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Renewed restoration efforts have not lead to full recovery of the rich
entomofauna of Dutch chalk grasslands. To detect the main bottle-
necks and to develop promising restoration management tools we used
a life-history strategy approach. This bottom-up approach to detect key
environmental factors from the variation in species assemblages was
applied to ants and butterflies. For all species present in Dutch chalk
grasslands and nearby reference sites life-history traits were listed
from literature. Also based on literature research it was assessed what
the functional consequences of these traits are. Next, the combined
consequences of occurring trait combinations were considered. This
resulted in the compilation of a limited number of functionally differ-
ent life-history strategies. These life-history strategies are compiled in
such a way, that species assigned to the same life-history strategy are
expected to respond in a similar way to changes in their environment.
We analysed the occurrence of ants and butterflies with different life-
history strategies in Dutch chalk grasslands and reference sites. The
main parameters determining the occurrence of characteristic species
obtained from this life-history strategy analysis were management
timing and habitat isolation. These results are used to formulate prom-
ising restoration measures improving the conditions for chalk grass-
land insects.
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Chalk grasslands in North-Western Europe are potentially very rich in flora and
fauna (Wallis de Vries et al. 2002). However, over the past century the number,
size and quality of these grasslands have declined strongly (Wallis de Vries et
al. 2002). This decline has been especially severe in the Netherlands, where only
20 chalk grassland sites remain with a combined surface area of no more than 30
ha. (Willems 2001). These sites are highly isolated and have suffered from
eutrophication both from adjacent agricultural areas and from airborne nitrogen
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pollution. Together with the cessation of traditional land use, this resulted in
severe grass- and shrub encroachment (Bobbink and Willems 1993, Willems
2001). In the early 1980’s existing restoration management has been improved
and new restoration measures have been implemented in many sites. This man-
agement consists mainly of sheep grazing or mowing, focussing primarily on
removing excess primary production. Although this has clearly improved the
situation for a number of threatened plant and animal species, the situation
remains critical for many insects. Especially characteristic butterflies have even
continued to decline (Wallis de Vries et al. 2002).

As several processes have simultaneously affected the study sites in the past
decades (fragmentation, eutrophication, abandonment and different forms of
restoration management) it is very difficult to identify which processes have
been most detrimental, and thus should first be addressed by restoration meas-
ures. This is further complicated by the considerable variation in size, landscape
configuration, slope and aspect between the individual chalk grassland remnants
(Willems 2001). This complex web of factors impedes efforts to isolate the
effects of single factors by direct site comparison. Common methods which cor-
relate species occurrences to environmental parameters through multivariate
statistics fail to isolate key factors as several factors are auto-correlated and the
number of potential study sites is lower than the number of potentially impor-
tant parameters. To circumvent these methodological problems we took a bot-
tom-up approach (Fig. 1), isolating key factors through the analysis of species’
life-history traits.

In recent years a growing number of studies have demonstrated that species’
life-history traits can successfully be used to gain insight in species-environment
relationships (McGill et al. 2006, Verberk et al. 2008b). Species traits include
morphological, physiological or phenological features without reference to the
environment (Violle et al. 2007). As species’ traits provide the causal mecha-
nisms underlying species-environment relationships they have proven to be
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Figure 1. Top-down and bottom-up approaches to identify key environmental factors
determining the local species composition.



especially suitable to explain and predict species responses to changes in their
environment (e.g., van Kleef et al. 2006, Lambeets et al. 2009, Öckinger et al. 2010,
van Turnhout et al. 2010, Verberk et al. 2010). Previous studies on soil mesofau-
na (Siepel 1994), bog invertebrates (Verberk et al. 2008a) and breeding birds (van
Turnhout et al. in press) have operationalised species traits through life-history
strategies, focusing on trait combinations rather than single traits to assign
species to functionally different life-history strategies. Species assigned to the
same life-history strategy are expected to respond in a similar way to changes in
their environment. Using these life-history strategies rather than individual
traits allows to evaluate the relative importance of traits and to weight traits dif-
ferently depending on the context. This is important as traits are interconnect-
ed through trade-offs and different traits may act in concert (Siepel 1994,
Verberk et al. 2008a). In addition different trait combinations may solve the
same ecological problem and can thus be grouped into the same life-history strat-
egy (Siepel 1994, Verberk et al. 2008a).

The aim of this study was two- fold. First, a three step procedure was devel-
oped to build life-history strategies. This procedure can be applied to all taxo-
nomic groups. The life-history strategies derived from this procedure can be
modified and reused for a wide variety of research questions on species-environ-
ment relationships. The second aim of this study was to use life-history analy-
sis to identify the main bottlenecks for insects in chalk grasslands. Specifically,
the developed procedure was used to build life-history strategies for ants and
butterflies. These strategies were tested and then used to get insight in the key
environmental factors determining the occurrence of characteristic ant and but-
terfly species in Dutch chalk grasslands. This knowledge on which environmen-
tal factors are of key importance leads to improvements in restoration measures
for chalk grassland insects.

METHODS
The life-history strategy approach to isolate key environmental factors is a
multi-step approach consisting of the theoretical compilation of life history-
strategies (step 1 to 3) and the application of these strategies to actual field data
(step 4).

Step 1. Trait analysis
Stearns (1976) and Siepel (1994) have argued that species’ responses to their envi-
ronment depend on their traits related to reproduction, development, synchro-
nization and dispersal. Therefore the first step in our approach is to identify the
main traits in these four domains for the species group under study. For exam-
ple, in butterflies the most important traits related to dispersal are adult size,
wing morphology and behaviour (migration and site fidelity). Based on litera-
ture the attributes of these traits can be listed for all species in the study sites. In

C.G.E. (TOOS) VAN NOORDWIJK

77



many cases there is insufficient information on certain traits for some of the
species. These knowledge gaps are, however, not always problematic as some
traits can be predicted based on the remaining traits or are unimportant as the
functional implications are already determined by other traits.

Step 2. Evaluating consequences of traits and trait-
combinations
The next step is to evaluate the consequences of the trait combinations found in
step 1. Based on logic and literature the consequences of most traits are soon
apparent. For example, absence of wings and small body size clearly hamper a
species distribution and make species more vulnerable to habitat fragmentation
and isolation. It is important to incorporate all traits in this step and to be aware
of exceptions. Some species may for example have good flight ability, but if their
site fidelity is strongly developed, they may just as well be strongly affected by
site isolation. Within species, traits are linked through trade-offs. In general,
energy invested in one trait (e.g., number of eggs) causes species to invest less in
another trait (e.g., egg size). Species can also differ in energy-intake causing spe-
cialized species to be able to survive under low food conditions, but also restrict-
ing their investment in all life-history traits. Comparing species differing in
only a few traits helps to clarify how such trade-offs work and what their eco-
logical consequences are. Single traits and trait combinations can have many dif-
ferent ecological consequences. In this step of the analysis it is important to
focus on consequences at the spatial scale (microsite, habitat, landscape) and
hierarchical level (individual, population, species) that is appropriate for the
research question under study.

Step 3. Compiling life-history strategies
As a third step all species behaving similarly can be grouped. This grouping does
not only bring together species sharing the same traits, but also species with dif-
ferent trait combinations resulting in the same ecological consequences. This
grouping of species into life-history strategies that respond in a uniform way to
their environment, strongly reduces the number of response variables (few
strategies instead of many species). The strategies indicate a priori what the most
important environmental factors are within the taxonomic group under study.

Step 4. Analysis of field data
Finally the theoretically compiled life-history strategies can be tested and
applied to field data. By analysing shifts in the occurrence of the life-history
strategies between sites (or in time) it can be assessed whether the environmen-
tal factors identified as being important are a key issue at the study sites. As the
life-history strategy approach provides insight in the mechanisms causing
species’ responses to changes in their environment, the predictions provided by
this approach can be tested using measurements of the identified environmental
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parameters. For the Dutch chalk grasslands the outcome of the life-history strat-
egy analyses were tested using the results of a field survey in six Dutch chalk
grasslands and one Belgian and three German reference sites conducted in 2005
and 2006. Within these sites ground-dwelling species were collected using pitfall
traps. Butterflies and a number of other flying insects were assessed through
transect walks and free sweep net catches. In 2007, 2008 and 2009 additional envi-
ronmental parameters were measured at these ten sites to test the predictions of
the life-history strategy analyses.

RESULTS

Ants
Based on 14 life-history traits related to (colony-) reproduction, (colony-) devel-
opment, synchronization and dispersal, ants living in Dutch chalk grasslands
could be assigned to four functionally different life-history strategies. These
strategies can be characterized as generalists (G), poor dispersers (D), species
whose distribution is limited to sites with high food availability (F) and species
that are restricted to sites with high soil temperatures during nest founding
before the onset of winter (T). The main environmental parameters that affect
some ant species more than others are thus the degree of habitat isolation, the
amount of available food and the temperature of the soil in summer and autumn.
To detect whether any of these factors are a bottleneck in Dutch chalk grass-
lands the presence of the four life-history strategies in Dutch chalk grasslands
and German and Belgian reference sites was analysed.

In total 35 ant species were caught in the ten surveyed sites. The number of
species per strategy ranged from four (strategy G) to 13 (strategy D). For strate-
gies F and G the average number of species per pitfall trap series did not differ
between sites (strategy F, χ2 = 12.15, P = 0.21, d.f. = 9; strategy G, χ2 = 15.04, P =
0.10, d.f. = 9). The number of species from strategy T significantly differed
between sites (χ2 = 23.40, P<0.01, d.f. = 9). This was also the case for the average
number of species from strategy D (χ2 = 23.02, P<0.01, d.f. = 9). It thus seems that
some of the chalk grasslands are too cold or too isolated for a number of ant
species, while food availability is not limiting at the study sites. These hypothe-
ses were confirmed by field measurements of the soil temperature and the dis-
tance between the study sites and their next nearest chalk grassland.

With increasing distance to the next nearest chalk grassland there was a sig-
nificant exponential decline in the number of species from strategy D (R2 = 0.58,
P = 0.01, d.f. = 9). Especially sites that were more than 1 km away from the next
nearest chalk grassland had low numbers of species from strategy D.

The number of ant species from strategy T was strongly positively correlat-
ed to the soil temperature in August, September and November (R2>0.33, P<0.01,
d.f.>16). The soil temperature itself turned out to be strongly determined by

C.G.E. (TOOS) VAN NOORDWIJK

79



management timing, in addition to site specific factors like aspect and inclina-
tion. Sites that were only mown or grazed in autumn had a significantly lower
average soil temperature in August than sites that were mown or grazed during
the summer season (ANOVA: F = 22.0, P<0.001, d.f. = 23). In addition the
increase in soil temperature between May and August was significantly lower in
sites without summer management (ANOVA: F = 6.360, P = 0.024, d.f. = 15). All
sites with only autumn management had low numbers of species from strategy
T and low August soil temperatures irrespective of their aspect and inclination.
It thus seems that restricting grazing and mowing activities to the autumn/win-
ter season is a serious bottleneck in Dutch chalk grasslands for ant species from
strategy T (Fig. 2).

Butterflies
For butterflies a similar analysis as demonstrated above for ants revealed that
habitat isolation and the current intensity of autumn management are most like-
ly important bottlenecks. Based on their life-history traits all characteristic chalk
grassland butterflies can be classified as poor dispersers. Field data show that
only one site (Sint Pietersberg), which is located nearest to source populations
in Belgium (1 km) has experienced recolonisations of characteristic species in the
past decades (Vlinderstichting, unpubl. data). In addition most characteristic
chalk grassland butterflies hibernate as caterpillars or pupae in the vegetation or
litter layer. High mortality caused by heavy grazing during hibernation could be
an important reason for the continuing decline of these species following man-
agement intensification around 1980. Such negative effects of the current inten-
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Figure 2. Effect of vegetation structure on the soil temperature at 5 cm depth on a
sunny day in May (maximum air temperature 20.2 °C) in a chalk grassland. The red
line shows the soil temperature under a short sward (mown in previous autumn). The
blue line depicts the temperature on the same day and at the same site at a spot with a
thicker vegetation layer (1 year after mowing).



sity of autumn grazing in Dutch chalk grasslands (Fig. 3) were confirmed in an
experiment in which the survival rate of Glanville fritillary (Melitaea cinxia)
caterpillars was measured under different grazing regimes (CGE van Noord-
wijk, unpubl.).

DISCUSSION

Life-history strategies as a tool
There is a growing body of evidence that traits and strategies are a useful tool to
understand species responses to their environment (e.g., van Kleef et al. 2006,
Lambeets et al. 2009, Öckinger et al. 2010, van Turnhout et al. 2010, Verberk et al.
2010a). However, the use of life-history strategies is still limited (but see Siepel
1995, Verberk et al. 2008a,b, Verberk 2010, van Turnhout et al. in press). One rea-
son for this is that the compilation of meaningful life-history strategies is a very
time consuming process, which is often hampered by a lack of sufficiently detailed
trait information. On the other hand, once compiled life-history strategies provide
a framework that can be extended and reused to solve new issues. Due to the over-
whelming number of traits and interactions between traits the compilation of
strategies may seem arbitrary, but the opposite is true. Analysing the potential
species variation and the functional consequences of these species’ life-history
traits actually helps to focus on those environmental factors that are most impor-
tant to the species group under study. Due to this bottom-up character the life-his-
tory strategy approach provides important new insights, which are not revealed by
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Figure 3. Glanville fritillary
(Melitaea cinxia) nest damaged
by sheep grazing in autumn.
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traditional top-down approaches. In the ant analysis it was not only revealed that
soil temperature is an important parameter, but specifically soil temperature in
summer and early autumn. This led to the hypothesis that summer management
is essential, which was confirmed by field measurements. A traditional approach
would most likely have revealed a correlation of the affected species to soil tem-
perature in general leaving us unaware of the importance of summer management.

Another advantage of the life-history strategy approach is its mechanistic
character. This method provides actual insight into the mechanisms causing
species responses to their environment. Therefore it provides clear testable
hypotheses, enabling rigorous testing of its results. In addition, the life-history
strategy approach can be used in situations in which the traditional top-down
approaches are unsuccessful, for example due to low numbers of study sites in
relation to the number of environmental parameters.

Bottlenecks in chalk grassland restoration
The life-history strategy analyses that were conducted for ants and butterflies
revealed two main bottlenecks for the restoration of these species in Dutch chalk
grasslands, habitat isolation and the timing of management actions. Habitat iso-
lation is known to be an important problem both for chalk grassland butterflies
(Wallis de Vries et al. 2002) and ants (Mabelis 1994, Mabelis & Verboom 2009).
Smits (2009) has demonstrated that also characteristic plant species are severely
threatened by the current degree of isolation of Dutch chalk grasslands. The
same is true for grasshoppers (Kleukers et al. 1993, 2004) and most likely also for
many other insect species. For both ants and butterflies it seems that a distance
of more than 1 km between habitat patches provides a serious bottleneck for (re-)
colonisation of suitable habitats.

Both for ants and butterflies it was also revealed that the current manage-
ment timing does not match the life-cycle of chalk grassland species.
Interestingly, the results for ants and butterflies are different but highly comple-
mentary. Ants from strategy T need a short, open sward, which provides high
soil temperatures in summer and autumn. It was demonstrated that adequate
summer management is essential to reach such high soil temperatures in Dutch
chalk grasslands. At the same time, the butterfly data showed that the current
autumn grazing intensity in most sites is too high for most butterfly species.
Thus also for butterflies it would be better to concentrate management efforts in
the summer months instead of autumn. It is yet unclear to what extend the cur-
rent management timing is also a bottleneck for other insect groups. It is likely
that the negative effects of intensive sheep grazing in autumn extend to all
insect species hibernating aboveground.

Management recommendations
To restore and conserve ant and butterfly communities in Dutch chalk grass-
lands both of the identified bottlenecks need to be addressed. To enable poorly
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dispersing species to exchange between sites and to colonise new sites the con-
nectivity between chalk grasslands needs to be improved. Both for ants and for
butterflies a maximum distance between sites of 1 km seems essential to provide
opportunities of inter-site dispersal. To create such a network of chalk grassland
sites it is important to restore severely degraded chalk grassland patches and
even create new nutrient-poor grasslands on ex-arable land.

To tackle the problem that the current management timing does not match
the life-cycle of chalk grassland ants and butterflies the management cycle
should be adapted. All Dutch chalk grasslands are currently mainly grazed or
mown in autumn. Some sites are additionally managed in summer. For both
species groups in this study it would be better to shift the main management
period to the summer season (May-June), where necessary combined with low
intensity autumn grazing. This is most likely also beneficial for the chalk grass-
land vegetation as soil nutrient levels are still increasing under the current
autumn management. Summer management is expected to counter this trend,
restoring nutrient poor conditions that are essential for characteristic chalk
grassland plants (Smits 2010). Summer mowing and grazing may however, cre-
ate new problems like insufficient nectar plants for butterflies and bees.
Therefore it is important to spread management actions both in time and space
to create escapes for vulnerable species. Sites should be divided into several com-
partments which are managed separately, with ample time between compart-
ments to allow reflowering and regrowth of food plants. Such compartimenta-
tion also allows to adapt the management intensity to the local situation. In this
way the negative effects of disturbance caused by management actions can be
minimised, while optimising the vegetation structure. Such a management
regime has already been applied successfully for several years in a number of
Belgian chalk grasslands. It also strongly resembles the historic grazing regime
that was applied in the Dutch chalk grasslands prior to 1900 (Hillegers 1993).
This is however, no guarantee for success as the circumstances have changed
dramatically due to the nitrogen accumulation in the soil and the radical changes
in landscape configuration that have occurred over the past century. Field test-
ing of the proposed management alterations is essential to really improve
restoration management for chalk grassland insects.
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