority of habitat 

relationships studies have assumed linear relationships. In the relatively few cases in which different 

functional forms have been explicitly investigated, they have typically been restricted to quadratic 

relationships (Mateo-Sanchez et al. 2014; Mashintonio et al. 2014; Dzialak et al. 2015; Bosco et al. 2019; 

Macdonald et al. 2019). A few studies have examined other, more complex relationships ό.ŀǊπaŀǎǎŀŘŀ Ŝǘ ŀƭΦ 

2011; Fisher et al. 2011; Mateo-Sánchez et al. 2015; Devoe et al. 2015; Shirk et al. 2018), although this 

appears not to have widespread application. Importantly, no published study, to our knowledge, has formally 

compared the performance and interpretation of models with and without functional shape-optimization.  

The effect of scale- and shape-optimization in quantifying species niches and, by extension, species-

habitat relationships merits investigation. Our goal in this paper is to explicitly evaluate the effects of scale-

and shape-optimization on modelling habitat selection, using a globally important and understudied tiger 

population in Thailand as a case study. Tigers are an ideal species in which to investigate this, given large 

home ranges (Smith 1993; Sunquist 2010)Σ ǇƻǘŜƴǘƛŀƭ ƛƴƅǳŜƴŎŜ ƻŦ ōǊƻŀŘ-scale environmental variation 

(Krishnamurthy et al. 2016; Reddy et al. 2017), and high conservation priority (Lynam and Nowell 2011; 

Goodrich et al. 2015). Using long-term camera-trap studies, we evaluate how shape- and scale-optimization 

affect predictive power and interpretation of models in comparison with non-optimized models. In doing so, 

ǿŜ ŀƭǎƻ ŜǾŀƭǳŀǘŜ Ƙƻǿ ŎƻǾŀǊƛŀǘŜǎ ƛƴƅǳŜƴŎŜ Ƙŀōƛǘŀǘ ǎŜƭŜŎǘƛƻƴ ƻŦ ǘƛgers and the degree of scale- and shape-

dependency.  We test four central hypotheses. First, we expect that habitat selection is highly scale-

dependent, with clear patterns of relationship between the scale of analysis and strength of relationship 

between occurrence and environmental variables. Second, we expect that, for most variables, the 

ǊŜƭŀǘƛƻƴǎƘƛǇ ǿƛǘƘ ǘƛƎŜǊ ƻŎŎǳǊǊŜƴŎŜ ǿƛƭƭ ōŜ ǎǘǊƻƴƎŜǎǘ ŀǘ ōǊƻŀŘ ǎǇŀǘƛŀƭ ǎŎŀƭŜǎΣ ǊŜƅŜŎǘƛƴƎ ƭŀǊƎŜ ƘƻƳŜ ǊŀƴƎŜ ǎƛȊŜǎ 
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ŀƴŘ ƘƛƎƘ ǎŜƴǎƛǘƛǾƛǘȅ ǘƻ ƘǳƳŀƴ ƛƴƅǳŜƴŎŜǎΦ ¢ƘƛǊŘΣ ǿŜ ŜȄǇŜŎǘ the multi scale-optimized model to outperform 

any of the single-scale optimized models, given evidence from previous studies. Lastly, we expect that shape-

optimized models will outperform non-optimized models, given each variable is included with its 

independent shape of functional relationship with species occurrence. 

 

2. Methods 

2.1 Study site  

The Dong PhayayenςKhao Yai Forest Complex (DPKY) covers 6,155km2 in eastern Thailand (Fig. 1). It 

Ŏƻƴǎƛǎǘǎ ƻŦ ŬǾŜ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎτKhao Yai National Park (KYNP), Thap Lan National Park (TLNP), Pang Sida 

National Park (PSNP), Ta Phraya National Park (TPNP), and Dong Yai Wildlife Sanctuary  (DYWS). The complex 

is relatively mountainous with elevations ranging from 100m to 1,351 m a.s.l. It contains a number of forest 

types, but primarily consists of mixed evergreen (77%) and mixed dipterocarp/deciduous primary and 

secondary forest (6%). The complex is biologically diverse, supporting 112 mammalian species, 392 birds, 

200 reptiles/amphibians, and 2,500 plant species (DNP 2004), and is on the UNESCO World Heritage List in 

recognition of its outstanding natural and conservation value (UNESCO 2017). Currently, DPKY is almost 

completely surrounded by villages and human infrastructure. 

 

2.2 Camera-trap surveys and data processing 

From 2008 to 2017, we conducted camera-trap surveys throughout DPKY to investigate tiger 

ǇǊŜǎŜƴŎŜ ƛƴ ŜŀŎƘ ƻŦ ƛǘǎ ŬǾŜ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎ (Ash et al. 2020). Survey coverage and intensity increased during 

this period as funding, camera-traps, and related resources increased, covering diverse habitats across DPKY. 

Within these areas, cameras were placed to maximize detection of tigers by prioritizing camera placement 

in areas with previous tiger or prey records and identifying topographic (e.g., ridges, river valleys) or other 

features (e.g., roads, trails) likely used by tigers (Karanth and Chundawat 2002; Sunarto et al. 2012; Barber-

Meyer et al. 2013). To reduce spatial autocorrelation, if more than one camera was present within a 300m 

radius, we selected the camera with the highest number of tiger detections or, if no tigers were detected, by  
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Fig. 1 Map of the Dong PhayayenςKhao Yai foǊŜǎǘ ŎƻƳǇƭŜȄ ό5tY¸ύ ŀƴŘ ƛǘǎ ŬǾŜ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎ όϤ мп° ллΩ ǘƻ мп° ооΩ b 

and ~ 101° лрΩ ǘƻ мло° мпΩ 9ύτDong Yai Wildlife Sanctuary (DYWS), Khao Yai National Park (KYNP), Pang Sida National 

Park (PSNP), Thap Lan National Park (TLNP), and Ta Phraya National Park (TPNP). Map generated with ArcGIS 10.3.1 

(Environmental Systems Research Incorporated, ESRI, Red-lands, CA, USA, 2011) with forest cover derived from Hansen 

et al. (2013).  

 

greatest survey effort (camera-trap nights [CTN]). A more detailed description of surveys is provided in Ash 

et al. (2020) and supplementary online materials (Online Resource 1). 

 

2.3 Predictor variables 

We compiled a set of nine environmental predictor variables based on previous studies of tigers 

throughout their range (Wibisono et al. 2011; Sunarto et al. 2012; Ngoprasert et al. 2012; Kafley et al. 2016; 

Thapa and Kelly 2017). These primary variables were further transformed into more biologically informative 

predictor variables (Table 1) using class and landscape level spatial statistics (McGarigal et al. 2012). Variables 

were prepared in 30m ǊŜǎƻƭǳǘƛƻƴ ǘƻ ŜƴǎǳǊŜ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ŬƴŜ-scale variations in the environment. 

We used SRTM 1 (Shuttle Radar Topography Mission) arc-second global elevation data (Jarvis et al. 

2008), which we further transformed into several variables measuring topographic heterogeneity using the 

Geomorphometry & Gradient Metrics Toolbox (Evans et al. 2014) in ArcGIS 10.3.1 (Environmental Systems 

Research Incorporated, ESRI, Redlands, CA, USA, 2011). These included terrain roughness index (degree of 
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elevation difference between adjacent cells), slope position (surface to area ratio) and compound 

ǘƻǇƻƎǊŀǇƘƛŎ ƛƴŘŜȄ ό/¢LύΦ /¢L ƛǎ ŀ ƳŜŀǎǳǊŜ ƻŦ ƅƻǿ ŀŎŎǳƳǳƭŀǘƛƻƴ (Beven and Kirkby 1979), with low CTI values 

associated with ridges and mountaintops and high values associated with large, low-lying drainage areas. 

Percent forest cover (Hansen et al. 2013) ǿŀǎ ǊŜŎƭŀǎǎƛŬŜŘ ƛƴǘƻ ǘƘǊŜŜ ŎƭŀǎǎŜǎΣ ƴƻƴ-forest (0ς20%), 

open forest (20ς40%) and closed forest (>40%). Furthermore, the global land cover map (European Space 

Agency 2015) ǿŀǎ ŎƭŀǎǎƛŬŜŘ ƛƴǘƻ ŜƛƎƘǘ ǎǘǳŘȅ-relevant area classes. Since some forest types (Royal Forestry 

Department 2000) were similar or under-ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ ƻǳǊ ǎǘǳŘȅ ŀǊŜŀΣ ǿŜ ǊŜŎƭŀǎǎƛŬŜŘ ŜƛƎƘǘ ŦƻǊŜǎǘ ǘȅǇŜǎ 

from an ƻǊƛƎƛƴŀƭ мн ŎƭŀǎǎŜǎΦ {ǘǊŜŀƳǎ ŀƴŘ ǊƛǾŜǊǎ ǿŜǊŜ ƛƴŎƭǳŘŜŘΣ ōǳǘ ǿŜǊŜ ǊŜŎƭŀǎǎƛŬŜŘ ǘƻ ƻƴƭȅ ƛƴŎƭǳŘŜ ǇŜǊŜƴƴƛŀƭ 

rivers/streams (Royal Forestry Department 2000).  

To test associations at different spatial scales, we transformed variables into seven multi-scale 

predictor variables (250m, 500m, 1km, 2km, 4km, 8km, and 16km). For continuous variables, we generated 

focal statistics (focal mean and standard deviation) in ArcGIS using a moving circular window with radius 

equal to each scale. For categorical variables, we calculated landscape metrics in FRAGSTATS (McGarigal et 

al. 2012) using moving windows for each spatial scale. For class-level statistics, we calculated area-weighted 

mean radius of gyration (GYR, also known as correlation length), which is a measure of mean potential travel 

distance within a habitat patch, or habitat extent, and percentage of habitat within the focal landscape 

(PLAND). At the landscape-level we calculated contrast-ǿŜƛƎƘǘŜŘ ŜŘƎŜ ŘŜƴǎƛǘȅ ό/²95ύΣ ǿƘƛŎƘ ǉǳŀƴǘƛŬŜǎ ǘƘŜ 

ƛƴƅǳŜƴŎŜ ƻŦ Ƙŀōƛǘŀǘ ŜŘƎŜǎ Ǿƛŀ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ŎƻƴǘǊŀǎǘ ōŜǘǿŜŜƴ ŀŘƧŀŎŜƴǘ ǇŀǘŎƘŜǎΦ ²Ŝ ŀƭǎƻ ŎŀƭŎǳƭŀǘŜŘ ǇŀǘŎƘ 

density (PD), a measure of the subdivision of habitat within the landscape (i.e., number of patches divided 

ōȅ ŀǊŜŀύΦ [ŀǎǘƭȅΣ ǿŜ ŎŀƭŎǳƭŀǘŜŘ ŀƎƎǊŜƎŀǘƛƻƴ ƛƴŘŜȄ ό!LύΣ ǿƘƛŎƘ ǉǳŀƴǘƛŬŜǎ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ŘƛǎǇŜǊǎƛƻƴ ƻŦ Ƙŀōƛǘŀǘ 

patches within the landscape. In total, we prepared 47 variables to investigate how spatial composition and 

ŎƻƴŬƎǳǊŀǘƛƻƴ ƻŦ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ŀǘ ǾŀǊƛƻǳǎ ǎŎŀƭŜǎ ƛƴƅǳŜƴŎŜǎ ǘƛƎŜǊ ŘŜǘŜŎǘƛƻƴǎ ό¢ŀōƭŜ мύΦ 

 

2.4 Data analysis 
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¢ƻ ŀǎǎŜǎǎ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ǎŎŀƭŜ- and shape-optimization on model performance, we compared four 

approaches: (1) Single-scale optimized models (SSO); (2) A multi-scale optimized model (MSO); (3) Single-

scale shape-optimized models (SSSO); and (4) A multi-scale-and shape-optimized model (MSSO). 

 

2.5 Model 1 ς Single-scale optimized model approach 

To provide a baseline for assessing the effects of optimization on model performance, we developed 

a suite of seven independent models, one for each scale (250m to 16km), in which no optimization steps 

were applied (single-scale optimized [SSO]). This corresponds to what McGarigal et al. (2016) termed pseudo-

optimized single-scale (ms4). For these models, the number of variables was reduced through a series of 

filtering steps. (1) Using the glmer function in the lme4 package in R (Bates et al. 2014; R Development Core 

Team 2017), we produced a univariate generalized linear model (GLM) with a logit link function for each 

variable at each scale. (2) We required that p <0.05 for each vŀǊƛŀōƭŜΦ όоύ CƻǊ ŀƭƭ ǾŀǊƛŀōƭŜǎ ǿƛǘƘ ŀ tŜŀǊǎƻƴΩǎ 

ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŬŎƛŜƴǘ μr|> 0.6, we selected the variable with the lowest AICc value in each univariate GLM 

(Burnham and Anderson 2002).  

¢ƘŜǎŜ ŬƭǘŜǊƛƴƎ ǎǘŜǇǎ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ мм ǘƻ мф ǾŀǊƛŀōƭŜǎΣ ƛƴŎƭǳŘƛƴƎ ǎǳǊǾŜȅ ŜŦŦƻǊǘ ό/¢bύΣ ŀƳƻƴƎ ŜŀŎƘ 

of the seven scales (Online ReǎƻǳǊŎŜ нΣ ¢ŀōƭŜ нύΦ ¢ƻ ŬƴŘ ǘƘŜ Ƴƻǎǘ ǇŀǊǎƛƳƻƴƛƻǳǎ ƳƻŘŜƭ ŦƻǊ ŜŀŎƘ ǎǇŀǘƛŀƭ ǎŎŀƭŜ 

ǿŜ ǳǎŜŘ ǘƘŜ ΨōƛƻǎǘŀǘǎΩ ǇŀŎƪŀƎŜ ƛƴ w (McGarigal 2018), a set of functions which (1) produced models for all 

combinations of the standardized predictor variables, subsetting the best performing models ranked by 

ɲAICc (defined in our models as ɲAICc < 2); (2) averaged a final set of models and calculated goodness-of-fit 

statistics, including proportion deviance explained for each candidate model; and (3) ranked variable 

ƛƳǇƻǊǘŀƴŎŜ ƛƴ ǘƘŜ Ŧƛƴŀƭ ƳƻŘŜƭ ǿƛǘƘ ŀǾŜǊŀƎŜŘ ŎƻŜŦŦƛŎƛŜƴǘǎ ōŀǎŜŘ ƻƴ !ƪŀƛƪŜΩǎ ƳƻŘŜƭ ǿŜƛƎƘǘ όǿi).  

 

2.6 Model 2 ς Multi-scale optimized model approach 

For the multi-scale optimized (MSO) ƳƻŘŜƭΣ ǿŜ ǎŜƭŜŎǘŜŘ ǘƘŜ ǎŎŀƭŜ ƻŦ ōŜǎǘ Ŭǘ ŦƻǊ ŜŀŎƘ ǾŀǊƛŀōƭŜ ǇǊƛƻǊ 

ǘƻ ǘƘŜ ŬƭǘŜǊƛƴƎ ǎǘŜǇǎ ŀƴŘ ƛƴŎƭǳǎƛƻƴ ƛƴ ǘƘŜ Ŭƴŀƭ ƳƻŘŜƭΦ CƻǊ ŜŀŎƘ ǾŀǊƛŀōƭŜΣ ǿŜ ŘŜǾŜƭƻǇŜŘ ŀ ǳƴƛǾŀǊƛŀǘŜ D[a ŦƻǊ 

ŜŀŎƘ ǎŎŀƭŜ ŀƴŘ ǎŜƭŜŎǘŜŘ ŀƳƻƴƎ ŎƻǊǊŜƭŀǘŜŘ ǾŀǊƛŀōƭŜǎ όtŜŀǊǎƻƴΩǎ ŎƻŜŦŬŎƛŜƴǘ μr|> 0.6) by lowest AICc value.   
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Table 1 Variables included in univariate model selection, metrics, and data sources. Landscape statistics include focal 

mean and standard deviation (SD). Landscape metrics include percentage of landscape (PLAND), area weighted mean 

of radius of gyration/correlation length (GYR), contrast-weighted edge density (CWED), patch density (PD), and 

aggregation index (AI). 

 

 

Scale-ǎǇŜŎƛŬŎ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ǘƘŜƴ ƛƴŎƭǳŘŜŘ ƛƴ ŀ ƳǳƭǘƛǾŀǊƛŀǘŜ D[a ǳǎƛƴƎ ǘƘŜ ΨōƛƻǎǘŀǘǎΩ ǎŜǘ ƻŦ ŦǳƴŎǘƛƻƴǎ 

(McGarigal 2018) to subset best performing models, calculate goodness-of-Ŭǘ ǎǘŀǘƛǎǘƛŎǎΣ ŀƴŘ Ǌŀƴƪ ǾŀǊƛŀōƭŜ 

ƛƳǇƻǊǘŀƴŎŜ ƛƴ ǘƘŜ Ŭƴŀƭ ƳƻŘŜƭΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ƛǎ ǿƘŀǘ McGarigal et al. (2016) termed (pseudo-)optimized 

multiple scales (ms5), as we optimized our model based on a range of scales determined a priori rather than 

selecting among an unconstrained range of continuous scales. 

 

2.7 Model 3 ς Single-scale and shape-optimized model approach  

Variable ID Metric Data Source 

Elevation DEM Focal mean & SD Jarvis et al. 2008; http://srtm.csi.cgiar.org) 

Protected area boundary BOUND Focal mean Royal Forestry Department (2000) 

Forest class: 1-Non-forest (0ς20%); 
2-Open canopy (20ς40%); 3-Closed 
canopy ([ 40%) 

TC PLAND & GYR Reclassified from Hansen et al. (2013) 

Forest type:   1-Evergreen; 2-Mixed 
Deciduous; 3-Dry Dipterocarp; 4-
Reforested Areas; 5-Bamboo Forest; 
6-Secondary Forest/Old Clearing; 7-
Grassland/Scrubland 

FT PLAND & GYR Reclassified from Royal Forestry Department 
(2000) 

Terrain Roughness Index (TRI) TRI Focal mean & SD Derived from Jarvis et al. 2008; 
http://srtm.csi.cgiar.org) and Evans et al. 
(2014)  

Slope position SLOPE Focal mean & SD Derived from Jarvis et al. 2008; 
http://srtm.csi.cgiar.org) and Evans et al. 
(2014) 

Streams/Rivers  STRC1 Focal mean Reclassified from Royal Forestry Department 
(2000) 

Compound topographic index (i.e., 
flow accumulation) 

CTI Focal mean & SD Derived from Jarvis et al. 2008; 
http://srtm.csi.cgiar.org) and Evans et al. 
(2014) 

Land cover classes: 1-Cropland; 2-
Mosaic cropland; 3-Forest/Natural 
vegetation; 4-Shrubland/grassland; 
5-Sparse vegetation & bare areas; 6-
Urban Areas; 7-Water 

LC PLAND, GYR, 
CWED, PD, AI 

Reclassified from European Space Agency 
(2015; www.esa-landcover-
cci.org/?q=node/175)  
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To investigate the effects of shape-optimization on model performance, we developed seven 

independent single-scale shape-optimized (SSSO) models, one for each scale (250m to 16km), in which 

variables were included at an optimal functional form. To determine candidate functional forms to 

investigate, we plotted nonlinear splines using plsmo in the R package Hmisc (Harrell 2018) between variables 

ŀƴŘ ōƛƴƻƳƛŀƭ ǘƛƎŜǊ ŘŜǘŜŎǘƛƻƴǎΦ !ƳƻƴƎ ǊŜǎǳƭǘƛƴƎ ǇƭƻǘǎΣ ǿŜ ƛŘŜƴǘƛŬŜŘ ŦƻǳǊ ǇƻǘŜƴǘƛŀƭ ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳǎ 

(quadratic, logarithmic, exponential, and negative exponential). These functions were used to transform 

variables at their optimal scales ƛƴ ǳƴƛǾŀǊƛŀǘŜ D[aǎΣ ŀǎ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΦ ¦ƴƳƻŘƛŬŜŘ ƭƛƴŜŀǊ ŦƻǊƳǎ ǿŜǊŜ ŀƭǎƻ 

ƛƴŎƭǳŘŜŘΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ŬǾŜ ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳǎ ǘŜǎǘŜŘ ƛƴ ǘƘƛǎ ƳƻŘŜƭ ŀǇǇǊƻŀŎƘΦ ¢ƘŜ ōŜǎǘ ǇŜǊŦƻǊƳƛƴƎ ǎƘŀǇŜ ŦƻǊ ŜŀŎƘ 

variable was determined by lowest AICc value before conducting, as previoǳǎƭȅ ŘŜǎŎǊƛōŜŘΣ ŬƭǘŜǊƛƴƎ ōŀǎŜŘ ƻƴ 

p-ǾŀƭǳŜǎ ŀƴŘ ŎƻƭƭƛƴŜŀǊƛǘȅΦ Lƴ ǘƘŜ Ŭƴŀƭ ƳǳƭǘƛǾŀǊƛŀǘŜ D[a ŦƻǊ ŜŀŎƘ ǎŎŀƭŜΣ ŦƻǊ ǉǳŀŘǊŀǘƛŎ ǾŀǊƛŀōƭŜǎΣ ǿŜ ƛƴŎƭǳŘŜŘ 

both linear and quadratic terms as separate explanatory variables. We were able to include these quadratic 

terms ǳǎƛƴƎ ΨōƛƻǎǘŀǘǎΩ (McGarigal 2018), while running all combinations of models, providing an advantage 

over other similar approaches, such as dredge ό.ŀǊǘƻƵ нлмуύ. 

 

2.8 Model 4 ς Multi-scale- and shape-optimized model approach  

In the multi-scale and shape-optimized (MSSO) model, we include both scale- and shape-optimization. As in 

MSO and SSSO models, we determined the best performing shape and scale for each variable by lowest AICc 

ǾŀƭǳŜ ōŜŦƻǊŜ ŎƻƴŘǳŎǘƛƴƎ ŬƭǘŜǊƛƴƎ ōŀǎŜŘ on p-values and collinearity. In effect, variables were included in a 

Ŭƴŀƭ ƳǳƭǘƛǾŀǊƛŀǘŜ D[a ŀǘ ǘƘŜƛǊ ƻǇǘƛƳŀƭ ǎŎŀƭŜ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳΦ !ǎ ƛƴ ǘƘŜ {{{h approach, for quadratic 

variables, we included both linear and quadratic terms as separate explanatory vŀǊƛŀōƭŜǎ ǳǎƛƴƎ ΨōƛƻǎǘŀǘǎΩ 

(McGarigal 2018).  

 

2.9 Evaluating model performance and variable importance 

We evaluated model performance in three ways. First, we calculated sensitivity (correctly predicted 

presence/total points presentύΣ ǎǇŜŎƛŬŎƛǘȅ όcorrectly predicted absence/total points absent), percent correctly 

ŎƭŀǎǎƛŬŜŘ όt//Τ ǎǳƳƳŀǊȅ ƻŦ ŎƻǊǊŜŎǘƭȅ ǇǊŜŘƛŎǘŜŘ Ǉƻƛƴǘǎ ŀǘ ŀ ŘŜŬƴŜŘ ǘƘǊŜǎƘƻƭŘ), Kappa (proportion correctly  
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Table 2 Summary of model performance statistics for single-scale optimized (SSO) models, single-scale shape-optimized 

(SSSO) models, the multi-scale optimized (MSO) model, and the multi-scale and shape-optimized (MSSO) model. 

Model Threshold PCC Sensitivity Specificity Kappa AUC 

SSO - 250m 0.37 0.8700 0.5965 0.9462 0.5873 0.85 
SSSO - 250m 0.46 0.8719 0.5175 0.9707 0.5651 0.86 
SSO - 500m 0.41 0.8719 0.6140 0.9438 0.5975 0.87 
SSSO - 500m 0.41 0.8681 0.5877 0.9462 0.5798 0.88 
SSO - 1km 0.39 0.8413 0.5526 0.9218 0.5047 0.86 
SSSO - 1km 0.35 0.8375 0.6579 0.8875 0.5336 0.87 
SSO - 2km 0.27 0.8145 0.8246 0.8117 0.5391 0.88 
SSSO - 2km 0.27 0.8222 0.7632 0.8386 0.5357 0.88 
SSO - 4km 0.32 0.8509 0.7456 0.8802 0.5886 0.90 
SSSO - 4km 0.33 0.8547 0.7807 0.8753 0.6062 0.90 
SSO - 8km 0.40 0.8700 0.6667 0.9267 0.6087 0.91 
SSSO - 8km 0.45 0.8795 0.7018 0.9291 0.6410 0.91 
SSO - 16km 0.54 0.8929 0.6491 0.9609 0.6601 0.93 
SSSO - 16km 0.54 0.8891 0.6667 0.9511 0.6551 0.93 
MSO 0.37 0.8891 0.7456 0.9291 0.6747 0.92 
MSSO 0.43 0.8815 0.7018 0.9315 0.6455 0.93 

 

predicted points accounting for probability of chance), and area under the ROC curve (AUC). We measured 

variable importance via AICc variable importance from the model averaging table and magnitude of the 

ǎǘŀƴŘŀǊŘƛȊŜŘ ŎƻŜŦŬŎƛŜƴǘǎ (Wasserman et al. 2012)Φ ²Ŝ ǘŜǎǘŜŘ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ŜŀŎƘ ǾŀǊƛŀōƭŜ ƛƳǇƻǊǘŀƴŎŜ ŦǊƻƳ 

ǘƘŜ ƳƻŘŜƭ ŀǾŜǊŀƎƛƴƎ ǘŀōƭŜ ŀƴŘ ƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ ǎǘŀƴŘŀǊŘƛȊŜŘ ŎƻŜŦŬŎƛŜƴǘǎ (Wasserman et al. 2012). We also 

ǘŜǎǘŜŘ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ŜŀŎƘ ǾŀǊƛŀōƭŜ ƻƴ ƳƻŘŜƭ ǇŜǊŦƻǊƳance by calculating the difference in probability of 

tiger detections when the variable increases from the 10th to 100th percentile using standardized values and 

holding all other variables constant at their medians. Variables were back-transformed to original values and 

plotted to evaluate changes in probability of tiger presence relative to changes in each variable. Lastly, we 

generated prediction maps to investigate differences in predictions for each modelling approach. These maps 

depict spatial variation in predicted tiger presence, with each cell containing a predicted presence value 

ranging from 0 (absent) to 1 (present). To compare predictive maps between the four top models, we used 

three approaches. First, we calculated the correlation between the pixel values in each of the four maps. 

Second, we calculated the average absolute difference between the pixel values in the four maps. Third, we 

ŎƭŀǎǎƛŬŜŘ ǘƘŜ ŦƻǳǊ ƳŀǇǎ ƛƴǘƻ ƘƛƎƘ ǉǳŀƭƛǘȅ όƎǊŜŀǘŜǊ ǘƘŀƴ ǇǊƻōŀōƛƭƛǘȅ ƻŦ лΦтύ ŀƴŘ ƳƛŘ-high quality habitat 

(greater than probability of 0.5). We then used FRAGSTATS (McGarigal et al. 2012) to calculate percentage 
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of landscape (PLAND), patch density (PD), correlation length (GYR) and largest patch index (LPI) for each of 

the maps. 

 

3. Results  

3.1 Model performance 

All models demonstrated high predictive performance, with AUC ranging from a low of 0.85 (for the 

250m single-scale optimized [SSO] model) to 0.93 for the multi-scale and shape-optimized (MSSO) model and 

the top single scale-optimized 16km models (SSO and SSSO; Table 2). Similarly, the Kappa statistic, percent 

ƻōǎŜǊǾŀǘƛƻƴǎ ŎƻǊǊŜŎǘƭȅ ŎƭŀǎǎƛŬŜŘΣ ƳƻŘŜƭ ǎŜƴǎƛǘƛǾƛǘȅΣ ŀƴŘ ǎǇŜŎƛŬŎƛǘȅ ǿŜǊŜ ƘƛƎƘ ŦƻǊ ŀƭƭ ƳƻŘŜƭǎΣ ǿƛǘƘ ǘƘŜ м6km 

SSO, 16km SSSO, MSO, MSSO models generally out-performing smaller-scale SSO models. There was slight 

disagreement among these measures in terms of which of these models had the highest performance. The 

16km SSO, 16km SSSO, and MSSO models had the highest performance based on AUC (0.93), MSO had the 

highest performance based on Kappa, and the 16km SSO had the highest performance based on PCC. All four 

of these models had very high performance, with AUC over 0.90, PCC greater than 0.88, and Kappa greater 

than 0.64, which demonstrates exceptionally high ability to correctly discriminate between detection and 

non-detection points. 

 

3.2 Model interpretation  

Although the top models (16km SSO, 16km SSSO, MSO, and MSSO) each had very high and very 

similar predictive performance, they differed substantially in model interpretation. We base model 

interpretation on several characteristics: (1) variables included in the model, (2) scale at which each variable 

is included, (3) sign of the variables included, (4) variable importance, (5) the shape of variables included in 

SSSO and MSSO models, and (6) differences in prediction maps. 

 

3.3 Variables included 
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Camera effort (Cam_eff) was included in all four of the top models (SSO, MSO, SSSO, and MSSO), showing 

the universally high importance of sampling effort to model prediction. Other than camera effort, only 

ǇŜǊŎŜƴǘŀƎŜ ƻŦ ōŀƳōƻƻ ŦƻǊŜǎǘ όC¢рψt[!b5ύ ǿŀǎ ƛƴŎƭǳŘŜŘ ƛƴ ŀƭƭ ŦƻǳǊ ǘƻǇ ƳƻŘŜƭǎ όǿƛǘƘ ŀ ǇƻǎƛǘƛǾŜ ŎƻŜŦŬŎƛŜƴǘύΣ 

indicating that the extent of bamboo forest surrounding a sampling location is a ubiquitously important 

predictor of tiger occurrence in the study area. No other variable was included in all four of the top models, 

although secondary growth forest (FT_6) was included in all four top models based on slightly different 

Cw!D{¢!¢{ ƳŜǘǊƛŎǎΣ ǿƘƛŎƘ ƳŜŀǎǳǊŜ ŜȄǘŜƴǎƛǾŜƴŜǎǎ ƻŦ ǘƘŜ ŎƻǾŜǊ ǘȅǇŜΦ {ǇŜŎƛŬŎŀƭƭȅΣ ŎƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ 

secondary growth forest (FT6_GYR) was included in MSO, the 16km SSSO, and MSSO, while percentage of 

secondary growth forest (FT6_PLAND) was included in the 16km SSO. This suggests that the extensiveness of 

secondary growth forest is also an important predictor of tiger occurrence in the study area (with a negative 

ŎƻŜŦŬŎƛŜƴǘύΦ {ƛƳƛƭŀǊƭȅΣ ǘƘŜ ǎǘŀƴdard deviation of compound topographic index (CTI_SD), a measure of 

topographical complexity, was included in MSSO and the 16km SSO. Focal mean of topographical roughness 

index (TRI_FM) and standard deviation of elevation (DEM_SD), which measure similar attributes of 

topographical complexity, were also included in MSSO while standard deviation of elevation was also 

included in the 16km SSSO. This suggests that topographical heterogeneity is a consistently important 

predictor of tiger occurrence in the study area. Several variables were included in two of the four top models, 

with focal extensiveness of open forest (20ς40% forest cover; TC2_PLAND), included in both MSO and MSSO, 

but not in the top SSO and SSSO models. Similarly, focal extensiveness of shrubland/grassland (LC4_PLAND), 

was included in the MSO and 16km SSO/SSSO. Four variables were included in only one of the four top 

models, with percentage evergreen forest (FT1_PLAND) and percentage mosaic cropland (LC2_PLAND) 

included only in the 16km SSSO, correlation length of reforested areas (FT4_GYR) included only in MSSO, and 

correlation length of urban areas (LC6_GYR) included only in the 16km SSO. Three variables were shared 

between the 16km SSO and SSSO models while four variables were shared between both shape-optimized 

models (SSSO and MSSO). 
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Table 3 Generalized linear model results for the multi-scale and shape-optimized (MSSO) model, predicting tiger 

presence based on 1,166 detections of tiger in DPKY (2008ς2017), including standardized reƎǊŜǎǎƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎ όʲύΣ 

adjusted standard error, z-score (z), and significance (p).  

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -1.367 0.314 4.352 <0.001 

% Secondary Forest (16km) LOG FT6_PLAND_16000_LOG -0.777 0.210 3.702 <0.001 

Correlation length Secondary Forest (4km) L FT6_GYR_4000L -0.701 0.235 2.978 0.003 

Camera effort (# trap nights) Cam_eff 1.460 0.309 4.718 <0.001 

% Bamboo (16km) L FT5_PLAND_16000 1.028 0.525 1.960 0.050 

DEM Standard Deviation (16km) L DEM_SD_16000 0.995 0.308 3.226 0.001 

% Bamboo (16km) Q FT5_PLAND_16000Q -0.072 0.232 0.309 0.757 

DEM Standard Deviation (16km) Q DEM_SD_16000Q -0.866 0.336 2.575 0.010 

Focal mean of terrain roughness index (16km) L TRI_FM_16000L 1.165 0.502 2.317 0.020 

Focal mean of terrain roughness index (16km) Q TRI_FM_16000Q -1.671 0.579 2.887 0.004 

% Open forest (16km) L TC2_PLAND_16000_L -2.353 0.457 5.149 <0.001 

Correlation length of reforested areas (8km) L FT4_GYR_8000_L 0.968 0.321 3.011 0.003 

Correlation length of reforested areas (8km) Q FT4_GYR_8000_Q -0.555 0.195 2.844 0.004 

Shape (i.e., functional form) of each variable is indicated by: L linear, Q Quadratic, LOG Logarithmic. 

 

3.4 Variable scales 

Variables were generally represented at broad spatial scales. Almost all variables in the MSSO (six 

ƻǳǘ ƻŦ ǎŜǾŜƴΤ ¢ŀōƭŜ оύ ŀƴŘ a{h όŬǾŜ ƻǳǘ ƻŦ ǎŜǾŜƴΤ hƴƭƛƴŜ wŜǎƻǳǊŎŜ нΣ ¢ŀōƭŜ пύ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ŀǘ ǘƘŜ ōǊƻŀŘŜǎǘ 

spatial scales (8 and 16km). In MSO, the smallest scale represented was 1km, while the smallest scale 

represented in the MSSO was 4km. This representation of broad scales is also evident in the similarly strong 

predictive performance of both single-scale optimized (i.e., SSO and SSSO) 16km models compared with 

multi-scale optimized models. It is notable that the worst performing model was the SSO developed at the 

ŬƴŜǎǘ ǎǇŀǘƛŀƭ ǎŎŀƭŜ όнр0m). 

 

3.5 Variable sign 

The signs of shared variables remained consistent across our four top models. Variables with a 

positive relationship with tiger occurrence included camera effort (Cam_eff) and percentage of bamboo 

forest (FT5_PLAND) in all models, standard deviation of compound topographic index (CTI_SD) in the 16km 

SSO and MSO models, standard deviation of terrain roughness index (TRI_SD) in the MSSO model, and 

percentage of evergreen forest (FT1_PLAND) in the 16km SSSO. Variables with a negative relationship 
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Table 4 Summary of variable importance among top models, the single-scale optimized (SSO) 16km model, the single-

scale shape-optimized (SSSO) 16km model, the multi-scale optimized (MSO) model and the multi-scale and shape-

ƻǇǘƛƳƛȊŜŘ όa{{hύ ƳƻŘŜƭΦ {ǇŜŎƛŬŎ ƳŜǘǊƛŎǎ ƛƴŎƭǳŘŜ !L/Ŏ ǾŀǊƛŀōƭŜ ƛƳǇƻǊǘŀƴŎŜΣ ǎǘŀƴŘŀǊŘƛȊŜŘ ŎƻŜŦŬŎƛŜƴǘǎΣ ŀƴŘ ŎƘŀƴƎŜ ƛƴ 

probability of tiger presence with change in variable value from 10th to 100th percentiles. The SSSO and MSSO models 

included both linear (L) and quadratic (Q) terms for five variables. 

 AICc Variable Importance  Standardized Coefficients  ɲ Probability of Tiger Presence 

 SSO SSSO MSO MSSO  SSO SSSO MSO MSSO  SSO SSSO MSO MSSO 

Cam_eff 2 5 6 3  1.355 1.487 1.415 1.460  0.97 0.94 0.96 0.92 

CTI_SD 1 - 3 -  0.720 - 0.616 -  0.22 - 0.44 - 

DEM_SD - 4 - 1  - 
0.333L  
-0.868Q 

- 
0.995L   
-0.866Q 

 - 0.07 - 0.13 

FT1_PLAND - 1 - -  - 0.733 - -  - 0.12 - - 

FT4_GYR - - - 1  - - - 
0.968 L   
-0.555 Q 

 - - - 0.17 

FT5_PLAND 2 5 6 2  1.964 1.556 0.988 
1.028 L   

-0.072Q 
 0.90 0.70 0.46 0.55 

FT6_GYR - 2 5 3  - - 0.443 - 0.675 -0.701  - -0.10 -0.06 -0.13 

FT6_PLAND 2 - - 2  -1.827 - - -0.777  -0.11 - - -0.23 

LC2_PLAND - 5 - -  - 
- 1.130L   
-0.770Q 

    -0.10   

LC4_PLAND 2 2 1 -  -0.647 -0.496 -0.486 -  -0.08 -0.13 -0.06 - 

LC6_GYR 1 - - -  -0.613 - - -  -0.04 - - - 

TC2_GYR - - 2 -  - - -0.704 -  - - -0.11 - 

TC2_PLAND - - 5 1  - - -1.437 -2.353  - - -0.02 -0.58 

TRI_FM - - - 2  - - - 
1.165 L   
-1.671 Q 

 - - - 0.13 

TRI_SD - - 2 -  - - 0.384 -  - - 0.38 - 

 

 

included correlation length of secondary forest (FT6_GYR) in the 16km SSSO, MSO, and MSSO, percentage of 

open forest (TC2_PLAND) in both MSO and MSSO, correlation length of open forest (TC2_GYR) in MSO, 

percentage of shrubland/grassland (LC4_PLAND) in the 16km SSO, 16km SSSO, and MSO models, and 

correlation length of urban areas (LC6_GYR) in the 16km SSO model. Three variables in shape-optimized 

models (16km SSSO and MSSO) exhibited a positive parabolic relationship between probability of tiger 

presence and increasing variable values (Fig. 2; Online Resource 3, Fig. 4). These included standard deviation 

of elevation (DEM_SD; SSSO/MSSO), focal mean of terrain roughness index (TRI_FM; MSSO), and correlation 

length of reforested areas (FT4_GYR; MSSO). This indicates the probability of tiger presence peaks at 

intermediate values of these variables. 
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Fig. 2 Partial effects plots for the multi-scale and shape-optimized (MSSO) model showing changes in predicted 

probability of tiger presence when variables increase from their 10th to 100th percentile, holding other variables at 

their medians. Graphic generated in R (R Development Core Team 2017). 
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Fig. 3 Prediction maps of probability of tiger presence, with values ranging from 0 (predicted absent) to 1 (predicted 

present), generated from the top four fully averaged models ς (i) the single-scale optimized (SSO) 16km model, (ii) the 

scale-optimized (MSO) model, (iii) the single-scale shape-optimized (SSSO) 16km model, and (iv) the scale- and shape-

optimized (MSSO) model. Map generated with ArcGIS 10.3.1 (Environmental Systems research Incorporated, ESRI, 

Redlands, CA, USA, 2011). 

(i) 

(iii) 

(ii) 

(iv) 
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3.6 Variable importance 

In the 16km SSO model, AICc variable importance was similar across variables with the number of 

model subsets in which variables were represented ranging from n = 1 to 2 (Table 4). Key variables in this 

ƳƻŘŜƭΣ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǎǘŀƴŘŀǊŘƛȊŜŘ ŎƻŜŦŬŎƛŜƴǘǎΣ ƛƴŎƭǳŘŜŘ ǇŜǊŎŜntage of bamboo forest (FT5_PLAND;  ̡= 

1.964 ± 0.314), percentage of secondary forest (FT6_PLAND;  ̡= -1.827 ± 0.424), and camera effort (Cam_eff; 

ʲ Ґ мΦорр ҕ лΦнтф). Variables which demonstrated the strongest effect on probability of tiger presence were 

camera effort (ɲлΦфт), percentage of bamboo forest (ɲлΦфл) and standard deviation of compound 

topographic index (ɲлΦннύΦ   

The 16km SSSO model exhibited different patterns in AICc variable importance, with the number of 

model subsets in which variables were represented ranging from n = 1 to 5. Variables with notable 

ǎǘŀƴŘŀǊŘƛȊŜŘ ŎƻŜŦŬŎƛŜƴǘǎΣ ƛƴŎƭǳŘŜŘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ōŀƳōƻƻ ŦƻǊŜǎǘ όC¢рψt[!b5Τ ʲ Ґ мΦррс ҕ лΦпплύΣ ǇŜǊŎŜƴǘŀƎŜ 

ƻŦ ƳƻǎŀƛŎ ŎǊƻǇƭŀƴŘ ό[/нψt[!b5Τ ʲ = -1.130 ± 0.495LΤ ʲ = -0.770 ± 0.516Q), and ŎŀƳŜǊŀ ŜŦŦƻǊǘ ό/ŀƳψŜŦŦΤ ʲ Ґ 

1.487 ± 0.311). The strongest effect on probability of tiger presence was evident in camera effort (ɲлΦфп) and 

percentage of bamboo forest (ɲлΦтл).   

The MSO model had notable variation in AICc variable importance, ranging from n = 1 for percentage 

shrubland/grassland (LC4_PLAND) to n = 6 for camera effort (Cam_eff) and percentage of bamboo forest 

όC¢рψt[!b5ύΦ ±ŀǊƛŀōƭŜ ƛƳǇƻǊǘŀƴŎŜΣ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ ǎǘŀƴŘŀǊŘƛȊŜŘ ŎƻŜŦŬŎƛŜƴǘǎΣ ǿŀǎ ǎǘǊƻƴƎŜǎǘ ŦƻǊ 

percentage open forest (TC2ψt[!b5Τ ʲ = -мΦпот ҕ лΦопфύΣ ŎŀƳŜǊŀ ŜŦŦƻǊǘ ό/ŀƳψŜŦŦΤ ʲ Ґ мΦпмр ҕ лΦнффύΣ ŀƴŘ 

ǇŜǊŎŜƴǘŀƎŜ ƻŦ ōŀƳōƻƻ ŦƻǊŜǎǘ όC¢рψt[!b5Τ ʲ Ґ лΦфуу ҕ лΦноуύΦ /ƘŀƴƎŜǎ ƛƴ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǿŜǊŜ 

greatest among camera effort (ɲлΦфсύΣ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ ŎƻƳǇƻǳƴŘ ǘƻǇƻƎǊŀǇƘƛŎ ƛƴŘŜȄ ό/¢Lψ{5Τ ɲлΦпсύΣ 

ǇŜǊŎŜƴǘŀƎŜ ƻŦ ōŀƳōƻƻ ŦƻǊŜǎǘ όɲлΦппύΣ ŀƴŘ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ ǘŜǊǊŀƛƴ ǊƻǳƎƘƴŜǎǎ ƛƴŘŜȄ ό¢wLψ{5Τ ɲлΦоуύΦ  

The MSSO model had some degree of variation in AICc variable importance, ranging from n = 1 for 

standard deviation of elevation (DEM_SD), correlation length of reforested areas (FT4_GYR), and percentage 

of open forest (TC2_PLAND) to n = 3 for camera effort (Cam_eff) and correlation length of secondary forest 

όC¢сψD¸wύΦ {ǘŀƴŘŀǊŘƛȊŜŘ ŎƻŜŦŬŎƛŜƴǘǎ ƛƴŘƛŎŀǘŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƻǇŜƴ ŦƻǊŜǎǘ ό¢/нψt[!b5Τ ʲ 
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= -нΦоро ҕ лΦпртύΣ ŎŀƳŜǊŀ ŜŦŦƻǊǘ όʲ Ґ мΦпсл ҕ лΦолфύΣ ŦƻŎŀƭ ƳŜŀƴ ƻŦ ǘŜǊǊŀƛƴ ǊƻǳƎƘƴŜǎǎ ƛƴŘŜȄ ό¢wLψCaΤ ʲ Ґ мΦмср 

± 0.502L; ̡  = -1.671 ± 0.579Qύ ŀƴŘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ōŀƳōƻƻ ŦƻǊŜǎǘ όC¢рψt[!b5Τ ʲ Ґ мΦлну ҕ лΦрнрL;   ̡  = -0.072 

± 0.232Q). Variables with the strongest effect on probability of tiger presence included camera effort 

(Cam_eff; ɲлΦфнύΣ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƻǇŜƴ ŦƻǊŜǎǘ ό¢/нψt[!b5Τ ɲ-лΦруύΣ ŀƴŘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ōŀƳōƻƻ ŦƻǊŜǎǘ όɲлΦррύΦ  

 

3.7 Shape of variables 

²ƘƛƭŜ ŬǾŜ ŦǳƴŎǘƛonal forms were tested during variable selection for the 16km SSSO and MSSO 

modelsτlinear, quadratic, logarithmic, exponential, and negative exponentialτonly three were represented 

in fully averaged models. Quadratic relationships (for which linear terms were also included) were evident in 

percentage of bamboo forest (FT5_PLAND) at 16km (SSSO/MSSO), standard deviation of elevation (DEM_SD) 

at 16km (SSSO/MSSO), focal mean of terrain roughness index (TRI_FM) at 16km (MSSO), percentage of 

mosaic cropland (LC2_PLAND) at 16km (SSSO) and correlation length of reforested areas (FT4_GYR) at 8km 

(MSSO). Three variablesτpercentage of secondary forest (FT6_PLAND) at 16km (MSSO), correlation length 

of secondary forest (FT6_GYR) at 16km (SSSO), and percentage of evergreen forest (FT1_PLAND) at 16km 

(SSSO)τexhibited logarithmic relationships. Linear relationships were observed in correlation length of 

secondary forest (FT6_GYR) at 4km (MSSO), percentage of reforested areas (LC4_PLAND; SSSO), and 

percentage of open forest (TC2_PLAND; MSSO) at 16km. 

 

3.8 Model prediction 

Correlation between prediction maps (Fig. 3) for the four top models was reasonably high. 

Correlation of the prediction maps for SSSOςSSO was the highest (0.95), followed by MSSOςMSO (0.92), and 

MSSOςSSO (0.84; Table 5). Differences between pixel values were generally highest in the central part of the 

landscape, within TLNP and PSNP, with SSSO and SSO 16km models having a notably higher predicted 

presence of tigers over a broader area compared to MSSO and MSO models (Online Resource 3, Fig. 5). 

Between these models, SSSO had higher predicted values elsewhere in the complex. Predicted tiger presence 

was higher in a smaller core area of the complex in MSSO and lower predicted presence outside this area  
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Table 5 Matrix of correlation (COR) and average absolute difference (AAD) between prediction maps between the 

single-scale optimized (SSO) 16km model, multi-scale optimized (MSO) model, single-scale shape-optimized (SSSO) 

16km model, and multi-scale and shape-optimized (MSSO) model. 

 SSO MSO SSSO MSSO  

SSO  0.09 0.10 0.08 AAD 

MSO 0.84  0.17 0.04 

SSSO 0.95 0.83  0.15 

MSSO 0.84 0.92 0.83  

  COR    

 

compared with other models. The MSO generally had lower predicted tiger presence in more central areas 

compared to other models though predicted higher probability of presence in certain areas elsewhere in the 

complex such as in small areas of PSNP and KYNP. Average absolute difference was highest between SSSO 

and MSO maps (0.17) and lowest between MSSO and MSO maps (0.04; Table 4).  

Percentage of high-quality habitat (> 0.7 predicted tiger presence) in the landscape was highest in 

the 16km SSSO (~ 12.3%), followed by the MSSO (~ 5.5%), the 16km SSO (~ 4.7%), and was notably low in 

MSO (~ 0.7%; Table 6). Extent of mid-high quality habitat (> 0.5 predicted tiger presence) was also highest in 

the 16km SSSO (~ 20.8%), followed by the 16km SSO (~ 11.7%), MSSO  (~ 7.9%), and MSO (~ 4.1%). Mid- to 

high-quality habitat was generally more dispersed in MSO than other models, as indicated by relatively higher 

PD, and lower LPI and GYR values, characterized by several distinct patches. In the 16km SSSO/SSO and MSSO, 

both mid-high and high quality habitat were largely represented by single patches. 

 

4. Discussion 

The focus of this study was to quantitatively evaluate the relative impacts of scale- and functional 

shape-optimization on model performance, prediction and interpretation in habitat selection studies, using 

ŀ Ǝƭƻōŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ǘƛƎŜǊ ǇƻǇǳƭŀǘƛƻƴ ŀǎ ŀ ŎŀǎŜ ǎǘǳŘȅΦ hǳǊ ǎǘǳŘȅ ŎƻƴŬǊƳǎ ǘƘŜ ǎŎŀƭŜ-dependence of habitat 

selection in tigers, and our results suggest it is important for further  habitat selection research to formally 

ŜǾŀƭǳŀǘŜ ŀƴŘ ƻǇǘƛƳƛȊŜ ǎŎŀƭŜ ŀǎ ŀ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ƳƻŘŜƭƭƛƴƎ ǇǊƻŎŜǎǎΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǿŜ ŘƛŘ ƴƻǘ ŬƴŘ ǎǘǊƻƴƎ ŀƴŘ 

clear effects of optimizing models to account for different, nonlinear functional shapes of relationship  
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Table 6 Landscape metrics of high (> 0.7) and mid-high (> 0.5) probability of tiger presence among the four top models. 

Landscape metrics include percentage of landscape (PLAND), patch density (PD), largest patch index (LPI), and radius of 

gyration/correlation length (GYR). 

Habitat Quality Model PLAND PD LPI GYR 

HIGH SSO 4.6680 0.0005 4.668 6106 

MSO 0.7400 0.0013 0.275 1557 

SSSO 12.3025 0.0003 12.303 9767 

MSSO 5.4998 0.0005 5.388 6812 

MID-HIGH SSO 11.6668 0.0003 11.6668 9599 

MSO 4.0950 0.0059 4.0534 6673 

SSSO 20.7904 0.0006 20.7506 12,173 

MSSO 7.8861 0.0008 7.7687 7739 

 

 

between species occurrence and environmental variables. 

/ƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƻǳǊ ŬǊǎǘ ƘȅǇƻǘƘŜǎƛǎΣ ǿŜ ŦƻǳƴŘ ǘƘŀǘ ǘƛƎŜǊ ƻŎŎǳǊǊŜƴŎŜ ǇǊƻōŀōƛƭƛǘȅ ƛǎ ƘƛƎƘƭȅ ǎŎŀƭŜ 

dependent. There were strong differences in the univariate strength of relationship between most variables 

across scale. In addition, we found large differences in model performance and interpretation, indicating that 

the ability to predict tiger occurrence is strongly affected by the scale in which variables are measured. This 

scale-dependence in model interpretation is particularly stark between top models and smaller scale single-

ǎŎŀƭŜ ƳƻŘŜƭǎ ό{{hκ{{{hύΦ bƛƴŜ ǾŀǊƛŀōƭŜǎ ƛƴ ǘƻǇ ƳƻŘŜƭǎ ǿŜǊŜ ƴƻǘ ǇǊŜǎŜƴǘ ƛƴ ŬƴŜ-scale single-scale optimized 

(SSO) models (250mς4kmύ ŀƴŘ ǘŜƴ ǾŀǊƛŀōƭŜǎ ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜǎŜ ŬƴŜ-scale SSOs/SSSOs were not present in 

top models. This is particularly important, as most past tiger habitat modelling, similar to past modelling for 

other large carnivores (Mateo-Sanchez et al. 2014)Σ ƘŀǾŜ ǳǎŜŘ {{h ƳƻŘŜƭǎ ǿƛǘƘ ŀ ǊŜƭŀǘƛǾŜƭȅ ŬƴŜ όϤ рллƳς

1km) focal scale. 

Our results reinforce that the lens with which the niche of organisƳ ƛǎ ŜǾŀƭǳŀǘŜŘΣ ǎǇŜŎƛŬŎŀƭƭȅ ƛǘǎ 

ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǿƛǘƘ ƘŀōƛǘŀǘΣ Ƙŀǎ ŀ ŎƻƴǎƛŘŜǊŀōƭŜ ƛƴƅǳŜƴŎŜ ƛƴ ǘƘŜ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ƳƻŘŜƭǎΦ ¢Ƙƛǎ ƘƛƎƘ ŘŜƎǊŜŜ ƻŦ 

scale-dependence is evident in other tiger studies (Rostro-García et al. 2016; Krishnamurthy et al. 2016; 

Reddy et al. 2017), as well as studies on cheetah (Rostro-García et al. 2015), leopard (Pitman et al. 2017; 

Kittle et al. 2018), puma (Zeller et al. 2014) and clouded leopard (Hearn et al. 2018; Macdonald et al. 2019). 

{ǳōǎǘŀƴǘƛŀƭ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ƳƻŘŜƭ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ŀƴŘ ƛŘŜƴǘƛŬŎŀǘƛƻƴ ƻŦ ƻǇǘƛƳŀƭ Ƙŀōƛǘŀǘ ōŀǎŜŘ ƻƴ ǘƘŜ ǎŎŀƭŜ ƻŦ 
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analysis is also consistent with numerous studies of other taxonomic groups (Thompson and McGarigal 2002; 

Wasserman et al. 2012; Mateo-Sanchez et al. 2014; Wan et al. 2017). Scale-dependence in habitat 

relationships is a foundational idea in wildlife ecology (Wiens 1989; Levin 1992; Thompson and McGarigal 

2002) and critical for analyses which aim to quantify species niches (Hegel et al. 2010). Our results strongly 

reinforce this and demonstrate the importance of the scale of analysis for predicting tiger presence. 

A majority of variables were most strongly associated with tiger occurrence at the broadest spatial 

scales, which was consistent with our second hypothesis. In the multi-scale optimized (MSO) model, 71% of 

the included variables were measured at the broadest (16km) or second broadest (8km) scale. Similarly, in 

the multi-scale and shape optimized (MSSO) model, 88% were selected at the broadest or second broadest 

scale, with more than half at the broadest scale. Notably, there were clear patterns of improvement in AUC 

in both single-ǎŎŀƭŜ ƳƻŘŜƭ ŀǇǇǊƻŀŎƘŜǎ ό{{hκ{{{hύ ŦǊƻƳ ŬƴŜ ǘƻ ōǊƻŀŘ ǎŎŀƭŜǎΦ ¢ƘŜ м6km SSO and SSSO models, 

in which all variables were measured at the broadest scale, were the best performing among these single-

scale models. The high consistency among these top models clearly suggests that habitat selection for tigers 

in our study is largely related to broad-scale habitat factors. These results are aligned with previous studies 

on tigers (Krishnamurthy et al. 2016; Rostro-García et al. 2016; Reddy et al. 2017), brown bear (Mateo-

Sánchez et al. 2015), leopard (Kittle et al. 2018), and clouded leopard (Hearn et al. 2018), all of which found 

dominant effects of environmental variables at broad scales. Importantly, however, most habitat relationship 

studies, even for large bodied and highly mobile animals, typically have utilized single-ǎŎŀƭŜ ŀƴŀƭȅǎƛǎ ƻŦ ŬƴŜ 

scale (e.g., 500mς1km) environmental data (McGarigal et al. 2016). Our analysis suggests that such fine-scale 

analysis would fail to accurately or fully elucidate species habitat selection patterns, even if model 

ǇŜǊŦƻǊƳŀƴŎŜ ƛǎ ǊŜŀǎƻƴŀōƭȅ ǎǘǊƻƴƎΣ ǎǳŎƘ ŀǎ ǿƛǘƘ ǎƛƴƎƭŜΣ ŬƴŜ-scale models in our study. 

Our third hypothesis was that the multi-scale optimized models (MSO and MSSO) would outperform 

any single-scale optimized (SSO/SSSO) model. This follows from arguments and observations made by 

McGarigal et al. (2016) who reviewed a large number of habitat modelling papers and found that, in nearly 

all cases that were formally evaluated, multi-scale optimization outperformed single-scale modelling of 

habitat relationships. The habitat niche of any species consists of a number of dimensions, each composed 
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of environmental variation at particular characteristic scales. Our results are not fully consistent with this 

third hypothesis. Both the multi-scale optimized and the best single-scale optimized models (16km 

SSO/SSSO) performed exceptionally and equivalently well. These results suggest that a single-scale model 

may sometimes perform as well as a multi-scale optimized model, but only when organism-habitat 

relationships are dominated by a single-scale response and that the appropriate scale of analysis is evaluated. 

This has also been observed in other studies (Martin and Fahrig 2012; Krishnamurthy et al. 2016; Timm et al. 

2016). In the case of tigers (Krishnamurthy et al. 2016; Reddy et al. 2017), a single, broad-scale model might 

produce very similar results to a multi-scale optimized model. However, we emphasize that it is impossible 

to assess the appropriate scale of analyses for a single-scale model a priori. Further, even when a single, large 

ǎŎŀƭŜ Ƴŀȅ ōŜ ƻǇǘƛƳŀƭΣ ōǊƻŀŘ ŀǇǇƭƛŎŀǘƛƻƴ Ŏŀƴ ǊŜǎǳƭǘ ƛƴ ǇƻǘŜƴǘƛŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ŬƴŜ-scale niche dynamics being 

under-represented (Mateo-Sanchez et al. 2014) leading to oversimǇƭƛŬŜŘ ŀƴŘ ǇƻǘŜƴǘƛŀƭƭȅ ƳƛǎƭŜŀŘƛƴƎ 

interpretations of model results. Therefore, even when a single-scale model provides the strongest 

prediction, it requires use of scale-ƻǇǘƛƳƛȊŀǘƛƻƴ ǘƻ ƛŘŜƴǘƛŦȅ ŀƴŘ ŎƻƴŬǊƳ ǘƘƛǎΦ CǳǊǘƘŜǊΣ ǿƘŜƴ ŀ ǎƛƴƎƭŜ-scale 

ƳƻŘŜƭ ƛǎƴΩǘ ƻǇǘimal, multi-scale optimization is required to identify the optimal multi-scale model. 

Perhaps the most novel aspect of our study is the comparison of the multi-scale and shape-optimized 

model (MSSO) with multi-scale optimized (MSO) and single-scale optimized (SSO/SSSO) models. We expected 

that the multi-scale and shape-optimized model and single-scale shape-optimized (SSSO) models would out-

perform non-shape-optimized models. This is because, like scale-dependence, species occurrence probability 

may have a different functional response shape for each variable, with some responses being linear, some 

unimodal, and some curvilinear (Austin et al. 1990). Results of similar studies suggest that optimizing for 

ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳ Ƴŀȅ ƘŀǾŜ ƳŜŀƴƛƴƎŦǳƭ ƛƴƅǳŜƴŎŜ ƛƴ ǘƘŜ ǎŜƭŜŎǘƛƻƴ ƻŦ ǘƻǇ ƳƻŘŜƭǎ (Mateo-Sánchez et al. 2015; 

Devoe et al. 2015), potentially allowing for the expression of otherwise obscure environmental effects (Carle 

2006), which may improve explanatory power. We hypothesised that optimizing the response shape of 

variables, like optimizing the scale of response, would measurably improve the predictive ability of the 

model. Our results do not support this.  
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While the multi-scale and shape-optimized models were tied as the highest performing model based 

on the most widely used criterion (AUC), the 16km single-scale optimized model performed equally well. 

Furthermore, the multi-scale optimized and the single-scale optimized 16km models performed slightly 

better based on other measures. The single-scale optimized (SSO) and single-scale shape-optimized (SSSO) 

models exhibited similar patterns in model performance, with AUC values generally increasing with scale. 

While AUC was slƛƎƘǘƭȅ ƘƛƎƘŜǊ όлΦлмύ ƛƴ ŬƴŜǊ-scale shape-optimized models compared to corresponding non-

optimized models, this was not the case at broader scales. This suggests that shape-optimization may be less 

important than scale-optimization.  

While model performance was not substantially improved by shape-optimization in our study, the 

ƛƴŎƭǳǎƛƻƴ ƻŦ ǾŀǊƛŀōƭŜǎ ŀǘ ǘƘŜƛǊ ƻǇǘƛƳŀƭ ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳ ŎƭŀǊƛŬŜŘ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ Ƙŀōƛǘŀǘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ 

and species response. For example, topographic variables (i.e., elevation and terrain roughness) are present 

exclusively in non-linear forms (i.e., quadratic and logarithmic) in shape-optimized models (SSSO/MSSO). In 

effect, the multi-scale and shape-optimized model suggested a more complex relationship between species 

presence and topographic heterogeneity than in non-optimized models. Expression of these types of 

relationships are also evident in other species-habitat modelling studies, in particular, the representation of 

ǉǳŀŘǊŀǘƛŎ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ƛƴ Ŭƴŀƭ ƳƻŘŜƭǎ (Mashintonio et al. 2014; Devoe et al. 2015; Timm et al. 2016; 

Macdonald et al. 2018, 2019)Φ bƻǘŀōƭȅΣ ƛƴŎƭǳǎƛƻƴ ƻŦ ǾŀǊƛŀōƭŜǎ ŀǘ ǘƘŜƛǊ ƻǇǘƛƳŀƭ ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳ ƛƴƅǳŜƴŎŜŘ 

ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǾŀǊƛŀōƭŜǎ ƛƴ ŬƴŀƭΣ fully averaged models with differences in variables included between 

optimized (SSSO) and non-optimized (SSO) models. For example, in 8 and 16km models, only two variables 

were included in both SSSO and SSO models out of 12 and 11 total variables in these models, respectively. 

Further, only two out of 11 total variables were represented in both SSO and MSSO models. This illustrates 

that models may be sensitive to optimizing for functional form, as with scale, and may lead to considerable 

differences in model interpretation and conclusions about speciesςhabitat relationships.   

 

4.1 Limitations/caveats 
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Our fundamental goal in this study was to evaluate the effect of scale- and shape-optimization on 

the performance, prediction and interpretation of habitat relationships models. We use a single case study 

species and system (tigers in Thailand) for this evaluation, which limits the generality of our conclusions, 

ƘƻǿŜǾŜǊΣ ƛƴ ŜȄŎƘŀƴƎŜ ǿŜ ŦŜŜƭ ƻǳǊ ŜȄŀƳǇƭŜ ǇǊƻǾƛŘŜǎ ǊŜŀƭƛǎƳ ƛƴ ǘƘŀǘ ƛǘ ǊŜƅŜŎǘǎ ŀŎǘǳŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ƻŦ a focal 

species of ecological and conservation importance. We suggest future work employ simulation studies which 

can control scale and shape effects and, therefore, more reliably and completely evaluate the sensitivity of 

modelling methods to scale- and shape-optimization. Second, given our focus was on exploring the novel 

question of impacts of scale- and shape-optimization simultaneously, rather than evaluating the best 

approaches for scale optimization, our example uses GLM modelling because it is the most well understood 

and widely-used method in habitat modelling, and the dominant approach in multi-scale habitat modelling 

studies published to date (McGarigal et al. 2016). This approach to scale selection is consistent with many 

other species-habitat modelling studies (Rostro-García et al. 2016; Kittle et al. 2018; Macdonald et al. 2018). 

However, with the rapid emergence and adoption of other modelling methods, in particular machine learning 

approaches  (e.g., Evans et al. 2011; Cushman and Wasserman 2018), we suggest future work should focus 

on comparing performance of scale- and shape-optimization in a wider range of modelling approaches. In 

particular, tree-based machine learning approaches like random forests perhaps can automatically optimize 

nonlinear functional shape (Evans et al. 2011), which could be a great advantage, while others, like Maxent, 

do not (Elith et al. 2011). While there are a myriad of approaches for habitatςselection analysis, we opted to 

utƛƭƛȊŜ D[aǎ ƎƛǾŜƴ ǘƘŜƛǊ ƛƴǘǳƛǘƛǾŜƴŜǎǎΣ ƅŜȄƛōƛƭƛǘȅΣ ŀƴŘ ǘƘŜƛǊ ǿƛŘŜ-spread use in studies investigating scale in 

similar studies (McGarigal et al. 2016).  

²Ŝ ŀƭǎƻ ƴƻǘŜ ǘƘŀǘ ƻǳǊ ŘŜŬƴƛǘƛƻƴ ƻŦ ƻǇǘƛƳƛȊŀǘƛƻƴ ŎƭƻǎŜƭȅ Ŧƻƭƭƻǿǎ ǘƘŜ ŘŜŬƴƛǘƛƻƴ ǇǊƻǇƻǎŜŘ ōȅ McGarigal 

et al. (2016) of pseudo-optimization as the scales we evaluated were selected a priori. Importantly, this 

approach does not optimize scale relationships across a continuous range, and does not optimize them 

multivariately and simultaneously. A true optimized approach may have allowed for inclusion of more 

ǎǇŜŎƛŬŎ ǎŎŀƭŜǎ ǘƘŀǘ ōŜǎǘ ŜȄǇƭŀƛƴ ǾŀǊƛŀǘƛƻƴ ƛƴ tiger occurrence. However, we feel that the scales selected for 

ŜǾŀƭǳŀǘƛƻƴ ǿŜǊŜ ǎǳŦŬŎƛŜƴǘ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǊŜƭŜǾŀƴǘ ǎŎŀƭŜǎ ƻŦ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜǘǿŜŜƴ ŎƻǾŀǊƛŀǘŜǎ ŀƴŘ ǘƛƎŜǊ 
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occurrence and, most importantly, allowed for a more effective and straightforward evaluation of scale-

dependence in our study compared to a true-optimized approach. However, improvement of scale-

optimization approaches is an important current topic in habitat relationships modelling (McGarigal et al. 

2016), and we strongly suggest future research to explore the performance of a range of continuous and 

multivariate simultaneous optimization approaches. 

 

4.2 Species management implications 

We recommend central DPKY, particularly areas of closed forest cover containing bamboo forest 

patches within a 16km window, should be managed as an area of high conservation priority for tigers in this 

landscape. Our models reinforce the importance of protecting surrounding broad-scale (8 to 16km) forest 

within protected areas with low human impact as part of a landscape-scale management strategy. Protection 

of this core area and facilitating unconstrained movement to other available habitat will be critical to the 

long-term recovery of this population. Scale-dependence in species-habitat relationships, as demonstrated 

by this and other studies (Wasserman et al. 2012; Mateo-Sanchez et al. 2014) can have monumental 

implications for species management. As such, efforts to develop management and recovery strategies 

should account for scale-dependence of tigers in this landscape. Our results are consistent with other 

literature highlighting the importance of large protected areas and low human disturbance for tiger 

populations (Trisurat et al. 2010; Sunarto et al. 2012; Ngoprasert et al. 2012; Hebblewhite et al. 2014; Reddy 

et al. 2017).  

It is pertinent to highlight that our resǳƭǘǎ ǊŜƅŜŎǘ ŀƴ ŜȄǇǊŜǎǎƛƻƴ ƻŦ ǘƘŜ ǘƛƎŜǊǎΩ ǊŜŀƭƛȊŜŘ ƴƛŎƘŜ ǿƛǘƘƛƴ 

5tY¸ ǘƘŀǘ Ƴŀȅ ōŜ ǎŜǾŜǊŜƭȅ ŎƻƴǎǘǊŀƛƴŜŘ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ƛǘǎ ǘƘŜƻǊŜǘƛŎŀƭ ŦǳƴŘŀƳŜƴǘŀƭ ƴƛŎƘŜΦ ¢ƘŜ ǘƛƎŜǊǎΩ 

ǊŀƴƎŜ ƛǘǎŜƭŦ Ƙŀǎ ǎǳŦŦŜǊŜŘ ŎƻƴǎƛŘŜǊŀōƭŜ ŘŜŎƭƛƴŜǎ ŀƴŘ ƛǘǎ ŎǳǊǊŜƴǘ ǊŀƴƎŜ ƭƛƪŜƭȅ ǊŜƅŜŎǘ ƛǘǎ Ǌefuge in areas less likely 

to be impacted by human activities, which are the chief driver of range and population declines (Goodrich et 

al. 2015)Φ Lƴ ƻǳǊ ǎǘǳŘȅ ŀǊŜŀΣ ŀǊŜŀǎ ƻŦ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǿƛǘƘ ƅŀǘ ǘƻǇƻƎǊŀǇƘȅ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ƘƛƎƘƭȅ ŀŦŦŜŎǘŜŘ ōȅ ƘǳƳŀƴ 

activities, which may explain their lower selection. HiǎǘƻǊƛŎŀƭƭȅΣ ¢ƘŀƛƭŀƴŘΩǎ ƭƻǿƭŀƴŘ ŦƻǊŜǎǘǎΣ ƴƻǿ ŎƻƴǾŜǊǘŜŘ ōȅ 
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human activity, would have likely represented preferable habitat due to high prey densities (Rabinowitz 

1993; Sunquist et al. 1999).  

 

5. Conclusion 

While shape-optimization did not substantially improve performance over other models, it did allow 

for the expression of potentially important relationships between tigers and covariates that were not 

apparent in the models assuming linear forms. Importantly, our study clearly reinforces previous studies 

(McGarigal and Cushman 2002; McGarigal et al. 2016) which highlight the importance of accounting for scale 

when modelling habitat selection and other ecological relationships, particularly for wide-ranging species 

such as tigers. We recommend that habitat-selection studies on tigers and other species incorporate a robust, 

ecologically-relevant scale-optimization framework and consider the inclusion and evaluation of shape-

optimization in model development. 
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Supplementary Materials 1   

1. Camera-trap Survey Design 

Data for modelling was based on extensive camera-trap tiger surveys conducted by Ash et al. 

(2020b). These surveys were conducted opportunistically (non-random) beginning March 2008 and running 

relatively uninterrupted (Fig. 1) until February 2017. Although these ongoing surveys continue at the time of 

this writing, a cut-off of early 2017 is used for analysis. During this period, all five protected areas in the Dong 

Phayayen-Khao Yai Forest Complex were surveyed opportunistically, constrained by available resources. 

Surveys were expanded as resources became available to fill gaps in survey coverage over time. Extensive 

surveys were conducted in Khao Yai National Park (KYNP), Pang Sida National Park (PSNP), Dong Yai Wildlife 

Sanctuary (DYWS), and Ta Phraya National Park (TPNP). Long-term surveys were conducted in Thap Lan 

National Park (TLNP) and Pang Sida National Park (PSNP). Camera placement was maintained as a series of 

semi-permanent and roving surveys to cover all areas of DPKY. In addition, data includes results from spatially 

extensive surveys conducted in 2013 (DNP/Freeland/WWF, unpublished) and 2016 (Ash et al. 2020a) 

designed to generate density estimates of tigers in PSNP and TLNP. As such, TLNP and PSNP had 

disproportionately higher levels of survey effort during the survey period (Table 1). 

Cameras were placed to maximize detection of tigers by prioritizing camera placement in areas with 

previous tiger or prey records and identifying topographic (e.g., ridges, river valleys) or other features (e.g., 

roads, trails) likely used by tigers (Karanth and Chundawat 2002; Sunarto et al. 2012; Barber-Meyer et al. 

2013). Detections at one camera station were considered to be independent if they occurred after a 30-

minute period όhΩ.ǊƛŜƴ Ŝǘ ŀƭΦ нллоύ. 

To reduce spatial autocorrelation, if more than one camera was present within a 300m radius, we 

selected the camera with the highest number of tiger detections or, if no tigers were detected, by greatest 

survey effort (camera-trap nights [CTN]). This resulted in a total of 1,166 tiger detections for analysis from 

56,214 trap nights (Table 1).  
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¢ŀōƭŜ м {ǳǊǾŜȅ Řŀǘŀ ǎǳƳƳŀǊȅ ƛƴ 5tY¸ όнллуπнлмтύ ŦƻƭƭƻǿƛƴƎ ŦƛƭǘŜǊƛƴƎ ǘƻ ǊŜŘǳŎŜ ǇƻǘŜƴǘƛŀƭ ǎǇŀǘƛŀƭ ŀǳǘƻŎƻǊǊŜƭŀǘƛƻƴΣ 

ƛƴŎƭǳŘƛƴƎ ƴǳƳōŜǊ ƻŦ ŎŀƳŜǊŀ ǎǘŀǘƛƻƴǎΣ ŎŀƳŜǊŀπǘǊŀǇ ƴƛƎƘǘǎ ό/¢bύΣ ŀƴŘ ǊŜǎǳƭǘƛƴƎ ǘƛƎŜǊ ŘŜǘŜŎǘƛƻƴǎΦ  

  
Total DYWS KYNP PSNP TLNP TPNP 

Stations 523 51 68 155 194 55 

CTN 56,214 3,427 7,276 18,321 22,168 5,022 

Tiger Detections 1,166 7 0 322 837 0 

 

 

 
 

 
Fig. 1 Map of camera-trap stations in the Dong Phayayen-Khao Yai forest complex (DPKY) and its five protected areas 

όϤмпϲллΩ ǘƻ мпϲооΩb ŀƴŘ ϤмлмϲлрΩ ǘƻ млоϲмпΩ9ύ ς Dong Yai Wildlife Sanctuary (DYWS), Khao Yai National Park (KYNP), 

Pang Sida National Park (PSNP), Thap Lan National Park (TLNP), and Ta Phraya National Park (TPNP). Map generated 

with ArcGIS 10.3.1 (Environmental Systems Research Incorporated, ESRI, Redlands, CA, USA, 2011) with forest cover 

derived from Hansen et al. (2013). 
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Supplementary Materials 2   

Table 1 Final variables included in the multi-scale and shape-optimized (MSSO) global model from an original 47 

variables. The optimal functional form (shape) of each variable indicated by: L-linear, Q-Quadratic, EXP-Exponential, 

LOG-Logarithmic. 

Variable Optimal Scale (m) 
Optimal Functional 

Form 
ID 

Correlation length of secondary forest 4000 L FT6_GYR_4000_L 
Percentage of shrubland/grassland 4000 L LC4_PLAND_4000_L 
Correlation length of mixed deciduous forest 8000 Q FT2_GYR_8000_Q 
Correlation length of reforested areas 8000 Q FT4_GYR_8000_Q 
Correlation length of grassland 8000 Q FT7_GYR_8000_Q 
Correlation length of mosaic cropland 8000 Q LC2_GYR_8000_Q 
Correlation length of water 8000 Q LC7_GYR_8000_Q 
Correlation length of open forest 8000 LOG TC2_GYR_8000_LOG 
Focal mean of park boundary 16000 L BOUND_FM_16000_L 
Standard deviation of CTI 16000 Q CTI_SD_16000_Q 
Standard deviation of DEM 16000 Q DEM_SD_16000_Q 
Percentage of bamboo forest 16000 Q FT5_PLAND_16000_Q 
Percentage of secondary forest 16000 LOG FT6_PLAND_16000_LOG 
Correlation length of urban areas 16000 L LC6_GYR_16000_L 
Focal mean of slope position 16000 Q SLOPE_FM_16000_Q 
Percentage of open forest 16000 L TC2_PLAND_16000_L 
Focal mean of TRI 16000 Q TRI_FM_16000_Q 
Camera effort - - Cam_eff 
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Table 2 Final variables included in the (a) single-scale optimized (SSO) and (b) single-scale shape-optimized (SSSO) global 

models from an original 47 variables. The shape (i.e., functional form) of each variable in the SSSO model is indicated 

by: L linear, Q Quadratic, LOG Logarithmic, EXP Exponential; -EXP Negative Exponential. 

250m 500m 1km 2km 4km 8km 16km 

DEM_FM CTI_FM CTI_FM CTI_FM CTI_FM CTI_FM BOUND_FM 

DEM_SD DEM_FM DEM_FM DEM_FM DEM_FM CTI_SD CTI_SD 

FT1_GYR FT1_GYR DEM_SD DEM_SD DEM_SD FT2_PLAND FT3_PLAND 

FT5_GYR FT5_GYR FT1_PLAND FT2_GYR FT2_PLAND FT4_GYR FT5_PLAND 

FT6_GYR FT6_GYR FT2_GYR FT5_GYR FT4_GYR FT5_PLAND FT6_PLAND 

FT7_GYR FT7_GYR FT5_GYR FT6_PLAND FT5_GYR FT7_PLAND FT7_PLAND 

STRC1_FM STRC1_FM FT6_GYR FT7_GYR FT6_PLAND LC6_GYR LC2_GYR 

TC2_PLAND TC2_GYR FT7_GYR LC2_GYR FT7_GYR LC7_GYR LC4_PLAND 

TC3_GYR TC3_PLAND LC1_GYR STRC1_FM LC2_GYR STRC1_FM LC6_PLAND 

  STRC1_FM TC1_GYR LC4_GYR TC2_GYR LC7_PLAND 

  TC1_GYR TC2_GYR LC7_GYR TC2_PLAND SLOPE_FM 

  TC2_GYR  STRC1_FM  SLOPE_SD 

    TC1_GYR  TC2_GYR 

    TC2_GYR  TC2_PLAND 

 

250m 500m 1km 2km 4km 8km 16km 

CTIFML DEMFMLOG CTISDEXP CTISD-EXP BOUNDFML CTISD-EXP CTISD-EXP 

DEMFMLOG FT1_GYRL DEMFMQ  DEMFMLOG CTISD-EXP DEMFMLOG DEMSDQ 

FT1_GYRL FT6_GYRL FT1_GYRL FT2_GYRL DEMFMLOG DEMSDLOG FT4_GYRQ 

FT5_GYREXP FT7_GYRL FT2_GYRL FT4_GYRLOG DEMSDQ FT2_GYRQ FT6_GYRLOG 

FT6_GYRL FT5_PLAND-EXP FT5_GYREXP FT5_GYRL FT5_GYRL FT4_GYRQ FT1_PLANDLOG 

FT7_GYRL LC2_GYRLOG FT6_GYRL FT7_GYRL FT7_GYRQ FT5_GYRQ FT2_PLANDL 

SLOPEFMEXP SLOPEFMEXP FT7_GYRL LC2_GYRL FT2_PLANDL FT6_GYRL FT3_PLANDL 

SLOPESDQ SLOPESDQ FT2_PLANDEXP LC1_PLAND-EXP FT4_PLAND-EXP FT7_GYRQ FT4_PLANDLOG 

STRC1FML STRC1FML FT4_PLAND-EXP LC4_PLAND-EXP FT6_PLANDL FT1_PLANDLOG FT5_PLANDQ 

TC2_GYR-EXP TC2_GYRQ FT5_PLANDQ STRC1FML FT7_PLAND-EXP FT7_PLAND-EXP FT7_PLANDQ 

TC3_GYRL TC2_PLAND-EXP SLOPESDLOG TC1_GYRQ LC2_GYRQ LCaiL LC2_GYRL 

 TC3_PLANDL STRC1FML TC2_GYRL LC3_GYRLOG LC2_GYRL LC7_GYRQ 
 

 TC1_GYRL TRIFMLOG LC7_GYRL LC4_GYRQ LC2_PLANDQ 
 

 TC2_GYRQ  LC4_PLAND-EXP LC6_GYRL LC4_PLANDLOG 
 

 TC2_PLAND-EXP  STRC1FML LC4_PLAND-EXP LC5_PLANDLOG 
 

  
 

TC1_GYRQ LC7_PLAND-EXP SLOPEFMEXP 
 

  
 

TC2_GYRQ STRC1FML TC2_GYRQ 
 

  
 

TRIFMLOG TC2_GYRQ TRIFMLOG 
 

  
 

 TRISDEXP  
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Table 3 Final variables included in the multi-scale optimized (MSO) global model from an original 47 variables.  

Variable Best Scale (m) ID 
Terrain roughness index SD 1000 TRI_SD_1000 
Correlation length of secondary forest 4000 FT6_GYR_4000 
Slope SD 4000 SLOPE_SD_4000 
CTI SD 8000 CTI_SD_8000 
Correlation length of reforested areas 8000 FT4_GYR_8000 
% Mixed deciduous forest 8000 FT2_PLAND_8000 
% Grassland 8000 FT7_PLAND_8000 
Correlation length of mosaic cropland 8000 LC2_GYR_8000 
Correlation length of water bodies 8000 LC7_GYR_8000 
% Shrubland/grassland 8000 LC4_PLAND_8000 
Correlation length of open forest 8000 TC2_GYR_8000 
Focal mean of park boundary 16000 BOUND_FM_16000 
% Dry dipterocarp forest 16000 FT3_PLAND_16000 
% Bamboo forest 16000 FT5_PLAND_16000 
Correlation length of urban areas 16000 LC6_GYR_16000 
% water bodies 16000 LC7_GYR_8000 

LC7_PLAND_16000 Focal mean of slope 16000 SLOPE_FM_16000 
% Open forest 16000 TC2_PLAND_16000 
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Table 4 Change in probability of tiger presence with change in variable value from 10th to 100th percentiles for fully 

averaged single-scale optimized (SSO) and single-scale shape-optimized (SSSO) models.  

 250m 500m 1km 2km 4km 8km 16km 

 SSO SSSO SSO SSSO SSO SSSO SSO SSSO SSO SSSO SSO SSSO SSO SSSO 

Cam_eff 0.87 0.84 0.84 0.76 0.73 0.79 0.71 0.83 0.85 0.83 0.92 0.92 0.97 0.94 

CTI_FM - - -0.39 - -0.47 - -0.48 - -0.25 - -0.09 - - - 

CTI_SD -  -  -  -  - - 0.24 - 0.22 - 

DEM_FM - - - - - 0.19 - - - - - - - - 

DEM_SD 0.67 - - - - - - - 0.43 - - 0.14 - 0.07 

FT1_GYR 0.18 - 0.23 0.23 0.38 0.32 - - - - - - - - 

FT1_PLAND - - - - - - - - - - - 0.16 - 0.12 

FT2_GYR - - - - - -0.27 -0.35 -0.21 - - - - - - 

FT4_PLAND - - - - - -0.03 - - - - - - - - 

FT5_GYR 0.73 - 0.69 - 0.58 - 0.34 0.41 0.47 0.31 - - - - 

FT5_PLAND - - - <0.01 - 0.12 - - - - 0.31 - 0.90 0.70 

FT6_GYR -0.22 -0.21 - -0.29 -0.32 -0.24 - - - - - -0.15 - -0.10 

FT6_PLAND - - - - - - -0.36 - -0.20 -0.22 - - -0.11 - 

FT7_GYR - -0.20 - - -0.33 - -0.44 -0.25 -0.30 - - - - - 

FT7_PLAND - - - - - - - - - 0.36 - 0.48 - - 

LC2_PLAND - - - - - - - - - - - - - -0.10 

LC4_GYR - - - - - - - - - - - 0.50 - -0.13 

LC4_PLAND - - - - - - - - - - - - -0.08 - 

LC6_GYR - - - - - - - - - - - - -0.04 - 

SLOPE_SD - 0.36 - -0.47 - 0.80 - - - - - - - - 

STRC1_FM -0.21 -0.28 -0.24 -0.36 -0.42 -0.31 -0.42 -0.24 - -0.26 - -0.14 - - 

TC1_GYR -  -  -  -0.42 -0.29 -0.26 -0.28 - - - - 

TC2_GYR - - -0.24 -0.30 -0.50 -0.30 - - -0.30 - -0.19 -0.12 - - 

TC2_PLAND - - - - - - - - - - -0.19 - - - 

TC3_GYR 0.20 0.34 - - - - - - - - - - - - 

TC3_PLAND - - 0.13 - - - - - - - - - - - 

TRI_FM - - - - - - - 0.55 - 0.47 - - - - 

 

 

 

Table 5 Generalized linear model results for the multi-scale optimized (MSO) model, predicting tiger presence based on 

1,166 detections of tiger in DPKY (2008-2017), including optimal scale, standardized regression coefficients ()̡, adjusted 

standard error (SE(Adj)), z-score (z), and significance (p). 

Variable ID  ̡
SE 

(Adj) 
z p 

(Intercept) - -2.405 0.260 9.242 <0.001 

% Open forest (16km) TC2_PLAND_16000 -1.437 0.349 4.120 <0.001 

% Bamboo (16km)  FT5_PLAND_16000 0.988 0.238 4.158 <0.001 

Correlation length secondary forest (4km)  FT6_GYR_4000 -0.675 0.246 2.744 0.006 

Standard deviation of compound topographic index (8km) CTI_SD_8000 0.616 0.193 3.199 0.001 

Camera effort (# trap nights) Cam_eff 1.415 0.299 4.728 <0.001 

% Shrubland/grassland (8km) LC4_PLAND_8000 -0.486 0.202 2.404 0.016 

Standard Deviation of terrain roughness index (1km) TRI_SD_1000 0.384 0.158 2.423 0.015 

Correlation length of open forest (8km) TC2_GYR_8000 -0.704 0.344 2.045 0.041 
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Table 6 Generalized linear model results for the single-scale optimized (SSO) model at each scale, predicting tiger 

presence based on 1,166 detections of tiger in DPKY (2008-2017), including standardized regression coefficients ()̡, 

adjusted standard error (SE(Adj)), z-score (z), and significance (p). 

(a) SSO - 250m      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -1.849 0.198 9.355 <0.001 
Standard deviation of DEM DEM_SD 0.620 0.123 5.038 <0.001 
Focal mean of streams/rivers STRC1_FM -1.090 0.426 2.559 0.011 
Correlation length of bamboo forest FT5_GYR 0.702 0.149 4.724 <0.001 
Correlation length of evergreen forest FT1_GYR 0.981 0.262 3.747 <0.001 
Camera effort (# of trap nights) Cam_eff 1.513 0.253 5.973 <0.001 
Correlation length of closed canopy forest TC3_GYR 0.920 0.484 1.901 0.057 

(b) SSO - 500m      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -1.912 0.200 9.575 <0.001 
Standard deviation of DEM DEM_SD -0.761 0.151 5.054 <0.001 
Focal mean of streams/rivers STRC1_FM 0.684 0.140 4.880 <0.001 
Correlation length of bamboo forest FT5_GYR -0.872 0.426 2.047 0.041 
Correlation length of evergreen forest FT1_GYR 1.040 0.295 3.530 <0.001 
Camera effort (# of trap nights) Cam_eff 1.543 0.261 5.920 <0.001 
Correlation length of closed canopy forest TC3_GYR -0.450 0.203 2.214 0.027 
Standard deviation of DEM DEM_SD 0.630 0.336 1.873 0.061 

(c) SSO - 1km      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -2.025 0.244 8.282 <0.001 
Focal mean of compound topographic index CTI_FM -0.771 0.168 4.588 <0.001 
Correlation length of bamboo forest FT5_GYR 0.649 0.137 4.727 <0.001 
Correlation length of open forest TC2_GYR -0.691 0.198 3.492 <0.001 
Correlation length of evergreen forest FT1_GYR 0.877 0.275 3.185 0.001 
Camera effort (# of trap nights) Cam_eff 1.498 0.247 6.068 <0.001 
Correlation length of grassland/shrubland FT7_GYR -0.868 0.272 3.195 0.001 
Focal mean of streams/rivers STRC1_FM -1.592 0.458 3.477 0.001 
Correlation length of secondary forest/old clearing FT6_GYR -0.783 0.221 3.540 <0.001 

(d) SSO - 2km      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -2.234 0.262 8.523 <0.001 
Correlation length of grassland/shrubland FT7_GYR -1.090 0.398 2.741 0.006 
Focal mean of compound topographic index CTI_FM -0.894 0.224 4.000 <0.001 
% secondary forest/old clearing FT6_PLAND -0.735 0.277 2.656 0.008 
Correlation length of mixed deciduous forest FT2_GYR -0.818 0.322 2.538 0.011 
Camera effort (# of trap nights) Cam_eff 1.515 0.289 5.246 <0.001 
Focal mean of streams/rivers STRC1_FM -1.426 0.483 2.952 0.003 
Correlation length of non-forest TC1_GYR -1.320 0.517 2.554 0.011 
Correlation length of bamboo forest FT5_GYR 0.288 0.121 2.369 0.018 

(e) SSO - 4km      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -2.506 0.314 7.978 <0.001 
Correlation length of non-forest TC1_GYR -1.659 0.606 2.739 0.006 
Correlation length of open forest TC2_GYR -0.769 0.292 2.630 0.009 
Correlation length of bamboo forest FT5_GYR 0.480 0.182 2.645 0.008 
Standard deviation of DEM DEM_SD 0.443 0.159 2.785 0.005 
Camera effort (# of trap nights) Cam_eff 1.595 0.314 5.081 <0.001 
Correlation length of grassland/shrubland FT7_GYR -1.176 0.421 2.794 0.005 
Focal mean of compound topographic index CTI_FM -0.676 0.259 2.607 0.009 
% secondary forest/old clearing FT6_PLAND -0.543 0.304 1.789 0.074 
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(f) SSO - 8km      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -2.394 0.289 8.288 <0.001 
Correlation length of open forest TC2_GYR -0.668 0.264 2.528 0.011 
% Open forest TC2_PLAND -1.558 0.470 3.313 0.001 
% Bamboo forest FT5_PLAND 0.489 0.161 3.042 0.002 
Standard deviation of compound topographic index CTI_SD 0.321 0.163 1.968 0.049 
Camera effort (# of trap nights) Cam_eff 1.041 0.230 4.520 <0.001 
Focal mean of compound topographic index CTI_FM -0.384 0.253 1.515 0.130 

(g) SSO - 16km      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -2.513 0.273 9.215 <0.001 
% Bamboo forest FT5_PLAND 1.964 0.314 6.264 <0.001 
% secondary forest/old clearing FT6_PLAND -1.827 0.424 4.311 <0.001 
% Shrubland/grassland LC4_PLAND -0.647 0.247 2.620 0.009 
Standard deviation of compound topographic index CTI_SD 0.720 0.284 2.537 0.011 
Camera effort (# of trap nights) Cam_eff 1.355 0.279 4.853 <0.001 
Correlation length of urban areas LC6_GYR -0.613 0.348 1.762 0.078 

 



Chapter 3 

106 
 

Table 7 Generalized linear model results for the single-scale shape-optimized (SSSO) model at each scale, predicting 

tiger presence based on 1,166 detections of tiger in DPKY (2008-2017), including optimal shape (functional form), 

standardized regression coefficients ()̡, adjusted standard error (SE(Adj)), z-score (z), and significance (p). The optimal 

functional form (shape) of each variable is indicated by: L-linear, Q-Quadratic, EXP-Exponential, LOG-Logarithmic. 

(a) SSSO - 250m      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -2.056 0.251 8.189 <0.001 
Camera effort (# of trap nights) Cam_eff 1.747 0.280 6.237 <0.001 
Focal mean of streams/rivers L STRC1FM_L -1.462 0.459 3.188 0.001 
Correlation length of grassland/shrubland L FT7_GYR_L -0.673 0.282 2.389 0.017 
Correlation length of secondary forest/old clearing L FT6_GYR_L -1.065 0.382 2.790 0.005 
Standard deviation of slope position L SLOPESD_L 0.979 0.197 4.964 <0.001 
Standard deviation of slope position Q SLOPESD_Q -0.128 0.064 1.991 0.047 
Correlation length of closed canopy forest L TC3_GYR_L 1.340 0.618 2.169 0.030 

(b) SSSO - 500m      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -1.157 0.262 4.424 <0.001 
Camera effort (# of trap nights) Cam_eff 1.620 0.272 5.960 <0.001 
% Bamboo forest -EXP FT5_PLAND_NExp -0.428 0.144 2.970 0.003 
Correlation length of evergreen forest L FT1_GYR_L 0.619 0.238 2.601 0.009 
Standard deviation of slope position L SLOPESD_L 1.109 0.231 4.804 <0.001 
Correlation length of open forest L TC2_GYR_L -0.757 0.328 2.305 0.021 
Standard deviation of slope position Q SLOPESD_Q -0.283 0.119 2.379 0.017 
Correlation length of open forest Q TC2_GYR_Q -1.084 0.420 2.582 0.010 
Focal mean of streams/rivers L STRC1FM_L -1.145 0.469 2.442 0.015 

(c) SSSO - 1km      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -1.572 0.249 6.320 <0.001 
Camera effort (# of trap nights) Cam_eff 1.522 0.266 5.725 <0.001 
Standard deviation of slope position LOG SLOPESD_LOG 0.898 0.235 3.816 <0.001 
Correlation length of secondary forest/old clearing L FT6_GYR_L -0.549 0.230 2.392 0.017 
Correlation length of mixed deciduous forest L FT2_GYR_L -0.863 0.306 2.820 0.005 
Correlation length of open forest L TC2_GYR_L -0.919 0.322 2.854 0.004 
Correlation length of open forest Q TC2_GYR_Q -0.663 0.286 2.322 0.020 
% Bamboo forest L FT5_PLAND_L 0.891 0.330 2.703 0.007 
% Bamboo forest Q FT5_PLAND_Q -0.134 0.073 1.850 0.064 
Focal mean of streams/rivers L STRC1FM_L -0.990 0.500 1.981 0.048 
% Reforested areas -EXP FT4_PLAND_NExp -0.356 0.160 2.221 0.026 
Focal mean of DEM L DEMFM_L 0.429 0.180 2.380 0.017 
Focal mean of DEM Q DEMFM_Q -0.166 0.098 1.707 0.088 
Correlation length of evergreen forest L FT1_GYR_L 0.860 0.321 2.684 0.007 

(d) SSSO - 2km      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -2.328 0.328 7.101 <0.001 
Camera effort (# of trap nights) Cam_eff 1.504 0.280 5.375 <0.001 
Focal mean of terrain roughness index LOG ROUGHFM_LOG 0.763 0.245 3.117 0.002 
Correlation length of bamboo forest L FT5_GYR_L 0.362 0.119 3.035 0.002 
Correlation length of mixed deciduous forest L FT2_GYR_L -0.649 0.316 2.050 0.040 
Correlation length of non-forest L TC1_GYR_L -1.773 0.595 2.981 0.003 
Correlation length of non-forest Q TC1_GYR_Q 0.253 0.239 1.060 0.289 
Correlation length of grassland/shrubland L FT7_GYR_L -0.699 0.382 1.830 0.067 
Focal mean of streams/rivers L STRC1FM_L -0.682 0.453 1.508 0.132 
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(e) SSSO - 4km      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -2.708 0.415 6.531 <0.001 
Camera effort (# of trap nights) Cam_eff 1.440 0.304 4.733 <0.001 
Focal mean of terrain roughness index LOG ROUGHFM_LOG 0.784 0.309 2.534 0.011 
% Grassland/shrubland -EXP FT7_PLAND_NExp 0.864 0.267 3.237 0.001 
Correlation length of bamboo forest L FT5_GYR_L 0.316 0.124 2.551 0.011 
Correlation length of non-forest L TC1_GYR_L -1.795 0.755 2.376 0.017 
Correlation length of non-forest Q TC1_GYR_Q 0.290 0.336 0.863 0.388 
% Secondary forest/old clearing L FT6_PLAND_L -0.802 0.379 2.117 0.034 
Focal mean of streams/rivers L STRC1FM_L -1.637 0.562 2.915 0.004 

(f) SSSO - 8km      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -2.417 0.354 6.821 <0.001 
Camera effort (# of trap nights) Cam_eff 1.248 0.256 4.878 <0.001 
Standard deviation of DEM LOG DEMSD_LOG 0.468 0.236 1.982 0.047 
% Evergreen forest LOG FT1_PLAND_LOG 1.070 0.475 2.256 0.024 
% Grassland/shrubland -EXP FT7_PLAND_NExp 1.140 0.204 5.576 <0.001 
Correlation length of shrubland/grassland L LC4_GYR_L 0.701 0.335 2.093 0.036 
Correlation length of shrubland/grassland Q LC4_GYR_Q -0.051 0.122 0.422 0.673 
Focal mean of streams/rivers L STRC1FM_L -1.967 0.843 2.335 0.020 
Correlation length of secondary forest/old clearing L FT6_GYR_L -0.571 0.249 2.290 0.022 
Correlation length of open forest L TC2_GYR_L -0.518 0.303 1.708 0.088 
Correlation length of open forest Q TC2_GYR_Q -0.392 0.393 0.997 0.319 

(g) SSSO - 16km      

Variable ID  ̡ SE (Adj) z p 

(Intercept) - -1.334 0.435 3.069 0.002 
Camera effort (# of trap nights) Cam_eff 1.487 0.311 4.788 0.000 
Correlation length of secondary forest/old clearing LOG FT6_GYR_LOG -0.443 0.239 1.856 0.063 
% Mosaic cropland L LC2_PLAND_L -1.130 0.495 2.285 0.022 
% Bamboo forest L  DEMSD_L 0.333 0.336 0.990 0.322 
Standard deviation of DEM L FT5_PLAND_L 1.556 0.440 3.534 0.000 
% Mosaic cropland Q LC2_PLAND_Q -0.770 0.516 1.493 0.136 
Standard deviation of DEM Q DEMSD_Q -0.868 0.361 2.402 0.016 
% Bamboo forest Q FT5_PLAND_Q -0.192 0.216 0.892 0.372 
% Scrubland/grassland LOG LC4_PLAND_LOG -0.496 0.286 1.736 0.083 
% Evergreen forest LOG FT1_PLAND_LOG 0.733 0.499 1.470 0.142 
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Fig. 1 A graphical representation of the functional form relationships between variables and species detection 

frequencies, including: linear (red); quadratic (orange); logarithmic (yellow); exponential (cyan) and negative 

exponential (blue). 
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Fig. 2 Partial effects plots for the multi-scale optimized (MSO) model showing changes in predicted probability of tiger 

presence when variables increase from their 10th to 100th percentile, holding other variables at their medians.  Graphic 

generated in R (R Development Core Team 2017). 
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Fig. 3 Partial effects plots for the top-performing single-scale optimized (SSO) model (16km) showing changes in 

predicted probability of tiger presence when variables increase from their 10th to 100th percentile, holding other 

variables at their medians. Graphic generated in R (R Development Core Team 2017). 
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Fig. 4 Partial effects plots for the top-performing single-scale shape-optimized (SSSO) model (16km) showing changes 

in predicted probability of tiger presence when variables increase from their 10th to 100th percentile, holding other 

variables at their medians. Graphic generated in R (R Development Core Team 2017). 
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Fig. 5 Differences in prediction maps of probability of tiger presence generated from the top four fully averaged models ς (i) MSSO-SSSO (ii) MSSO-MSO, (iii) MSSO-SSO, (iv) 

SSSO-MSO; (v) SSSO-SSO; and (vi) MSO-SSO. Maps were generated with ArcGIS 10.3.1 (Environmental Systems Research Incorporated, ESRI, Redlands, CA, USA, 2011). 

(i) MSSO-SSSO 

(ii) MSSO-MSO 

(iii) MSSO-SSO 

(iv) SSSO-MSO 

(v) SSSO-SSO 

(vi) MSO-SSO 



Chapter 3 

113 
 

Fig. 6 Presence-absence across predicted probability values for the multi-scale and shape-optimized (MSSO) model. 

Graphic generated in R (R Development Core Team 2017). 

 

Fig. 7 Presence-absence across predicted probability values for the multi-scale-optimized (MSO) model. Graphic 

generated in R (R Development Core Team 2017). 
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Fig. 8 Presence-absence across predicted probability values for the top-performing single scale optimized (SSO) model 

(16km). Graphic generated in R (R Development Core Team 2017). 

 

Fig. 9 Presence-absence across predicted probability values for the top-performing single scale shape-optimized (SSSO) 

model (16km). Graphic generated in R (R Development Core Team 2017). 
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Fig. 10 Relative Operator Characteristic (ROC) plot with MaxKappa and area under the ROC curve (AUC) for the multi-

scale- and shape-optimized (MSSO) model. Graphic generated in R (R Development Core Team 2017). 

 

Fig. 11 Relative Operator Characteristic (ROC) plot with MaxKappa and area under the ROC curve (AUC) for the multi-

scale optimized (MSO) model. Graphic generated in R (R Development Core Team 2017). 
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Fig. 12 Relative Operator Characteristic (ROC) plot with MaxKappa and area under the ROC curve (AUC) for the top 

performing single scale optimized (SSO) model (16km). Graphic generated in R (R Development Core Team 2017). 

 

Fig. 13 Relative Operator Characteristic (ROC) plot with MaxKappa and area under the ROC curve (AUC) for the top 

performing single scale shape-optimized (SSSO) model (16km). Graphic generated in R (R Development Core Team 

2017). 
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ƛƴ ǘƘŜƛǊ ǊŀƴƎŜΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ǿŜ ŜȄŀƳƛƴŜ ǿƘƛŎƘ ŦŀŎǘƻǊǎΣ ŀƳƻƴƎ ǇǊŜȅΣ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ōŜǎǘ ŜȄǇƭŀƛƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƛƴ ǘƘŜ 5ƻƴƎ tƘŀȅŀȅŜƴςYƘŀƻ ¸ŀƛ CƻǊŜǎǘ /ƻƳǇƭŜȄ ό5tY¸ύΦ ²Ŝ 

ŎƻƭƭŀǘŜŘ ǎǳǊǾŜȅ Řŀǘŀ ŦǊƻƳ рсΣнмп ŎŀƳŜǊŀ ǘǊŀǇ ƴƛƎƘǘǎ ŀƴŘ ŜǾŀƭǳŀǘŜŘ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ 

ŀƴŘ ŀ ǎǳƛǘŜ ƻŦ ŬǾŜ ǇǊŜȅΣ мм ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ ŀƴŘ ŜƛƎƘǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǾŀǊƛŀōƭŜǎΦ ²Ŝ ǘƘŜƴ ǳǎŜŘ ǾŀǊƛŀƴŎŜ 

ǇŀǊǘƛǘƛƻƴƛƴƎ ǘƻ ŘƛǎŎŜǊƴ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ǾŀǊƛŀƴŎŜ ƛƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ŜȄǇƭŀƛƴŜŘ ōȅ ǘƘŜǎŜ ŦŀŎǘƻǊǎΦ ²Ŝ ŘƻŎǳƳŜƴǘŜŘ 

ǎǘǊƻƴƎΣ ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǿƛƭŘ ōƻŀǊ {ǳǎ ǎŎǊƻŦŀ ǇǊŜǎŜƴŎŜ ŀƴŘ ǇǊŜȅ ǊƛŎƘƴŜǎǎΣ ŀƴŘ ǎǘǊƻƴƎΣ ƴŜƎŀǘƛǾŜ 

ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ƘǳƳŀƴ ǎŜǘǘƭŜƳŜƴǘ ŘŜƴǎƛǘȅΣ ǇǳōƭƛŎ ǊƻŀŘǎ ŀƴŘ ǇǊŜǎŜƴŎŜ ƻŦ ǇƻŀŎƘŜǊǎΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŜȄǇƭŀƛƴŜŘ ŀ ƎǊŜŀǘŜǊ ǊŜƭŀǘƛǾŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǾŀǊƛŀƴŎŜ όмфΦс҈ύ ƛƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǘƘŀƴ ǇǊŜȅ 
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ŎƻǾŀǊƛŀǘŜǎ ŀƭƻƴŜ όоΦм҈ύΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ŎƻƴŦƻǳƴŘŜŘ ǿƛǘƘ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ όомΦм҈ύΦ ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǾŀǊƛŀōƭŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ǿƘŜƴ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŦŀŎǘƻǊǎΣ ŎƻǳƭŘ ōŜ ǳǎŜŘ ǘƻ ƳƻŘŜƭ 

ǇƻǘŜƴǘƛŀƭ ǘƛƎŜǊ ƻŎŎǳǊǊŜƴŎŜ ǿƘŜǊŜ ƻǘƘŜǊ Řŀǘŀ Ƴŀȅ ōŜ ƭŀŎƪƛƴƎΦ hǳǊ ŀǇǇǊƻŀŎƘ Ƴŀȅ ōŜ ƘŜƭǇŦǳƭ ƛƴ ǇǊƻǾƛŘƛƴƎ 

ƎǳƛŘŀƴŎŜ ŦƻǊ ǇǊƛƻǊƛǘƛȊƛƴƎ ƘŀōƛǘŀǘΣ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ ŀƴŘ ƛŘŜƴǘƛŦȅƛƴƎ ƪŜȅ ǇǊŜȅ ǘƻ ǇǊƻǾƛŘŜ 

ŀ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ǘƛƎŜǊ ǇǊƻǘŜŎǘƛƻƴ ŀƴŘ ǊŜŎƻǾŜǊȅΦ 

 

YŜȅǿƻǊŘǎ ǘƛƎŜǊΤ 5ƻƴƎ tƘŀȅŀȅŜƴςYƘŀƻ ¸ŀƛ CƻǊŜǎǘ /ƻƳǇƭŜȄΤ ǇǊŜȅΤ ǾŀǊƛŀƴŎŜ ǇŀǊǘƛǘƛƻƴƛƴƎΤ ǿƛƭŘ ōƻŀǊΤ ǿƛƭŘƭƛŦŜ 

ƳƻƴƛǘƻǊƛƴƎΤ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŘƛǎǘǳǊōŀƴŎŜΤ ŎŀƳŜǊŀ ǘǊŀǇǇƛƴƎΦ 

 

мΦ LƴǘǊƻŘǳŎǘƛƻƴ 

/ŀǘŀǎǘǊƻǇƘƛŎ ǇƻǇǳƭŀǘƛƻƴ ŘŜŎƭƛƴŜǎ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ ŎŜƴǘǳǊȅΣ ŘǊƛǾŜƴ ōȅ ƘǳƴǘƛƴƎΣ Ƙŀōƛǘŀǘ ƭƻǎǎ ŀƴŘ ǇǊŜȅ 

ŘŜǇƭŜǘƛƻƴΣ ƘŀǾŜ ǇǳǎƘŜŘ ǘƘŜ ǘƛƎŜǊ tŀƴǘƘŜǊŀ ǘƛƎǊƛǎ ǇǊŜŎƛǇƛǘƻǳǎƭȅ ŎƭƻǎŜ ǘƻ ŜȄǘƛƴŎǘƛƻƴ όbƻǿŜƭƭ ŀƴŘ WŀŎƪǎƻƴ мффсΤ 

DƻƻŘǊƛŎƘ Ŝǘ ŀƭΦ нлмрύΦ Lƴ ǊŜǎǇƻƴǎŜΣ ǘƘŜ ǎǇŜŎƛŜǎ Ƙŀǎ ōŜŜƴ ǘƘŜ ŦƻŎǳǎ ƻŦ ŎƻƴǎƛŘŜǊŀōƭŜ ŦǳƴŘƛƴƎΣ ǊŜǎŜŀǊŎƘ ŀƴŘ 

ƳŀƴŀƎŜƳŜƴǘ ŜŦŦƻǊǘǎ ό²ŀƭǎǘƻƴ Ŝǘ ŀƭΦ нлмлύΦ {ǳŎƘ ƛƴǾŜǎǘƳŜƴǘǎ ŀǇǇŜŀǊ ǘƻ ōŜ ƎŜƴŜǊŀǘƛƴƎ ǇƻǎƛǘƛǾŜ ǊŜǎǳƭǘǎΣ ǎǳŎƘ 

ŀǎ ǊŜŎŜƴǘ ŀƴƴƻǳƴŎŜƳŜƴǘǎ ƻŦ ŀ ǊƛǎŜ ƛƴ Ǝƭƻōŀƭ ǘƛƎŜǊ ƴǳƳōŜǊǎΣ ǘƘƻǳƎƘ ƴƻǘ ǿƛǘƘƻǳǘ ŘŜōŀǘŜ όYŀǊŀƴǘƘ Ŝǘ ŀƭΦ нлмсΤ 

²²C нлмсŀΣ ōΤ IŀǊƛƘŀǊ Ŝǘ ŀƭΦ нлмтύΦ  

Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ǊŜŎŜƴǘ Ŏŀǳǘƛƻǳǎ ƻǇǘƛƳƛǎƳΣ ŘǊŀƳŀǘƛŎ ŘŜŎƭƛƴŜǎ ƛƴ ǘƛƎŜǊ ǇƻǇǳƭŀǘƛƻƴǎ ό[ȅƴŀƳ ŀƴŘ bƻǿŜƭƭ 

нлммΤ DƻƻŘǊƛŎƘ Ŝǘ ŀƭΦ нлмрύ ŀƴŘ Ƙŀōƛǘŀǘ όWƻǎƘƛ Ŝǘ ŀƭΦ нлмсύ ƛƴ {ƻǳǘƘŜŀǎǘ !ǎƛŀ Ŏŀǎǘ Řƻǳōǘ ƻƴ ǘƘŜ ŦǳǘǳǊŜ ƻŦ ǘƘŜ 

LƴŘƻŎƘƛƴŜǎŜ ǘƛƎŜǊ tŀƴǘƘŜǊŀ ǘƛƎǊƛǎ ŎƻǊōŜǘǘƛΣ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǇƻƻǊƭȅ ǳƴŘŜǊǎǘƻƻŘ ǎǳōǎǇŜŎƛŜǎΦ Lǘ ƛǎ ƴƻǿ ǇƻǎǎƛōƭŜ 

ǘƘŀǘ /ŀƳōƻŘƛŀΣ [ŀƻ t5w ŀƴŘ ±ƛŜǘ bŀƳ ƘŀǾŜ ƭƻǎǘ ǾƛŀōƭŜ ǘƛƎŜǊ ǇƻǇǳƭŀǘƛƻƴǎ ό[ȅƴŀƳ ŀƴŘ bƻǿŜƭƭ нлммΤ DǊŀȅ Ŝǘ ŀƭΦ 

нлмтΤ wŀǎǇƘƻƴŜ Ŝǘ ŀƭΦ нлмфύΦ ¢ƘŜ ǇƻǘŜƴǘƛŀƭ ƭƻǎǎ ƻŦ ǇƻǇǳƭŀǘƛƻƴǎ ŦǊƻƳ ǘƘŜǎŜ ŎƻǳƴǘǊƛŜǎ ŀƴŘ ŎƻƴǘƛƴǳƛƴƎ ƭƻǎǎ ƻŦ 

Ƙŀōƛǘŀǘ ǿƻǳƭŘ ǊŜǇǊŜǎŜƴǘ ŀ ŎƻƴǎƛŘŜǊŀōƭŜ ŎƘŀƭƭŜƴƎŜ ŦƻǊ ƳŜŀƴƛƴƎŦǳƭ ǊŜŎƻǾŜǊȅ ƻŦ ǘƛƎŜǊǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴΦ  

¢ƘŜǎŜ ƻǾŜǊŀƭƭ ǘǊŜƴŘǎ ŀǊŜ ŜǾƛŘŜƴǘ ƛƴ ¢ƘŀƛƭŀƴŘΣ ƻƴŜ ƻŦ ǘƘŜ ƭŀǎǘ ǊŜƳŀƛƴƛƴƎ ǎǘǊƻƴƎƘƻƭŘǎ ŦƻǊ ǘƛƎŜǊǎ ƛƴ 

{ƻǳǘƘŜŀǎǘ !ǎƛŀΦ ²ƘƛƭŜ ǘƘŜǊŜ ŀǊŜ ǎǳƎƎŜǎǘƛƻƴǎ ǘƘŀǘ ǘƘŜ ǘƛƎŜǊ ǇƻǇǳƭŀǘƛƻƴ ƛƴ ¢ƘŀƛƭŀƴŘ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ƭƻǿ ŀƴŘ Ƙŀǎ 

ǎǳŦŦŜǊŜŘ ƴŀǘƛƻƴŀƭ ǊŀƴƎŜ ǊŜǎǘǊƛŎǘƛƻƴ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎ όtƛǎŘŀƳƪŀƳ Ŝǘ ŀƭΦ нлмлΤ 5bt нлмсύΣ ƭƻƴƎπǘŜǊƳ ƛƴǾŜǎǘƳŜƴǘǎ 

ƛƴ ƭŀǿ ŜƴŦƻǊŎŜƳŜƴǘ ŎŀǇŀŎƛǘȅ Ƴŀȅ ōŜ ǇǊƻǾƛŘƛƴƎ ŀ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ǊŜŎƻǾŜǊȅ ƛƴ ƛǘǎ ƭŀǊƎŜǎǘ ǎƻǳǊŎŜ ǇƻǇǳƭŀǘƛƻƴ 
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ό5ǳŀƴƎŎƘŀƴǘǊŀǎƛǊƛ Ŝǘ ŀƭΦ нлмсύΦ CǳǊǘƘŜǊΣ ŀ ǊŜŎŜƴǘ ǎǘǳŘȅ ƛƴ ǘƘŜ 5ƻƴƎ tƘŀȅŀȅŜƴπYƘŀƻ ¸ŀƛ ŦƻǊŜǎǘ ŎƻƳǇƭŜȄ ό5tY¸ύ 

ƛƴ ŜŀǎǘŜǊƴ ¢ƘŀƛƭŀƴŘ Ƙŀǎ ŜǎǘŀōƭƛǎƘŜŘ ǘƘƛǎ ǳƴŘŜǊǎǘǳŘƛŜŘ ƭŀƴŘǎŎŀǇŜ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ŦŜǿ ǊŜƳŀƛƴƛƴƎ ōǊŜŜŘƛƴƎ 

ǇƻǇǳƭŀǘƛƻƴǎ ƪƴƻǿƴ ŦƻǊ ǘƘŜ LƴŘƻŎƘƛƴŜǎŜ ǎǳōǎǇŜŎƛŜǎ ό!ǎƘ Ŝǘ ŀƭΦ нлнлύΦ 5tY¸ Ƙŀǎ ōŜŎƻƳŜ ŀ ƭŀƴŘǎŎŀǇŜ ƻŦ Ǝƭƻōŀƭ 

ŎƻƴǎŜǊǾŀǘƛƻƴ ǎƛƎƴƛŦƛŎŀƴŎŜ ŦƻǊ ǘƛƎŜǊǎΣ ǳƴŘŜǊǎŎƻǊƛƴƎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƛƳǇǊƻǾƛƴƎ ǎŎƛŜƴǘƛŦƛŎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƛǘǎ 

ǇƻǇǳƭŀǘƛƻƴΦ  

¢ƘŜ ƭŀƴŘǎŎŀǇŜ Ƙŀǎ ōŜŜƴ ŘŜŬƴŜŘ ōȅ ŎƻƴǎƛŘŜǊŀōƭŜ ŎƘŀƴƎŜǎ ǘƘǊƻǳƎƘƻǳǘ ƛǘǎ ƘƛǎǘƻǊȅ ǿƘƛŎƘ ƘŀǾŜ ǇƭŀȅŜŘ ŀ 

ƳŀƧƻǊ ǊƻƭŜ ƛƴ ǎƘŀǇƛƴƎ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀǘŜ ƻŦ ǿƛƭŘƭƛŦŜ ŎƻƴǎŜǊǾŀǘƛƻƴ ƛƴ ǘƘŜ ŀǊŜŀΦ hǾŜǊ ǘƘŜ Ǉŀǎǘ ŎŜƴǘǳǊȅΣ ǘƘŜ 

ƛƴǘŜǊŀŎǘƛƻƴ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎ ŀƴŘ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŀŎǘƛǾƛǘȅ ƘŀǾŜ ƭŜŘ ǘƻ ƳƻŘƛŬŎŀǘƛƻƴ ƻŦ ƘŀōƛǘŀǘΣ ǎǳŎƘ ŀǎ 

ŎƻƴǾŜǊǎƛƻƴ ƻŦ ƭƻǿƭŀƴŘ ŦƻǊŜǎǘǎΣ ŀƴŘ ǇǊƻƭƛŦŜǊŀǘƛƻƴ ƻŦ ǊƻŀŘǎ ŀƴŘ ǎŜǘǘƭŜƳŜƴǘǎΣ ŦŀŎƛƭƛǘŀǘƛƴƎ ǾŀǊȅƛƴƎ ŘŜƎǊŜŜǎ ƻŦ 

ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ όwŀōƛƴƻǿƛǘȊ мффоΤ [ȅƴŀƳ Ŝǘ ŀƭΦ нллсΤ {ǘƻƪŜǎ нлмтύΦ ¢Ƙƛǎ ŎƻƳǇƭŜȄ ƘƛǎǘƻǊȅ Ƙŀǎ ƘŀŘ ŘƛǊŜŎǘ 

ƛƴŦƭǳŜƴŎŜ ƻƴ ǘƛƎŜǊǎ ŀƴŘ ǘƘŜ ǇǊŜȅ ǎǇŜŎƛŜǎ ǿƘƛŎƘ ǳƴŘŜǊǇƛƴ ǘƘŜƛǊ ǎǳǊǾƛǾŀƭΦ  

 DƛǾŜƴ 5tY¸Ωǎ ƘƛǎǘƻǊȅΣ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ǇǊŜȅ ŀƴŘ ƘǳƳŀƴ ŦŀŎǘƻǊǎ ƻƴ ǊŜŎŜƴǘ ǘƛƎŜǊ 

ŘƛǎǘǊƛōǳǘƛƻƴ ƛǎ ƭƛƪŜƭȅ ŎƻƳǇƭŜȄΦ Lƴ ǘƛƎŜǊ ǎǘǳŘƛŜǎ ŜƭǎŜǿƘŜǊŜ ƛƴ ǘƘŜƛǊ ǊŀƴƎŜΣ ǇǊŜȅ ŜƳŜǊƎŜǎ ŀǎ ǘƘŜ ǎǘǊƻƴƎŜǎǘΣ ƻǊ 

ŀƳƻƴƎ ǘƘŜ ǎǘǊƻƴƎŜǎǘΣ ǇǊŜŘƛŎǘƻǊǎ ƻŦ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ όYŀǊŀƴǘƘ Ŝǘ ŀƭΦ нлммΤ IŀǊƛƘŀǊ ŀƴŘ tŀƴŘŀǾ нлмнΤ bƎƻǇǊŀǎŜǊǘ 

Ŝǘ ŀƭΦ нлмнΤ .ŀǊōŜǊπaŜȅŜǊ Ŝǘ ŀƭΦ нлмоύ ǿƛǘƘ ŜǾƛŘŜƴŎŜ ǎǳƎƎŜǎǘƛƴƎ ŀƴ ƻǇǘƛƳŀƭ ǘƛƎŜǊπǇǊŜȅ ōƻŘȅ Ƴŀǎǎ Ǌŀǘƛƻ ƻŦ 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ мΥм όϤслπнрлƪƎΤ IŀȅǿŀǊŘ Ŝǘ ŀƭΦ нлмнύΦ /ƻƴǾŜǊǎŜƭȅΣ ǎǘǳŘƛŜǎ ŀƭǎƻ ǊŜǇƻǊǘ ǎǘǊƻƴƎ ƴŜƎŀǘƛǾŜ 

ŀǎǎƻŎƛŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ŀƴŘ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŘƛǎǘǳǊōŀƴŎŜΣ ǎǳŎƘ ŀǎ ǊƻŀŘǎ όYŜǊƭŜȅ Ŝǘ ŀƭΦ нллнύ ŀƴŘ 

ǇǊƻȄƛƳƛǘȅ ǘƻ ǎŜǘǘƭŜƳŜƴǘǎ ό{ǳƴŀǊǘƻ Ŝǘ ŀƭΦ нлмнύΣ ǘƘƻǳƎƘ ǘƘŜǎŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎ Ƴŀȅ ƴƻǘ ōŜ ǳōƛǉǳƛǘƻǳǎ ό/ŀǊǘŜǊ Ŝǘ 

ŀƭΦ нлмнύΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ǘƘŜǎŜ ŦŀŎǘƻǊǎ ōǊƻŀŘƭȅ ŜȄǇƭŀƛƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƻƴ ǘƘŜƛǊ ƻǿƴ ŀƴŘ 

ŀǊŜ ŎƻƴŦƻǳƴŘŜŘ ŎƻǳƭŘ ǇǊƻǾƛŘŜ ŎǊƛǘƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ƳŀƴŀƎŜǊǎ ǘƻ ŘŜǾŜƭƻǇ ǇǊƻǘŜŎǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ ƛƴŦƻǊƳ 

ŀŘŘƛǘƛƻƴŀƭΣ ŦƻŎǳǎŜŘ ǊŜǎŜŀǊŎƘΦ 

!ǘ ǘƘƛǎ ŎǊƛǘƛŎŀƭ ƧǳƴŎǘǳǊŜ ŦƻǊ ǘƛƎŜǊǎ ƛƴ {ƻǳǘƘŜŀǎǘ !ǎƛŀΣ ǳƴŘŜǊǎǘŀƴŘƛƴƎ Ƙƻǿ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƛǎ ŀŦŦŜŎǘŜŘ ōȅ 

ǇǊŜȅΣ ǘƘǊŜŀǘǎ ŀƴŘ ƭŀƴŘǎŎŀǇŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƛǎ ƻŦ ŎƻƴǎƛŘŜǊŀōƭŜ ƛƳǇƻǊǘŀƴŎŜΦ ¢ƘŜǊŜŦƻǊŜΣ ƻǳǊ Ǝƻŀƭ ƛƴ ǘƘƛǎ ǎǘǳŘȅ 

ǿŀǎ ǘƻ ŜȄŀƳƛƴŜ ǿƘƛŎƘ ŦŀŎǘƻǊǎΣ ŀƳƻƴƎ ǇǊŜȅΣ ƘǳƳŀƴ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ōŜǎǘ ŜȄǇƭŀƛƴ ǘƘŜ 

ǇŀǘǘŜǊƴǎ ƻŦ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƛƴ 5tY¸Φ ¢ƻ Řƻ ǎƻΣ ǿŜ ƳƻŘŜƭƭŜŘ ǎŜǾŜǊŀƭ ǇǊŜȅΣ ƘǳƳŀƴ ŀƴŘ ƭŀƴŘǎŎŀǇŜ ǾŀǊƛŀōƭŜǎ ŀƴŘ 

ŎƻƳǇŀǊŜŘ ǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ǘƛƎŜǊ ƻŎŎǳǊǊŜƴŎŜ ƛǎ ŜȄǇƭŀƛƴŜŘ ōȅ ǘƘŜǎŜ ŦŀŎǘƻǊǎ ǳǎƛƴƎ ǾŀǊƛŀƴŎŜ ǇŀǊǘƛǘƛƻƴƛƴƎΦ ²Ŝ 
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ǘŜǎǘŜŘ ǘƘǊŜŜ ƘȅǇƻǘƘŜǎŜǎ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ CƛǊǎǘΣ ǿŜ ǇǊŜŘƛŎǘ ǘƘŀǘ ǘƛƎŜǊǎ ǿƛƭƭ ƘŀǾŜ ǎǘǊƻƴƎΣ ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ 

ƭŀǊƎŜπōƻŘƛŜŘ όҔмтр ƪƎύ ǇǊŜȅ ǎǇŜŎƛŜǎΦ {ŜŎƻƴŘΣ ǘƛƎŜǊǎ ǿƛƭƭ ƘŀǾŜ ǎǘǊƻƴƎΣ ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ƘǳƳŀƴ 

Ƙŀōƛǘŀǘƛƻƴ ŀƴŘΣ ǘƻ ŀ ƭŜǎǎŜǊ ŘŜƎǊŜŜΣ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜΦ ¢ƘƛǊŘΣ ǿŜ ǇǊŜŘƛŎǘ ǇǊŜȅ ǿƛƭƭ ōŜǘǘŜǊ ŜȄǇƭŀƛƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ 

ŎƻƳǇŀǊŜŘ ǘƻ ƘǳƳŀƴ ƻǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ƎƛǾŜƴ ǘƘŜ ŜǎǘŀōƭƛǎƘŜŘ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǇǊŜȅ ŀǎ ŀ ƳŀƧƻǊ 

ƭƛƳƛǘƛƴƎ ŦŀŎǘƻǊ ƛƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜΦ 

 

нΦ aŀǘŜǊƛŀƭǎ ϧ aŜǘƘƻŘǎ 

нΦм {ǘǳŘȅ ŀǊŜŀ 

¢ƘŜ 5ƻƴƎ tƘŀȅŀȅŜƴπYƘŀƻ ¸ŀƛ CƻǊŜǎǘ /ƻƳǇƭŜȄ ό5tY¸ύ ǎǇŀƴǎ сΣмррƪƳн ƛƴ ŜŀǎǘŜǊƴ ¢ƘŀƛƭŀƴŘ ŀƴŘ ƛƴŎƭǳŘŜǎ 

ŦƛǾŜ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎ όt!ǎύΥ YƘŀƻ ¸ŀƛ bŀǘƛƻƴŀƭ tŀǊƪ όY¸btύΣ ¢ƘŀǇ [ŀƴ bŀǘƛƻƴŀƭ tŀǊƪ ό¢[btύΣ tŀƴƎ {ƛŘŀ bŀǘƛƻƴŀƭ 

tŀǊƪ όt{btύΣ ¢ŀ tƘǊŀȅŀ bŀǘƛƻƴŀƭ tŀǊƪ ό¢tbtύ ŀƴŘ 5ƻƴƎ ¸ŀƛ ²ƛƭŘƭƛŦŜ {ŀƴŎǘǳŀǊȅ ό5¸²{Τ CƛƎΦ мύΦ 5ŜǎƛƎƴŀǘŜŘ ŀǎ ŀ 

¦b9{/h ²ƻǊƭŘ IŜǊƛǘŀƎŜ {ƛǘŜ ŦƻǊ ƛǘǎ ƻǳǘǎǘŀƴŘƛƴƎ ƴŀǘǳǊŀƭ ǾŀƭǳŜΣ ǘƘŜ ŎƻƳǇƭŜȄ ƛǎ ōŜƭƛŜǾŜŘ ǘƻ Ƙƻǎǘ ŀǘ ƭŜŀǎǘ ммн 

ƳŀƳƳŀƭΣ офн ōƛǊŘ ŀƴŘ нлл ǊŜǇǘƛƭŜκŀƳǇƘƛōƛŀƴ ǎǇŜŎƛŜǎ ό¦b9{/h нлмтύΣ ŀƳƻƴƎ ǘƘŜƳΣ ǘƘŜ ŦƭŀƎǎƘƛǇ LƴŘƻŎƘƛƴŜǎŜ 

ǘƛƎŜǊΦ !ǎƘ Ŝǘ ŀƭΦ όнлнлύ ƛŘŜƴǘƛŦƛŜŘ ǎƛȄ ǇǊŜȅ ǎǇŜŎƛŜǎ ǇƻǘŜƴǘƛŀƭƭȅ ǎǳǇǇƻǊǘƛƴƎ ǇǊŜǎŜƴŎŜ ƻŦ ǘƛƎŜǊǎ ƛƴ 5tY¸Υ ōŀƴǘŜƴƎ 

.ƻǎ ƧŀǾŀƴƛŎǳǎΣ ƎŀǳǊ .ƻǎ ƎŀǳǊǳǎΣ bƻǊǘƘŜǊƴ ǊŜŘ ƳǳƴǘƧŀŎ aǳƴǘƛŀŎǳǎ ǾŀƎƛƴŀƭƛǎΣ ǎŀƳōŀǊ wǳǎŀ ǳƴƛŎƻƭƻǊΣ /ƘƛƴŜǎŜ 

ǎŜǊƻǿ /ŀǇǊƛŎƻǊƴƛǎ ƳƛƭƴŜŜŘǿŀǊŘǎƛƛ ŀƴŘ ǿƛƭŘ ōƻŀǊ {ǳǎ ǎŎǊƻŦŀΦ  

tƻǘŜƴǘƛŀƭ ǎƻǳǊŎŜǎ ƻŦ ŘƛǎǘǳǊōŀƴŎŜ ǘƘǊƻǳƎƘ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ ŀǊŜ ŘƛǾŜǊǎŜΦ 5tY¸ ƛǎ ǎƛǘǳŀǘŜŘ ŀƭƳƻǎǘ 

ŎƻƳǇƭŜǘŜƭȅ ǿƛǘƘƛƴ ŀ ƘǳƳŀƴπŘƻƳƛƴŀǘŜŘ ƳŀǘǊƛȄ ƻŦ ǾƛƭƭŀƎŜǎΣ ŀƎǊƛŎǳƭǘǳǊŜΣ ǎƛƭǾƛŎǳƭǘǳǊŜ ŀƴŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ ¢ƘŜ 

ŎƻƳǇƭŜȄ ǎǳǇǇƻǊǘǎ ŀ ǎǳōǎǘŀƴǘƛŀƭ ǘƻǳǊƛǎƳ ƛƴŘǳǎǘǊȅ ƛƴ ǎƻƳŜ ŀǊŜŀǎ ŀƴŘ ƳŀƧƻǊ ǊƻŀŘǎ ƻŎŎǳǊ ōŜǘǿŜŜƴ Y¸btπ¢[bt 

ŀƴŘ ¢tbtπ5¸²{Φ {ƳŀƭƭŜǊ ǊƻŀŘǎ ŀƭǎƻ ŦŀŎƛƭƛǘŀǘŜ ǾŀǊȅƛƴƎ ŘŜƎǊŜŜǎ ƻŦ ŎƻƴǘǊƻƭƭŜŘ ŀƴŘ ǳƴŎƻƴǘǊƻƭƭŜŘ ǾŜƘƛŎƭŜ ŀŎŎŜǎǎ 

ƛƴǘƻ ǘƘŜǎŜ t!ǎΦ IǳƳŀƴ ƛƴŎǳǊǎƛƻƴǎ ƛƴǘƻ 5tY¸ ƛƴŎƭǳŘŜ ƭƻŎŀƭ ŎƻƭƭŜŎǘƻǊǎ ƻŦ ƴƻƴπǘƛƳōŜǊ ŦƻǊŜǎǘ ǇǊƻŘǳŎǘǎΣ ǿƛƭŘƭƛŦŜ 

ǇƻŀŎƘŜǊǎ ŀƴŘ ƛƭƭŜƎŀƭ ƭƻƎƎŜǊǎΦ [ŀǿ ŜƴŦƻǊŎŜƳŜƴǘ ǇŀǘǊƻƭǎ ōȅ ǇŀǊƪ ǊŀƴƎŜǊǎ ŀǊŜ ŎƻƴŘǳŎǘŜŘ ǊŜƎǳƭŀǊƭȅΦ 

 

нΦн /ŀƳŜǊŀπǘǊŀǇ ǎǳǊǾŜȅǎ 

{ǇŜŎƛŜǎ ǇǊŜǎŜƴŎŜ Řŀǘŀ ǿŜǊŜ ŎƻƭƭŀǘŜŘ ŦǊƻƳ ƴƻƴπƛƴǾŀǎƛǾŜ ǘƛƎŜǊ ŎŀƳŜǊŀπǘǊŀǇ ǎǳǊǾŜȅǎ ŎƻƴŘǳŎǘŜŘ ŦǊƻƳ 

нллу ǘƻ нлмт όCƛƎΦ мΤ ǎŜŜ !ǎƘ Ŝǘ ŀƭΦ нлнлύΦ {ǳǊǾŜȅǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ƻǇǇƻǊǘǳƴƛǎǘƛŎŀƭƭȅΣ ǾŀǊȅƛƴƎ ƛƴ ŎƻǾŜǊŀƎŜ ŀƴŘ  
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CƛƎΦм aŀǇ ƻŦ ǘƘŜ ŦƛǾŜ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎ ǿƛǘƘƛƴ ǘƘŜ 5ƻƴƎ tƘŀȅŀȅŜƴπYƘŀƻ ¸ŀƛ ŦƻǊŜǎǘ ŎƻƳǇƭŜȄ ό5tY¸Τ ϤмпϲллΩ ǘƻ мпϲооΩb ŀƴŘ 

ϤмлмϲлрΩ ǘƻ млоϲмпΩ9Τ ŘŜǊƛǾŜŘ ŦǊƻƳ !ǎƘ Ŝǘ ŀƭΦ ώнлнлϐύ ς 5ƻƴƎ ¸ŀƛ ²ƛƭŘƭƛŦŜ {ŀƴŎǘǳŀǊȅ ό5¸²{ύΣ YƘŀƻ ¸ŀƛ bŀǘƛƻƴŀƭ tŀǊƪ 

όY¸btύΣ tŀƴƎ {ƛŘŀ bŀǘƛƻƴŀƭ tŀǊƪ όt{btύΣ ¢ƘŀǇ [ŀƴ bŀǘƛƻƴŀƭ tŀǊƪ ό¢[btύ ŀƴŘ ¢ŀ tƘǊŀȅŀ bŀǘƛƻƴŀƭ tŀǊƪ ό¢tbtύΦ {ǳǊǾŜȅ 

ƭƻŎŀǘƛƻƴǎ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ оƪƳ Ȅ оƪƳ ƎǊƛŘǎΣ ǎƘŀŘŜŘ ōȅ ǘƻǘŀƭ ǎǳǊǾŜȅ ŜŦŦƻǊǘ όǘƻǘŀƭ ŎŀƳŜǊŀπǘǊŀǇ ƴƛƎƘǘǎΤ нллуπнлмтύΦ 

 

ƛƴǘŜƴǎƛǘȅΦ ¢ƘŀǇ [ŀƴ bt ŀŎŎƻǳƴǘŜŘ ŦƻǊ ǘƘŜ ƘƛƎƘŜǎǘ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǎǳǊǾŜȅ ŜŦŦƻǊǘ όннΣмсу ǘǊŀǇ ƴƛƎƘǘǎΤ оф҈ ƻŦ ǘƻǘŀƭύ 

ǿƛǘƘ 5ƻƴƎ ¸ŀƛ ²{ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ǘƘŜ ƭŜŀǎǘ ŀƳƻǳƴǘ ƻŦ ǎǳǊǾŜȅ ŜŦŦƻǊǘ όоΣпнт ǘǊŀǇ ƴƛƎƘǘǎΤ с҈ ƻŦ ǘƻǘŀƭύΦ  {ǳǊǾŜȅ 

ŜŦŦƻǊǘ ƎŜƴŜǊŀƭƭȅ ƛƴŎǊŜŀǎŜŘ ŀǎ ŀŎŎŜǎǎ ǘƻ ǊŜǎƻǳǊŎŜǎ ƛƳǇǊƻǾŜŘΣ ŎƻǾŜǊƛƴƎ ŀƭƭ ŦƛǾŜ t!ǎ ƛƴ ǘƘŜ ŎƻƳǇƭŜȄΦ /ŀƳŜǊŀǎ ǿŜǊŜ 

ǇƭŀŎŜŘ ǘƻ ƳŀȄƛƳƛȊŜ ŘŜǘŜŎǘƛƻƴ ƻŦ ǘƛƎŜǊǎ ōȅ ǇǊƛƻǊƛǘƛȊƛƴƎ ŎŀƳŜǊŀ ǇƭŀŎŜƳŜƴǘ ƛƴ ŀǊŜŀǎ ǿƛǘƘ ǇǊŜǾƛƻǳǎ ǘƛƎŜǊ ƻǊ ǇǊŜȅ 

ǊŜŎƻǊŘǎ ŀƴŘ ƛŘŜƴǘƛŦȅƛƴƎ ǘƻǇƻƎǊŀǇƘƛŎ ƻǊ ƻǘƘŜǊ ŦŜŀǘǳǊŜǎ όŜΦƎΦ ǊƻŀŘǎΣ ǘǊŀƛƭǎύ ƭƛƪŜƭȅ ǳǎŜŘ ōȅ ǘƛƎŜǊǎ όYŀǊŀƴǘƘ ŀƴŘ 

/ƘǳƴŘŀǿŀǘ нллнΤ {ǳƴŀǊǘƻ Ŝǘ ŀƭΦ нлмнΤ .ŀǊōŜǊπaŜȅŜǊ Ŝǘ ŀƭΦ нлмоύΦ 5ŜǘŜŎǘƛƻƴǎ ŀǘ ƻƴŜ ŎŀƳŜǊŀ ǎǘŀǘƛƻƴ ǿŜǊŜ 

ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ƛƴŘŜǇŜƴŘŜƴǘ ƛŦ ǘƘŜȅ ƻŎŎǳǊǊŜŘ ŀŦǘŜǊ ŀ олπƳƛƴ ǇŜǊƛƻŘ όhΩ.ǊƛŜƴ Ŝǘ ŀƭΦ нллоύΦ ¢Ƙƛǎ ǊŜǎǳƭǘŜŘ ƛƴ ŀ 

ǘƻǘŀƭ ƻŦ мΣмсс ǘƛƎŜǊ ŘŜǘŜŎǘƛƻƴǎ ŦƻǊ ŀƴŀƭȅǎƛǎΣ ŀǎ ǿŜƭƭ ŀǎ млΣтнс ŘŜǘŜŎǘƛƻƴǎ ƻŦ ǇƻǘŜƴǘƛŀƭ ǇǊŜȅ ǎǇŜŎƛŜǎ ŀƴŘ нмΣфмл 

ƘǳƳŀƴ ƻǊ ƘǳƳŀƴπǊŜƭŀǘŜŘ ŘŜǘŜŎǘƛƻƴǎ ŦǊƻƳ рсΣнмп ǘǊŀǇ ƴƛƎƘǘǎ ό5ŀǘŀ {мΣ ¢ŀōƭŜ мύΦ ! ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ 

ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǎǳǊǾŜȅǎ ƛǎ ǇǊƻǾƛŘŜŘ ƛƴ !ǎƘ Ŝǘ ŀƭΦ όнлнлύΦ 
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нΦо ±ŀǊƛŀōƭŜǎ 

.ŀǎŜŘ ƻƴ ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ƻƴ ǘƛƎŜǊǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜƛǊ ǊŀƴƎŜ ό{ǳƴŀǊǘƻ Ŝǘ ŀƭΦ нлмнΤ 

bƎƻǇǊŀǎŜǊǘ Ŝǘ ŀƭΦ нлмнΤ .ŀǊōŜǊπaŜȅŜǊ Ŝǘ ŀƭΦ нлмоΤ IŜōōƭŜǿƘƛǘŜ Ŝǘ ŀƭΦ нлмпύΣ ǿŜ ŀǎǎŜƳōƭŜŘ ŀ ǎǳƛǘŜ ƻŦ ǊŜƭŜǾŀƴǘ 

ǇǊŜŘƛŎǘƻǊ ǾŀǊƛŀōƭŜǎ ǘƻ ŜȄǇƭŀƛƴ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ǘƛƎŜǊ ŘŜǘŜŎǘƛƻƴǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǇǊŜȅ ŀƴŘ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ ό5ŀǘŀ {мΣ 

¢ŀōƭŜ нύΦ tǊŜǎŜƴŎŜ ǿŀǎ ƛƴŎƻǊǇƻǊŀǘŜŘ Ǿƛŀ ǇƘƻǘƻƎǊŀǇƘƛŎ ŎŀǇǘǳǊŜ ǊŀǘŜ ƛƴŘƛŎŜǎ όt/wLύ ƻŦ ŦƻǳǊ ǇǊŜȅ ǎǇŜŎƛŜǎ ŀǎ 

ŘŜǎŎǊƛōŜŘ ōȅ !ǎƘ Ŝǘ ŀƭΦ όнлнлύ ς ƎŀǳǊΣ ƳǳƴǘƧŀŎΣ ǎŀƳōŀǊ ŀƴŘ ǿƛƭŘ ōƻŀǊΦ ¢Ƙƛǎ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ƛƴŘŜǇŜƴŘŜƴǘ ŘŜǘŜŎǘƛƻƴǎ ǇŜǊ млл ŎŀƳŜǊŀπǘǊŀǇ ƴƛƎƘǘǎΦ ²Ŝ ƛƴŎƭǳŘŜŘ ŀ ǇǊŜȅ ǊƛŎƘƴŜǎǎ ŎƻǾŀǊƛŀǘŜ ŀǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ǇǊŜȅ ǎǇŜŎƛŜǎ ŘŜǘŜŎǘŜŘ ŦƻǊ ŜŀŎƘ ǎǘŀǘƛƻƴΤ ǘƘƛǎ ŎƻǾŀǊƛŀǘŜ ŀƭǎƻ ƛƴŎƭǳŘŜŘ ǘƘŜ ŘŜǘŜŎǘƛƻƴ ƻŦ ōŀƴǘŜƴƎ ŀƴŘ ǎŜǊƻǿΣ ǿƘƛŎƘ 

ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻƻ ǊŀǊŜ ǘƻ ƛƴŎƭǳŘŜ ŀǎ ǎŜǇŀǊŀǘŜ ŎƻǾŀǊƛŀǘŜǎΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ǿŜ ŘŜŬƴŜ ƭŀǊƎŜ ǇǊŜȅ ŀǎ ǎǇŜŎƛŜǎ ǿƛǘƘ 

ŀ ƳŜŀƴ ōƻŘȅ Ƴŀǎǎ Ҕ мтр ƪƎ όǎŀƳōŀǊ ŀƴŘ ƎŀǳǊύΣ ƳŜŘƛǳƳπǎƛȊŜŘ ǇǊŜȅ ŀǎ ǎǇŜŎƛŜǎ ǿƛǘƘ ŀ ƳŜŀƴ ōƻŘȅ Ƴŀǎǎ ŦǊƻƳ 

нл ǘƻ мтр ƪƎ όǿƛƭŘ ōƻŀǊύ ŀƴŘ ǎƳŀƭƭ ǇǊŜȅ ǎǇŜŎƛŜǎ ǿƛǘƘ ŀ ōƻŘȅ Ƴŀǎǎ ғ нл ƪƎ όƳǳƴǘƧŀŎύΣ ŘŜǎƛƎƴŀǘƛƻƴǎ ǎƛƳƛƭŀǊ ǘƻ 

ǘƘƻǎŜ ƛƴ ƻǘƘŜǊ ǘƛƎŜǊ ǎǘǳŘƛŜǎ όYŀǊŀƴǘƘ ŀƴŘ {ǳƴǉǳƛǎǘ мффрΤ YŀǊŀƴǘƘ ŀƴŘ bƛŎƘƻƭǎ мффуΤ !ƴŘƘŜǊƛŀ Ŝǘ ŀƭΦ нллтΤ 

{ǘŜƛƴƳŜǘȊ Ŝǘ ŀƭΦ нлмоύΦ  

IǳƳŀƴ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ōŀǎŜŘ ƻƴ ŘƛǊŜŎǘ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ ŘŜǘŜŎǘŜŘ ƻƴ ŎŀƳŜǊŀ ǘǊŀǇǎ ŀƴŘ 

ŀǘ ōǊƻŀŘŜǊ ǎŎŀƭŜǎΦ !ƳƻƴƎ ŎƻǾŀǊƛŀǘŜǎ ǊŜƭŀǘŜŘ ǘƻ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜΣ ǿŜ ƛƴŎƭǳŘŜŘ t/wL ŦƻǊ ǇƻŀŎƘŜǊǎ όƛŘŜƴǘƛŬŜŘ 

Ǿƛŀ ǿŜŀǇƻƴǎΣ ŜǉǳƛǇƳŜƴǘΣ ŎŀǊǊȅƛƴƎ ŘŜŀŘ ǿƛƭŘƭƛŦŜκǘƛƳōŜǊ ŜǘŎΦύΣ ŘƻƳŜǎǘƛŎ ŘƻƎǎΣ ǇŀǊƪ ǊŀƴƎŜǊǎΣ ǾŜƘƛŎƭŜǎΣ ŀƴŘ ƻǘƘŜǊ 

ƘǳƳŀƴǎ όǿƘƛŎƘ ƛƴŎƭǳŘŜ ŀƭƭ ƘǳƳŀƴǎ ŀƴŘ ǾŜƘƛŎƭŜǎΣ ŜȄŎŜǇǘ ǊŀƴƎŜǊǎ ŀƴŘ ǇƻŀŎƘŜǊǎύΦ ¢ƻ ŜǾŀƭǳŀǘŜ ōǊƻŀŘŜǊ ǎŎŀƭŜ 

ƘǳƳŀƴ ƛƴƅǳŜƴŎŜΣ ǿŜ ƎŜƴŜǊŀǘŜŘ ǎŜǾŜǊŀƭ DL{πōŀǎŜŘ ŎƻǾŀǊƛŀǘŜǎ ŀǘ олƳ ǊŜǎƻƭǳǘƛƻƴ ǘƻ ƳŀǘŎƘ ǘƘŜ ǊŜǎƻƭǳǘƛƻƴ ƻŦ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǾŀǊƛŀōƭŜǎ ŦǊƻƳ !ǎƘ Ŝǘ ŀƭΦ όнлнмύΦ ¦ǎƛƴƎ !ǊŎDL{ ό9{wL нлмрύΣ ǿŜ ŎŀƭŎǳƭŀǘŜŘ 9ǳŎƭƛŘŜŀƴ ŘƛǎǘŀƴŎŜ ǘƻ 

ǊƻŀŘǎ όwƻȅŀƭ CƻǊŜǎǘǊȅ 5ŜǇŀǊǘƳŜƴǘΣ нлллΤ DL{¢5!Σ нллрΤ нлму DƻƻƎƭŜΣ ¦{ 5ŜǇǘ ƻŦ {ǘŀǘŜ DŜƻƎǊŀǇƘŜǊΣ LƳŀƎŜ 

[ŀƴŘǎŀǘκ/ƻǇŜǊƴƛŎǳǎύ ŦƻǊ ǘǿƻ ŎƭŀǎǎŜǎΥ ǳƴŎƻƴǘǊƻƭƭŜŘ ǇǳōƭƛŎ ǊƻŀŘǎΣ Ƴƻǎǘ ƻŦ ǿƘƛŎƘ ƻŎŎǳǊ Ƨǳǎǘ ƛƴǎƛŘŜ ƻǊ ƻǳǘǎƛŘŜ 

ǘƘŜ ǇŀǊƪǎΣ ŀƴŘ ŎƻƴǘǊƻƭƭŜŘ ǇǊƛǾŀǘŜ όǇŀǊƪύ ǊƻŀŘǎΣ ǿƘƛŎƘ ŀǊŜ ƳŀƴŀƎŜŘ ōȅ ǇŀǊƪǎ ǘƻ ǊŜƎǳƭŀǘŜ ŀŎŎŜǎǎΦ ²Ŝ ŀƭǎƻ 

ŎŀƭŎǳƭŀǘŜŘ ŘƛǎǘŀƴŎŜ ǘƻ ǇŀǊƪ ǎǳōǎǘŀǘƛƻƴ όwƻȅŀƭ CƻǊŜǎǘǊȅ 5ŜǇŀǊǘƳŜƴǘ нлллύΦ ¢ƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ƛƴŦƭǳŜƴŎŜ 

ƻŦ ǎŜǘǘƭŜƳŜƴǘǎΣ ǿŜ ŎŀƭŎǳƭŀǘŜŘ ƪŜǊƴŜƭ ŘŜƴǎƛǘȅ ƻŦ ǎŜǘǘƭŜƳŜƴǘǎ ǎǳǊǊƻǳƴŘƛƴƎ 5tY¸ ƛƴ !ǊŎDL{ ό9{wL нлмрΤ нлму 

DƻƻƎƭŜΣ ¦{ 5ŜǇǘ ƻŦ {ǘŀǘŜ DŜƻƎǊŀǇƘŜǊΣ LƳŀƎŜ [ŀƴŘǎŀǘκ/ƻǇŜǊƴƛŎǳǎύΦ ²Ŝ ŀƭǎƻ ƛƴŎƭǳŘŜŘ ǘƘŜ Dƭƻōŀƭ IǳƳŀƴ 
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LƴŦƭǳŜƴŎŜ LƴŘŜȄ ŘŀǘŀǎŜǘ ό²/{ ŀƴŘ /L9{Lb нллрύΣ ǎǳƳƳŀǊƛȊƛƴƎ ǇƻǇǳƭŀǘƛƻƴ ŘŜƴǎƛǘȅΣ ƘǳƳŀƴ ƭŀƴŘ ǳǎŜ ŀƴŘ 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ƘǳƳŀƴ ŀŎŎŜǎǎΦ  

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǇǊŜȅ ŀƴŘ ƘǳƳŀƴ ŎƻǾŀǊƛŀǘŜǎΣ ǿŜ ŀƭǎƻ ƛƴŎƭǳŘŜŘ ǊŜƭŜǾŀƴǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǾŀǊƛŀōƭŜǎ 

ŘŜǾŜƭƻǇŜŘ ŦƻǊ ǘƘŜ ƳǳƭǘƛǇƭŜπǎŎŀƭŜ ǎƘŀǇŜπƻǇǘƛƳƛȊŜŘ ƳƻŘŜƭ ƛƴ !ǎƘ Ŝǘ ŀƭΦ όнлнмύΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ŀǳǘƘƻǊǎ ǘŜǎǘŜŘ ǘƘŜ 

ŜŦŦŜŎǘ ƻŦ пт ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǾŀǊƛŀōƭŜǎ ό5ŀǘŀ {нΣ ¢ŀōƭŜ мύ ƻƴ ǘƛƎŜǊ ƻŎŎǳǊǊŜƴŎŜ ōŀǎŜŘ ƻƴ ǘƘŜ ǎŀƳŜ ŎŀƳŜǊŀπǘǊŀǇ 

ŘŀǘŀǎŜǘ ό!ǎƘ Ŝǘ ŀƭΦ нлнлύ ŀǘ ǎŜǾŜƴ ǎǇŀǘƛŀƭ ǎŎŀƭŜǎ όнрлƳ ǘƻ мсƪƳύΣ ŘŜǊƛǾŜŘ ŦǊƻƳ ǎǇŀǘƛŀƭ ǎǘŀǘƛǎǘƛŎǎ ŀƴŘ ƛƴŎƭǳŘƛƴƎ 

ǎŜǾŜǊŀƭ ƭŀƴŘǎŎŀǇŜ ƳŜǘǊƛŎǎ όŦƻŎŀƭ ƳŜŀƴκǇŜǊŎŜƴǘŀƎŜ ƻŦ ƭŀƴŘǎŎŀǇŜΣ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴΣ ŎƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘΣ 

ŎƻƴǘǊŀǎǘπǿŜƛƎƘǘŜŘ ŜŘƎŜ ŘŜƴǎƛǘȅΣ ǇŀǘŎƘ ŘŜƴǎƛǘȅ ŀƴŘ ŀƎƎǊŜƎŀǘƛƻƴ ƛƴŘŜȄύΣ ƎŜƴŜǊŀǘŜŘ ōȅ ƳƻǾƛƴƎ ǿƛƴŘƻǿǎ ƻŦ ǎƛȊŜ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ŜŀŎƘ ǎŎŀƭŜΦ ¢ƘŜ ŀǳǘƘƻǊǎ ŀƭǎƻ ǘŜǎǘŜŘ ǾŀǊƛŀōƭŜǎ ǘǊŀƴǎŦƻǊƳŜŘ ōȅ ŬǾŜ ŘƛŦŦŜǊŜƴǘ ŦǳƴŎǘƛƻƴŀƭ ǎƘŀǇŜǎ 

όƭƛƴŜŀǊΣ ǉǳŀŘǊŀǘƛŎΣ ƭƻƎΣ ŜȄǇƻƴŜƴǘƛŀƭ ŀƴŘ ƴŜƎŀǘƛǾŜ ŜȄǇƻƴŜƴǘƛŀƭύΦ ±ŀǊƛŀōƭŜǎ ǿŜǊŜ ŜǾŀƭǳŀǘŜŘ ŀǘ ŜŀŎƘ ǎŎŀƭŜ ŀƴŘ 

ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳ ƛƴ ǳƴƛǾŀǊƛŀǘŜ ƳƻŘŜƭǎ ǿƛǘƘ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ŀǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ǾŀǊƛŀōƭŜΣ ǿƛǘƘ ƻǇǘƛƳŀƭ ǎŎŀƭŜ ŀƴŘ 

ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳ ŘŜǘŜǊƳƛƴŜŘ ōȅ !L/ŎΦ CƻƭƭƻǿƛƴƎ ŬƭǘŜǊƛƴƎ ƻŦ ǾŀǊƛŀōƭŜǎ ōŀǎŜŘ ƻƴ Ǉ Ҕ лΦлр ŀƴŘ tŜŀǊǎƻƴΩǎ 

ŎƻǊǊŜƭŀǘƛƻƴΣ ǊŜƳŀƛƴƛƴƎ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ŀ Ŧǳƭƭȅ ŀǾŜǊŀƎŜŘ ƳǳƭǘƛǾŀǊƛŀǘŜ ƳƻŘŜƭ ǿƛǘƘ ǇŜǊŦƻǊƳŀƴŎŜ 

ŜǾŀƭǳŀǘŜŘ Ǿƛŀ ŀǊŜŀ ǳƴŘŜǊ ǘƘŜ ǊŜƭŀǘƛǾŜ ƻǇŜǊŀǘƛƴƎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ όwh/ύ ŎǳǊǾŜ ό!¦/ύΦ ¢ƘŜ ƳƻŘŜƭΣ ǿƘƛŎƘ ǇŜǊŦƻǊƳŜŘ 

ŜȄŎŜǇǘƛƻƴŀƭƭȅ ǿŜƭƭ ό!¦/ лΦфоύΣ ƛƴŎƭǳŘŜŘ ŜƛƎƘǘ ǾŀǊƛŀōƭŜǎΥ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǎŜŎƻƴŘŀǊȅ ŦƻǊŜǎǘ όƭƻƎΣ мсƪƳύΣ 

ŎƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ǎŜŎƻƴŘŀǊȅ ŦƻǊŜǎǘ όƭƛƴŜŀǊΣ пƪƳύΣ ŎŀƳŜǊŀ ŜŦŦƻǊǘΣ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ōŀƳōƻƻ ŦƻǊŜǎǘ 

όƭƛƴŜŀǊκǉǳŀŘǊŀǘƛŎΤ мсƪƳύΣ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ ŜƭŜǾŀǘƛƻƴ όƭƛƴŜŀǊκǉǳŀŘǊŀǘƛŎΣ мсƪƳύΣ ŦƻŎŀƭ ƳŜŀƴ ƻŦ ǘŜǊǊŀƛƴ 

ǊƻǳƎƘƴŜǎǎ ƛƴŘŜȄ όƭƛƴŜŀǊκǉǳŀŘǊŀǘƛŎ мсƪƳύΣ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƻǇŜƴ ŦƻǊŜǎǘ όƭƛƴŜŀǊΣ мсƪƳύ ŀƴŘ ŎƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ 

ǊŜŦƻǊŜǎǘŜŘ ŀǊŜŀǎ όƭƛƴŜŀǊκǉǳŀŘǊŀǘƛŎΣ уƪƳύΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎ ƛƴ ƻǳǊ ǎǘǳŘȅ ǿŜǊŜ ŘŜŬƴŜŘ ōȅ ǘƘŜ ǎŀƳŜ ǎŜǘ ƻŦ 

ǾŀǊƛŀōƭŜǎ ŀƴŘ ǘƘŜƛǊ ŎƻŜŦŬŎƛŜƴǘǎ ŀǎ ƛƴ !ǎƘ Ŝǘ ŀƭΦ όнлнмύ ŀǘ ǘƘŜƛǊ ŀǇǇǊƻǇǊƛŀǘŜ ǎǇŀǘƛŀƭ ǎŎŀƭŜǎ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳǎ 

ό¢ŀōƭŜ нŎΤ ǎŜŜ 5ŀǘŀ {нύΦ  

 

нΦп ¢ƛƎŜǊ ƻŎŎǳǊǊŜƴŎŜ ƳƻŘŜƭǎ 

¢ƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǿƛǘƘƛƴπƎǊƻǳǇ ŜŦŦŜŎǘ ƻŦ ŜŀŎƘ ŎƻǾŀǊƛŀǘŜ ƻƴ ǘƛƎŜǊ ŘŜǘŜŎǘƛƻƴǎΣ ǿŜ ŘŜǾŜƭƻǇŜŘ ƎŜƴŜǊŀƭƛȊŜŘ 

ƭƛƴŜŀǊ ƳƻŘŜƭǎ όD[aύ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ǘƘǊŜŜ ŦŀŎǘƻǊǎ όǇǊŜȅΣ ƘǳƳŀƴ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘύΦ ¢ƘŜ ƳƻŘŜƭǎ ƛƴŎƭǳŘŜŘ 

ōƛƴƻƳƛŀƭ ǘƛƎŜǊ ŘŜǘŜŎǘƛƻƴ Řŀǘŀ ŀǎ ǘƘŜ ǊŜǎǇƻƴǎŜ ǾŀǊƛŀōƭŜΣ ŎƻǾŀǊƛŀǘŜ Řŀǘŀ ŀǎ ǘƘŜ ŜȄǇƭŀƴŀǘƻǊȅ ǾŀǊƛŀōƭŜΣ ŀƴŘ ǎǳǊǾŜȅ 
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ŜŦŦƻǊǘ ό/¢bύ ŀǎ ŀ ŬȄŜŘ ŜŦŦŜŎǘΣ ǿƛǘƘ ōƛƴƻƳƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ǳǎƛƴƎ ŀ ƭƻƎƛǘ ƭƛƴƪ ŦǳƴŎǘƛƻƴΦ ¢ƻ ŜƭƛƳƛƴŀǘŜ ǿƛǘƘƛƴπƎǊƻǳǇ 

ŎƻƭƭƛƴŜŀǊƛǘȅ ŀƴŘ Ƴŀƛƴǘŀƛƴ ŎƻƭƭƛƴŜŀǊƛǘȅ ŀŎǊƻǎǎ ǘƘŜ ƎǊƻǳǇǎ ŦƻǊ ǾŀǊƛŀƴŎŜ ǇŀǊǘƛǘƛƻƴƛƴƎ ŀƴŀƭȅǎƛǎΣ ǿŜ ŎƻƴŘǳŎǘŜŘ ŀ 

tŜŀǊǎƻƴΩǎ ŎƻǊǊŜƭŀǘƛƻƴ ǘŜǎǘ ōŜǘǿŜŜƴ ǾŀǊƛŀōƭŜǎ ƛƴ ŜŀŎƘ ŎŀǘŜƎƻǊȅ όǇǊŜȅ ŀƴŘ ƘǳƳŀƴύ ǿƛǘƘ ŎƻǊǊŜƭŀǘƛƻƴ ǘƘǊŜǎƘƻƭŘ ƻŦ 

μǊμ Ҕ лΦсΣ ǊŜƳƻǾƛƴƎ ǾŀǊƛŀōƭŜǎ ƻŦ ƘƛƎƘŜǊ !L/Ŏ ǾŀƭǳŜ Ǿƛŀ ǳƴƛǾŀǊƛŀǘŜ ǊŜƎǊŜǎǎƛƻƴ ό.ǳǊƴƘŀƳ ŀƴŘ !ƴŘŜǊǎƻƴ нллнύΦ 

¢ƘŜ ōŜǎǘ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǊŜƳŀƛƴƛƴƎ ŎƻǾŀǊƛŀǘŜǎ ƛƴ ŜŀŎƘ ƎǊƻǳǇ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǎǳōǎŜǘǘƛƴƎ ōŜǎǘ ǇŜǊŦƻǊƳƛƴƎ 

D[aǎ ƛƴ Ψ.Lh{¢!¢{Ω όaŎDŀǊƛƎŀƭ нлмуύΣ ǊŀƴƪŜŘ ōȅ ɲ!L/Ŏ όŘŜŬƴŜŘ ƛƴ ƻǳǊ ƳƻŘŜƭ ŀǎ ɲ!L/Ŏ ғ нύΣ ǊŀƴƪƛƴƎ ǾŀǊƛŀōƭŜ 

ƛƳǇƻǊǘŀƴŎŜ ƛƴ Ŭƴŀƭ ƳƻŘŜƭǎ ŀƴŘ ƎŜƴŜǊŀǘƛƴƎ ŀǾŜǊŀƎŜŘ ŎƻŜŦŬŎƛŜƴǘǎ ōŀǎŜŘ ƻƴ !ƪŀƛƪŜΩǎ ƳƻŘŜƭ ǿŜƛƎƘǘ όǿƛύΦ ¢ƘŜǎŜ 

ǎǘŜǇǎ ǿŜǊŜ ŀƭǎƻ ŎŀǊǊƛŜŘ ƻǳǘ ŦƻǊ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭ ƎŜƴŜǊŀǘŜŘ ōȅ !ǎƘ Ŝǘ ŀƭΦ όнлнмύΦ 

¢ƻ ŜǾŀƭǳŀǘŜ ƳƻŘŜƭ ǇŜǊŦƻǊƳŀƴŎŜΣ ǿŜ ŎŀƭŎǳƭŀǘŜŘ ŀƴŘ ŎƻƳǇŀǊŜŘ ǎǘŀǘƛǎǘƛŎǎ ƛƴŘƛŎŀǘƛƴƎ ƳƻŘŜƭ 

ŘƛǎŎǊƛƳƛƴŀǘƻǊȅ ŀōƛƭƛǘȅΦ {ǇŜŎƛŬŎŀƭƭȅΣ ǿŜ ŜǾŀƭǳŀǘŜŘ ǎŜƴǎƛǘƛǾƛǘȅΣ ǎǇŜŎƛŬŎƛǘȅΣ ǇŜǊŎŜƴǘ ŎƻǊǊŜŎǘƭȅ ŎƭŀǎǎƛŬŜŘ όt//ύΣ 

ƪŀǇǇŀ ŀƴŘ !¦/Φ {ŜŎƻƴŘΣ ǿŜ ǘŜǎǘŜŘ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ŜŀŎƘ ŎƻǾŀǊƛŀǘŜ ƻƴ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ōȅ 

ŎŀƭŎǳƭŀǘƛƴƎ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ƻōǎŜǊǾŜŘ ǿƘŜƴ ǘƘŜ ŎƻǾŀǊƛŀǘŜ ƛƴŎǊŜŀǎŜǎ ŦǊƻƳ ǘƘŜ млǘƘ ǘƻ мллǘƘ ǇŜǊŎŜƴǘƛƭŜΣ ǳǎƛƴƎ 

ǎǘŀƴŘŀǊŘƛȊŜŘ ǾŀƭǳŜǎ ǿƘƛƭŜ ƘƻƭŘƛƴƎ ƻǘƘŜǊ ŎƻǾŀǊƛŀǘŜǎ ŀǘ ǘƘŜƛǊ ƳŜŘƛŀƴǎΦ /ƻǾŀǊƛŀǘŜǎ ǿŜǊŜ ǘǊŀƴǎŦƻǊƳŜŘ ǘƻ ƴƻƴπ

ǎǘŀƴŘŀǊŘƛȊŜŘ ǾŀƭǳŜǎ ŀƴŘ ǇƭƻǘǘŜŘ ǘƻ ŜǾŀƭǳŀǘŜ ŎƘŀƴƎŜǎ ƛƴ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǊŜƭŀǘƛǾŜ ǘƻ ŎƘŀƴƎŜǎ ƛƴ 

ŎƻǾŀǊƛŀǘŜ ǾŀƭǳŜǎΦ 

 

нΦр ±ŀǊƛŀƴŎŜ ǇŀǊǘƛǘƛƻƴƛƴƎ  

²Ŝ ǳǎŜŘ ŀƭƭ Ŭƴŀƭ ǾŀǊƛŀōƭŜǎ ƛƴ ŜŀŎƘ ƎǊƻǳǇ όŬǾŜ ǇǊŜȅΣ мм ƘǳƳŀƴ ŀƴŘ ŜƛƎƘǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǾŀǊƛŀōƭŜǎύ ǘƻ 

ŎƻƴŘǳŎǘ ǾŀǊƛŀƴŎŜ ǇŀǊǘƛǘƛƻƴƛƴƎ ŀƴŀƭȅǎƛǎ ό.ƻǊŎŀǊŘ Ŝǘ ŀƭΦ мффнύΣ ƛƴ ƻǊŘŜǊ ǘƻ ǉǳŀƴǘƛŦȅ ǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ǇǊŜȅΣ 

ƘǳƳŀƴ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎ ŀŎŎƻǳƴǘ ŦƻǊ ǾŀǊƛŀǘƛƻƴ ƛƴ ǘƛƎŜǊ ŘŜǘŜŎǘƛƻƴǎ ŀŎǊƻǎǎ 5tY¸Φ ±ŀǊƛŀƴŎŜ ǇŀǊǘƛǘƛƻƴƛƴƎ 

Ƙŀǎ ōŜŜƴ ǳǎŜŘ ƛƴ ŀ ƴǳƳōŜǊ ƻŦ ŜŎƻƭƻƎƛŎŀƭ ƳƻŘŜƭƭƛƴƎ ǎǘǳŘƛŜǎ ό/ǳǎƘƳŀƴ ŀƴŘ aŎDŀǊƛƎŀƭ нллпΤ .ƘŀǘǘŀǊŀƛ ŀƴŘ 

YƛƴŘƭƳŀƴƴ нлмоΤ ¢ƛƳƳ Ŝǘ ŀƭΦ нлмсύ ŀƴŘ ƛǎ ǳǎŜŦǳƭ ƛƴ ŘƛǎŎŜǊƴƛƴƎ ǘƘŜ ŜȄǇƭŀƴŀǘƻǊȅ ǇƻǿŜǊ ƻŦ ƛƴŘŜǇŜƴŘŜƴǘ ŀƴŘ 

ŎƻƴŦƻǳƴŘŜŘ ƳƻŘŜƭǎ ƻƴ ŀ ǎƘŀǊŜŘ ǊŜǎǇƻƴǎŜΦ 

±ŀǊƛŀƴŎŜ ǇŀǊǘƛǘƛƻƴƛƴƎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ǘƘŜ ŦǳƴŎǘƛƻƴ ǾŀǊǇŀǊǘ ǿƛǘƘƛƴ ǘƘŜ ǇŀŎƪŀƎŜ ΨǾŜƎŀƴΩ ƛƴ w όw 

5ŜǾŜƭƻǇƳŜƴǘ /ƻǊŜ ¢ŜŀƳ нлмтΤ hƪǎŀƴŜƴ Ŝǘ ŀƭΦ нлмуύΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǘƘǊŜŜ ŘŜǎŎǊƛōŜŘ ǘȅǇŜǎ ƻŦ ŎƻǾŀǊƛŀǘŜǎ όǇǊŜȅΣ 
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ƘǳƳŀƴΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘύ ǿƛǘƘ ŎŀƳŜǊŀ ŜŦŦƻǊǘ ŀǎ ŀ ŦƻǳǊǘƘ ŜȄǇƭŀƴŀǘƻǊȅ ŎƻƳǇƻƴŜƴǘΣ ŀƴŘ ōƛƴƻƳƛŀƭ ǘƛƎŜǊ 

ŘŜǘŜŎǘƛƻƴǎ ŀǎ ǘƘŜ ǊŜǎǇƻƴǎŜΦ 

 

оΦ wŜǎǳƭǘǎ 

!ƳƻƴƎ ŀƴ ƻǊƛƎƛƴŀƭ мм ŎƻǾŀǊƛŀǘŜǎ ŦƻǊ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ ŀƴŘ ŬǾŜ ŎƻǾŀǊƛŀǘŜǎ ŦƻǊ ǇǊŜȅΣ ŦƻǳǊ ƘǳƳŀƴ 

ǇǊŜǎŜƴŎŜ ŎƻǾŀǊƛŀǘŜǎ ǿŜǊŜ ŘǊƻǇǇŜŘ όŘƻƳŜǎǘƛŎ ŘƻƎΣ ƻǘƘŜǊ ƘǳƳŀƴǎΣ ŘƛǎǘŀƴŎŜ ǘƻ ǇŀǊƪ ǎǳōπǎǘŀǘƛƻƴ ŀƴŘ ŘƛǎǘŀƴŎŜ 

ǘƻ ŀƭƭ ǊƻŀŘǎύ ŀƴŘ ƻƴŜ ǇǊŜȅ ŎƻǾŀǊƛŀǘŜ ǿŀǎ ŘǊƻǇǇŜŘ όƳǳƴǘƧŀŎύ ŘǳŜ ǘƻ Ǉ Ҕ лΦлрΦ tŜŀǊǎƻƴΩǎ ŎƻǊǊŜƭŀǘƛƻƴ ǘŜǎǘ ŦƻǊ 

ǾŀǊƛŀōƭŜǎ ǿƛǘƘƛƴ ǘƘŜ ǘǿƻ ƎǊƻǳǇǎ ŘƛŘ ƴƻǘ ƛƴŘƛŎŀǘŜ ŎƻǊǊŜƭŀǘƛƻƴ όμǊμ Ҕ лΦсύ ōŜǘǿŜŜƴ ǊŜƳŀƛƴƛƴƎ ŎƻǾŀǊƛŀǘŜǎΦ 

hǾŜǊŀƭƭ ƳƻŘŜƭ ǇŜǊŦƻǊƳŀƴŎŜ ǿŀǎ ǎǘǊƻƴƎ ŦƻǊ ŀƭƭ ƎǊƻǳǇǎ ƻŦ ŎƻǾŀǊƛŀǘŜǎ ό!¦/ Ҕ лΦулΤ ¢ŀōƭŜ мύΦ ¢ƘŜ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭ ŦǊƻƳ !ǎƘ Ŝǘ ŀƭΦ όнлнмύΣ ŜȄƘƛōƛǘŜŘ ǘƘŜ ǎǘǊƻƴƎŜǎǘ ǇŜǊŦƻǊƳŀƴŎŜ ōȅ !¦/ όлΦфоύΣ ŦƻƭƭƻǿŜŘ ōȅ 

ƘǳƳŀƴ ŦŀŎǘƻǊǎ όлΦфлύ ŀƴŘ ǇǊŜȅ όлΦулύΦ CƻǊ ƻǘƘŜǊ ƳƻŘŜƭ ǇŜǊŦƻǊƳŀƴŎŜ ǎǘŀǘƛǎǘƛŎǎΣ ƘǳƳŀƴ ŦŀŎǘƻǊǎ ƻǳǘǇŜǊŦƻǊƳŜŘ 

ƻǘƘŜǊǎ ƛƴ ǇŜǊŎŜƴǘ ƻōǎŜǊǾŀǘƛƻƴǎ ŎƻǊǊŜŎǘƭȅ ŎƭŀǎǎƛŬŜŘ όt//ύ ŀƴŘ ǎǇŜŎƛŬŎƛǘȅ ǿƛǘƘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭ 

ǇŜǊŦƻǊƳƛƴƎ ōŜǘǘŜǊ ōŀǎŜŘ ƻƴ ǎŜƴǎƛǘƛǾƛǘȅΦ CǳǊǘƘŜǊΣ YŀǇǇŀ ŦƻǊ ƘǳƳŀƴ ŦŀŎǘƻǊǎ όлΦсрύ ǿŀǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭ όлΦсрύΣ ōǳǘ ƴƻǘŀōƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ ǇǊŜȅ όлΦпмύΣ ŘŜƳƻƴǎǘǊŀǘƛƴƎ ŜȄŎŜǇǘƛƻƴŀƭ ŀōƛƭƛǘȅ ǘƻ 

ŎƻǊǊŜŎǘƭȅ ŘƛǎŎǊƛƳƛƴŀǘŜ ōŜǘǿŜŜƴ ŘŜǘŜŎǘƛƻƴ ŀƴŘ ƴƻƴπŘŜǘŜŎǘƛƻƴ ǇƻƛƴǘǎΦ !ƭƭ ƎǊƻǳǇǎ ƘŀŘ ǊŜƭŀǘƛǾŜƭȅ ƘƛƎƘ ǎǇŜŎƛŬŎƛǘȅ 

ǾŀƭǳŜǎ ς лΦфс ŦƻǊ ƘǳƳŀƴ ŦŀŎǘƻǊǎΣ лΦфо ŦƻǊ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ лΦус ŦƻǊ ǇǊŜȅ ς ƛƴŘƛŎŀǘƛƴƎ ŀ ǎǘǊƻƴƎ ŀōƛƭƛǘȅ ǘƻ ǇǊŜŘƛŎǘ 

ƴƻƴπŘŜǘŜŎǘƛƻƴ ǇƻƛƴǘǎΦ 

 

оΦм tǊŜȅ ƳƻŘŜƭ 

!ƭƭ ŦƻǳǊ ǇǊŜȅ ŎƻǾŀǊƛŀǘŜǎ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ Ŧǳƭƭȅ ŀǾŜǊŀƎŜŘ ƳƻŘŜƭ ό¢ŀōƭŜ нŀύ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ŎŀƳŜǊŀ 

ŜŦŦƻǊǘΦ !L/ ǾŀǊƛŀōƭŜ ƛƳǇƻǊǘŀƴŎŜ ǿŀǎ ƘƛƎƘŜǎǘ ŦƻǊ ǿƛƭŘ ōƻŀǊΣ ǇǊŜȅ ǊƛŎƘƴŜǎǎ ŀƴŘ ŎŀƳŜǊŀ ŜŦŦƻǊǘΣ ōƻǘƘ ǇǊŜǎŜƴǘ ƛƴ 

ƴҐо ƳƻŘŜƭ ǎǳōǎŜǘǎΣ ŀƴŘ ƭƻǿŜǎǘ ŦƻǊ ǎŀƳōŀǊ ŀƴŘ ƎŀǳǊ όƴ Ґ мύΦ  

±ŀǊƛŀōƭŜ ƛƳǇƻǊǘŀƴŎŜΣ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǎǘŀƴŘŀǊŘƛȊŜŘ ŎƻŜŦŦƛŎƛŜƴǘǎΣ ǿŀǎ ƘƛƎƘŜǎǘ ŦƻǊ ŎŀƳŜǊŀ ŜŦŦƻǊǘ όʲ Ґ 

лΦффл ҕ лΦнпмύΣ ŦƻƭƭƻǿŜŘ ōȅ ǇǊŜȅ ǊƛŎƘƴŜǎǎ όʲ Ґ лΦппн ҕ лΦмстύ ŀƴŘ ǿƛƭŘ ōƻŀǊ όʲ Ґ лΦнфт ҕ лΦмммύΦ .ƻǘƘ ƎŀǳǊ όʲ 

Ґ πлΦлтп ҕ лΦмонύ ŀƴŘ ǎŀƳōŀǊ όʲ Ґ πлΦмлп ҕ лΦммфύ ƘŀŘ ŀŘƧǳǎǘŜŘ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊǎ ŎǊƻǎǎƛƴƎ ȊŜǊƻΦ  

tǊŜŘƛŎǘŜŘ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƘŀŘ ŀ ǎǘǊƻƴƎΣ ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴ ǿƛǘƘ ŎŀƳŜǊŀ ŜŦŦƻǊǘΣ ǿƛǘƘ ŀ ŎƘŀƴƎŜ όɲύ ƻŦ 
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¢ŀōƭŜ м ! ǎǳƳƳŀǊȅ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ ǎǘŀǘƛǎǘƛŎǎ ŦƻǊ ǇǊŜȅΣ ƘǳƳŀƴ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭǎΣ ǘƘŜ ƭŀǘǘŜǊ ŘŜǊƛǾŜŘ ŦǊƻƳ !ǎƘ Ŝǘ 

ŀƭΦ όнлнмύΦ 

aƻŘŜƭ aŀȄ YŀǇǇŀ /ǳǘπǇƻƛƴǘ t// {ŜƴǎƛǘƛǾƛǘȅ {ǇŜŎƛŦƛŎƛǘȅ YŀǇǇŀ !¦/ 

tǊŜȅ лΦнтлл лΦтфрп лΦррнс лΦусом лΦплфн лΦул 

IǳƳŀƴ лΦптлл лΦууфм лΦспфм лΦфрсл лΦсрлп лΦфл 

9ƴǾΦ лΦполл лΦуумр лΦтлму лΦфомр лΦспрр лΦфо 

 

 

лΦут ŀǎ ŎŀƳŜǊŀ ŜŦŦƻǊǘ ǾŀƭǳŜǎ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ млǘƘ ǘƻ мллǘƘ ǇŜǊŎŜƴǘƛƭŜǎΦ ²ƛƭŘ ōƻŀǊ ŀǇǇŜŀǊŜŘ ǘƻ ōŜ ŀ ǎǘǊƻƴƎ 

ǇǊŜŘƛŎǘƻǊ ƻŦ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜΣ ǿƛǘƘ ǇǊŜŘƛŎǘŜŘ ǇǊƻōŀōƛƭƛǘȅ ƛƴŎǊŜŀǎƛƴƎ ŦǊƻƳ лΦмп ǘƻ лΦср όɲлΦрмύ ŀǎ t/wL ǾŀƭǳŜǎ 

ƛƴŎǊŜŀǎŜŘ ǘƻ лπру ŘŜǘŜŎǘƛƻƴǎ ǇŜǊ млл /¢bΦ ¢ƘŜǊŜ ǿŀǎ ŀ ƳƻŘŜǊŀǘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǇǊŜŘƛŎǘŜŘ ǇǊƻōŀōƛƭƛǘȅ ƛƴ ǘƛƎŜǊ 

ǇǊŜǎŜƴŎŜ ŦǊƻƳ лΦмр ǘƻ лΦпу όɲлΦооύ ŀǎ ǎŀƳōŀǊ t/wL ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ л ǘƻ ŜȄǘǊŜƳŜ ǾŀƭǳŜǎ ŀǘ ǘƘŜ мллǘƘ ǇŜǊŎŜƴǘƛƭŜ 

όнуу ŘŜǘŜŎǘƛƻƴǎκмлл ǘǊŀǇ ƴƛƎƘǘǎύΦ ¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ƎŀǳǊ ŀǇǇŜŀǊŜŘ ǘƻ ƘŀǾŜ ŀ ƳŀǊƎƛƴŀƭƭȅ ƴŜƎŀǘƛǾŜ ƛƴŦƭǳŜƴŎŜ ƻƴ 

ǇǊŜŘƛŎǘŜŘ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜΣ ǿƛǘƘ ǇǊŜŘƛŎǘŜŘ ǇǊƻōŀōƛƭƛǘƛŜǎ ŘŜŎƭƛƴƛƴƎ ŦǊƻƳ лΦмр ǘƻ лΦлу όɲπлΦлтύ ŀǎ t/wL ƛƴŎǊŜŀǎŜŘ 

ŦǊƻƳ л ǘƻ нуΦ  IƻǿŜǾŜǊΣ ǘƘŜǎŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ŦƻǊ ƎŀǳǊ ŀƴŘ ǎŀƳōŀǊ ŀǊŜ ǳƴŎŜǊǘŀƛƴ ƎƛǾŜƴ ŀŘƧǳǎǘŜŘ {9 ŦƻǊ ǘƘŜƛǊ 

ǎǘŀƴŘŀǊŘƛȊŜŘ ŎƻŜŦŦƛŎƛŜƴǘǎ ŎǊƻǎǎ ȊŜǊƻΦ tǊŜŘƛŎǘŜŘ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǿŀǎ ŀƭǎƻ ǇƻǎƛǘƛǾŜƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƻǾŜǊŀƭƭ ǇǊŜȅ 

ǎǇŜŎƛŜǎ ǊƛŎƘƴŜǎǎΣ ƛƴŎǊŜŀǎƛƴƎ ŦǊƻƳ лΦлу ǘƻ лΦон όɲлΦнпύ ŀǎ ǊƛŎƘƴŜǎǎ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ л ǘƻ р ǇǊŜȅ ǎǇŜŎƛŜǎ ŘŜǘŜŎǘŜŘΦ  

 

оΦн IǳƳŀƴ ƳƻŘŜƭ 

! ǘƻǘŀƭ ƻŦ ǎƛȄ ƘǳƳŀƴ ŎƻǾŀǊƛŀǘŜǎ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ Ŧǳƭƭȅ ŀǾŜǊŀƎŜŘ ƳƻŘŜƭ ό¢ŀōƭŜ нōύ ς ǾŜƘƛŎƭŜǎΣ 

ŎŀƳŜǊŀ ŜŦŦƻǊǘΣ ŘƛǎǘŀƴŎŜ ǘƻ ǇŀǊƪ ǊƻŀŘǎΣ ŘƛǎǘŀƴŎŜ ǘƻ ǇǳōƭƛŎ ǊƻŀŘǎΣ ǇƻŀŎƘŜǊ t/wL ŀƴŘ ǎŜǘǘƭŜƳŜƴǘ ŘŜƴǎƛǘȅΦ !L/ 

ǾŀǊƛŀōƭŜ ƛƳǇƻǊǘŀƴŎŜ ǾŀǊƛŜŘ ƳŀǊƎƛƴŀƭƭȅ ŀŎǊƻǎǎ ŎƻǾŀǊƛŀǘŜǎ ǿƛǘƘ ƘƛƎƘŜǎǘ ǾŀƭǳŜǎ ŦƻǊ ŎŀƳŜǊŀ ŜŦŦƻǊǘΣ ŘƛǎǘŀƴŎŜ ǘƻ 

ǇǳōƭƛŎ ǊƻŀŘǎ ŀƴŘ ǎŜǘǘƭŜƳŜƴǘ ŘŜƴǎƛǘȅ όƴ Ґ оύΣ ŦƻƭƭƻǿŜŘ ōȅ ǾŜƘƛŎƭŜǎ ŀƴŘ ŘƛǎǘŀƴŎŜ ǘƻ ǇŀǊƪ ǊƻŀŘǎ όƴ Ґ нύΣ ŀƴŘ 

ǇƻŀŎƘŜǊ ǇǊŜǎŜƴŎŜ όƴ Ґ мύΦ LƴŦƭǳŜƴǘƛŀƭ ŎƻǾŀǊƛŀǘŜǎ ǇƻǎƛǘƛǾŜƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜΣ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ 

ǎǘŀƴŘŀǊŘƛȊŜŘ ŎƻŜŦŦƛŎƛŜƴǘǎΣ ƛƴŎƭǳŘŜŘ ŎŀƳŜǊŀ ŜŦŦƻǊǘ όʲ Ґ мΦпнс ҕ лΦнтлύ ŀƴŘ ŘƛǎǘŀƴŎŜ ǘƻ ǇǳōƭƛŎ ǊƻŀŘǎ όʲ Ґ мΦллр 

ҕ лΦмфтύΦ /ƻƴǾŜǊǎŜƭȅΣ ŎƻǾŀǊƛŀǘŜǎ ǿƛǘƘ ŀ ƴƻǘŀōƭȅ ǎǘǊƻƴƎ ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴ ƛƴŎƭǳŘŜŘ ǎŜǘǘƭŜƳŜƴǘ ŘŜƴǎƛǘȅ όʲ Ґ   

πмΦсмп ҕ лΦпурύ ŀƴŘΣ ǘƻ ŀ ƭŜǎǎŜǊ ŘŜƎǊŜŜΣ ǇƻŀŎƘŜǊ t/wL όʲ Ґ πлΦсту ҕ лΦрмтύΦ  
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tǊŜŘƛŎǘŜŘ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǊŜƭŀǘƛǾŜ ǘƻ ŎƘŀƴƎƛƴƎ ŎƻǾŀǊƛŀǘŜ ǾŀƭǳŜǎ ǿŀǎ ǇƻǎƛǘƛǾŜƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŎŀƳŜǊŀ 

ŜŦŦƻǊǘ όɲлΦфмύ ŀƴŘ ǾŜƘƛŎƭŜǎ όɲлΦтрύΦ ¢ƛƎŜǊǎ ǿŜǊŜ ŀƭǎƻ ǇƻǎƛǘƛǾŜƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŘƛǎǘŀƴŎŜ ǘƻ ǇǳōƭƛŎ ǊƻŀŘǎ ǿƛǘƘ 

ǇǊƻōŀōƛƭƛǘƛŜǎ ƛƴŎǊŜŀǎƛƴƎ ŦǊƻƳ лΦлп ǘƻ лΦтм όɲлΦстύ ŀǎ ŘƛǎǘŀƴŎŜ ǘƻ ǇǳōƭƛŎ ǊƻŀŘǎ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ ртлƳ ǘƻ ƻǾŜǊ 

мтΣпллƳΦ /ƘŀƴƎŜǎ ƛƴ ǇǊŜŘƛŎǘŜŘ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǿŀǎ ƭŜǎǎ ǇǊƻƴƻǳƴŎŜŘ ƛƴ ŎŀǎŜǎ ǿƘŜǊŜ ǘƛƎŜǊǎ ǿŜǊŜ ƴŜƎŀǘƛǾŜƭȅ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŎƻǾŀǊƛŀǘŜǎΦ tǊŜŘƛŎǘŜŘ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ǎŜǘǘƭŜƳŜƴǘ ŘŜƴǎƛǘȅ ŘŜŎǊŜŀǎŜŘ ŦǊƻƳ лΦмф 

ǘƻ л όɲπлΦмфύ ŀǎ ŘŜƴǎƛǘȅ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ ŀƭƳƻǎǘ л ǘƻ лΦмоΦ tǊŜŘƛŎǘŜŘ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǎǘŜŜǇƭȅ ŘŜŎƭƛƴŜŘ ŦǊƻƳ лΦмн 

ǘƻ ŀƭƳƻǎǘ л όɲπлΦмнύ ŀǎ ǇƻŀŎƘŜǊ t/wL ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ л ǘƻ млл ŘŜǘŜŎǘƛƻƴǎ ǇŜǊ млл ǘǊŀǇ ƴƛƎƘǘǎΦ {ƛƳƛƭŀǊƭȅΣ ŀǎ 

ŘƛǎǘŀƴŎŜ ǘƻ ǇŀǊƪ ǊƻŀŘǎ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ ƭŜǎǎ ǘƘŀƴ мллƳ ǘƻ ƻǾŜǊ нтΣлллƳΣ ǿŜ ƻōǎŜǊǾŜŘ ŀ ƳƻŘŜǊŀǘŜ ŘŜŎƭƛƴŜ ƛƴ 

ǇǊŜŘƛŎǘŜŘ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ŦǊƻƳ лΦмп ǘƻ лΦло όɲπлΦммύΦ 

 

оΦо 9ƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭ 

 !ǎ ŘƛǎŎǳǎǎŜŘ ƛƴ !ǎƘ Ŝǘ ŀƭΦ όнлнмύΣ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭ ό¢ŀōƭŜ нŎύ ŘŜǎŎǊƛōŜǎ ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ 

ōŜǘǿŜŜƴ ǘƛƎŜǊǎ ŀƴŘ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ōŀƳōƻƻ ŦƻǊŜǎǘ όʲ Ґ мΦлну ҕ лΦрнрύΣ ƳƻŘŜǊŀǘŜ ǘƻǇƻƎǊŀǇƘƛŎ ƘŜǘŜǊƻƎŜƴŜƛǘȅ 

όǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ ŜƭŜǾŀǘƛƻƴ ώʲ Ґ лΦффр ҕ лΦолуϐ ŀƴŘ ŦƻŎŀƭ ƳŜŀƴ ƻŦ ǘŜǊǊŀƛƴ ǊƻǳƎƘƴŜǎǎ ƛƴŘŜȄ ώʲ Ґ  мΦмср ҕ 

лΦрлнϐύ ŀƴŘ ǊŜŦƻǊŜǎǘŜŘ ŀǊŜŀǎ όʲ Ґ лΦфсу ҕ лΦонмύΣ ŀƴŘ ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǎŜŎƻƴŘŀǊȅ όʲ Ґ πлΦттт ҕ лΦнмлύ 

ŀƴŘ ƻǇŜƴ ŦƻǊŜǎǘ όʲ Ґ πнΦоро ҕ лΦпртύΦ !ŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ŎƘŀƴƎŜǎ ƛƴ ǇǊŜŘƛŎǘŜŘ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ŀǎ 

ǾŀǊƛŀōƭŜǎ ƛƴŎǊŜŀǎŜ ŦǊƻƳ млǘƘ ǘƻ мллǘƘ ǇŜǊŎŜƴǘƛƭŜǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ¢ŀōƭŜ нŎ ŀƴŘ 5ŀǘŀ {нΦ  

 

оΦп ±ŀǊƛŀƴŎŜ ǇŀǊǘƛǘƛƻƴƛƴƎ 

¢ƘŜ ǊŜƭŀǘƛǾŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǾŀǊƛŀƴŎŜ ŜȄǇƭŀƛƴŜŘ ŀƳƻƴƎ ǘƘŜ ǘƘǊŜŜ Ƴŀƛƴ ƎǊƻǳǇǎ ƻŦ ǾŀǊƛŀōƭŜǎ όǇǊŜȅΣ ƘǳƳŀƴΣ 

ŜƴǾƛǊƻƴƳŜƴǘύΣ ŀƴŘ ŎŀƳŜǊŀ ŜŦŦƻǊǘ ǾŀǊƛŜŘ ŎƻƴǎƛŘŜǊŀōƭȅ ǿƛǘƘ ŀ ƘƛƎƘ ŘŜƎǊŜŜ ƻŦ ŎƻƭƭƛƴŜŀǊƛǘȅ όCƛƎΦ нύΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ 

ŦŀŎǘƻǊǎΣ ƛƴŘŜǇŜƴŘŜƴǘ ŀƴŘ ŎƻƴŦƻǳƴŘŜŘ ǿƛǘƘ ƻǘƘŜǊǎΣ ŀŎŎƻǳƴǘŜŘ ŦƻǊ умΦс҈ ƻŦ ǘƘŜ ǊŜƭŀǘƛǾŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǾŀǊƛŀƴŎŜ 

ŜȄǇƭŀƛƴŜŘΣ ŦƻƭƭƻǿŜŘ ōȅ рфΦо҈ ŦƻǊ ƘǳƳŀƴ ŦŀŎǘƻǊǎΣ осΦт҈ ŦƻǊ ŎŀƳŜǊŀ ŜŦŦƻǊǘ ŀƴŘ ооΦн҈ ŦƻǊ ǇǊŜȅΦ IƻǿŜǾŜǊΣ ǘƘŜ 

ǊŜƭŀǘƛǾŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǾŀǊƛŀƴŎŜ ŜȄǇƭŀƛƴŜŘ ŜȄŎƭǳǎƛǾŜƭȅ ōȅ ƛƴŘŜǇŜƴŘŜƴǘ ŦŀŎǘƻǊǎ ǿŀǎ ƘƛƎƘŜǎǘ ŦƻǊ ŜƴǾƛǊƻƴƳŜƴǘ 

όмфΦс҈ύΣ ŦƻƭƭƻǿŜŘ ōȅ ŎŀƳŜǊŀ ŜŦŦƻǊǘ όрΦн҈ύΣ ǇǊŜȅ όоΦм҈ύΣ ŀƴŘ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ όнΦм҈ύΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ 

ƘǳƳŀƴ ŦŀŎǘƻǊǎ Ƨƻƛƴǘƭȅ ŜȄǇƭŀƛƴŜŘ омΦм҈ ƻŦ ǊŜƭŀǘƛǾŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǾŀǊƛŀƴŎŜΣ ǘƘŜ ƘƛƎƘŜǎǘ ŀƳƻƴƎ ŎƻƴŦƻǳƴŘŜŘ  



Chapter 4 

129 
 

¢ŀōƭŜ н Cǳƭƭȅ ŀǾŜǊŀƎŜŘ ƳƻŘŜƭ ǊŜǎǳƭǘǎ ŦƻǊ όŀύ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜΣ όōύ ǇǊŜȅ ŀƴŘ όŎύ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭ ό!ǎƘ Ŝǘ ŀƭΦ нлнмύ 

ƛƴŎƭǳŘƛƴƎ ǎǘŀƴŘŀǊŘƛȊŜŘ ǊŜƎǊŜǎǎƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘǎ όύ̡Σ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊ ό{9ύΣ ŀŘƧǳǎǘŜŘ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊ ό!ŘƧǳǎǘŜŘ {9ύΣ ȊπǾŀƭǳŜ όȊύΣ 

ǎƛƎƴƛŦƛŎŀƴŎŜ όǇύΣ !L/ ǾŀǊƛŀōƭŜ ƛƳǇƻǊǘŀƴŎŜ ό!L/ ±ŀǊΦ LƳǇύΣ ŀƴŘ ŎƘŀƴƎŜ ƛƴ ǇǊƻōŀōƛƭƛǘȅ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ǾŀǊƛŀōƭŜ ǾŀƭǳŜǎ ŦǊƻƳ 

млǘƘ ǘƻ мллǘƘ ǇŜǊŎŜƴǘƛƭŜ όɲǇǊƻōύΦ ±ŜƘƛŎƭŜΣ ǇƻŀŎƘŜǊΣ ǿƛƭŘ ōƻŀǊΣ ǎŀƳōŀǊ ŀƴŘ ƎŀǳǊ ŎƻǾŀǊƛŀǘŜǎ ǿŜǊŜ ŘŜǊƛǾŜŘ ŦǊƻƳ 

ǇƘƻǘƻƎǊŀǇƘƛŎ ŎŀǇǘǳǊŜπǊŀǘŜ ƛƴŘŜȄ ǾŀƭǳŜǎ όt/wLΤ ŘŜǘŜŎǘƛƻƴǎ ǇŜǊ млл ŎŀƳŜǊŀπǘǊŀǇ ƴƛƎƘǘǎύΦ ¢ƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭ 

ƛƴŎƭǳŘŜǎ ƻǇǘƛƳŀƭ ǎŎŀƭŜ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳ ό[ ƭƛƴŜŀǊΣ v vǳŀŘǊŀǘƛŎΣ [hD [ƻƎŀǊƛǘƘƳƛŎύΦ 

όŀύ 

±ŀǊƛŀōƭŜ  ̡ !ŘƧǳǎǘŜŘ {9 Ȋ Ǉ !L/ ±ŀǊΦ LƳǇ ɲǇǊƻō 

όLƴǘŜǊŎŜǇǘύ πмΦпрф лΦмоо млΦфуп ғлΦллм π π 
²ƛƭŘ .ƻŀǊ лΦнфт лΦммм нΦстп лΦллу о лΦрм 
tǊŜȅ wƛŎƘƴŜǎǎ лΦппн лΦмст нΦспт лΦллу о лΦнп 
/ŀƳŜǊŀ ŜŦŦƻǊǘ лΦффл лΦнпм пΦмлу ғлΦллм о лΦут 
{ŀƳōŀǊ лΦмлп лΦммф лΦутн лΦоуо м лΦоо 
DŀǳǊ πлΦлтп лΦмон лΦррс лΦрту м πлΦлт 

 
όōύ 

±ŀǊƛŀōƭŜ  ̡ !ŘƧǳǎǘŜŘ {9 Ȋ Ǉ !L/ ±ŀǊΦ LƳǇ ɲǇǊƻō 

όLƴǘŜǊŎŜǇǘύ πнΦопф лΦнсу уΦттр ғлΦллм π π 
±ŜƘƛŎƭŜ лΦнус лΦмрп мΦусл лΦлсо н лΦтр 
5ƛǎǘŀƴŎŜ ǘƻ tǳōƭƛŎ wƻŀŘ мΦллр лΦмфт рΦммн ғлΦллм о лΦст 
5ƛǎǘŀƴŎŜ ǘƻ tŀǊƪ wƻŀŘ πлΦорр лΦмун мΦфрр лΦлрм н πлΦмм 
{ŜǘǘƭŜƳŜƴǘ 5Ŝƴǎƛǘȅ πмΦсмп лΦпур оΦонт лΦллм о πлΦмф 
/ŀƳŜǊŀ ŜŦŦƻǊǘ мΦпнс лΦнтл рΦнут ғлΦллм о лΦфм 
tƻŀŎƘŜǊ πлΦсту лΦрмт мΦомо лΦмуф м πлΦмн 

 
όŎύ 

±ŀǊƛŀōƭŜ  ̡ !ŘƧǳǎǘŜŘ {9 Ȋ Ǉ !L/ ±ŀǊΦ LƳǇ ɲǇǊƻō 

όLƴǘŜǊŎŜǇǘύ πмΦост лΦомп пΦорн ғлΦллм π π 
҈ {ŜŎƻƴŘŀǊȅ CƻǊŜǎǘ όмсƪƳύ [hD πлΦттт лΦнмл оΦтлн ғлΦллм н πлΦно 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ {ŜŎƻƴŘŀǊȅ CƻǊŜǎǘ όпƪƳύ [ πлΦтлм лΦнор нΦфту лΦлло о πлΦмо 
/ŀƳŜǊŀ ŜŦŦƻǊǘ όІ ǘǊŀǇ ƴƛƎƘǘǎύ мΦпсл лΦолф пΦтму ғлΦллм о лΦфн 
҈ .ŀƳōƻƻ όмсƪƳύ [ мΦлну лΦрнр мΦфсл лΦлрл н лΦрр 
59a {ǘŀƴŘŀǊŘ 5ŜǾƛŀǘƛƻƴ όмсƪƳύ [ лΦффр лΦолу оΦннс лΦллм м лΦмо 
҈ .ŀƳōƻƻ όмсƪƳύ v πлΦлтн лΦнон лΦолф лΦтрт н лΦрр 
59a {ǘŀƴŘŀǊŘ 5ŜǾƛŀǘƛƻƴ όмсƪƳύ v πлΦусс лΦоос нΦртр лΦлмл м лΦмо 
CƻŎŀƭ ƳŜŀƴ ƻŦ ǘŜǊǊŀƛƴ ǊƻǳƎƘƴŜǎǎ ƛƴŘŜȄ όмсƪƳύ [ мΦмср лΦрлн нΦомт лΦлнл н лΦмо 
CƻŎŀƭ ƳŜŀƴ ƻŦ ǘŜǊǊŀƛƴ ǊƻǳƎƘƴŜǎǎ ƛƴŘŜȄ όмсƪƳύ v πмΦстм лΦртф нΦуут лΦллп н лΦмо 
҈ hǇŜƴ ŦƻǊŜǎǘ όмсƪƳύ [ πнΦоро лΦпрт рΦмпф ғлΦллм м πлΦру 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ǊŜŦƻǊŜǎǘŜŘ ŀǊŜŀǎ όуƪƳύ [ лΦфсу лΦонм оΦлмм лΦлло м лΦмт 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ǊŜŦƻǊŜǎǘŜŘ ŀǊŜŀǎ όуƪƳύ v πлΦррр лΦмфр нΦупп лΦллп м лΦмт 

 

 

ŦŀŎǘƻǊǎ ό5ŀǘŀ {мΤ ¢ŀōƭŜ оύΦ wŜƭŀǘƛǾŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǾŀǊƛŀƴŎŜ ŜȄǇƭŀƛƴŜŘ Ƨƻƛƴǘƭȅ ŦƻǊ ŜƴǾƛǊƻƴƳŜƴǘΣ ǇǊŜȅ ŀƴŘ ƘǳƳŀƴ 

ŦŀŎǘƻǊǎ ǿŀǎ тΦо҈Φ 

 

пΦ 5ƛǎŎǳǎǎƛƻƴ 

²Ŝ ŜǾŀƭǳŀǘŜŘ ǘƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ǇǊŜȅΣ ƘǳƳŀƴ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŜȄǇƭŀƛƴ ǘƛƎŜǊ 

ǇǊŜǎŜƴŎŜ ƛƴ ǘƘŜ 5ƻƴƎ tƘŀȅŀȅŜƴπYƘŀƻ ¸ŀƛ CƻǊŜǎǘ /ƻƳǇƭŜȄΣ ŀ ǘƛƎŜǊ ƭŀƴŘǎŎŀǇŜ ƻŦ Ǝƭƻōŀƭ ŎƻƴǎŜǊǾŀǘƛƻƴ ǇǊƛƻǊƛǘȅΦ 



Chapter 4 

130 
 

9ƴǾƛǊƻƴƳŜƴǘŀƭ ǾŀǊƛŀōƭŜǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ŎƻƴŦƻǳƴŘŜŘ ǿƛǘƘ ƘǳƳŀƴ ŦŀŎǘƻǊǎΣ ŜȄǇƭŀƛƴŜŘ ŀ ƎǊŜŀǘŜǊ ǇǊƻǇƻǊǘƛƻƴ ƻŦ 

ǾŀǊƛŀƴŎŜ ƛƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǘƘŀƴ ŀƴȅ ƻǘƘŜǊ ŦŀŎǘƻǊ ƛƴ ƻǳǊ ǎǘǳŘȅΣ ǇƻǘŜƴǘƛŀƭƭȅ ŘǳŜ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻǾŀǊƛŀǘŜǎ 

ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜƭȅ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ŦŀŎǘƻǊǎ ƛƴƅǳŜƴŎƛƴƎ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜΣ ƛƴŎƭǳŘƛƴƎ ǇǊŜǎŜƴŎŜ ƻŦ ǇǊŜȅ ŀƴŘ 

ƘǳƳŀƴ ŀŎŎŜǎǎΣ ǘƘŀƴ ŜƛǘƘŜǊ ƻŦ ǘƘŜǎŜ ŦŀŎǘƻǊǎ ƛƴŘŜǇŜƴŘŜƴǘƭȅΦ LƳǇƻǊǘŀƴǘƭȅΣ ǿŜ ŘƻŎǳƳŜƴǘŜŘ ǎǘǊƻƴƎ ŀǎǎƻŎƛŀǘƛƻƴǎ 

ǿƛǘƘ ƳŜŘƛǳƳπǎƛȊŜŘ ǇǊŜȅ όǿƛƭŘ ōƻŀǊύ ŀƴŘ ŀǊŜŀǎ ƻŦ ƘƛƎƘ ǇǊŜȅ ǊƛŎƘƴŜǎǎ ǿƘƛƭŜ ŀƭǎƻ ŘƻŎǳƳŜƴǘƛƴƎ ǎǘǊƻƴƎ ƴŜƎŀǘƛǾŜ 

ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŦŀŎǘƻǊǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǎŜǘǘƭŜƳŜƴǘ ŘŜƴǎƛǘȅΣ ǇǳōƭƛŎ ǊƻŀŘǎ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ǇƻŀŎƘƛƴƎ 

ǇǊŜǎŜƴŎŜΦ 

hǳǊ ŦƛǊǎǘ ƘȅǇƻǘƘŜǎƛǎ ǇǊŜŘƛŎǘŜŘ ǘƘŀǘ ǘƛƎŜǊǎ ǿƻǳƭŘ ƘŀǾŜ ǎǘǊƻƴƎΣ ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ƭŀǊƎŜπōƻŘƛŜŘ 

όҔ мтрƪƎύ ǇǊŜȅ ǎǇŜŎƛŜǎΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊΣ ǎŀƳōŀǊ ŀƴŘ ƎŀǳǊΦ ¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǇǊŜȅ ǎǇŜŎƛŜǎ ƛǎ ŀ ŎǊƛǘƛŎŀƭ ŦŀŎǘƻǊ ƛƴ ǘƘŜ 

ǇǊŜǎŜƴŎŜ ŀƴŘ ǇŜǊǎƛǎǘŜƴŎŜ ƻŦ ǘƛƎŜǊǎ όYŀǊŀƴǘƘ ŀƴŘ {ǘƛǘƘ мфффΤ YŀǊŀƴǘƘ Ŝǘ ŀƭΦ нллпύ ŀƴŘ ŀ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ 

ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǘƛƎŜǊΩǎ ǊŀƴƎŜ ƛƴŘƛŎŀǘŜ ŀ ǇǊŜŦŜǊŜƴŎŜ ŦƻǊ ƭŀǊƎŜ ǇǊŜȅ όYŀǊŀƴǘƘ ŀƴŘ {ǳƴǉǳƛǎǘ мффрΤ .ƛǎǿŀǎ ŀƴŘ 

{ŀƴƪŀǊ нллнΤ .ŀƎŎƘƛ Ŝǘ ŀƭΦ нллоύΦ wŜǎǳƭǘǎ Řƻ ƴƻǘ ǎǳǇǇƻǊǘ ƻǳǊ ƘȅǇƻǘƘŜǎƛǎΦ Lƴ ƻǳǊ ǎǘǳŘȅΣ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƘŀŘ 

ǎǘǊƻƴƎΣ ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǿƛƭŘ ōƻŀǊΣ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ƻǳǊ ǎǘǳŘȅ ŀ ƳŜŘƛǳƳπǎƛȊŜŘ ǎǇŜŎƛŜǎΣ ǿƘƛƭŜ ǇƻǎƛǘƛǾŜ 

ƻǊ ƴŜƎŀǘƛǾŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ŎƻǳƭŘ ƴƻǘ ōŜ ŘŜǘŜǊƳƛƴŜŘ ŦƻǊ ǎŀƳōŀǊ ŀƴŘ ƎŀǳǊΣ ǘƘŜ ǘǿƻ ƭŀǊƎŜǎǘ ǇǊŜȅ ǎǇŜŎƛŜǎ 

ŜǾŀƭǳŀǘŜŘΦ ²ƛƭŘ ōƻŀǊ ŀǊŜ ǊŜƭŀǘƛǾŜƭȅ ǿƛŘŜǎǇǊŜŀŘ ƛƴ ǘƘŜ ŎƻƳǇƭŜȄ ŎƻƳǇŀǊŜŘ ǘƻ ǎŀƳōŀǊ ŀƴŘ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ 

ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǘƘŜǎŜ ǇǊŜȅ ǎǇŜŎƛŜǎ ŀŎǊƻǎǎ ǘƘŜ ŎƻƳǇƭŜȄ Ƴŀȅ ƘŀǾŜ ōŜŜƴ ŀ ŦŀŎǘƻǊ ƛƴ ǘƘŜ ǎǘǊŜƴƎǘƘ ƻŦ ǾŀǊƛŀōƭŜ 

ŎƻŜŦŬŎƛŜƴǘǎ ŦƻǊ ǘƘŜǎŜ ǎǇŜŎƛŜǎΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ŀǊŜ ǇŀǊǘƛŀƭƭȅ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƻǘƘŜǊ ǎǘǳŘƛŜǎ ƛƴ ¢ƘŀƛƭŀƴŘΦ Lƴ 

bƎƻǇǊŀǎŜǊǘ Ŝǘ ŀƭΦ όнлмнύΣ ǘƛƎŜǊǎ ƘŀŘ ǎǘǊƻƴƎ ƻǾŜǊŀƭƭ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǿƛƭŘ ōƻŀǊΤ ƘƻǿŜǾŜǊΣ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ ƻǳǊ 

ǊŜǎǳƭǘǎΣ ƎŀǳǊ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ƘŀǾŜ ǘƘŜ ƘƛƎƘŜǎǘ ƛƳǇƻǊǘŀƴŎŜ ƛƴ ōƻǘƘ ƴŀǘƛƻƴŀƭ ŀƴŘ YƘŀƻ ¸ŀƛ bt ƳƻŘŜƭǎ ŀƴŘ 

ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǿŀǎ ŀƭǎƻ ǇƻǎƛǘƛǾŜƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎŀƳōŀǊΦ Lƴ ²ŜǎǘŜǊƴ ¢ƘŀƛƭŀƴŘΣ ǎǘǳŘƛŜǎ ƘŀǾŜ ǎǳƎƎŜǎǘŜŘ ǿƛƭŘ 

ōƻŀǊ ό{ǘŜƛƴƳŜǘȊ Ŝǘ ŀƭΦ нлмоύΣ ƎŀǳǊΣ ǎŀƳōŀǊ ŀƴŘ ōŀƴǘŜƴƎ ǘƻ ōŜ ƛƳǇƻǊǘŀƴǘ ǇǊŜȅ ǎǇŜŎƛŜǎ όtŜǘŘŜŜ нлллΤ 

tǊƻƳƳŀƪǳƭ нллоύΦ ²ƛƭŘ ōƻŀǊ ŀƴŘ ŘŜŜǊ ǎǇŜŎƛŜǎΣ ǎǳŎƘ ŀǎ ǎŀƳōŀǊΣ ŀǊŜ ǎǳƎƎŜǎǘŜŘ ǘƻ ōŜ ƛƳǇƻǊǘŀƴǘ ǇǊŜȅ ǎǇŜŎƛŜǎ 

ŜƭǎŜǿƘŜǊŜ ƛƴ ǘƘŜ ǘƛƎŜǊΩǎ ǊŀƴƎŜ ό{ǳƴǉǳƛǎǘ Ŝǘ ŀƭΦ мфффΤ .ƛǎǿŀǎ ŀƴŘ {ŀƴƪŀǊ нллнΤ IŀȅǿŀǊŘ Ŝǘ ŀƭΦ нлмнΤ tŜǘǊǳƴŜƴƪƻ 

Ŝǘ ŀƭΦ нлмсύΣ ƛƴ ǎƻƳŜ ŎŀǎŜǎΣ ƳƻǊŜ ǎƻ ŎƻƳǇŀǊŜŘ ǘƻ ƎŀǳǊ ŀƴŘ ƳǳƴǘƧŀŎ ό{ǳƴǉǳƛǎǘ Ŝǘ ŀƭΦ мфффΤ .ƛǎǿŀǎ ŀƴŘ {ŀƴƪŀǊ 

нллнύΦ IŀȅǿŀǊŘ Ŝǘ ŀƭΦ όнлмнύ ǎǳƎƎŜǎǘ ǘƛƎŜǊǎ ƻǇǘƛƳŀƭƭȅ ǎŜƭŜŎǘ ǇǊŜȅ ǿƛǘƘ ŀ ǎƛƳƛƭŀǊ ōƻŘȅ ƳŀǎǎΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ 

ǊƻǳƎƘƭȅ ǘƻ ƭŀǊƎŜ ŎŜǊǾƛŘǎ όŜΦƎΦ ǎŀƳōŀǊύ ŀƴŘ ǿƛƭŘ ōƻŀǊ ǿƘƛŎƘ ǿŜ ŎƻƴǎƛŘŜǊŜŘ ΨƭŀǊƎŜΩ ŀƴŘ ΨƳŜŘƛǳƳΩ ǇǊŜȅ ǎǇŜŎƛŜǎΣ 
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ǊŜǎǇŜŎǘƛǾŜƭȅΦ Lƴ ŦǳǘǳǊŜ ǎǘǳŘƛŜǎ ǘŜǎǘƛƴƎ ǎƛƳƛƭŀǊ ƘȅǇƻǘƘŜǎŜǎΣ ǇǊŜȅ ǎƛȊŜ ŎƭŀǎǎƛŬŎŀǘƛƻƴǎ Ƴŀȅ ōŜ ƳƻǊŜ ŀǇǇǊƻǇǊƛŀǘŜ 

ǊŜƭŀǘƛǾŜ ǘƻ ǘƛƎŜǊ ōƻŘȅ Ƴŀǎǎ όŜΦƎΦ ǿƛƭŘ ōƻŀǊ ŀƴŘ ǎŀƳōŀǊ ŀǎ ΨƻǇǘƛƳŀƭƭȅ ǎƛȊŜŘΩ ǇǊŜȅύΦ 

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǿƛƭŘ ōƻŀǊΣ ǿŜ ŀƭǎƻ ŘƻŎǳƳŜƴǘŜŘ ǊŜƭŀǘƛǾŜƭȅ ǎǘǊƻƴƎ 

ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ƻǾŜǊŀƭƭ ǇǊŜȅ ǊƛŎƘƴŜǎǎΦ !Ǿŀƛƭŀōƛƭƛǘȅ ƻŦ ŘƛǾŜǊǎŜ ǇǊŜȅ ƻŦ ŘƛŦŦŜǊŜƴǘ ǎƛȊŜ ŎƭŀǎǎŜǎ ƛǎ ǘƘƻǳƎƘǘ 

ǘƻ ōŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ŦŀŎǘƻǊ ƛƴ ǘƘŜ ǇŜǊǎƛǎǘŜƴŎŜ ƻŦ ƭŀǊƎŜ ŦŜƭƛŘǎ ό{ŀƴŘƻƳ Ŝǘ ŀƭΦ нлмтύ ŀƴŘΣ ƳƻǊŜ ōǊƻŀŘƭȅΣ ǊƛŎƘƴŜǎǎ 

ŀƴŘ ǇŜǊǎƛǎǘŜƴŎŜ ƻŦ ƭŀǊƎŜ ŎŀǊƴƛǾƻǊŜǎ Ƴŀȅ ōŜ ǳƴŘŜǊǇƛƴƴŜŘ ōȅ ǊƛŎƘƴŜǎǎ ƻŦ ǇǊŜȅ ǎǇŜŎƛŜǎ ό{ŀƴŘƻƳ Ŝǘ ŀƭΦ нлмоύΦ Lǘ 

ƛǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ǇǊŜȅ ǎǇŜŎƛŜǎ ǊƛŎƘƴŜǎǎΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ǎǇŜŎƛŬŎ ǇǊŜȅ ǎǇŜŎƛŜǎΣ ŀǳƎƳŜƴǘǎ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƛƴ ŎŜǊǘŀƛƴ 

ŀǊŜŀǎ ƛƴ 5tY¸Φ 

 Lƴ ƻǳǊ ǎŜŎƻƴŘ ƘȅǇƻǘƘŜǎƛǎΣ ǿŜ ǇǊŜŘƛŎǘŜŘ ǘƘŀǘ ǘƛƎŜǊǎ ǿƻǳƭŘ ƘŀǾŜ ǎǘǊƻƴƎΣ ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ 

ƘǳƳŀƴ Ƙŀōƛǘŀǘƛƻƴ ŀƴŘΣ ǘƻ ŀ ƭŜǎǎŜǊ ŘŜƎǊŜŜΣ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜΦ hǳǊ ǊŜǎǳƭǘǎ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘƛǎ ƘȅǇƻǘƘŜǎƛǎΦ 

¢ƛƎŜǊ ǇǊŜǎŜƴŎŜ ƛƴ ƻǳǊ ǎǘǳŘȅ ƘŀŘ ǎǘǊƻƴƎΣ ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǇǳōƭƛŎ ǊƻŀŘǎ ŀƴŘ ǎŜǘǘƭŜƳŜƴǘ ŘŜƴǎƛǘȅΣ ŀƴŘ 

ǊŜƭŀǘƛǾŜƭȅ ǎǘǊƻƴƎ ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǇƻŀŎƘŜǊǎΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ 

ŜǾƛŘŜƴŎŜ ƛƴ ƻǘƘŜǊ ǎǘǳŘƛŜǎ ǎǳƎƎŜǎǘƛƴƎ ōǊƻŀŘ ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ƘǳƳŀƴ ŀŎǘƛǾƛǘȅ ƻǾŜǊŀƭƭ όYŀǊŀƴǘƘ Ŝǘ ŀƭΦ 

нлммΤ IŀǊƛƘŀǊ ŀƴŘ tŀƴŘŀǾ нлмнΤ bƎƻǇǊŀǎŜǊǘ Ŝǘ ŀƭΦ нлмнΤ .ŀǊōŜǊπaŜȅŜǊ Ŝǘ ŀƭΦ нлмоύΦ aƻǊŜ ǎǇŜŎƛŦƛŎŀƭƭȅΣ ǎǘǊƻƴƎ 

ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǎŜǘǘƭŜƳŜƴǘǎ ŀƴŘ ǇǳōƭƛŎ ǊƻŀŘǎ ƛǎ ǎǳǇǇƻǊǘŜŘ ōȅ ǎǘǳŘƛŜǎ ŜƭǎŜǿƘŜǊŜ ƛƴ ǘƘŜ ǘƛƎŜǊΩǎ ǊŀƴƎŜ 

όYŜǊƭŜȅ Ŝǘ ŀƭΦ нллнΤ [ƛƴƪƛŜ Ŝǘ ŀƭΦ нллсΤ {ǳƴŀǊǘƻ Ŝǘ ŀƭΦ нлмнύΦ ¢ƘŜ ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 

ǇƻŀŎƘŜǊǎ ƛǎ ŀƭǎƻ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎǘǳŘƛŜǎ ƘƛƎƘƭƛƎƘǘƛƴƎ ǘƘŜ ǇƻǘŜƴǘƛŀƭƭȅ ŎŀǘŀǎǘǊƻǇƘƛŎ ƛƳǇŀŎǘǎ ƻŦ ǇƻŀŎƘƛƴƎ ƻƴ ǘƛƎŜǊ 

ŀƴŘ ǇǊŜȅ ǇƻǇǳƭŀǘƛƻƴǎΣ ŜǾŜƴ ƛƴ ǎŜŜƳƛƴƎƭȅ ƛƴǘŀŎǘ ŦƻǊŜǎǘ όYŜƴƴŜȅ Ŝǘ ŀƭΦ мффрΤ /ƘŀǇǊƻƴ Ŝǘ ŀƭΦ нллуΤ {ǘŜƛƴƳŜǘȊ Ŝǘ 

ŀƭΦ нлмлύΦ bŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ƘǳƳŀƴ ǎŜǘǘƭŜƳŜƴǘǎΣ ǇǳōƭƛŎ ǊƻŀŘǎ ŀƴŘ ǇƻŀŎƘƛƴƎ ǇǊŜǎŜƴŎŜ ŀǇǇŜŀǊǎ ǘƻ ōŜ 

ŀƭƳƻǎǘ ǳƴƛǾŜǊǎŀƭ ŀŎǊƻǎǎ ǘƘŜ ǘƛƎŜǊΩǎ ǊŀƴƎŜ όYŜǊƭŜȅ Ŝǘ ŀƭΦ нллнΤ YŀƴŀƎŀǊŀƧ Ŝǘ ŀƭΦ нлммΤ IŜōōƭŜǿƘƛǘŜ Ŝǘ ŀƭΦ нлмнΤ 

{ǳƴŀǊǘƻ Ŝǘ ŀƭΦ нлмнΤ .ŀǊōŜǊπaŜȅŜǊ Ŝǘ ŀƭΦ нлмоύΣ ǇŀǊǘ ƻŦ ŀ ōǊƻŀŘŜǊ ǘǊŜƴŘ ƻŦ ǘƘŜǎŜ ŦŀŎǘƻǊǎ ōŜƛƴƎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 

ŘŜŎƭƛƴŜǎ ƻŦ ƭŀǊƎŜ ŎŀǊƴƛǾƻǊŜǎ Ǝƭƻōŀƭƭȅ όwƛǇǇƭŜ Ŝǘ ŀƭΦ нлмпΤ ²ƻƭŦ ŀƴŘ wƛǇǇƭŜ нлмтύΦ hǳǊ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŜǎŜ 

ŦŀŎǘƻǊǎ ŀǊŜ ŀ ƳŀƧƻǊ ƛƴƅǳŜƴŎŜ ƛƴ ǘƛƎŜǊ ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴ 5tY¸Φ 

hǳǊ ǊŜǎǳƭǘǎ ŘŜǇŀǊǘ ǎƻƳŜǿƘŀǘ ŦǊƻƳ ƻǳǊ ǎŜŎƻƴŘ ƘȅǇƻǘƘŜǎƛǎ ǿƛǘƘ ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǇŀǊƪ ǊƻŀŘǎ 

ŀƴŘ ǾŜƘƛŎƭŜǎΦ Lƴ ƻǳǊ ǎǘǳŘȅΣ ǿŜ ŘƛǎǘƛƴƎǳƛǎƘŜŘ ōŜǘǿŜŜƴ ǇǳōƭƛŎ ǊƻŀŘǎΣ ǇǊƛƳŀǊƛƭȅ ƻŎŎǳǊǊƛƴƎ ƻǳǘǎƛŘŜ ǇŀǊƪ 

ōƻǳƴŘŀǊƛŜǎΣ ŀƴŘ ǇŀǊƪ ǊƻŀŘǎ ƳŀƛƴǘŀƛƴŜŘ ōȅ t!ǎ ǿƘƛŎƘ ŦŀŎƛƭƛǘŀǘŜ ŀŎŎŜǎǎ ŦƻǊ ǇŀǘǊƻƭƭƛƴƎ ŀƴŘΣ ƛƴ ǎƻƳŜ ŀǊŜŀǎΣ 
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CƛƎΦн wŜƭŀǘƛǾŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǾŀǊƛŀƴŎŜ ƛƴ ǘƛƎŜǊ ŘŜǘŜŎǘƛƻƴǎ ŜȄǇƭŀƛƴŜŘ ōȅ ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ƘǳƳŀƴ ŀƴŘ ǇǊŜȅ ŦŀŎǘƻǊǎ ŀƴŘ ŎŀƳŜǊŀ 

ŜŦŦƻǊǘΦ /ƻƴŦƻǳƴŘŜŘ ŦŀŎǘƻǊǎ όŀǊŜŀǎ ƻŦ ƻǾŜǊƭŀǇύ ŘŜǎŎǊƛōŜ ǾŀǊƛŀƴŎŜ ǿƘƛŎƘ Ŏŀƴƴƻǘ ōŜ ŜȄǇƭŀƛƴŜŘ ōȅ ŀ ǎƛƴƎƭŜ ƳƻŘŜƭΦ 

 

ǘƻǳǊƛǎƳΦ hǳǊ ǎǘǳŘȅ ƛǎ ŘƛǎǘƛƴƎǳƛǎƘŜŘ ƛƴ ǘƘƛǎ ǊŜƎŀǊŘ ŦǊƻƳ ǎǘǳŘƛŜǎ ǊŜǾƛŜǿƛƴƎ ŜŦŦŜŎǘǎ ƻŦ ǇǳōƭƛŎ ǊƻŀŘǎ ƻŦ ǾŀǊȅƛƴƎ 

ƛƴǘŜƴǎƛǘȅ ƻŦ ǳǎŜ ƻǊ ƴŀǾƛƎŀōƛƭƛǘȅ ǊŀǘƘŜǊ ǘƘŀƴ ǳƴŎƻƴǘǊƻƭƭŜŘ ǾŜǊǎǳǎ ŎƻƴǘǊƻƭƭŜŘ ŀŎŎŜǎǎ όYŜǊƭŜȅ Ŝǘ ŀƭΦ нллнύΦ tƻǎƛǘƛǾŜ 

ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǇŀǊƪ ǊƻŀŘǎ ƛƴ ƻǳǊ ǎǘǳŘȅ ŀǊŜ ƭƛƪŜƭȅ ŀ ǊŜǎǳƭǘ ƻŦ ǘƛƎŜǊǎ ǳǎƛƴƎ ŎŜǊǘŀƛƴ ǊƻŀŘǎ ŦƻǊ ŜŦŬŎƛŜƴǘ ǘǊŀǾŜƭ 

ǘƘǊƻǳƎƘ ǘƘŜ ƭŀƴŘǎŎŀǇŜ όYŜǊƭŜȅ Ŝǘ ŀƭΦ нллнΤ {ǳƴǉǳƛǎǘ нлмлΤ /ŀǊǘŜǊ Ŝǘ ŀƭΦ нлмнύΦ CǳǊǘƘŜǊΣ Ƴŀƴȅ ƻŦ ǘƘŜ ǾŜƘƛŎƭŜǎ 

ŘƻŎǳƳŜƴǘŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǿŜǊŜ ǾŜƘƛŎƭŜǎ ǳǎŜŘ ōȅ t! ǎǘŀŦŦ ŦƻǊ ǇŀǘǊƻƭƭƛƴƎ ǿƘƛŎƘ Ƴŀȅ ƻǾŜǊƭŀǇ ǿƛǘƘ ŀǊŜŀǎ ƻŦ 

ǇǊƻǘŜŎǘƛƻƴ ǇǊƛƻǊƛǘȅΣ ǎǳŎƘ ŀǎ ŀǊŜŀǎ ǘƘŀǘ ǎǳǇǇƻǊǘ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƛƎŜǊǎΦ 9ƭǎŜǿƘŜǊŜ ƛƴ ¢ƘŀƛƭŀƴŘΣ ŀ ǎǘǳŘȅ ōȅ 

bƎƻǇǊŀǎŜǊǘ Ŝǘ ŀƭΦ όнллтύΣ ŘƛŘ ƴƻǘ ŘƻŎǳƳŜƴǘ ǎƛƎƴƛŬŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ŘŜǘŜŎǘƛƻƴ ǊŀǘŜǎ ƻŦ ƭŜƻǇŀǊŘ ŀƳƻƴƎ 

ŘƛŦŦŜǊŜƴǘ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ǾŜƘƛŎƭŜ ǘǊŀŦŬŎ ǊŀǘŜǎΦ ¢ƘŜ ŀǳǘƘƻǊǎ ǎǇŜŎǳƭŀǘŜ ǘƘƛǎ Ƴŀȅ ōŜ ŘǳŜ ǘƻ ǘŜƳǇƻǊŀƭ ǎŜǇŀǊŀǘƛƻƴΣ ŀ 

ŦŀŎǘƻǊ ƛƴ ǇŀǘǘŜǊƴǎ ƻŦ ŎƻπƻŎŎǳǊǊŜƴŎŜ ƛƴ /ŀǊǘŜǊ Ŝǘ ŀƭΦ όнлмнύΦ ¢Ƙƛǎ Ƴŀȅ ƘŀǾŜ ŀƭǎƻ ōŜŜƴ ŀ ŦŀŎǘƻǊ ƛƴ ƻǳǊ ǎǘǳŘȅΦ 

wŜƎǳƭŀǊ ǳǎŜ ƻŦ ǊƻŀŘǎ ōȅ ŦŜƭƛŘǎ ŀƴŘ ƻǘƘŜǊ ǎǇŜŎƛŜǎ ƘŀǾŜ ōŜŜƴ ŘƻŎǳƳŜƴǘŜŘ ƛƴ ƻǘƘŜǊ ǎǘǳŘƛŜǎ ό5ƛ .ƛǘŜǘǘƛ Ŝǘ ŀƭΦ нлмлΣ 
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нлмпύΦ IƻǿŜǾŜǊΣ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜǎŜ ǎǇŜŎƛŜǎ ŀƴŘ ǊƻŀŘǎ ƛǎ ƭƛƪŜƭȅ ŎƻƳǇƭŜȄΦ 5ǳŜ ǘƻ ǘƘŜ ǎǘǳŘȅ ŘŜǎƛƎƴΣ 

ǿŜ ǿŜǊŜ ǳƴŀōƭŜ ǘƻ ŜǾŀƭǳŀǘŜ ŬƴŜπǎŎŀƭŜ ŜŦŦŜŎǘǎ ƻŦ ǾŜƘƛŎƭŜ ǇǊŜǎŜƴŎŜ ƻƴ ǘƛƎŜǊǎΦ ¢ƘǳǎΣ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǾŜƘƛŎƭŜǎ 

Řƻ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ƛƳǇƭȅ ǘƻƭŜǊŀƴŎŜ ƻǊ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ƴŜƎŀǘƛǾŜ ƛƴƅǳŜƴŎŜΦ 

 hǳǊ ǘƘƛǊŘ ƘȅǇƻǘƘŜǎƛǎ ǿŀǎ ǘƘŀǘ ǇǊŜȅ ƛǘǎŜƭŦ ǿƻǳƭŘ ōŜǘǘŜǊ ŜȄǇƭŀƛƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ŎƻƳǇŀǊŜŘ ǘƻ ƘǳƳŀƴ 

ǇǊŜǎŜƴŎŜ ƻǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ƎƛǾŜƴ ǘƘŜ ŜǎǘŀōƭƛǎƘŜŘ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǇǊŜȅ ŀǎ ŀ ƳŀƧƻǊ ƭƛƳƛǘƛƴƎ ŦŀŎǘƻǊ 

ƛƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ όYŀǊŀƴǘƘ ŀƴŘ {ǘƛǘƘ мфффΤ YŀǊŀƴǘƘ Ŝǘ ŀƭΦ нллпύ ŀƴŘ ƘƛƎƘ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǇǊŜȅ ƛƴ ƻǘƘŜǊ ƳƻŘŜƭƭƛƴƎ 

ǎǘǳŘƛŜǎ όYŀǊŀƴǘƘ Ŝǘ ŀƭΦ нлммΤ YŀƴŀƎŀǊŀƧ Ŝǘ ŀƭΦ нлммΤ .ŀǊōŜǊπaŜȅŜǊ Ŝǘ ŀƭΦ нлмоΤ {ǘŜƛƴƳŜǘȊ Ŝǘ ŀƭΦ нлмоύΦ ¢Ƙƛǎ 

ƘȅǇƻǘƘŜǎƛǎ ǿŀǎ ƴƻǘ ǎǳǇǇƻǊǘŜŘ ōȅ ƻǳǊ ǊŜǎǳƭǘǎΦ LƴŘŜǇŜƴŘŜƴǘƭȅΣ ǘƛƎŜǊǎ ƘŀŘ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǇǊŜȅ 

ŀƴŘ ŀ ƭŀŎƪ ƻŦ ǇǊŜȅ ǿƻǳƭŘ ŎŜǊǘŀƛƴƭȅ ǇǊŜŎƭǳŘŜ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜΦ IƻǿŜǾŜǊΣ ŎƻƴǘǊŀǊȅ ǘƻ ƻǳǊ ƘȅǇƻǘƘŜǎƛǎΣ ƛƴ ǘŜǊƳǎ ƻŦ 

ǊŜƭŀǘƛǾŜ ǾŀǊƛŀƴŎŜ ŜȄǇƭŀƛƴŜŘΣ ǾŀǊƛŀƴŎŜ ǇŀǊǘƛǘƛƻƴƛƴƎ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǇǊŜȅ ŀƭƻƴŜ ŜȄǇƭŀƛƴŜŘ ƭŜǎǎ ǾŀǊƛŀƴŎŜ όоΦм҈ύ 

ŎƻƳǇŀǊŜŘ ǘƻ ƻǘƘŜǊ ŦŀŎǘƻǊǎΦ Lƴ ŎƻƴǘǊŀǎǘ ǘƻ ƻǳǊ ǇǊŜŘƛŎǘƛƻƴǎΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎ ŜȄǇƭŀƛƴŜŘ ǘƘŜ ƎǊŜŀǘŜǎǘ ƻǾŜǊŀƭƭ 

ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǾŀǊƛŀƴŎŜ όмфΦс҈ύΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ŎƻƴŦƻǳƴŘŜŘ ǿƛǘƘ ƘǳƳŀƴ ŦŀŎǘƻǊǎ όомΦм҈ύΦ  

±ŀǊƛŀƴŎŜ ǇŀǊǘƛǘƛƻƴƛƴƎ ƛƴ ƻǳǊ ǎǘǳŘȅ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƛƎŜǊ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǿƛǘƘ ǇǊŜȅΣ ƛƴ ǎƻƳŜ ŎŀǎŜǎΣ ŎƻǳƭŘ ōŜ 

ŜȄǇƭŀƛƴŜŘ ōȅ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ƘǳƳŀƴ ŦŀŎǘƻǊǎΦ !ǎƘ Ŝǘ ŀƭΦ όнлнмύ ŘŜǎŎǊƛōŜŘ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ 

ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ Ƙŀōƛǘŀǘ ǎǳƛǘŀōƭŜ ŦƻǊ ƛƳǇƻǊǘŀƴǘ ǇǊŜȅ ǎǇŜŎƛŜǎ ŘŜǎŎǊƛōŜŘ ƛƴ ƻǳǊ ǎǘǳŘȅΣ ǎǘǊƻƴƎ ǇƻǎƛǘƛǾŜ 

ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ŎƻǊŜ Ƙŀōƛǘŀǘ ŀǿŀȅ ŦǊƻƳ ƘǳƳŀƴ Ƙŀōƛǘǳŀǘƛƻƴ ŀƴŘ ǎǘǊƻƴƎ ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ Ƙŀōƛǘŀǘ 

ƴŜŀǊ ǎŜǘǘƭŜƳŜƴǘǎ ǘƘŀǘ ǿŜǊŜ ƘŜŀǾƛƭȅ ƛƳǇŀŎǘŜŘ ōȅ ƘǳƳŀƴ ŀŎǘƛǾƛǘȅΦ Lƴ ŜŦŦŜŎǘΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻǾŀǊƛŀǘŜǎΣ ƛƴŎƭǳŘƛƴƎ 

ƘŀōƛǘŀǘΣ ǘŜǊǊŀƛƴ ŀƴŘ ǇǊƻȄƛŜǎ ƻŦ ƘǳƳŀƴ ŀƴŘ ǇǊŜȅ ŜŦŦŜŎǘǎΣ Ƴŀȅ ƘŀǾŜ ōŜŜƴ ŀ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǇǊŜŘƛŎǘƻǊ ƻŦ 

ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƻǾŜǊŀƭƭ ǘƘŀƴ ǇǊŜȅ ƻǊ ƘǳƳŀƴ ŦŀŎǘƻǊǎ ƻƴ ǘƘŜƛǊ ƻǿƴΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ƘƛƎƘŜǊ ŜȄǇƭŀƴŀǘƻǊȅ ǇŜǊŦƻǊƳŀƴŎŜΦ 

{ǇŜŎƛŬŎŀƭƭȅΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻǾŀǊƛŀǘŜǎ ōŜǘǘŜǊ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ƛƳǇƻǊǘŀƴǘ ƭƛƳƛǘƛƴƎ ŦŀŎǘƻǊǎ ŦƻǊ ǘƘŜ 

ǇǊŜǎŜƴŎŜ ƻŦ ǇǊŜȅΣ ƛƴŎƭǳŘƛƴƎ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜΣ ǊŜǎǳƭǘƛƴƎ ƛƴ ŀ ƘƛƎƘ ŘŜƎǊŜŜ ƻŦ ŎƻƭƭƛƴŜŀǊƛǘȅΦ LƳǇƻǊǘŀƴǘƭȅΣ ǘƘƛǎ 

ǎǳƎƎŜǎǘǎ ǘƘŀǘ ƛƴ ǎƻƳŜ ŎŀǎŜǎ ŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭΣ ŜǎǇŜŎƛŀƭƭȅ ŎƻǳǇƭŜŘ ǿƛǘƘ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŦŀŎǘƻǊǎΣ ŎƻǳƭŘ 

ōŜ ǳǎŜŘ ǘƻ ƳƻŘŜƭ ǘƛƎŜǊ ƻŎŎǳǊǊŜƴŎŜ ǿƘŜǊŜ ƻǘƘŜǊ Řŀǘŀ Ƴŀȅ ōŜ ƭŀŎƪƛƴƎΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ŀǇǇǊƻŀŎƘ ǿƻǳƭŘ ƳŜǊƛǘ ŀ 

ƘƛƎƘ ŘŜƎǊŜŜ ƻŦ Ŏŀǳǘƛƻƴ ǎƛƴŎŜΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ǇƻŀŎƘƛƴƎ ŀƴŘ ǇǊŜȅ ŘŜǇƭŜǘƛƻƴ Ŏŀƴ 

ŜǊŀŘƛŎŀǘŜ ǘƛƎŜǊǎ ŀƴŘ ƻǘƘŜǊ ǎǇŜŎƛŜǎ ŦǊƻƳ ƻǘƘŜǊǿƛǎŜ ƛƴǘŀŎǘ Ƙŀōƛǘŀǘ ό.ŜƴƝǘŜȊπ[ƽǇŜȊ Ŝǘ ŀƭΦ нлмфύΦ !ǇǇƭƛŎŀǘƛƻƴ ƻŦ 

ǘƘƛǎ ŀǇǇǊƻŀŎƘ Ƴŀȅ ōŜ ōŜƴŜŬŎƛŀƭ ƛƴ ǇƻƻǊƭȅ ǳƴŘŜǊǎǘƻƻŘ ŀǊŜŀǎ ōȅ ƛŘŜƴǘƛŦȅƛƴƎ ŦŀŎǘƻǊǎ ƻŦ ƴƻǘŀōƭŜ ƛƴƅǳŜƴŎŜ ƻƴ ǘƛƎŜǊ 
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ǇǊŜǎŜƴŎŜ ǘƻ ƎǳƛŘŜ ƳƻǊŜ ǎǇŜŎƛŬŎ ŀƴŘ Ǌƻōǳǎǘ ǎŎƛŜƴǘƛŬŎ ŜƴǉǳƛǊȅΦ wƛƎƻǊƻǳǎ ǎǘǳŘƛŜǎ ǘƻ ŀǎǎŜǎǎ ǇǊŜȅ ŀōǳƴŘŀƴŎŜ ŀƴŘ 

ƘǳƳŀƴ ǇǊŜǎǎǳǊŜ ǎƘƻǳƭŘ ōŜ ŜƳǇƭƻȅŜŘ ǿƘŜǊŜǾŜǊ ǇƻǎǎƛōƭŜ ǘƻ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜƭȅ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛƴƅǳŜƴŎŜ 

ƻŦ ǘƘŜǎŜ ŦŀŎǘƻǊǎ ƻƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜΦ 

IǳƳŀƴ ǇǊŜǎŜƴŎŜ ŜȄǇƭŀƛƴŜŘ ŀ ǊŜƭŀǘƛǾŜƭȅ ƭŀǊƎŜ ŀƳƻǳƴǘ ƻŦ ǾŀǊƛŀƴŎŜ ƛƴ ƻǳǊ ǎǘǳŘȅΣ ŀƴŘ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ƛǘǎ 

ǾŀǊƛŀōƭŜǎ ƻƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǿŜǊŜ ǇŀǊǘƛŎǳƭŀǊƭȅ ǎǘǊƻƴƎΦ ¢Ƙƛǎ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ƘǳƳŀƴ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

ŦŀŎǘƻǊǎ ƛǎ ŜǾƛŘŜƴǘ ƛƴ ǘƘŜ ƘƛƎƘ ǊŜƭŀǘƛǾŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǾŀǊƛŀƴŎŜ ŜȄǇƭŀƛƴŜŘ ōȅ ŎƻƴŦƻǳƴŘŜŘ ƘǳƳŀƴ ŀƴŘ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎΦ Lƴ 5tY¸Σ Ƴƻǳƴǘŀƛƴƻǳǎ Ƙŀōƛǘŀǘ Ƙŀǎ ōŜŜƴ ǘƘŜ ƭŜŀǎǘ ǇǊƻƴŜ ǘƻ ŘƛǎǘǳǊōŀƴŎŜ ƘƛǎǘƻǊƛŎŀƭƭȅΣ 

ǿƛǘƘ ƭŀƴŘǎŎŀǇŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƭƛƳƛǘƛƴƎ ǇŀǘǘŜǊƴǎ ƻŦ ƘǳƳŀƴ ƛƴƅǳŜƴŎŜΦ hǾŜǊŀƭƭΣ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƛƴ 5tY¸ Ƴŀȅ ōŜ 

ŜȄǇƭŀƛƴŜŘ ƛƴ ōǊƻŀŘ ǘŜǊƳǎ ōȅ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ƭƛǘǘƭŜ ŀƭǘŜǊƴŀǘƛǾŜ Ƙŀōƛǘŀǘ ǊŜƳŀƛƴǎ ƻǳǘǎƛŘŜ ƻŦ ƳƻǊŜ ŎŜƴǘǊŀƭ ŀǊŜŀǎ ŀƴŘ 

ǘƘŀǘ ǾŀǊƛŀƴŎŜ ƛƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƛǎ ŜȄǇƭŀƛƴŜŘ ōȅ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ōǊƻŀŘπǎŎŀƭŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŘƛǘƛƻƴǎΣ ŀǾŀƛƭŀōƭŜ 

Ƙŀōƛǘŀǘ ŦƻǊ ǇǊŜȅΣ ŀƴŘ ǊŜŦǳƎƛŀ ƛƴ ǿƘƛŎƘ ǇǊŜȅ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ƭƻǿŜǊ ǇƻŀŎƘƛƴƎ ǇǊŜǎǎǳǊŜΦ 

²ƘƛƭŜ ƻǳǊ ǎǘǳŘȅ ǊŜǾŜŀƭǎ ƛƳǇƻǊǘŀƴǘ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ŎŜǊǘŀƛƴ ǇǊŜȅ ǎǇŜŎƛŜǎΣ ǘƘŜǎŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǎƘƻǳƭŘ 

ōŜ ŘƛǎǘƛƴƎǳƛǎƘŜŘ ŦǊƻƳ ǇǊŜȅ ǎŜƭŜŎǘƛƻƴΣ ǿƘƛŎƘ ǿŀǎ ƻǳǘǎƛŘŜ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ŀƴŘ ǿƻǳƭŘ ǊŜǉǳƛǊŜ ƳŜǘƘƻŘǎ 

ƻŦ ŘƛŜǘ ŀƴŀƭȅǎƛǎ όYŀǊŀƴǘƘ ŀƴŘ bƛŎƘƻƭǎ мффуΤ !ƴŘƘŜǊƛŀ Ŝǘ ŀƭΦ нллтύΦ CǳǊǘƘŜǊΣ ǿŜ ŘƛŘ ƴƻǘ ƛƴŎƭǳŘŜ ǎƳŀƭƭŜǊ ǇƻǘŜƴǘƛŀƭ 

ǇǊŜȅ ǎǇŜŎƛŜǎ όғнл ƪƎύ ƎƛǾŜƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǎŜǾŜǊŀƭ ƭŀǊƎŜǊ ǇǊŜȅ ǎǇŜŎƛŜǎ ƛƴ ƻǳǊ ǎǘǳŘȅ ŀǊŜŀ ŀƴŘ ǎǘǊƻƴƎ 

ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ƭŀǊƎŜǊ ǇǊŜȅ ŀǎ ōŜƛƴƎ ŎǊƛǘƛŎŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ƛƴ ǎǘǳŘƛŜǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǘƛƎŜǊǎ ǊŀƴƎŜ όYŀǊŀƴǘƘ ŀƴŘ 

{ǳƴǉǳƛǎǘ мффрΤ .ƛǎǿŀǎ ŀƴŘ {ŀƴƪŀǊ нллнΤ .ŀƎŎƘƛ Ŝǘ ŀƭΦ нллоύΦ {ǳŎƘ ǎǇŜŎƛŜǎ ǿŜǊŜ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ bƎƻǇǊŀǎŜǊǘ Ŝǘ 

ŀƭΦ όнлмнύ ƛƴ ƳƻŘŜƭƭƛƴƎ ǘƛƎŜǊ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ǇǊŜȅ ŜƭǎŜǿƘŜǊŜ ƛƴ ¢ƘŀƛƭŀƴŘΦ {ǘǳŘȅ ŘŜǎƛƎƴ ǇǊŜŎƭǳŘŜŘ ŀŘƘŜǊŜƴŎŜ 

ǘƻ ƪŜȅ ŀǎǎǳƳǇǘƛƻƴǎ ƻŦ ƻŎŎǳǇŀƴŎȅ ƳƻŘŜƭƭƛƴƎ ǇŀǊǘƛŎǳƭŀǊƭȅ ǘƘƻǎŜ ǇŜǊǘŀƛƴƛƴƎ ǘƻ ƛƴŘŜǇŜƴŘŜƴŎŜ ŀƴŘ ǇƻǇǳƭŀǘƛƻƴ 

ŎƭƻǎǳǊŜ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ŎŀƭŎǳƭŀǘƛƴƎ ǊŜƭƛŀōƭŜ ŜǎǘƛƳŀǘŜǎ ƻŦ ŘŜǘŜŎǘƛƻƴ ǇǊƻōŀōƛƭƛǘȅΦ ¢ƘǳǎΣ ǇǊŜȅ ŎƻǾŀǊƛŀǘŜǎ ǿŜǊŜ 

ŘŜǾŜƭƻǇŜŘ ǳǎƛƴƎ ŘŜǘŜŎǘƛƻƴ ǊŀǘŜǎ όt/wLύ ŀǎ ŀ ǎǳǊǊƻƎŀǘŜ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ǇǊŜȅ ǇǊŜǎŜƴŎŜΦ ²Ŝ 

ǊŜŎƻƳƳŜƴŘ ŦǳǘǳǊŜ ǎǘǳŘƛŜǎ ǎǘǊƛǾŜ ǘƻ ƛƴŎƻǊǇƻǊŀǘŜ Řŀǘŀ ŦǊƻƳ ǎǘǳŘƛŜǎ ŜȄǇƭƛŎƛǘƭȅ ŘŜǎƛƎƴŜŘ ŦƻǊ ƻŎŎǳǇŀƴŎȅ ƻǊ 

ŎŀǇǘǳǊŜπǊŜŎŀǇǘǳǊŜ ŦǊŀƳŜǿƻǊƪǎ ǿƘŜǊŜ ǇƻǎǎƛōƭŜΦ CǳǊǘƘŜǊΣ ƎƛǾŜƴ ǎǇŀǘƛŀƭ ƻǾŜǊƭŀǇ ƻŦ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ ǿƛǘƘ ǘƛƎŜǊ 

ŀƴŘ ǇǊŜȅ ǎǇŜŎƛŜǎΣ ŀŘŘƛǘƛƻƴŀƭ ǎǘǳŘƛŜǎ ŜȄǇƭƻǊƛƴƎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ Ǌƛǎƪ ŦǊƻƳ ŘƛǎŜŀǎŜ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ǎǳŎƘ ŀǎ ŦǊƻƳ 

ŎŀƴƛƴŜ ŘƛǎǘŜƳǇŜǊ ǾƛǊǳǎ ό/5±Τ {ŜƛƳƻƴ Ŝǘ ŀƭΦ нлмоύ ƻǊ !ŦǊƛŎŀƴ ǎǿƛƴŜ ŦŜǾŜǊ όDǳōŜǊǘƛ Ŝǘ ŀƭΦ нлмфύ Ƴŀȅ ōŜ 

ǿŀǊǊŀƴǘŜŘΦ  
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пΦм LƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ŎƻƴǎŜǊǾŀǘƛƻƴ 

 hǳǊ ǎǘǳŘȅ ǎǳƎƎŜǎǘǎ ŜȄǇƭŀƴŀǘƻǊȅ ŦŀŎǘƻǊǎ ŦƻǊ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƛƴ ǘƘŜ 5ƻƴƎ tƘŀȅŀȅŜƴςYƘŀƻ ¸ŀƛ CƻǊŜǎǘ 

/ƻƳǇƭŜȄ ŀǊŜ ƳƻǊŜ ƴǳŀƴŎŜŘ ǘƘŀƴ ƛƴƛǘƛŀƭƭȅ ƘȅǇƻǘƘŜǎƛȊŜŘΦ ²Ŝ ŘƻŎǳƳŜƴǘŜŘ ǎǘǊƻƴƎΣ ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ 

ǿƛƭŘ ōƻŀǊ ό{ǳǎ ǎŎǊƻŦŀύ ŀƴŘ ǇǊŜȅ ǊƛŎƘƴŜǎǎΣ ŀƴŘ ǎǘǊƻƴƎΣ ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ƘǳƳŀƴ ǎŜǘǘƭŜƳŜƴǘǎΣ ǇǳōƭƛŎ 

ǊƻŀŘǎΣ ŀƴŘ ǇƻŀŎƘŜǊǎΦ IƻǿŜǾŜǊΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ŎƻƴŦƻǳƴŘŜŘ ǿƛǘƘ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜΣ 

ŜȄǇƭŀƛƴŜŘ ŀ ƎǊŜŀǘŜǊ ǊŜƭŀǘƛǾŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǾŀǊƛŀƴŎŜ ƛƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǘƘŀƴ ǇǊŜȅ ŎƻǾŀǊƛŀǘŜǎΦ DƛǾŜƴ ǘƘŜ ǇŀǘǘŜǊƴǎ 

ƻŦ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƛƴ ƻǳǊ ǎǘǳŘȅ ŀƴŘ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎǘǳŘƛŜǎ ŦǊƻƳ ŜƭǎŜǿƘŜǊŜ ƛƴ ǘƘŜ ǘƛƎŜǊǎΩ ǊŀƴƎŜΣ ǿŜ ǊŜŎƻƳƳŜƴŘ 

ǇǊƛƻǊƛǘƛȊƛƴƎ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ƪŜȅ ƘŀōƛǘŀǘΣ ƳƛƴƛƳƛȊƛƴƎ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ ŀƴŘ ǎŜŎǳǊƛƴƎ ǇǊŜȅ ǊƛŎƘ ŀǊŜŀǎ ŀǎ ǇŀǊǘ ƻŦ 

ƻƴƎƻƛƴƎ ǘƛƎŜǊ ǇǊƻǘŜŎǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎ ƛƴ 5tY¸Φ ²Ŝ ŜŎƘƻ ǘƘŜ ǎŜƴǘƛƳŜƴǘ ƻŦ YŀƴŀƎŀǊŀƧ Ŝǘ ŀƭΦ όнлммύ ǘƘŀǘΣ ŀƭǘƘƻǳƎƘ 

ǘƘŜǎŜ ǎŜŜƳƛƴƎƭȅ ƛƴǘǳƛǘƛǾŜ ǊŜǎǳƭǘǎΣ ǎǳŎƘ ŀǎ ƴŜƎŀǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŦŀŎǘƻǊǎΣ ŀǊŜ ƴƻǘ ƴŜǿΣ ǘƘŜǎŜ 

ŀǊŜ ƴƻƴŜǘƘŜƭŜǎǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǉǳŀƴǘƛŦȅΦ bŜƎŀǘƛǾŜ ƛƳǇŀŎǘǎ ƻŦ ƘǳƳŀƴ ƛƴƅǳŜƴŎŜ ƘŀǾŜ ōŜŜƴ ŘƻŎǳƳŜƴǘŜŘ ōǊƻŀŘƭȅ 

ό/Ǌƻƻƪǎ нллнΤ CƻƭŜȅ Ŝǘ ŀƭΦ нллрΤ /ƻŦŦƛƴ нллтύΣ ŀǎ ǿŜƭƭ ŀǎ ƳƻǊŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ŦƻǊ ƻǘƘŜǊ ƭŀǊƎŜΣ ǿƛŘŜπǊŀƴƎƛƴƎ ǎǇŜŎƛŜǎ 

ǎǳŎƘ ŀǎ ǿƻƭǾŜǎ ό[ŜǎƳŜǊƛǎŜǎ Ŝǘ ŀƭΦ нлмнύ ŀƴŘ ōŜŀǊǎ ό[ƛƴƪŜ Ŝǘ ŀƭΦ нлмоύΦ IƻǿŜǾŜǊΣ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ 

ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜǎŜ ǎǇŜŎƛŜǎ ŀƴŘ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŦŀŎǘƻǊǎ Ƴŀȅ ōŜ ƳƻǊŜ ŎƻƳǇƭŜȄ ǘƘŀƴ ōǊƻŀŘŜǊ ǘǊŜƴŘǎ ǎǳƎƎŜǎǘ 

όIŜōōƭŜǿƘƛǘŜ ŀƴŘ aŜǊǊƛƭƭ нллуΤ aŀǊǘƛƴ Ŝǘ ŀƭΦ нлмлΤ /ŀǊǘŜǊ Ŝǘ ŀƭΦ нлмнύΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ƛƴƅǳŜƴŎŜ 

ƻŦ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ ƻƴ ǘƛƎŜǊǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ŎƻƴŎŜǊǘ ǿƛǘƘ ƻǘƘŜǊ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǇǊŜȅ ƻǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎΣ 

ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ƻǳǊ ǎǘǳŘȅ ŀǊŜŀ ŦƻǊ ǿƘƛŎƘ ƭŀƴŘǎŎŀǇŜπǎŎŀƭŜ ŀǎǎŜǎǎƳŜƴǘǎ ƻƴ ǘƛƎŜǊǎ ƘŀǾŜ ōŜŜƴ 

ƭŀŎƪƛƴƎΦ 

/ƻƴǘǊƻƭƭƛƴƎ ǇƻŀŎƘƛƴƎ ƻŦ ǇǊŜȅΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǿƛƭŘ ōƻŀǊΣ ŀƴŘ ƳƛƴƛƳƛȊƛƴƎ ŘƛǎǘǳǊōŀƴŎŜ ǘƻ Ƙŀōƛǘŀǘ ǿƛƭƭ ōŜ 

ŎǊǳŎƛŀƭ ŦƻǊ ǘƛƎŜǊ ǇǊƻǘŜŎǘƛƻƴ ǿƘƛƭŜ ǊŜǎǘƻǊŀǘƛƻƴ ƻŦ ŘŜƎǊŀŘŜŘ Ƙŀōƛǘŀǘ ŀƴŘ ǇǊŜȅ ǇƻǇǳƭŀǘƛƻƴǎ ǿƛƭƭ ƛƳǇǊƻǾŜ ǇǊƻǎǇŜŎǘǎ 

ŦƻǊ ƭƻƴƎπǘŜǊƳ ǊŜŎƻǾŜǊȅ ƻŦ ǘƛƎŜǊǎ ƛƴ ǘƘƛǎ ƭŀƴŘǎŎŀǇŜΦ wŜŘǳŎƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŘŜǾŜƭƻǇƳŜƴǘ ǘƘŀǘ Ƴŀȅ ƻǘƘŜǊǿƛǎŜ 

ŦǊŀƎƳŜƴǘ Ƙŀōƛǘŀǘ ƻǊ ŦŀŎƛƭƛǘŀǘŜ ŀŎŎŜǎǎΣ ǎǳŎƘ ŀǎ ǊƻŀŘǎ ƻǊ ŘŀƳǎΣ ƳŀƛƴǘŀƛƴƛƴƎ ŎŀǊŜŦǳƭ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ŀŎŎŜǎǎ ƛƴǘƻ ǘƘƛǎ 

ƭŀƴŘǎŎŀǇŜ ŀƴŘ ŀŘŘƛǘƛƻƴŀƭ ǊŜǎŜŀǊŎƘ ƻƴ ǇƻǘŜƴǘƛŀƭ ŬƴŜǊπǎŎŀƭŜ ŜŦŦŜŎǘǎ ƻŦ ǾŜƘƛŎƭŜǎ ƻƴ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ƛǎ ŀƭǎƻ 

ǿŀǊǊŀƴǘŜŘΦ 9ŦŦƻǊǘǎ ŀǊŜ ǳƴŘŜǊǿŀȅ ǘƻ ƳƛǘƛƎŀǘŜ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ƻƴŜ ƳŀƧƻǊ ǊƻŀŘǿŀȅ ό¦b9{/h нлмтύ ǘƘƻǳƎƘ ǘƘŜ 

ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ǘƘƛǎ ǿƛƭƭ ŦŀŎƛƭƛǘŀǘŜ ǘƛƎŜǊ ƳƻǾŜƳŜƴǘ ƛǎ ƴƻǘ ȅŜǘ ƪƴƻǿƴΦ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ǘƛƎŜǊǎ 



Chapter 4 

136 
 

Ŏŀƴ ƳƻǾŜ ǿƛǘƘƛƴ ŀƴŘ ōŜȅƻƴŘ ǘƘƛǎ ƭŀƴŘǎŎŀǇŜΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ŀǊŜŀǎ ƻŦ ƘƛƎƘŜǊ ƘǳƳŀƴ ƛƴƅǳŜƴŎŜΣ ǿƛƭƭ ōŜ ŎǊƛǘƛŎŀƭ 

ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƭƻƴƎπǘŜǊƳΣ ōǊƻŀŘπǎŎŀƭŜ ǊŜŎƻǾŜǊȅ ǎǘǊŀǘŜƎƛŜǎΦ ²Ŝ ōŜƭƛŜǾŜ ǘƘƛǎ ǎǘǳŘȅ ǿƛƭƭ ōŜ ōŜƴŜŬŎƛŀƭ ƛƴ 

ƎǳƛŘƛƴƎ ǎǳŎƘ ǎǘǊŀǘŜƎƛŜǎ ƛƴ 5tY¸Σ ǎǇŜŎƛŬŎŀƭƭȅ ǿƛǘƘƛƴ ǘƘŜ ǊŜŀƭƳ ƻŦ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ǇǊŜȅ ŀƴŘ ƳƛǘƛƎŀǘƛƻƴ ƻŦ ǇƻǘŜƴǘƛŀƭƭȅ 

ŀŘǾŜǊǎŜ ƘǳƳŀƴ ŀŎǘƛǾƛǘȅΦ hǳǊ ŀǇǇǊƻŀŎƘ Ƴŀȅ ōŜ ƘŜƭǇŦǳƭ ƛƴ ƻǘƘŜǊ ŀǊŜŀǎ ŦƻǊ ǇǊƻǾƛŘƛƴƎ ƎǳƛŘŀƴŎŜ ƻƴ ǇǊƛƻǊƛǘƛȊƛƴƎ 

ƘŀōƛǘŀǘΣ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ƘǳƳŀƴ ǇǊŜǎŜƴŎŜ ŀƴŘ ƛŘŜƴǘƛŦȅƛƴƎ ƪŜȅ ǇǊŜȅ ǘƻ ǇǊƻǾƛŘŜ ŀ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ǎǇŜŎƛŜǎ 

ǇǊƻǘŜŎǘƛƻƴ ŀƴŘ ǊŜŎƻǾŜǊȅΦ 

 

!ŎƪƴƻǿƭŜŘƎŜƳŜƴǘǎ 

²Ŝ ǘƘŀƴƪ ¢ƘŀƛƭŀƴŘΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ bŀǘƛƻƴŀƭ tŀǊƪǎΣ ²ƛƭŘƭƛŦŜ ŀƴŘ tƭŀƴǘ /ƻƴǎŜǊǾŀǘƛƻƴ ό5btύΣ ǎǇŜŎƛŬŎŀƭƭȅΣ 5ǊΦ 

{ƻƳǇƘƻǘ 5ǳŀƴƎŎƘŀƴǘǊŀǎƛǊƛΣ 5ǊΦ {ŀƪǎƛǘ {ƛƳŎƘŀǊƻŜƴ ŀƴŘ ǘƘŜ ǊŀƴƎŜǊǎ ƻŦ 5tY¸Φ ¢Ƙƛǎ ǎǘǳŘȅ ǿŀǎ ƳŀŘŜ ǇƻǎǎƛōƭŜ ōȅ 

Řŀǘŀ ŦǊƻƳ ǎǳǊǾŜȅǎ ŎƻƴŘǳŎǘŜŘ ōȅ ǘƘŜ 5bt ŀƴŘ CǊŜŜƭŀƴŘ CƻǳƴŘŀǘƛƻƴ όнллуςнлмтύΣ ƛƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ ²²Cπ

¢ƘŀƛƭŀƴŘ ƛƴ нлмо ŀƴŘ tŀƴǘƘŜǊŀ ŦǊƻƳ нлмсΦ CǳƴŘƛƴƎ ǿŀǎ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ ¦Φ{Φ CƛǎƘ ŀƴŘ ²ƛƭŘƭƛŦŜ {ŜǊǾƛŎŜ 

wƘƛƴƻŎŜǊƻǎ ŀƴŘ ¢ƛƎŜǊ /ƻƴǎŜǊǾŀǘƛƻƴ CǳƴŘΣ 5ŀǾƛŘ {ƘŜǇƘŜǊŘ ²ƛƭŘƭƛŦŜ CƻǳƴŘŀǘƛƻƴΣ /ŀǊŜ ŦƻǊ ǘƘŜ ²ƛƭŘ 

LƴǘŜǊƴŀǘƛƻƴŀƭκ.ƻǊƴ CǊŜŜ CƻǳƴŘŀǘƛƻƴΣ нмǎǘ /ŜƴǘǳǊȅ ¢ƛƎŜǊΣ ŀƴŘ tƻƛƴǘ 5ŜŬŀƴŎŜ ½ƻƻ ϧ !ǉǳŀǊƛǳƳΦ ¢ƘŜ ŀǳǘƘƻǊǎ 9! 

ŀƴŘ ½Y ǿŜǊŜ ǎǳǇǇƻǊǘŜŘ ƎǊŀƴǘǎ ǘƻ 5²a ŦǊƻƳ ǘƘŜ wƻōŜǊǘǎƻƴ CƻǳƴŘŀǘƛƻƴΦ hǘƘŜǊǎ ǿŜ ǿƛǎƘ ǘƻ ǘƘŀƴƪ ƛƴŎƭǳŘŜ 5ǊΦ 

{ƻƴƎǘŀƳ {ǳƪǎŀǿŀƴƎΣ 5ǊΦ /ƘǳƳǇƘƻƴ {ǳƪƪŀǎŜƳΣ {ƛǘǘƛŎƘŀƛ .ŀƴǇƻǘΣ /ƘƻƴƭŀǘƘƻǊƴ /ƘŀƳƳŀƴƪƛΣ tǊŀǿŀǘǎŀǊǘ 

/ƘŀƴǘŜŀǇΣ YǊƛǎǎŀŘŀ IƻƳǎǳŘΣ .ƻƻƴŎƘŜǊŘ WŀǊƻŜƴǎǳƪΣ bǳǿŀǘ [ŜŜƭŀǇŀǘŀΣ ¢ŀȅǿƛƴ aŜŜǎŀǇΣ /ƘŀǘǊƛ tŀŘǳƴƎǇƻƴƎΣ 

¢ƘŀƴŀǊƻƧ tƘƻǘƛǎŀǊƻΣ ²ƛŎƘŀƛ tƻǊƴƭŜŜǎŀƴƎǎǳǿƻƴΣ {ƻƳǎǳŀƴ wŀƪǎŀǘΣ ²ƛǊƻǘ wƻƧŎƘŀƴŀƧƛƴŘŀΣ YŀƴŎƘƛǘ {ǊƛƴƻǇǇŀǿŀƴΣ 

tǊŜŜŎƘŀ ²ƛǘǘŀȅŀǇƘŀƴΣ 5ǊΦ tǊŀǘŜŜǇ 5ǳŜƴƎƪŀŜΣ ¢Ƙŀǘǘŀȅŀ .ƛŘŀȅŀōƘŀΣ ²ƛƭŀƛǿŀƴ YŀƭȅŀƪƻƻƭΣ {ŀȅŀƴ wŀƪǎŀŎƘŀǊǘΣ 

¢ŀǿŀƴ {ǊƛǘƘƻƴƎΣ /ƘǊƛǎǘƻǇƘŜǊ IŀƭƭŀƳΣ [ǳƪŜ {ǘƻƪŜǎ ŀƴŘ 5ǊΦ wƻō {ǘŜƛƴƳŜǘȊΦ 

 

/ƻƴŦƭƛŎǘ ƻŦ ƛƴǘŜǊŜǎǘ 
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!ǎƘ 9Σ YŀǎȊǘŀ ÀΣ bƻƻŎƘŘǳƳǊƻƴƎ !Σ Ŝǘ ŀƭ όнлнлύ hǇǇƻǊǘǳƴƛǘȅ ŦƻǊ ¢ƘŀƛƭŀƴŘΩǎ CƻǊƎƻǘǘŜƴ ¢ƛƎŜǊǎΥ !ǎǎŜǎǎƳŜƴǘ ƻŦ LƴŘƻŎƘƛƴŜǎŜ ǘƛƎŜǊ 
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3ÕÐÐÌÅÍÅÎÔÁÒÙ -ÁÔÅÒÉÁÌÓ ρ 

¢ŀōƭŜ м /ǳƳǳƭŀǘƛǾŜ ŘŜǘŜŎǘƛƻƴǎ ŀƴŘ ǇƘƻǘƻƎǊŀǇƘƛŎ ŎŀǇǘǳǊŜ ǊŀǘŜ ƛƴŘŜȄ όt/wLΤ ŘŜǘŜŎǘƛƻƴǎκмлл /¢bύ ŦƻǊ ǇǊŜȅ ŀƴŘ ƘǳƳŀƴǎ ƛƴ 

5tY¸ ŦǊƻƳ рсΣнмп ŎŀƳŜǊŀπǘǊŀǇ ƴƛƎƘǘǎΦ 

 
 

Number 
Stations 
Detected 

Detections (PCRI) 

P
re

y 

Indochinese Tiger (Panthera tigris) 114 (22%) 1,166 (2.07) 
Banteng (Bos javanicus) 4 (<1%) 10 (0.02) 
Gaur (Bos gaurus) 199 (38%) 1,269 (2.26) 
Chinese Serow (Capricornis milneedwardsii) 33 (6%) 73 (0.13) 
Sambar (Rusa unicolor) 111 (21%) 4,378 (7.79) 
Northern Red Muntjac (Muntiacus vaginalis) 244 (47%) 1,770 (3.15) 
Wild Boar (Sus scrofa) 316 60%) 3,226 (5.74) 

    

H
u
m

a
n
s 

Domestic Dog 66 (13%) 211 (0.38) 
Human (Other) 511 (98%) 11,446 (20.36) 
Poacher 144 (28%) 646 (1.15) 
Ranger 168 (32%) 1,747 (3.11) 
Vehicle 85 (16%) 7,860 (13.98) 
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 ±ŀǊƛŀōƭŜ L5 aŜǘǊƛŎ 5ŀǘŀ {ƻǳǊŎŜ 

 DŀǳǊ ό.ƻǎ ƎŀǳǊǳǎύ D!¦w t/wL !ǎƘ Ŝǘ ŀƭΦ нлнл 

t
Ǌ
Ŝ
ȅ
 

 

aǳƴǘƧŀŎ όaǳƴǘƛŀŎǳǎ ǾŀƎƛƴŀƭƛǎύ a¦b¢W!/ t/wL !ǎƘ Ŝǘ ŀƭΦ нлнл 
{ŀƳōŀǊ όwǳǎŀ ǳƴƛŎƻƭƻǊύ {!a.!w t/wL !ǎƘ Ŝǘ ŀƭΦ нлнл 
²ƛƭŘ .ƻŀǊ ό{ǳǎ ǎŎǊƻŦŀύ ².h!w t/wL !ǎƘ Ŝǘ ŀƭΦ нлнл 
tǊŜȅ wƛŎƘƴŜǎǎ  
.ŀƴǘŜƴƎ ό.ƻǎ ƧŀǾŀƴƛŎǳǎύ 
DŀǳǊ ό.ƻǎ ƎŀǳǊǳǎύ 
aǳƴǘƧŀŎ όaǳƴǘƛŀŎǳǎ ǾŀƎƛƴŀƭƛǎύ 
{ŀƳōŀǊ όwǳǎŀ ǳƴƛŎƻƭƻǊύ 
{ŜǊƻǿ ό/ŀǇǊƛŎƻǊƴƛǎ ƳƛƭƴŜŜŘǿŀǊŘǎƛƛύ 
²ƛƭŘ .ƻŀǊ ό{ǳǎ ǎŎǊƻŦŀύ 

tw9¸ψwL/I 
/ƻǳƴǘ ƻŦ 
{ǇŜŎƛŜǎ 

!ǎƘ Ŝǘ ŀƭΦ нлнл 

     

I
ǳ
Ƴ
ŀ
ƴ

 

5ƛǎǘŀƴŎŜ ǘƻ tŀǊƪ {ǳōǎǘŀǘƛƻƴ  
5L{¢ψ{{ 

9ǳŎƭƛŘŜŀƴ 
5ƛǎǘŀƴŎŜ 

5ŜǊƛǾŜŘ ŦǊƻƳ wƻȅŀƭ CƻǊŜǎǘǊȅ 
5ŜǇŀǊǘƳŜƴǘ нлллΤ9{wL нлмр 

5ƛǎǘŀƴŎŜ ǘƻ !ƭƭ wƻŀŘǎ 
5L{¢wh!5ψ![[ 

9ǳŎƭƛŘŜŀƴ 
5ƛǎǘŀƴŎŜ 

5ŜǊƛǾŜŘ ŦǊƻƳ wƻȅŀƭ CƻǊŜǎǘǊȅ 
5ŜǇŀǊǘƳŜƴǘΣ нлллΤ DL{¢5!Σ нллрΤ 
нлму DƻƻƎƭŜΣ ¦{ 5ŜǇǘ ƻŦ {ǘŀǘŜ 
DŜƻƎǊŀǇƘŜǊΣ LƳŀƎŜΤ 9{wL нлмр 
[ŀƴŘǎŀǘκ/ƻǇŜǊƴƛŎǳǎ 

5ƛǎǘŀƴŎŜ ǘƻ tǳōƭƛŎ wƻŀŘǎ ό/мύ 
5L{¢wh!5ψ/м 

9ǳŎƭƛŘŜŀƴ 
5ƛǎǘŀƴŎŜ 

5ƛǎǘŀƴŎŜ ǘƻ tŀǊƪ wƻŀŘǎ ό/нύ 
5L{¢wh!5ψ/н 

9ǳŎƭƛŘŜŀƴ 
5ƛǎǘŀƴŎŜ 

5ƻƳŜǎǘƛŎ 5ƻƎ 5haψ5hD t/wL !ǎƘ Ŝǘ ŀƭΦ нлнл 
IǳƳŀƴ LƴŦƭǳŜƴŎŜ LƴŘŜȄ 

ILL ILL 
²/{ ŀƴŘ /ŜƴǘŜǊ ŦƻǊ LƴǘŜǊƴŀǘƛƻƴŀƭ 
9ŀǊǘƘ {ŎƛŜƴŎŜ LƴŦƻǊƳŀǘƛƻƴ bŜǘǿƻǊƪ π 
/L9{Lb π /ƻƭǳƳōƛŀ ¦ƴƛǾŜǊǎƛǘȅ нллр 

IǳƳŀƴ όhǘƘŜǊύ 
aƻƴƪ 
{ǳǊǾŜȅ ¢ŜŀƳ 
¢ƻǳǊƛǎǘ 
¦ƴƪƴƻǿƴ 
±ŜƘƛŎƭŜ 
²ƻǊƪŜǊ 

I¦a!bψh¢I9w t/wL !ǎƘ Ŝǘ ŀƭΦ нлнл 

 tƻŀŎƘŜǊ th!/I9w t/wL !ǎƘ Ŝǘ ŀƭΦ нлнл 
 wŀƴƎŜǊ w!bD9w t/wL !ǎƘ Ŝǘ ŀƭΦ нлнл 
 {ŜǘǘƭŜƳŜƴǘ 5Ŝƴǎƛǘȅ 

{ŜǘǘƭŜƳŜƴǘ 5Ŝƴǎƛǘȅ 
YŜǊƴŜƭ 
5Ŝƴǎƛǘȅ 

5ŜǊƛǾŜŘ ŦǊƻƳ нлму DƻƻƎƭŜΣ ¦{ 5ŜǇǘ ƻŦ 
{ǘŀǘŜ DŜƻƎǊŀǇƘŜǊΣ LƳŀƎŜ 
[ŀƴŘǎŀǘκ/ƻǇŜǊƴƛŎǳǎΤ 9{wL нлмр 

 ±ŜƘƛŎƭŜ ±9IL/[9 t/wL !ǎƘ Ŝǘ ŀƭΦ нлнл 
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¢ŀōƭŜ о tǊƻǇƻǊǘƛƻƴ ƻŦ ǊŜƭŀǘƛǾŜ ŀƴŘ ǘƻǘŀƭ ǾŀǊƛŀƴŎŜ ŜȄǇƭŀƛƴŜŘ ŀƳƻƴƎ ǇǊŜȅΣ ƘǳƳŀƴΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ό9ƴǾύ ŎƻǾŀǊƛŀǘŜǎΣ ŀƴŘ 

ŎŀƳŜǊŀ ŜŦŦƻǊǘ ό/ŀƳύΣ ƛƴŎƭǳŘƛƴƎ ŎƻƴŦƻǳƴŘŜŘ όƎǊƻǳǇŜŘύ ŎƻǾŀǊƛŀǘŜǎΦ  

 wŜƭŀǘƛǾŜ ±ŀǊΦ 9ȄǇƭŀƛƴŜŘ ¢ƻǘŀƭ ±ŀǊΦ 9ȄǇƭŀƛƴŜŘ 

9ƴǾҌIǳƳŀƴ омΦм҈ мпΦф҈  
9ƴǾ мфΦс҈ фΦп҈  
9ƴǾҌIǳƳŀƴҌtǊŜȅҌ/ŀƳ моΦу҈ сΦс҈  
9ƴǾҌIǳƳŀƴҌtǊŜȅ тΦо҈ оΦр҈  
tǊŜȅҌ/ŀƳ сΦф҈ оΦо҈  
/ŀƳ рΦн҈ нΦр҈  
9ƴǾҌ/ŀƳ пΦл҈ мΦф҈  
9ƴǾҌIǳƳŀƴҌ/ŀƳ пΦл҈ мΦф҈  
tǊŜȅ оΦм҈ мΦр҈  
IǳƳŀƴ нΦм҈ мΦл҈  
9ƴǾҌtǊŜȅҌ/ŀƳ мΦф҈ лΦф҈  
IǳƳŀƴҌ/ŀƳ лΦу҈ лΦп҈  
IǳƳŀƴҌtǊŜȅҌ/ŀƳ лΦн҈ лΦм҈  
9ƴǾҌtǊŜȅ лΦл҈ лΦл҈  
IǳƳŀƴҌtǊŜȅ лΦл҈ лΦл҈  
wŜǎƛŘǳŀƭǎ π рнΦу҈  
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CƛƎΦ м tŀǊǘƛŀƭ ŜŦŦŜŎǘǎ Ǉƭƻǘǎ ŦƻǊ ǇǊŜȅ ŎƻǾŀǊƛŀǘŜǎΣ ǎƘƻǿƛƴƎ ŎƘŀƴƎŜǎ ƛƴ ǇǊŜŘƛŎǘŜŘ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǿƘŜƴ ǾŀǊƛŀōƭŜ 

ǾŀƭǳŜǎ ƛƴŎǊŜŀǎŜ ŦǊƻƳ ǘƘŜƛǊ млǘƘ ǘƻ мллǘƘ ǇŜǊŎŜƴǘƛƭŜΣ ƘƻƭŘƛƴƎ ƻǘƘŜǊ ǾŀǊƛŀōƭŜǎ ŀǘ ǘƘŜƛǊ ƳŜŘƛŀƴǎΦ  
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CƛƎΦ н tŀǊǘƛŀƭ ŜŦŦŜŎǘǎ Ǉƭƻǘǎ ŦƻǊ ƘǳƳŀƴ ŎƻǾŀǊƛŀǘŜǎΣ ǎƘƻǿƛƴƎ ŎƘŀƴƎŜǎ ƛƴ ǇǊŜŘƛŎǘŜŘ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǿƘŜƴ 

ǾŀǊƛŀōƭŜ ǾŀƭǳŜǎ ƛƴŎǊŜŀǎŜ ŦǊƻƳ ǘƘŜƛǊ млǘƘ ǘƻ мллǘƘ ǇŜǊŎŜƴǘƛƭŜΣ ƘƻƭŘƛƴƎ ƻǘƘŜǊ ǾŀǊƛŀōƭŜǎ ŀǘ ǘƘŜƛǊ ƳŜŘƛŀƴǎΦ  
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3ÕÐÐÌÅÍÅÎÔÁÒÙ -ÁÔÅÒÉÁÌÓ ς 

мΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ aƻŘŜƭ {ǳƳƳŀǊȅ 

¢ƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭ ǳǎŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ŀ ƳǳƭǘƛπǎŎŀƭŜΣ ǎƘŀǇŜπƻǇǘƛƳƛȊŜŘ όa{{hύ ƳƻŘŜƭ 

ŘŜǾŜƭƻǇŜŘ ōȅ !ǎƘ Ŝǘ ŀƭΦ όнлнмΤ άhǇǘƛƳƛȊŀǘƛƻƴ ƻŦ ǎǇŀǘƛŀƭ ǎŎŀƭŜΣ ōǳǘ ƴƻǘ ŦǳƴŎǘƛƻƴŀƭ ǎƘŀǇŜΣ ŀŦŦŜŎǘǎ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ Ƙŀōƛǘŀǘ 

ǎǳƛǘŀōƛƭƛǘȅ ƳƻŘŜƭǎΥ ! ŎŀǎŜ ǎǘǳŘȅ ƻŦ ǘƛƎŜǊǎ όtŀƴǘƘŜǊŀ ǘƛƎǊƛǎύέύΦ ¢Ƙƛǎ ƳƻŘŜƭ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ƛƴ ǘƘŜ ǎǘǳŘȅ ǘƻ ǘŜǎǘ ǘƘŜ ƛƴŦƭǳŜƴŎŜ 

ƻŦ ǎǇŀǘƛŀƭ ǎŎŀƭŜπ ŀƴŘ ŦǳƴŎǘƛƻƴŀƭ ǎƘŀǇŜπƻǇǘƛƳƛȊŀǘƛƻƴ ƻƴ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ Ƙŀōƛǘŀǘ ǎǳƛǘŀōƛƭƛǘȅ ƳƻŘŜƭǎΣ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ 

ƴƻƴπƻǇǘƛƳƛȊŜŘ ƳƻŘŜƭǎΣ ŀƴŘ ǘƻ ŘƛǎŎŜǊƴ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ǎǇŀǘƛŀƭ ǎŎŀƭŜ ƻƴ Ƙŀōƛǘŀǘ ǎŜƭŜŎǘƛƻƴΦ ¢Ƙƛǎ ƳƻŘŜƭ ǳǘƛƭƛȊŜǎ ǘƘŜ ǎŀƳŜ 

ŎŀƳŜǊŀ ǘǊŀǇπōŀǎŜŘ Řŀǘŀ ǎŜǘ ό!ǎƘ Ŝǘ ŀƭΦ нлнлύ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ Ƴŀƛƴ ǘŜȄǘ ƻŦ ƻǳǊ ǎǘǳŘȅ ǿƘƛŎƘ ǿŜ ǳǎŜŘ ǘƻ ŘŜǾŜƭƻǇ ǇǊŜȅ 

ŀƴŘ ƘǳƳŀƴ ǾŀǊƛŀōƭŜǎΦ ²Ŝ ǎǳƳƳŀǊƛȊŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘƛǎ ƳƻŘŜƭ ƘŜǊŜΦ  

 

нΦ aŜǘƘƻŘ 

нΦм tǊŜŘƛŎǘƻǊ ǾŀǊƛŀōƭŜǎ 

9ƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊŜŘƛŎǘƻǊ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ǳǎƛƴƎ Ŏƭŀǎǎ ŀƴŘ ƭŀƴŘǎŎŀǇŜ ƭŜǾŜƭ ǎǇŀǘƛŀƭ ǎǘŀǘƛǎǘƛŎǎ ƛƴ олƳ ǊŜǎƻƭǳǘƛƻƴ 

ό¢ŀōƭŜ мύΦ Lƴ ǘƻǘŀƭΣ пт ƛƴƛǘƛŀƭ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜŘΥ 

¶ 9ƭŜǾŀǘƛƻƴ π 5ŜǊƛǾŜŘ ŦǊƻƳ {w¢a м ό{ƘǳǘǘƭŜ wŀŘŀǊ ¢ƻǇƻƎǊŀǇƘȅ aƛǎǎƛƻƴΤ WŀǊǾƛǎ Ŝǘ ŀƭΦ нллуύ ŀƴŘ ǘǊŀƴǎŦƻǊƳŜŘ Ǿƛŀ ǘƘŜ 

DŜƻƳƻǊǇƘƻƳŜǘǊȅ ϧ DǊŀŘƛŜƴǘ aŜǘǊƛŎǎ ¢ƻƻƭōƻȄ ό9Ǿŀƴǎ Ŝǘ ŀƭΦ нлмпύ ƛƴ !ǊŎDL{ млΦоΦм ό9ƴǾƛǊƻƴƳŜƴǘŀƭ {ȅǎǘŜƳǎ 

wŜǎŜŀǊŎƘ LƴŎƻǊǇƻǊŀǘŜŘΣ 9{wLΣ wŜŘƭŀƴŘǎΣ /!Σ ¦{!Σ нлммύΥ  

o ¢ŜǊǊŀƛƴ ǊƻǳƎƘƴŜǎǎ ƛƴŘŜȄ όŘŜƎǊŜŜ ƻŦ ŜƭŜǾŀǘƛƻƴ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ŀŘƧŀŎŜƴǘ ŎŜƭƭǎύ 

o {ƭƻǇŜ Ǉƻǎƛǘƛƻƴ όǎǳǊŦŀŎŜ ǘƻ ŀǊŜŀ Ǌŀǘƛƻύ 

o /ƻƳǇƻǳƴŘ ǘƻǇƻƎǊŀǇƘƛŎ ƛƴŘŜȄ ό/¢LΤ Ŧƭƻǿ ŀŎŎǳƳǳƭŀǘƛƻƴ ώ.ŜǾŜƴ ŀƴŘ YƛǊƪōȅ мфтфϐύ  

¶ CƻǊŜǎǘ /ƻǾŜǊ ς 5ŜǊƛǾŜŘ ŦǊƻƳ IŀƴǎŜƴ Ŝǘ ŀƭΦ όнлмоύ  

o bƻƴπŦƻǊŜǎǘ όлπнл҈ύ 

o hǇŜƴ ŦƻǊŜǎǘ όнлπпл҈ύ 

o /ƭƻǎŜŘ ŦƻǊŜǎǘ όҔпл҈ύΦ  

¶ [ŀƴŘ /ƻǾŜǊ ς 5ŜǊƛǾŜŘ ŦǊƻƳ Ǝƭƻōŀƭ ƭŀƴŘ ŎƻǾŜǊ ƳŀǇ ό9ǳǊƻǇŜŀƴ {ǇŀŎŜ !ƎŜƴŎȅ нлмрύ 

¶ CƻǊŜǎǘ ¢ȅǇŜ ς 5ŜǊƛǾŜŘ ŦǊƻƳ wƻȅŀƭ CƻǊŜǎǘǊȅ 5ŜǇŀǊǘƳŜƴǘ όнлллύ 

¶ {ǘǊŜŀƳǎκwƛǾŜǊǎ ς 5ŜǊƛǾŜŘ ŦǊƻƳ wƻȅŀƭ CƻǊŜǎǘǊȅ 5ŜǇŀǊǘƳŜƴǘ όнлллύΦ  

¶ tǊƻǘŜŎǘŜŘ !ǊŜŀ .ƻǳƴŘŀǊȅ ς 5ŜǊƛǾŜŘ ŦǊƻƳ wƻȅŀƭ CƻǊŜǎǘǊȅ 5ŜǇŀǊǘƳŜƴǘ όнлллύΦ  
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±ŀǊƛŀōƭŜǎ ǿŜǊŜ ǘǊŀƴǎŦƻǊƳŜŘ ƛƴǘƻ ǎŜǾŜƴ ƳǳƭǘƛπǎŎŀƭŜ ǇǊŜŘƛŎǘƻǊ ǾŀǊƛŀōƭŜǎ όнрлƳΣ рллƳΣ мƪƳΣ нƪƳΣ пƪƳΣ уƪƳΣ ŀƴŘ мсƪƳύΦ 

/ƻƴǘƛƴǳƻǳǎ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ǘǊŀƴǎŦƻǊƳŜŘ Ǿƛŀ ŦƻŎŀƭ ǎǘŀǘƛǎǘƛŎǎ όŦƻŎŀƭ ƳŜŀƴ ŀƴŘ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴύ ƛƴ !ǊŎDL{ ǳǎƛƴƎ ŀ ƳƻǾƛƴƎ 

ŎƛǊŎǳƭŀǊ ǿƛƴŘƻǿ ǿƛǘƘ ǊŀŘƛǳǎ Ŝǉǳŀƭ ǘƻ ŜŀŎƘ ǎŎŀƭŜΦ /ŀǘŜƎƻǊƛŎŀƭ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ǘǊŀƴǎŦƻǊƳŜŘ Ǿƛŀ ƭŀƴŘǎŎŀǇŜ ƳŜǘǊƛŎǎ ƛƴ 

Cw!D{¢!¢{ όaŎDŀǊƛƎŀƭ Ŝǘ ŀƭΦ нлмнύ ǳǎƛƴƎ  ƳƻǾƛƴƎ ǿƛƴŘƻǿǎ ŦƻǊ ŜŀŎƘ ǎǇŀǘƛŀƭ ǎŎŀƭŜΦ /ŀƭŎǳƭŀǘƛƻƴǎ ƛƴŎƭǳŘŜŘΥ 

¶ /ƭŀǎǎπƭŜǾŜƭ ǎǘŀǘƛǎǘƛŎǎΥ 

o !ǊŜŀπǿŜƛƎƘǘŜŘ ƳŜŀƴ ǊŀŘƛǳǎ ƻŦ ƎȅǊŀǘƛƻƴ όD¸wΣ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ŎƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘΤ ƳŜŀƴ ǇƻǘŜƴǘƛŀƭ ǘǊŀǾŜƭ 

ŘƛǎǘŀƴŎŜ ǿƛǘƘƛƴ ŀ Ƙŀōƛǘŀǘ ǇŀǘŎƘκŜȄǘŜƴǘύ 

o tŜǊŎŜƴǘŀƎŜ ƻŦ Ƙŀōƛǘŀǘ ǿƛǘƘƛƴ ǘƘŜ ŦƻŎŀƭ ƭŀƴŘǎŎŀǇŜ όt[!b5ύΦ  

¶ [ŀƴŘǎŎŀǇŜπƭŜǾŜƭ ǎǘŀǘƛǎǘƛŎǎΥ 

o /ƻƴǘǊŀǎǘπǿŜƛƎƘǘŜŘ ŜŘƎŜ ŘŜƴǎƛǘȅ ό/²95Τ ŘŜƎǊŜŜ ƻŦ ŎƻƴǘǊŀǎǘ ōŜǘǿŜŜƴ ŀŘƧŀŎŜƴǘ ǇŀǘŎƘŜǎύΦ  

o tŀǘŎƘ ŘŜƴǎƛǘȅ όt5Τ ǎǳōŘƛǾƛǎƛƻƴ ƻŦ Ƙŀōƛǘŀǘ ǿƛǘƘƛƴ ǘƘŜ ƭŀƴŘǎŎŀǇŜκƴǳƳōŜǊ ƻŦ ǇŀǘŎƘŜǎ ŘƛǾƛŘŜŘ ōȅ ŀǊŜŀύ 

o !ƎƎǊŜƎŀǘƛƻƴ ƛƴŘŜȄ ό!LΤ ŘƛǎǇŜǊǎƛƻƴ ƻŦ Ƙŀōƛǘŀǘ ǇŀǘŎƘŜǎ ǿƛǘƘƛƴ ǘƘŜ ƭŀƴŘǎŎŀǇŜύΦ  

 

нΦн aƻŘŜƭ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŜǾŀƭǳŀǘƛƻƴ 

5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ƳǳƭǘƛπǎŎŀƭŜΣ ǎƘŀǇŜπƻǇǘƛƳƛȊŜŘ όa{{hύ ƳƻŘŜƭ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ǎŜƭŜŎǘƛƻƴ ƻŦ ƻǇǘƛƳŀƭ ǎǇŀǘƛŀƭ 

ǎŎŀƭŜ ŀƴŘ ƻǇǘƛƳŀƭ ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳ όǎƘŀǇŜ ƻŦ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǾŀǊƛŀōƭŜ ŀƴŘ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ŀǎ ǘƘŜ ǊŜǎǇƻƴǎŜύ ŀƳƻƴƎ 

ŜŀŎƘ ǾŀǊƛŀōƭŜΦ ¢ƻ Řƻ ǘƘƛǎΣ ŀ ǳƴƛǾŀǊƛŀǘŜ D[a ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ǎŜǾŜƴ ǎǇŀǘƛŀƭ ǎŎŀƭŜǎ όнрлƳΣ рллƳΣ мƪƳΣ нƪƳΣ пƪƳΣ уƪƳΣ 

мсƪƳύ ŀƴŘ ŦƛǾŜ ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳǎ όƭƛƴŜŀǊΣ ǉǳŀŘǊŀǘƛŎΣ ƭƻƎŀǊƛǘƘƳƛŎΣ ŜȄǇƻƴŜƴǘƛŀƭΣ ŀƴŘ ƴŜƎŀǘƛǾŜ ŜȄǇƻƴŜƴǘƛŀƭύ ǿƛǘƘ ƻǇǘƛƳŀƭ ǎŎŀƭŜ 

ŀƴŘ ǎƘŀǇŜ ǎŜƭŜŎǘŜŘ ōȅ ƭƻǿŜǎǘ !L/Ŏ ǾŀƭǳŜΦ  

{ƛƳƛƭŀǊ ǘƻ ǘƘŜ ŀǇǇǊƻŀŎƘ ƛƴ ƻǳǊ ǎǘǳŘȅΣ ŦƛƭǘŜǊƛƴƎ ƻŦ ǾŀǊƛŀōƭŜǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ōȅ ǊŜǉǳƛǊƛƴƎ ǇғлΦлр ŀƴŘ ǎŜƭŜŎǘƛƴƎ 

ŀƳƻƴƎ ŎƻǊǊŜƭŀǘŜŘ ǾŀǊƛŀōƭŜǎ όtŜŀǊǎƻƴΩǎ ŎƻŜŦŦƛŎƛŜƴǘ μǊμҔлΦсύ ōȅ ƭƻǿŜǎǘ !L/Ŏ ǾŀƭǳŜΦ ¢Ƙƛǎ ǊŜǎǳƭǘŜŘ ƛƴ мт ǾŀǊƛŀōƭŜǎ ό¢ŀōƭŜ нύΣ 

ǿƘƛŎƘ ǿŜǊŜ ǘƘŜƴ ƛƴŎƭǳŘŜŘ ǿƛǘƘ ǎǳǊǾŜȅ ŜŦŦƻǊǘ ό/¢bύ ƛƴ ŀ ƳǳƭǘƛǾŀǊƛŀǘŜ D[a ǳǎƛƴƎ ǘƘŜ Ψ.Lh{¢!¢{Ω ǎŜǘ ƻŦ ŦǳƴŎǘƛƻƴǎ όaŎDŀǊƛƎŀƭ 

нлмуύ  ǘƻ ǎǳōǎŜǘ ōŜǎǘ ǇŜǊŦƻǊƳƛƴƎ ƳƻŘŜƭǎΣ ŎŀƭŎǳƭŀǘŜ ƎƻƻŘƴŜǎǎπƻŦπŦƛǘ ǎǘŀǘƛǎǘƛŎǎΣ ŀƴŘ Ǌŀƴƪ ǾŀǊƛŀōƭŜ ƛƳǇƻǊǘŀƴŎŜ ƛƴ ǘƘŜ Ŧƛƴŀƭ 

ƳƻŘŜƭΦ CƻǊ ǉǳŀŘǊŀǘƛŎ ǾŀǊƛŀōƭŜǎΣ ōƻǘƘ ƭƛƴŜŀǊ ŀƴŘ ǉǳŀŘǊŀǘƛŎ ǘŜǊƳǎ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ŀǎ ǎŜǇŀǊŀǘŜ ŜȄǇƭŀƴŀǘƻǊȅ ǾŀǊƛŀōƭŜǎΦ ¢ƘŜ 

ǊŜǎǳƭǘƛƴƎ Ŧǳƭƭȅ ŀǾŜǊŀƎŜŘ ƳƻŘŜƭ ǿŀǎ ŜǾŀƭǳŀǘŜŘ Ǿƛŀ ǎŜƴǎƛǘƛǾƛǘȅΣ ǎǇŜŎƛŦƛŎƛǘȅΣ ǇŜǊŎŜƴǘ ŎƻǊǊŜŎǘƭȅ ŎƭŀǎǎƛŦƛŜŘ όt//ύΣ YŀǇǇŀΣ ŀǊŜŀ 

ǳƴŘŜǊ ǘƘŜ wh/ ŎǳǊǾŜ ό!¦/ύΣ ŀƴŘ ǾŀǊƛŀōƭŜ ƛƳǇƻǊǘŀƴŎŜ ό!L/Ŏ ǾŀǊƛŀōƭŜ ƛƳǇƻǊǘŀƴŎŜΣ ǎǘŀƴŘŀǊŘƛȊŜŘ ŎƻŜŦŦƛŎƛŜƴǘǎΣ ŀƴŘ ƛƴŦƭǳŜƴŎŜ 

ƻŦ ŜŀŎƘ ǾŀǊƛŀōƭŜ ƻƴ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ŦǊƻƳ ǘƘŜ млǘƘ ǘƻ мллǘƘ ǇŜǊŎŜƴǘƛƭŜύΦ  

 



Chapter 4 

148 
 

¢ŀōƭŜ м ±ŀǊƛŀōƭŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ǳƴƛǾŀǊƛŀǘŜ ƳƻŘŜƭ ǎŜƭŜŎǘƛƻƴΣ ƳŜǘǊƛŎǎΣ ŀƴŘ Řŀǘŀ ǎƻǳǊŎŜǎΣ ŘŜǊƛǾŜŘ ŦǊƻƳ !ǎƘ Ŝǘ ŀƭΦ όнлнмύΦ 

[ŀƴŘǎŎŀǇŜ ǎǘŀǘƛǎǘƛŎǎ ƛƴŎƭǳŘŜ ŦƻŎŀƭ ƳŜŀƴ ŀƴŘ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ό{5ύΦ [ŀƴŘǎŎŀǇŜ ƳŜǘǊƛŎǎ ƛƴŎƭǳŘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƭŀƴŘǎŎŀǇŜ 

όt[!b5ύΣ ŀǊŜŀ ǿŜƛƎƘǘŜŘ ƳŜŀƴ ƻŦ ǊŀŘƛǳǎ ƻŦ ƎȅǊŀǘƛƻƴκŎƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ όD¸wύΣ ŎƻƴǘǊŀǎǘπǿŜƛƎƘǘŜŘ ŜŘƎŜ ŘŜƴǎƛǘȅ ό/²95ύΣ 

ǇŀǘŎƘ ŘŜƴǎƛǘȅ όt5ύΣ ŀƴŘ ŀƎƎǊŜƎŀǘƛƻƴ ƛƴŘŜȄ ό!LύΦ 

 

±ŀǊƛŀōƭŜ L5 aŜǘǊƛŎ 5ŀǘŀ {ƻǳǊŎŜ 

9ƭŜǾŀǘƛƻƴ 59a CƻŎŀƭ ƳŜŀƴ ϧ {5 
WŀǊǾƛǎ Ŝǘ ŀƭΦ όнллуΤ 
ƘǘǘǇΥκκǎǊǘƳΦŎǎƛΦŎƎƛŀǊΦƻǊƎύ 

tǊƻǘŜŎǘŜŘ ŀǊŜŀ ōƻǳƴŘŀǊȅ .h¦b5 CƻŎŀƭ ƳŜŀƴ wƻȅŀƭ CƻǊŜǎǘǊȅ 5ŜǇŀǊǘƳŜƴǘ όнлллύ 

CƻǊŜǎǘ ŎƭŀǎǎΥ   
м π bƻƴπŦƻǊŜǎǘ όлπнл҈ύ    
нπ hǇŜƴ ŎŀƴƻǇȅ όнлπпл҈ύ 
оπ /ƭƻǎŜŘ ŎŀƴƻǇȅ όҔпл҈ύ  

¢/ t[!b5 ϧ D¸w 
wŜŎƭŀǎǎƛŦƛŜŘ ŦǊƻƳ IŀƴǎŜƴ Ŝǘ ŀƭΦ 
όнлмоύ 

CƻǊŜǎǘ ǘȅǇŜΥ   
м π 9ǾŜǊƎǊŜŜƴ  
н π aƛȄŜŘ 5ŜŎƛŘǳƻǳǎ 
о π 5Ǌȅ 5ƛǇǘŜǊƻŎŀǊǇ 
п π wŜŦƻǊŜǎǘŜŘ !ǊŜŀǎ 
р π .ŀƳōƻƻ CƻǊŜǎǘ 
с π {ŜŎƻƴŘŀǊȅ CƻǊŜǎǘκhƭŘ /ƭŜŀǊƛƴƎ 
т π DǊŀǎǎƭŀƴŘκ{ŎǊǳōƭŀƴŘ 

C¢ t[!b5 ϧ D¸w 
wŜŎƭŀǎǎƛŦƛŜŘ ŦǊƻƳ wƻȅŀƭ CƻǊŜǎǘǊȅ 
5ŜǇŀǊǘƳŜƴǘ όнлллύ 

¢ŜǊǊŀƛƴ wƻǳƎƘƴŜǎǎ LƴŘŜȄ ό¢wLύ ¢wL CƻŎŀƭ ƳŜŀƴ ϧ {5 
5ŜǊƛǾŜŘ ŦǊƻƳ WŀǊǾƛǎ Ŝǘ ŀƭΦ όнллуΤ 
ƘǘǘǇΥκκǎǊǘƳΦŎǎƛΦŎƎƛŀǊΦƻǊƎύ ŀƴŘ 9Ǿŀƴǎ 
Ŝǘ ŀƭΦ όнлмпύ  

{ƭƻǇŜ Ǉƻǎƛǘƛƻƴ {[ht9 CƻŎŀƭ ƳŜŀƴ ϧ {5 
5ŜǊƛǾŜŘ ŦǊƻƳ WŀǊǾƛǎ Ŝǘ ŀƭΦ όнллуΤ 
ƘǘǘǇΥκκǎǊǘƳΦŎǎƛΦŎƎƛŀǊΦƻǊƎύ ŀƴŘ 9Ǿŀƴǎ 
Ŝǘ ŀƭΦ όнлмпύ  

{ǘǊŜŀƳǎκwƛǾŜǊǎ  {¢w/м CƻŎŀƭ ƳŜŀƴ 
wŜŎƭŀǎǎƛŦƛŜŘ ŦǊƻƳ wƻȅŀƭ CƻǊŜǎǘǊȅ 
5ŜǇŀǊǘƳŜƴǘ όнлллύ 

/ƻƳǇƻǳƴŘ ǘƻǇƻƎǊŀǇƘƛŎ ƛƴŘŜȄ  
   όƛΦŜΦΣ Ŧƭƻǿ ŀŎŎǳƳǳƭŀǘƛƻƴύ 

/¢L CƻŎŀƭ ƳŜŀƴ ϧ {5 
5ŜǊƛǾŜŘ ŦǊƻƳ WŀǊǾƛǎ Ŝǘ ŀƭΦ όнллуΤ 
ƘǘǘǇΥκκǎǊǘƳΦŎǎƛΦŎƎƛŀǊΦƻǊƎύ ŀƴŘ 9Ǿŀƴǎ 
Ŝǘ ŀƭΦ όнлмпύ  

[ŀƴŘ ŎƻǾŜǊ ŎƭŀǎǎŜǎΥ   
м π /ǊƻǇƭŀƴŘ 
н π aƻǎŀƛŎ ŎǊƻǇƭŀƴŘ  
о ς CƻǊŜǎǘκbŀǘǳǊŀƭ    
   ǾŜƎŜǘŀǘƛƻƴ 
п π  {ƘǊǳōƭŀƴŘκƎǊŀǎǎƭŀƴŘ 
р π {ǇŀǊǎŜ ǾŜƎŜǘŀǘƛƻƴ ϧ ōŀǊŜ ŀǊŜŀǎ  
с ς ¦Ǌōŀƴ !ǊŜŀǎ 
т ς ²ŀǘŜǊ 

[/ 
t[!b5Σ D¸wΣ /²95Σ 
t5Σ !L 
 

wŜŎƭŀǎǎƛŦƛŜŘ ŦǊƻƳ 9ǳǊƻǇŜŀƴ {ǇŀŎŜ 
!ƎŜƴŎȅ όнлмрΤ ǿǿǿΦŜǎŀπƭŀƴŘŎƻǾŜǊπ
ŎŎƛΦƻǊƎκΚǉҐƴƻŘŜκмтрύ 
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¢ŀōƭŜ н Cƛƴŀƭ ǾŀǊƛŀōƭŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƳǳƭǘƛπǎŎŀƭŜ ŀƴŘ ǎƘŀǇŜπƻǇǘƛƳƛȊŜŘ όa{{hύ Ǝƭƻōŀƭ ƳƻŘŜƭ ŦǊƻƳ ŀƴ ƻǊƛƎƛƴŀƭ пт 

ǾŀǊƛŀōƭŜǎΣ ŘŜǊƛǾŜŘ ŦǊƻƳ !ǎƘ Ŝǘ ŀƭΦ όнлнмύΦ hǇǘƛƳŀƭ ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳ όǎƘŀǇŜύ ƻŦ ŜŀŎƘ ǾŀǊƛŀōƭŜ ƛƴŘƛŎŀǘŜŘ ōȅΥ [πƭƛƴŜŀǊΣ vπ

vǳŀŘǊŀǘƛŎΣ 9·tπ9ȄǇƻƴŜƴǘƛŀƭΣ [hDπ[ƻƎŀǊƛǘƘƳƛŎΦ 

±ŀǊƛŀōƭŜ 
hǇǘƛƳŀƭ 
{ŎŀƭŜ 
όƳύ 

hǇǘƛƳŀƭ 
CǳƴŎǘƛƻƴŀƭ CƻǊƳ 

L5 

/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ǎŜŎƻƴŘŀǊȅ ŦƻǊŜǎǘ пллл [ C¢сψD¸wψплллψ[ 
tŜǊŎŜƴǘŀƎŜ ƻŦ ǎƘǊǳōƭŀƴŘκƎǊŀǎǎƭŀƴŘ пллл [ [/пψt[!b5ψплллψ[ 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ƳƛȄŜŘ ŘŜŎƛŘǳƻǳǎ ŦƻǊŜǎǘ уллл v C¢нψD¸wψулллψv 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ǊŜŦƻǊŜǎǘŜŘ ŀǊŜŀǎ уллл v C¢пψD¸wψулллψv 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ƎǊŀǎǎƭŀƴŘ уллл v C¢тψD¸wψулллψv 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ƳƻǎŀƛŎ ŎǊƻǇƭŀƴŘ уллл v [/нψD¸wψулллψv 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ǿŀǘŜǊ уллл v [/тψD¸wψулллψv 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ƻǇŜƴ ŦƻǊŜǎǘ уллл [hD ¢/нψD¸wψулллψ[hD 
CƻŎŀƭ ƳŜŀƴ ƻŦ ǇŀǊƪ ōƻǳƴŘŀǊȅ мсллл [ .h¦b5ψCaψмслллψ[ 
{ǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ /ƻƳǇƻǳƴŘ ¢ƻǇƻƎǊŀǇƘƛŎ LƴŘŜȄ ό/¢Lύ мсллл v /¢Lψ{5ψмслллψv 
{ǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ 5ƛƎƛǘŀƭ 9ƭŜǾŀǘƛƻƴ aƻŘŜƭ ό59aύ мсллл v 59aψ{5ψмслллψv 
tŜǊŎŜƴǘŀƎŜ ƻŦ ōŀƳōƻƻ ŦƻǊŜǎǘ мсллл v C¢рψt[!b5ψмслллψv 
tŜǊŎŜƴǘŀƎŜ ƻŦ ǎŜŎƻƴŘŀǊȅ ŦƻǊŜǎǘ мсллл [hD C¢сψt[!b5ψмслллψ[hD 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ǳǊōŀƴ ŀǊŜŀǎ мсллл [ [/сψD¸wψмслллψ[ 
CƻŎŀƭ ƳŜŀƴ ƻŦ ǎƭƻǇŜ Ǉƻǎƛǘƛƻƴ мсллл v {[ht9ψCaψмслллψv 
tŜǊŎŜƴǘŀƎŜ ƻŦ ƻǇŜƴ ŦƻǊŜǎǘ мсллл [ ¢/нψt[!b5ψмслллψ[ 
CƻŎŀƭ ƳŜŀƴ ƻŦ ¢ŜǊǊŀƛƴ wƻǳƎƘƴŜǎǎ LƴŘŜȄ ό¢wLύ мсллл v ¢wLψCaψмслллψv 
/ŀƳŜǊŀ ŜŦŦƻǊǘ π π /ŀƳψŜŦŦ 

 

¢ŀōƭŜ о Cǳƭƭȅ ŀǾŜǊŀƎŜŘ ƳƻŘŜƭ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻŘŜƭ ό!ǎƘ Ŝǘ ŀƭΦ нлнмύ ƛƴŎƭǳŘƛƴƎ ǎǘŀƴŘŀǊŘƛȊŜŘ ǊŜƎǊŜǎǎƛƻƴ 

ŎƻŜŦŦƛŎƛŜƴǘǎ όύ̡Σ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊ ό{9ύΣ ŀŘƧǳǎǘŜŘ ǎǘŀƴŘŀǊŘ ŜǊǊƻǊ ό!ŘƧǳǎǘŜŘ {9ύΣ ȊπǾŀƭǳŜ όȊύΣ ǎƛƎƴƛŦƛŎŀƴŎŜ όǇύΣ !L/ ǾŀǊƛŀōƭŜ 

ƛƳǇƻǊǘŀƴŎŜ ό!L/ ±ŀǊΦ LƳǇύΣ ŎƘŀƴƎŜ ƛƴ ǇǊƻōŀōƛƭƛǘȅ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ǾŀǊƛŀōƭŜ ǾŀƭǳŜǎ ŦǊƻƳ млǘƘ ǘƻ мллǘƘ ǇŜǊŎŜƴǘƛƭŜ όɲǇǊƻōύΣ 

ƻǇǘƛƳŀƭ ǎŎŀƭŜΣ ŀƴŘ ƻǇǘƛƳŀƭ ŦǳƴŎǘƛƻƴŀƭ ŦƻǊƳ ό[ ƭƛƴŜŀǊΣ v vǳŀŘǊŀǘƛŎΣ [hD [ƻƎŀǊƛǘƘƳƛŎύΦ ¢Ƙƛǎ ƛǎ ƛƴŎƭǳŘŜŘ ŀǎ ¢ŀōƭŜ нŎ ƛƴ ǘƘŜ Ƴŀƛƴ 

ǘŜȄǘΦ  

 ±ŀǊƛŀōƭŜ  ̡ !ŘƧǳǎǘŜŘ {9 Ȋ Ǉ 
!L/ ±ŀǊΦ 
LƳǇ 

ɲǇǊƻō 

όLƴǘŜǊŎŜǇǘύ πмΦост лΦомп пΦорн ғлΦллм π π 
҈ {ŜŎƻƴŘŀǊȅ CƻǊŜǎǘ όмсƪƳύ [hD πлΦттт лΦнмл оΦтлн ғлΦллм н πлΦно 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ {ŜŎƻƴŘŀǊȅ CƻǊŜǎǘ όпƪƳύ [ πлΦтлм лΦнор нΦфту лΦлло о πлΦмо 
/ŀƳŜǊŀ ŜŦŦƻǊǘ όІ ǘǊŀǇ ƴƛƎƘǘǎύ мΦпсл лΦолф пΦтму ғлΦллм о лΦфн 
҈ .ŀƳōƻƻ όмсƪƳύ [ мΦлну лΦрнр мΦфсл лΦлрл н лΦрр 
59a {ǘŀƴŘŀǊŘ 5ŜǾƛŀǘƛƻƴ όмсƪƳύ [ лΦффр лΦолу оΦннс лΦллм м лΦмо 
҈ .ŀƳōƻƻ όмсƪƳύ v πлΦлтн лΦнон лΦолф лΦтрт н лΦрр 
59a {ǘŀƴŘŀǊŘ 5ŜǾƛŀǘƛƻƴ όмсƪƳύ v πлΦусс лΦоос нΦртр лΦлмл м лΦмо 
CƻŎŀƭ ƳŜŀƴ ƻŦ ǘŜǊǊŀƛƴ ǊƻǳƎƘƴŜǎǎ ƛƴŘŜȄ όмсƪƳύ [ мΦмср лΦрлн нΦомт лΦлнл н лΦмо 
CƻŎŀƭ ƳŜŀƴ ƻŦ ǘŜǊǊŀƛƴ ǊƻǳƎƘƴŜǎǎ ƛƴŘŜȄ όмсƪƳύ v πмΦстм лΦртф нΦуут лΦллп н лΦмо 
҈ hǇŜƴ ŦƻǊŜǎǘ όмсƪƳύ [ πнΦоро лΦпрт рΦмпф ғлΦллм м πлΦру 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ǊŜŦƻǊŜǎǘŜŘ ŀǊŜŀǎ όуƪƳύ [ лΦфсу лΦонм оΦлмм лΦлло м лΦмт 
/ƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ǊŜŦƻǊŜǎǘŜŘ ŀǊŜŀǎ όуƪƳύ v πлΦррр лΦмфр нΦупп лΦллп м лΦмт 
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CƛƎΦ м tŀǊǘƛŀƭ ŜŦŦŜŎǘǎ Ǉƭƻǘǎ ŦƻǊ ǘƘŜ ƳǳƭǘƛπǎŎŀƭŜ ŀƴŘ ǎƘŀǇŜπƻǇǘƛƳƛȊŜŘ όa{{hύ ƳƻŘŜƭ ŦǊƻƳ ό!ǎƘ Ŝǘ ŀƭΦ нлнмύ ǎƘƻǿƛƴƎ ŎƘŀƴƎŜǎ 

ƛƴ ǇǊŜŘƛŎǘŜŘ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǘƛƎŜǊ ǇǊŜǎŜƴŎŜ ǿƘŜƴ ǾŀǊƛŀōƭŜǎ ƛƴŎǊŜŀǎŜ ŦǊƻƳ млǘƘ ǘƻ мллǘƘ ǇŜǊŎŜƴǘƛƭŜǎΣ ƘƻƭŘƛƴƎ ƻǘƘŜǊ ǾŀǊƛŀōƭŜǎ 

ŀǘ ǘƘŜƛǊ ƳŜŘƛŀƴǎΦ ±ŀǊƛŀōƭŜǎ ƛƴŎƭǳŘŜΥ ǇŜǊŎŜƴǘŀƎŜ ǎŜŎƻƴŘŀǊȅ ŦƻǊŜǎǘ ǿƛǘƘƛƴ мсƪƳ όƭƻƎΤ C¢сψt[!b5ψмслллύΣ ŎƻǊǊŜƭŀǘƛƻƴ 

ƭŜƴƎǘƘ ƻŦ ǎŜŎƻƴŘŀǊȅ ŦƻǊŜǎǘ ǿƛǘƘƛƴ пƪƳ όƭƛƴŜŀǊΤ C¢сψD¸wψплллύΣ ǎǳǊǾŜȅ ŜŦŦƻǊǘ ό/ŀƳψŜŦŦύΣ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ōŀƳōƻƻ ǿƛǘƘƛƴ 

мсƪƳ όƭƛƴŜŀǊκǉǳŀŘǊŀǘƛŎΣ C¢рψt[!b5ψмслллύΣ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǘƛƻƴ ƻŦ ŜƭŜǾŀǘƛƻƴ ǿƛǘƘƛƴ мсƪƳ όƭƛƴŜŀǊκǉǳŀŘǊŀǘƛŎΣ 

59aψ{5ψмслллύΣ ŦƻŎŀƭ ƳŜŀƴ ƻŦ ǘŜǊǊŀƛƴ ǊƻǳƎƘƴŜǎǎ ƛƴŘŜȄ ǿƛǘƘƛƴ мсƪƳ όƭƛƴŜŀǊκǉǳŀŘǊŀǘƛŎΣ ¢wLψCaψмслллύΣ ǇŜǊŎŜƴǘŀƎŜ ƻŦ 

ƻǇŜƴ ŦƻǊŜǎǘ ǿƛǘƘƛƴ мсƪƳ όƭƛƴŜŀǊΣ ¢/нψt[!b5ψмслллύΣ ŀƴŘ ŎƻǊǊŜƭŀǘƛƻƴ ƭŜƴƎǘƘ ƻŦ ǊŜŦƻǊŜǎǘŜŘ ŀǊŜŀǎ ǿƛǘƘƛƴ уƪƳ 

όƭƛƴŜŀǊκǉǳŀŘǊŀǘƛŎΣ C¢пψD¸wψулллύΦ DǊŀǇƘƛŎ ƎŜƴŜǊŀǘŜŘ ƛƴ w όw 5ŜǾŜƭƻǇƳŜƴǘ /ƻǊŜ ¢ŜŀƳ нлмтύΦ 
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wŜŦŜǊŜƴŎŜǎ 

!ǎƘ 9Σ YŀǎȊǘŀ ÀΣ bƻƻŎƘŘǳƳǊƻƴƎ !Σ Ŝǘ ŀƭ όнлнлύ hǇǇƻǊǘǳƴƛǘȅ ŦƻǊ ¢ƘŀƛƭŀƴŘΩǎ CƻǊƎƻǘǘŜƴ ¢ƛƎŜǊǎΥ !ǎǎŜǎǎƳŜƴǘ ƻŦ LƴŘƻŎƘƛƴŜǎŜ ǘƛƎŜǊ 
tŀƴǘƘŜǊŀ ǘƛƎǊƛǎ ŎƻǊōŜǘǘƛ ŀƴŘ ǇǊŜȅ ŦǊƻƳ ŎŀƳŜǊŀπǘǊŀǇ ǎǳǊǾŜȅǎ ƛƴ 9ŀǎǘŜǊƴ ¢ƘŀƛƭŀƴŘΦ hǊȅȄ ррΥнлпςнммΦ 
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмтκ{ллолслромфлллруф 

!ǎƘ 9Σ aŀŎŘƻƴŀƭŘ 5²Σ /ǳǎƘƳŀƴ {!Σ Ŝǘ ŀƭ όнлнмύ hǇǘƛƳƛȊŀǘƛƻƴ ƻŦ ǎǇŀǘƛŀƭ ǎŎŀƭŜΣ ōǳǘ ƴƻǘ ŦǳƴŎǘƛƻƴŀƭ ǎƘŀǇŜΣ ŀŦŦŜŎǘǎ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ 
Ƙŀōƛǘŀǘ ǎǳƛǘŀōƛƭƛǘȅ ƳƻŘŜƭǎΥ ! ŎŀǎŜ ǎǘǳŘȅ ƻŦ ǘƛƎŜǊǎ όtŀƴǘƘŜǊŀ ǘƛƎǊƛǎύ ƛƴ ¢ƘŀƛƭŀƴŘΦ [ŀƴŘǎŎ 9Ŏƻƭ осΥпррςптпΦ 
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎмлфулπлнлπлммлрπс 

.ŜǾŜƴ YWΣ YƛǊƪōȅ aW όмфтфύ ! ǇƘȅǎƛŎŀƭƭȅ ōŀǎŜŘΣ ǾŀǊƛŀōƭŜ ŎƻƴǘǊƛōǳǘƛƴƎ ŀǊŜŀ ƳƻŘŜƭ ƻŦ ōŀǎƛƴ ƘȅŘǊƻƭƻƎȅΦ IȅŘǊƻƭ {Ŏƛ .ǳƭƭ нпΥпоςсфΦ 
ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκлнснссстфлфпфмуоп 

9{wL όнлмрύ !ǊŎDL{ 5ŜǎƪǘƻǇΥ wŜƭŜŀǎŜ млΦоΦмΦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ {ȅǎǘŜƳǎ wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜΣ wŜŘƭŀƴŘǎΣ /! 

9ǳǊƻǇŜŀƴ {ǇŀŎŜ !ƎŜƴŎȅ όнлмрύ олл Ƴ ŀƴƴǳŀƭ Ǝƭƻōŀƭ ƭŀƴŘ ŎƻǾŜǊ ǘƛƳŜ ǎŜǊƛŜǎ ŦǊƻƳ мффн ǘƻ нлмрΦ /ƭƛƳŀǘŜ /ƘŀƴƎŜ LƴƛǘƛŀǘƛǾŜ ό//LύΣ 
9ǳǊƻǇŜŀƴ {ǇŀŎŜ !ƎŜƴŎȅ ό9{!ύ 

9Ǿŀƴǎ W{Σ /ǳǎƘƳŀƴ {!Σ ¢ƘŜƻōŀƭŘ 5 όнлмпύ !ƴ !ǊŎDL{ ¢ƻƻƭōƻȄ ŦƻǊ {ǳǊŦŀŎŜ DǊŀŘƛŜƴǘ ŀƴŘ DŜƻƳƻǊǇƘƻƳŜǘǊƛŎ aƻŘŜƭƛƴƎΣ ǾŜǊǎƛƻƴ нΦлπлΦ 

DL{¢5! όнллрύ ¢ƘŀƛƭŀƴŘ wƻŀŘǎΦ DŜƻπLƴŦƻǊƳŀǘƛŎǎ ŀƴŘ {ǇŀŎŜ ¢ŜŎƘƴƻƭƻƎȅ 5ŜǾŜƭƻǇƳŜƴǘ !ƎŜƴŎȅ όDL{¢5!ύΣ .ŀƴƎƪƻƪ 

IŀƴǎŜƴ a/Σ tƻǘŀǇƻǾ t ±ΦΣ aƻƻǊŜ wΣ Ŝǘ ŀƭ όнлмоύ IƛƎƘπǊŜǎƻƭǳǘƛƻƴ Ǝƭƻōŀƭ ƳŀǇǎ ƻŦ нмǎǘπŎŜƴǘǳǊȅ ŦƻǊŜǎǘ ŎƻǾŜǊ ŎƘŀƴƎŜΦ {ŎƛŜƴŎŜ όулπ ύ 
опнΥурлςуроΦ ƘǘǘǇǎΥκκŘƻƛΦƻǊƎκмлΦммнсκǎŎƛŜƴŎŜΦмнппсфо 

WŀǊǾƛǎ !Σ wŜǳǘŜǊ ILΣ bŜƭǎƻƴ !Σ DǳŜǾŀǊŀ 9 όнллуύ IƻƭŜπŦƛƭƭŜŘ ǎŜŀƳƭŜǎǎ {w¢a Řŀǘŀ ±пΦ LƴΥ LƴǘΦ /ŜƴǘΦ ¢ǊƻǇΦ !ƎǊƛŎΦ ƘǘǘǇΥκκǎǊǘƳΦŎǎƛΦŎƎƛŀǊΦƻǊƎ 

aŎDŀǊƛƎŀƭ Y όнлмуύ .Lh{¢!¢{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ /ƻƴǎŜǊǾŀǘƛƻƴΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aŀǎǎŀŎƘǳǎŜǘǘǎΦ ǾΦ ф CŜōǊǳŀǊȅ нлму 

aŎDŀǊƛƎŀƭ YΣ /ǳǎƘƳŀƴ {Σ bŜŜƭ a/Σ 9ƴŜ 9 όнлмнύ Cw!D{¢!¢{Υ {Ǉŀǘƛŀƭ ǇŀǘǘŜǊƴ ŀƴŀƭȅǎƛǎ ǇǊƻƎǊŀƳ ŦƻǊ ŎŀǘŜƎƻǊƛŎŀƭ ƳŀǇǎΦ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 
aŀǎǎŀŎƘǳǎŜǘǘǎΣ !ƳƘŜǊǎǘΦ 

w 5ŜǾŜƭƻǇƳŜƴǘ /ƻǊŜ ¢ŜŀƳ όнлмтύ wΥ ! ƭŀƴƎǳŀƎŜ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘ ŦƻǊ ǎǘŀǘƛǎǘƛŎŀƭ ŎƻƳǇǳǘƛƴƎΦ w CƻǳƴŘŀǘƛƻƴ ŦƻǊ {ǘŀǘƛǎǘƛŎŀƭ /ƻƳǇǳǘƛƴƎΦ 
ǾΦоΦпΦнΦ ±ƛŜƴƴŀ 

wƻȅŀƭ CƻǊŜǎǘǊȅ 5ŜǇŀǊǘƳŜƴǘ όнлллύ {ǘǳŘȅ ƻŦ ǘƘŜ {ǘŀǘǳǎ ŀƴŘ 5ŀǘŀōŀǎŜ 5ŜǎƛƎƴ ƻŦ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎ ƛƴ YƘŀƻ ¸ŀƛΣ ¢ƘŀǇ [ŀƴΣ tŀƴƎ {ƛŘŀΣ 
ŀƴŘ ¢ŀ tƘǊŀȅŀ bŀǘƛƻƴŀƭ tŀǊƪǎ ώ¢ƘŀƛϐΦ wƻȅŀƭ CƻǊŜǎǘǊȅ 5ŜǇŀǊǘƳŜƴǘΣ DƻǾŜǊƴƳŜƴǘ ƻŦ ¢ƘŀƛƭŀƴŘ ŀƴŘ DŜƻ !ǎƛŀ /ƻΦ [ǘŘΦΣ .ŀƴƎƪƻƪΣ 
¢ƘŀƛƭŀƴŘ 

²/{Σ /L9{Lb όнллрύ [ŀǎǘ ƻŦ ǘƘŜ ²ƛƭŘ tǊƻƧŜŎǘΣ ±ŜǊǎƛƻƴ нΣ нллр ό[²tπнύΥ Dƭƻōŀƭ IǳƳŀƴ LƴŦƭǳŜƴŎŜ LƴŘŜȄ όILLύ 5ŀǘŀǎŜǘ όDŜƻƎǊŀǇƘƛŎύΦ 
²ƛƭŘƭƛŦŜ /ƻƴǎŜǊǾŀǘƛƻƴ {ƻŎƛŜǘȅΣ /ŜƴǘŜǊ ŦƻǊ LƴǘŜǊƴŀǘƛƻƴŀƭ 9ŀǊǘƘ {ŎƛŜƴŎŜ LƴŦƻǊƳŀǘƛƻƴ bŜǘǿƻǊƪ π /ƻƭǳƳōƛŀ ¦ƴƛǾŜǊǎƛǘȅΣ b!{! 
{ƻŎƛƻŜŎƻƴƻƳƛŎ 5ŀǘŀ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴǎ /ŜƴǘŜǊ ό{95!/ύΣ tŀƭƛǎŀŘŜǎΣ b¸ 
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Abstract 

Spatially explicit capture-recapture analysis is widely utilized for estimating densities of tigers (Panthera 

tigris). However, developing a robust study design capable of meeting assumptions and achieving study 

objectives may be difficult, particularly for low-density populations. Study design decisions for such fieldwork 

can be aided by simulations. Our goal was to (1) use simulations to investigate and evaluate study design and 

(2) generate a reliable estimate of density for a population of tigers in Thailand's Dong Phayayen-Khao Yai 

forest complex. Scenarios were parameterized with a range of potential density estimates (Ὀͮ  and detection 

function parameters (g0 and )̀. We designed a field-based trap configuration and compared it with 

simulated performance of a regular trapping array, over 45-day and 60-day sampling occasions. We 
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compared simulation results (i.e., number of individuals [n], detections [ndet], relative standard error [RSE] 

and relative bias [RB]) and identified that the non-regular trapping array deployed for 60 sampling days would 

generate reliable density estimates. Our survey produced a density estimate of 0.63 ± SE0.22; (0.32ς1.21) 

tigers per 100 km2, from a model incorporating variation in sex for g0 and ̀ , and a population estimate of 20 

(14ς33). Simulations closely reflected actual results under the null model. Our survey design performed 

reasonably well, generating a sufficient number of detections and individuals to estimate density of a globally 

important tiger population. Our results suggest simulations and use of non-regular trap arrays may be 

beneficial for areas with low species density in which generating sufficient detections is particularly 

challenging.  

 

Keywords Panthera tigris; spatially-explicit capture-recapture; simulations; Dong Phayayen-Khao Yai Forest 

Complex; population density; Thailand  

 

Highlights 

¶ Tiger density in Dong Phayayen-Khao Yai (DPKY) was 0.63 (0.32-1.21) tigers/100km2 

¶ The estimated population for the study area was 20 (14-33) individuals.  

¶ We used simulations to validate a non-regular survey design prior to deployment. 

¶ Simulations may be beneficial for designing density surveys for low-density species 

¶ Breeding in DPKY reinforces the global importance of this tiger population 

 

1. Introduction 

Management of threatened species populations requires regular and robust monitoring to assess 

their status and evaluate the efficacy of conservation interventions (Karanth et al. 2017). Capture-recapture 

analyses are widely used population assessment methods that estimate state variables such as population 

size and vital parameters like survival, immigration, growth rates (Karanth et al. 2006; Harmsen et al. 2017) 

and are thus, preferred to understand population dynamics and evaluate conservation actions 

(Duangchantrasiri et al. 2016). Camera-traps, as passive detectors, have become a popular tool to non-
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invasively identify individuals from photo-captures (Karanth and Nichols 1998), a method particularly useful 

to study large felids such as tigers (Panthera tigris; Karanth et al. 2006). More recently, this approach, 

combined with a spatially explicit capture-recapture (SECR) framework (Efford 2004; Royle et al. 2014), is 

now a widely accepted method of estimating tiger densities and is used as a metric to monitor population 

change over time (Karanth et al. 2017; Royle et al. 2017).         

Conducting capture-recapture surveys for large carnivores that are elusive and range over large areas 

of, what is often, difficult and remote terrain, can be challenging (Karanth and Nichols 2010). In order to 

reliably estimate population parameters, study designs must generate a sufficient sample of detections in a 

short enough time period to meet the assumption of population closure. However, for low-density 

populations, achieving a sufficient sample size can be difficult (White et al. 1982; Karanth and Nichols 1998), 

with low numbers of detections leading to a broad range of error and potentially limiting its utility as a 

reliable monitoring tool. Furthermore, surveys must also have a sufficient spatial extent to ensure presence 

of an individual and detection probability greater than zero. Such survey designs can be notably time and 

resource intensive (Karanth et al. 2017) and spatial arrangements of detectors can significantly influence the 

reliability of survey results (Royle et al. 2014). A review of jaguar (P. onca) density estimates highlighted that 

a majority of studies did not meet requirements necessary to produce unbiased estimates (Tobler and Powell 

2013); in particular, reliability of estimates were undermined by sampling design and survey effort that were 

unsuitable for the target species, which occur at low densities. In light of these challenges, researchers must 

take great care in developing a robust survey design capable of meeting assumptions and achieving study 

objectives while ensuring resources are sufficient to carry out the survey effectively (Foster and Harmsen 

2012). Such decision-making can be aided by simulations, where previous survey data can be used to 

determine which spatial arrangement of detectors can generate reliable estimates of population parameters 

(Obbard et al. 2010; Tobler and Powell 2013).  

 In this study, we (1) use simulations to investigate trap layout and evaluate study design prior to 

survey deployment, and (2) generate a reliable estimate of density for a population of tigers in the Dong 

Phayayen-Khao Yai (DPKY) forest complex in Eastern Thailand. Camera-trap surveys, following a primarily 
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opportunistic study design, have been in place in this landscape since 2008 (Ash et al. 2020). However, 

sampling has been highly variable in terms of spatial and temporal regularity, precluding the use of capture-

recapture analysis. Drawing on past data sources for parameter estimates (Ash et al. 2020; DNP et al. 2014, 

unpublished), we use simulations to assess the suitability of different trap arrays and survey lengths to 

develop a robust study design and, in turn, generate a reliable density estimate for this population. DPKY's 

conservation importance (Pisdamkam et al. 2010; Ash et al. 2020) necessitates reliable indicators of 

population status such as population density. Through this study, we present an estimate of tiger density in 

DPKY and evaluate simulations as a tool for developing effective SECR designs to reliably estimate low-density 

tiger populations. 

 

2. Materials and methods 

2.1 Study site 

 Recent reports confirm the presence of a small, but critical Indochinese tiger population (P. t. corbetti 

under current taxonomic designations in the IUCN Red List; Goodrich et al. 2015) within Thailand's DPKY 

forest complex, an area for which more information is required (Pisdamkam et al. 2010; Ash et al. 2020). This 

study was conducted in the Thap Lan-Pang Sida Tiger Conservation Landscape (TCL) of DPKY. This TCL spans 

4,445km2 and is expected to have sufficient habitat to support ~50 adult tigers (Sanderson et al. 2006). 

Camera-trap surveys across the TCL have detected ~17 adult tigers from 2008 to 2017, with most individuals 

detected within Thap Lan National Park (TLNP) and Pang Sida National Park (PSNP; Ash et al. 2020). These 

results have merited additional investigation to estimate population density, particularly in areas of 

suspected importance for tigers in this landscape. For the purpose of this study, we define our spatial 

sampling frame as a 567km2 area of south-central TLNP and northern PSNP (Fig. 1). 

 

2.2 Collating existing information to identify ideal camera-trapping locations 

 In order to identify suitable camera-trapping locations, we collated geographic location data from 

previous photographic captures of tigers within our sampling frame. We then reviewed ranger-based patrol 
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data of tiger signs from at least 1,120 patrol man days, covering 1,307km2 (58.46%) of TLNP, and tiger survey 

records from 2008 to 2015. From this, we collated geographic records on tiger and prey signs (e.g., tracks, 

faecal deposits, and territorial markings). Given that tigers are known to use topographic features such as 

ridgelines, valley bottoms, river beds and forest paths (Karanth 1995; Karanth and Nichols 1998), we also 

identified potential trap locations using topographic maps of the study area.  

We identified 90 prospective trap locations for our survey. These were prioritized by locations where 

tigers were previously detected on camera-traps, followed by locations with records of tiger and prey sign. 

These locations covered approximately 306km2 of our survey area, leaving a few notable gaps, one as large 

as 135km2. To fill these survey gaps, we identified prominent topographic features such as ridgelines, valleys, 

and riverbeds for camera placement. 

Given that estimated home range size of tigers, from elsewhere in Thailand, was assessed to be 70ς

84km2 for females and 267ς294km2 for males (Simcharoen et al. 2014), it is safe to assume these trap 

locations ensured spatial coverage of the 567km2 sampling frame that had no gaps that were sufficiently 

large to contain a tiger's movements during the sampling period and within which resident tigers had a 

capture probability greater than zero.  

 

2.3 Simulating trapping data to evaluate survey design  

 Prior to conducting the survey, we evaluated our survey design to ensure that sampling would result 

in estimates of population density (Ὀͮ) with low error and bias (i.e., relative standard error [RSE; equivalent 

to coefficient of variation] and relative bias [RB] respectively). If the estimated relative bias produced by our 

survey design was greater than a mean of 10% (Efford and Fewster 2012) or significantly different from that 

estimated from a trapping array of regular spacing (e.g., hΩ.ǊƛŜƴ ŀƴŘ YƛƴƴŀƛǊŘ нлммΤ .ƻǊŀƘ Ŝǘ ŀƭΦ нлмпΤ 

Brassine and Parker 2015), given the constraints of sampling (i.e., maximum of 90 trap locations), it would 

necessitate us to alter our trapping locations to minimize the bias. To generate this comparison, we simulated 

a regular trapping array of 75 trap locations within the sampling frame (Fig. 2a). Simulations were carried out 

in March and April 2016. 
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Fig. 1 The Dong Phayayen-Khao Yai forest complex (DPKY) and the survey area (square) for estimating tiger population 

density. Forest cover derived from Hansen et al. (2013).  

 

 As there had been no prior tiger population density surveys conducted within our sampling frame, 

no site-specific estimates of density were available to carry out the simulation. Although Ngoprasert and Gale 

(2019) conducted a survey in the region, the estimated density was derived from by-catch tiger data using 

baited trap stations. Hence, estimates of parameters required to simulate data were borrowed from a 2013 

study conducted across 457km2 of PSNP, south of our sampling frame (DNP et al. 2014, unpublished). This 

previous study provided data from a trap array of 26 trapping locations placed at a mean inter-trap distance 

of 3.35km. The density of tigers estimated during the study was 0.34 ( ± SE 0.17) individuals/100km2 and the 

half-normal detection function was defined by an intercept (g0) of 0.034 ( ± SE 0.015) and spatial scale 

parameter (̀ ) of 9,623 ( ± SE 2425) meters. Although existing data suggest that more tigers inhabit TLNP in 

comparison to PSNP (Ash et al. 2020), and that tiger densities could be higher within our sampling frame, we 
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simulated data using estimates of the mean, ± 1 and ± 2 SE for each of the parameters (Ὀͮ, g0 and ̀ ) in the 

PSNP study to evaluate our survey design. Next, to satisfy the assumption of temporal closure in generating 

a population density estimate (Karanth and Nichols 2002, 2017), all scenarios were evaluated with 45- and 

60-day sampling occasions in our simulations. 

 To evaluate the survey design, all simulations were carried out using the R package ΨǎŜŎǊŘŜǎƛƎƴΩ 

(Efford 2017) within R v3.4.2 First, we generated a habitat mask around the spatial sampling frame with a 

buffer distance of 60km (i.e., around the recommended 4× the maximum simulated  ̀of 14,500m; Efford 

2017). The mask was created to represent the available habitat within DPKY for the specified buffer distance. 

We then created scenarios that accounted for a range of five values (mean and ± 1 and ± 2 SE) for each of g0 

and ̀  (in all permutations and combinations) simulated for two sampling durations (45 and 60 days) and two 

trapping arrays (proposed and regular). This resulted in the creation of 500 unique scenarios for which we 

also generated 500 spatial capture-recapture datasets (or replicates) each. The simulated datasets were 

generated assuming a uniform (homogeneous) Poisson distribution. From these data, we summarized the 

simulated number of individuals (n) and captures (ndet). We then fit spatially explicit capture-recapture 

models for each of the datasets using the half-normal detection function. Given that several of our scenarios 

simulated small datasets (low n and ndetύΣ ǿŜ ǳǎŜŘ ǘƘŜ ΨǾŀƭƛŘŀǘŜΩ ŦǳƴŎǘƛƻƴ ƛƴ ǘƘŜ ΨsecrdesignΩ ǇŀŎƪŀƎŜ (Efford 

2017) to remove estimates when a simulation failed. Finally, from the fitted models, we summarized the 

estimated population density across the replicates and assessed the RSE and RB of each of the scenarios. 

 

2.4 Surveying for tigers and estimating population density 

An examination of the RB from the simulations highlighted that our proposed trapping array 

performed comparably to the regular trapping array across the scenarios (see results and Appendix A for 

further details). Hence, camera trap placement on-site followed the proposed trap array without 

modifications. Seven teams, with an average team strength of nine personnel from both DNP and Freeland, 

were tasked with deploying the cameras at the 88 identified locations. 
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Cameras were placed at the predetermined trap locations based on previous camera-trap 

detections, tiger and prey sign, and topographic features likely to be used as travel routes for resident tigers 

in order to maximize detection probabilities. Paired stations, using two cameras, were used in order to 

photograph both flanks of a tiger passing in front of cameras. Cameras were placed approximately 50 cm 

above the ground and 1ς2 m from the center of the trail. Areas in front of cameras were cleared of vegetation 

that may induce false triggers. All cameras were placed in protective housing to prevent theft or damage. 

Camera models included PantheraCam (white incandescent flash; V5, Panthera, New York,), Bushnell 

(infrared flash; Bushnell Corporation, Overland Park, USA) and Moultrie (incandescent flash; Moultrie 

Feeders, Birmingham, USA) trail cameras. Cameras were programmed to be active for 24-h with photos 

triggered at the shortest interval (1 to 15 s between photos) in order to minimize the potential for non-

detection. Sampling was conducted from June 1st to August 16th, 2016. All cameras were checked at least 

once prior to their removal in August 2016.  

Individual tigers and their sex were identified from their unique stripe patterns based on visual 

comparisons (confirmed by at least two authors). These unique tiger identities were then used to generate 

individual capture histories. For the purposes of analysis, we considered each day (24-h period) to be an 

individual sampling occasion. The capture histories specifically indexed the location (trap identity) and daily 

sampling occasions of each individual capture. Multiple captures of the same individual at the same location 

on a single sampling occasion were discarded. Given low capture rates and non-independence in captures of 

cubs, all analyses only pertained to individuals > 1 year of age. 

Spatially explicit population density (Ὀͮ), was estimated using a maximum likelihood-based inference 

ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ǘƘŜ w ǇŀŎƪŀƎŜ ΨsecrΩ (Efford 2015). For the analysis, a state-space of 3400km2 was created to 

represent the available habitat within DPKY at a buffer distance of 25km. This corresponded to 4 × ̀ of 

~6,000m (Maffei and Noss 2008; Efford 2017) ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ƻŦ ǘƘŜ ΨǎǳƎƎŜǎǘ ōǳŦŦŜǊΩ ŦǳƴŎǘƛƻƴ 

and rounding up from the 4,750m sigma from simulation results. Through our analysis, we accounted for sex-

specific variability in the two detection parameters g0 and ̀ . We constructed four candidate models that 

held parameters as either constant (.) or varying by sex. Models were ranked based on their Akaike's 
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Information Criterion (AIC; Akaike 1974) value and parameters of interest were derived from the most 

parsimonious model, as ranked by AIC. In addition, we also estimated spatially explicit population density (Ὀͮ) 

ǳǎƛƴƎ ŀ .ŀȅŜǎƛŀƴ ƛƴŦŜǊŜƴŎŜ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ǘƘŜ w ǇŀŎƪŀƎŜ ΨSPACECAPΩ (Gopalaswamy et al. 2012). We then 

compared the results of the survey (null model estimates from both a maximum likelihood and Bayesian 

inference) to simulated output for our trapping array and a regular trapping array (Table 2). 

 

3. Results 

3.1 Selecting camera-trapping locations 

By collating photo-capture records of tigers from previous camera-trapping in the region, tiger and 

prey sign data from reconnaissance surveys and law enforcement patrols, and selecting prospective trap 

locations based on topographic features, we listed 102 potential trap locations. Given that we had sufficient 

cameras to sample at 88 locations, we chose 45 locations where tigers had been detected previously, 16 

locations where tiger or prey sign were previously recorded, and 27 locations based on prominent 

ǘƻǇƻƎǊŀǇƘƛŎ ƻǊ ƭƻŎŀƭ ŦŜŀǘǳǊŜǎ όǇǊƛƳŀǊƛƭȅ ǎŜƭŜŎǘŜŘ ǘƻ Ŧƛƭƭ ΨƘƻƭŜǎΩ ƛƴ ǘƘŜ ǘǊŀǇǇƛƴƎ ŀǊǊŀȅΤ CƛƎΦ нōύΦ 

 

3.2 Evaluating the survey design  

 Given that we were expecting tigers to occur at low densities, it was critical for us to first evaluate 

the performance of our trap array against a range of potential tiger densities. Our evaluation was primarily 

based on assessing the RSE and RB of the estimates of population density. We structured our comparisons 

to assess the performance of the irregular trapping design against a regular trap array. Karanth et al. (2017) 

recommend a short survey length (< 45 days) to ensure population closure, though longer durations have 

been used (Rayan and Linkie 2015). Given our population was likely at very low densities, we elected to test 

a 45-day and a slightly longer 60-day sampling duration to account for low detections. We present the results 

of our evaluation separately for 45- and 60-day sampling durations (see Supplementary Materials). 

From our simulation of 250,000 datasets (500 scenarios  z500 datasets each) the minimum number 

of individuals (n) detected ranged from 1 ( ± SE 0.09) to 77 ( ± SE 0.77 ). The lowest n (1) was simulated in the 
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Fig. 2. (a) Survey grid and locations of camera-traps simulated in a regular array.; (b) Survey grid (3km × 3km) and 

locations of camera-traps (n = 88) for our trap array. Cameras were placed from June to August 2016. Locations were 

determined from previous tiger camera-trap detection (n = 45; darkest shade), previous record of tiger/prey sign (n = 

16; medium shade), and landscape features (n = 27; lightest shade). 




























































































































































































































































































































































































