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Introduction

The documented history of the yak (Bos grunniens) stretches into ancient times and remains inseparable from the culture, religion and social life of the pastoral peoples of the cold and high mountainous regions of the Qinghai-Tibetan Plateau. It is quite possible, as suggested by some Chinese historians, that without the existence of yak with its adaptations, human civilisation might not have reached and established itself in these remote areas marked by an extreme climate at high altitudes and with grazing resources restricted by short growing seasons (Cai and Wiener 1995). Tibetan nomads and their livestock have dealt with the challenges provided by the harsh climate in the dynamic ecosystem on the Qinghai-Tibetan Plateau for thousands of years, and the nomads have learned to cope with the uncertainties of the environment by adopting herding strategies that minimize the risk of heavy losses of livestock and maximize the utilisation of the resources available (Goldstein and Beall 1990, Wu and Yan 2002). Pastoral existence on the Plateau has always been marginal with frequent snow disasters clogging up winter and spring pastures with consequent losses of livestock as a part of everyday life (Schaller 1998, Levine 1999, Miller 2000). The relationship between man, livestock and rangeland resource foundation remains intimate. 

Since 1980, it was estimated that the impact of snow disasters on the plateau have increased due to rangeland degradation resulting in a lack of available forage (Clarke 1995, Chen 1996 in Wu and Yan 2002). The winter 1997 - 1998 was unusual with heavy snow cover and cold temperatures in many areas on the Qinghai-Tibetan Plateau. By the spring of 1998 an estimated three million head of livestock had died in the Tibetan Autonomous Region (TAR) and in some townships, 70 % of the livestock was lost (Miller 2000). Those of our respondents in Long Deng Township who suffered from the effects of equally harsh winter of 1999 lost on the average 49 % of their yaks with individual losses of up to 83 %, and with heavy losses of sheep and goats in addition. A lacking availability of fodder due to the weather conditions was the direct factor leading to the catastrophe and the consequences for the nomads were dire. In addition to their direct impact on animal mortality, present snow disasters are a major cause for rural poverty in the region. Food security and a self-sufficient life have become increasingly hard for the nomadic families to attain. 

Snow disasters like the one in the winter of 1997 – 1998 are parts of the characteristics of the climate on the Qinghai-Tibetan Plateau and have always been so. In order to stay alive, nomads have developed several animal husbandry strategies that enables them to respond to disasters and maintain a surplus production on which the people can survive. Perhaps the most important of these strategies is to strive to increase animal numbers in years when the climate allows for it. Restoration of the herd after a snow disaster is dependent on the number of the population since the proportion of animals surviving essentially remains independent of herd size (Wu 1997). Maintaining livestock numbers and increasing them whenever possible becomes an important survival strategy (Goldstein and Beall 1990, Wu 1997, Levine 1999, Richard 2000). More specific measures to reduce yak losses during the winter include among others the gathering of fodder in the autumn, either by harvesting crops or by collecting fodder plants from the wild, constructing sheds and keeping the animals in good health during the summer months by providing the necessary medicines for sick individuals and moving camp enough to provide lush pastures.

Tibetan nomadic pastoralists have over the last 40 years been subjects to paradigmatic changes in the national policies of the Chinese government that influence heavily on livestock and range management as well as on the economy of the families. In 1958 the implementation of the Democratic Reform in Tibet marked the end of traditional pastoralism and the beginning of the collective period. The collective period ended in 1983 when the privatisation period was introduced and today the majority of the rangeland on the Qinghai-Tibetan Plateau is rented to the individual families on a 50-year contract (Yan et al 2002). The goals of the privatisation policy is to reverse the alleged degradation of the rangeland by settling nomads and increasing the production of meat and diary products for sale on the market, but the effects of these political actions remain unclear and are discussed in scientific literature (Goldstein and Beall 1989, Levine 1999, Miller 2001, Wu and Yan 2002). An additional effect of the development and modernisation of China is that the pressure on the rangeland from the nations large population is heavy with the most fertile and productive pastures in the valleys rapidly being converted to agricultural land and forestry or protected area initiatives restricting grazing rights (Richard 2000). All of these political paradigmatic changes have had fundamental effects on the nomadic pastoral production systems with increasing problems connected to overstocking of the pastures and degradation of the rangeland in many areas (Wu 1997, Levine 1999, Miller 2000). Through his studies of poverty among Tibetan nomads, Miller (2001) found that as much as 90 % of Chinese rangeland was showing signs of some degree of degradation with 34 % considered to be moderate to severely degraded. In the Tibetan Autonomous Region, 15 % of the pastures are degraded and the total area of degraded rangeland has almost doubled between 1989 and 1997. Climatic change is also hypothesized by some authors to impact on the total area of available pastures and the overall condition of the rangeland (Miehe 1996) and the snowstorms in the region are becoming stronger and more frequent (Miller 2000, Miller 2001, Wu and Yan 2002, Yingchun and Qingpin 2002). On top of all this the aspirations of the nomads themselves are changing. The situation of today is that the traditional nomadic pastoral production systems are in desperate need of developing responses to these new forces affecting the sustainability of the system. This study explores the status of the yak in nomad community looking at yak population dynamics, local survival strategies in relation to the yak, and pastures and productivity. 

In Long Deng Township, Daofu County in the western part of the Sichuan Province in China, the privatisation policy has not yet been fully implemented and pastures are still managed somewhat on a communal basis. The township, our study site, is considered to be among the poorest and least developed in the province and has, to our knowledge, previously not been the focus of scientific research. Similar studies to ours have however been conducted in neighbouring counties in Sichuan. Here we hypothesize that insufficient grazing resources cause the majority of losses of yak in Long Deng and that the families who carry out the most preventive measures have the smallest losses. We also hypothesize that the present herd composition is not optimal for the production of meat and diary products for sale. The final major hypothesis is that the nomadic pastoral households in Long Deng provide a sufficient and a secure source of food for themselves throughout the year. The testing of these hypotheses will hopefully shed some light on the present situation for the nomads and their yaks on the pastures of Long Deng.

Detailed Hypotheses are:

Insufficient grazing resources cause the majority of yak losses.


The grazing resources are degraded because of too many yaks.

The grazing resources are insufficient because of an insufficient pattern of use of pastures.

The feeding resources are unavailable because of harsh climatic conditions.

Many diseases among the yaks can be explained by their poor condition caused by insufficient grazing.

Winter and spring pastures are limiting factors for yak survival.

The families reserve too little surplus fodder for use in the winter and spring. 

Numbers of yaks, horses, sheep and goats have remained the same since 1992.

The families who carry out the most preventive measures have the smallest losses of yaks.

Preventive measures to increase the quantity of fodder are the most effective in preventing losses of yaks.


Collecting large amounts of grass from the wild prevents yak losses.


The cultivation of grass prevents yak losses.


Many moves in a year aid in providing better pastures and preventing yak losses.


Spending money on medicines reduces yak losses.


To have a shed for the yaks reduces losses.


Families with the most resources in terms of available labour and monetary assets 
have smaller yak losses.

The herd composition of today is not optimal for production of meat and diary products for sale.


The percentage of adult males is too high.


The percentage of fertile females is too low.


Families with many yaks have higher losses.


Natural losses (e.g. losses due to age, predation, accidents) occur.


The death rate is higher than the birth rate.

The goal of the nomadic pastoralists in Long Deng Township is to produce meat and diary products for sale.


A desire and a potential for the selling of yak products exists.

The pastoral households in Long Deng provide a sufficient amount and a secure source of food for themselves throughout the year.

The average animal losses are not a threat to the food security in the families.

Families can quickly rebuild herds after a catastrophic year.

Families have other sources of income that enable them to be independent of their animals for long periods of time.

The nomadic families have enough animals to provide a sufficient amount and secure source off food for themselves throughout the year.

Description of research area.

Geography

Long Deng is a small township of 379 square km located in Daofu County (Dawu in Tibetan) in the Sichuan Province, China (N30(50` and E101(25`) (see map 1 a and b). The administrative centre in the county is located ca 30 km north of Long Deng in the village of Daofu. Belonging to the eastern parts of the Qinghai-Tibetan highland plateau the altitude in Long Deng ranges between 3500 and 4900 metres. 

Demography

At the time of our research 359 families where distributed into five geographic regions with a total population of 1647. In Part 1 there were: 72 families, Part 2: 64, Part 3: 89, Part 4: 93 and Part 5: 41 families. The families were made discrete by the ownership of discrete herds. In several cases two or three generations were included in one family unit. The average family had 5.9 members. The people in Long Deng were without exception ethnic Tibetans. The vast majority of families in the township were nomads dependent upon a pastoral lifestyle where the livestock (yak, sheep, goat and horse) yielded the main source of income. Only a small proportion of the inhabitants had any connection to agriculture and then only as a limited production for family consumption. Daofu County is regarded as one of the poorest in Sichuan. The average income is US$1 98 or CNY2 760 per year (Red Cross project report 2000). The majority of families had basic winter dwellings made of stones, mud or timber, in which they stayed 4-6 months during winter and early spring. For the rest of the year the black tent were used as a mobile home. In part 4 most of the houses were based around a temple and an elementary school. The administrative centre, and the base camp for our fieldwork, was situated 30 kilometres further south, close to the road running trough Long Deng. In part 5, the one furthest to the south, a new school and a group of houses were under construction. Besides these clusters of houses winter dwellings were scattered throughout parts 1, 2 and 3.  

Geology and ecology

Sediments from the Quaternary period cover all of the Qinghai-Tibetan Plateau. Based on vegetation the rangeland on the Qinghai-Tibetan Plateau can be divided into four regions (alpine meadow, alpine steppe, xeric shrubland and montane desert), with alpine meadow being the most common in the eastern parts (Miller 2000). This region can further be divided into four kinds. High-frigid meadow, which makes up 62.28% of the total rangeland in Sichuan, is also the dominating kind in Long Deng. Ranging between 2800 and 4700 metres the vegetation of the high-frigid meadows is mostly composed of perennials and medium sized herbaceous plants (Wu 1996 b). The most common families are Cyperaceae (Kobresia spp. can cover up to 80-90% in some areas and several spp. of carex are also present) Graminae, and Leguminosae (both of which are more abundant at lower altitudes). The cold temperate zone (between 3-4000 metres) has a growth period of 120-180 days with an average annual temperature of 6ºC and an annual precipitation in the range between 600-700 mm (Wu 1996 b). The over all productivity is often low (grassland managers in Daofu estimated it to be close to 1000kg/hectare in Long Deng). However in the Shrub Meadow, often found on south-facing slopes between 2500 to 4500 metres, the mean forage yield can be as high as 2250-3750 kg/ha (Wu 1996 b). Major bushes there include species of Rhododendron. However, in terms of grazing value the herbaceous layer, which consists of more than 65% edible forbs, is the most important (Wu 1996 b). Owing to the high altitude and the harsh environment, agriculture is very limited. The only way to exploit the rangeland resources is by the use of cold tolerant livestock that can graze on the abundant rangelands (Wu 1997)
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Map 1.  a) Map of the Peoples Republic of China. b) Map of the village of Daofu in Ganzi Prefecture, Sichuan Province.

Methods

In the summer of 2002, Mr Gideon Tesfai of the Norwegian Red Cross approached the Norwegian Agricultural University seeking graduate students willing to go to China to do some basic research on management of livestock on the eastern fringes of the Qinghai-Tibetan Plateau in the western parts of Sichuan Province. The objective of the Red Cross was to gain information about the relationship between pastoral nomads and their livestock and work out a relief program for dealing with the effects of the severe snowstorms in the region. The authors were quick to respond to the inquiry from the Red Cross, and during the fall of 2002 contact with the Red Cross branch in Ganzi Perfecture was established and preparations for the fieldwork were in progress. We spent the months prior to our departure reviewing relevant literature and working on the methodology in addition to making the necessary practical arrangements.

The main part of the fieldwork for this study was conducted in Long Deng Township of Daofu County in Ganzi Perfecture in the North Western part of Sichuan Province, China. The fieldwork was completed in the period from the 7th of April to the 10th of June in the spring and early summer of 2003. During this period, two months were spent in Daofu County were structured interviews with nomadic families in Long Deng Township and open-ended discussions and interviews with local key informants constituted the bulk of our fieldwork. The remainder of the time was spent in Kangding and Chengdu conducting open-ended interviews of, and discussions with, regional key informants, NGO’s and official authorities on various governmental levels.

Selected group of interest

Upon our arrival in Daofu County, we had not yet decided in which area we would do the bulk of our work. Several townships were under consideration, but after consulting with our facilitators in Daofu Red Cross we ended up with Long Deng because of the relatively easy transportation, a good network of contact persons and the small population in the Township. We selected our group of respondents largely out of practical considerations and according to our wish to interview as many families as possible. Based on our results and the guidance and information we got from our local cooperates, we are of the opinion that we have succeeded in collecting data from a relatively homogenous group. We have reason to believe that our selected group of families represents the poorest segment, measured in terms of the number of animals per family, of Long Deng Township rather than an average of the entire township. We base this opinion on the fact that we focused our attention on the three poorest out of Long Deng’s five parts that were closest to our base. According to the local government officials, the two parts we did not visit were the richest as there were a high proportion of families there that had more than 100 yaks in their herds. This information agrees with the low average number of animals per family we found in our selected group (32.9 yaks) compared to the average for the entire township we learned from the Township statistical records (60.5 yaks in 2002). Selecting the poorest among the poor also corresponds well with the interests of our cooperates in the Red Cross who mainly wish to focus on the groups of people who are likely to suffer the most from snow disasters and consequently are most in need of humanitarian aid.

Definitions

The focus of our fieldwork was the unit of the nomadic household. The people in a household were typically an adult couple with their children and sometimes their old parents. A few families were only an elderly couple or a single mother with her child, but these were infrequent exceptions to the general rule. In the thesis the terms ‘family’ and ‘household’ are used interchangeably. How many persons we talked to varied from how many members of the household and sometimes neighbours that were present at each interview, but the rule was groups of various sizes rather than individuals. We have talked to almost as many females as males (f=26 and m=32), and the average number of family members was 5.89 in our study population. Adults were defined as family members above 20 years of age and there were an average of 3.74 adults and 2.15 children in every family. When discussing wealth among pastoral nomads on the Tibetan Plateau, the number of livestock per household is the superior measure. To facilitate this measurement, the Sheep Equivalent Unit (SEU) was developed. One SEU is defined as any combination of animals with a total forage demand equal to that of one adult ewe, or 2.4 kg dry matter per day (Williams 1996). The SEU system weighs the different livestock species and assigns to each a value in number of SEUs. One yak equals 5 SEUs, one horse 6 SEUs, one goat 0.9 SEUs and one sheep 1 SEU (Sneath 1996, Williams 1996, Miller 2000).

Collection of secondary information

Prior to, during and succeeding the fieldwork, we have worked to gather information from various sources on the following subjects:

· Methodologies 

· Relevant studies from the same region or on the same or similar topics

· Relevant statistical information from Chinese authorities 

Collection of data in the field

Our choice of a standardized open-ended interview as our main study method for the fieldwork in Long Deng was a consequence of the practical challenges we faced and our wish to keep the quality of our data as good as possible (Mikkelsen 1995). The practical challenges were first and foremost linked to dealing with the language barrier (see discussion of sources of error later in the chapter), but also to logistic issues and the harsh climate of the region. We ended up spending weekdays in Long Deng, hiking out every day from our base in a governmental station to visit families in their tents and houses. In the weekends we retreated to Daofu to restock supplies and work with the data collected during the week. There were no electricity, telephone line or coverage for cell phones in Long Deng, so we became dependent on going back to Daofu on a regular basis to properly organize the data and communicate with our facilitators in the local Red Cross branch. The nomads in Long Deng had no different work-schedule in the weekends compared to the weekdays, so it can be ruled out that we have missed out on information because we only visited families from Mondays to Fridays. The first days of our fieldwork an average interview with a nomadic family would last 1.5 hour, but as our interpreters familiarized themselves with our questionnaires and intentions, we got down to less than an hour per interview. On a productive day we would typically manage 4 interviews if the distances to hike between families were not too long. We took turns asking questions and taking notes, and we had always two interpreters present during the interviews with the nomads, one Tibetan – Chinese and one Chinese – English. The problems connected to the language barrier and the fact that the target group of our study is one with which little work has previously been done, landed us on a quantitative rather than a qualitative study of the nomad families with a focus on basic demographic data and levels of assets including livestock. 

The preparation for the first draft of our questionnaire was done in cooperation with Prof. Shivcharn S. Dhillion, our advisor at the university, and Mr. Gideon Tesfay of the Norwegian Red Cross. The first draft was finalized during the first weeks we spent in Ganzi Perfecture searching for a suitable study site and interpreter and preparing to start the interviews. Questionnaire I (Appendix III) consisted of 61 main questions, many of them with several sub-questions. The questions were grouped in different sections starting with basic household and livestock information and going on to rather massive sections on measures to prevent animal losses, pastureland information and finally economy and trade. Sixteen standardized open-ended interviews were conducted using Questionnaire I during the first two weeks of interviews. We quickly started to recognize aspects of the questionnaire that needed improvement, and many of the questions were dropped and a few new ones added. After the first 16 interviews we constructed Questionnaire II (Appendix III), which we used for the remainder of the time in the field. The main difference from Questionnaire I was that the last two sections on pastureland information and economy and trade were drastically reduced, bringing the total number of questions down to 55. We decided to add the 16 interviews in which we used Questionnaire I to the 41 interviews that we used Questionnaire II making a total of 57 respondents. To justify compounding the interviews, we wanted to return to the first 16 families to go through the new questions in Questionnaire II. Some of the first 16 families had however moved camp and become unavailable for a second interview. We ended up going through the entire new questionnaire with two of the first sixteen families and with six other families we came back to ask the new questions 6, 7, 8, 17, 18, 19 and 46. The result of this process is that we have varying values of n for the questions in our set of data (Appendix I, table 1 a and b).

In addition to the 57 standardized open-ended interviews we conducted with nomadic families, we performed open-ended discussions and interviews with Animal Husbandry officials and grassland experts at county level in Daofu, at prefecture level in Kangding and at province level in Chengdu. We also had several fruitful meetings with Mr Ding, the official Chinese veterinary in Daofu, and three local animal doctors in Long Deng. These people were chosen to give us data on indigenous veterinary knowledge versus what was practiced by university educated, Chinese veterinaries. The key informants in Long Deng were interviewed in the evenings or when they were available and the ones in Daofu were contacted during the weekends and otherwise during available hours. In order to get the names of various diseases and species of plants translated from Tibetan and Chinese into English, we obtained the assistance of Professor Yangguangyou from Sichuan Agricultural University in Yaan. To crosscheck and verify different pieces of information, we asked the same questions to both the nomadic families and the different key informants. We have also used our sources of secondary information to crosscheck information where this has been possible. 

Analyses

Many families when asked about the amount of grass they harvested every year responded in numbers of hay bundles collected. The need arose to measure the weight of these semi-dry bundles to get an idea of the total amount of grass collected. For this purpose we used a digital paperweight with a margin of error of 0.001 kg. Hay bundles were put in a plastic bag and weighed two separate times. The plastic bag was weighed separately and its weight subtracted from that of the hay-bundle. The weights of our 13 hay-bundles were surprisingly uniform, around 1 kg each. To aid us with the identification of species of plants in addition to providing photos in this thesis, we used a digital camera.

All our data were plotted in the data analysis program Microsoft Excel and all of our tables and figures were made in this program. All statistical tests were performed in the computer program MINITAB at a significance level of ( = 0.05. The following statistical tests and regressions were used:

· One-way ANOVA, stacked and un-stacked

· Linear regression analysis

In our estimation of the carrying capacity of the Long Deng pastures we used the rather unfashionable method of cutting out a map of Long Deng with a pair of scissors and weighing the three different grazing areas on a Sartorius scale with an accuracy of 0.0000 g. We used the weight proportions to calculate area proportions based on the total amount of square kilometres in Long Deng given in the project report from the Red Cross. The results of this calculation should not be treated as an absolute truth as there are some uncertainties as to where the borders between the seasonal pastures actually go. The borders we used were the ones given to us by the township leaders and we believe that the proportions are accurate enough to give an illustration of the actual situation. It should also be mentioned that the entire area of Long Deng is included in the calculation, mountain, forests, rivers and lakes. We justify this on the grounds that there is little difference among the three seasonal grazing areas concerning landscape structures. Forests are used for grazing, if at a somewhat lesser degree than meadows, there are few lakes, only small rivers and we found yak dung on the very peaks of mountains 5 000 meters high. 

All our interviews took place during the season when yak cows give birth. There were consequently a number of pregnant cows that had not yet delivered when we interviewed the families and we were forced to calculate to reach an estimate of total calves born. We also had to calculate an estimate of the pregnancy rate, as there were no data available from the autumn of 2002 that could have provided us with the information we needed. We used data on pregnancy rates, calf mortality and abortion rates from the literature to supplement the information we gathered through our questionnaires (Cai and Wiener 1995, Long and Ma 1996). Our estimates of pregnancy rate and proportion of calves should hence not be treated as absolute truths, but we believe them to illustrate the actual figures with enough accuracy to be of good use for the thesis.

Sources of error

As previously mentioned, the language difficulties were our main sources of error and the single most important factor to restrict the possibilities of our fieldwork. We were forced to use two interpreters during our interviews with the nomads as they spoke only Tibetan and it proved to be impossible to locate a person who mastered both the local variation of the Tibetan language and English. Before our interpreters had acquired a satisfactory grasp of the questionnaires we had to return to families several times to make sure we got the right information and the quality of the data we wanted. This is the reason why we kept the questionnaire structured and as simple as possible and were forced to stick to it. Each time we wanted to pursue an issue outside the safety of our questionnaire, we subjected our results to a larger probability of error, and our total number of respondents (n=57) represents the result of our trade-off between quantity and quality. In a standardized open-ended interview as the ones we performed in Long Deng, the exact wording and sequence of the questions are determined in advance (Mikkelsen 1995). When the respondents answer the same questions it simplifies the comparability of responses and it reduces interviewer effects and bias when several interviewers or interpreters are used as in our case. In addition, organization and analysis of the data is facilitated. On the other hand the rigid structure of the interview allows for little flexibility to relate to particular situations and individuals and it may limit the naturalness and relevance of both questions and answers (Mikkelsen 1995). We feel that due to our precautions and our choice of study methods our results are sufficiently reliable to be of good use for this thesis. Most of our key informants were fluent in Chinese, some even had modest English skills, and this made it possible for us to engage in discussions outside the frames of a fixed questionnaire. However, the language barrier remains this thesis’ most serious source of error. 

We also had to use several Tibetan – Chinese interpreters, and it is imaginable that the role this person had in the community affected our respondents enough to influence our data. As an example can be mentioned the day the leader and police chief in the township volunteered to be our interpreter in an interview with a woman close to the station we stayed in. We quickly understood that our subject was answering whatever she thought was the correct thing to say. For instance when asked what kind of help her family needed to prevent animals from dying, she said that “whatever help the government will give me is fine”. We naturally had to terminate the interview and come back another day with our usual interpreter. Needless to say we got completely different answers. We believe that the two Tibetan – Chinese interpreters we used in more than 45 of our 57 interviews did not cause our subjects to twist the information they gave us. One was an old man and former pastoralist from Long Deng and the other a young boy from the neighbouring village of Bameii with a fresh education in forestry. Our Chinese – English interpreter was a female college student from Kangding who spoke excellent English. Another source of error is the fact that we had to relate to three different calendars, the Tibetan one, the Chinese one and the Western one. Both our interpreters and we were conscious of the danger of confusion here, and we all worked to get dates after the Western calendar. Unfortunately, it cannot be ruled out completely that errors still occur in our data set. It is also imaginable that different sexes would give us different perspectives of the same facts, but we believe this not to be so. Both sexes seemed to us to be equally knowledgeable about the herding of the family livestock and most other daily chores. The sexes no doubt had specific, daily tasks, but we are unable to detect any significant variation in our data based on the sex of the respondent. On this basis we conclude that all our respondents had sufficient knowledge to answer the questions in our questionnaire regardless of sex or age.

Our interviews with the nomadic families had a tendency to end up in group-interviews no matter how many persons we started out with. Neighbours and relatives were quick to gather and to lend an opinion to our subject. This might have resulted in us missing out on the diversity of opinions and getting a consensus in stead, but we do not view this as a serious flaw to the credibility of our results. That our subjects might have withheld or twisted sensitive information is a larger problem. Subjects could have been tempted to do this in order to appear more in need of help even if we stressed in our introduction before each interview that we were merely students trying to learn. After all we were connected with the Red Cross, and the role of this organisation in the region is unquestionable humanitarian. Even a seemingly reliable source of information like our township records might hide errors. For instance it is strange that the township records show an increase in numbers of yaks and horses even in 1998 when half of our respondents reported an average loss of 49 % of their yaks. Assuming an error hides behind this imbalanced information, it will only be speculation whether it originates in the township records or in the information we got from our respondents.

Background
The Yak (B. grunniens)

The domestic yak is believed to have descended from wild yak caught and tamed by ancient Qiang people in the Qiangtang and other areas of northern Tibet. This process could have begun as early as 10 000 years ago in the late Stone Age (Cai and Wiener 1995), but at least domestic yaks are recorded in the literature of the Western Zhou dynasty in about 850 B.C. At least 12 million domestic yaks now occupy the highlands of central Asia in the countries India, Bhutan, Tajikistan, Kazakhstan, the Peoples Republic of China, Nepal, Mongolia and Russia (Arora 1998, Schaller 1998). Estimates of total wild yak numbers vary a lot, but Schaller (1998) and Miller (1998) states that a total population of about 15 000 animals seems like an appropriate suggestion. These rare animals can today only be found in the high and remote core areas of the Qinghai – Tibetan Plateau, but not more than 30 years ago herds of wild yak were common in the North and Western parts of the Sichuan Province. Illegal hunting and encroachment from the expanding population in the area seem to be the main reasons for the rapid decimation of populations of wild yak (Schaller and Wulin 1996).

Yaks are better physiologically and anatomically adapted to life in habitats in high altitudes (between 2 500 and 6 000 meters) with large seasonal variations in fodder availability and a wide variation in temperatures than other livestock species. The three-layered yak coat, the compact body with small extremities like ears and genitals additionally protected by hair and non-functional sweat glands makes the yak extremely adapted to cold but intolerant to heat. According to Cai and Wiener (1995), the lowest temperature the yak can survive has not been recorded, but temperatures can drop as low as -40º without the yak having to increase its metabolic rate to resist the cold. The yak seems to thrive as long as the annual mean temperature does not exceed 5ºC and the mean temperature in the warmest month is below 13ºC. The yak is surefooted across all types of terrain due to narrow and sharp tipped hooves, it has lips and teeth well adapted to permit close grazing, it stores subcutaneous fat to supplement limited grazing in the winter and has a substantial capability for respiratory exchange due to its lungs and heart being larger than other bovines (Wu 1996).

Yaks reach sexual maturity between their second and forth summer depending on which month the yak was born, how long it was allowed to suckle and its overall condition and weight (Zi 2003). If a yak is borne in April rather than June, it has a better chance of putting on enough weight so that it will reach sexual maturity the following summer. Yaks are normally not put into breeding until they are four years even if they mature sexually at an earlier age (Cai and Wiener 1995, Zi 2003). Female yaks normally come into estrus in July – August, earlier in low elevations and later in higher areas, and the gestation period is 250 to 260 days. Zi (2003) found that 78 % of female yaks in Sichuan were pregnant after one attempt at fertilization, between 5 and 10 % of pregnant females loose the fetus prenatally and 90 % of the calves survive postnatally if they are allowed to suckle and mothers are not milked more than once daily. Postnatal calf mortality rates might increase substantially if the mother is milked twice daily (Zi 2003). The reproductive rate for most yak types varies from 40 to 70 % (Cai and Wiener 1995, Han and Zhang 1996). Almost all aspects of yak reproduction are linked to the condition of the individual animal, which again is dependent on the amount of available forage throughout the season.

Yak growth is largely dependent on season. Mature yaks routinely loose 30 % of their bodyweight during the cold season and put the weight back on in addition to growing heavier as they get older on summer and autumn pastures. Yaks have a fast growth rate up to the age of 2.5 years, then it slows down until they reach the age of four after which the bodyweight varies substantially with seasons (Xiaolin et al 2002). The lactation length for yak cows is 5 to 6 months with the highest yield in June, July and August. The daily milk yield averages between 1 and 2 kg (Arora 1998, Changxiu et al 2002, Xiaolin et al 2002). In Sichuan yak breeding remains vital for the regional economy as well as for local subsistence. This is easy to appreciate when 59 % of the Province’s land area is rangeland with no other opportunities for employment for the local people of which the vast majority are ethnic Tibetans. In 1990 274 200 people based their subsistence on yak husbandry in Sichuan Province (Wu 1996).

Managing Livestock and Pastures in Long Deng

In Long Deng, as in many neighbouring areas in the mountainous parts of North – Western Sichuan Province, male family members most often herd yaks. Milking is a job for females, and as soon as it is completed early in the morning the herd starts grazing. The yaks will then continue grazing until it gets dark when they are rounded up and guided to a small pen around or close to the family tent to spend the night (Wu 1996). Traditionally all the livestock that belongs to a family were herded together, but recently herds have been divided into different categories of yak including young and reserve animals, dry females, lactating females and pack animals (Wu 1996). Sheep, goats and horses are also herded separately provided that the family can muster enough herders. The advantage of keeping mixed herds is that yaks, sheep, goats and horses together maximize the utilization of the rangeland vegetation by combining their respective adaptive grazing habits (Wu 1997, Miller 2002). From a study of diet selection Cincotta et al (1991) reported that yaks consume a variety of rangeland vegetation avoided by sheep and goats but that these in turn foraged browse that the yaks ignored. Herd dispersion is a risk reducing strategy adapted in many areas on the Qinghai – Tibetan Plateau aimed at reducing losses to forage shortages and theft (Cai and Wiener 1995). Parts of the herd can be up to five kilometres apart provided there is enough labour within the family or group of families for herding. In Long Deng it was customary for many of our respondents to cooperate with neighbouring families in livestock herding for large parts of or throughout the year. Yaks from several families were grazed together during daytime but were separated by family ownership during the night and kept close to the family tent. This is a practice that is normal for herding, especially in the warm season, all over the Qinghai-Tibetan Plateau (Cai and Wiener 1995). Most families in Long Deng spend their summers above 3 800 metres and herdsmen and livestock are sent to higher pastures as the season progresses until they gradually descend towards autumn. During the warm season the family will move with the yak herd a number of times depending on the size of the herd and the state of the pastures. More animals and short grass means frequent moves. During winter and spring moves are fewer and if the size of the herd is small and the family have enough supplemental forage, they may choose to stay in one place throughout the cold season.

The pastures in Long Deng are divided in to three main areas; the summer areas in the high, northern parts, the autumn area in the low south and the winter and spring area to the southwest. The families graze their livestock in the summer area from June through to October, from October to November in the autumn area and from late November to June in the winter and spring area. The government officials in Long Deng let the families move as often as, and wherever they want within summer and autumn pastures, but in the winter and spring area grazing is very limited so the officials decide where each family is to reside. About 85 % of the families in Long Deng have houses connected to the winter and spring area and the government continue to subsidize the construction of houses here. This pattern of seasonal vertical migration from lower and south faced cold season pastures to higher warm season pastures in the north is a necessary adaptation to climatic conditions and can be found in many areas on the plateau in Sichuan and in other provinces (Wu 1996). The explanation for this elevational migration pattern is that below 3 500 metres and on south faced hillsides the sun might melt the snow even during winter when the high northern pastures are covered by snow and ice. To fully exploit all the available rangeland, these northern pastures must be grazed during the warm season. Local topography naturally varies a lot and consequently contrives local adaptations when it comes to migration patterns. It is often difficult to distinguish four separate seasons on the plateau so many townships in Sichuan only have cold season and warm season pastures. Some also have a third transit area between the other two for use en route in autumn and spring (Wu 1996). 

Livestock management and nomads through out history

Since the domestication of the yak, pastoral communities on the Qinghai- Tibetan Plateau have adapted life and livestock herding to the flexible short-term variations of the prevailing climatic conditions. The semi-sedentary, migratory herding system enabled nomads to produce sufficient quantities of animal products for their own households and for trade. Before 1949 the rangeland was the property of powerful landlords and monasteries to whom the nomads owed allegiance, paid taxes and provided labour, but the nomads were in charge of the management of the grasslands and their herds (Goldstein and Beall 1990). The communal discipline needed for this was attained trough a set of institutional agreements within the communities (Wu and Richard 1999).

Throughout history Tibet has been loosely subordinate to China with it’s own officials and own laws. With the Communist Party seizing power in 1949 the Chinese interest in Tibet grew, and two years later a “seventeen point agreement for the peaceful liberation of Tibet” was signed giving China sovereignty. With the establishment of the TAR the old Tibetan border to the Sichuan Province was pushed west to include everything west of the Yangtze River. Ten years later the Communist regime established the Gongse (people’s commune) system that marked the beginning of a modern pastoral development (Schaller 1998, Wu and Richard 1999). The Chinese government wanted to gradually introduce the “social line” to the Tibetan nomads, so it was not before the end of the 1960’s that steps were taken to introduce a communal livestock production system (Goldstein and Beall 1989, Miller 2000). Private ownership of livestock was abolished and soon forced sales and high taxes threw the nomads into a widespread poverty (Goldstein and Beall 1989). Making the livestock communal property radically altered the traditional management system (Wu and Richard 1999). Attempts were made to make the nomads more sedentary and to create a more efficient animal production system (Shaller 1998, Wu and Richard 1999). Despite these changes the traditional moves to seasonal pastures were maintained and allowed. Even if efforts were not aimed at diminishing the geographic scope of the pastoral tradition, the nomadic culture and pastoral production system were severely attacked (Goldstein and Beall 1989, Goldstein and Beall 1990, Miller 2000). In 1981 the Gongse system was abolished, once more providing the nomads with free access to the grassland. When the increasing degradation of the rangeland became apparent during the beginning of the 1980’s, this soon became the focus of attention (Wu and Yan 2002). Chinese authorities claimed that the traditional pastoral system and livestock management was unsound and led to overstocking, overgrazing and consequently rangeland degradation (Miller 2000, Wu and Yan 2002). It was allegedly a true embodiment of Hardin’s (1968) “tragedy of the commons”. The solution to the problem was sought in a privatisation of animals and pastures. Trough a de-collectivisation process livestock was distributed among the families (Goldstein 1996, Banks et al. 2003). At first the rangeland was allocated to small groups of nomads, but in the mid 1980s individual households became the landowners (Miller 2000). In the TAR the privatisation of rangeland has not yet been fully implemented because of the low production of the pastures and the expenses involved in the fencing of individual properties (Miller 2000). Daofu County is in the process of implementing privatisation, but this development has not yet reached Long Deng. According to Goldstein (1996 b) and Miller (2000) the privatisation process involves several development programs, which on a national level consist of:

1. The fencing in of parts of the best winter pastureland to provide forage during the lean spring months (or when livestock appear weak and in need of more food during the senescent period). 
2. The construction of animal shelters to be used during the harshest periods of the cold season.
3.  The cultivation of fodder in corrals during the summer when these are not used by livestock, oats is the recommended crop.
4.  The construction of permanent dwellings for the herders at their winter pasture site. 
In Long Deng some nomads were subsidised to construct houses and a few of the families we visited were cultivating additional fodder for their animals. However, a full implementation of these development projects still lies in the future for this township. The post 1980 development policy also included tax-exempts for all Tibetan farmers and nomads until at least 1990 (Goldstein and Beall 1989).

In Ganzi Prefecture the development of animal husbandry can be said to have gone trough three different stages the last fifty years (Ben, pers. med.). From the beginning of the 1950’s large efforts were made to eliminate a number of livestock diseases. The veterinary service was expanded and made available to the nomads. During the 1960’s the focus was changed to developing new breeding techniques. Goats were the animals in focus and breeds from Mongolia were introduced to the area on a large scale. As late as 1996 a large number of goats were introduced to Long Deng. The idea was to transform the livestock system into focusing on fewer and more productive animals. Besides increasing productivity and the valuable cashmere the Mongolian goats were prioritised because of the increased diversification they represented in terms of grazing. Yak, sheep and goat feed upon different types of vegetation, which allows for a maximized utilisation of the limited grazing resources on the Qinghai-Tibetan Plateau (Cai and Wiener 1995). By the end of the 1980’s there was a new administrative change into the present management policy for livestock and rangeland on the Qinghai-Tibetan Plateau. The degrading rangeland called for projects designed to improve grassland quality. According to the Chengdu Department of animal husbandry this process is still in its preliminary face. The government grant to Ganzi Prefecture for rangeland improvement projects was increased from US$ 206 000 (CHY 6 million) in 2002 to US$ 1.29 million (CHY 10 million) in 2003. A substantial part of these funds go into a five-year training project that aims at improving the nomad’s skills in modern livestock management. One of the techniques used is that the government pays for a rangeland technician to work with a group of five families. The technician will train the nomads in subjects like animal diseases, cultivation of additional fodder and producing livestock for sale. This year close to 10 000 families in Ganzi Prefecture took part in the project. A further US$ 206 000 (CHY 1.6 million) goes into ecosystem restoration (the planting of trees and productive grass species) and yak breeding programs. In addition to the rangeland projects the policy is directed towards making the nomads more sedentary. The Chengdu Department of Animal Husbandry state the following goals for their development projects:

· Improve access to roads, electricity and water for the nomads.

· Provide permanent dwellings for the nomads.

· Fenced-in properties to secure grazing resources for the livestock.

· Provide health care, schools, transportation and other services.

· Increase the economic growth by raising the income for the nomads.

· Improve the ecosystem, and secure rangeland for the livestock production.

The five-year training project is seen as one of the most important means to reach these goals. A set of economic reforms will in addition make it easier for the nomads to take part in the development. Nomads in Ganzi Prefecture still benefit from the tax-exemption introduced in the 1980’s. A few households also receive government grants to build houses and last year Long Deng Township received US$ 130 000 (CHY 1 million) to fund this and other projects. Families who receive grants get US$ 1 540 (CHY 12 000) each and are expected to cover additional expenses themselves. Transportation costs are reduced for the nomads so that transportation of i.e. animals or materials for fences and houses  will be made easier. 

Climatic changes and its management implications

The high-frigid meadows in the northwestern parts of Sichuan province lie in the Himalayan rain shadow. When southwesterly winds reach the region 90% of the precipitation has already been deposited on the southern slopes of the Himalayas (Chang 1981). The annual precipitation ranges from 400 mm in the west to 700 mm in the east (Chang 1981, Wu 1997) and most of it fall during the summer months (Chang 1981, Wu and Yan 2002). The mean temperature trough the year varies from -3ºC to 6ºC (Chang 1981, Wu 1997) and the eastern parts experience a growing period of 120 to 180 days (Wu 1997). This period decreases from east to west. Another important climatic feature is the snow and cold during the winter months. Snow accumulation during the winter and spring are relative common. According to Linziduojie (1996), northwest Sichuan experience 50-70 days of snow in a year. 

Throughout history humidity and temperature has oscillated on the Qinghai-Tibetan Plateau (Miehe 1996). Scientific research the last decade show clear indications of new changes in climate (Yingchun and Qingpin 2002). The temperature is gradually dropping, the precipitation has decreased and the southwesterly föhn-winds have grown in strength (Miehe 1996). The snowstorms in the region have also become stronger and more frequent (Miller 2000, Miller 2001, Yingchun and Qingpin 2002, Wu and Yan 2002). The northwestern parts of Sichuan are already one of the regions in China with the highest frequency of snowstorms (Linziduojie 1996, Wu and Yan 2002). A further increase in strength and frequency of snowstorms will undoubtedly have an impact on the rangeland ecosystem and the livestock production system.  It is not necessary to look into the future to see the effects of the current climatic changes; the Kobresica pygmaea, which is important for grazing and a dominating specie in the High-frigid meadows that make up 62.28% of the total vegetation on the rangeland in Sichuan (Wu  1996), is rapidly decreasing. The disappearance of K. pygmaea leaves an arid, unproductive landscape known as “Black beach”. This type of rangeland degradation has often been associated with human activity and overgrazing from livestock but the logic of this reasoning might be questioned as K. pygmaea retains most of its biomass close to the surface. This prevents grazing animals from eating the whole plant and the dense rhizome matt remains unaffected by trampling (Miehe 1996, Yingchun and Qingpin 2002). It is more plausible that climatic change is the primary explanation for the decrease of K. pygmaea and that human activity accelerates this development (Miehe 1996, Yingchun and Qingpin 2002).  

Vegetation belts on the Qinghai-Tibetan Plateau have probably shifted considerably during the Holocene, just as they have been known to do in other arid and semi-arid parts of the Old World (Miehe 1996). The dynamic structure of these environments has recently led scientists into considering them to be non-equilibrium ecosystems (Behnke 1993, Miller 1997, Roe et al. 1998, Miller 2000). Opposed to traditional equilibrium systems where relative stability and predictability are factors, climatic variability is an essential part of non-equilibrium ecosystems. To describe the ecosystem a “state and transition”-model is used (Miller 1997, Roe et al. 1998). This model involves a threshold of transition between different vegetation states. Succession is not a directional process where one state follows the other until a climax is reached, on the other hand fires, droughts, grazing, etc. can bee thought of as inducing transitional shifts in a non-equilibrium ecosystem. Miller (1997) mentions three criteria that have been used to identify non-equilibrium ecosystems: a coefficient of variation of annual rainfall greater than 30%, areas that receive less than 300-400 mm of precipitation annually or dry/cold regions where rangelands are subjects to severe blizzards. Schaller (1998) points to the amount of precipitation during the growing season on the eastern Plateau, and uses this to advocate his view that this region probably exhibits characteristics of an equilibrium system. Behnke (1993) however, suggests that all arid and semi-arid rangelands should be considered to be non-equilibrium ecosystems. Semi-arid rangelands have an annual rainfall between 400-600 mm, and a growing period of 75-120 days (Rockström 2000). Even if Long Deng and north-west Sichuan can not be viewed as semi-arid rangeland by definition, the frequent snowstorms still might make defining it as a non-equilibrium ecosystem the best option. This will have important implications for range management in the region as the most common models on carrying capacity are developed in areas where climatic variability is not very high and the grazing pressure from livestock is believed to be the most important factor affecting vegetation (Miller 1997). “State and transition” models are on the contrary driven by unpredictable events (climatic and human induced). Achieving a steady state or equilibrium between livestock numbers and forage production is not possible in many non-equilibrium range ecosystems (Roe et al. 1998). This makes it vital to maintain the flexibility of the traditional livestock system in northwest Sichuan. Only by being able to quickly increase animal numbers during good periods and likewise decrease them when that is called for, will the nomads have the possibility to exploit the full production potential of the rangelands.

Results

Demographic data

The basic demographic data of our study population of 57 families are presented in Table 1. We do not believe the unequal sex ratio to be representative. During the last week of our survey we got access to the townships demographic data for the last decade (without being allowed to make copies). These data showed a balanced sex ratio. We believe that when families were asked how many male persons there were in the family they did not include male infants. During our fieldwork we observed both sexes taking part in livestock husbandry activities, and the family size was to some degree determining the number of yaks each household could have (Table 2).

Table 1. Demographic data of the survey population in Long Deng (n=57). Source; questionnaire I and II.

	
	Adults


	Children
	Male
	Female
	Total family members

	Total study population
	213
	123
	120
	202
	336

	Mean per family
	3.74
	2.16
	2.18
	3.67
	5.90

	Standard deviation
	1.33
	1.33
	1.39
	1.55
	1.80


Table 2. Regression analysis. Family size and composition of sexes correlated with number of yaks and yak mortality amongst the families in our survey group in Long Deng (n=57). Source; questionnaire I and II.

	
	p-value
	r²

	Number of yaks versus family size
	0.005
	0.14

	Number of yaks versus grown-ups in family
	0.002
	0.16

	Number of yaks versus male persons in family
	0.000
	0.23


Household economy

According to Miller (2000), a minimum of 25 SEUs1 are required per person in a household to meet basic needs in the TAR. We use this to classify our study population into the categories poor, intermediate and rich (Figure 1). Many of the families that are in the intermediate section today are in danger of being pushed below the 25 SEUs per person minimum and into poverty if a snow disaster occurs. The main source of income for the families comes from selling animals and livestock products (hides, meat, dairy products etc.), but the gathering and selling of medicinal plants also contribute to an important part of the revenue for many (n=49) (Figure 2). Cóng căo (Chinese caterpillar fungus, Cordycepes sinensis) and Beì mŭ (Fritillaria cirrosa) were the most important species, but several fungi and Qiāng húo (Notopterygium forbesia) were also widely collected (see appendix II).
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Figure 1. Families in our survey group in Long Deng (n=57) classified into three categories of wealth according to Sheep Equivalent Units (SEU) per family member (1 yak = 5 SEUs, 1 horse = 6 SEUs, 1 goat = 0.90 SEUs (Miller 2000)). Source; questionnaire I and II.
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Figure 2. Families in our survey group in Long Deng (n=57) stating their main source of income. Source; questionnaire I and II.

The families who sold dairy products were found to be wealthier, in terms of SEUs, than the average in our group  (Table 3).  Only a few families sold yak meat or live animals (yak or horse). Even if these had a mean number of SEUs per family higher than the remaining families the difference was not statistically significant (Table 3)

Table 3. Mean number of Sheep Equivalent Units (SEU) for families in Long Deng that sell animals or animal products (n=57). 1 yak = 5 SEUs, 1 horse = 6 SEUs, 1 goat = 0.90 SEUs (Miller 2000). Source; questionnaire I and II.

	SEUs per person for families:
	Abs.

res*.
	Mean
	Min. value
	Max. value
	St.dev
	p-value**

	In Long Deng***
	57
	34.7
	6.7
	97.4
	18.5
	-

	That sell butter
	28
	38.8
	12.0
	97.4
	21.5
	0.078

	That sell cheese
	17
	44.7
	18.7
	97.4
	22.7
	0.017

	That sell live yak
	13
	39.6
	24.3
	62.3
	10.8
	0.255

	That sell meat
	5
	47.6
	12.0
	97.4
	38.4
	0.103

	That sell live horse
	3
	58.5
	29.0
	97.4
	35.2
	0.021


*     Absolute response, families that sell the item of interest.

**  Unstacked ANOVA. Families that sell the item of interest versus families that do not sell.

***Amongst our survey group. 

Livestock information

The development trend for the numbers of yaks and horses in Long Deng from 1992 to 2002 has been a steady increase except for the decrease from 1999 to 2000 as a result of a very harsh winter (Table 4). Sheep numbers have been dropping, and so has goat numbers except for the dramatic increase in 1996 when the government launched an incentive to focus livestock production on goats. Goats were handed out to the nomads to increase the production of the valuable goat-cashmere but this policy was later abandoned. Another noticeable change has taken place in the composition of the different animals in the herd. There has been an increase in number of yaks per family, while goats and especially sheep have seen a dramatic reduction (Figure 3).

Table 4. a) Population development in Long Deng. b) Development in livestock numbers in Long Deng. c) Development in Sheep Equivalent Units (SEU) per family and per person in Long Deng. 1 yak = 5 SEUs, 1 horse = 6 SEUs, 1 goat = 0.90 SEUs (Miller 2000). Source; Township Records, 2002. 

	a)
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Families
	271
	277
	281
	285
	310
	315
	295
	295
	326
	326
	329

	Population
	1534
	1534
	1532
	1550
	1530
	1550
	1564
	1564
	1630
	1668
	1677

	Pers/family
	5.6
	5.5
	5.5
	5.4
	4.9
	4.9
	5.3
	5.3
	5
	5.1
	5.1


	b)
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	Yaks
	12026
	12340
	12775
	14095
	15390
	17089
	19109
	19688
	18759
	19536
	19898

	Horses
	1307
	1327
	1319
	1330
	1492
	1608
	1673
	1822
	1760
	1806
	1931

	Goats
	341
	224
	150
	138
	749
	702
	589
	479
	500
	321
	284

	Sheep
	3467
	3385
	3080
	3467
	4352
	2926
	2004
	1835
	1959
	1284
	1365

	Tot. Animals
	17141
	17276
	17324
	19030
	21983
	22325
	23375
	23824
	22978
	22947
	23478


	c)
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002

	SEUs/family
	264.7
	264.4
	266.9
	287.9
	293.3
	313.2
	366.5
	378.4
	327.5
	337.7
	342.5

	SEUs/person
	46.8
	47.8
	48.9
	52.3
	59.4
	63.7
	69.1
	71.4
	65.5
	66
	67.2



[image: image5.wmf]84.8

82.6

75.0

70.2

8.2

7.6

7.3

7.6

1.2

2.0

3.4

2.0

5.8

7.7

14.3

20.2

1992

1996

1999

2002

Sheep per family

Goats per family

Horses per family

Yak per family

Figure 3. Changes (in percentage) in species composition in the herds in Long Deng from 1992 to 2002. Source; Township Records, 2002

In Long Deng Township the numerically and economically most important livestock species is the yak. Horse is the second most numerically important species followed by sheep and goat (Table 5). In our study population sheep are more numerous than horses, but when livestock numbers are converted into SEUs this dissimilarity between our study population and the Township average is less evident (Table 5). When the number of livestock or SEUs per family is used as a measure of wealth it is obvious that the average of our study population is well below that of the Township average (Table 5).

Table 5. Livestock per household in our study group and in Long Deng Township (n=53). Source: Township Records, 2002 and Questionnaire I and II.

	
	Yak
	Sheep
	Goat
	Horse
	Total livestock

	Number of animals per family 

(% of total livestock)
	32.97

(72.77)
	5.84

(12.90)
	2.14

(4.73)
	4.35

(9.61)
	45.30

(100)

	SEUs * per family 

(% of total livestock)
	164.83

(82.95)
	5.84

(2.94)
	1.93

(0.97)
	26.11

(13.14)
	198.70

(100)

	Township mean number of animals

(% of total livestock)
	60.48

(84.75)
	4.15

(5.81)
	0.83

(1.21)
	5.87

(8.23)
	71.36

(100)

	Township SEUs  

(% of total livestock)
	302.40

(88.28)
	4.15

(1.21)
	0.78

(0.23)
	35.22

(10.28)
	342.54

(100)


* SEU = Sheep Equivalen Unit. 1 yak = 5 SEUs, 1 horse = 6 SEUs, 1 goat = 0.90 SEUs (Miller 2000).

When considering the structure of the average yak herd of our respondents we find a disproportion in terms of sex in favour of female yak. This is only to be expected from a domestic herd. In fact the proportion of male yaks would look high from the viewpoint of a cattle farmer in the Europe. The disproportion of sexes in the death rate for the winter of 2003 is even larger than the one in the live herds but not significantly so (p=0.58) (Table 6a). The production of calves in the spring 2003 was not large enough to compensate for the losses of yaks during the winter and consequently production in the herds of our respondents turned out to be substantially negative (Table 6b). After adjusting our results (see methods) we found a pregnancy rate of 77.1% and a reproductive rate of 61.2% in the herds of our respondents (Table 6c). 

Table 6. a) Composition and deaths in terms of sex in the yak populations of our respondents (n=50) in Long Deng. Source: Questionnaire I and II. b) Yak production in 2003 (n=50) amongst the families in our survey group in Long Deng. Source: Questionnaire I and II. c) Proportion of calf-bearing cows (n=50). Source: Questionnaire I and II.

	a)
	Male yaks
	Female yaks
	Total yaks

	Total number of animals in May 2003
	707
	902
	1609

	(% of total yaks)
	(44)
	(56)
	

	Losses of yak (May 2002 – May 2003)
	187
	275
	462

	(% of total losses)
	(40)
	(60)
	


	b)
	New born calves
	Pregn. cows*
	Total calves

***
	Yaks butchered + yaks sold
	Yaks lost
	Total decrease
	Production

	Number of animals
	180
	152
	332
	41
	462
	503
	- 171

	(% of total yaks)
	(11.2)
	(9.5)
	(20.7)
	(1.9)**
	(21.9)**
	(23.8)**
	(- 8.1)**


* Cows still pregnant at the time of the interview. Twin births are so rare that they can be ruled out (Cai and Wiener 1995).

** Calculated from total yak (1609) + total decrease (503).

*** Newborn + pregnant

	c)
	Calf-bearing cows *
	Lactating cows without calf
	Fertile cows **

	Number of animals
	332
	181
	513

	(% of fertile cows)
	(64.7)
	(35.3)
	(100)


* Derived from total calves (table 6b). Twin births are ruled out.

** Derived from total number of lactating cows.

Animal losses.

Yak losses this winter were substantial. Families had lost on average 21.9 % of their yaks at the time of our survey. Nomads stated shortage of fodder, cold/snow and disease as the major causes for yak losses both in catastrophic years (years when families lose more than 35% of their yaks) and in the winter of 2002/2003 (Figure 4).
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Figure 4. Comparison of causes for yak deaths from May 2002 to May 2003 (n=52) and years with catastrophic losses (n=21) in Long Deng Source; questionnaire I and II.

When asked to rank the importance of the five most frequently stated causes, shortage of fodder was said to claim most animals (Figure 5). The three highest ranked causes; shortage of fodder, snow/cold and disease, are not believed to be discrete factors since a lasting heavy snowfall will reduce accessibility to fodder which in turn will weaken the animal and make it more vulnerable to diseases. Thus, the different sequence in which these three are ranked against each other in Figures 4 and 5 should not be given much notice.
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Figure 5. Families in Long Deng ranking the five most important causes for yak losses in any given year. Points from 0 to 2 represent a relative gradient of importance. 0: no animals lost to this cause, 1: some animals lost to this cause and 2: many animals lost to this cause. (n=57). Source; questionnaire I and II.

The most important diseases in Long Deng were endoparasites in lungs or in other parts of the intestines. Gān piān xín xí chóng (Chinese name) is an endoparasite that attacks the liver of the animals and if it is not treated it can cause a considerable amount of deaths. Fèi sī chóng (Chinese name) is the most common parasite in the lungs. Early in the spring animals are also susceptible to a gastric disease, Lìú wèì gù qì (Chinese name), after eating “bad” grass. A high production of gas causes the rumen to swell, and without treatment this can be fatal. The panmictic animal disease Anthrax, Tàn jū (Chinese name), can also be found from time to time, but is considered to be under control by Chinese veterinaries. For a complete list of diseases, medicines and important plants see appendix II.   
Preventive measures

In addition to traditional knowledge of diseases and the use of the local veterinary service families in Long Deng utilized a set of management strategies (constructing shelters for the animals, collect grass form the wild, sow seeds and grow additional grass or setting aside parts of the rangeland for use during late winter or early spring months) to prevent their animals from dying during the winter. The families who could invest the most in terms of labour on their animals (number of yaks divided by family size or adult persons) lost a lower percentage of their herd (Table 7). Families ranked shed for animals, veterinary services, collecting grass, growing grass and setting aside grass to be very important in preventing their animals from dying (Figure 6). However, the only measure we found to have any statistically significant effect on yak mortality amongst our survey group was cultivation of additional grass (Table 8a). Families that grew additional grass experienced this year an average loss of 19.69% where as the remaining families had an average loss of 25.12%. Rich families, in terms of SEUs, could afford to buy more seeds and also had a lower percentage of dead yak (Table 8b).

Table 7. Regression analysis. The relationship between how much labour each family in Long Deng can invest on each yak and the yak mortality (n varies). Source; questionnaire I and II.   

	
	n
	p-value
	r²

	Yak mortality (%) versus yaks per family member
	57
	0.026
	0.09

	Yak mortality (%) versus yaks per adult in family
	57
	0.044
	0.07

	Yak mortality (%) versus yaks per male in family
	52
	0.671
	0.004
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Figure 6. Families in Long Deng (n=55) were asked to rank the importance of different measures in preventing animals from dying. 0 points were assigned for not important, 1 for important and 2 points if the measure was very important. Source, questionnaire I and II.

Table 8. a) The effect from a set of measures believed to prevent animals from dying on yak mortality in Long Deng (n varies). Positive response refers to families that used a particular measure. Source, questionnaire I and II.  b) Regression analysis showing family Sheep Equivalent Units (SEU) correlated with yak mortality and kilo seeds (for cultivation of additional grass) for each family in Long Deng (n varies). 1 yak = 5 SEUs, 1 horse = 6 SEUs, 1 goat = 0.90 SEUs (Miller 2000). Source; questionnaire I and II.

	a)

	n

	Yes**

	No**

	p-value*


	Shelter***

	57

	36

	21

	0.621


	Setting aside grass

	43

	10

	33

	0.106


	Growing additional grass

	57

	25

	32

	0.047


	Use of veterinary

	52

	16

	36

	0.403


	Traditional knowledge of how to cure animals

	57

	40

	17

	0.895


	Collecting grass from the wild

	57

	54

	3

	0.123



	


*   Unstacked ANOVA. Families that use the measure of interest versus families that do not.

** Answers are given as absolute responses.

*** Only families who constructed a separate shed or had a separate tent for the livestock were defined to have answered ‘yes’

	b)
	 n
	p-value
	r²

	Percentage dead yak versus SEUs/person in family
	57
	0.035
	0.08

	Kilo seed versus SEUs/person in family
	16
	0.009
	0.39


The measure used by most families was the collection of grass from the wild as an additional source of fodder for their animals during the winter and spring months. The quantity collected by each family was very limited and only had a function as an emergency resource (Table 9a). Young animals were most frequently given this grass (Table 9b). Collecting grass from the wild was also regarded as the most important measure for preventing animals from dying (Figure 5). 

Table 9.  a) Amount of grass collected, and the number of months grass is fed to yak by families in Long Deng (n=54). Source; questionnaire I and II. b) Families in Long Deng included in our survey that collect surplus fodder from the wild, and description of which yaks that are fed (n=57). Source, questionnaire I and II. 

	a)

	Mean

	Grass collected/family

	286.9 kg


	Grass collected/yak

	10.2 kg


	Number of months grass is given

	3.5 months



	


	b) 
	Yes*
	No*
	p-value**

	Do you collect grass?
	54
	3
	0.123

	Do you give grass to young animals?
	45
	10
	0.390

	Do you give grass to sick animals?
	38
	17
	0.081

	Do you give grass to old animals?
	21
	34
	0.079

	Do you give grass to healthy animals?
	8
	47
	0.456


*    Answers are given as absolute responses.

** Unstacked ANOVA. Families that give grass to animals of interest versus those that do not.

Government aid

Additional fodder was by far the relief most wanted by the nomads to prevent animals from dying (Figure 7). To our knowledge only three government projects were directly designed to address this problem. During the winter months families received salt and tea, high-energy fodder or wheat for their animals (Figure 8). However, the amount given to each family was very limited and all families that received some sort of relief answered that they did not receive enough. On average families received 4.07 kg tea (n=28), 5 kg high-energy fodder (n=21) or 28 kg wheat (n=10).
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Figure 7. Families in Long Deng (n=57) naming the most important relief they can receive from the government to prevent their animals from dying. Source; questionnaire I and II.
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Figure 8. Families in our survey group that received some sort of relief for their animals from the local government in Long Deng the winter of 2002/2003  (n=57). Source; questionnaire I and II.

Rangeland quality


Almost all families in our survey wanted to increase the size of their herd (Table 10a). When asked about the potential number of animals that could be managed by the family all but three (n=43) gave a number much higher than what they had this year. However, the structure of the land policy in Long Deng makes us uncertain of how this question was perceived by the interview objects. None of the families we asked seemed to think there had been a degradation of the rangeland during the last decade (Table 10a). Still a few nomads expressed that there were too many animals in Long Deng. Most families were content with the pastures they had access to, but more than half of the asked families wanted to move more often (Table 10b). When asked to rank different assets regarding the location of their pastures families expressed a discontent over market accessibility. Also quality of winter and spring pastures was ranked low (Figure 9).

Table 10. a) Rangeland quality as reported by families in Long Deng (n varies, answers are given as absolute responses) Source: questionnaire I and II. b) Showing how content the families in Long Deng are with their pastures (all seasons) (n varies). Source; questionnaire I and II

	a)
	n
	Yes*
	No*

	Do you want more animals?
	57
	56
	1

	Do you use any indicators to determine the condition of you grassland?***
	31
	14
	17

	Is pasture degradation a problem?**
	42
	0
	42


*     Answers are given as absolute resposnes

**  By asking if the grassland was better, worse or in the same state as 10 years ago.

***The following has been interpreted as knowledge of pasture quality; by judging from the condition of the animals, areas with lots of faeces (yak dung) are good land for grazing, grassland in the forest areas are of lesser quality, avoiding specific plants that can cause animals to get sick, from the amount of water in the faeces, grass in higher regions are of better quality, grass in moist environments are of bad quality and the more seeds a grass produces the better is the quality.

	b)
	 n
	Yes
	No

	Would you like to move more often? 
	43
	25
	21

	Would you like access to other pastures?
	55
	14
	41
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Figure 9. Families in Long Deng (n=55) ranking different rangeland assets (distance to water, distance to market and quality of winter, spring and summer pastures).  Points represent a relative gradient of quality. 1: very bad, 2: bad, 3: good, and 4: very good. Source; questionnaire I and II.

All animal losses this year took place in a period from January up to the time of our survey. Not only is this the time of year when fodder is least available, but also the time when the families are most sedentary. This prevents the animals from reaching new grazing land in a time when quality is already reduced (Figure 10).
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 Figure 10. Migration throughout the year (n=44) seen together with the time of year when families in Long Deng loose yak (n=48). Due to difficulties with translation to western calendar only families with less than six moves per year were included in the mobility data (see methods for discussion of source of error). Source; questionnaire I and II.

Ren et al. (1955) estimated a rangeland carrying capacity for yak to be 130-150 heads/hectare/day (or 650–750 SEUs), which still has it’s validity amongst rangeland experts (eg. Williams 1996, Xing and Cianci 1996). This is used as basis for estimating the sustainability for each of the three seasonal grazing parts (Winter/Spring, Summer and Fall) of Long Deng (see methods). Even if we question the legitimacy of labelling the rangeland in Long Deng with a given carrying capacity (see discussion), using this range model can provide some information. In Long Deng the summer rangelands occupy the largest areas but in terms of days used the combined winter and spring rangelands suffer the highest grazing pressure (Table 11). The pressure on the rangeland is too high both during fall and Winter/Spring with the latter being the worse. During summer grazing the animal numbers are well below the potential limit (Figure 11). 

Table 11. Total rangeland (379 km²) in Long Deng divided on the three seasonal rangelands, and the number if days each part is inhabited.  Source; township officials. 

	
	Area in hectares
	Number of days used

	Winter and Spring rangelands
	11674
	182

	Summer rangelands
	18238
	91

	Fall rangelands 
	7987
	91
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Figure 11.  The three seasonal grazing areas in Long Deng compared in terms of an estimated carrying capacity (after Ren et  al. 1955) of 700 SEUs/hectare/day.  Source; Township records, 2002

Discussion

The evil spiral

The nomadic pastoralists in Long Deng were clear in naming shortage of fodder, diseases and cold and snow as the three major causes of yak losses in the 2002 – 2003 season. Out of these shortage of fodder was considered to be the most important factor. This was supported by the fact that shortage of fodder also was ranked as the most important cause of yak deaths in any given year and that fodder for the animals was the most desired form of aid to be received from the government or other sources. Whether or not the three most important causes of yak deaths are absolutely discrete is a matter of discussion and a number of links between them can be imagined. A cold winter with much snow can easily prevent access to the grass and lead to starvation, and yaks that are weak from starvation will be more susceptible to some diseases than animals in healthy condition (Wu 1996). Emaciated animals will also worsen the effects of cold and snow beyond what animals in good condition will and the same can be said of animals suffering from a disease of some kind versus healthy animals. These are the connections believed to cause the heavy losses in catastrophic winters (Goldstein and Beall 1990, Schaller 1998, Levine 1999, Miller 2000). The three factors seem to be linked in an evil spiral causing increased yak losses for each turn. Fortunately there are mild winters, surplus fodder and medicines and cures for many diseases to break the destructive spiral. Our data certainly support the hypothesis that limited fodder resources cause the majority of yak losses, but which factors cause the fodder resources to be limited are less certain. 

The development in yak numbers

It is clear that the total number of SEUs in Long Deng has been increasing steadily since 1992 and it is inevitable that the carrying capacity of the rangeland will be exceeded if this development continues. The result of this trend will equally inevitably be overstocking of livestock and degradation of pastures. To remove all doubts about the steady increase in livestock numbers in Long Deng we should ideally have had data for more than ten years. The few publications available concerning livestock numbers on The Qinghai-Tibetan Plateau do not agree on whether the development in livestock numbers is positive or negative (Goldstein and Beall 1990, Miller 2000, Bedunah and Harris 2002). This is not so unexpected considering the size of the plateau and the variation in geography and climate from area to area, but we assume that the development in Long Deng mirrors the ones in other areas in Sichuan. Wu (1996) found through his studies of provincial statistical records that the yak population in Western Sichuan increased from 1.67 million in 1950 to 3.82 million in 1990. A similar development was found for Qinghai Province (Long and Ma 1996). There are several factors that might contribute to this development. The nomadic survival strategy of increasing their herds whenever possible will contribute to the observed development in animal numbers when introduced management techniques and veterinary practices with modern and effective medicines lower mortality rates (Wu 1996, Wu and Yan 2002). According to Mr Ding, the Chinese veterinary in Daofu, a number of important livestock diseases have been eliminated from Long Deng the last forty years. In addition to individual herds becoming larger a very important aspect of the increase in livestock numbers is the increase in the human population and the number of pastoral families in Long Deng1.

Fodder availability as the limiting resource

Considering our data it is likely that the imbalance between the number of livestock and the available fodder is the main source of animal deaths in Long Deng rather than the unsustainability of traditional herding practices or herd structures as many Chinese officials argue. This is also believed to be the case throughout Western Sichuan (Wu 1996). It is obvious that livestock deaths happen on winter and spring pastures. These pastures only constitute thirty one percent of the total available pastures in Long Deng and they are grazed around six months in a year. The remaining sixty nine percent of the pastures are used during summer and autumn. It is evident that the grazing pressure is far heavier on winter and spring pastures than on summer and autumn pastures in Long Deng. Wu (1996) estimates that the ratio of winter and spring pastures to summer and autumn pastures ideally should be 1.4 : 1, but he found it to be almost the reverse in many places in Western Sichuan. In Long Deng the ratio is more than reversed in favour of warm season pastures. Our respondents also ranked the quality of summer pastures as “very good” whereas winter and spring pastures were ranked as “bad”. With the danger of applying a carrying capacity to a non-equilibrial ecosystem in mind, we developed an estimate for the sustainability of the stocking rate on the seasonal pastures in Long Deng2 and from this estimate it is clear that the highest grazing pressure occurs on winter and spring pastures. We lack the data to back it up, but it is likely that there are not many additional areas in Long Deng that would be suitable as cold season pastures. Wu (1996) reports that many places in Sichuan yaks are herded below 3 500 meters above sea level in the winter where the sun will be able to melt the snow and make the grass available. Very small parts of the rangeland in Long Deng are situated below 3 500 meters. This provides support for the hypothesis that winter and spring pastures are limiting factors to the fodder availability1. 

In many areas on the Qinghai – Tibetan Plateau the production of the rangeland is threatened by a decrease both in quantity and quality of available pastures. The Chinese government officials we talked to said that the condition of the pastures in Ganzi Prefecture were seriously degraded resulting from an overstocking of livestock, erosion related problems and rodent pests. However they were not up to date on the specific conditions of the pastures in Long Deng and we were unable to produce any long-term studies measuring productivity on these pastures. Our respondents were unanimous in not regarding degradation of grazing land as a problem, but some believed that there were too many animals in Long Deng. Overgrazing is no doubt a big problem many places on the Qinghai Plateau (Chen 1996 in Wu and Yan 2002, Miller 2000, Miller 2001), but recent research has provided evidence that rangeland condition in many Tibetan nomadic pastoral areas are in fact good to excellent (Schaller 1998, Miller 2000). Clearly the carrying capacity of the pastures in Long Deng should be determined through scientific research and the present condition of the rangeland and animal density should be evaluated before any conclusions about overgrazing are drawn. A generalization of the condition of the pastures in Long Deng would only lead to confusion.

The final point to be made about the rangeland resources concerns the shift in management imposed by Chinese government officials. Mobility is perhaps the most important feature of traditional nomadic pastoralism (Goldstein and Beall 1990, Levine 1995, Schaller 1998, Levine 1999, Miller 2000, Wu and Yan 2002). Nomads and their livestock rotate between different pastures throughout the year to take advantage of the most favourable conditions at all times and simultaneously allowing other pastures the opportunity to regenerate. A result of the new rangeland policies is an increasing settling of nomads and a gradual destruction of the traditional movement patterns. Many authors point out that reduced mobility leads to pasture degradation as pressure on the grazing land closest to settlements and roads increase (Clarke 1995, Sneath 1996, Williams 1996, Wu 1996, Wu 1997, Miller 2000). The Animal Husbandry officials in Chengdu were very optimistic towards privatisation, fencing of pastures and settling of nomads as means to enhance production and avoid what Hardin (1968) coined as the “tragedy of the commons”. Fencing and privatisation are means encouraged by prominent Chinese scientists (Huang 1989, Jiang 1989 and Zhang 1989 in Williams 1996). Indeed there are data showing a decrease in livestock mortality subsequent to the fencing of reserve pastures and that grass production increases as grazing in the start of the growth season is prohibited (Yan et al 2002). On the other hand the degradation of surrounding “commons” has become a problem in many areas (Williams 1996, Richard 2000). The cost of fencing also needs to be considered. Levine (1995) estimates the cost of a small pen yielding 750 kg winter forage to be around US$ 38 (CHY 300). This is a considerable amount for a nomadic family in a poor township like Long Deng where the average yearly income per capita is US$ 98 (CHY 750). Miller (2000) argues that the raising of fences is too expensive both for the family economy and to be socio-economically viable. These high costs have in many regions on the Plateau led to discrimination between families where only the rich have been able to finance the raising of fences. Many of these families exploit the common pastures as much as possible, reserving the fenced pastures for emergency use. They are then able to increase their herds while the degradation of the unfenced rangeland increases and the poorer families without the funds to raise fences suffer (Williams 1996). Research is needed to explore possible differences in total production and content of nutrients in grass on fenced versus unfenced pastures and to discover the optimal grazing pressure and the factors that determine it. Levine (1995) points out that sedentarisation and privatisation of pastures will prevent the nomads in responding to the fluctuating herd sizes that characterises the pastoral management on the Qinghai – Tibetan Plateau. Wu (1996) fears that sedentarisation with an increased risk of local overgrazing and environmental degradation will increase the production risks for nomad families and larger industries dependent on the continued production on the rangeland and might break down social structures in the region. Supporting these links are data showing that the impacts of snowstorms have increased, possibly due to overstocking and reduced mobility of the nomads (Clarke 1995, Chen 1996 in Wu and Yan 2002). 

The storage of fodder

Nomad families ranked the cutting and drying of grass from the wild to be the most important measure to limit yak losses. Only three families did not collect grass from the wild and those who stored grass used it as surplus fodder in the winter and spring, mostly to feed young, sick and old yaks. Horses were also fed during the winter. However, we were unable to find any significant relation between the quantities of grass collected and yak deaths in our families herds. The average amount of stored grass per animal was 10.2 kg in Long Deng which is very low when we consider that an adult yak consumes around 13 kg grass daily during the winter (Cai and Wiener 1995, Xing and Cianci 1996). According to Levine (1995), nomads in Tawu Township in Sichuan said that one yak needed 30 kg surplus fodder to ensure survival through the cold season. It is imaginable that the quantities of surplus fodder collected by the nomads in Long Deng were too small to have any marked effects on livestock mortality this winter. The climate in the cold season will be decisive for whether the amount of surplus fodder collected is sufficient or not. A relevant question to ask is why the families do not gather enough fodder when they clearly appreciate the significance it has for the mortality rate. We believe the answer to this could be the investment in the form of labor that has to be made in order to collect enough grass. The grass is cut in late summer and autumn when most nomads are on the move in search of the best quality grazing land available for their herds. This is a labor-intensive season with milking and attentive herding and not all families have the opportunity or wish to prioritize the collection of surplus fodder over facilitating the vital storage of subcutaneous fat on their yaks. Wu and Yan (2002) believed this to be an important explanatory factor for why most nomads are unable to collect enough fodder. Our results show a statistically significant link between the number of yaks per family member and the mortality rate and thus helps to support this hypothesis. The fewer yaks per family member, the lower the yak mortality. This reduction in mortality can also be explained by the fact that families with sufficient labor resources will be able to herd their livestock more attentively and thus reduce losses to accidents, predator attacks and theft. There was in addition a statistically significant relationship between the cultivation of grass for winter and spring fodder and yak mortality1. The 25 families who cultivated grass had lower yak losses than the 32 that did not, and the yak mortality decreased as the amount of seeds planted increased. This is strong evidence that to store surplus fodder for use in the cold season is an important measure to reduce livestock losses for the nomads. When that is said, it was very unexpected to find that our respondents ranked the cultivation of fodder as the least important of the measures applied to reduce yak losses; especially when no other loss reducing measure had any significant connection to yak mortality. To explain this we will only have to guess, but we believe it to be likely that many families were unable to cultivate grass and consequently regarded this measure to be unimportant. In addition many families reported that they did not have the money to buy seeds. This may seem strange when the price for one kg seeds was approximately US$ 0.64 (CHY 5), but the low average income for our families must be taken into consideration here. In addition to the cultivation of surplus fodder, the setting aside of pastures for use when grazing becomes scarce in late winter and spring and the collecting of grass from the wild were the two other measures that were somewhat close to being in a significant relationship to yak mortality. This strengthens the hypothesis that measures that aim to increase the available amount of fodder are the most efficient in lowering yak mortality rates.

Shelters, veterinaries and mobility

Providing shelter for the animals during the cold season, the use of veterinary services and the knowledge of how to cure animals of diseases seems to be less important measures to prevent losses. We found knowledge on traditional veterinary medicine among the nomads to be limited to a few old men and that most families were only in contact with Chinese veterinaries once a year1. Many nomads only contacted the veterinary to buy medicines, mostly anti-biotics, which were applied to any disease, bacteria induced or not. It is a fact however that yak mortality rates due to diseases have been going down all over the Qinghai – Tibetan Plateau following the introduction of modern veterinary techniques and preparations and Long Deng is no exception in that respect (Mr Ding pers med). The majority of the families provided shelter for their animals during winter and those who did not construct shelters2 at least provided some shed for newborn calves. Many simply tied them in a corner inside the black tent in which the rest of the family also lived. The quality of many of these sheds was very poor, and it is hard to understand why they should make a difference on yak mortality in the harsh climate in Long Deng. None of the sheds we observed were big enough to fit all the family’s livestock. Young, sick and old yak were prioritised together with horses. The lack of materials, money and labour for construction were reasons given by the nomads who had not built sheds for their animals. It is beyond any doubt that mobility is an important feature of the traditional nomadic pastoral system that ensures sustainability and production on the Plateau (Ekvall 1968, Goldstein and Beall 1990, Cai and Wiener 1995, Miller 1997, Schaller 1998, Wu and Yan 2002). All our respondents except two were on the move every year, with the number of moves ranging between 15 and 3. The two exceptions were families close to the road with only old members and with too few yaks to make moving necessary. Some nomads expressed that moving was hard on the animals and consequently they did not wish to move more than strictly necessary. Despite this we were unable to detect any correlation between number of moves and yak mortality in our families.

Herd composition

Sex ratios vary substantially in yak herds across the Qinghai-Tibetan Plateau. In Sichuan where the yak is the most abundant livestock species, animals younger than breeding age (2 to 4 years for both sexes) make up 30.16% of the herd, productive cows 33.32%, yaks for labour (mostly steers) 34.54% and bulls for breeding 1.98% (Cai and Wiener 1995, Xing and Cianci 1996). The sex ratio that can be derived from these proportions is close to the one we found in Long Deng with a slightly higher proportion of female yak (56%). In Zamtang, Sichuan, Wu (1996) found a proportion of females at bearing age of 33.7% and our data are similar with productive cows making up 32% of the total herd. The annual productive rate for most yak breeds is 40-60% (Zi 2003). Compared to this the production in Long Deng this year was relatively good (61.2%). The conception rate at 77.1% in Long Deng also seems to be within the normal for Sichuan. According to Cai and Wiener (1995) this rate can be well above 70%, and often as high as 90% and in another study from Sichuan Han and Zhang (1996) found the conception rate to be close to 80%. The herd composition we found in Long Deng seems to be comparable to neighbouring areas and both conception and reproduction rates are high. The high proportion of unproductive animals prevents the production capacity from being exploited to the full resulting in a negative total production in the herds of our respondents in the season 2002 - 2003. On the other hand the herd compositions we found in Long Deng are reflections of the fact that the yak is a multiple purpose animal for the nomads and an important adaptation to the many challenges of life on the Qinghai-Tibetan Plateau.

Blue winds of change

An important goal of the Chinese livestock management policies the last decades has been to transform the nomadic yak herds into more efficient productive units (Barfield 1993, Wu 1996, Levine 1999). This is sought done by reducing the number of unproductive animals and introducing more productive yak breeds. In meadows situated above 3 500 metres the ideal herd structure for the production of livestock products for sale includes 43% females at bearing age, 18% heifers, 23% calves and 16% bulls and steers (Guo and Weisheng 1996). To achieve this the nomads in Long Deng would have to reduce the proportion of old animals and increase the proportion of females at bearing age. They would also have to reduce the proportion of male yaks to shift the sex ratio further in favour of females. Concerning the introduction of improved yak breeds much of the focus has been on two local types, the Maiwa and the Jiulong. Maiwa yaks are popular because of their superior milk yield while Jiulong yaks in addition to giving a high quanta of milk also produce more meat (Changxiu et al. 2002). In Long Deng 83 Jiulong yaks were distributed among the nomads as a government project in 2002. Livestock managers are picturing a decrease in animal numbers as a result of an improvement of the quality and productivity of the local yak breed. In 1995 grassland managers in Daofu County introduced a US$ 2.6 (CHY 20) fine per animal above a fixed herd-size calculated from the family’s available pastures. This measure was introduced to reduce livestock numbers but at the time of our research it was still not implemented in Long Deng as the rangeland here is not fully privatised.

Despite the fact that most nomads have a long tradition of trading with products derived from livestock they show a great reluctance towards adopting a more market oriented production system. Even if the introduction of the new yak breed was welcomed none of the families we talked to showed an interest in reducing their herd. On the contrary there was a strong desire to increase the number of yaks. Families also showed a strong reluctance towards the culling of non-productive animals. When nomads oppose government management strategies this is often perceived as ignorance and unwillingness to adopt new changes. However, we do not think this reluctance is based on a lack of knowledge of how the market system works, but rather on a disbelief in whether or not these strategies will serve as the best options for the nomads. The nomads justify their herd composition through a set of religious, cultural and practical arguments. In Long Deng most families we talked to said that their religious belief kept them from slaughtering animals. Taking the life of an animal is called anathema and considered to be sacrilege in the Buddhist religion. Several families told us that lamas from the local monastery often prevented them from slaughtering and selling their animals. Another religious practice that also contributes to a high stocking rate is tshethar1, which literary means, “sparing life”. This is a form of ritual offering that involves releasing animals so that they can roam freely and face a natural death. Even if these animals often continue to follow the herd, they are not milked. We did not look at the extent of this practice in Long Deng but in another Tibetan township in Sichuan, Levine (1999) reported that as much as 20% of the yak herds were “spared animals”. The yak is a very docile animal, having many functions beyond the production of food. An adult male yak can carry up to 90 kg (Barfield 1993, Cai and Wiener 1995) and all the families we talked to use yaks to carry their belongings when they move to new pastures. From interviews and personal observations we found that the number of animals needed for this transportation varied from 7 to 13 adult male yaks. Another reason for keeping a large number of male animals is the cashmere that is harvested in larger quanta form yak bulls than cows. The difference in yield between the two sexes varies with breeds, but in general males above the age of 5-6 years produce the most (Cai and Wiener 1995). During the last years the demand for yak cashmere for the production of textiles has sky rocketed and so have the prices (Han and Zhang 1996, Levine 1999, Miller 2001). Unfortunately the market is not rewarding good cashmere and leads the nomads to think in terms of quantity rather than quality (Miller 2001).

A more practical reason for the nomads wanting to keep large herds is the harsh conditions under which they live. When we asked some of the wealthiest families why they did not slaughter animals in the autumn, thereby producing an income and increasing the survival rate in the cold season for the remaining animals, they argued that it was difficult for them to identify a useless animal and that it was impossible to predict which animals would die during the winter. In a study from the Township of Serthar, Sichuan Province, Levine (1999) reported similar sentiments amongst the nomadic population. By having large numbers of yaks the families are also better insured that some of their animals will survive a harsh winter or an epidemic disease and that the time of restocking after such a constraint event is reduced (Farooquee 1998, Levin 1999). The reason for this is that the proportion of animals that survive a catastrophic winter or epidemic disease is independent of the herd size (Wu 1997). A big herd can also be viewed as a compensation for low productivity (Yan et al. 2002), and serves as a form of an economic safety in the absence of a bank. For example, two of the families we visited had recently lost a family member and had to sell yaks to cover the funeral expenses. One of the families had to sell 21 out of 40 animals to pay for lamas reciting prayers 45 days for the deceased. In another family one of its members had recently become ill and yaks had to be sold to pay the hospital bill.  

Poverty defined

During the World Food Summit in Rome The United Nations Food and Agricultural Organisation (FAO) (1996) defined food insecurity as: ”A state of food scarcity that leads to lack of physical and economic access to safe sufficient and nutritious food to meet the dietary needs and food preferences for an active and healthy life”. Food security and poverty are basically two sides of the same story. This becomes apparent when we are dealing with pastoral communities like the one in Long Deng. The most common method used to measure poverty is based on levels of income or consumption. A person is considered to be poor if his or her level of consumption or income falls below a threshold under which basic needs are not met (World Bank 2003). Based on this definition we justify discussing the food security in Long Deng in terms of wealth measured in SEUs. The two terms, poverty and food security, will be used interchangeably throughout this discussion.  In Tibetan nomadic areas it is estimated that a family member needs 25 SEUs to meet basic needs1 for one year (Miller 2000). Twenty-five SEUs equals a yearly income of US$ 80 or approximately CHY 510. It is not made clear by Miller (2000) on what indicators this classification of poverty is based. Good indicators for measuring poverty are difficult to locate and they will often be subjects to changes over space and time. It is thus relevant to question the validity of Millers definition of poverty for the nomads in Long Deng. However personal observations from the research area and the impression we got from talking to our respondents led us to a definition of poverty that coincides with Millers. As we conducted our interviews we classified families as poor, intermediate or rich according to their relative wealth. This was strictly a subjective classification based on the number of animals, the level of income and a variety of domestic features like the quality of the winter house and black tent, the quality of the stove and other movables and the quality and quantity of clothing and “luxury” articles (motor cycle, radio etc) owned by the family. The group that was subjectively classified as poor had an average of 23.3 SEUs per family member. Further, if we look at the SEUs per capita of the families that produce edible articles for sale versus those that do not, we can argue that the families that sell meat or dairy articles produce a surplus of edible goods that exceeds the consumption needs and that they thus can be considered to be above the poverty line. Our results show that these families have a number of SEUs per capita that is slightly above the average for the survey group and much higher than 25 SEUs. Since the focus of this study has prevented us from considering products from sheep and goats and the fact that many products, like barley and rice are only obtained trough trade and government rations, the subsistence threshold of 25 SEUs should not be interpreted as a definite truth. Our opinion is never the less that it gives an indication on the threshold of food security with enough accuracy to serve as a foundation for a meaningful discussion of the subject related to conditions in Long Deng. By choosing 25 SEUs as a measure of poverty (and food security) we feel that we are at best running the risk of underestimating the proportion of poor families in Long Deng. 

Yak, pillars of society

The fact that the Tibetan nomads rely heavily on livestock production based on the grazing resources of the vast rangelands has made them vulnerable to climatic changes and natural disasters. The animal losses (3 million heads in the TAR) during the hard winter of 1997-1998 greatly increased poverty amongst the Tibetan nomads in the TAR (Miller 2001). Tibetan nomads have a long tradition of providing external consumer goods like barley1, wheat and potatoes by trade. In Long Deng several families also reported buying rice while luxury articles like oil, salt, and noodles were reserved for families that were better of. Meat and dairy products (milk, cheese, butter, yoghurt) were never the less crucial parts of the diet of all the families we talked to and they were also the main source of cash income. In Western Sichuan as much as 54% of the total Gross Agricultural Output Value (GAOV) is linked to livestock production (Wu 1996). Only seven of the families we interviewed had income from paid work or pensions. Most of the families in Long Deng gathered medicinal plants. This was time consuming and highly seasonal work but the revenue made an important contribution to the economy of many of the families that could afford to invest the necessary labour. The most important species was the Chinese caterpillar fungus, C. sinensis, which was collected in the spring. One large specimen of this caterpillar fungus could be sold for US$ 0.15 (CHY 1.3) at street markets in Daofu or Bamei, and some families sold caterpillar fungi for more than US$ 64 (CHY 500) annually.  

Close to 40% of the nomads we interviewed had fewer than 25 SEUs and can thus be regarded as poor and unable to provide food security for their family. A further 46% of the families had an SEU per capita ranging from 25 to 50. Many of these families are in danger of being pushed below 25 SEUs per capita and into poverty if a new catastrophic winter with heavy livestock losses occur within the next few years. Reducing livestock mortality and quickly restoring herds after losses will be essential to establish food security for the families in Long Deng.

Opportunities for alternative sources of income in Long Deng are few. Besides working as teachers, in the veterinary service or as a local government officials a few people found short time employment as road construction workers. Agriculture was restricted to small-scale production due to the altitude and harsh climatic conditions that limit the growing season. The possibilities for the families to avoid poverty following catastrophic livestock loss by changing to an alternative source of income can be regarded as non-existent. The decrease in the number of families in Long Deng following the heavy animal losses in 1998 and 1999 supports this. From 1997 to 1999 the population growth was halted and the number of families was reduced by 7%. Today livestock production for self-sufficiency seems to be the only way to sustain the relatively large population in Long Deng on a long-term basis.

Environmental and epidemic disasters can greatly reduce the size and production potential of a yak herd. For the nomadic families it is vital to restock their herds as quickly as possible following such events. Most families we talked to that had experienced heavy losses the last decade singled out the winter of 1998-1999 as particularly bad. This information corresponds with the reduction in livestock numbers we see in the township records. In 2002 livestock numbers were still not restored to what they were in 1999 and depending on the severity of the disaster three to four years should not be considered as an uncommon time span for a complete restoration of the herd. Many female and male yaks do not reach reproductive age before the third or fourth season. This can be seen as one explanation to the slow speed of restocking. Catastrophic winters can also greatly reduce the production potential in a herd. Some of the families with small herds in Long Deng told us that they did not have enough reproductive animals (female yak at bearing age) to compensate for the annual mortality. The increased frequency of snowstorms during the last few decades will shorten the time families have to restock their herds, and make it even more difficult to maintain enough livestock to sustain the household economy.

Conclusion

This thesis shows that insufficient fodder is the factor ultimately responsible for most yak losses in Long Deng and that there is an imbalance in sizes of cold versus warm season pastures. Even if we do not have results to completely verify it, we suspect that the winter and spring pastures are of lower quality than summer and autumn pastures. We believe that the fact that almost all yak losses occur in the cold season is a reflection of this and that these pastures most likely are overstocked. Our study indicates that there are more livestock on the pastures of Long Deng than ever before and that the number might still be increasing. However, there are uncertainties that need to be clarified in order for this development to be established as certain. There is also a need to assess the health of the ecosystem and the effects of livestock on the quality of the rangeland. This information is required to work out the proper density of livestock and to achieve a sustainable development of pastoralism in Long Deng. The management of pastures and livestock is gradually shifting from a traditional nomadic pastoralism to a more production-oriented pastoralism based on a higher level of sedentarisation. This development is in accordance with the general evolutionary trend of Chinese society and is not altogether undesired by the nomads whose personal aspirations are changing also. The development of pasture and livestock management should be allowed enough time to run its course in order to comprehend all its effects on society and nature in the region. In addition there is an obligation that needs to be fulfilled in incorporating traditional knowledge into decision-making in a much larger extent than what is done at present. Rangeland health needs to be monitored throughout this development so that adjustments can be made in time to prevent degradation of the ecosystem and jeopardizing food security for the nomads. This thesis shows that a substantial proportion of the nomadic population in Long Deng live below the established poverty line and that the food security of an equal proportion of the nomads is threatened by a winter with high losses of livestock. 

From our work with the thesis, it is evident that there is a history of sustainable interaction between rangeland, livestock and people in Long Deng. The rangeland is the basis for society in the region and that foundation has become fragile. Livestock products from the Plateau, like cashmere, milk and meat are highly prized, but the cultural and natural heritage of the region needs to be protected at the same time as the value of its resources is realized. A balance between interests is needed and long-term sustainability of the ecosystem, which the Tibetan nomads are a part of, should be the target. 
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Appendix 

Questionnaire II

03.05.2003 (For use in nomadic households)

Household information

1) How many grown-ups (>20) in the household?

2) How many children/youths (<20) in the household?

3) How many male persons in the household?

4) How many female?

5) How many years has the household owned animals?

Livestock information
6) How many yaks do you have in total?

7) How many yak bulls?

8) How many yak cows?

9) How many yak cows give milk?

10) How many new borne calves this year?

11) How many cows are still pregnant?

12) How many animals are butchered in a year?

i) Are they for sale or family consumption?

13) How many sheep?

14) How many goats?

15) How many horses?

16) Rank your animal species in order of importance. 

17) Do you want more livestock than what you have?

a) Yes

· What factors are limiting you from having more livestock? 
b) No

Loss of livestock
18) How many yak have been lost this year?

19) How many young/old animals?

20) How many male/female animals?

21) Why did they die?

22) At what time of the year (which months) did most of them die?

23) Name the main causes of death for your animals (not just this year)? 

	
	No animals
	Some animals
	Many animals

	Shortage of fodder
	
	
	

	Snow/cold
	
	
	

	Disease
	
	
	

	Theft
	
	
	

	Wild animals
	
	
	


24) What do you do to reduce losses of animals?

25) Have you in any year during the last 10 years lost more than 20 % of your animals?   

· How often?

· When?

· What were the main reasons?

· What species?

26) What help do you receive to reduce losses of animals (from the government, NGO’s)?

27) Rank the usefulness of these programs. 

	
	This fam.
	Very bad
	Bad
	Good
	Very good

	Salt and tea
	
	
	
	
	

	High energy fodder
	
	
	
	
	

	Clothes
	
	
	
	
	

	Money
	
	
	
	
	

	Food
	
	
	
	
	

	
	
	
	
	
	


28) Name the most important help that you could receive to help you reduce animal losses? 

29) Do you use shelters for your animals?

a) Yes

· For which species?

b) No

· Why not?

30) Can you treat sick / hurt animals?

a) Yes

· What diseases?

· Which species?

· How do you cure the most normal diseases?

· What are your costs per cured animal?

b) No

31) Do you use any kind of public, veterinary services for sick animals that you cannot yourself cure?

a) Yes

· What are the costs to you for using this service?

· How many visits from a veterinary each year?

b) No

· Why not?

32) Do you collect grass for your animals in the wild? 

a) Yes

· How much do you collect?
· Which animals are fed this hay (species / sex / age)?

· How many months do you give the animals grass?

b) No

33) Do you grow grass for your animals?

a) Yes

· How much do you grow?

· How much does the seeds cost?

b) No

34) Do you at any time of the year set aside parts of the grazing land for later use?

a) Yes

· How large are theses areas?
· At what times are these areas used?
· Which animals are allowed to use them (species / sex / age)?

b) No

35) How important are the following in preventing animals from dying?

	
	This family
	Not important
	Important
	Very important

	Build sheds
	
	
	
	

	Animal doctor
	
	
	
	

	Collect grass in the wild
	
	
	
	

	Set aside grass
	
	
	
	

	Grow grass
	
	
	
	


Pastureland information

36) How well do the different assets of your pastures meet your needs for animal production?

	
	Very bad
	Bad
	Good
	Very good

	Distance to water
	
	
	
	

	Distance to market
	
	
	
	

	Quality of winter grassland
	
	
	
	

	Quality of spring grassland
	
	
	
	

	Quality of summer grassland
	
	
	
	


37) How many animals can be grazed on your land?

38) Do you use any indicators to determine the condition of your grassland?

· Yes

· What are they?

· No

39) How many times do you move in a year? 

40) When do you move?

41) Would you like to move more often?

- Why?

42) Would you like access to other pastures?

· Yes

- Which are they? 
· No

43) Does your family herd animals together with other families?

a) Yes

· How many families?

b) No

44) Is pastureland degradation a problem?

a) Yes

· What are the most important reasons for this? 
	
	Not important
	Important
	Very important

	To many animals
	
	
	

	Pests on the grass
	
	
	

	Mice
	
	
	

	Deforestation
	
	
	

	
	
	
	

	
	
	
	


b) No

Economy/trade

45) What is the household income per month?

46) What is the monthly cash expense of your household?

47) How much money do your family spend on medicines for the animals during a year?

48) What is your main source of income? 
49) How much do you sell of various articles?

a) Cheese

b) Butter

c) Hides

d) Meat

e) Wool

f) Live animals

g) Dung for fuel

h) Other

50) How much of the various products are consumed by the family during a year?

51) Do you want to sell more of your products at the market?

· What are limiting factors?

52) What do you buy on the market?

53) What would you like to buy more of?

Other land use

54) Have you got land where you grow any kind of crops?

a) Yes

· Which crops are they?

· Are they for sale or family consumption?

b) No

55) Is anyone in the household gathering medicinal plants from the pastureland?

a) Yes

· Are they for sale or household consumption?

· What species?

· What are their uses?

· When are they gathered?

· Where are the best places to find medicinal herbs? 

b) No

1 US Dollar (US$). 1 US$ = 0.13 CNY


2 Chinese Yuan (CNY)


1  Sheep Equivalent Unit


1 During the last ten years the population in Long Deng has increased by 9.3 % resulting in 58 new families (Township Records 2002).


2 Ren et al (1955) estimated the carrying capacity for yak on rangeland to be the equivalent to 700 SEU per hectare per day, a number that is still relevant judging from recent publications (Williams 1996, Xing and Cianci 1996).


1 Insufficient grazing the other seasons might be equally important for animal deaths as overstocking during winter and spring. Williams (1996) found through his studies in Inner Mongolia that intensive grazing in the growth season is just as harmful to the rangeland as overgrazing winter and spring. It is not unusual for livestock on the eastern part of the Tibetan Plateau to loose 30 % of their body weight during the winter (Jianlin and Rongchang 1996, Wu and Yan 2002), and if insufficient grazing in the summer and autumn prevents the animals from developing enough subcutaneous fat, summer and autumn grazing may actually be the limiting factors.


1 Families planted seeds in corrals around their winter houses before leaving for the summer pastures. Crops were harvested upon return to the winter house in the autumn. Those without a permanent winter house or who for some reason were unable to be present at their corrals at the time of sowing or harvest would find the cultivation of fodder to be difficult.


1 We were told that the veterinary service used to be free of charge for the nomads but that they now had to pay an amount depending on how many animals that needed treatment each time.


2 Only families who constructed a separate shed or had a separate tent for the livestock were defined to have a shelter.


1 This Tibetan custom is often conducted as a prayer for family members or as a compensation for a sin committed.


1 Miller does not clarify what he means by “basic needs”, but most likely his definition will not alternate much from the one FAO uses.


1 Tsamba, the staple diet in Tibetan areas, is made from barley and makes this grain the most important part of the diet. An average adult person consumes 80 kg of barley annually, which constitutes three-quarters of the total intake of calories (Barfield 1993).
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Sheet1

				Spm 21, Q III														Spm.25, Q III														Spm. 33, Q III												Spm.34, Q III												Spm. 42, Q III

		0=no animals		1=some		2=many										1=very bad		2=bad				3=good		4=very good						0=not imp		1=imp		2=very imp								1=very bad		2=bad		3=good		4=very good						0=not imp		1= import		2=very imp

				Shortage of fodder		Cold\snow		Disease		Theft		Predation				salt&tea		h.energy fo		wheat		clothes		money		food				shed		veterinary		coll hay		grow gras		set aside				dist.water		dist.marked		qua.winter		qua.spring		qua.summer				many anm		pest om gr		mice		deforest		cold/snow

		170401		2		0		1		1		0				4		4												2		2		2		1		2				1		2		1		3		4

		170402		2		0		1		0		0

		210401		2		0		2		0		1

		220401		2		2		2		0		0																		2		2		2		0						3		2		1		1		4

		220402		2		2		2		0		1																		1		1		2		0						4		1		2		1		4

		220403		0		2		2		0		1																		2		1		2		0						4		1		2		2		4

		220404		2		2		2		0		1																		2		1		2		0						4		1		2		2		4

		230401		2		2		1		0		0																		1		2		2		1						3		2		1		1		4

		230402		2		2		2		0		0																		1		1		2		0						3		2		2		1		4

		230403		2		2		1		0		0				3		3												2		2		2		2		1				4		4		3		1		4				1		0		0		0		0

		230404		2		2		2		0		0																		2		2		2		0						3		2		1		1		4

		240401		2		2		0		0		0																		1		2		1		1						3		3		1		3		4

		240402		2		0		2		0		0																		2		2		2		0						3		3		1		3		4

		240403		1		1		2		2		0																		1		1		2		1						3		2		2		2		4

		240404		1		2		2		2		1																		1		2		1		1						4		1		2		3		4

		240405		2		1		1		2		1																		2		2		2		2						3		1		3		4		4

		60502		1		0		1		2		0																		2		2		1		2		1				1		1		2		2		3				0		0		0		0		0

		70501		2		1		1		1		1				3		3		3										2		2		2		2		2				4		3		3		2		4				2		0		0		0		2

		70502		2		1		1		0		0				3		3		3										2		2		2		2		2				3		3		3		1		4				1		1		0		0		0

		80501		1		2		1		1		1				4		4						3						1		1		2		1		1				3		3		3		1		4				0		1		0		1		2

		80502		1		1		1		0		1				3		4						4						1		2		2		2		2				4		2		3		1		4				1		1		0		0		2

		80503		2		2		1		1		0				4														2		2		2		2		2				3		1		2		1		4				2		0		0		1		2

		80504		2		1		1		1		0						3												2		2		2		1		1				3		1		2		1		4				2		1		0		1		2

		80504		1		1		1		2		0				4		4												2		2		2		2		2				2		1		3		1		4				2		1		1		1		0

		90501		1		1		1		1		0				4				4										2		1		2		1		2				3		1		3		1		4				0		0		0		0		0

		120501		1		1		2		0		1																		1		2		2		2		2				4		1		2		1		4

		120502		1		1		0		0		1				4				4										2		2		2		2		2				4		1		2		3		4

		120503		1		1		1		1		1				4														2		2		2		2		2				3		1		2		3		4

		130501		0		1		2		1		0				4		3												2		2		2		2		2				4		1		2		3		4

		130502		1		1		1		1		1				4		4												2		2		2		2		2				3		1		1		3		4

		130503		2		2		1		1		1				3														2		2		2		2		2				4		3		1		1		4

		140501		0		0		2		1		0				4		4												2		2		2		2		2				3		1		1		3		4

		140502		1		1		2		1		1						4				1								2		2		2		1		2				4		1		1		3		4

		140503		1		2		1		1		0				3				4										2		2		2		2		2				4		1		3		1		4

		140504		1		2		1		1		1				3														2		2		1		2		2				4		1		3		1		4

		150501		2		1		2		0		0				4														2		1		2		1		2				4		1		3		1		4

		150502		2		2		1		0		0				3				4										2		2		2		2		2				3		1		3		1		4

		150503		2		0		0		0		0				3		4		3										2		1		2		2		2				4		3		3		1		4

		150504		2		0		1		1		0				4		3												2		1		2		1		2				4		2		3		1		4

		200501		2		2		1		0		1						4												1		1		2		1		1				3		1		3		3		3

		210501		0		0		2		0		1				4														2		2		2		2		2				4		3		2		4		3

		210502		2		2		1		1		1				4		4		4										2		1		2		2		2				4		1		1		3		4

		210503		1		1		0		0		0				4		4												2		2		2		2		2				4		1		1		3		4

		210504		1		2		1		1		0				4														2		2		1		1		2				3		1		2		3		4

		220501		1		1		1		1		0				4		4												2		1		2		1		1				4		1		1		4		4

		220502		1		1		0		2		0				4		4												2		2		2		2		2				4		1		2		4		4

		220503		1		2		0		2		1				4		4												2		1		2		0		2				4		1		2		3		4

		220504		1		2		0		1		0				4		4												2		1		2		1		2				4		1		2		3		4

		220505		1		1		1		0		0				3		3												2		2		2		1		2				2		1		2		4		4

		270501		2		2		1		2		1								4										1		2		2		1		2				3		1		3		3		4

		270502		1		1		1		0		1																		2		1		2		1		1				4		1		3		3		4

		270503		2		1		1		0		0				4		4												2		2		2		2		2				3		1		3		1		4

		290501		2		1		0		0		0				3		4		3										2		1		2		2		2				4		2		3		1		4

		290502		2		1		0		0		0				3		4												2		2		2		1		2				4		3		3		1		4

		290503		1		1		0		0		0																		1		2		2		2		2				4		3		3		1		4

		290504		1		1		0		1		0				3														1		1		1		0		2				4		3		3		3		4

		290505		2		2		2		0		0																		2		2		2		1		2				4		3		3		3		4
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								Spm. 20 Quest III						n=																				Spm. 38 Quest III												n=28

								Måned:																										Måned:

		n		Fam.no.				1		2		3		4		5		6		7		8		9		10		11		12				1		2		3		4		5		6		7		8		9		10		11		12

		1		170401

		2		170402

		3		210401

		4		220401

		5		220402																																				1								1				1

		6		220403

		7		220404																																						1								1				1

		8		230401								1		1		1

		9		230402				1		1		1		1		1														1

		10		230403								1		1																														1		1				1		1		1

		11		230404

		12		240401						1		1

		13		240402				1		1		1																																		1						1		1

		14		240403				1		1		1																														1										1		1

		15		240404								1		1																										1		1						1				1		1

		16		240405										1		1																								1		1						1				1		1

		17		60502						1		1		1

		18		70501								1		1																																1				1				1		1

		19		70502				1		1		1																																		1		1				1

		20		80501				1		1		1		1

		21		80502								1		1		1

		22		80503								1		1		1

		23		80504								1		1		1

		24		80505								1		1																										1				1						1		1

		25		90501																														1										1		1		1		1		1				1

		26		120501						1		1		1

		27		120502								1		1

		28		120503						1		1		1		1																		1										1												1

		29		130501														1																										1								1		1

		30		130502						1		1		1		1																												1								1		1

		31		130503						1		1		1		1

		32		140501										1

		33		140502										1		1																								1		1				1		1

		34		140503						1		1		1																												1		1										1

		35		140504								1		1		1																												1		1		1						1

		36		150501						1		1		1

		37		150502								1		1

		38		150503								1		1																														1		1				1

		39		150504										1

		40		200501						1		1

		41		210501								1		1																														1						1		1

		42		210502								1		1		1																												1						1				1

		43		210503								1		1		1																												1								1				1

		44		210504						1		1		1

		45		220501						1		1		1		1																												1						1				1

		46		220502										1																												1						1						1

		47		220503						1		1		1		1																										1						1						1

		48		220504						1		1		1		1		1

		49		220505						1		1		1

		50		270501						1		1		1																				1								1						1				1

		51		270502						1		1

		52		270503								1		1																														1						1				1

		53		290501								1

		54		290502								1		1

		55		290503								1		1

		56		290504						1

		57		290505								1		1		1																														1				1				1

				Mortality				5		22		41		39		17		2		0		0		0		0		0		1

				Migration				3		0		0		5		9		14		9		10		11		14		17		4

								Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sept		Oct		Nov		Dec
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								n=57

				n		Fam.no.		More yak		Medicine		Veterinary		Seeds		Fodder		Salt & tea		Timber		No help wanted		Do not know what help they need

		?		(Q II)      1		170401																		1

				2		170402		1

				3		210401				1

				4		220401		1

				5		220402				1		1

				6		220403		1

		Rik		7		220404																1

				8		230401		1

				9		230402		1		1				1

				10		230403		1		1						1

				11		230404										1

		Rik		12		240401																1

				13		240402				1						1

				14		240403												1

				15		240404												1

		?		16		240405																		1

				17		60502		1

				18		70501										1

				19		70502										1

				20		80501										1

				21		80502										1		1

				22		80503										1		1

				23		80504										1		1

				24		80505				1						1

				25		90501		1

				26		120501		1

				27		120502										1

				28		120503										1

		?		29		130501																		1

				30		130502		1

				31		130503		1								1

				32		140501										1		1

				33		140502										1		1

				34		140503										1

				35		140504										1

				36		150501		1

				37		150502										1		1

				38		150503										1

				39		150504										1		1

				40		200501				1

				41		210501		1

				42		210502				1						1

				43		210503										1				1

				44		210504				1		1

				45		220501										1

				46		220502				1

				47		220503										1

				48		220504												1

				49		220505				1						1

				50		270501				1						1

				51		270502										1		1

				52		270503				1						1

				53		290501										1		1

				54		290502				1						1

				55		290503										1

				56		290504										1

				57		290505										1		1

						Sum		13		14		2		1		33		13		1		2		3
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										Spm. 33, Q III												Spm.34, Q III

								0=not imp		1=imp		2=very imp								1=very bad		2=bad		3=good		4=very good

								n=55		n=55		n=55		n=55		n=43				n=55		n=55		n=55		n=55		n=55

								Shed		Veterinary		Collecting grass		Grow grass		Set aside grass				Distance to water		Distance to market		Quality of winter pasture		Quality of spring pasture		Quality of summer pasture

		1		170401				2		2		2		1		2				1		2		1		3		4

		2		170402

		3		210401

		4		220401				2		2		2		0						3		2		1		1		4

		5		220402				1		1		2		0						4		1		2		1		4

		6		220403				2		1		2		0						4		1		2		2		4

		7		220404				2		1		2		0						4		1		2		2		4

		8		230401				1		2		2		1						3		2		1		1		4

		9		230402				1		1		2		0						3		2		2		1		4

		10		230403				2		2		2		2		1				4		4		3		1		4

		11		230404				2		2		2		0						3		2		1		1		4

		12		240401				1		2		1		1						3		3		1		3		4

		13		240402				2		2		2		0						3		3		1		3		4

		14		240403				1		1		2		1						3		2		2		2		4

		15		240404				1		2		1		1						4		1		2		3		4

		16		240405				2		2		2		2						3		1		3		4		4

		17		60502				2		2		1		2		1				1		1		2		2		3

		18		70501				2		2		2		2		2				4		3		3		2		4

		19		70502				2		2		2		2		2				3		3		3		1		4

		20		80501				1		1		2		1		1				3		3		3		1		4

		21		80502				1		2		2		2		2				4		2		3		1		4

		22		80503				2		2		2		2		2				3		1		2		1		4

		23		80504				2		2		2		1		1				3		1		2		1		4

		24		80504				2		2		2		2		2				2		1		3		1		4

		25		90501				2		1		2		1		2				3		1		3		1		4

		26		120501				1		2		2		2		2				4		1		2		1		4

		27		120502				2		2		2		2		2				4		1		2		3		4

		28		120503				2		2		2		2		2				3		1		2		3		4

		29		130501				2		2		2		2		2				4		1		2		3		4

		30		130502				2		2		2		2		2				3		1		1		3		4

		31		130503				2		2		2		2		2				4		3		1		1		4

		32		140501				2		2		2		2		2				3		1		1		3		4

		33		140502				2		2		2		1		2				4		1		1		3		4

		34		140503				2		2		2		2		2				4		1		3		1		4

		35		140504				2		2		1		2		2				4		1		3		1		4

		36		150501				2		1		2		1		2				4		1		3		1		4

		37		150502				2		2		2		2		2				3		1		3		1		4

		38		150503				2		1		2		2		2				4		3		3		1		4

		39		150504				2		1		2		1		2				4		2		3		1		4

		40		200501				1		1		2		1		1				3		1		3		3		3

		41		210501				2		2		2		2		2				4		3		2		4		3

		42		210502				2		1		2		2		2				4		1		1		3		4

		43		210503				2		2		2		2		2				4		1		1		3		4

		44		210504				2		2		1		1		2				3		1		2		3		4

		45		220501				2		1		2		1		1				4		1		1		4		4

		46		220502				2		2		2		2		2				4		1		2		4		4

		47		220503				2		1		2		0		2				4		1		2		3		4

		48		220504				2		1		2		1		2				4		1		2		3		4

		49		220505				2		2		2		1		2				2		1		2		4		4

		50		270501				1		2		2		1		2				3		1		3		3		4

		51		270502				2		1		2		1		1				4		1		3		3		4

		52		270503				2		2		2		2		2				3		1		3		1		4

		53		290501				2		1		2		2		2				4		2		3		1		4

		54		290502				2		2		2		1		2				4		3		3		1		4

		55		290503				1		2		2		2		2				4		3		3		1		4

		56		290504				1		1		1		0		2				4		3		3		3		4

		57		290505				2		2		2		1		2				4		3		3		3		4

						Sum alle n		97		92		104		72		79				189		91		120		115		217

																				3.4363636364		1.6545454545		2.1818181818		2.0909090909		3.9454545455

						Sum n=43		79		73		82		66		79

						Sum n=43		1.8372093023		1.6976744186		1.9069767442		1.5348837209		1.8372093023





Ark1

		0

		0

		0

		0

		0





Ark2

		0

		0

		0

		0

		0



Ranking rangeland assets, n=55



Ark3

		0

		0

		0

		0

		0





		0

		0

		0

		0

		0





		





		






_1132555557

_1132492733.xls
Diagram1

		Salt&tea

		High-energy fodder

		Wheat



Number of families

35

26

10



Sheet1

																						Jin		Jin		jin

								Salt&tea		High-energy fodder		Wheat		money		clothes		food				te		hvete		kraftfor

		1		170401				4		4												5				15

		2		170402

		3		210401																						8

		4		220401

		5		220402

		6		220403

		7		220404

		8		230401

		9		230402

		10		230403				3		3																7

		11		230404

		12		240401

		13		240402

		14		240403

		15		240404

		16		240405

		17		60502

		18		70501				3		3		3

		19		70502				3		3		3

		20		80501				4		4				3								12		65

		21		80502				3		4				4								8		40

		22		80503				4														2

		23		80504						3

		24		80504				4		4																10

		25		90501				4				4										7		100

		26		120501

		27		120502				4				4										2.4		50

		28		120503				4														2.4

		29		130501				4		3																4

		30		130502				4		4												2.4				20

		31		130503				3														2.5

		32		140501				4		4												2				5

		33		140502						4						1										5

		34		140503				3				4										2.5		50

		35		140504				3														20

		36		150501				4														2

		37		150502				3				4										20		30		40

		38		150503				3		4		3										20		50		20

		39		150504				4		3												60				15

		40		200501						4																20

		41		210501				4														2

		42		210502				4		4		4										10		50		5

		43		210503				4		4												2				5

		44		210504				4														5

		45		220501				4		4												2				5

		46		220502				4		4												2				5

		47		220503				4		4												2				5

		48		220504				4		4												2				5

		49		220505				3		3												2				5

		50		270501								4												25

		51		270502

		52		270503				4		4

		53		290501				3		4		3										6		100		4

		54		290502				3		4												3				2

		55		290503

		56		290504				3														20

		57		290505

																				sum		228.2		560		210

						Antall fam		35		26		10		2						Antall fam		28		10		21

																				Snitt		8.15		56		10
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Diagram2

		Shed

		Veterinary

		Collecting grass

		Grow grass

		Set aside grass



1.8372093023
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1.8372093023



Ark1

										Spm. 33, Q III												Spm.34, Q III

								0=not imp		1=imp		2=very imp								1=very bad		2=bad		3=good		4=very good

								n=55		n=55		n=55		n=55		n=43				n=55		n=55		n=55		n=55		n=55

								Shed		Veterinary		Collecting grass		Grow grass		Set aside grass				Distance to water		Distance to market		Quality of winter pasture		Quality of spring pasture		Quality of summer pasture

		1		170401				2		2		2		1		2				1		2		1		3		4

		2		170402

		3		210401

		4		220401				2		2		2		0						3		2		1		1		4

		5		220402				1		1		2		0						4		1		2		1		4

		6		220403				2		1		2		0						4		1		2		2		4

		7		220404				2		1		2		0						4		1		2		2		4

		8		230401				1		2		2		1						3		2		1		1		4

		9		230402				1		1		2		0						3		2		2		1		4

		10		230403				2		2		2		2		1				4		4		3		1		4

		11		230404				2		2		2		0						3		2		1		1		4

		12		240401				1		2		1		1						3		3		1		3		4

		13		240402				2		2		2		0						3		3		1		3		4

		14		240403				1		1		2		1						3		2		2		2		4

		15		240404				1		2		1		1						4		1		2		3		4

		16		240405				2		2		2		2						3		1		3		4		4

		17		60502				2		2		1		2		1				1		1		2		2		3

		18		70501				2		2		2		2		2				4		3		3		2		4

		19		70502				2		2		2		2		2				3		3		3		1		4

		20		80501				1		1		2		1		1				3		3		3		1		4

		21		80502				1		2		2		2		2				4		2		3		1		4

		22		80503				2		2		2		2		2				3		1		2		1		4

		23		80504				2		2		2		1		1				3		1		2		1		4

		24		80504				2		2		2		2		2				2		1		3		1		4

		25		90501				2		1		2		1		2				3		1		3		1		4

		26		120501				1		2		2		2		2				4		1		2		1		4

		27		120502				2		2		2		2		2				4		1		2		3		4

		28		120503				2		2		2		2		2				3		1		2		3		4

		29		130501				2		2		2		2		2				4		1		2		3		4

		30		130502				2		2		2		2		2				3		1		1		3		4

		31		130503				2		2		2		2		2				4		3		1		1		4

		32		140501				2		2		2		2		2				3		1		1		3		4

		33		140502				2		2		2		1		2				4		1		1		3		4

		34		140503				2		2		2		2		2				4		1		3		1		4

		35		140504				2		2		1		2		2				4		1		3		1		4

		36		150501				2		1		2		1		2				4		1		3		1		4

		37		150502				2		2		2		2		2				3		1		3		1		4

		38		150503				2		1		2		2		2				4		3		3		1		4

		39		150504				2		1		2		1		2				4		2		3		1		4

		40		200501				1		1		2		1		1				3		1		3		3		3

		41		210501				2		2		2		2		2				4		3		2		4		3

		42		210502				2		1		2		2		2				4		1		1		3		4

		43		210503				2		2		2		2		2				4		1		1		3		4

		44		210504				2		2		1		1		2				3		1		2		3		4

		45		220501				2		1		2		1		1				4		1		1		4		4

		46		220502				2		2		2		2		2				4		1		2		4		4

		47		220503				2		1		2		0		2				4		1		2		3		4

		48		220504				2		1		2		1		2				4		1		2		3		4

		49		220505				2		2		2		1		2				2		1		2		4		4

		50		270501				1		2		2		1		2				3		1		3		3		4

		51		270502				2		1		2		1		1				4		1		3		3		4

		52		270503				2		2		2		2		2				3		1		3		1		4

		53		290501				2		1		2		2		2				4		2		3		1		4

		54		290502				2		2		2		1		2				4		3		3		1		4

		55		290503				1		2		2		2		2				4		3		3		1		4

		56		290504				1		1		1		0		2				4		3		3		3		4

		57		290505				2		2		2		1		2				4		3		3		3		4

						Sum alle n		97		92		104		72		79				189		91		120		115		217

																				3.4363636364		1.6545454545		2.1818181818		2.0909090909		3.9454545455

						Sum n=43		79		73		82		66		79

						Sum n=43		1.8372093023		1.6976744186		1.9069767442		1.5348837209		1.8372093023
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Diagram3

		1992		1992		1992		1992

		1996		1996		1996		1996

		1999		1999		1999		1999

		2002		2002		2002		2002



Yak per family

Horses per family

Goats per family

Sheep per family

84.8

82.6

75.0

70.2

8.2

7.6

7.3

7.6

1.2

2.0

3.4

2.0

5.8

7.7

14.3

20.2

70.159267254

7.6249927075

1.9893821831

20.2263578554

75.036567528

7.2745002438

3.4227206241

14.2662116041

82.639355272

7.6477501679

2.0105775688

7.7023169913

84.7516824261

8.2247210154

1.2096430701

5.8139534884



Ark1

		

																Data		1992

						1992		1996		1999		2002				Families		271		277		281		285		310

				Family		271		310		295		329				Population

				Yak		12026		15390		19688		19898				Yak

				Horses		1307		1492		1822		1931				Horses

				Goats		341		702		479		284				Goats

				Sheep		3467		2926		1835		1365				Sheep

																Tot.animals

				Yak per family		44.3763837638		49.6451612903		66.7389830508		60.4802431611

				Horses per family		4.8228782288		4.8129032258		6.1762711864		5.8693009119

				Goats per family		1.258302583		2.264516129		1.6237288136		0.8632218845

				Sheep per family		12.7933579336		9.4387096774		6.2203389831		4.1489361702

						63.2509225092		66.1612903226		80.7593220339		71.3617021277

						70.2		75.0		82.6		84.8

						7.6		7.3		7.6		8.2

						2.0		3.4		2.0		1.2

						20.2		14.3		7.7		5.8
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Diagram1

		Shortage of fodder		Shortage of fodder

		Cold and snow		Cold and snow

		Disease		Disease

		Theft		Theft

		Wild animals		Wild animals

		High age		High age

		Accident		Accident



Causes for death from may 2002 til may 2003

Causes for death in catastrophic winters
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				Shortage of fodder		Cold and snow		Disease		Theft		Wild animals		High age		Accident

				34		18		24		1		1		4		3				n=52		Causes for death from may 2002 til may 2003

				9		14		8		0		0		0		1				n=21		Causes for death in catastrophic winters
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Diagram1

		Cheese

		Butter
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		Gold
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		Potato

		Wool
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		Medicine plants

		Job
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		Sell wild game
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Sheet1

						Source of income

						Cheese		Butter		Milk		Meat		Gold		Mushroom		Potato		Wool		Hides		Live animals		Medicine plants		Job		Crafts		Sell wild game

		n		Fam.no.

		(Q II)      1		170401																						1

		2		170402								1														1				1		1

		3		210401																						1		1

		4		220401				1		1

		5		220402				1

		6		220403																						1

		7		220404				1																1

		8		230401																						1

		9		230402				1				1										1				1

		10		230403				1						1		1										1

		11		230404														1								1		1		1

		12		240401				1																		1

		13		240402																						1

		14		240403				1		1																1

		15		240404																						1

		16		240405				1																				1

		17		60502		1		1																		1

		18		70501				1														1				1

		19		70502				1						1		1										1

		20		80501				1														1				1		1		1

		21		80502				1																		1

		22		80503				1																		1		1

		23		80504																						1

		24		80505		1		1																				1

		25		90501										1												1

		26		120501		1		1														1				1

		27		120502		1		1														1				1

		28		120503																						1

		29		130501																		1				1

		30		130502		1		1														1				1

		31		130503		1		1				1												1		1

		32		140501																						1

		33		140502		1		1														1		1		1

		34		140503																		1		1		1

		35		140504																		1		1		1

		36		150501		1		1												1		1				1

		37		150502		1		1														1		1		1

		38		150503														1		1		1				1

		39		150504														1				1				1

		40		200501		1		1														1		1

		41		210501																		1						1

		42		210502		1		1				1										1				1

		43		210503																		1				1

		44		210504		1		1														1		1		1

		45		220501																		1				1

		46		220502																		1

		47		220503		1		1														1				1

		48		220504		1		1														1				1

		49		220505						1		1										1		1		1

		50		270501		1		1														1				1

		51		270502		1		1														1		1		1

		52		270503								1										1				1

		53		290501																		1				1

		54		290502																		1		1		1

		55		290503		1		1														1		1		1

		56		290504																		1		1		1

		57		290505		1		1				1										1				1

						18		31		3		7		3		2		3		2		32		13		49		7		3		1
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