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11 Introduction 

Thee rate of species decline is a major issue in conservation biology. In the past century, 
extinctionn rates of birds and mammals have averaged about one species per year 
(Heywoodd et al. 1994). These rates exceed historical extinction rates as inferred from 
fossill  records by two or three orders of magnitude (May et al. 1995; Pimm et al. 1995). 
Humann impact on the environment is considered one of the main causes of recent 
extinctionss (Caughley 1994; Balmford 1996; Lande 1999). The ongoing growth of the 
humann population has resulted in an increasing demand for natural resources, leading 
too deterioration and loss of natural habitat. Consequently, species decline in 
distributionn area and population numbers and may ultimately go extinct. Many species 
aree currently restricted to small areas of marginal habitat quality. These small 
populationss run a high risk to go extinct due to stochastic events (Shaffer 1981; 
Goodmann 1987; Gilpin & Hanski 1991; Lande 1993). Moreover, with habitat of 
marginall  quality their long-term population growth rate wil l be small, making them 
evenn more vulnerable to stochastic events (this thesis). 

Theoryy on conservation issues mainly deals with questions regarding the risk of 
extinctionn caused by low numbers without taking into account why populations 
becomee small in the first place (Caughley 1994). Conservation theory focuses on the 
impactt of fragmentation (e.g. Gilpin & Hanski 1991; Hanski & Gilpin 1997), 
stochasticityy (demographic and environmental) and genetics (e.g. Soulé & Wilcox 
1980;; Soulé 1987) on the risk of extinction in small populations. The insights achieved 
inn conservation theory are applicable to derive an estimate of the minimum viable 
populationn (MVP) size (Lacy 1993), that is the size below which the population is at 
imminentt risk of extinction. In many areas habitat is not contiguous and spatial 
restorationn of habitat is necessary to arrive at MV P sizes. In discontinuous habitat, 
corridorss can connect habitat patches and integrate them into networks where 
populationss can sustain in metapopulation structures. However, populations wil l 
ultimatelyy go extinct if their long-term population growth rate is negative (Lande 
1993),, which can be expected with habitat of poor quality. Therefore, habitat quality 
needss more emphasis in conservation theory in addition to spatial aspects. 

Inn this thesis the relationship between habitat quality and population 
performancee is explored. In chapter 2 its relative importance is compared to that of 
habitatt size. Chapters 3 and 4 consider how a permanent reduction in habitat quality 
affectss the growth of a population given all further conditions are optimal. Chapter 5 
focusess on the impact of temporal variations in habitat quality on a population that is 
underr density-dependent regulation. Finally, in chapter 6, the impact of a combination 
off  stress factors is explored. 

Thee relations between habitat quality and population performance are explored 
withh population dynamical models. The models have in common that they are 
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structured.. Individuals, the basic units at which environmental factors operate, can 

differr in e.g. age, size or stage. For instance, in chapter 5 barn owls differ in social status 

(breeder,, floater or juvenile). The structured approach makes it possible to formulate 

predictionss on population behaviour that are firmly based on individual biology (e.g. 

individuall  growth, reproduction, and survival). Mathematical models are increasingly 

employedd in ecology, risk assessment, and conservation since recent developments in 

theoreticall  ecology have provided a tool kit of methods to analyse biological systems 

(e.g.. Caswell 1989; Kuznetsov 1995; Tuljapurkar & Caswell 1997; Gurney & Nisbet 

1998).. The models described in this thesis are directed at applied problems in the fields 

off  risk assessment and conservation. Especially, the poor quality and scarcity of 

availablee empirical data limi t the model choice. How the specific questions and the 

ecologicall  data available directed the model choice in the chapters of this thesis is 

illustratedd below. 

Thee importance of habitat quality for the population performance, relative to 

thatt of population size, is the theme of chapter 2. Its objective is to analyse the impact 

off  changes in habitat quality, represented by RQ (the expected number of offspring 

producedd during the lifetime of an individual) and habitat size represented by K (the 

numberr of available territories in the population) on the density of the common shrew 

SorexSorex araneus and its expected extinction time, due to demographic stochasticity in the 

lif ee history processes. Young are born in spring, compete for a limited number of winter 

territoriess in autumn, mature, and reproduce in their second spring, and die before the 

onsett of the next winter. Empirical data indicate that shrews have a large reproductive 

capacity,, and that mortality is increased in the competition phase. To capture the 

discrete-timee nature and demographic stochasticity of the life history processes, a 

probabilisticc model, a Markov chain, is used to describe the population. The model 

trackss the probability distribution of the population size. Given stochasticity in the life 

historyy processes all populations wil l eventually go extinct, and the mean time to the 

extinctt state can be calculated. Population densities can be assessed from the stationary 

populationn state provided extinction is balanced by immigration. These expected 

densitiess are compared with the outcome of a deterministic discrete time model. 

Furthermore,, to examine the generality of the results, in a more abstract manner the 

relationn between changes in IL and A'on the likelihood of extinction in a non-species-

specificc setting is examined. 

Inn chapters 3 and 4, the influence of a permanent reduction in habitat quality, 

resultingg from soil pollution with copper, on the population performance of 

earthwormss is analysed. The ecological data on the life history of earthworms suggest 

thatt maturation is determined by size rather than age. Earthworms treated with 

elevatedd copper concentrations show impaired development and reproduction. 

Toxicantss in sublethal concentrations change the energy allocation in individuals, 

whichh can result in reduced maturation and reproduction. To assess the impact of 
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copperr on the individual behaviour an energy budget model (Dynamic Energy Budget 
modell  Kooijman & Metz 1984) was used. The DEB model formulation offers a 
mechanisticc link between physiological processes such as maintenance and food 
consumptionn and individual growth and reproduction. Using the DEB formulation 
experimentall  results, such as reduced individual growth and reproduction induced by 
toxicants,, can be combined if they both result from the same specific mode of action 
byy which the toxicant influences the energy budget of the individual. Given the lack of 
empiricall  information on what regulates earthworm populations a density independent 
model,, a stage-structured matrix model, was formulated to translate the changes in life 
historyy into an impact at population performance. Chapter 3 explores the impact of 
differentt ways in which copper can affect the energy budget of the individual on the 
maximumm population growth rate. The population growth rate in earthworms is 
difficul tt to assess in empirical studies. Therefore, the impact of copper on another 
statisticc that is measurable in the field, the stable stage distribution, i.e. the composition 
off  the population in juveniles, subadults and adults, is assessed. 

Chapterr 4 is an extension of chapter 3. The specific question considered here is 
whichh aspects of individual life history have the largest influence on the population 
growthh rate. As in chapter 3, a DEB model at the individual level is combined with a 
size-structuredd matrix model at the population level. The matrix approach allows for 
estimationn of the sensitivity of the maximum population growth rate to changes in the 
individuall  life history parameters. 

Thee impact of temporal fluctuations in habitat quality on prey viability in a 
predator-preyy system is considered in chapter 5. This chapter describes the relation 
betweenn barn owls and voles, their main prey species. Empirical data indicate that vole 
abundancee determines the survival and breeding success in individual barn owls, and 
thuss can be expected to drive their population dynamics. In accordance with empirical 
data,, the predator-prey relation is described by a set of difference equations in which 
thee predator tracks fluctuations in prey numbers whereas the dynamics of the prey are 
nott influenced by the predator. The impact is assessed of the amplitude, mean, period, 
andd regularity of vole fluctuations on the persistence and density of owl populations. 

Inn chapter 6, the impact of fragmentation, soil pollution and acidification, on 
thee survival of the badger in The Netherlands is discussed. In this country badgers live 
inn highly fragmented habitat of non-optimal quality. Densities are relatively low 
comparedd to other countries and traffic accidents are the most important cause of death 
(Broekhuizenn & Derckx 1996). Conservation initiatives have mainly been directed at 
counteringg the effects of habitat fragmentation. In chapter 6, the combined effects of 
acidificationn and soil pollution by elevated levels of cadmium and copper on the traffic-
inducedd mortality are analysed. These effects are studied in the food chain consisting 
off  earthworms and badgers. Earthworms make up a substantial part of the badger's 
diet.. By feeding on earthworms badgers may suffer from a direct effect of cadmium 
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(intoxication)) and an indirect effect of copper (food shortage). The direct effect is 

quantifiedd with a bioaccumulation calculation. The indirect effect is assessed with a 

DEBB model at the individual level and a continuous time differential equation model 

att the population level. 

Thiss thesis emphasises the importance of habitat quality for conservation 

practice.. So far, habitat quality has received littl e interest in conservation biology 

comparedd to the spatial aspects of habitat (e.g. size and configuration) (MacArthur & 

Wilsonn 1967; Diamond 1975; Hanski & Gilpin 1997). Also in conservation practice, 

habitatt size and fragmentation are often assumed to be of overriding importance on the 

persistencee of endangered species. This resulted in The Netherlands in the construction 

off  the 'National Ecological Network', a plan to connect nature areas into a network by 

corridors.. However, as is illustrated in this thesis, habitat quality has a more important 

impactt on the likelihood of species extinction than habitat size. Therefore, the 

effectivenesss of conservation efforts that ignore the role of habitat quality are 

questionable. . 
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