











3 Methods
3.1 Habitat characteristics

Characteristics of habitat quality were investigated in three populations in Flanders near
Zutendaal, Wezel and Meeuwen-Gruitrode during 1998 (with additional data collected in
2000). Those factors known or suspected to be of importance but not well described were
given special attention (see also WALLISDEVRIES 1998): host plant density, vegetation
height at hibernation sites and Ellenberg site indicator values.

Host plant density was estimated in a 1 m* square around the spring nests in the popula-
tions of Zutendaal and Meeuwen-Gruitrode. Vegetation height at and around each spring
and autumn nests was determined in two crosswise 2 m-transects, in N-S and W-E direc-
tions, intersecting at the nest itself. Height measurements were carried out with a light tem-
pex disc (8 g, 10 cm diameter) lowered gently along a wooden rod onto the vegetation.

Ellenberg indicator values have been used successfully by OOSTERMEUER & VAN SwaAY
(1998) to characterise abiotic conditions of butterfly habitats. Site indicator values on a
scale from 1 to 9 were calculated for soil reaction (1 = acid, 9 = calcareous), productivity
(also known as nitrogen value (1 = poor, 9 = rich) and moisture (1 = dry, 9 = wet) from
plant species lists for 45 sites, excluding rare species. Of these sites, 15 had been occupied
by M. cinxia in the 1990s (including the above populations, a site near Olmen in Flanders
and along the Julianakanaal in The Netherlands) and 30 sites were chosen from dry grass-
land sites in the vicinity of these populations. In the calculation the contributions of indi-
vidual species were averaged without weighting according to their cover. The same sites
were surveyed for nectar plant abundance. All these sites were located on sandy to sandy-
loamy soils. For comparison, 6 sites were surveyed on calcareous soils in the area of an
introduced population near Lanaye, Belgium. Logistic regression was used, as in OOSTER-
MEUER & VAN SwaAy (1998), to derive optimal values for occupied patches.

3.2 Microclimatic measurements

Microclimatic measurements were made at the site of Wezel, Belgium, during sunny days
in late summer (31% August 2000) and in spring (28 March 2002). Substrate and larval
temperatures were measured at each location using a handheld infra-red thermometer
(OS530 L). Ambient air temperature was measured with a digital thermometer at a fixed
point in the shade at 1.3 m height. In 2000 the temperature of 13 different larval nests and
their surroundings were measured once during the day, between 10.00 AM and 16.00 PM.
In 2002 eight different larval sites in sunny locations were followed at 30-minute intervals
between 9.30 AM and 16.00 PM. For the analysis of the data for 2000, comparisons
between substrate temperatures were made, using location number to correct for variation
in temperatures during the day. Repeated measures for each location were averaged over
the day prior to analysis for 2002.

3.3 Habitat quality index

A habitat quality index was designed to classify various components of habitat patches in
terms of low, moderate or high quality (Table 1). The importance of all factors has been
shown either in the above-mentioned studies or in the present study, although the factors
‘sun’ and ‘shelter’ are merely surmised from general microclimatic considerations. The
index is calculated as the sum of the values for the various quality components, with —2 for
‘low’, 0 for ‘moderate’ and 1 for ‘high’. Thus, low quality weighs heavy but a cut-off point
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for complete unsuitability was not included. Boundary values were derived from field data
and from other studies. Topography has not been presented in the data and index values,
as only a few areas showed any relief. A preliminary test of the predictive power of the
habitat quality index was performed at a scale of 50 x 50 m, which lowered the number of
sites to 40 (with 8 recently occupied), by logistic regression of the index on actual or recent
occupancy.

Table 1. Factors included in the habitat quality index for Melitaea cinxia and their values for low,
moderate or high quality habitat; the respective index values for low, moderate and high
quality are -2, 0 and 1. Variation in (micro)topography was so low in the study areas
that this factor was left out of the final index.

Characteristic Quality

Low Moderate High
Primary factors
%Cover standing dead vegetation <5 5-25 >25
Ellenberg soil reaction value <3.8 3.845 >4.6
Scale of structural diversity (m) >50 10-50 <10
Ellenberg productivity value >5.7 5.2-5.7 <5.1
Area with high Plantago density (m®)’ 10-100 100-1000 > 1000
Open field border (%) >75 50-75 <50
Secondary factors
%Cover short vegetation (< 5 cm) <5 5-15 > 15
Nectar abundance (flowers/m?) <0.01 0.01-1 > 1
Ellenberg moisture value >5.8 5.4-5.8 <53
Sun Shady Some shade Sunny
Shelter None Some Secluded
(Micro)topography None Some Abundant

! In the first test of the index, a Plantago density measure was used instead of this criterion (with values for low:
< |, moderate: 1-10, and high quality: > 10 plants/m?)

In a practical application of the habitat quality index in Limburg (The Netherlands), sites
were chosen on the basis of the occurrence of Plantago concentrations (> 10 plants/m’ on
> 10 m?) instead of selecting dry grasslands. This provides a more practical and less
ambiguous selection criterion in field surveys. Consequently, the host plant density crite-
rion in the index was replaced by an area criterion (based on Hanski 1994): low quality
10-100 m?, moderate quality 100—1,000 m* and high quality > 1,000 m? of high Plantago
density.

4 Results

4.1 General site characteristics

At a scale of 50 x 50 m habitat patches were secluded with only 33 £ 17% (+ 95% confi-
dence interval) of the perimeter bordering open fields. The vegetation showed affinity with
Violion, Thero-Airion and, locally, Bromion communities. Occupied patches showed a high
frequency of occurrence (> 60%) for the following plant species: Plantago lanceolata,
Achillea millefolium, Festuca rubra, Vicia hirsuta, Hypericum perforatum, Holcus lanatus,
Vicia sativa ssp. angustifolia, Trifolium dubium and the main nectar plant Centaurea jacea.
Significant positive associations (chi-square test, P < 0.05) of plant species with the occur-
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5 Discussion
5.1 The significance of warm microclimates

The present data indicate that abiotic conditions (moderately acid to calcareous soils with
low to intermediate productivity) and small-scale diversity in vegetation structure are
important aspects of habitat quality for Melitaea cinxia. These aspects have not been quan-
tified earlier, although abiotic conditions have been described earlier in qualitative terms
(THOMAS & LEWINGTON 1991, BINK 1992). It appears, as expected, that habitat quality for
the larval stages is more important in defining habitat characteristics for M. cinxia than
quality aspects for the adult stage.

Both the geographical distribution and the characteristics of its microhabitat indicate that,
in an oceanic temperate climate, Melitaea cinxia is a thermophilous species depending on
warm microclimates. This study has identified several factors confirming this hypothesis.
The main factors appear to be a low productivity, an open vegetation structure, with suffi-
cient standing dead vegetation over winter. The sunny exposition of the vegetation fringes
with hibernation nests in Zutendaal suggests an even more subtle influence of microcli-
mate on the selection of microhabitats. The importance of standing dead vegetation for
hibernation nests seems implied by SiMmcox & THoMAS (1979) on the Isle of Wight, but
hibernation apparently takes place mainly in low vegetation in Finland (Singer & Kuus-
saari pers. comm.). It may be that the protection offered by standing dead vegetation is
more important with the greater humidity and essentially snow-free winters of the ocean-
ic climate in Western Europe. Although of lesser importance in Flanders and The Nether-
lands, a sunny exposition of topography undoubtedly is a potentially important additional
factor contributing to a warm microclimate for M. cinxia (SiMcoX & THOMAS 1979).
Indeed, Fartmann (pers. comm.) recently observed on the Isle of Wight that larval devel-
opment was more advanced in sunny expositions than on more shady, westerly or norther-
ly exposed locations.

There seems to be a paradox between the thermal requirements of Melitaea cinxia and the
general decline of the species in northwestern Europe during a period of climatic warm-
ing, WALLISDEVRIES & VAN SwaAy (2006) have suggested a solution for this paradox by
highlighting the discrepancy between changes in macro- and microclimates. While the
macroclimate has warmed during the last decades, microclimates have rather become cool-
er in early spring, at the time of the larval development of species such as M. cinxia. The
reasons for this microclimatic cooling are found in the advancing start of the plant grow-
ing season in combination with increased levels of atmospheric nitrogen deposition. Both
lead to taller and greener vegetation, and, hence, a cooler vegetation. Warm microclimates
have also disappeared due to changes in land use, leading either to intensification (more
productive environments) or abandonment (cooler tall environment) (BIGNAL &
McCRACKEN 1996). This is likely to have caused the disappearance of M. cinxia from the
Diemeltal in northwestern Germany (FARTMANN 2004; last record from 1926) and possi-
bly also from the dunes in The Netherlands (see section 2; the disappearance from main-
land Britain may have been a true effect of macroclimatic cooling during the latter part of
the 19" century, comparable to the effect on Pararge aegeria (ASHER et al. 2001).

5.2 Conservation management for butterflies
The suggested process of microclimatic cooling poses a severe threat for thermophilous
species such as Melitaea cinxia. Range expansions driven by climatic warming only
appear to occur in butterflies when suitable microclimates are present (WALLISDEVRIES &

VAN Swaay 2006). Appropriate management may overcome this limitation to a significant

291



extent. Warm microclimates can be promoted by reducing the nutrient status in the soil and
by promoting an open and diverse vegetation structure. Grazing, rotational mowing and
top-soil removal in eutrophic sites offer suitable tools to achieve this purpose (BOURN &
THOMAS 2002, WALLISDEVRIES 2001a, 2004).

6 Conclusion

Studying the ecology of Melitaea cinxia has contributed both to insights in the role of
metapopulation dynamics (Hanski 1999) and in the importance of habitat quality
(THOMAS et al. 2001, WALLISDEVRIES 2001b and this study). This study emphasises the
crucial role of larval habitat quality, and warm microclimates in particular. Improving
habitat quality through appropriate management may overcome the growing threat of
microclimatic cooling for species such as M. cinxia. The recent recolonisation attempt of
the species in the Netherlands, mentioned above, suggests that serious efforts in habitat
restoration may, to a certain extent, even overcome problems of isolation by boosting local
population sizes and increasing the availability of suitable habitat. This gives hope for a
permanent re-establishment of M. cinxia in The Netherlands and, in a wider perspective,
also presents a major challenge for conservation management in northwestern Europe!
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