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poly- or oligophagous can be monophagous at a local scale 
(Meister et al., 2015). 

It is suggested that host-plant specialization evolved 
as an adaptation to different and changing environmental 
conditions (Thompson & Pellmyr, 1991; Joshi & Thomp-
son, 1995). Usually, adapting to particular host plants and/
or niches is a long-term process. Nevertheless, some cases 
of rapid host shifts caused mainly by introduction of non-
native species of plants are documented (e.g. Graves & 
Shapiro, 2003; Gillespie & Wratten, 2011; Singer & Par-
mesan, 2018).

The bog fritillary Boloria eunomia (Esper, 1799) is an 
interesting species in the context of the evolution of larval 
preferences. This holarctic boreo-montane butterfl y inhab-
its raised peat bogs and wet meadows both in lowlands and 
subalpine/alpine habitats. The list of larval food plants of 
B. eunomia cited in the literature includes species belong-
ing to Polygonaceae, Ericaceae, Violaceae and Salicaceae 
(Shepard, 1975; Laplante, 1985; Tolman, 1997; Nekola, 
1998; Haahtela et al., 2006; Turlure et al., 2009; Noreika 
et al., 2016). Taking this into consideration, the bog fritil-
lary might be formally qualifi ed as a polyphagous species. 
Nevertheless, there are several ecotypes of this butterfl y 
that are sometimes described as subspecies strictly adapt-

Asymmetry in host plant preferences of two ecotypes 
of Boloria eunomia (Lepidoptera: Nymphalidae)
PRZEMYSŁAW KLIMCZUK and MARCIN SIELEZNIEW

Laboratory of Insect Evolutionary Biology and Ecology, Faculty of Biology, University of Bialystok, Ciołkowskiego 1J, 
15-245 Białystok, Poland; e-mails: bio_przemek@poczta.onet.pl, marcins@uwb.edu.pl

Key words. Lepidoptera, Nymphalidae, Boloria eunomia, ecotypes, larval survival, host plant, north-eastern Poland

Abstract. The diversity and evolution of host-plant relationships of butterfl ies has been the subject of much research. In this con-
text, an interesting species is the bog fritillary Boloria eunomia. Across its boreo-montane distribution there are several ecotypes of 
this butterfl y (sometimes distinguished as subspecies), which inhabit distinctly different habitats. However, little is known about the 
relationships between these forms in terms of host-plant use. We compared larval preferences of two ecotypes in north-eastern 
Poland, a unique region that is inhabited by different evolutionary lineages of B. eunomia. Larvae of the meadow ecotype reared 
in captivity were able to grow and develop exclusively on Persicaria bistorta, i.e., their ‘native’ host plant. In contrast, larvae origi-
nating from populations inhabiting raised bogs generally showed poorer survival, though they accepted both Ericaceae species 
growing in their biotope and P. bistorta, a plant that does not occur in their biotope. They did not show clear food preferences, 
but mortality was lowest when they were fed Vaccinium uliginosum. This is puzzling as fi eld observations indicate that Vaccinium 
oxycoccus is the main host plant in the area studied. However, our fi ndings are consistent with the results of phylogeographical 
studies indicating that meadows were the ancestral habitats of B. eunomia and some populations adapted later to different bio-
topes. The poor survival of larvae of the bog ecotype recorded in the present study may indicate that this form is at least locally 
potentially more vulnerable than the other ecotype.

INTRODUCTION

The question of butterfl y larval food preferences and the 
level of their specialization has been widely studied. But-
terfl ies strongly depend on the distribution of particular 
species of plants and some species additionally require a 
specifi c habitat (e.g. Grundel et al., 1998; Bergman, 1999). 
There are different levels of host plant specialization rang-
ing from polyphagy to monophagy. Polyphagous species 
can use many plants belonging to different families and/or 
orders (e.g. Nylin, 1988; Janz, 2005). Oligophagous spe-
cies feed on several closely related plants, i.e., belonging 
to a single family (e.g. Burghardt & Fiedler, 1996; Cleary 
et al., 2002). Finally, monophagy is marked by an ability 
to feed only on one species of plant or, in a broader con-
text, several plants belonging to one genus. Monophagy 
should be treated carefully, and there are examples of de-
scriptions of new larval host plants for butterfl ies previ-
ously considered as monophagous on a global or regional 
scale (e.g. Döring & Hoffmann, 2004; Švitra & Sielezniew, 
2010). Within a single species, host use sometimes differs 
regionally, simply in relation to the distributions of po-
tential larval food plants, but this may also be connected 
with additional local factors (Quinn et al., 1998; Martin & 
Pullin, 2004). Moreover, species considered generally as 
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Larval survival and development prior to overwintering
Directly after hatching, larvae were grouped by age and placed 

in a plastic container (max. up to 30 individuals per container) 
and supplied with only one potential host plant species (‘native’ 
or ‘alien’ for a given ecotype) (see Fig. S1). All other condi-
tions were the same for all groups. Containers were examined 
every 2–5 days, larvae were counted, marks on leaves indicating 
feeding were recorded, dead larvae and frass were removed, old 
plants were replaced with fresh ones, and a paper towel lining 
the bottom of the containers was dampened. Rearing was carried 
out in a room at 20–25°C in 2017. The following year a lower 
temperature was used (20–22°C) in order to increase the expected 
survival of the larvae of the bog ecotype. Finally, containers were 
transferred outside the building on September 1 in 2017 and Sep-
tember 22 (after the last heat wave) in 2018 and kept under natu-
ral temperature conditions, but protected from direct sunlight.

The plants used in the rearing experiments included common 
bistort Persicaria bistorta (Polygonaceae, Caryophyllales) the 
native host of the meadow ecotype (Turlure et al., 2009) and bog 
cranberry Vaccinium oxycoccus, bog whortleberry V. uliginosum 
and bog rosemary Andromeda polifolia (Ericaceae, Ericales) the 
native food plants of the bog ecotype (Noreika et al., 2016). In ad-
dition, marsh violet Viola palustris and eared willow Salix aurita 
(Violaceae and Salicaceae respectively, Malpighiales) were used 
as both V. palustris and Salix spp. are recorded as host plants of 
the larvae (Shepard, 1975; Scott, 1986; Bird et al., 1995; Tol-
man, 1997; Haahtela et al., 2006). The ability of the larvae to 
feed on common bilberry Vaccinium myrtillus and marsh Lab-
rador tea Rhododendron tomentosum (= Ledum palustre) was 
also determined. Both these species belong to the Ericaceae, but 
are not recorded as host plants. Finally, larvae were offered the 
common dandelion Taraxacum offi cinale (Asteraceae), which is 
a host of many species of Lepidoptera and is often used to feed 
unknown larvae in captivity (Buszko, 1997). Only plants that 
occur in north-eastern Poland were used in this study, therefore, 
alpine bistort Persicaria vivipara (Polygonaceae) was not tested, 
though it is reported as a host plant (Shepard, 1975; Scott, 1986; 
Tolman, 1997; Layberry et al., 1998).

Host plant selection
The host plant selection tests were carried out using newly 

hatched larvae that had not previously fed. Four species of plants 
(P. bistorta, V. oxycoccus, V. uliginosum and A. polifolia) were 
presented to larvae of both ecotypes. In addition, food prefer-
ences of larvae of the meadow ecotype provided with two species 
of plants, P. bistorta and V. palustris, were determined (Fig. S2).

Whole or fragments of fresh leaves were placed in 9-cm Petri 
dishes lined with a dampened paper towel. The leaves were 
placed in similar circle-like areas arranged equidistantly around 
the edge of the dish. Then, larvae of a given ecotype were placed 
in the centre of the dish. The fi rst two trials with the bog ecotype 
and the fi rst one with the meadow ecotype were completed using 
30 larvae. In the following trials the availability of larvae was 
limited and only15 larvae were used in each trial. Location of lar-
vae relative to the plants offered was checked after 2, 24, 48 and 
72 h and percentage of individuals on the plants or directly under 
the leaves was recorded. In addition, evidence of feeding was re-
corded using a four-point scale (0 – none, 1 – minor, 2 – small to 
medium, 3 – marked). A rough measure was used as the shape and 
thickness of the leaves of the different species of plants differed.

Six trials, each using four species of plants were carried out 
for larvae of the bog ecotype. In the case of the meadow ecotype 
there were three trials each using four species of plants and three 
trials with two species of plants.

ed to particular habitats and host plants. In Europe, two 
main forms may be distinguished. The fi rst is the meadow 
ecotype, also described as B. eunomia eunomia, which 
inhabits wet meadows and fens and common bistort Per-
sicaria bistorta is the only larval host plant. Most of the 
information on the biology of this ecotype comes from nu-
merous studies carried out in the Ardennes (e.g. Choutt et 
al., 2011; Radchuk et al., 2013). The second ecotype, often 
recognized as B. eunomia ossiana, occurs on raised bogs, 
mires and in boggy pine forests, and four Ericaceae species 
are cited as the larval host plants in these biotopes (Noreika 
et al., 2016). The real importance of each of these plants is 
unknown and some fi eld observations, both on oviposition 
and larval behaviour, indicate that Vaccinium oxycoccus 
could be locally preferred (Klimczuk & Sielezniew, 2017 
and unpubl.). Moreover, little is known about the relation-
ships between the meadow and bog form in the context 
of the potential ability of their larvae to feed on different 
species of plants. 

In this paper, we present results of studies carried out on 
stock obtained in an area in north-eastern Poland where 
both ecotypes co-occur (Klimczuk, 2011; Sielezniew et al., 
2019). We aimed to compare feeding preferences as well 
as the development and survival of larvae of both ecotypes 
reared in captivity on different plants (‘native’ and ‘non-
native’ to their habitats) in the pre-winter phase. In addi-
tion, we tested larval preferences for plants of different 
heights and the ability of larvae to move vertically and be-
tween potential hosts.

MATERIALS AND METHODS
Lar vae

Larvae used in the experiments were obtained from eggs laid 
by females caught (using a net) at several sites in north-eastern 
Poland. Females of the meadow ecotype originated from three 
populations in the Knyszyn Forest (Woronicza, Straszewo, 
Sokole) and those of the bog ecotype from two other localities 
in the Knyszyn Forest (Jesionowe Góry and Widły) and one in 
the Augustów Forest (Skieblewo). The females of B. eunomia 
are easily distinguishable from males and mate immediately after 
emergence, thus it is highly probable that when caught they were 
already fertilized. They were kept at room temperature (20–25°C) 
in small plastic containers (about 160 cm3) containing plants 
relevant to the given ecotype, i.e., with common bistort or bog 
cranberry. Small boxes that limit the activity of the females are 
recommended for getting them to lay eggs (Buszko, 1997). Every 
day females were fed a solution of water and honey and at the end 
of each day they were transferred to new containers, whereas the 
eggs were collected and grouped by date and ecotype. At night, 
the containers with females were kept in a refrigerator at a tem-
perature of about 6–8°C in order to reduce activity and so prolong 
their life. 

The eggs were kept at room temperature (20–25°C) until they 
hatched. In 2017, we obtained a total of 80 larvae of the meadow 
ecotype and 208 larvae of the bog ecotype. In 2018, the number 
of larvae used in the experiments was 439 and 417, respectively. 
In 2018, the adults of B. eunomia fl ew earlier in the year and 
as a consequence they laid eggs and the larvae hatched earlier 
(between June 9 and June 25) than in 2017 (between June 26 and 
July 3). 
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Ability of larvae to move vertically and their food 
preferences

In order to determine the ability of larvae of the bog ecotype 
to move vertically between different host plants, there were fi ve 
trials using second, third or fourth instar larvae in 2018. Before 
the tests, the larvae, which originated from females caught in the 
Augustów Forest, were fed V. uliginosum.

The bottom of a 13 cm diameter beaker with a capacity of 2 
L was lined with a dampened paper towel on which there were 
fresh, leafy shoots of V. oxycoccus. In the centre of this beaker 
was placed a small bottle containing water and fresh shoots of 
V. uliginosum (20 to 28 cm tall). The bottle was tightly wrapped 
in a paper towel and its opening plugged to avoid the accidental 
drowning of larvae. To prevent the larvae from falling they were 
placed on a small paper tray glued to a plant. The top of the beak-
er was then tightly covered with a transparent plastic wrap to pre-
vent the larvae leaving the beaker. The V. uliginosum leaves were 
at least about 10 cm above the bottom of the beaker (Fig. S3).

There were two versions of this experiment: 10 larvae were 
placed (i) on V. uliginosum at a height of 15 or 20 cm or (ii) on V. 
oxycoccus about 2 cm above the bottom of the beaker. Distribu-
tion of larvae was recorded after 24 h. Each version of this experi-
ment was replicated twice.

In addition, in one test larvae were placed on V. uliginosum in 
the absence of V. oxycoccus.

Food preferences of larvae of the bog ecotype 
after overwintering

Some fi nal instar larvae of the bog ecotype were collected at 
the end of April 2014 at Jesionowe Góry. They were divided into 
two groups fed different plants (i.e. V. oxycoccus and P. bistorta) 
and reared in the laboratory at room temperature (20–25°C). The 
observations were used as a basis for the studies on the survival 
and food preferences of the larvae that were carried out in 2017 
and 2018.

Statistical methods
Survival of larvae of both ecotypes reared on a single plant 

species over a period of 100 days from the day of hatching was 
compared. Larval life span was measured in days. The Mann-
Whitney U test was used to compare survival of larvae reared on 
individual plants. This non-parametric test was used as the data 
were not normally distributed except for one group and due to a 
lack homogeneity of variance in individual groups (both Shapiro-
Wilk test and Levene’s test were statistically signifi cant). In addi-
tion, the sizes of the groups of larvae reared on individual plants 
were not the same.

The similarity of duration of development and survival of lar-
vae of the meadow ecotype fed P. bistorta and larvae of the bog 
ecotype reared on V. oxycoccus, V. uliginosum, A. polifolia and P. 
bistorta, was checked using hierarchical cluster analysis. Twelve 
measurements were recorded over one hundred days (0, 5, 10, 
20, 30… 100 days) and used to make two dendrograms. The fi rst 
dendrogram was based on survival (number of larvae still alive) 
and the second on both survival and the number of individuals in 
consecutive stages of development. Both profi les clearly showed 
the distinct position of the larvae of the meadow ecotype, whereas 
the distances between the four groups of larvae of the bog ecotype 
were markedly shorter and in the survival dendrogram these four 
groups were even in the same cluster. Thus, individuals of the bog 
ecotype were pooled into one group.

In the case of the host plant selection tests, the non-parametric 
Mann-Whitney U and Kruskal-Wallis tests were used. The reason 
was that the data was not normally distributed for the majority of 
groups. Comparisons of two parameters (‘percentage of larvae on 

plants’ and ‘evidence of feeding’) were made in corresponding 
pairs and groups. In addition, for the quantitative variable ‘per-
centage of larvae on plants’ (when four species of plants were 
provided), a general linear model for repeated measures was used 
and tests of between subject effects were taken into account.

In the ‘vertical movement’ experiment, three zones were distin-
guished: initial (where larvae were initially placed), intermediate 
(between plants) and different (had moved from one plant to the 
other). A chi-squared test was used to compare two versions (and 
one additional) of the experiment in respect of: (i) the number of 
larvae in particular zones after 24 h, (ii) the number of larvae that 
had changed their location after 24 h.

PS IMAGO PRO (IBM SPSS Statistics) was used for the sta-
tistical analysis.

RESULTS

Larval survival and development prior 
to overwintering 

The larvae of both ecotypes differed signifi cantly in their 
survival and ability to feed on the plants provided (Table 1, 
S1, Fig. 1). The larvae of the meadow ecotype only devel-
oped successfully on P. bistorta. They also fed on V. palus-
tris, but their growth was very slow and only two of 94 
violet-fed larvae reached the second instar after more than 
two weeks and they fi nally died on the 30th and 50th day 
of life. However, the larvae of the bog ecotype developed 
on plants native for this ecotype, V. oxycoccus, A. polifolia 
and V. uliginosum, as well as on P. bistorta. In addition, 
they grew on V. myrtillus with 53% and 24% of the larvae 
reaching the second and third instar, respectively. Their 
maximum life span was 50 days. Both the larvae of the 
meadow and the bog ecotypes started feeding on S. aurita, 
but did not grow and remained in the fi rst instar for up to 
22 days.

Larvae of the meadow ecotype reared on P. bistorta had 
the highest survival of all groups of larvae tested (Fig. 1). 
The percentage of larvae that survived for a long time was 
high and similar in both seasons (U = 3492.5, p = 0.185). 
The survival of the larvae of the bog ecotype was gener-
ally worse and differed on the different species of plants. 
In the case of ‘native’ plants for this ecotype, the larvae 
reared on V. oxycoccus had the highest mortality, whereas 
those reared on V. uliginosum survived best (U = 1181.5, 
p = 0.014 in 20 17 and U = 6592.0, p = 0.001 in 2018). 
Furthermore, a fairly good survival of the larvae of the bog 
ecotype on P. bistorta was recorded. This was particularly 
evident in 2017, when it was comparable to the survival of 
the V. uliginosum-fed larvae (U = 1284.0, p = 0.772).

In addition to inter-season variability, there were signifi -
cant differences between the two ecotypes in the develop-
ment and activity of larvae in the pre-wintering period (Figs 
2, 3). In the case of the meadow ecotype, all larvae reared 
on P. bistorta in both years underwent the fi rst moult after 
3–10 days, and all except one larva reached the third in-
star 11–19 days after hatching and continued feeding until 
they were 20–30 days old, after which they ceased feeding. 
In 2017, a few larvae consumed a minor amount of the P. 
bistorta leaves provided when approximately 80 days old. 
All the larvae overwintered in the third instar. In contrast 
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in 2018, the majority of the larvae resumed activity when 
48–98 days old and 16 of them moulted to the fourth in-
star. Most of them re-entered diapause after a few days, 
but three larvae continued to feed intensively and moulted 
to the fi fth instar. They completed development and two of 
them pupated when 93 and 104 days old, respectively, and 
two adult females of the second generation emerged 9 and 
11 days later (September 26 and October 7).

The development of the larvae of the bog ecotype was 
different, but varied little on the four plants provided (V. 
oxycoccus, V. uliginosum, A. polifolia and P. bistorta). The 
fi rst and second moult occurred less synchronously than 
recorded for the meadow ecotype (especially in the case 
of cranberry-fed larvae), i.e., 4–20 and 16–30 days after 
hatching, respectively. The larvae were still active in the 
third instar and some of them moulted again between the 

ages of 25 and 68 days. In 2017, 16 out of 121 third instar 
larvae reached the fourth instar, whereas in the following 
year, it was 52 out of 124. On the hundredth day of life in 
2017, 55% of the larvae were in the fourth instar, whereas 

Fig. 1. Prewinter life span of larvae of the (A) meadow and (B) bog 
ecotypes of Boloria eunomia reared on different species of plants. 
P bis – Persicaria bistorta, V pal – Viola palustris, V oxy – Vaccin-
ium oxycoccus, V uli – Vaccinium uliginosum, A pol – Andromeda 
polifolia, V myr – Vaccinium myrtillus, S aur – Salix aurita, nt – not 
tested.

Table 1. Ability of larvae of two ecotypes of Boloria eunomia to feed 
and develop on different species of plants. N – initial number of larvae 
tested in 2017/2018, +/– – limited development, nt – not tested, * – 
cases, when larvae fed and moulted two or more times.

Plant species
Meadow ecotype Bog ecotype

N Feeding Develop-
ment N Feeding Develop-

ment
P. bistorta 27/302 +* +* 73/88 +* +*
V. palustris 0/94 + +/– 0/32 – –
V. oxycoccus 33/10 – – 53/130 +* +*
A. polifolia 11/10 – – 30/49 +* +*
V. uliginosum 9/7 – – 34/79 +* +*
V. myrtillus 0/0 nt nt 0/17 +* +/–*
S. aurita 0/6 + – 16/14 + –
R. tomentosum 0/0 nt nt 0/3 – –
T. offi cinale 0/10 – – 0/5 – –

Fig. 2. Differences in larval survival over the fi rst 100 days of their 
life in 2018 without (A) and with (B) the number of individuals in 
consecutive stages of development included based on an hier-
archical cluster analysis. Five groups of larvae were tested. Bog 
– bog ecotype, Meadow – meadow ecotype. See Table S5 for ap-
propriate distance matrix.
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in 2018 it was 86%, but none moulted to the fi fth instar. 
For comparison, at that age, most of larvae of the meadow 
ecotype were in the third instar, i.e., 100% in 2017 and 89% 
in 2018. The summer activity of larvae of the bog ecotype 
was variable. It was diffi cult to assess whether they had 
already entered diapause, since minor evidence of feeding 
on the leaves were recorded in late September when they 
were 90 and 104 days old in 2017 and 2018, respectively.

During the rearing experiments, high larval mortality or 
weakness was associated with at least three factors: fun-
gus and viral disease (especially in 2018) and digestive 
disorders (primarily manifested by frass stuck in the anus) 
mainly recorded in the violet-fed larvae.

Host plant selection
The experiments revealed marked differences between 

the larvae of two ecotypes in terms of both the number 
of individuals staying on plants and the area of the leaves 
consumed (Figs 4–6, Table S2, S3). Initially, larvae moved 
from the centre of the Petri dish in a random manner not 
related to the choice of a particular plant. After just two 
hours some of them began to feed. Differences were re-
corded after 24, 48 and 72 h. In the case of the meadow 

ecotype, the highest number of larvae was always recorded 
on P. bistorta, while the percentage of larvae on the other 
plants decreased over time (Fig. 5A). P. bistorta was the 
only plant on which they fed while  no evidence of feeding 
was detected on other plants (Fig. 6A).

On the other hand, in the case of the bog ecotype, there 
was no regularity in terms of the percentage of larvae stay-
ing on plants or area of leaf consumed (Figs 5B, 6B). How-
ever, although the larvae did not prefer a particular species 
of plant, they usually chose the young leaves of V. oxycoc-
cus and A. polifolia.

When larvae of the meadow ecotype were offered P. bis-
torta and V. palustris, they fed almost exclusively on the 
former plant, which is consistent with results in terms of 
survival. Minor evidence of feeding on a leaf of V. palustris 
was recorded only in one of the three tests. Differences in 
both the percentage of larvae remaining on plants and the 
area of leaves consumed became highly signifi cant after 
24, 48 and 72 h (Fig. 7, Table S4).

Ability of larvae to move vertically and their food 
preferences

In two trials, when larvae of the bog ecotype were ini-
tially placed in the upper zone (on V. uliginosum), fi ve and 
six of the ten larvae were recorded in the lower, V. oxycoc-
cus zone after 24 h. Evidence of feeding were recorded 
on both host plants. When larvae were initially placed on 
V. oxycoccus (the lower zone), only one individual moved 
upwards into the V. uliginosum zone (18 or 18.5 cm) in 
each trial. In addition, in one trial a single larva remained 
between V. uliginosum and V. oxycoccus zones at a height 
of 10 cm. Most of the larvae remained close to the bottom 
(1.5 to 6 cm). There were statistically signifi cant differ-
ences between the two versions of the experiment both in 
terms of the number of larvae remaining in zones after 24 h 

Fig. 3. Percentage of individuals of Boloria eunomia of the (A) 
meadow and (B) bog ecotypes in successive stages of develop-
ment over a period of 100 days from hatching in 2018. L1, L2… 
– larval instars, P – pupa. In the case of the bog ecotype indi-
viduals reared on four plants (Vaccinium uliginosum, V. oxycoccus, 
Andromeda polifolia, and Persicaria bistorta) are pooled. Figures 
above bars indicate the number of individuals still alive.

Fig. 4. Differences in estimated marginal means for percentages 
of larvae of two ecotypes recorded on four plants in the ‘host plant 
selection test’. Tests of between subject effects (in general linear 
model for repeated measures) revealed highly signifi cant differ-
ences between the two ecotypes in relation to plants (F = 7.159, 
df = 3, p = 0.001) and the ecotype x plant interaction (F = 9.362, df 
= 3, p < 0.001).



385

Klimczuk & Sielezniew, Eur. J. Entomol. 117: 380–392, 2020 doi: 10.14411/eje.2020.042

(χ2 = 6.740, df = 2, p = 0.034) and the number of larvae that 
moved to a different zone (χ2 = 7.033, df = 1, p = 0.008). 

Downward movement in the test in which there was no 
V. oxycoccus at the bottom of the beaker, was not signifi -
cantly different from that recorded when V. oxycoccus was 
in the lower zone (χ2 = 0.068, df = 1, p = 0.794). After 24 
h, six of ten larvae were on a paper towel and the others on 
V. uliginosum (12.5 to 14 cm).

Food preferences of lar vae of the bog ecotype 
after overwintering

In the spring, B. eunomia larvae in the fi nal instar were 
observed sitting or wandering on sphagnum moss or feed-
ing on V. oxycoccus on the raised bog in the Jesionowe 
Góry reserve. After relocation to the laboratory, they fed 
not only on V. oxycoccus, but also on P. bistorta and pu-
pated successfully, producing normal adults.

DISCUSSION

The results revealed differences in the host plant rela-
tionships of the two ecotypes of B. eunomia. First of all, 

larvae of the meadow ecotype were only able to develop 
on a plant found in their typical habitat, P. bistorta. In con-
trast, larvae of the bog ecotype were able to develop suc-
cessfully on three species of the family Ericaceae (occur-
ring on raised bogs) and P. bistorta prior to overwintering. 
The development of the larvae of the bog ecotype could not 
be fully traced in laboratory conditions due to very high 
mortality. However, larvae found in the spring in the fi eld 
on V. oxycoccus were able to complete their development 
even after changing their diet to P. bistorta. This ecotype, 
unlike the meadow ecotype, showed no signifi cant pref-
erence for the four plants (three Ericaceae species and P. 
bistorta) provided. Phylogeographic studies indicate that 
the bog fritillary evolved in the Siberian tundra, where P. 
bistorta and P. vivipara were both abundant in the past 
(Maresova et al., 2019). Our results are consistent with 
these fi ndings and may confi rm that P. bistorta was indeed 
one of the original larval food plants of this butterfl y and 
only later did some populations adapt to feeding on other 
species of plants when colonizing new biotopes in cold cli-
mates. It is known that the switch to other host plants in 
insects can lead to the colonization of new kinds of habitats 
(Strausz et al., 2012) or range expansion (Tabashnik, 1983; 

Fig. 5. Changes in the percentage of larvae (estimated marginal 
means) of the (A) meadow and (B) bog ecotypes present on plants 
during the ‘host plant selection test’.

Fig. 6. Averaged inc idences of feeding by larvae of Boloria euno-
mia of the (A) meadow and the (B) bog ecotypes on four species of 
plants in the ‘host plant selection test’. Incidences of feeding were 
assessed on a 4-point scale. p – asymptotic signifi cance, two-
sided test according to Kruskal-Wallis test. Statistically signifi cant 
values are in bold.
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Tabashnik et al., 1981). Depending on the degree of the 
systematic relationship between the original and novel spe-
cies of host plants the divergence in butterfl y populations 
can be weaker or stronger and even speciation may occur 
(Bush, 1969; Rausher, 1982; Tabashnik, 1983; Hernández-
Roldán et al., 2016).

The bog ecotype from north-eastern Poland is poten-
tially polyphagous and retains its ability to feed on P. bis-
torta. This raises the question whether individuals from 
bog populations could occupy meadow habitats and how 
they would behave, i.e., whether a female would be able to 
oviposit on P. bistorta? The results of comparative studies 
on oviposition and larval food preferences of two related 
species of Polygonia indicate that larvae may be more con-
servative than females irrespective of differences in their 
dispersal activity (Nylin et al., 2015). 

We also used two other potential host plants of B. eu-
nomia, V. palustris and S. aurita, in our experiments. In 
contrast to the bog ecotype, larvae of the meadow ecotype 
started to feed on V. palustris, but only two of them reached 
the second instar. Although this plant is mentioned in the 
literature as the larval food plant of B. eunomia (Scott, 
1986; Tolman, 1997; Haahtela et al., 2006), there is no pre-
cise data (e.g. on regions and habitats) for these records. 
Simonsen (2006) hypothesizes that species of Violaceae 
were host plants of an ancestor of the genus Boloria and in 
some cases, a switch to other host plants occurred. Willows 
are cited as larval food plants in North America (Shepard, 
1975; Scott, 1986; Bird et al., 1995) and in our studies S. 
aurita was eaten by the larvae of both ecotypes, but they 
did not grow. Therefore, also taking into consideration the 
phylogenetic relationships between populations from both 
continents (Maresova et al., 2019), it is doubtful that wil-
lows could be utilized by B. eunomia in Europe.

The second fundamental difference between the two 
ecotypes of B. eunomia is the survival of their larvae. The 
larvae of the meadow ecotype reared on their ‘native’ plant, 

P. bistorta, survived signifi cantly better than larvae of the 
bog ecotype provided with both Ericaceae and P. bistorta. 
The survival of the meadow ecotype was comparable with 
that reported in studies carried out in Belgium (Radchuk et 
al., 2013). In the case of larvae of the bog ecotype survival 
on the different plants differed with the highest survival 
recorded on V. uliginosum and lowest on V. oxycoccus. 
This is not consistent with the fi eld observations on both 
larval behaviour and oviposition reported by Klimczuk & 
Sielezniew (2017). The choice of V. oxycoccus under natu-
ral conditions may be associated with other factors. There 
are many cases of the use suboptimal host plants by lar-
vae (García-Barros & Fartmann, 2009). For example, as a 
result of habitat specialization females of Lycaena dispar 
batavus most likely accept a poorer host plant limited to a 
particular fenland habitat (Martin & Pullin, 2004). 

The preference of B. eunomia for V. oxycoccus in north-
eastern Poland under natural conditions may be associated 
with thermoregulation. V. oxycoccus, unlike other Ericace-
ae, is a low growing and decumbe nt plant, which almost 
adheres to the moss layer. The role of sphagnum moss in 
thermoregulation is demonstrated by studies on a related 
species of butterfl y, the cranberry fritillary Boloria aq-
uilonaris, whose larvae only feed on V. oxycoccus (Turlure 
et al., 2011). However, it cannot be excluded that B. euno-
mia larvae may also use other plants, like V. uliginosum 
and A. polifolia, if they grow nearby. Our results show that 
despite the tendency of larvae to remain on V. oxycoccus 
they are able to climb up and occupy V. uliginosum.

Both our laboratory and fi eld observations indicate that 
the larvae of B. eunomia are relatively mobile. It was also 
noted that some fi rst instar larvae in the ‘host plant selec-
tion test’ remained on plants on which they did not feed. 
Hence, the results for ‘evidence of feeding’ were more re-
petitive and consistent than the ‘percentage of larvae on 
plants’, although the latter clearly differed between the 
ecotypes.

The two forms of Boloria eunomia probably also differ 
in their larval behaviour due to differences in their oviposi-
tion strategy. Females of the meadow ecotype lay several 
eggs in a loose cluster (Choutt et al., 2011; Radchuk et al., 
2013) and as a consequence young larvae live gregariously 
before overwintering (Turlure et al., 2009). In contrast, the 
larvae of the bog ecotype are probably solitary throughout 
their development since females of this ecotype lay their 
eggs singly (Klimczuk & Sielezniew, unpubl.). 

The poor survival of the larvae of the bog ecotype re-
corded in captivity supports the hypothesis based on stud-
ies of the adult population ecology of B. eunomia, which 
indicate that the bog ecotype is more vulnerable. Therefore, 
it may be more threatened with extinction than the meadow 
ecotype, at least, in this part of its distribution (Sielezniew 
et al., 2019). Observations carried out during rearing indi-
cate that the high mortality of the larvae of the bog ecotype 
may be associated with the longer activity period between 
egg hatch and overwintering.

There were also clear differences in larval development 
of the two ecotypes. Larvae of the meadow ecotype entered 

Fig. 7. Averaged percentage of larvae on plants (line graphs) and 
averaged incidences of feeding (bar graphs) in the ‘host plant se-
lection test’ for larvae of the meadow ecotype of Boloria eunomia 
provided with two species of plants. All differences (except those 
observed after just two hours) between the two species of plants 
were signifi cant (p < 0.05 asymptotic signifi cance, two-sided test 
according to Mann-Whitney U test).
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diapause in the third instar, that is after 20–30 days, where-
as larvae of the bog ecotype developed slightly more slow-
ly, and some of them moulted to the fourth instar. Although 
in 2018, the majority of the larvae of the meadow ecotype 
became active again at the end of summer, a very small 
proportion of them entered the fourth instar compared to 
the bog ecotype. This could be related to different micro-
climatic conditions in the two biotopes, i.e., raised bogs 
are generally cooler. Therefore, the emergence of adults in 
an optimum period, when Rhododendron tomentosum (a 
favourite nectar plant) is in full bloom, may have resulted 
in developmental period prior to overwintering being more 
prolonged. Developmental differences as an adaptation to 
phenology of host plants are reported, e.g., in Phengaris 
alcon (Sielezniew & Stankiewicz, 2007).

Unexpectedly in 2018, three fourth-instar larvae of the 
meadow ecotype moulted again and completed their devel-
opment with two second generation individuals emerging. 
In the same season, which was generally very warm with 
some butterfl ies in the region showing phenological pecu-
liarities (Klimczuk & Sielezniew, unpubl.), a second gen-
eration of B. eunomia also developed under natural condi-
tions. Two males of this species were observed on the 21st 
of September at a site in the Knyszyn Forest. This was the 
fi rst such record for Poland. Second-generation individu-
als are reported in Germany (Schneider, 1935). However, 
in the case of the larvae of the bog ecotype, none moulted 
to the fi fth instar, although they reached the fourth instar 
earlier than the larvae of the meadow ecotype.

CONCLUSIONS 

This study is the fi rst attempt to compare the larval food 
preferences of two ecotypes of B. eunomia. It was car-
ried out in a unique region where different evolutionary 
lineages of the butterfl y co-occur (Maresova et al., 2019). 
We demonstrate the ability of larvae of the bog ecotype to 
develop on P. bistorta, a host plant native of the meadow 
ecotype. On the other hand, larvae of the meadow ecotype 
developed only on P. bistorta. Our laboratory experiments 
indicate, however, that V. oxycoccus is not an optimal host 
for the bog ecotype although it seems to be preferred in 
the fi eld. Moreover, in north-eastern Poland, larvae of 
the meadow ecotype overwinter mainly in the third in-
star, whereas the larvae of the bog ecotype enter diapause 
mostly in the fourth instar. This is most likely an adaptation 
to the local microclimate and phenology of the favourite 
nectar plant (R. tomentosum). The higher larval mortality 
of the bog ecotype indicates it is more vulnerable than the 
meadow ecotype. On the other hand, it is likely that the 
meadow ecotype has some potential to adapt to a warming 
climate, as it can produce a partial second generation.
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Table S1. Statistical comparison of the survival of the larvae be-
fore overwintering of two ecotypes of B. eunomia. Mann-Whitney 
U test. See Fig. 1 in the main text. m – meadow ecotype, b – bog 
ecotype. Statistically signifi cant values are in bold.

Plant species Year N Statistics (U) Signifi cance (p)

P. bistorta
2017 100 (27m, 73b) 562.000 0.001
2018 390 (302m, 88b) 2941.500 < 0.001

V. palustris 2018 126 (94m, 32b) 32.000 < 0.001

V. oxycoccus
2017 86 (33m, 53b) 1704.500 < 0.001
2018 140 (10m, 130b) 876.000 0.066

V. uliginosum
2017 43 (9m, 34b) 222.000 0.038
2018 86 (7m, 79b) 444.000 0.008

A. polifolia
2017 41 (11m, 30b) 293.000 < 0.001
2018 59 (10m, 49b) 451.000 < 0.001

S. aurita 2018 20 (6m, 14b) 24.000 0.131

Table S3. Statistical analysis of the evidence of feeding by larvae 
on plants in the ‘host plant selection test’ (the four plants were: 
Persicaria bistorta, Vaccinium oxycoccus, V. uliginosum and An-
dromeda polifolia). The results of Kruskal-Wallis test. See Fig. 6 in 
the main text. Statistically signifi cant values are in bold.

Boloria eunomia ecotype Hours Statistics (H) Signifi cance (p)

Meadow

2 6.600 0.086
24 10.800 0.013
48 11.000 0.012
72 11.000 0.012

Bog

2 2.126 0.547
24 3.504 0.320
48 2.606 0.456
72 7.056 0.070

Table S2. Statistical analysis of the percentage of larvae on plants 
in the ‘host plant selection test’ (the four plants were: Persicaria 
bistorta, Vaccinium oxycoccus, V. uliginosum and Andromeda poli-
folia). The results of Kruskal-Wallis test. See Fig. 5 in the main text. 
Statistically signifi cant values are in bold.

Boloria eunomia ecotype Hours Statistics (H) Signifi cance (p)

Meadow

2 0.360 0.948
24 6.080 0.108
48 8.230 0.041
72 8.214 0.042

Bog

2 2.920 0.404
24 11.570 0.009
48 3.797 0.284
72 3.358 0.340

Table S4. Statistical analysis of the results of the host plant selec-
tion test using larvae of the meadow ecotype of Boloria eunomia 
and two species of plants (Persicaria bistorta and Viola palustris). 
The results of the Mann-Whitney U test. See Fig. 7 in the main text. 
 Statistically signifi cant values are in bold.

Parameter Hours Statistics (U) Signifi cance (p)

Percentage of larvae
on plants

2 2.000 0.275
24 0.000 0.046
48 0.000 0.037
72 0.000 0.046

Evidence of feeding 

2 1.500 0.114
24 0.000 0.043
48 0.000 0.034
72 0.000 0.034

Table S5. Distance matrix of differences in survival of larvae without (above diagonal) and with (below diagonal) the number of individuals 
in consecutive stages of development included among the fi ve groups tested. See Fig. 2 in the main text.

Group tested Meadow P. bistorta Bog V. oxycoccus Bog V. uliginosum Bog A. polifolia Bog P. bistorta
Meadow P. bistorta – 519147 498307 574182 542034
Bog V. oxycoccus 114.144 – 11874 16029 3903
Bog V. uliginosum 122.687 43.474 – 3143 3927
Bog A. polifolia 108.644 22.188 21.493 – 4616
Bog P. bistorta 111.074 18.341 28.855 9.100 –

Fig. S1 (next page). Photographs showing live larvae and evidence of their feeding activity before overwintering. a – 5th (fi nal) instar 
larva of the meadow ecotype feeding on Persicaria bistorta 99 days after hatching (photographed on 21st September 2018); b – 1st instar 
larvae of the meadow ecotype on Viola palustris; c – 1st instar larvae of the bog ecotype on Vaccinium oxycoccus; d – 2nd and 3rd instar 
larvae of the bog ecotype on Andromeda polifolia; e – 2nd (mostly) and 3rd instar larvae of the bog ecotype on V. uliginosum; f – 1st instar 
larvae of the bog ecotype on P. bistorta; g – 2nd instar larvae of the bog ecotype on V. myrtillus; h – 1st instar larvae of the bog ecotype 
feeding on Salix aurita.
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Fig. S2. Photographs of the host plant selection test. a – newly hatched larvae of the bog ecotype just after placing them in the centre of 
the Petri dish, b – larvae of the bog ecotype after 48 h (there is evidence of their having fed on all four plants, P. bistorta, V. uliginosum, A. 
polifolia and V. oxycoccus), c – larvae of the meadow ecotype after 48 h (evidence of feeding only on P. bistorta), d – larvae of the meadow 
ecotype after 72 h in the two-plant version of the experiment (evidence of feeding on P. bistorta, but not on V. palustris).
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Fig. S3. Photographs of larval food preferences in the ‘vertical movement’ experiment. a – larvae placed on Vaccinium uliginosum, b – 
larvae placed on Vaccinium oxycoccus. Arrows indicate small paper trays with larvae.


