
INTRODUCTION

Throughout Europe, agricultural intensification, irriga-
tion and yield improvement schemes, and abandonment
of less-productive land, have caused serious declines of
butterflies associated with traditionally managed humid
meadows (Van Swaay & Warren, 1999; Maes & Van
Dyck, 2001; Beneš et al., 2002). Such losses urge the col-
lection of detailed ecological information on individual
species that can be directly applied to practical conserva-
tion measures (e.g., Neve et al., 1996; Fisher et al., 1999;
Anthes et al., 2003; Baguette & Schtickzelle, 2003; Kon-
vi ka et al., 2003; Schtickzelle & Baguette, 2004). The
focus on declining species, however, results in neglect of
butterflies that have evaded decline and have even spread.
Arguably, this restricts our understanding of species per-
sistence in fragmented landscapes. It is little known, for
instance, whether species avoid decline owing to less spe-
cialised requirements and hence access to a wider range
of biotopes, or whether they posses some demographic
traits, such as better dispersal ability, which allows them
to track habitable areas more efficiently. In the case of
widespread generalists, a combination of the above condi-
tions may be responsible, although a denser distribution
of resources seems to correlate more commonly with suc-
cesses (Sutcliffe et al., 1997; Schneider et al., 2003). The
question is, what factors affect the apparent success of
non-declining specialists.

The Lesser Marbled Fritillary, Brenthis ino (Rottem-
burg, 1775), represents an apparently successful species
of humid meadows. Its distribution is stable in Europe.
Although it has disappeared from one country (the Neth-
erlands) and has declined in a few others, it is increasing
elsewhere, e.g., in the Czech Republic, Hungary, Slovakia
and Slovenia (Van Swaay & Warren, 1999). In the Czech
Republic, the increase is accompanied by colonisation of
previously unoccupied lowlands (Švestka, 1992; Beneš et
al., 2002). The expansion has been attributed to expan-
sion of its larval host plant, Filipendula ulmaria, facili-
tated by abandonment of active management of riparian
grasslands (Švestka, 1992). However, the basic life his-
tory of the butterfly remains so little known that the
hypothesis remains unsupported. In any case, the increase
stands in striking contrast to severe declines of other spe-
cies of humid meadows, such as Melitaea diamina (Lang,
1789), Euphydryas aurinia (Rottemburg, 1775) and
Lycaena helle (Denis & Schiffermüller, 1775) (cf. Beneš
et al., 2002). B. ino thus provides a suitable model for
studying mechanisms of persistence of specialised species
in fragmented landscapes.

Here, we present results of a study on adult demo-
graphy of B. ino in a submontane landscape in western
Bohemia, Czech Republic. It is based on a survey of the
distribution of the butterfly in a section of landscape,
mark-recapture study of adult demography, and records
of adult behaviour and resource use. We ask, which life
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history and demography traits might be responsible for
the apparent success of B. ino in fragmented landscapes
of Central Europe. By reporting our behavioural observa-
tions, we also fill a gap in the basic knowledge of life his-
tory of the species.

METHODS

Study species

B. ino is a Palaearctic species distributed from W. Europe to
the Ussuri region, N. China and Japan. Apart from the British
Islands and extreme South, it inhabits entirety of Europe
(Tolman & Lewington, 1997). Principal biotopes in C. and W.
Europe include humid to wet grasslands, riverine marshes, bogs,
clearings in wet forests, mountain valleys and subalpine tall-
herb formations. In the Czech Republic, post-1980 distribution
covers 270 grid squares, or 35% of the country (Beneš et al.,
2002).

Individual development is univoltine, adults are on the wing
from late June until mid-August. Males use patrolling to search
for females, females lay eggs singly and larvae feed solitarily.
Regarding host plant use, there is contradictory information in
the literature. The most frequently reported plant species are
Filipendula ulmaria, Sanguisorba officinalis and Rubus spp.,
but some authors mention Aruncus vulgaris, Potentilla palustris,
Sanguisorba minor, and a few other plant species (e.g., Hrubý,
1964; Henriksen & Kreutzer, 1982; SBN, 1987; Ebert & Renn-
wald, 1991; Tolman & Lewington, 1997; Settele et al., 1999;
Agnes, 2000; Sawchik et al., 2003). Hence, it seems that B. ino

is associated with various Rosaceae, perhaps with a trophic
range varying with geographic locality.

Plant nomenclature follows Kubát (2002) and butterfly
nomenclature follows Karsholt & Razowski (1996).

Study area and design

The study was carried in the vicinity of Karlovy Vary,
western Czech Republic (50°9´N, 13°2´E, altitude 650 m), on a
hilly piedmont of the volcanic Doupovske Mts. The landscape is
a fine-grained mosaic of both extensively used and improved
meadows, pastures, ponds, small woodlots and shrubby forest-
steppes on basaltic outcrops. Remnants of wet, extensively used
meadows constitute a Czech stronghold for several declining
butterflies, most notably Euphydryas aurinia (cf. Konvi ka et
al., 2003; Hula et al., 2004).

We conducted two parallel surveys in summer 2004. One was
a transect-based census of butterflies in a wider landscape, the
other was a mark-release-recapture (MRR) survey of selected
colonies. The transects intersected the area of the MRR survey
(Fig. 1), facilitating a comparison of the observational and MRR
results.

Mark-recapture

The MRR study was carried out in a system of semi-natural
humid meadows, separated by ponds, shrubby hedges and
woodlots. They are managed by mowing once a year, but less
accessible or waterlogged parts, varying in extend from year to
year, are temporarily left unmown. The meadows form an
approximate crescent adjoining a large species-poor improved
meadow; the total area was 28 ha. The centroids of thirty indi-
vidual meadow fragments (mean area = 0.9 ha, SD = 0.64 ha),
distinguishable by prominent landmarks, were used for ana-
lysing mobility.

The study was conducted from 21 June, when we observed
the first individual, until 5 August. Each day, weather permit-
ting, one to three persons traversed each of the meadow frag-
ments; the time spent within each fragment was proportional to

fragment size. As many butterflies as possible were captured
and marked with unique numbers; their sex, wing wear (1–4
scale, 1 being fresh and 4 being heavily worn) and position of
capture were noted before releasing them at capture points. We
also recorded behaviour prior to capture, distinguishing “flight”,
“patrolling” (searching flight distinguished in males only), bask-
ing, resting, egg-laying, mating and nectaring. For nectaring, we
recorded the plant used.

To estimate daily population sizes Ni, we used the analytical
Jolly-Seber method computed as model A in the program
JOLLY (Pollock et al., 1990). The method is appropriate for
open populations subject to births, deaths, immigration and emi-
gration. The estimates are based on numbers of marked animals,
estimates of daily residence ( i – this combines survival and the
probability of staying in a population) and daily numbers of ani-
mals at risk of being captured. It does not return a “total” popu-
lation size, which would be meaningless for open population
systems.

To estimate average residence, we used the variance weighted
averaging (Tabashnik, 1980), which weights the JOLLY-
estimated jis by the reciprocals of their standard errors V ( i)

Average residence times (or “longevities”) were obtained as
–(ln V)–1. All the estimates were performed separately for
sexes.

We used the inverse power function (Hill et al., 1996; Kuras
et al., 2003) to asses the probabilities of movements to distances
beyond those covered by the MRR study. The function has
fatter tail than an alternative, the negative exponential function,
and hence is more appropriate for predicting rare long-distance
movements (Baguette, 2003; Vandewoestijne & Baguette,
2004). For all butterflies captured more than once, the prob-
ability density I of movements to distances D equals:

n
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Fig. 1. Map of the study area showing the humid meadows
where the mark-recapture study was carried out, and the four
transect routes dissecting the meadows. Thick lines show seg-
ments occupied by Brenthis ino.
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The parameters C and n are estimated by plotting the logarithm
of cumulative fractions of individuals moving specific or greater
distances (lnI) against linearised expressions of the distances,
i.e., ln I = lnC – n(lnD). We compared slopes and intercepts of
the resulting linear regressions using t-tests (Zar, 1999).

Transect survey

We delimited four parallel transect routes, each consisting of
twenty segments 300 m long and situated 300 m apart, thus
forming a rectangular grid of 20 × 4 segments (Fig. 1). Pre-
vailing biotopes along the routes were meadows and pastures
(both unimproved and improved), plus small woodlots, scrub,
and arable fields. We walked the routes approximately once
every ten days between late May and early August, carrying out
eight walks in all. The walks were limited to suitable weather,
between 9:30 and 16:00 (C. European summer time), and it took
two person-days to walk the entire grid. We counted all butter-
flies and burnet moths (Zygaenidae) observed. We also recorded
plant diversity along the lines by identifying to species all
higher plants growing in an approximate 5 m strip along the
route.

We used the butterfly counts to calculate the frequency and
abundance of B. ino relative to other butterflies. The pattern of
aggregation along the transect was assessed by the Morisita
index of dispersion (Krebs, 1989). Distributions of the butterfly
and its host plants were compared using Mantel’s test for two
distance matrices (Sorensen’s similarity), one based on
presence-absence of B. ino and one based on presence-absence
data of its host plants.

Patterns of association with other butterflies, and with plants,
were analysed using redundancy analysis, a linear ordination
method that arranges samples according to their species compo-
sition, constraining the ordination according to independent
“environmental variables”. For butterflies, we used presence of
individual species, less B. ino, as “species data”, and the
presence/absence of B. ino as a categorical predictor. For plants,
we again used species presence data as dependent variables and
B. ino as a predictor. The computations were done in CANOCO
for Windows 4.5 (Ter Braak & Smilauer, 2002), using the
Monte-Carlo permutation test (999 runs) for assessing the sig-
nificance of the ordinations, and considering the spatial struc-
ture of the data in permutation designs.

RESULTS

Demography

We marked 1662 butterflies and obtained 1446 recap-
tures during the MRR study (Table 1). Capture sex ratio
was male biased ( 2 = 32.3, 1 d.f., p < 0.001), and males
were recaptured more often than females ( 2 = 35.5, 1
d.f., p < 0.001).

The seasonal recruitment was markedly protandrous.
The first male appeared 14 days earlier than the first
female (21 June vs. 7 July) and the peak of male flight
preceded that of females by about two weeks (Fig. 2).
Male recruitment was characterised by a steep increase.
The beginning of female flight was less abrupt, and we
missed an expected tail of the female flight period in

August. This was further evident from the pattern of sea-
sonal increase of wing wear. When plotted against
marking days, the increase was steeper in males (  =
0.62, F = 1287.8, d.f. = 1, 2052, p < 0.001) than in
females (  = 0.32, F = 80.3, p < 0.001; comparison of the
regression coefficients: t = 6.3, d.f. = 274, p < 0.001). In
addition, daily residence rates tended to decrease with
season in males (  = –0.01, F = 3.89, d.f. = 1, 36, p =
0.06), but not in females (F = 1.19, d.f. = 1, 25, p = 0.29).
The estimated mean residence rates were 0.87 (males)
and 0.80 (females), corresponding to mean residence
times of 6.9 and 4.5 days, respectively.

Estimates of adult numbers documented a large popula-
tion size, with mean values from five peak days being 710
(51 SD) males and 1150 (249 SD) females, corresponding
to peak densities of 25 males and 41 females per hectare.

Mobility

Females moved among individual meadows more fre-
quently than males ( 2 = 15.1, d.f. = 1, p < 0.001) and
covered greater distances between consecutive captures
(Mann-Whitney U, Z = –2.74, p < 0.01) (Table 2).

Fitting mobility using the inverse power function
resulted, for males, in the equation, lnI = –3.72 (± 0.100)
–1.58 (± 0.100) × lnD. The fit was highly significant (F =
126.9, d.f. = 1, 17, p < 0.001), with R2 = 0.85. For
females, the equation was lnI = –3.60 (± 0.135) –1.51
(± 0.110) × lnD. It was again significant (F = 126.9, d.f. =
1, 17, p < 0.001), with R2 = 0.88.

The two regressions did not differ (t = 0.47, d.f. = 45, p
> 0.1), suggesting essentially identical dispersal kernels
with the exponential parameter n (determining the width
of dispersal tail) close to 1.5. The estimated probabilities
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18 days27830.2 %198656Females

30 days116853.5 %5381006Males

maximum residencerecapture eventsproportion recapturedindividuals recapturedindividuals captured

TABLE 1. Summary of mark-recapture data used for analysing demography of Brenthis ino in western Bohemia, Czech Republic.

Fig. 2. JOLLY estimates of daily population sizes of Brenthis

ino, based on a mark-recapture survey in 2004 in an area of wet
meadows in western Bohemia. The error lines are standard
errors of the estimates.



of long-distance flights were 0.02 for 1 km, 0.002 for 3
km, and 0.0006 (males) or 0.0009 (females) for 5 km.
Given the dense distribution of the butterfly in the land-
scape (see below), it is likely that local colonies were all
interconnected by individual dispersal.

Behaviour and host plant choice

Prevailing behaviour of males observed during the
MRR was patrolling (Fig. 3). They patrolled all day in
search for females, interrupting this activity only to bask
or feed on nectar, whereas females flew less frequently
and spent more time feeding. This resulted in a significant
difference between sexes ( 2 = 283.5, d.f. = 5, p < 0.001;
male patrolling was merged with flight for this test).

Mating (n = 5) occurred low down (< 0.7 m) on herba-
ceous vegetation; one mating observed from beginning to
end lasted 140 min.

Egg-laying was preceded by a short searching flight.
Once a female landed on a host plant, she immediately
descended towards the ground, located a suitable leaf
near the ground, flexed her abdomen upwards and depos-
ited one egg on leaf underside, close to the leaf base. She

then worked her way upwards, basked for a few seconds
and flew a few meters away, where she continued basking
for further 8–15 min. Many of the basking or egg-laying
activities observed during MRR (Fig. 3) were probably
associated with oviposition.

We observed 23 eggs being laid. The host plants used
were Sanguisorba officinalis (19), Potentilla erecta (3)
and Comarum palustre (1). The females did not seem to
discriminate with respect to height of vegetation. After 16
July, about two thirds of the meadows were mown, and
we repeatedly observed females visiting the mown parts
and ovipositing on regenerating Sanguisorba officinalis.
We failed to observe oviposition on Filipendula ulmaria,
although the plant was common in the study area and
formed dense growths along meadow edges. However,
we often encountered females alighting on clumps of the
plant. Because F. ulmaria is a tall, bulky herb, we can not
exclude the possibility that it is used as host plant, but we
failed to observe it.

Fig. 4 presents nectaring records. Although the but-
terfly uses a wide array of plants, over half of all observa-
tions were on just three species in both sexes. The differ-
ences between sexes in relative importance of nectar
sources reflected a phenological shift in plant flowering
times.

Distribution in wider landscape

We obtained 8717 records of 54 butterfly species from
the transect survey. Means/medians per segment were 109
(± 62.3 SD)/99 individuals, and 14 (± 4.0 SD)/14 species.
The abundances per species were closely correlated with
frequencies (Spearman’s s = 0.96, t = 24.0, d.f. = 52, p <
0.001), and both measures were distinctly left-skewed
(mean/median frequencies: 21 (± 19.3 SD)/11;
mean/median abundance: 161 (± 218.3 SD)/20).

Brenthis ino was observed in 36 segments (45% of the
total), numbering 390 individuals (mean per segment: 5.0
± 6.7 SD) and ranking as the thirteenth most frequent and
ninth most abundant species. Most of the butterflies
exceeding it in frequency and abundance are widespread
in C. Europe (e.g. Aglais urticae, Aphantopus hyperan-

thus, Maniola jurtina, Coenonympha pamphilus, Thyme-

licus lineola). The only biotope specialists exceeding B.

ino in both abundance and frequency were Polyommatus

amandus and Erebia medusa. Of course, the abundance
ranking could have changed by extending the walks
towards early May/late August, but the changes would
unlikely affect the overall pattern radically. In particular,
the period covered by the observations included flight
periods of all wet meadows specialists.

Of the 390 observations of B. ino, 122 (32%) originated
from the MRR area. Considering that there were about
1900 butterflies during the peak flight time we estimated
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*values per individual butterfly

2120 m1310 m180 m (SD 180)141Females

2240 m1310 m160 m (SD 193)369Males

maximum total distance*maximum single move*mean distance movedpatch-to-patch movementsMobility

TABLE 2. Summary of mark-recapture data used for analysing mobility of Brenthis ino in western Bohemia, Czech Republic.

Fig. 3. Types of behaviour prior to capture observed during
the mark-recapture study of Brenthis ino.



the occurrence of some 6000 butterflies in the landscape
covered by the transect.

The distribution of B. ino along the transect was highly
aggregated (Morisita index of dispersion = 0.06). Despite
this, the longest distance separating two occupied seg-
ments was 1080 m, which was within a range easily
crossed by dispersers. Its host plants were present in
either 42 (including Filipendula ulmaria) or 36
(excluding it) segments, and the distributions of the but-
terfly matched that of the plants (Mantel test, p = 0.94).
The longest distances separating segments with host
plants were as little as 300 m, suggesting that dispersing
females should easily be able to locate host plant
biotopes.

Both ordination of plants (Fig. 5a) and butterflies (Fig.
5b) corroborated a close association of B. ino with char-
acteristic species of humid meadows. The positions of the
ten most closely associated butterflies (according to spe-
cies scores on the first ordination axis) on a rank-
frequency plot (Fig. 6) shows that B. ino was the third
most frequent associated species, surpassing, both in fre-
quency and in abundance, all other characteristic wet
meadow specialists.

DISCUSSION

In a submontane landscape of the western Czech
Republic, Brenthis ino occurs in high densities, its abun-
dance and frequency of occurrence exceed those of other
characteristic butterflies of humid meadows. It exhibits a
wide trophic range, its host plants are ubiquitous in the
landscape. Flight distances realistically crossed by dis-
persing individuals exceed the distances separating areas
without host plants. The wide distribution is further facili-
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Fig. 4. Use of nectar plants by males and females of Brenthis ino, recorded during mark-recapture survey.

Fig. 5. Ordination diagrams (redundancy analysis) showing
association of Brenthis ino with plants and butterflies recorded
along transect routes. The ordinations are based on presence-
absence data, with presence/absence of B. ino as an independent
categorical predictor. Only species with the highest fit in the
models are shown for clarity. (a) Plants: eigenvalues of the first
and second axes: 0.078 and 0.037; Monte-Carlo permutation
test of significance of the first axis: F = 5.68, p < 0.01; (b) But-
terflies: Eigenvalues: 0.056 and 0.143; test: F = 4.59, p < 0.01.



tated by such life history traits as laying eggs singly and
using patrolling tactic for mate location.

Our observations added two species, Potentilla erecta

and Comarum palustre, to already known trophic range,
further supporting the notion that B. ino feeds on a broad
range of Rosaceae hosts. The locally used plants vary in
biotope requirements (Kubát, 2002). Sanguisorba

officinalis occurs in mown meadows with intermediate
levels of nitrogen and humidity; Potentilla erecta prefers
drier and nitrogen-poor mountain grasslands; and
Comarum palustre is a characteristic species of peat bogs.
We failed to observe oviposition on Filipendula ulmaria,
which grows at abandoned nitrogen-rich sites. Some of
the plants are locally abundant. This was not the case with
rare and endangered Comarum, but both Sanguisorba and
Potentilla were common in the study landscape and Fili-

pendula locally dominated the vegetation. Further study
of potential preference for individual hosts is urgently
needed.

The effect of broad host plant range becomes apparent
when B. ino is compared with co-occurring but declining
species. At the study site, Melitaea diamina feeds solely
on Valeriana dioica, a relatively rare plant (twelve tran-
sect segments). Similarly, Euphydryas aurinia feeds on
Succisa pratensis (nine segments), and selects plants
growing in low sward and relatively low humidity (Kon-
vi ka et al., 2003).

The conjecture that broad trophic range and wide distri-
bution of host plants translates into high local densities
and wide landscape-scale distribution of a butterfly is far
from trivial, because such clear-cut relationships are only
rarely demonstrated. Our population used at least three
(and possibly four) plants within one site. In contrast,
many butterflies with seemingly broad host ranges differ
in host use among populations (e.g., Kuussaari et al.,

2000; Wahlberg, 2001). Syntopic feeding on a wider
range of plants is typical for generalists belonging to such
groups as pierids, but seems to be rare among Argynnini
fritillaries. It is noteworthy that another fritillary that has
been recently expanding in the Czech Republic, Proclos-

siana eunomia, follows local increases of its host plant,
Bistorta major, caused by abandonment of mountain
meadows (Pavli ko, 1996). Similarly, the only “large”
fritillary still relatively common in the country, Argynnis

aglaja, utilises a broader host range than its declining
congenerics (Fric et al., 2005).

Dispersing individuals of B. ino easily locate habitable
patches. There is an argument strongly suggesting that a
dense distribution of resources is more important than
innate mobility. In an inverse power function, the expo-
nential parameter n determines the length of frequency-
distribution tail: the lower its value, the higher the dis-
tances that are crossed (Hovestadt et al., 2001). Consid-
erably lower values than those detected for B. ino were
reported, e.g., for the bog fritillary Boloria aquilonaris in
Belgium, where it is threatened (Baguette, 2003), or for a
widespread grassland satyrid Melanargia galathea (Van-
dewoestinje & Baguette, 2004). Values ranging from 1 to
2 (close to 1.5 in B. ino) seem to be more frequent. How-
ever, they occur again both in declining and widespread
species. They were found, among others, for Euphydryas

maturna, the most severely threatened butterfly in the
Czech Republic (Konvi ka et al., 2005). Within our MRR
area, such values applied for the declining Euphydryas

aurinia and Melitaea diamina, as well as for the still
common M. athalia (unpubl. data). High propensity to
move cannot generate a wide distribution under scarcity
or absence of resources. Instead, species of intermediate
mobility tend to suffer most severely if affected by habitat
loss (Thomas, 2000).

The efficient dispersal of B. ino may be influenced by
some subtler traits. Norberg et al. (2002) demonstrated
that B. ino crossed shaded areas more readily than four
other grassland species tested in a simultaneous outdoor-
cage experiment, perhaps owing to its larger size and
hence more efficient thermoregulation (cf. Heinrich,
1986).

Another factor possibly contributing to the success of
B. ino is its low selectivity for habitat architecture. Its
males patrol, and hence can locate females over wide
tracks of uniformly mown meadows. This contrasts with
at least two other wet meadows butterflies, Lycaena helle

and Euphydryas aurinia, which require meadows dis-
sected by wind-shielded structures such as hedges, on
which their males establish perches (Fisher et al., 1999;
and unpublished observation). Furthermore, females of B.

ino lay eggs singly, spreading the risks faced by progeny
of individual females. Under such a strategy, it is unlikely
that too exacting preferences for plants growing in par-
ticular conditions would have evolved. This is supported
by our observation that they oviposited on both unmown
and freshly mown plant individuals.

The number of eggs produced per female depends on
female longevity. Argynnini relatives of B. ino are typical
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Fig. 6. Rank-frequency plot for butterflies observed during
the transect census in piedmont of Doupovske Mts, western
Bohemia, showing the frequency of Brenthis ino (filled circle)
relative to associated species. Ten species that exhibited closest
association with B. ino in a redundancy analysis are shown as
filled diamonds; characteristic species of humid meadows are
underlined.



income breeders, whose females derive resources for egg
production from adult diet (Boggs & Ross, 1993; Boggs,
1997; O’Brien et al., 2004). In our study, the residence
values for females were shorter than for males, but the
estimates were biased due to the missing tail of female
emergence. On the last marking day, average female wing
wear was just 2.4 (n = 14), contrasting with 4.0 in males
(n = 3), suggesting that many females would live for sev-
eral more days. This and the maximum values for
observed residency document that adults of B. ino are
relatively long-lived, consistent with their income-
breeding strategy (Boggs, 1997; Kopper et al., 2001).

To summarise, the remarkably broad host plant range
combined with a wide distribution of the host plants
seems to be the primary factor facilitating the persistence
of Brenthis ino in western Bohemia, and elsewhere in
Europe (cf. Saarinen et al., 2003; Sawchik et al., 2003).
Demographic and life history traits likely contribute to the
success, but probably play a rather minor role. Avail-
ability of extensively used hay meadows with infre-
quently mown edges is crucial for further persistence of
the species.
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