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Introduction

Since the turn of the century the population numbers of Panthera tigris have declined from approximately 40 000 tigers on the Indian subcontinent to a paltry 4 400-7 700 wild tigers worldwide (Kenney et al. 1995). Habitat fragmentation and human population growth have converted areas of contiguous tiger habitat into small, isolated, protected areas that are surrounded by various human matrices. Increased interaction with humans and domestic livestock has led to many adult tigers dying of poisoning, and an increased demand for tiger bones for traditional Chinese medicines has resulted in a poaching extravaganza. Each of these are detrimental to the tigers in their own right, but the also contribute to increasing the possibility of inbreeding depression in these populations. Habitat fragmentation and loss, poaching, and increased contact with humans and their livestock, have resulted in a metapopulation of tigers in isolated havens, which in turn increases each population’s vulnerability to environmental and demographic stochasticity and inbreeding depression. 

Panthera tigris is one of the largest predators in Asia. These tigers are very territorial, with the home ranges of males ranging in size from 20 to 400 km2, each encompassing up to seven female territories (Smith and McDougal 1991). It clearly has a strong influence on the community in which it resides, and protecting key tiger populations will “not only conserve individual populations but also the suite of adaptations and ecological interactions associated with them” (Wikramanayake et al. 1998). This makes the decline and loss of tigers from an ecosystem of grave ecological concern. In this paper I will draw on over 30 years of research in determining the most influential threats to the long term viability of populations of Panthera tigris. I will also specifically examine the effects of increasing levels of poaching through the use of an age structured STELLA model. 

Discussion

Habitat

Large, territorial, mammalian predators require large, contiguous areas of suitable habitat in which to live. Panthera tigris has a home range of 20-400 km2. The size of the home ranges and the density of tigers in a particular are is directly correlated with prey density. This means that the poorer the quality of the habitat, the larger the sizes of home ranges needed to support the same number of tigers become. Tigers inhabit a variety of types of habitat of varying levels of quality, including alluvial grasslands, subtropical and tropical moist deciduous forests, mangroves, subtropical and temperate upland forests, tropical dry forests, tropical moist evergreen forests, and boreal taiga. Tiger density also varies with altitude, because the lowland forests can support higher prey densities than those at higher altitudes (Wikramanayake et al. 1998). 

However, human population growth has decreased and fragmented much of the tigers’ preferred habitat. The resulting isolation of tiger populations from each other decreases the size of each population, making them more vulnerable to demographic and environmental stochasticity. This also contributes to increasing the coefficient of inbreeding in the population because often few tigers are able to disperse between neighboring areas. (Wikramanayake et al. 1998). Tigers are also more often exposed to contact with humans and their livestock, which can also increase mortality rates, as will be discussed momentarily. 

Habitat is the key factor in maintaining viable tiger populations. The integrity of the habitat, which is a combination of the size, degree of degradation, fragmentation and level of connectivity with other blocks of habitat, is not only the most basic variable affecting the tigers, it is the most irreplaceable if lost. Even tiger populations that have been depressed by poaching have been seen to rebound if there is sufficient prey, water and habitat. Because of the vulnerability of small populations to environmental and demographic stochasticity and inbreeding depression it is necessary to minimize their isolation by connecting blocks of habitat with natural habitat corridors that are buffered from human impact to increase the ability of animals to disperse between subpopulations. This necessitates managing extensive areas of habitat for conservation purposes. However, “because of the large area land requirements of large carnivores, landscape-scale planning in representative habitat types also contributes greatly to biodiversity conservation at regional and continental scales” (Wikramanayake et al. 1998).

Domestic Prey

Only a small percentage of tiger habitat is actually in protected areas, and most are too small and isolated to support sustainable populations. 75-83% of their habitat is multiple use forests. Although protecting areas of core tiger habitat is important, it is not enough to sustain a large predator like the tiger. Even with a more viable network of tiger reserves, there will still be intense competition between tigers and humans for resources in the forest (Ahearn et al. 2001).

An additional source of tiger mortality results from consuming carcasses that have been poisoned by villagers. The primary wild prey of tigers are various species of deer, blue bull, wild boar, and gaur. However, they will also readily consume domestic livestock. Often villagers graze their domestic livestock near the edges of tiger reserves, or even within them. Tigers hunt approximately every 7 days, and if they make a wild kill, they will stay near the carcass for several days and feed until gorged. If they kill a domestic prey animal they are often disturbed by the people in the area and are forced to leave the kill sooner, and must hunt more often. Also, if tigers kill too many domestic animals in the same locale, or within a short time span, villagers are very likely to poison the carcass to prevent future kills. The tiger will die from the toxins when it returns to its kill (Ahearn et al. 2001). 

Domestic livestock also tend to displace the wild prey, as they compete for the same resources. High percentages of domestic prey lead to too many tiger deaths from poisoning, because they will make more frequent domestic kills. This can be ameliorated by modifying the behavior and attitudes of the villagers. If the livestock are guarded more closely, then the tigers are less successful at killing domestic prey and the number of domestic kills and subsequent poisonings will decrease. Also, if the villagers are more tolerant of domestic kills, they will poison carcasses less readily, and not remain angry about the kills for as long. This can be achieved by educating the villagers about the economic value of tigers to tourism, or providing incentives for not poisoning carcasses. Some groups that have lived near tigers for long periods of time have become more accepting of occasional domestic kills as part of living near a reserve (Ahearn et al. 2001).

Obviously there is a minimum density of prey that is required to sustain a population of tigers. Without the encroachment of domestic prey, populations are sustainable at prey densities of > 4 deer per km2. With domestic prey and the associated poisoning mortality a minimum ratio of 1 domestic to 3 wild prey must be present for sustainability (Ahearn et al. 2001). 
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Graph A depicts tiger mortality without domestic prey; graph B, with domestic prey. A notation of d1w3 describes the ratio of 1 domestic to 3 wild prey (Ahearn et al. 2001). 

Poaching

Illegal poaching of tigers for various reasons including their bones for traditional Chinese medicines is problematic for tiger populations for many reasons. Firstly poaching affects adult tigers that are in their prime of life because they are the most valuable and are roaming about the landscape, likely to be found by poachers. This depletes the reproductive population of the population, and because there are fewer tigers breeding and producing young, the growth rate declines. Additionally, poaching also makes the population more vulnerable to demographic and environmental fluctuations as well as inbreeding depression because it decreases overall population size. Poaching regimes of 5, 10, and 15 tigers per year for 3, 6, and 9 year periods are proposed in Kenney et al. 1995. In the STELLA model presented in this paper poaching pressure was examined, but not duration. They also believe that if poaching continues for more than a decade that widespread extinction of tiger population is likely. The most dangerous aspect of poaching is its unstable affect on the probability of extinction. Graphs a and b (below) depict the 

affect of poaching pressure on the probability of extinction for small (a) and large (b) populations of tigers. As you can see, low levels of poaching have little effect on the extinction probability. [image: image3.png]5 Gigers poachied
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However, as poaching pressure rises, there is a point at which a small increase in poaching pressure results in a dramatic increase in extinction (Kenney et al. 1995). 
In the STELLA model, a similar relationship was observed. Increasing the poaching pressure from 0% to 10% decreased λ by 2.70%, whereas increasing the poaching pressure from 20% to 30% resulted in a 94.05% decrease in λ. Although models may not be able to accurately predict at exactly what level of poaching this threshold for drastic change takes place in reality, they clearly demonstrate the volatile effects of increases in poaching pressure. The study performed in Kenney et al. 1995 also indicates that “if fewer tigers are poached over an extended period, the probability of extinction is generally lower than if an equivalent number of tigers are poached over a shorter duration.”

Unfortunately, even populations that are released from poaching pressures and allowed to recover may face extinction. While at low levels it is still very possible that stochastic variables will cause extinction, and even if they do not, the population will have passed through a genetic “bottleneck”. This will further exacerbate the problem of inbreeding depression and reduce the population’s genetic variation, making it less capable of adapting to other changes. 
Inbreeding Depression

Inbreeding depression has already been mentioned six times in this paper, but it has yet to be discussed in detail. “The present tiger metapopulation structure is characterized by populations that are either completely isolated or have a probability of genetic exchange considerably less than one individual per generation” (Smith and McDougal 1991). This practically non-existent rate of dispersal and genetic exchange results in inbreeding and the possible expression of rare, deleterious, recessive alleles and their corresponding traits. This is one of many critical issues in conservation biology, because it leads to decreased fitness which could be expressed in litter size, birth weight, early survival, or sperm viability. Tigers, like many mammals, are polygynous, which also increases the probability of inbreeding depression because the young are begotten by a disproportionately low percentage of the males in the population. The population of tigers in the Royal Chitwan National Park is the second largest on the Indian subcontinent, ~65 breeding tigers, 45 females and 20 males. However, the effective size of the Chitwan population is <50, with an inbreeding coefficient of ~2% per generation. Most populations are much smaller, with effective population sizes as low as <10, which makes inbreeding depression a highly possible source of decline in these tiger populations (Smith and McDougal 1991). 

Combined with the increases in the inbreeding coefficient that result from poaching and spatial isolation, this indicates that inbreeding depression may be a serious problem in tiger populations, or could become one in the near future. According to Kenney et al. 1995, who looked specifically at the effects of poaching on inbreeding coefficients, a Chitwan sized population without poaching would have an inbreeding coefficient of ~ 0.12. With a poaching regime of 10 tigers per year for 10 years (a moderately high level of poaching, but very possible) the same sized population would have an inbreeding coefficient of ~ 0.32 (Kenney et al. 1995). 

Unfortunately there is only one reliable way to detect inbreeding depression, which is to compare data on the population over time. This data is rarely available, so it is often impossible to accurately determine to what extent inbreeding depression occurs in a population. “Furthermore, by the time small populations experience problems such as inbreeding depression or lack of adequate genetic variability to respond to disease, it may be to late to take effective action” (Smith and McDougal 1995). 
Conclusions

Available habitat is the single most influential factor in determining the viability of tiger populations.  Because Panthera tigris is a predator requiring large areas of territory, landscape level management of the metapopulation structure that has developed due to habitat fragmentation is the best starting point for conservation efforts. Establishment and/or restoration of habitat corridors between reserves will facilitate dispersal and the exchange of genetic material between populations. 

Multiple use forests are essential to tiger habitat because protected areas are frequently too small and far between. They are also useful in the creation of the aforementioned corridors. Successful management of these multiple use forests, especially those used for the grazing of domestic livestock, relies on increased villager tolerance of occasional domestic prey kills and the maintenance of sustainable ratios of domestic to wild prey. This can be accomplished through educating the villagers about the merits of guarding livestock well, and the economic value of tigers to the tourist industry. 

The establishment and subsequent enforcement of poaching legislation will help to prevent the creation of genetic bottlenecks induced by low population levels. Some very limited killing or culling of small numbers of tigers for short periods of time may be sustainable, but higher levels of poaching are volatile, and small changes can increase extinction probabilities very drastically and must be prevented.

The application of these management practices will reduce problems with inbreeding depression and prevent the self-destruction of tiger populations. Proper management can halt the decline of population numbers, and even reverse the trend, but action must be taken quickly, before conditions do become irreversible. 

Works Cited
Ahearn, Sean C., James L. David Smith, Anup R. Joshi, and Ji Ding, 2001. TIGMOD: an 

individual-based spatially explicit model for simulation tiger/human interaction in multiple use forests. Ecological Modeling 140: 81-97.

Kenney, John S., James L. D. Smith, Anthony M. Starfield, and Charles W. McDougal, 1995. 

The Long-Term Effects of Tiger Poaching on Population Viability. Conservation Biology 9(5): 1127-1133.

Smith, James L. D., Sean C. Ahearn, and Charles W. McDougal, 1998. Landscape Analysis of 

Tiger Distribution and Habitat Quality in Nepal. Conservation Biology 12(6): 1338-1346.

Smith, James L. D., and Charles W. McDougal, 1991. The Contribution of Variance in Lifetime 

Reproduction to Effective Population size in Tigers. Conservation Biology 5(4): 484-490.

Wikramanayake, Eric D., Eric Dinerstein, John G. Robinson, Ullas Karanth, Alan Rabinowitz, 

David Olson, Thomas Mathew, Prashant Hedao, Melissa Conner, Ginette Hemley, and Dorene Bolze, 1998. An Ecology-Based Method for Defining priorities for large mammal Conservation: the Tiger as a Case Study. Conservation Biology 12(4): 865-878.

Wikramanayake, Eric D., Meghan McKnight, Eric Dinerstein, Anup R. Joshi, Bhim Gurung, and 

David Smith, 2004. Conservation Biology 18(3): 839-844. 

� EMBED PBrush  ���





� EMBED PBrush  ���








[image: image5.png]sustainable

—

i

dona

cwi  cows dowe




[image: image6.png]sustainable

I~ ——

o

Giwl | diw3  dlwe | Wi w3 dawe
Numberof proy o




_1171851258

_1171851367

