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Excepted coverage of endangered species on Danish heathland
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Abstract:

Considerable resources must be allocated for fulfilling the Habitat Directive and the question
of optimal allocation is as important as it is difficult. In the present study, we estimate the
expected species coverage of three non-probabilistic strategies: 1) a maximum selected area
strategy, ii) a hotspot selection strategy, and iii) a minimising cost strategy, and one
probabilistic strategy a maximum expected coverage strategy. We show that the optimal
network changes considerably with strategies. Thus, the study provides insights which may
guide conservation authorities on how to target their actions so that they accomplish the most
with limited budgets, while acknowledging the uncertainty of species presence. We finally
discuss how welfare economic evaluations of conservation targets could be included in such
conservation policy analysis.
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1 Introduction

1.1 Planning for conservation

Pressures on natural habitats from agriculture, accelerating urbanisation, pollution and
tourism have caused massive destruction of habitats and led to a marked decline in species
populations with the result that half of Europe’s mammal species and one third of reptiles,
fish and bird species are currently endangered (European Commision 1997). According to
the EU Habitat Directive, member states are obliged to establish a network of protected areas,
known as Natura 2000, where special actions need to be taken to conserve biological
diversity. Natura 2000 plans must be implemented before 2009, and actions taken to ensure
that appropriate conservation status of the habitats is maintained. Considerable resources
must be allocated for fulfilling these requirements, knowing that species presence may be
uncertain, and connected with the stochastic nature of environment as well as area treatment
and management. This increases the interest in identifying which areas of a given habitat are
the most important to protect in order to conserve biological diversity in a probabilistic
context. Hence, conservation authorities face the problem of designing their actions so as to
accomplish the most with limited budgets, while acknowledging the uncertainty of species
presence. Political priority settings require that the network design of reserved sites relies on
sound biological information, not only information on species occurrence but also viability
measures. Fragmentation of habitats may often lead to the formation of meta-populations
(Hanski and Gilpin 1991), which may be more sensitive to local extinction if the species can
not colonise new sites (Harrison 1994).

Two methods have been proposed in the literature for solving the reserve site selection
problem with probabilistic presence-absence species information. One is the ‘expected
coverage’ approach, which maximises the expected number of species covered (Polasky and
others 2000). The other method is the ‘threshold approach’, which maximises the number of
species covered, where a species counts as covered only if the probability of coverage
reaches a specified threshold (e.g., Margules and Stein 1989, Haight and others 2000). Both
selection approaches find that reserve network sites differ significantly when using
probabilistic data to maximise the expected number of species represented versus using
deterministic approaches. Arthur and others (2002) compared the expected coverage
approach and the threshold approach and found that information on habitat quality and
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species viability is important when designing the network. The expected coverage problem is
formulated as a nonlinear binary integer programme, which belongs to the group of non-
polynomial hard problems (Camm and others 2002). Since the individual probabilities are
nonlinear functions of the decision variables the objective functions cannot be transformed
into linear form. However, Camm and others (2002) and Arthur and others (2004) show that
linear approximations of the nonlinear problem can yield good solutions to even large
problems. The present study builds on this linearisation procedure.

1.2. Study area - the Danish heathland

One of the natural habitats covered by the Natura 2000 regulations is the heathlands which
are selected as case object for this study. The Habitat and Wild Birds Directives have been
implemented in the Danish Forest Law, Nature Protection Law and Law of Environmental
Objectives. The articles state that the EU member states shall establish the necessary
conservation measures involving, if need be, appropriate management plans specifically
designed for the sites or integrated into other development plans. Hence the member states
need to take steps in order to maintain or restore the natural habitat types and species at a
favourable conservation status.

The origin of the Danish heath can be traced back to the over-exploitation of
poor soils since the beginning of the Bronze-Age and covered more than 600,000 hectares by
year 1822 (Hansen, 1970). Today, the Danish heathland is mainly located in the western and
northern parts of Jutland and cover roughly 80,000 hectares, or approximately 2% of the total
land area (Buttenschon, 1993). The drastic reduction in area is largely attributed to cultivation
of the heath (Hansen, 1970). Today, heath areas are protected by law from being converted
into other uses. Nevertheless, atmospheric nitrogen deposition and lack of the nutrient-
removing traditional agricultural practices are allowing grasses, bushes and trees to take over.
The natural processes of nitrogen deposition are currently being accelerated by nitrogen being
deposited from nearby farms and traffic. The nutrient-poor heath has a special flora and fauna
which is not found elsewhere in Denmark. Twenty-five species unique for the heath in
Denmark are red-listed as either critically endangered, endangered or vulnerable (Stoltze and
Pihl, 1998), but it should be noted that all species also exist outside Denmark. Furthermore,
the heath has a cultural value as a landscape type, e.g. described in the national romantic
literature and art (e.g. Raadal 1942, Andersen 1860, Blicher 1920-34). The results of a brief
telephone survey among responsible regional and state authorities suggests that currently
about one fourth of the area is managed such as to preserve the heath ecosystem; the
remainder is slowly being overgrown.

2. Methods and Materials

2.1 Biodiversity data

We use a geographically distributed data set on terrestrial and freshwater species to identify
the potentially endangered occurrence of species on Danish heathland. Information on species
distribution (and species assemblages within each cell in a grid) is compiled as
present/absent, based on all Danish summer atlas data providing complete coverage of all
species within a given taxon. The data set species include 41 orchids (Orchidaceae; Wind
2001), 18 species of crawling water beetles (Coleoptera: species within Haliplidae; Holmen
1981), 23 species of click beetles (Coleoptera: species within Elateridae; Martin 1989), 41
goldsmiths (Nielsen 1998), 26 grasshoppers (Nielsen 2000), 61 species of butterflies
(Lepidoptera: species within Hesperioidea, Papilionoidea; Stoltze 1994), 156 species of large
moths (Lepidoptera: species within Hepialoidea, Cossoidea, Zygaenoidea, Tineoidea,
Yponomentoidea, Bombycoidea, Geometroidea, Sphingoidea, Notodontoidea, Noctuoidea;
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Kaaber 1982), 252 species of hoverflies (Diptera: species within Syrphidae; Torp 1994), 19
species of amphibians and reptiles (Amphibia/Reptilia; Fog 1993), 48 mammals, 6
Lycopodium complanatum (Pihl and others 2000), 189 species of birds (Aves; Stoltze 1994).
The database thus comprises a total of 1006 species of the “estimated” 30,000 species in
Denmark (Stoltze and Pihl 1998, see Petersen and others 2005 for use and further description
of this database). The data base contains one of the most complete data sets on natural flora
and fauna species in Europe.

We generated a list of 11 endangered red-listed species from the total data set,
which all are related to the heath habitat, i.e. the database does not contain accurate
distribution data on the occurrence of all the above-mentioned 25 endangered species. The
species include 2 hoverflies, 3 grasshoppers, and 6 large moths (see Table 1). The data are
located in the 633 UTM (Universal Transverse Mercator) 10 x 10 km grid cells which
provide a complete coverage of Denmark. For each of the 633 UTM cells we calculated the
actual amount of heath land using data from The Danish Area Information System, which
contains 40 detailed data layers, with area information based on more than two million
polygons and with a precision of +/- 25 meters (Danish Ministry of Environment and Energy,
2000).

The geographical representation of the 11 red listed species is presented in
Figure 1a and heath land areas in Figure 1b, both in the 10 x 10 km grid cells.
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Figure 1. Red-listed species distribution and stratification of heath areas in Denmark using a spatial grain size
of 10 x 10 km grid cells. (a) Species density of the 11 species included in the study, (b) heathland density.

2.2 Calculation of persistence probabilities

Species-specific persistence probabilities were calculated for all 11 species, based on the
assumption that local persistence depends on the current abundance of species inside the grid
cell, the habitat quality and the size of heath land. The abundance of the 11 redlist species
inside each grid cell is based on the complete data base of species. If the species is not
abundant in the grid cell, we assume the probability of persistence is zero. Otherwise the
persistence probability is a composite of pressure on habitat quality and size. A major threat
against habitat quality of Danish heathland is increasing air pollution loads caused by
airborne nitrogen and phosphor from farms, traffic, energy production and industry

365



(European Environment Agency 2003). The aim of the Danish EUDANA-project is to
develop and adjust existing tools for calculation of critical loads based on biodiversity targets
and threshold values for favourable conservation status of terrestrial nature types, including
heath, protected by the EU Habitat Directive and by the Danish Nature Protection Law (Bak
and Ejrnees 2004). We use Bak (2001) and Bak and Ejrnaes (2004) to assess the share of heath
areas which have a critical load above the threshold values. In the following, we assume that
shares of [0.05, 0.15, 0.25, 0.35, 0.45, 0.55, 0.65, 0.75, 0.85, 0.95] result in the following
probabilities, A;, of a habitat, j, becoming degraded [0.50, 0.55, 0.61, 0.66, 0.72, 0.77, 0.83,
0.88, 0.94, 0.99], provided it is part of the conservation network. Otherwise, we assume the
habitat will for sure be degraded (see the distribution in Figure 2).

However, species may be more or less sensitive to degradation of their habitat.
Table 1 shows the 11 red listed species, their representation and assumed probabilities, ¢; for
species i, of becoming locally extinct given habitat degradation using the IUCN criteria for
'Critically Endangered', 'Endangered' and 'Vulnerable' species (The Danish Red Data Book,
2005).

Table 1. Species list, red-list category and probability of extinction. The last column displays the number of grid
cells, cf. Figure la, where the species is present.

Probability of Species
extinction  given representation

Species name, i Family Red List Category degradation, ¢, %
Chamaesyrphus lusitanicus Hoverflies ~ Vulnerable 20 8
Chortippus mollis Grasshoppers Vulnerable 20 1
Erynnis tages Moth Endangered 40 48
Euphydryas aurinia Moth Critically endangered 100 6
Maculinea alcon Moth Vulnerable 20 3
Maculinea arion Moth Critically endangered 100 3
Oecdipoda caerulescens Grasshoppers Critically endangered 100 1
Omocestus haemorrhoidalis ~ Grasshoppers Critically endangered 100 5
Paragus finitimus Hoverflies ~ Vulnerable 20 24
Plebejus argus Moth Vulnerable 20 120
Pyrgus malvae Moth Vulnerable 20 193

We assume that local extinction in a grid cell belonging to the network will only
take place provided the habitats in that cell are degraded first. That is, for non-degraded
habitats, the extinction probability is set to zero. For sites not in the network, however, the
species is assumed to go extinct with certainty. Furthermore, we follow Gaston and others
(2002) who show that the probability measures of local extinction may improve if we include
a measure of habitat size. The resulting model for the persistence probability is defined as:

(1-2,0,)-(0.0705- Ln (Area, +0.01)+0.4247) if jeJ,
Py = (D
0 otherwise
, where 4, is the probability of habitat degradation as given in the vector above ,¢;,is the

probability of species i becoming locally extinct if the habitat is degraded, cf. Table 1, and
Ln (Area; +0.01)+0.4247is a natural logarithmic adjustment function, which is 1 when

habitat j is larger than 3500 hectares and 0.1 when the area is close to zero. If species i is not
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present in site j € J,, the persistence probability is set at zero. Hence, for large areas (>3500

hectares) there is no adjustment of persistence probability, the opposite holds for smaller
areas.
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Figure 2. The share of heathland located in the grid cells which have a critical load above the threshold values.

2.3 Management and cost calculation

Heath lands have mainly been created and maintained by former agricultural
management practices involving regular export of nutrients from the actual site (Webb 1998),
e.g. by management in the form of sod-cutting, controlled burning and grazing. The
disappearance of traditional management in line with increasing airborne nutrient deposits
has enforced the heath land decline over the past few decades (Marrs 1993, Rose and others
2000). The precise form, and frequency, of habitat management will affect not only the
regeneration potential of heath plant communities, but also the extent of nutrient removal
from the system. Finally, this response of plant communities will exert an influence on the
persistence possibilities of other species.

Controlled burning (Hobbs and Gimingham 1980, Bullock and Webb 1995) can
remove as much as 95% of the nitrogen in the above ground portion of the plant communities
(Chapman 1967). Other systems like grazing may also remove considerable amounts of
nitrogen (Bullock and Pakeman 1997). However, the above-ground biomass accounts for less
than 20% of the total nitrogen stores (Power and others 1998). Hence, managements that also
remove the litter (e.g. Allison and Austen 2006) and/or humus layers, like sod/turf cutting
(De Graaf and others 1998, Britton and others 2000) will result in a more substantial decrease
in organic nitrogen stores in heathland ecosystems, thereby improving the conditions for
Calluna vulgaris-dominated heathland vegetation.

Most heathland in Denmark is maintained by the Danish Forest and Nature
Agency and most of it is managed by grazing and cutting the turf. The annual cost of
heathland management is data supplied by the State Forest Districts (Danish Forest and
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Nature Agency 2004). The cost data reveal that economics of scale prevail, since the cost per
hectare decreases with increasing size of the maintained area. The cost of managing and
operating on 100 hectares is EUR 78.4 per hectare, whereas the cost of managing 7000
hectares is approximately EUR 26.7 per hectare. The distribution of management cost is
shown in Figure 3.
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Figure 3. Distribution of heathland management cost

2.4 Non-probabilistic conservation policies
Three non-probabilistic conservation strategies were evaluated in the present study:

Maximise selection area: This strategy implies that the main goal is to identify the
maximum reserve area within a budget constraint, ignoring all species information.
Hotspot selection: We use a priori information on the 11 red-listed species
occurrences and apply a hotspot strategy where the most species-rich sites are selected
(Myers 1988, Prendergast and others 1993). This corresponds to sorting the grid cells
according to the number of species identified, and selecting the cells containing the
highest number of species until the budget limit has been exceeded.

Minimum cost representation: Since the hot spot strategy does not guarantee that all
species are covered in the network, we apply the minimum cost representation
strategy (Margules and others 1988), which ensures that all species are represented in
the network at the lowest cost. Let / represent the set of threatened or endangered
species in the database and let X, = 1 if species i is present in site j, zero otherwise.

Species i is present in all sites j € J,. The management cost is denoted c¢;. Then the
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minimum cost representation is: Minimise the opportunity costs,z c;X; while
jeJ ‘
fulfilling the requirement that all 11 endangered red-listed species should at least be
represented 7; times in the network, ZX ;=7 , orat least the maximum number of
Je;

times the species occurs if 7; exceeds this number, 7, =# { jljed, }, foralliel.

2.5 The expected coverage model

Species presence may be uncertain and related to the stochastic nature of habitat
quality as well as management. Following the notion above, let p;, be the probability that
species i € [ persists at site j € J. We assume that0 < p; <1, cf. Equation 1. Assuming that

probabilities are independent between sites the probability that a species does not persist in
any of the sites, s;, can be estimated ass, = [1(1— py)X’ vV iel.
iel

Red-listed species may require particular attention and minimum coverage
probabilities. Here we introduce the minimum probability threshold, %;, that species i must be
included in the selected sites at a minimum probability level(1—s,) > /. We set the minimum

probability level at 0.4 for all 11 species.

The problem is nonlinear and we use the procedure of Arthur and others (2004)
to create the linear approximation for In(s;). A set of K breakpoints is applied to approximate
the interval L to 1, where L > 0 is the lowest possible probability of species persistence, if as
many sites as possible within the budget limit were included in the network. Then the

K K
probability that a species is not covered, s;, can be estimated as ZBkb,k where Zb[k =1, By
k=1 k=1
is the kth breakpoint and b, is a continuous variable that weights the the kth breakpoint for

K
species i. In a natural logarithmic transformation this can be formulated alen(Bk )b, . The
k=1
management cost per hectare is assumed to be decreasing with area size (see section 2.3).
Hence, we approximate the estimated non-linear cost function using a piece-wise linear
function (Egs. 7 and 8). The final model is expressed as:
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Max w

Subject to:
K
> In(B,)-b, =Y X,In(l- p,) vV oiel (2)
k=1 jeJ
> X, In(1- p,) <In(1-4,) v iel (3)
je
K
s, =Y In(B,) b, vV oiel (4)
k=1
w= ZI -, %)
iel
Za}.Xj = Area (6)
jeJ
M
Zajm =4a; (7
m=1
M
szajm =c; 8
m=1
Zc‘[Xj < Budget 9)
jeJ
K
b, =1 v iel (10)
k=1
0< py,s.,b, <1
X, efol}

, where w is the expected number of surviving species. g; is the area of site j, a;, and z, are
the coefficients of the piece-wise approximation of the management cost function in site j,
and ¢; is the resulting cost of including site j in the reserve network.

We simulated a number of scenarios changing number of breakpoints and level
of breakpoints. The number of breakpoints was increased to provide a more accurate
approximation of the non-linear expected coverage problem, but of course as noted by Arthur
and others (2004), at the expense of more variables b, . We defined a set of 25 breakpoints to

approximate the interval L to 1.0 and we set L=9.0 E-400. Experiments showed that the
smaller intervals close to 0 and close to 1, the better approximations were achieved.

3. Results

The expected coverage values of the 11 red listed species of the two non-probabilistic
conservation strategies (maximise selected heath area and hotspot) and the maximum
expected coverage are presented for different budget levels in Figure 4. The lowest
performance of the four strategies is found when using the area maximising algorithm. The
second worst is the hotspot strategy, which however increases its performance from a rather
poor level of 2.8 species to the fairly good level of 9.7 species at a budget constraint of EUR
4.01 million per year. The highest coverage is achieved using the maximum expected
coverage approach, beginning at 4.7 species at an annual budget of EUR 0.058 million per
year and ending with the maximum coverage of 9.7 species at budgets above EUR 4.01
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million per year. Increasing budget levels seem not to increase expected coverage, which may
indicate that welfare economic losses may occur if annual management cost are too high.

=
o
|

Expected coverage (persistence)
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,000 1,000 2,000 3,000 4,000 5,000 6,000
Budget (mio EUR/year)

——EC —-—Max area - - - - Hotspot

Figure 4. Expected coverage of the maximum expected coverage, maximum area and Hotspot strategies

We estimate the coverage of minimum set cost using a criterion of minimum 1
to 9 species representation. We find that the expected coverage increases only slowly when
increasing the minimum required representations. It shows that the minimum set cost
strategies do not take into account the probabilistic nature of the decision problem and that
the minimum cost representation strategy is inferior to the other strategies, even the hot spot
strategy.

4. Discussions

This study shows that conservation policies change significantly when including probabilistic
measures of species persistence. This stresses the need for scientifically sound proxies and
shows that the inclusion of information on biodiversity and estimates on species persistence
can lead to a much more efficient protection of biodiversity in reserve networks (viz. when
comparing to a non-probabilistic area maximising strategy). However, the result is
ambiguous. We find that reserve selection strategies solely guided by area goals, aiming at
protecting as large heath area as possible within budget limitations, out-perform the more
traditional minimum set strategies. Hence, if species persistence information is not available,
it may be more efficient to maximise the total heath area, rather than ensuring species
representation in the network. Area goals will tend to favour large areas which, inherent to
the model, are more capable to ensure the persistence of species located within their habitat.
Minimum cost strategy will tend to prefer areas with lower persistence capabilities. Hence,
our results supports the criticism against simple complementarity-based algorithms, which
may fail to select areas where species have higher probabilities of persistence (e.g. Nicholls
1998, Williams 1998), thereby compromising the ultimate goal of efficient protection. Hot
spot strategies favour areas with high species richness and higher persistence values, and
hence will tend to perform better.
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Another crucial feature of the model explored is the uncertainty of species
survival. Persistence estimates are rarely available, and we chose to model an intuitively
positive relation between species abundance and area size, and negatively related to ongoing
environmental degradation. The larger the species abundance, the larger the sizes of areas and
the lower the critical loads of air pollutants, the greater the probability that the species will
survive. A number of studies attempt to develop models to estimate persistence (see e.g.,
Araujo and Williams 2000, Polasky and others 2000) either as probabilistic functions of
suitable habitat, species currently colonising the area or threat/vulnerability. Some use expert
opinions on species persistence within the areas (e.g., Arthur and others 2004). It is evident
that the results are sensitive to these critical assumptions. However, since appropriate data for
estimating species persistence are unavailable, we have to do with proxies.

Reserve site selection strategies and conservation management plans like those
evaluated in this paper are rarely evaluated according to welfare economic measures. Rather a
pure ecological approach is taken in most studies. This study shows that there may be a trade-
off between benefits from expected species coverage/protection and conservation costs. We
suggest that the presented modelling framework presented may be extended including benefit
estimates of species protection (Boiesen et al. 2005) and an optimal level of management
effort estimated.

References

Allison, M. and M. Ausden. 2006. Effects of removing the litter and humic layers on heathland
establishment following plantation removal. Biological Conservation 127:177-182.

Andersen, H.C. 1860. Jylland mellem tvende Have [Jutland between two seas]. Illustreret
Tidende 1(25):209. Reprintet in: Folkehgjskolens sangbog (1972). 5th edition, Foreningen for
Hojskoler og Landbrugshejskoler, Foreningens forlag, Odense. [In Danish].

Araujo, M.B. and P.H. Williams. 2000. Selecting areas for species persistence using occurrence
data. Biological Conservation 96:331-345.

Arthur, J.L., R.G. Haight, C.A. Montgomery and S. Polasky. 2002. Analysis of the threshold and
expected coverage approaches to the probabilistic reserve site selection problem.
Environmental Modeling and Assessment 7:81-89.

Arthur, J.L., J.D. Camm, R.G. Haight, C.A. Montgomery and S. Polasky. 2004. Weighing
conservation objectives: maximum expected coverage versus endangered species protection.
Ecological Applications14:1936-1945.

Bak, J. 2001. Kortlaegnings- og analyseprojekt vedrerende vasentlige ammoniakpunktkilder og
sarbare naturtyper i det abne land. [Mapping and research project on nitrogen pollution in
vulnerable natural habitat] Skov- og Naturstyrelsen, Wilhjelmudvalget, 31 pp. [In Danish].

Bak, J.L. and R. Ejmas. 2004. EUDANA — EUtrofiering af DAnsk Natur — videnbehov,
modeller og perspektiver. [EUDANA — knowledge, models and perspective]. Danmarks
Miljeundersogelser, Faglig rapport fra DMU nr. 501., 52 pp. [In Danish].

Blicher, S.S. 1920-34. Samlede Skrifter 1-33 [Collected writings, 1-33]. Det Danske Sprog- og
Litteraturselskab. [In Danish].

Boiesen J. H., J.B. Jacobsen, B.J. Thorsen, N. Strange and A. Dubgaard. 2005. Vardisetning af
de danske lyngheder. [Valuation of the Danish moor land]. Skov & Landskab, KVL
Arbejdsrapport Skov & Landskab, 14-2005, 68 pp. (In Danish).

Britton, A.J., R.H. Marrs, P.D. Carey and R.J. Pakeman. 2000. Comparison of techniques to
increase Calluna vulgaris cover on heathland invaded by grasses in Breckland, south east
England.

Biological Conservation 95:227-232.

372



Bullock, J.M. and R.J. Pakeman. 1997. Grazing of lowland heath in England: Management
methods and their effects on heathland vegetation. Biological Conservation 79:1-13.

Bullock, J.M. and N.R Webb. 1995. Responses to severe fires in heathland mosaics in Southern
England. Biological Conservation 73:207-214.

Buttenschon, R.M. 1993. Heder [Heath]. Naturplejebogen. Miljeministeriet, Skov- og
Naturstyrelsen, Copenhagen, Pp. 64-72. (In Danish).

Camm, J.D., S.K. Norman, S. Polasky and A. Solow. 2002. Nature reserve site selection to
maximize expected species covered. Operations Research 50: 946-955.

Chapman, S.B. 1967. Nutrient budgets for a dry heath ecosystem in south of England. Journal of
Ecology 55: 677-689.

Danish Forest and Nature Agency. 2004. Budget analyse 2004. Danish Ministry of the
Environment, 35 pp. [In Danish].

Danish Ministry of Environment and Energy. 2000. Areal Informations Systemet — AIS. Miljo-
og Energiministeriet, Danmarks Miljoundersagelser, 110 pp. [In Danish].

De Graaf, M.C.C., P.JM. Verbeek, R. Bobbink and J.G.M. Roelofs. 1998. Restoration of
species-rich dry heaths: the importance of appropriate soil conditions. Acta Botanica
Neerlandica 47: 89-111.

European Commission. 1997. Natura 2000 - Managing our heritage. European Commision, 8

pp- Internet
[http://ec.europa.eu/environment/nature/nature_conservation/useful _info/documents_publicat
ions/index _en.htm] Downloaded May 30 2006

European Environment Agency. 2003. Europe's environment: the third assessment. State of
Environment report No 1/2003.

Internet:[http://reports.cea.europa.cu/environmental assessment report 2003 10/en]
Downloaded June 1, 2006

Fog, K. 1993. Oplag til forvaltningsplan for Danmarks padder og krybdyr. Skov- og

Naturstyrelsen. (In Danish).

Gaston, K. J., R.L. Pressey and C.R. Margules. 2002. Persistence and vulnerability: retaining
biodiversity in the landscape and in protected areas. Journal of Bioscience 27: 361-384.

Haight, R.G., C.S. ReVelle and S.A. Snyder. 2000. An integer optimization approach to the
probabilistic reserve site selection problem. Operations Research 48: 697—708.

Hansen, V. 1970. Hedens opstden og omfang [The origin and extension of the heath]. In:
Bocher, T. W., Overgaard Nielsen, C., Schou, A. (eds.), Danmarks Natur: Heder, Overdrev
og Eng. Politikens Forlag, Copenhagen, pp. 9-28. (In Danish).

Hanski, I. and M. Gilpin 1991. Metapopulation dynamics - brief history and conceptual domain.
Biological Journal of the Linnean Society 42:3-16.

Harrison, S. 1994. Resources and dispersal as factors limiting a population of the tussock moth
(Orgyia-vetusta), a flightless defoliator. Oecologia 99:27-34.

Hobbs, R.J. and C.H. Gimingham 1980. Some effects of fire and grazing on heath vegetation.
Bulletin d’Ecologie 11:709-715.

Holmen, M. 1981. Status over Danmarks Haliplidae (Coleoptera) med bemarkninger om
zoogeografi og autekologi. [Status report on Danish occurences of Haliplidae (Coleoptera)
including remarks on zoological geography and autecology]. Entomologiske meddelelser
49:1-14. [In Danish].

Kaaber, S. 1982. De danske svaermere og spindere. Geografisk udbredelse og fluktuationer

1850-1980. [Large moths in Denmark. Geographical distributions and fluctuations 1850-1980].
Dansk faunistisk Bibliotek, bind 3, Scandinavian Science Press. [In Danish].

Margules, C.R. and J.L. Stein 1989. Patterns in the distribution of species and the selection of
nature reserves: an example from Eucalyptus forests in South-Eastern New South Wales.
Biological Conservation 50: 219-238.

373



Margules, C.R., A.O. Nicholls and R.L. Pressey. 1988. Selecting networks of reserves to
maximize biological diversity. Biological Conservation 43: 63-76.

Martin, O. 1989. Smaldere fra gammel lovskov i Danmark. [Click beetles in old Danish
broadleaf forests]. Entomologiske Meddelelser, bind 57, 1-2. [In Danish].

Marrs, R.H., R.J. Pakeman and J.E. Lowday. 1993. Control of bracken and the restoration of
heathland. 5 effects of bracken control treatments on the rhizome and its relationship with
frond performance. Journal of Applied Ecology 30:107-118.

Myers, N.1988. Threatened biotas:”Hot spots” in tropical forests. Environmentalist 8: 187-208.

Nicholls, A.O. 1998. Integrating population abundance, dynamics and distribution into broad
scale priority setting. Pages 251-272 in G. Mace, A. Balmford and J.R. Ginsberg (eds.),
Conservation in a Changing World: Integrating Process into Priorities for Action. Cambridge
University Press, Cambridge.

Nielsen, O.F. 1998. De danske guldsmede. [Goldsmiths in Denmark]. Danmarks Dyreliv, Bind
8. Apollo Books, Stenstrup. [In Danish].

Nielsen, O.F. 2000. De danske graeshopper. Danmarks Dyreliv, Bind 9. Apollo Books,
Stenstrup. [In Danish].

Petersen, A.H., F.W. Larsen, C. Rahbek, N. Strange and M.P. Lund. 2005. Naturvaerdier i
Danske Nationalparker. En kvantitativ analyse af biologisk mangfoldighed i1 potentielle
danske nationalparker. [Nature values in Danish National Parks. A quantitative study of
potentially biodiversity gains by Danish National Parks]. Center for Makrogkologi,
Kebenhavns Universitet. 331 pp. [In Danish].

Pihl, S., R. Ejrnas, B. Segaard, E. Aude, K.E. Nielsen, L. Dahl and J.S. Laursen. 2000.
Naturtyper og arter omfattet af EF- habitatdirektivet. Indledende kortleegning og forelobig
vurdering af bevaringsstatus. [Natural habitats and species protected in the EU Habitat
Directive. Preliminary survey and assessments of conservation status]. Faglig rapport fra
DMU, nr. 322. Danmark Miljeundersogelser. [In Danish].

Prendergast, J.R., RM. Quinn, J.H. Lawton, B.C. Eversham and D.W. Gibbons. 1993. Rare
species, the coincidence of diversity hotspots and conservation strategies. Nature 365:335-
337.

Polasky, S., J.D. Camm, S.R. Solow, B. Csuti, D. White and R. Ding. 2000.Choosing reserve
networks with incomplete species information. Biological Conservation 94: 1-10.

Power, S.A., Ashmore, M.R. and Cousins, D.A. 1998. Impacts and fate of experimentally
enhanced nitrogen deposition on a British lowland heath.Environmental Pollution 102, Suppl.
1.:27-34.

Raadal, E. 1942. Et udvalg af billeder [A selection of pictures]. Vor tids kunst, 34. 48 pp. [In
Danish].

Rodrigues, A.S, K.J. Gaston and R. Gregory. 2000. Using presence-absence data to establish
reserve selection procedures which are robust to temporal species turnover. Proceedings of
the Royal Society of London, Series B 267:1-6.

Rose, R.J., N.R. Webb, R.T. Clarke and C.H. Traynor. 2000. Changes on the heathlands in
Dorset, England, between 1987 and 1996 Biological Conservation 93:117-125.

Stoltze, M., 1994. An Annotated Atlas of the Danish Butterflies. Ph.D. dissertation. Zoological
Museum, Copenhagen, Denmark.

Stoltze, M. and S. Pihl. 1998. Redlisted species of flora and fauna 1997 in Denmark. Ministry og
Environment and Energy, Danish Environmental Research Institute and Danish Forest and
Nature Agency, 219 pp. [In Danish].

The Danish Red Data Book 2005. Redlisted species in Denmark. Internet [http://redlist.dmu.dk ].
Downloaded June 1, 2006.

374



Torp, E. 1994. Danmarks svirrefluer (Diptera: Syrphidae). [Hoverflies in Denmark]. Danmarks
Dyreliv, Bind 6. Apollo Books, Stenstrup. [In Danish].

Webb, N.R. 1998. The Traditional Management of European Heathlands. Journal of Applied
Ecology 35:987-990.

Williams, P.H. 1998. Key sites for conservation: area-selection methods for biodiversity. Pages
211-249 in Mace, G., A. Balmford and J.R. Ginsberg (eds.), Conservation in a Changing
World: Integrating Process into Priorities for Action. Cambridge University Press,
Cambridge.

Wind, P. 2001. Overvagning af redlistede planter 1999. Naturovervagning. Danmarks
Miljeundersogelser. Arbejdsrapport fra DMU 131. [In Danish].

375



376





