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ordination models using quadratic-level functions, which

achieved superior fits for all modelled situations according to

the Akaike information criterion (AIC).

Indicator values. We used Ellenberg’s indication values for

individual plant species to further evaluate the composition of

the vegetation surrounding nests. The values describe, on

ordinal scales, the ecological requirements of higher plants of

the Central European flora (Ellenberg, 1979) and correlate well

with measured values (e.g., Schaffers & Sykora, 2000;

Wamelink et al., 2002).

We used the indicator values for light, temperature, humidity,

pH and nitrogen given in Frank & Klotz (1990) for testing the

null hypothesis that samples containing and not containing nests

do not differ in these conditions. The dependent variables were

mean indicator values per plot weighted by the cover of indi-

vidual species (including S. pratensis, because its relative abun-

dance in the plots could also reflect habitat properties). Since

Frank & Klotz (1990) did not provide indicator numbers for

“indifferent” plants, we substituted the missing values with

means obtained from all species represented in individual sam-

ples, for which the values are given by the authors. We did the

same for several small sedges (Carex spp.), not identified to

species.

Regressions of host plant architecture. To assess the effects

of structural traits and position of host plants on presence of

larval nests, we constructed multiple regression models with

nest presence as the dependent variable with a binomial distri-

bution. We used the GLM procedure in S-plus 2000 (1999). We

first assessed the separate effects of the covariables SITE,

YEAR and PERSON, and of all potential explanatory variables

(Table 1). For continuous and ordinal variables, we checked the

linearity of the relationships by constructing the regressions also

as second-degree polynomials and logs, and selecting the most

appropriate model using the AIC values.

Following the single-term tests, we constructed multiple

regression “BEST” models for intensive, nonintensive and total

data. The procedure involved constructing models with all the

possible explanatory variables (without interactions), from

which we successively excluded redundant variables using the

S-plus’ “drop1” function while retaining the (nominally signifi-

cant) effects of SITE in the models. After obtaining a model

with no redundant terms, we iteratively added and deleted all

possible multiple-term interactions, until we found a model for

which neither adding nor dropping of terms improved its (AIC-

evaluated) fit.

RESULTS

Composition of vegetation

The plots containing larval nests had a higher cover of

Succisa pratensis (Mean = 36, SD = 18.1, median = 30,

range = 5–90) than unoccupied plots (Mean = 30, SD =

20.1, median = 30, range = 2–90) (Mann-Whitney U: p <

0.001). Thus, the occurrence of E. aurinia nests was asso-

ciated with a high cover of the host plant.

Still, the RDA ordination revealed highly significant

difference in plant species composition between occupied

and unoccupied plots (Fig. 2). The explained variance

was small, but the larval nests were clearly positively

associated with certain plants. Occupied plots contained a

higher cover of short graminoids, such as Nardus stricta,

Anthoxantum odoratum and “small” Carex sedges, and of

subordinate herbs (e.g., Veronica officinalis, Plantago

lanceolata, Pedicularis sylvatica). Unoccupied plots had

a higher cover of tall grasses, most notably Deschampsia

cespitosa, and of vigorous tall herbs (e.g., Cirsium het-

erophylum, Hypericum maculatum). Controlling for SITE

and INTENSITY (results not shown) did not change the

pattern.

The composition of the vegetation within plots was

influenced by both SITE (sum of all eigenvalues = 0.167,

F = 6.0, p < 0.001) and sampling INTENSITY (eigen-

value = 0.020, F = 9.9, p < 0.001), suggesting consider-

able variation among sites. However, after considering

the two effects as co-variables, the external variables that

significantly explained composition of the vegetation

were related significantly to the presence of nests (Table

2). The vegetation-describing variables typically picked

up by forward selection procedures were related to site

management either directly (e.g., GRAZING, ABAN-

DONED) or indirectly (e.g., SURRHE, SUN; manage-

ment clearly affects sward height or level of shading). As

suggested by the GLM-mapping of nest presence on the

ordination axes, likelihood of nest presence decreased

with height of sward (Fig. 3), which was low at managed

sites and tall at abandoned sites.

Indicator values

The comparison of mean Ellenberg’s indicator values

for occupied (N = 116) versus unoccupied (N = 381)
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Fig. 2. Ordination diagram of the redundancy analysis of

plant species composition of plots occupied (PRESENT) and

unoccupied (ABSENT) by larval nests of Euphydryas aurinia.

Total data, nest presence entered as binary variable. The first

(horizontal) axis separates, highly significantly, occupied and

unoccupied plots (eigenvalue = 0.023, F = 11.9, p < 0.001).

Only plants with minimum fit = 2 are depicted, the strength of

the correlation between plant species and nest presence/absence

is approximated by the angle between the arrows for individual

plants and the first ordination axis. The same patterns were

found in the nonintensive (eigenvalue = 0.013, F = 4.4, p <

0.001) and intensive (eigenvalue = 0.042, F = 7.2, p < 0.001)

data.



plots showed that the nests occurred in plots that were

drier and had a lower pH and nitrogen content.

(Humidity: t = –3.10, p < 0.01; pH: t = –6.74, p < 0.0001;

Nitrogen, t = –6.17, p < 0.0001). No differences were

found in mean values for light (t = 1.41, 495 d.f., p =

0.16) and temperature (t = –1.28, p = 0.20).

Host plant architecture

The single-term regressions of nest presence against

host plant architecture (Table 3) revealed that nests

occurred more frequently on plants growing in dense

swards (i.e., the variables AVER_DIST and

CLOSE_DIST). The positive association between nest

presence and numbers of shoots and/or inflorescensces

(the two were correlated, r = 0.64 and p < 0.001) sug-

gested that occupied plants tended to be richly branched.

In contrast, plant height showed either no (total and inten-

sive data) or a negative (nonintensive data) association

with occupancy. Occurrence of the nests was consistently

influenced by the 2nd-order polynomial of height of sur-

rounding vegetation: the likelihood of nest occurrence

peaked between 25 and 50 cm and decreased in taller

swards (Fig. 4). The positive effect of DAMAGE mani-

fested itself in the “intensive” and “nonintensive” data.

Neither YEAR nor RECORDER influenced the results.

Each of the multiple-regression “BEST” models (Table

4, Fig. 4) showed that even after controlling for differ-

ences between sites, the presence of nests was positively

associated with density of host plants. Other variables

predicting the occurrence of nests were number of

shoots/inflorescences, the 2nd-order polynomial of sward

height, and damaged plants. The higher-order interaction

that improved the fit of the models suggested that shade

counterbalanced the positive associations with host plant

density. The absence of a relationship with sward height

in the intensive data was presumably caused by the fact

that at all the intensively sampled sites, there were strong

larval populations of the butterfly, and thus probably the

optimal sward height.

DISCUSSION

The presence of prediapause larval nests of Euphydryas

aurinia on Succisa pratensis was positively associated

with a high cover of the host plant, and of short grasses

and competitively subordinate herbs surrounding the host

plants. It was negatively associated with competitively

superior tall grasses and herbs. The nests were common at

sites with relatively short sward, which is typically main-

tained by mowing or light grazing, and on host plants

growing in drier and nitrogen-poor conditions. Analysis

of host plant architecture confirmed the association of

nests with densely clumped host plants growing in low to

medium-height vegetation. The different analytical

approaches gave similar results. For instance, a higher

host plant cover corresponded with a high number of

shoots/flowerheads of occupied plants.
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Fig. 3. GLM-mapping of the occurrence of larval nests of

Euphydryas aurinia on results of RDA ordination of vegetation

composition. Intensive data, not controlled for covariables.

Quadratic-degree binomial model of nest occurrence. Ordina-

tion of vegetation was constrained by explanatory variables

describing the plots and study sites, variation attributable to dif-

ferences between sites was controlled by including individual

sites as covariables, explanatory variables were selected by for-

ward selection procedure. The isolines show probability of

occurrence of the nests, as fitted by the models. Refer to Table 1

for definition of variables.

%dev: the percentage of null model deviance attributable to the fitted model.
*** p < 0.001

11.4***186.64,16220.15.6***0.088.3***0.042~(SUN+HOSTPLANT+SURRHE)/(SITE)

Intensive data

10.9***258.94,323145.5***0.0549.1***0.023~(ABANDONED+GRAZING+MOWING+SUN+SURRHE)/(SITE)

Nonintensive data

19.4***477.94,490138.3***0.04112.6***0.021~(GRAZING+MOWING+ABANDONED+SURRHE)/(SITE+INTENS.)

20.1***4754,49013.68.3***0.04112.8***0.022~(GRAZING+MOWING+ABANDONED+ SURRHE)/(SITE)

Total data 

FAICd.f.%devFTraceFeigenvalue(vegetation ~ [explanatory variables] / [covariables] 

GLM for nest presenceall axis 1st ordination axisVegetation composition model

TABLE 2. Summary of the redundancy analyses of the composition of vegetation surrounding Succisa pratensis plants, and GLM-

mapping of the presence of nests of Euphydryas aurinia within plots on the ordination models. All the GLM models were con-

structed as quadratic-level functions.



The ordination and regression models explained rela-

tively very little of the variation. However, the results

were significant after controlling for covariables, and thus

quite robust. In contrast to this study, many authors who

compared occupied and unoccupied butterfly host plants

worked with equal numbers of samples in the two catego-

ries (e.g., Bourn & Thomas, 1993; Kopper et al., 2000).

We kept the proportions of the two categories nearly
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Fig. 4. Multiple GLM-regression of the occupancy (binary dependent variable) of Succisa pratensis plants by larval nests of

Euphydryas aurinia. Total data, variation attributable to differences between sites controlled by considering the identity of the sites

as a covariable. The plots show partial effects of individual model terms (without interactions) on nest occurrence.

ANOVA test of significance of model terms: +p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.
Pdependent variable entered as 2nd-degree polynomial; Ldependent variable entered as natural (ln) logarithm.

n.s.270.8 1, 283–*760.21, 1163 *1043.01, 1448~FLOWERS

n.s.270.7 1, 283–*760.21, 1163 *1042.71, 1448~SHOOTS

*** 252.2L 1, 283n.s.762.8 1,1163   –n.s.1047.81, 1448–~HEIGHT

****250.2 1, 283n.s.762.61, 1163 –*1041.81, 1448~DAMAGE

****205.8 1, 283****752.51, 1163 **** 1005.7 1, 1448~CLOSE_DIST

****180.3 1, 283****750.5 1, 1163L****  990.5  1, 1448L~AVER_DIST

****241.1   2, 282P*755.4 2, 1162P***1023.9  2, 1447 P~SURRHE

n.s.269.8 1, 283–+760.41, 1163 +1044.41, 1448~SUN

n.s.270.8 1, 283–n.s.760.01, 1163 n.s.1047.51, 1448~RECORDER

–––n.s.763.91, 1163 + 1045.2  1, 1448~YEAR

****202.214, 270 ****731.98, 1156 ****  930.1 22, 1427~SITE

270.8284-764.01164-1048.0 1449(null model)

pdevianced.f.pdevianced.f.pdevianced.f.(nest presence~)

 Nonintensive data   Intensive data    Total dataModel

TABLE 3. Results of single-term binomial GLM regressions of nest occupancy against architecture and position of Succisa prat-

ensis host plants. The darts indicate the direction of the relationships. The significance values refer to testing for a significant

decrease of deviance of fitted models, tested using F-tests against the null models: Nest presence = 0 + error. See Table 1 for

description of variables.
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