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Not All Sheep Are Equal

Our lives and those of large mammals 1 are inextricably intertwined: We hunt them and spend time in zoos and wildlife parks viewing them; they feed on domestic animals, damage crops, cause traffic accidents, and may even eat the "produce" of local fisheries. Given this, it is not surprising that we are interested in the ecological factors that govern the dynamics of large mammal populations 2 (1). Whereas some large mammals are very abundant (2), others are endangered 3 (3), spurring the need to identify the ecological factors that maintain, increase, or reduce abundance. Although many studies have tested the accuracy and precision of census methods (4), it has proved difficult to test whether yearly field counts of wild mammal populations can accurately determine the factors causing variations in population numbers 4 (5).

for the Conservation of Nature (IUCN) provides links to the specialist groups of the Species Survival Commission concerned with mammals; the Caprinae Specialist Group has a Web site. The UNEP World Conservation Monitoring Centre provides a database of threatened animals of the world. The U.S. Fish and Wildlife Endangered Species Program provides information about threatened and endangered mammal species. The Canadian Museum of Nature offers a presentation on endangered and extinct animals. Endangered: Exploring a World at Risk is a Web exhibit from the American Museum of Natural History with a guide to endangered animals. WWF provides threatened species accounts. 4 R. Irwin provides lecture notes on estimating population size for a course on animal ecology. P. Ganter offers lecture notes on population estimation for an ecology course. E. Garton offers lecture notes on estimating population parameters (and part two) for a course on fish and wildlife population ecology. A. Sharov provides lecture notes on estimation of population density and size and lecture notes on statistical analysis of population dynamics for a course on quantitative population ecology. G. White and D. Anderson, Department of Fishery and Wildlife Biology, Colorado State University, provide lecture notes and readings in Adobe Acrobat formal for a course on sampling and analysis of vertebrate populations. N. White, Department of Animal Ecology, Swedish University of Agricultural Sciences, Umeå, offers a series of lecture presentations on population ecology models; a section on individual behavior and population dynamics is included. A. de Roos, Population Biology Section, Institute for Systematics and Population Biology, University of Amsterdam, includes a section on structured population models in a research proposal presentation titled "Towards a theory of life-history dependent, food-web interactions using structured-population models." Such difficulties, however, have not deterred Coulson and colleagues 5 (6). On page 1528 of this issue, they report their 11-year field study of a Soay sheep 6 (Ovis aries) population on a remote island 7 off the coast of northwest Scotland. The merit of their study resides in the fact that they marked individual Soay sheep and tracked the dramatic annual fluctuations in the sheep population by monitoring the survival and reproduction of individuals of known age and sex. The authors found that age-structured models-which take into account the different ages and numbers of males and females in the sheep population-provided the most accurate predictions of population fluctuations in response to ecological stresses such as adverse weather patterns or increasing population density. Their study is the first to show that large mammal populations of equal size can have markedly different dynamics depending on their sex and age structure. This is not surprising-individual susceptibility to changing environmental conditions is known to differ between males and females and young and old animals-but has been difficult to demonstrate unequivocally.

In feral sheep and in other ungulates 8 , young and old individuals are affected more severely by adverse weather conditions and increases in population density than are adults of prime reproductive age (7), and males often tend to be more affected than females [START_REF] Clutton-Brock | Red Deer Behaviour and Ecology of Two Sexes[END_REF]. Similar sex and age differences exist for susceptibility to parasites and disease, the probability of dispersal, and vulnerability to predation or harvesting by humans. Because the sex and age structure of the Soay sheep population fluctuates over time, independently of population density, Coulson and colleagues had to take into account changes in both the sex and age structure and the population density to explain the cyclical variations in sheep abundance (6).

The overwhelming importance of age structure 9 in determining the fluctuations in the Soay sheep population is also likely to be true for other large mammals. Like the Soay sheep, many populations of 5 T. large mammals have a relatively low growth rate with wide overlap between generations, resulting in a slow turnover of reproducing individuals (9). In populations that are not hunted, reproducing females typically belong to 10 or more cohorts (all animals born in the same year belong to the same cohort), that is, they span 10 years or more in age. Each cohort may be permanently affected by weather patterns and population density during its first year of existence [START_REF] Lindstrm | [END_REF]. One of the most obvious (and quantifiable) sources of heterogeneity among cohorts is age (11).

The life cycle of long-lived mammals is composed of three distinct age classes that differ greatly in average fitness (survival and reproduction) and in variations of fitness with ecological stresses [START_REF] Gaillard | [END_REF] (see the figure). From birth to 1 year of age is the time when large mammals are the most susceptible to ecological changes. Consequently, the number of new adults added to a population can vary substantially from year to year, but is usually a small proportion of the total number of breeders. Prime-aged adults, especially females, are buffered against most ecological changes and, with few exceptions, show remarkably constant fecundity and survival over time. As they grow old, however, individuals once again become susceptible to ecological fluctuations.

The rise and fall of large mammals. Variations over 15 years (1985 to 1999) in the age-and sex-dependent survival (box-plot of yearly estimates) of a roe deer population (Capreolus capreolus) 10 in eastern France. As with the Scottish island population of Soay sheep (6), females of prime reproductive age had the best survival rates and juveniles (during their first summer) the worst.

If the relative proportions of these three age classes vary with time-as Coulson et al. report for Soay sheep (6)-then populations of the same overall size may show different responses to ecological stresses. For example, the proportion of aged females should increase as the population density increases. The reason for this is that a high population density reduces fecundity and boosts juvenile mortality resulting in a decrease in recruitment of young breeders [START_REF] Gaillard | [END_REF][START_REF] Fowler | Current Mammalogy[END_REF], whereas the survival of prime-aged adults is independent of population density (7,[START_REF] Gaillard | [END_REF]. The average age of the female population affects survival and a December 1999 Ecology article by M. Festa-Bianchet et al. titled "Age-specific survival in five populations of ungulates: Evidence of senescence." 10 Animal Diversity Web provides information about roe deer (Capreolus capreolus). Wild Facts from BBC Online provides information about the roe deer. The Mammal Society provides a fact sheet on the roe deer. Deer-UK offers a presentation on the ecology of the European roe deer. A. Mysterud, Department of Biology, University of Oslo, offers a presentation about a roe deer research project. The Roe Deer Research Group, Aberdeen, Scotland, provides a presentation about reproduction in the female roe deer. reproduction. Consequently, counting all adult females together (regardless of age) will bias estimates of the effects of ecological stresses on population fluctuations. The few studies of large mammals claiming that adult survival decreased at high population densities (13) failed to account for density-dependent changes 11 in age structure. It is now clear that increased adult mortality may appear to correlate with population density because of changes in the proportions of the three age classes.

Counting the total numbers of animals in a population, even when very accurate, is of limited use for interpreting or predicting variations in the size of populations of large mammals. Information on the sex and age structure of the population is essential for planning appropriate conservation or harvesting measures 12 . For example, populations of large mammals that are harvested (such as herds of deer during the hunting season) include a higher proportion of juveniles and young adults than do populations that are not harvested and so may be more adversely affected by ecological changes.

Besides age and sex, there are many other factors that contribute to demographic heterogeneity. Future research should assess the impact of additional sources of heterogeneity on the population dynamics of long-lived mammals. Tagging individual large mammals and monitoring them over the longterm should contribute much to our understanding of variations in population size. The next step is to determine the extent to which the findings for the island population of Soay sheep (6) apply to other longlived mammals that face changes in predation, dispersal, and harvesting.

  

  The St. Kilda Web site, provided by the National Trust of Scotland, offers a presentation on the Soay sheep that live on Hirta and Soay islands in the St. Kilda archipelago of Scotland's Outer Hebrides. K. Wilson, Institute of Biological Sciences, University of Sterling, UK, provides images of Soay sheep in a research project description. The Southern Oregon Soay Sheep Farms Web site offers a history of the sheep and a photo gallery. The Oregon Small Farms Web site from the Oregon State University Extension Service provides links to Internet resources related to sheep and sheep farming.7 The Scottish Natural Heritage Web site provides an introduction to the St. Kilda National Nature Reserve. The St. Kilda Web site provides maps and information about the islands and their history. Hebrides.com provides a map and an article by S. Hatton about the St. Kilda islands. The St. Kilda archipelago has been declared a World Heritage Site by the United Nations Educational, Scientific and Cultural Organization; a protected programme information sheet about the islands is available.8 The University of California Museum of Paleontology provides an introduction to ungulates. B. Huffman's Ultimate Ungulate Page provides descriptions of ungulate species. DeerNet, presented by the Department of Renewable Resources, University of Alberta, provides links to Internet resources on the taxonomy, biology, and ecology of ungulates. M. Jasieniuk, Department of Land Resources and Environmental Sciences, Montana State University, offers a series of lecture notes on Yellowstone ungulates for an ecology course. The Equine Veterinary Network makes available a paper by M. Wolfe titled "Population dynamics of feral horses in western North America" from a 1986 wild mustang ecology symposium.

Coulson and T. H. Clutton-Brock are in the Large Animal Research Group, Department of Zoology, University of Cambridge, UK. B. Grenfall is in the Parasite Population Dynamics Group, Department of Zoology, University of Cambridge. E. A. Catchpole is in the School of Mathematics and Statistics, University of New South Wales, Australia. S. Albon is at the Centre for Ecology and Hydrology, Banchory, UK. B. Morgan is at the Institute of Mathematics and Statistics, University of Kent, Canterbury, UK. J. Pemberton is at the Institute of Cell, Animal and Plant Biology, University of Edinburgh, UK. M. Crawley is at the NERC Centre for Population Biology and Department of Biology, Imperial College at Silwood Park, Ascot, UK. 6 Britannica.com offers an Encyclopaedia Britannica article on sheep. Animal Diversity Web provides an introduction to Ovis aries. The Breeds of Livestock resource provided by the Department of Animal Science, Oklahoma State University, offers information about Soay sheep in the section on Sheep: Ovis aries. 9 W. D. Edge discusses age structure in lecture notes on population dynamics. S. Creel, Department of Ecology, Montana State University, offers lecture notes (in Adobe Acrobat format) on demography and age-structured populations for a course in advanced animal ecology. C. Toft, Division of Biological Sciences, University of California, Davis, discusses age structure in the lecture notes on single-species population growth (part II) for a course on evolution and ecology. Findarticles.com makes available