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Abstract

We evaluate existing evidence for alternative hypotheses on the effects of fragmentation with special emphasis on insects of cal-
careous grasslands. Species richness of butterflies in general and the proportion of monophagous species in particular increase with

fragment size. Habitat fragmentation disrupts plant–pollinator and predator—prey interactions in some cases. No evidence for
changes in the outcome of competitive interactions exists for insects. Habitat connectivity increases inter-patch movement and
population density and decreases extinction risk. Habitat quality changes with succession and management. Depending on life-

history traits, insect species may profit from early, mid or late successional stages of calcareous grasslands. We conclude from the
few well-designed and replicated studies that there is a bias towards modelling approaches and small-scale fragmentation experi-
ments, so more large-scale studies on a community level are needed to quantify the functional roles of insects and their dependence
on fragmented calcareous grasslands in the landscape mosaic. # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Insects make up more than half of all living species, a
further quarter are green plants, and only 4% of all
described species are vertebrates (Strong et al., 1984).
Insects impress not only by their immense species rich-
ness but also by their variety of life forms: the four lar-
gest insect orders, Coleoptera, Diptera, Lepidoptera and
Hymenoptera, represent major functional groups such as
herbivores, pollinators, parasitoids and predators
(Strong et al., 1984; LaSalle and Gauld, 1993). The
diversity of both species and life forms make insect com-
munities an important part of terrestrial ecosystems.
Herbivory, for example, may greatly influence the com-
munity structure of plants by changing competitive
interactions and reproductive success of plant species
(Ritchie and Olff, 1999). Plants profit from mutualistic
interactions such as pollination and seed dispersal by
insects (Burd, 1994). Plant–insect interactions become
even more complex due to parasitoids and predators
which attack herbivores and pollinators (Fig. 1). In
addition, vertebrate top predators and megaherbivores
may affect plant–invertebrate food webs (Tscharntke,
1997; Dicke and Vet, 1999).

The destruction and fragmentation of habitats has
become one of the major threats to biodiversity (Saun-
ders et al., 1991; Baur and Erhardt, 1995). Habitat
fragmentation may change or disrupt mutualistic and
antagonistic interactions such as pollination (Rathcke
and Jules, 1993; Matthies et al., 1995; Kearns et al.,
1998), parasitism or predation (Didham et al., 1996;
Tscharntke and Kruess, 1999), and interspecific compe-
tition (Kareiva and Wennergren, 1995; Holt et al., 1995).
A further effect of habitat destruction is the decreasing
area of old, little disturbed, mid- and late-successional
habitats, whereas the area of highly disturbed, early-
successional habitats increases (Bazzaz, 1996).
Here, we focus on the effects of habitat fragmentation

on the diversity and biotic interactions of insect com-
munities with special emphasis on calcareous grass-
lands. Calcareous grasslands are one of the most
species-rich habitats in central Europe harbouring many
rare and specialised plant and insect species. Most Eur-
opean grasslands are man-made habitats, created in
historical times (e.g. Baur and Erhardt, 1995; Balmer
and Erhardt, 2000). These grasslands are often the only
habitat remnants for a great number of invertebrates
and plants, since other open habitats have been mostly
destroyed. Nowadays, calcareous grasslands and their
insect communities are endangered due to destruction,
fragmentation and succession as a result of intensifica-
tion or abandonment of agriculture, and due to the loss
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of traditional extensive animal husbandry (e.g. Black-
wood and Tubbs, 1970; Baur and Erhardt, 1995; Mor-
timer et al., 1998; Niemelä and Baur, 1998; Balmer and
Erhardt, 2000; Pykälä, 2000). Many local case studies
have been published with respect to the species compo-
sition of several insect groups and their possible depen-
dence on different management regimes (e.g. Morris,
1967; Rushton et al., 1990; Dolek, 1994; Beinlich and
Plachter, 1995; Baur et al., 1996; Wolf and Zimmer-
mann, 1996; Kuhlmann, 1998). However, during our
literature survey on insect communities of calcareous
grasslands, we found only a few well-designed and
replicated studies testing general ecological hypotheses.
Similarly, a recent review of habitat fragmentation
experiments indicated an emphasis on birds and small
mammals (Debinski and Holt, 2000). In this review, we
included also insect community studies on habitat types
other than calcareous grasslands to substantiate the
following hypotheses (Table 1).

1.1. Species–area and species–isolation relationships

In most landscapes, habitat fragmentation is char-
acterised by decreasing size and increasing isolation of

the remaining habitat fragments and a reduction of the
total area. The relative importance of patch size and
isolation is expected to differ at different degrees of
habitat loss (Andren, 1994). Below a critical threshold
of 20% of habitat in a landscape the isolation distances
between habitat patches will increase exponentially
(Andren, 1994, 1999). The effects of fragment size on
species richness, i.e. species–area relationships, have
been shown for many species groups and habitats, since
MacArthur and Wilson (1967) established the theory of
island biogeography. Possible reasons for the increase of
species diversity with habitat area are (1) colonisation–
extinction dynamics, (2) sampling effects, and (3)
increased habitat diversity in large compared to small
areas (Connor and McCoy, 1979; Rosenzweig, 1995).
Depending on the geometry of the fragment, edge
effects may further affect habitat quality, and thereby,
species diversity and community structure (Didham et
al., 1998). In real landscapes, habitat area and isolation
are often closely correlated. Habitat isolation should
affect survival of habitat specialists with limited dis-
persal capabilities more than that of vagile generalists
which may perceive a fragmented landscape as suffi-
ciently connected (Thomas, 2000).

Fig. 1. Expected effects of habitat fragmentation on species richness and community interactions on three trophic levels. The slope of the species

area curves indicates how sensitive a species group is to habitat fragmentation. Higher sensitivity of herbivores, pollinators, parasitoids and pre-

dators to fragment size is only expected for specialized species.
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Table 1

Hypotheses and empirical data on the effects of habitat fragmentation on plant and insect communities of calcareous grasslands

Hypothesis Species group and spatial scale Supported by field data Reference

(1) Species richness increases with habitat area and

decreases with habitat isolation

Butterflies Increased with fragment size Zschokke et al. (2000)

Ants, grasshoppers, gastropods

(0.25–20.25 m2)

No effects of fragment size Zschokke et al. (2000)

Butterflies (0.03–7.6 ha) Increased with fragment size Steffan-Dewenter and Tscharntke (2000a)

Insects on H. Chamecistus

(0.4–6500 m2)

Increased with plant colony size Davis and Jones (1986)

Butterflies (up to 10 km isolation) Colonisation probabilities decreased with

habitat isolation

Thomas et al. (1992); Thomas and Harrison (1992)

Butterflies (up to 5 km isolation) No effects of habitat isolation Steffan-Dewenter and Tscharntke (2000a)

Insects on Helianthemum

chamecistus (up to 6.5 km isolation)

No effects of habitat isolation Davis and Jones (1986)

(2) Abundance increases with habitat area and

decreases with habitat isolation

Butterflies (0.03–7.6 ha) Monophagous increased with fragment size Steffan-Dewenter and Tscharntke (2000a)

Oligophagous and polyphagous decreased

with fragment size

Steffan-Dewenter and Tscharntke (2000a)

Butterflies (0.25–20.25 m2) Less frequent in fragments than in control

plots

Zschokke et al. (2000)

Ants, grasshoppers, gastropods

(0.25–20.25 m2)

No effects of fragment size Zschokke et al. (2000)

(3) Habitat fragmentation affects particularly

species of higher trophic levels, food plant

specialists and species with limited dispersal

abilities.

Butterflies (0.3–7.6 ha) Higher z-values for food plant specialists Steffan-Dewenter and Tscharntke (2000a)

(4) Habitat fragmentation disrupts biotic

interactions such as plant–pollinator or predator–

prey interactions, and changes the outcome of

competitive interactions

Primula veris (<200 plants),

Gentiana lutea (<500 plants)

Reduced seed set in small populations Kéry et al. (2000)

Gentianella germanica Inbreeding depression Matthies et al. (1995)

Several plant species Increased extinction risk in small

populations

Fischer and Matthies (1997); Bräuer et al. (1999)

Bumble bees (0.25–20.25 m2) Changed pollinator behaviour Goverde et al. (2002)

Bees (0–1000 m) Pollinator diversity and seed set decreased

with isolation

Steffan-Dewenter and Tscharntke (1999)

Trap-nesting bees (0–1000 m) Natural enemies and percent parasitism

decreased with isolation

Tscharntke et al. (1998)

(Continued on next page)

I.
S
teff

a
n
-D

ew
en

ter,
T

.
T

sch
a
rn

tk
e
/
B

io
lo

g
ica

l
C

o
n
serva

tio
n

1
0
4

(
2
0
0
2
)

2
7
5
–
2
8
4

2
7
7



1.2. Abundance–area relationships

The equilibrium theory of island biogeography pre-
sumes that the population density for individual species
remains constant with increasing area (MacArthur and
Wilson, 1967) or even increases due to resource con-
centration (Connor et al., 2000). Since species richness is
a positive function of area, this implies that the density
of the total insect community should also increase with
area.

1.3. Biotic interactions

Not all species are equally affected by habitat frag-
mentation: species of higher trophic levels, rare species,
species with specific habitat requirements, species with
greatly fluctuating populations and species with poor
dispersal abilities are expected to be more prone to
extinction (Lawton, 1995). Life history traits such as
oviposition preference may change as an evolutionary
consequence of increased habitat fragmentation (Mop-
per and Strauss, 1998; Thomas et al., 1998; Kuussaari et
al., 2000). As a result of changes in community struc-
ture, interspecific interactions such as plant–pollinator
or predator–prey interactions may disrupt, and compe-
titive interactions may be changed (Hanski, 1995; Har-
rison and Bruna, 1999). Less competitive but highly
mobile species, which are typically early successional r-
strategists, may profit from habitat fragmentation at the
cost of competitively superior, but specialised and
sedentary species (Tilman, 1994).

1.4. Landscape structure

In addition to the size and isolation of habitat pat-
ches, their spatial arrangement (Collinge and Forman,
1998) and the spatial and temporal heterogeneity of
the surrounding landscape remains a little understood,
but important determinant of fragmented communities
(Kareiva and Wennergren, 1995; Gustafson, 1998).
Landscape complexity determines the availability of
physical corridors and the hostility of the environment,
and thereby the structural connectivity of habitat
fragments (With et al., 1997; Tischendorf and Fahrig,
2000). The species-specific response to landscape
elements, the mortality risks and movement patterns
are considered as functional connectivity (Tischendorf
and Fahrig, 2000). Whether the landscape is perceived
as connected depends on the scale at which the organ-
isms interact with spatial patch structure (With et al.,
1999). Furthermore, the surrounding landscape may
provide additional food resources for insect species
relying on a certain habitat type, e.g. calcareous
grasslands, thereby enhancing population density and
survival rates (e.g. Debinski and Holt, 2000; Norton
et al., 2000).T
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1.5. Habitat quality and succession

Habitat quality of calcareous grasslands mainly
depends on the opposing forces of succession and man-
agement (Morris, 2000). Speed of succession of calcar-
eous grasslands may be related to fragment size because
late-successional shrubs and trees invade from the edge.
Secondary succession is characterized by changes in
species richness and structure of vegetation, so the
availability of nesting and mating sites and food plants
for insects also changes (Brown and Southwood, 1987).
Successional theory predicts that highest species rich-
ness peaks in mid-successional stages of ’’intermediate
disturbance’’ (Connell, 1978; Brown and Southwood,
1987).

2. Results and discussion

Most of these hypotheses and expectations have been
rarely tested, particularly on calcareous grasslands
(Harrison and Bruna, 1999; Holt et al., 1999; Debinski
and Holt, 2000). In the following we evaluate existing
evidence for each hypothesis (Table 1).

2.1. Species diversity increases with habitat area and
decreases with habitat isolation

Although species–area relationships are generally a
well known and often described ecological pattern, only
a few studies of insect communities on calcareous
grasslands exist. Zschokke et al. (2000) analysed short-
term (after 3 years) responses of plants, ants, butterflies,
and grasshoppers to experimentally created small-scale
fragmentation of calcareous grasslands in Switzerland.
Species richness and composition of each group in
fragments of 20.25, 2.25, and 0.25 m2 were compared
with neighbouring control plots (distance 10 m) of the
same size within a large grassland area. Species richness
of butterflies was lower in fragments than in control
plots, whereas species richness of the other insect groups
did not differ (Zschokke et al., 2000). In a study of but-
terfly communities on 33 calcareous grasslands in Ger-
many, total species richness increased with fragment size
but was not significantly affected by habitat isolation
(Steffan-Dewenter and Tscharntke, 2000a). Positive
species-area relationships were also found for insect
communities on two characteristic plant species of cal-
careous grasslands, Juniperus communis and Helianthe-
mum chamaecistus (Ward and Lakhani, 1977; Davis and
Jones, 1986). Further studies focus on single insect spe-
cies, but not on communities. Several rare UK butter-
flies are restricted to large and non-isolated limestone
habitat patches, while habitat fragments isolated from
source populations remain vacant (Thomas and Harri-
son, 1992; Hill et al., 1996). Isolation distances of 1000 m

or more reduced colonisation probability to zero for the
lycaenid Plebejus argus (Thomas et al., 1992). Large and
non-isolated grassland patches were more likely to be
colonised, whereas local populations in small and iso-
lated patches were more likely to go extinct (Table 1).
For the butterflies Plebejus argus and Hesperia comma,
morphological characters associated with flight ability
were related to the level of habitat fragmentation.
Relative allocation to the thorax increased with declin-
ing limestone habitat area (Thomas et al., 1998; Hill et
al., 1999). This indicates that habitat fragmentation may
have evolutionary consequences for the life history
traits of insect communities. Further studies showed
that emigration rates of Aphantopus hyperantus (Sut-
cliffe et al., 1997), Melanargia galathea and Aporia cra-
taegi (Baguette et al., 2000) declined with increasing
patch area, while the fraction of the resident popula-
tions increased.

2.2. Abundance increases with habitat area and
decreases with habitat isolation

On calcareous grasslands, total densities of butterflies
decreased with increasing fragment size, but did not
depend on habitat isolation (Steffan-Dewenter and
Tscharntke, 2000a). More detailed analyses showed an
opposite trend for the four monophagous species (out of
the 61 species), i.e. increasing densities with fragment
size, whereas oligophagous and polyphagous decreased.
In the small-scale fragmentation experiment by
Zschokke et al. (2000), butterflies were less frequent in
fragments compared to control plots, whereas ants,
grasshoppers and snails showed no clear tendencies
(Table 1). In a short-term microlandscape experiment,
fragmented grassland plots maintained higher densities
of insects than did control plots (Collinge and Forman,
1998). A meta-analyses of abundance–area relationships
found an overall increase in densities of individual spe-
cies but no increase of faunal densities in larger frag-
ments. However, insect studies were rare, and only nine
studies of individual species and two faunal studies
could be included (Connor et al., 2000).

2.3. Habitat fragmentation affects particularly species of
higher trophic levels, food plant specialists and species
with limited dispersal abilities

A study of butterflies on calcareous grasslands
showed that community structure changed with frag-
ment size. The z-values, i.e. the slope of species–area
relationships, increased with food plant specialisation,
from 0.07 in polyphagous to 0.11 in oligophagous, 0.16
in strongly oligophagous and 0.22 in monophagous
species. Most of the monophagous species were endan-
gered habitat specialists, thereby underlining the
great importance of large habitats for conservation
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(Steffan-Dewenter and Tscharntke, 2000a). These
results also indicated that the specialists of higher
trophic levels (monophagous and strongly oligophagous
butterflies) are more sensitive to fragmentation than are
species of lower trophic levels (the plant community
with z=0.14). Different responses of trophic levels to
habitat fragmentation were also found for herbivores
and their parasitoids on red clover Trifolium pratense
and bush vetch Vicia sepium (Kruess and Tscharntke,
1994, 2000). The ratio of parasitoids to herbivores and
thus the potential for parasitism was lower in frag-
mented grassland plots compared to controls (Collinge
and Forman, 1995).

2.4. Habitat fragmentation disrupts biotic interactions

2.4.1. Plant–pollinator interactions
About 80% of the plant species in western Europe are

insect pollinated. Therefore, pollinator limitation and
reduced gene flow may play an important role for plant
fitness (Kwak et al., 1998). In most cases, pollination
systems are generalised, i.e. each plant is visited by more
than one insect species and each insect species visits
several plant species, but a critical level of pollinator
species richness is necessary for successful pollination
and maintenance of diverse plant communities (Neff
and Simpson, 1993; Waser et al., 1996). Pollinator
populations depend on sufficient nectar and pollen
sources as well as suitable nesting sites. Both may be
limiting in small fragments. As a result of decreased
pollinator diversity or abundance in small fragments,
plants may increasingly compete for pollinators (Levin
and Anderson, 1970). Less attractive plant species, very
small or less dense plant patches may receive fewer pol-
linator visits and a higher proportion of heterospecific
pollen grains, thereby reducing pollination efficiency
and gene flow by pollen dispersal (Sowig, 1989; Kunin,
1993; Kwak et al., 1998).
Plant ecologists have found clear evidence that small

and isolated plant populations on calcareous grass-
lands have reduced seed set (e.g. Matthies et al., 1995;
Kéry et al., 2000), suffer from genetic erosion (e.g.
Oostermeijer et al., 1994; Fischer and Matthies, 1997)
and have a higher extinction risk (e.g. Fischer and
Stöcklin, 1997; Bräuer et al., 1999). A study of small-
scale fragmentation showed lower visitation frequency
of the most common pollinator, Bombus veteranus, and
a change in foraging behaviour in fragments compared
to control plots (Goverde et al., 2002). Increasing iso-
lation of experimentally established small habitat
islands from calcareous grasslands resulted in both
decreasing numbers of flower-visiting bees and lower
rates of seed set of two annual crucifers (Steffan-
Dewenter and Tscharntke, 1999; Table 1). Lack
(1982a, 1992b) studied the ecology of flowers on chalk
grasslands and competition for pollinators. He found

that early flowering plants were more specialised for
pollinators and more divergent in flowering time than
plant species flowering in late summer, which over-
lapped in flowering time and in their insect visitors.
However, no study explicitly examined effects of frag-
mentation of calcareous grasslands on pollinator
diversity and abundance. Literature data from other
habitat types suggest changes in pollinator community
composition, reductions in species richness and abun-
dance of pollinators as well as reductions in seed set
when habitat size decreases or habitat isolation increa-
ses. Aizen and Feinsinger (1994b) found that the fre-
quency and species richness of native flower-visitors
declined with decreasing forest-fragment size, whereas
the frequency of exotic honey bees increased. Frag-
mentation-related declines in pollen tube numbers, fruit
set and seed set occurred in 9 of 16, 5 of 15 and 3 of 14
species, respectively (Aizen and Feinsinger, 1994a).
Jennersten (1988) showed that the perennial plant Dia-
nthus deltoides received fewer flower visits in a frag-
mented grassland area than in a mainland area. As a
result of pollen limitation, seed set was much lower in
the fragmented area.

2.4.2. Predator–prey interactions
Habitat fragmentation is expected to have differential

effects on plants, herbivores and their natural enemies
(Holt et al., 1999). Plant diversity is the basis for the
diversity of herbivorous insects, because the resource
heterogeneity determines the number of consumer spe-
cies (Lawton, 1983; Siemann et al., 1998). High herbi-
vore diversity maintains a high diversity of predators
and parasitoids on the third trophic level. Top-down
effects of predators and parasitoids may in turn main-
tain high herbivore diversity (Siemann et al., 1998). Holt
et al. (1999) showed with a model for communities
closed to immigration that species–area relationships
should be stronger at higher trophic ranks. Therefore,
habitat fragmentation should change trophic interac-
tions between plants, herbivores and their natural ene-
mies. Almost no empirical data to support this
hypothesis exist for calcareous grasslands. In commu-
nities of trap-nesting solitary bees, the species number
of natural enemies decreased more markedly with
increasing isolation distance from the nearest calcar-
eous grassland than the species richness of their hosts,
and species richness of enemies and percent mortality
(parasitism and predation) covaried (Tscharntke et al.,
1998). Percent parasitism of herbivores on red clover
and bush vetch patches increased with habitat area
and decreased with isolation from old meadows
(Kruess and Tscharntke, 1994, 2000). Since predators
and parasitoids are more susceptible to fragmentation
than their prey and hosts, herbivores may be released
from their natural enemies and tend to outbreaks
(Kareiva, 1987).
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2.4.3. Competition
Nectar and pollen feeders are often assumed to be

strongly affected by interspecific competition (e.g.
Schaffer et al., 1983; Butz Huryn, 1997). Therefore,
nature conservationists concerned about the general
decline of wild bees have claimed the importance of
competition by honeybees in Europe, especially in frag-
mented semi-natural habitats such as calcareous grass-
lands or heathlands (Evertz, 1995). A test of this
expectation on 15 calcareous grasslands did not give
evidence that the abundance or species richness of
flower-visiting or trap-nesting wild bees declined with
increasing densities of honey bee colonies (Steffan-
Dewenter and Tscharntke, 2000b). In contrast to
expectations, the number of flower-visiting bumble bees
was even positively correlated with honeybee density,
and also with the cover of flowering plants. This indi-
cates similar resource use of honey bees and bumble
bees but no competitive exclusion. The abundance of
flower-visiting solitary, mainly ground-nesting bees,
decreased with increasing cover of vegetation (pre-
sumably due to a reduction of suitable nesting sites) and
increased with increasing cover of flowering plants.
Thus, habitat structure but not competitive interactions
appeared to determine bee communities on calcareous
grasslands. However, no evidence for changes in the
outcome of competitive interactions due to fragmenta-
tion exists for insects.

2.5. Landscape structure influences habitat connectivity
and the availability of resources outside calcareous
grasslands

We are not aware of any study testing this hypothesis
on calcareous grasslands, but some other studies show
substantial effects of increased connectivity, e.g. by cor-
ridors. In a landscape experiment, early successional
patches were created within large areas of pine forest.
Two butterfly species moved more frequently between
patches connected by corridors than between uncon-
nected patches (Haddad, 1999). Furthermore, three
open-habitat specialists reached higher densities in pat-
ches connected by corridors than in isolated patches
(Haddad and Baum, 1999). Gilbert et al. (1998) used
moss patches as microecosystems to test the idea that
corridors can reduce the rate of loss of species. Con-
nected patches showed slower rates of extinctions and
higher species richness than disconnected patches. As a
consequence of reduced or eliminated migration
between patches, the abundance of surviving animal
species declined on isolated but not on connected habi-
tat patches (Gonzales et al., 1998). Furthermore, the
proportion of predator species declined significantly in
disconnected compared to connected fragments in this
study. In a further microcosm study, species persistence
was higher in fragments connected by corridors than in

either unconnected fragments or a single large fragment
(Holyoak and Lawler, 1996).

2.6. Secondary succession changes habitat quality of
calcareous grasslands

Long-term abandonment of calcareous grasslands
results in succession to relatively species poor late-
successional stages dominated by grasses like Brachy-
podium pinnatum and later by shrubs and trees (Erhardt,
1985; Bobbink and Willems, 1991). Therefore, regular
grazing or mowing is necessary to stop succession and
to maintain plant species richness (Morris, 2000). Spe-
cies richness of plants was higher on annually grazed
than on abandoned or extensively grazed calcareous
grasslands (Steffan-Dewenter, 1998). In contrast, Bal-
mer and Erhardt (2000) found higher diversity of diur-
nal butterflies on calcareous grasslands abandoned for
10 years than on extensively cultivated grasslands. They
conclude that old fallow land has been underestimated
in conservation efforts in central Europe. Similarly,
Erhardt (1985) and Beinlich (1995) found that species
richness and abundance of butterflies was higher on
abandoned calcareous grasslands than on regularly
mown or grazed grasslands, but greatly decreased on
late-successional grasslands with shrubs or trees. One
might expect that plants reach maximum species rich-
ness at higher grazing intensity than some insect groups
which depend on flowers, food plants and a long-lasting
larval development (Morris, 1967; Erhardt, 1985; Völkl
et al., 1993), but species richness of grasshoppers, snails
and ground beetles was highest on regularly mown or
grazed calcareous grasslands (Beinlich, 1995). Below-
ground nesting solitary bees were more abundant on
regularly mown or grazed calcareous grasslands with
sparse vegetation and open soil, whereas the abundance
of above-ground nesting bees increased with increasing
cover of shrubs (Steffan-Dewenter and Tscharntke,
2000b). Similarly, butterfly species such as Maculinea
arion, Hesperia comma, Cupido minimus, Lysandra bel-
largus and L. coridon mainly occur on regularly mown
or grazed calcareous grasslands as they appear to rely
on warm microclimates and host plants within sparse
vegetation (Thomas, 1991; Settele et al., 1995).
Depending on life history traits, species profit from
early, mid or late successional stages and highest global
species richness should be reached with a mosaic of dif-
ferent successional stages. Such a mosaic of different
habitat structures may be in large habitat fragments or
in a series of small patches.

3. Conclusions

Many local case studies give details of insects on cal-
careous grasslands, but astonishingly few large-scale
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and well replicated studies on the effects of habitat
fragmentation and secondary succession on insect com-
munities are published. Furthermore, there is a bias
towards modelling approaches or small-scale fragmen-
tation experiments, whereas the field data necessary to
assess the ecological responses of communities and to
test these models are often lacking (Gustafson and
Gardner, 1996). We obviously need concerted research
efforts to quantify the functional role of insects in
trophic interactions and its dependence on habitat frag-
mentation in real landscapes (Didham et al., 1996).
Such an approach should consider the size and shape of
habitats, the isolation distance to neighbouring frag-
ments and the proportion of suitable habitats in a
landscape, i.e. the meaning of the landscape structure
(Kareiva and Wennergren, 1995). Calcareous grasslands
are very suitable systems for fragmentation studies
because they are (1) well-delimitated from other habitat
types, (2) nowadays highly fragmented, (3) harbour
species-rich plant and insect communities with a large
variety of biotic interactions, and (4) thereby, have
high conservation value. Besides the already discussed
interaction types, many other biotic interactions may
be susceptible to fragmentation-induced changes in the
abundance and species richness of functional groups,
such as seed-predation, seed dispersal, litter decom-
position, pathogen–insect or vertebrate–invertebrate
interactions. Successful nature conservation of calcar-
eous grasslands will depend greatly on the under-
standing of these complex spatio-temporal and biotic
interactions. We think that close collaboration of plant
and insect ecologists as well as an Europe-wide, mac-
roecological perspective would be a big step to reach
this objective.
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öffentlichungen für Naturschutz und Landschaftspflege in Baden-
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Thommen, G.H., Lüdin, E., Erhardt, A., Baur, B., 2000. Short-term

responses of plants and invertebrates to experimental grassland

fragmentation. Oecologia 125, 559–572.

284 I. Steffan-Dewenter, T. Tscharntke / Biological Conservation 104 (2002) 275–284


