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et al. 2010). This host plant suitability has possibly perva-
sive consequences for the viability of local populations (e.g. 
Krämer et al. 2012; Scherer and Fartmann 2022). Under-
standing host plant suitability as a key component of habitat 
suitability is therefore crucial for the conservation of but-
terflies (Fartmann and Hermann 2006).

Butterfly eggs lack any opportunities for active move-
ments and larvae are very limited in their mobility (Fart-
mann and Hermann 2006; García-Barros and Fartmann 
2009). Therefore, oviposition site selection by females 
is critical for the development of immature stages and 
populations’ reproductive success. Females should select 
the optimal microhabitat and host plant to ensure a good 
larvae performance, considering both abiotic (e.g. micro-
climate) and biotic factors (e.g. food quantity, food qual-
ity, competition, predators) (Jaenike 1990; Thompson and 
Pellmyr 1991). This positive relationship between oviposi-
tion site selection and larvae performance has been stated as 
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preference-performance hypothesis or mother-knows-best 
hypothesis (Thompson and Pellmyr 1991; Gripenberg et al. 
2010). It has been confirmed in various insects, including 
butterflies, based on host plant selection, one aspect of ovi-
position site selection (e.g. Friberg et al. 2015; Meister et al. 
2015; Gripenberg et al. 2010 for review). Females identify 
host plants by visual and chemical cues and select the most 
suitable ones for their offspring (Thompson and Pellmyr 
1991; Renwick and Chew 1994).

Lycaena phlaeas (Linnaeus, 1761) and Lycaena tityrus 
(Poda, 1761) are rather widespread butterflies in Central 
Europe (Reinhardt et al. 2020; van Swaay et al. 2022). 
They though recently declined in several regions (Pöhler et 
al. 2019; León-Cortés et al. 2000; van Swaay et al. 2022; 
Fox et al. 2023). These declines are likely associated with 
increasing land-use intensity, often going along with a loss 
of nutrient-poor grasslands and habitat edges – the main 
habitats of both species (Bräu et al. 2013; Pöhler et al. 
2019). Higher land-use intensity also affects the abundance 
of Rumex species, the host plants of both Lycaena species. 
Rumex acetosella and less pronounced R. thyrsiflorus prefer 
nutrient-poor conditions and disappear from more eutro-
phic habitats (Ellenberg and Leuschner 2010). By contrast, 
R. acetosa and R. obtusifolius are common in nutrient-rich 
grasslands, but they are often chemically controlled as 
weeds (Ellenberg and Leuschner 2010; Pöhler et al. 2019).

So far, the importance of single Rumex species for both 
Lycaena species remained unclear. Lycaena phlaeas is pro-
posed to prefer R. acetosella over R. acetosa, while in L. 
tityrus it should be the other way around (Ebert and Ren-
nwald 1991; Bräu et al. 2013). Furthermore, single observa-
tions in rearing experiments and under natural conditions 
suggest that both species use also further Rumex species 
as host plants. In L. phlaeas, oviposition and/or feeding 
behaviour of larvae have been observed on R. crispus,R. 
obtusifolius,R. thyrsiflorus, and R. scutatus. Lycaena tityrus 
has been shown to use R. crispus,R. thyrsiflorus, and R. scu-
tatus (Fiedler 1989; Rose 2010; Bräu et al. 2013; Steffner 
et al. 2022). Comparative surveys on oviposition or feeding 
preferences are to our knowledge missing. However, under-
standing the relevance of single Rumex species for both 
Lycaena species is crucial for their conservation.

Here, we investigated oviposition preferences of both 
Lycaena species in a simultaneous choice experiment. We 
considered R. acetosa,R. acetosella,R. crispus,R. obtusifo-
lius, and R. thyrsiflorus as potential host plants. In a smaller 
experiment, we investigated ovipositions of L. phlaeas on 
R. acetosa and R. sanguineus.

Materials and methods

Study species and species’ origin

Lycaena phlaeas and L. tityrus exhibit similar habitats and 
host plants but differ in their distribution and voltinism. 
Lycaena phlaeas has a wide distribution across the Hol-
arctic with strongholds in Europe and in the East of North 
America, while L. tityrus is mainly restricted to Europe 
(Ebert and Rennwald 1991; Bräu et al. 2013). Both species 
inhabit various open, oligo- to mesotrophic habitats on dry 
to moist soils, such as grasslands, ruderal habitats, clear-
ings, or fringes (Ebert and Rennwald 1991; Bräu et al. 2013; 
Reinhardt et al. 2020). Lycaena phlaeas exhibits a slightly 
wider ecological amplitude and also occurs in gardens, urban 
green spaces, or quarries (Reinhardt et al. 2020). Both spe-
cies lay their eggs singly on Rumex species (see details on 
host plant preferences above) and overwinter as larva (Ebert 
and Rennwald 1991; Bräu et al. 2013). Lycaena phlaeas is 
multivoltine with three to four generations per year. It is on 
the wing between April and October. Lycaena tityrus is usu-
ally bivoltine in Central Europe, with adults appearing from 
May to June and from July to August/September (Ebert and 
Rennwald 1991; Bräu et al. 2013).

Oviposition experiments were conducted with females 
of a F1 generation of field-collected individuals. We caught 
females in two to three habitats in Saxony (Germany) in 
spring/early summer 2014. Females of both species origi-
nated from sparse acidic grasslands near Bärwalde and 
species-rich mesic grasslands near Hoyerswerda in Upper 
Lusatia. A few females of L. phlaeas were also collected 
in heathlands near Weixdorf (near Dresden). For oviposi-
tion, the females were kept individually in cages contain-
ing leaves of R. acetosella and cotton balls prepared with 
sugar solution. Larvae were reared on R. acetosella in small 
groups in ventilated plastic boxes until adult emergence. 
For mating, a maximum of six individuals was kept in a 
cage (23 × 16 × 17 cm) with shoots of R. acetosella and cot-
ton balls prepared with sugar solution. Individuals were 
exposed to almost natural conditions (no rain) during ovi-
position, larval development, and mating. Individuals of the 
lineages from the three habitats were separated during rear-
ing and mating.

Oviposition experiments

Standard simultaneous choice tests (e.g. Nylin and Janz 
1993) were used to investigate oviposition preferences in 
both Lycaena species. After observed matings or first ovi-
positions in mating cages, females were individually placed 
in cages (plastic boxes 23 × 16 × 17  cm, containing moist 
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cotton balls with sugar solution) under natural, shady con-
ditions (except during night or rain). Each cage contained 
similar sized shoots of the five Rumex species (R. acetosa,R. 
acetosella,R. crispus,R. obtusifolius,R. thyrsiflorus) fixed as 
a bunch in a plastic jar with water in the middle of the cage. 
The shoots contained a stem with at least one fully devel-
oped, healthy, uncut leaf (minimum leaf area 4–5 cm²). Due 
to differences in leaf size, usually several leaves of R. ace-
tosa and R. acetosella and only one leaf of R. crispus,R. 
obtusifolius, and R. thyrsiflorus were provided. Touching 
or overlapping of leaves and with the cage were mini-
mized. Shoots originated from plants (10–30 individuals 
per species) grown in pots under natural conditions. The 
plants were raised from seeds of commercial seed suppli-
ers (except R. obtusifolius, grown from small plants dug 
out from a nearby meadow). Each female received shoots 
from different plants of a Rumex species during the experi-
ment. Shoots were daily controlled for eggs and replaced. 
Eggs were separately counted for each Rumex species and 
summed up until the death of the female. Eggs on other 
material (e.g. cage, plastic jar, referred to as off-plant ovipo-
sitions) than Rumex shoots were also counted. Oviposition 
proportions were calculated for each female by dividing the 
number of eggs on a Rumex species by the total number of 
eggs (including off-plant ovipositions).

The oviposition experiments were conducted with 13 
females of L. phlaeas and eight females of L. tityrus (see 
Table 1 for details). Four females (not included in Table 1) 
were excluded from the experiment due to early dead, 
almost without ovipositions. A smaller simultaneous choice 
test was conducted as described above with four females of 
L. phlaeas (Table 1) to compare ovipositions on R. acetosa 
and R. sanguineus (raised from seeds of a commercial seed 
supplier).

Statistical analysis

Differences in oviposition proportions among Rumex spe-
cies were tested with F tests on linear mixed models (LMM) 
separately for both Lycaena species using the package nlme 
(Pinheiro et al. 2020) in R version 4.0.3 (R Core Team 2020). 
Oviposition proportion as response variable was arcsin 

square root transformed. Rumex species was considered as 
explanatory factor and female identity nested within habi-
tat were included as random factors. In the smaller experi-
ment with L. phlaeas, only female identity was considered 
as random factor. The proportion of variance explained by 
the fixed explanatory factor (marginal R²,R²m) and by both 
the fixed and random factors (conditional R²,R²c) was cal-
culated by using the package MuMIN (Barton 2020). Pair-
wise differences between Rumex species were assessed with 
Tukey post-hoc tests using the package emmeans (Lenth 
2022). We also tested differences in oviposition proportions 
between both Lycaena species on the five Rumex species 
(including off-plant ovipositions) using a Chi-squared test.

Results

Females of L. phlaeas laid between 24 and 174 eggs dur-
ing their life time (118 ± 13, mean ± standard error; for total 
number see Table 1). They preferred the upper leaf surface 
(48% of all eggs). This preference was most strongly pro-
nounced in R. acetosella,R. obtusifolius, and R. thyrsiflo-
rus (55–66% of eggs on upper leaf side). Lycaena tityrus 
females laid between 68 and 149 eggs (116 ± 10; Table 1) 
that were almost evenly distributed on both leaf sides in 
all Rumex species (both sides 36%). Both Lycaena species 
hardly deposited eggs on stems (less than 4%).

Oviposition proportions of L. phlaeas differed among the 
five Rumex species (Fig.  1a). L. phlaeas tended to prefer 
the large-leaved Rumex species, especially R. crispus and 
R. obtusifolius, over R. acetosella and R. acetosa. In the 
smaller experiment, ovipositions of L. phlaeas did not differ 
between R. acetosa and R. sanguineus (Fig. 1b). Lycaena 
tityrus also differently distributed eggs on the five Rumex 
species, with the highest number of eggs on R. thyrsiflorus 
and the lowest on R. acetosella (Fig. 1c). In both species, 
female identity and habitat hardly influenced oviposition 
preferences (i.e. R²m = R²c). Oviposition preferences did not 
differ between both Lycaena species (Χ² = 30, P = 0.22).

Discussion

Both Lycaena species used all tested Rumex species for 
oviposition, i.e. no species was rejected. Oviposition pro-
portions also slightly differed among Rumex species in 
both butterflies. Rumex acetosella was avoided, while all 
other species were utilized quite evenly. Accordingly, both 
Lycaena species use a wide range of host plants in the genus 
Rumex for oviposition.

The ovipositions on all tested Rumex species suggest 
that all are generally suitable host plants. This finding is 

Table 1  Habitat origin of the lineages of the females of Lycaena 
phlaeas and Lycaena tityrus used in the experiments with five or two 
Rumex species
Female origin Lycaena phlaeas Lycaena tityrus

5 Rumex 
species

2 Rumex 
species

5 Rumex 
species

Bärwalde 8 2 5
Hoyerswerda 3 2 3
Weixdorf 2 - -
Total number females 13 4 8
Total number eggs 1,539 160 928
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(see Jaenike 1990). Lycaena phlaeas has been observed to 
erroneously deposit eggs on plants next to instead on Rumex 
individuals (Wiklund 1984; Ebert and Rennwald 1991). 
Lycaena tityrus females failed to prefer the plants that are 
most suitable for their larvae in an oviposition experiment 
with R. acetosa plants differing in nutritional quality (Raha-
rivololoniaina et al. 2023). These observations together with 
the off-plant ovipositions in the present experiment suggest 
that Lycaena females are limited in their ability to identify 
the most suitable host plant for their larvae.

Rumex plants often grow singly (except R. acetosella) 
under natural conditions (Ellenberg and Leuschner 2010), 
i.e. females need to overcome distances to find host plants. 
Considering the single ovipositions of both Lycaena species 
as well as the energy cost and risk of flight and searching 
behaviour, it might be more efficient for females to deposit 

supported by the qualitative observation that larvae of both 
Lycaena species feed on all tested Rumex species and reach 
adulthood (personal observation; Rose 2010). The use of 
a wide range of host plants without clear preferences is 
rather uncommon in Lepidoptera feeding on dicotyledon-
ous plants. Usually, Lepidoptera species exhibit clear pref-
erences for one or a few species (e.g. Suwarno et al. 2010; 
Friberg et al. 2015; Meister et al. 2015). These preferences 
emerge as plant species mostly differ in their quality for 
herbivorous insects due to their secondary compounds and 
nutrient stoichiometry (Bernays and Graham 1988). Also, 
Rumex species differ in their secondary compounds, such 
as oxalates, tannins, and phenols (Cavers and Harper 1964; 
Costan et al. 2023).

However, the visual and chemical differences of Rumex 
species are may insufficient for discrimination by females 

Fig. 1  Oviposition proportions (mean ± standard error) of (a) Lycaena 
phlaeas on five Rumex species (13 females) and (b) on two Rumex spe-
cies (four females), and of (c) Lycaena tityrus on five Rumex species 
(eight females). Numbers in parenthesis give absolute egg number. 

Significant pairwise differences between Rumex species (including off-
plant ovipositions) are indicated by the same letters above error bars 
(P < 0.05). LMM statistics: (a) F5, 60 = 5.38, P < 0.001, R²m = R²c = 0.26, 
(b) F2, 6 = 2.66, P = 0.149, (c) F5, 35 = 3.51, P = 0.011, R²m = R²c = 0.27
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host-plant identity should determine habitat suitability. The 
recent decline of both butterflies is thus hardly based on 
changing abundances of their host plants but other effects 
of increasing land-use intensity. Higher land-use intensity 
often goes along with nitrogen enrichment, reducing warm 
microhabitats with open vegetation that prefer both butter-
flies for oviposition (Pradel and Fischer 2011; Streitberger 
et al. 2014). Additionally, larvae show higher mortalities 
on fertilized host plants due to smaller carbon-nitrogen 
ratios (Kurze et al. 2018; Raharivololoniaina et al. 2023). 
Accordingly, conservation measures for both Lycaena spe-
cies should focus on the maintenance of oligo- to mesotro-
phic habitats (Bräu et al. 2013; Pöhler et al. 2019). These 
should exhibit open microhabitats with Rumex species (see 
Streitberger et al. 2014), with the abundance or identity of 
single species being less important. Overall, the wide range 
of host plants should facilitate the conservation of both but-
terfly species.
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