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Abstract 
The endangered and declining butterfly species Colias myrmidone is sensitive to land-use changes and vulnerable in its 
immature stages. The requirements for its larval habitats are still largely unknown, which hinders appropriate management 
in protected areas. We examined the relation between the larval development of C. myrmidone and environmental variables 
at a Natura 2000 site in Romania. Individuals that reached higher larval stages had a higher cover of litter as well as a lower 
cover of forbs around their host plants than individuals that died in early larval stages or as eggs. Surviving individuals had 
less other host plants in their surrounding and were found on larger host plants. Surviving individuals were found further away 
from the tip of their hosts than individuals that were lost due to grazing. The grazing regime is of particular importance to 
ensure the successful development of C. myrmidone from egg to higher larval stages. There seems to be a trade-off between 
positions at the tip of the shoot with palatable leaves and positions further down that protect against grazing. Especially 
sheep grazing may cause high direct mortality. The higher amount of litter around surviving larvae indicates a better survival 
when the grazing pressure is very low, but still present to keep the habitat open. However, occasional heavy grazing events 
may reduce the cover of forbs.
Implications for insect conservation The designation of the investigated Natura 2000 site offers a great opportunity to imple-
ment the insights on larval development of C. myrmidone into a management plan, which can support low-intensity grazing 
regimes preferably with cattle.
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Introduction

The loss of biodiversity is one of the most severe challenges 
humanity is facing today. Extinction rates of vertebrates, and 
possibly also of invertebrates, lead to the hypothesis that 
the natural world is experiencing the sixth major extinction 
event in its history (Thomas et al. 2004). The conservation 
of biodiversity is crucial for the stability of many ecosystems 
and therefore important for safeguarding the resilience of the 
earth system (Steffen et al. 2015; Cardinale et al. 2012). One 

of the main drivers of biodiversity loss are changes in land-
use practices (Sala et al. 2000). In Europe and other parts of 
the world, humans have used land for centuries and created 
diverse cultural landscapes through a gradual co-evolution 
with nature that contained valuable habitats for a number of 
species (Horcea-Milcu et al. 2018; Settele et al. 2009a, b). In 
many of those semi-natural ecosystems, both the intensifica-
tion of agricultural land-use as well as the abandonment of 
traditional management practices such as low-intensity graz-
ing can cause species losses (Rosenthal et al. 2012; Roman 
et al. 2019).

Especially the diversity of insects has presumably 
decreased dramatically (Hallmann et  al. 2017). Insects 
are connected to a variety of ecological functions and ser-
vices such as pollination of crop and wild plants (Erhardt 
and Mevi-Schütz 2009; Biesmeijer et al. 2006). Neverthe-
less, only a small part of insect species is known so far 
(Thomas 2005) and despite numerous studies that agree with 
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Hallmann et al. (2017) on the general decline of animal spe-
cies (e.g. Seibold et al. 2019, van Klink et al. 2020), there 
are also results such as Crossley et al. (2020) for the US that 
do not reveal major changes. Therefore, it is necessary to 
extrapolate from subsets of well-known species groups to 
get an impression of actual changes in declines of insects 
and other invertebrates (Thomas 2005).

Butterflies are a well-studied group of insects and they 
may represent other invertebrate species (Thomas 2005). 
They are sensitive indicators of environmental changes. 
Moreover, the advantages of butterflies as indicator species 
lie in the simplicity of their identification, in their attractive-
ness and in the possibility to easily monitor and record them 
(Dennis 2009). Insects typically respond faster to adverse 
environmental changes than longer living organisms and the 
loss of butterflies may forecast similar declines in other spe-
cies (Thomas et al. 2004). Declines in butterfly species can 
be understood as a warning signal and show the urgency for 
conservation measures to protect these valuable indicators 
and their habitats (Dennis 2009).

To design effective conservation strategies that halt or 
reverse declines of threatened butterfly species, detailed 
knowledge of their ecological requirements is needed (Ewing 
et al. 2020). Most butterflies have very specific preferences 
regarding habitat quality (Münsch et al. 2018; García-Barros 
and Fartmann 2009). Due to their complex life cycle from 
egg through different larval stages to pupae and finally to 
adults, requirements of butterflies have to be met in all of 
those stages (García-Barros and Fartmann 2009). The larval 
stage is expected to be particularly limiting (Ewing et al. 
2020). Larval feeding is responsible for the accumulation 
of materials used for adult bodybuilding and egg produc-
tion (Munguira et al. 2009). Most European butterfly species 
overwinter as larvae (Munguira et al. 2009) which stresses 
the importance of the larval stage for the survival of those 
species. Larvae depend on ephemeral and narrow niches 
within their habitats, which have to contain their larval host 
plants in specific growth forms and have to provide specific 
microhabitats (Ewing et al. 2020).

One of the most endangered butterf ly species in 
Europe is the Danube Clouded Yellow (Colias myrmi-
done [ESPER, 1780]) (Dolek et al. 2005). C. myrmidone 
is listed in Annex II and IV of the EU Habitats Directive 
(2013/17/EU): its conservation requires the designation 
of special areas of conservation and the species needs 
strict protection. From its former distribution in eleven 
European countries, today C. myrmidone is only found in 
Poland, Romania and Slovakia (Marhoul and Dolek 2012). 
Its overall conservation status is either unfavourable bad 
or unfavourable inadequate (Marhoul and Dolek 2012, 
EEA and ETC/BD 2018). The reasons for the dramatic 
decline of C. myrmidone are unclear (Dolek et al. 2005). 
The butterfly seems to be threatened by factors on different 

scales: it is threatened by global climate change (Settele 
et al. 2008) and by large scale changes of local agricul-
ture and forestry. C. myrmidone is presumably strongly 
affected by the transition from a small-scale mosaic-like 
management to intensive and uniform land-use practices 
(Marhoul and Dolek 2012). Its sensitivity to unfavourable 
changes in land-use is expected to be the main reason for 
its decline (Dolek et al. 2005). The intensification of man-
agement jeopardizes the development of the species as 
well as suitable host plants and nectar sources, but also 
abandonment of land and insufficient management are a 
threat to the species through the loss of its host plant by 
overgrowing (Marhoul and Dolek 2012). C. myrmidone 
counts as specialized species with specific requirements 
for microclimatic conditions and larval food plants (Freese 
et al. 2005). It is particularly vulnerable in its immature 
stages because larvae and eggs are not hidden (Freese 
et al. 2005). The female adults mostly lay their single eggs 
on the tips of fresh shoots of their larval host and food 
plant Chamaecytisus sp. (Dolek et al. 2005, Szentirmai 
et al. 2014) where the larvae then feed on (Konvicka et al. 
2008). This leads to the management dilemma that on the 
one hand fresh shoots can only be provided if areas are 
managed with mowing or grazing, on the other hand such 
management can threaten the larvae through predation by 
livestock (Dolek et al. 2005).

Romania is one of the last strongholds of C. myrmidone 
(Loos et al. 2020). The species was probably widespread 
in large parts of the country but even there populations 
are decreasing dramatically (Marhoul and Dolek 2012, 
Iorgu et al. 2015). In Romania, an increasingly high graz-
ing pressure is supposed to be the most important driver 
for the decline of C. myrmidone (Sielezniew et al. 2019). 
To ensure the survival of C. myrmidone and because of its 
obligations as a member state of the EU, Romania desig-
nated several Natura 2000 sites for the conservation of C. 
myrmidone (Loos et al. 2020). Knowledge on population 
ecology and habitat use of C. myrmidone, however, is still 
very limited (Szentirmai et al. 2014; Marhoul and Dolek 
2012). Due to its vulnerability in the immature stages, 
knowledge of the specific requirements for the survival 
from egg to higher larval stages is needed to develop ade-
quate management at those Natura 2000 sites.

The present study contributes to closing these research 
gaps and to gain a better understanding of the requirements 
of C. myrmidone in its critical egg and larval stages. Data 
were collected during field studies in summer 2019 in a 
newly established Natura 2000 site in Romania and ana-
lyzed to answer the following research questions:

• What is the survival rate of the eggs and larvae of C. 
myrmidone before hibernation?
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• Which environmental variables correlate with a high 
survival of eggs and larvae of C. myrmidone?

• Which role does grazing play for the survival of the eggs 
and larvae of C. myrmidone?

• Which measures should be taken in order to ensure a suf-
ficient survival rate of eggs and larvae of C. myrmidone?

Methods

Study species

The distribution of C. myrmidone ranges from Central 
Europe across Eastern Europe to Western Asia. The for-
mer most western edge of its distribution range was Bavaria 
(Freese et al. 2005). All its habitats are characterized by a 
relatively continental climate (Dolek et al. 2005). C. myr-
midone lives in calcareous grasslands, but prefers the vicin-
ity to woodlands (Settele et al. 2009a, b). Besides natural 
grasslands, pastures and non-irrigated arable land, the but-
terfly also occurs in transitional woodland scrub (Loos et al. 
2020). The species lives in traditionally managed cultural 
landscapes that contain a mosaic of meadows, pastures, 
orchards, open forests and woodland margins (Marhoul and 
Dolek 2012). It can cope with early successional stages, but 
further succession makes its habitats unsuitable (Loos et al. 
2020). It is expected to have a low adaptive capacity, espe-
cially in terms of climate change (Sajwaj et al. 2011). The 
occurrence of C. myrmidone is restricted by the occurrence 
of its host plants of the genus Chamaecytisus sp. (Freese 
et al. 2005) which are adapted to light grazing and cannot 
develop if pastures are intensively grazed (Konvicka et al. 
2008).

Usually, the butterfly is bivoltine. Adults of the first gen-
eration emerge in late May or early June, adults of the sec-
ond generation emerge between mid-July and early Septem-
ber (Freese et al. 2005). In hot summers, a third generation 
may occur (Dolek et al. 2005). The larvae of the third instar 
hibernate in the litter on the ground or on the stems of their 
host plants (Freese et al. 2005). In this study, eggs and larvae 
laid by the second generation were observed. The observed 
individuals were expected to hibernate in the third larval 
stage and form the first generation of adults in the following 
year. Some of the eggs and larvae might have developed to 
adults in the same year and have formed a third generation 
as observed in previous years.

Study area

The study was conducted at a Natura 2000 site in North-
western Romania close to the city Cluj-Napoca (Fig. 1). 
The site belongs to Cluj county and is located near the vil-
lage Agârbiciu (ROSCI0274 Agârbiciu N 46°45′36.91″; 

E23°16′25.22″) and covers a total area of 2.40  km2 (Loos 
et al. 2020).

Loos et  al. (2020) analysed three newly established 
Natura 2000 sites designated for C. myrmidone in 2016 
in Romania, including this study site. They found that the 
majority of parcels within these areas were used for grazing, 
and for haymaking. Also, most privately-owned land par-
cels at the Natura 2000 sites were smaller than 10 ha. Most 
of the grazed sites were classified as extensively managed, 
some were next to hay meadows or steep slopes that were 
not mown. Most farmers only mowed once a year, between 
the beginning of June till the beginning of September. Inter-
ventions carried out at the new Natura 2000 sites were the 
removal of weeds, ant hills, shrub and trees and sometimes 
stones. Some of the parcels were fertilized with manure 
(Loos et al. 2020). Grazing animals that were observed in 
the area were cattle, sheep and horses (Gallersdörfer and 
Newsom 2019). Loos et al. (2020) also recorded goats in 
2016. Chamaecytisus triflorus was the only host plant of C. 
myrmidone present at the site.

Data collection

Data was collected during seven weeks from 31 July until 18 
September 2019. First, nine areas on sun-exposed hillsides 
that were expected to meet the previously known require-
ments of the eggs and larvae of C. myrmidone were selected 
within the Natura 2000 site. The sizes of these areas ranged 
from 0.34 to − 3.26 ha, with an average of 2 ha. These areas 
were then searched for the host plant Chamaecytisus tri-
florus. These host plants were then carefully assessed for 
eggs and larvae of C. myrmidone. To better understand the 
relationship between larval development and host plant con-
ditions, we recorded the following host plant parameters: 
(1) coordinates, (2) number of other food plants around the 

Fig. 1  Natura 2000 site ROSCI0274 in Romania and Agârbiciu 
(white line). The red patches indicate the nine areas that were 
searched for eggs and larvae. Shape of Romania obtained from Geo-
fabrik GmbH/© Open Street Maps, Satellite image © Google Earth 
(obtained via Google Earth Pro). Shape of Romania obtained from 
Geofabrik GmbH/© Open Street Maps. (Color figure online)
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respective food plant in a five-meter radius, (3) height and 
(4) width of the respective host plant, (5) height of caterpil-
lar or egg above the ground and (6) distance of caterpillar 
or egg from the tip of host plants. (7) The ground cover in 
a radius of half a meter around occupied host plants was 
estimated, distinguishing cover of litter, grass, forbs and 
open soil. The branches on which recorded individuals were 
found, were marked with a tape to find them again. In the 
first two weeks of the study, food plants were searched for 
further eggs and larvae.

After the initial recording of eggs and larvae of C. myr-
midone, all plants on which eggs and larvae had been found 
were checked again every two to three days to follow the 
development of individuals. Changes in the individuals were 
recorded including (1) the life stage of the individuals from 
egg to the fourth instar (abbr. L1, L2, L3, L4). The change 
from one to the next larval stage by molting was determined 
by head size in relation to body size and length. (2) The size 
of larvae as well as (3) new feeding traces on the plants were 
recorded. (4) Grazing animals as well as grazing signs on 
the host plants were recorded. On average, individuals were 
observed six times, with a minimum of one and a maximum 
of 19 observations.

Statistical analysis

Summary statistics were calculated for the individual egg or 
larvae sightings recorded at different stages and for environ-
mental variables, to provide an overview of the data. Except 
for individuals that had already reached larval stage three or 
four, missing individuals were considered to be dead. For 
larvae in the third and fourth instar, it is possible that they 
were not found again because they moved too far from their 
former position on the plant. For those missing individuals, 
mortality cannot be distinguished from mobility. Therefore, 
all individuals that had reached at least the third instar were 
considered to have successfully developed.

To calculate survival rates of each larval stage, individu-
als were divided into groups dependent on the highest lar-
val stage they had reached (maximum: larval stage three). 
Individuals with unknown latest stage, i.e. those that went 
missing but had not been recorded as such for at least three 
occasions, were excluded from the analysis. Only individuals 
that were initially recorded as eggs were included in the cal-
culation of survival rates. Survival rates between the stages 
were calculated as well as the survival rate from egg to all 
larval stages. The calculated survival rates are the minimum 
survival rates because a slight uncertainty remains regarding 
the death of missing individuals. To estimate the maximum 
survival rate, for all missing individuals feeding traces were 
analysed. Missing individuals on branches with new feeding 
traces were assumed to have reached the next larval stage.

The individuals that survived to different larval stages were 
grouped and tested for significant differences in the expression 
of environmental variables, running an ANOVA. To inves-
tigate significant differences between the groups, a Tukey’s 
HSD test was performed. The analysis was carried out on 
the following environmental variables: (1) the height and (2) 
width of plants, (3) the height of individuals above the ground 
and (4) their distance from the tip of their food plants, (5) the 
number of other food plants around the respective host plant 
and (6) the variables of the ground cover: litter, grasses, forbs 
and open soil. Environmental variables were visually checked 
for normal distribution. In accordance to Blanca et al. (2017), 
who found that the F-Test is robust to departures from normal-
ity, even with various sample sizes, we decided to keep the 
data of plant characteristics and of the position of individuals 
on plants untransformed. The data of the ground cover which 
was recorded in percentages was arcsin transformed as recom-
mended by Fernandez (1992).

For further analysis, for each larval stage as well as the 
egg stage, individuals were separated in the ones that died in 
or before a specific stage or survived that stage and reached 
the next larval stage. For each stage, these two groups were 
then tested for differences in environmental variables using 
a t-test. Individuals of unknown fate were excluded from 
the analysis.

To analyse whether differences in environmental vari-
ables correlated with different death reasons or survival, 
individuals of the whole dataset were grouped according to 
their observed last state, specifically their reason of death 
or survival. These reasons were categorized as follows: 
survived; dead; missing; predated; grazed; whereby the 
category ‘dead’ stated the death of an individual without 
reference to any obvious reason, ‘missing’ described that 
previously detected eggs or larvae were not found again for 
at least three times, ‘predated’ applied when individuals, 
mainly eggs, had been destroyed by parasitoids, and the cat-
egory ‘grazed’ described that either an egg or a larvae had 
obviously been destroyed by grazing, e.g. when a plant had 
been grazed or trampled by livestock. In this analysis, sur-
viving individuals are only the ones that were actually found 
alive at the end of the study, regardless of their larval stage. 
These groups were tested for differences in the expression of 
environmental variables, running an ANOVA supplemented 
by a Tukey’s HSD test.

All statistical analyses were carried out with RStudio ver-
sion 1.2.5033 under R version 3.6.2.

Results

In total, 314 individuals were recorded at the selected areas 
in Agârbiciu that could be used for the analysis. Of those, 
273 individuals were first recorded as eggs, 41 individuals 
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were first recorded as larvae. The highest observed larval 
stage was the fourth stage (Table 1).

Most individuals (61.5%) went missing, meaning that 
they could not be found again for at least three times and 
were expected to be dead (Table 2). Including all individuals 
that were actually found dead, that were grazed or predated, 
89.8% (282) very likely died. The remaining individuals sur-
vived (3.8%) or their last state is unknown (6.4%).

The host plants of the recorded individuals had an average 
height of 40 cm and were on average 48 cm wide (Table 3). 
The individuals were on average positioned 9 cm below 
the tip of the food plant with a median at 8 cm. In a five-
meter radius around the occupied host plants, on average 
twelve other host plants were found, with a minimum of 
one other host plant and a maximum of 43 other host plants. 
The ground cover in half-a-meter radius around occupied 
host plants was composed as follows: On average, 8% of 
the ground was covered by open soil, 4% was covered by 
litter, 50% was covered by grass and 36% was covered by 
forbs. The cover of litter and the cover of open soil was not 
normally distributed: the majority of occupied host plants 
had almost no cover of open soil or litter, whereas a minority 
had a high cover of open soil or litter (Table 4).

Survival rates

From the 264 individuals that were found as eggs in the 
beginning of the study, 13% survived until the third instar 
(Fig. 2). An uncertainty regarding the missing individuals 
remains. Between all stages, the minimum survival rate is 
around 50%. From each stage, around 50% of the individuals 
reached the next stage, the other half most likely died. The 
maximum survival rate is assuming that missing individu-
als survived. It is only slightly higher for the survival from 
egg to the first instar, while the survival from the first to the 
second larval stage and from the second to the third larval 
stage might have been much higher. Of the 35 individuals 
that reached larval stage three, five larvae were later found 
in the fourth instar, five other individuals were recorded dead 
and 21 individuals went missing. Four of those individuals 
were found alive at the end of the study.

Environmental variables

Figure 3 shows the results of the t-test for selected charac-
teristics of the host plants. Individuals that reached the third 
larval stage were on average located higher than those of 
individuals that most likely died before reaching the third 
instar (t-test: t(104.24) = − 1.85, p = 0.067). The height of 
individuals above the ground correlated with the height of 
the respective host plants (correlation = 0.62) and was higher 
in individuals that reached larval stage three compared to 
those that died in younger instars (t-test: t(87.44) = − 3.1, 
p < 0.01). Individuals that died before reaching the second 
instar were positioned closer to the tip than the ones that 
reached the second larval stage (t-test: t(208.13) = − 2.25, 
p = 0.025). This trend was also found between all individu-
als that died before developing to the third instar and the 
ones that reached larval stage three (t-test: t(86.12) = − 1.8, 

Table 1  Number of individuals 
in the different stages in their 
respective first (first observed 
stage) and last observation (last 
observed stage). N = 314

Stage First 
observed 
stage

Last 
observed 
stage

Egg 273 148
L1 8 57
L2 8 42
L3 24 56
L4 1 11

Table 2  Number of individuals 
with different death reasons or 
survival. Missing individuals 
were not found again for at least 
three times, individuals with 
an unknown last state were not 
observed until the end of the 
study. N = 314

Last state Total data set

Found dead 40 (12.7%)
Grazed 22 (7.0%)
Missing 193 (61.5%)
Predated 27 (8.6%)
Survived 12 (3.8%)
Unknown 20 (6.4%)

Table 3  Plant characteristics 
of occupied host plants and 
position of eggs and larvae on 
plants

Sample size Variable Mean SD

314 Height of food plant (cm) 39.87 14.7
310 Width of food plant (cm) 48.46 23.14
307 Height of egg or larvae above ground (cm) 28.79 10.75
304 Distance of egg or larvae from tip of the plant (cm) 9.29 8.5
295 Number of food plants in the surrounding 11.98 8.15

Table 4  Cover of the ground in a 0.5 m radius around the host plants

Sample size Cover type Median (%) Mean (%) SD (%)

314 Grass 50.0 50.2 16.11
314 Herbs 40.0 36.37 15.7
310 Litter 0.0 3.7 10.93
314 Open soil 0.0 7.57 12.64
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p < 0.1). The number of food plants around the occupied 
host plants was lower in individuals that reached third instar 
than for those that died before (t-test: t(120.41) = 3.344, 
p < 0.001).

Ground cover differed significantly between groups 
of individuals reaching different highest instars (Fig. 4). 
The cover of litter differed significantly among the groups 
(ANOVA: F(3, 295) = 17.79, p < 0.0001) and was highest in 
the group that reached the third larval stage (Tukey’s HSD 
test: egg − L3  padj = 0.0, L1 − L3  padj = 0.0, L2 − L3  padj 
< 0.0001). Also, the cover of forbs differed among groups 
(ANOVA: F(3, 299) = 8.252 p < 0.0001). The cover of 
forbs was lower in the larvae that reached the third instar 
compared to individuals that already died as eggs (Tukey’s 
HSD test:  padj < 0.0001) or died in the first larval stage 
(Tukey’s HSD test:  padj < 0.001), but was not significantly 
lower compared to individuals dying in the second instar 
(Tukey’s HSD test:  padj = 0.105). There was neither a signifi-
cant difference found between groups in the cover of open 
soil (ANOVA: F(3, 299) = 0.088, p > 0.9) nor in the cover of 
grass (ANOVA: F(3, 299) = 0.176, p > 0.9).

Following variables differed significantly among the 
groups of individuals with different last states: the height of 
the plants (ANOVA: F(4, 289) = 5.413, p < 0.001), the dis-
tance from tip (ANOVA: F(4, 280) = 6.155, p < 0.0001) and 
the height of eggs or larvae above the ground (ANOVA: F(4, 
283) = 4.07, p < 0.01, Fig. 5). For the width of plants, there 
was a trend for differences among groups (ANOVA: F(4, 
285) = 2.196, p = 0.0695). The height of plants was lower 

in individuals that were lost due to grazing, compared to 
all other groups (Tukey’s HSD test: grazed—survived  padj 
< 0.001, grazed—missing  padj < 0.01, grazed—dead  padj < 
0.01, predated—grazed  padj < 0.05). The same was found 
for the height of eggs or larvae above the ground, except 
for individuals that were actually found dead (Tukey’s HSD 
test: grazed—survived  padj < 0.01, grazed—missing  padj < 
0.05, grazed—dead  padj = 0.065, predated—grazed  padj < 
0.01). The width of host plants of individuals lost through 
grazing was lower compared to the width of host plants of 
missing individuals (Tukey’s HSD test:  padj = 0.048), but 
showed no significant difference compared to the individuals 
that survived. Individuals that were lost due to grazing were 
positioned closer to the tip than the individuals that were 
found dead (Tukey’s HSD test:  padj < 0.01), or that were 
missing (Tukey’s HSD test:  padj < 0.05) and that survived 
(Tukey’s HSD test:  padj < 0.001). Predated individuals were 
also positioned closer to the tip of their host plants than 
surviving individuals (Tukey’s HSD test:  padj < 0.01). No 
significant differences in the number of food plants around 
the respective host plants could be found between the differ-
ent groups (ANOVA: F(4, 270) = 2.299, p = 0.059).

One of the nine observed areas had to be completely 
abandoned after a flock of sheep grazed on it. Occupied food 
plants were almost completely destroyed and no eggs or lar-
vae were found anymore. Such damages were not observed 
from cattle that autonomously moved through the study site 
in groups of five to ten animals (Gallersdörfer and Newsom 
2019).

L2
n = 64

L3
n = 35

L1
n = 118

eggs
n = 264 - 146

eggs

- 54
L1

- 29
L2

45 %

24 %

13 %

min. total survival
rate

45 %

54 %

55 %

min. survival
rate between

stages

range of es�mated
survival rate 

between stages

eg
g 

–
L1

L1
 –

L2
L2

 –
L3

45 - 56 %

54  - 83 %

55  - 92 %

Fig. 2  Survival rates until the third instar. Only individuals that were first recorded as eggs are included. N = 264
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Discussion

This study provides a comprehensive analysis of environ-
mental variables that might influence the development from 
egg to higher larval stages of C. myrmidone was done. Of 
the individuals that were found as eggs in the beginning 
of the study, 13% reached at least larval stage three. The 
analysis revealed, that reaching higher larval stages was cor-
related with a high cover of litter in the surrounding of the 
host plants. The opposite was found for the cover of forbs: 
individuals that reached higher larval stages were found on 
host plants surrounded by a comparatively lower herb cover. 
Individuals that developed at least until the third instar were 
found on higher food plants, were positioned further away 
from the tip of plants and higher above the ground than the 
individuals that were lost before reaching the third larval 

stage. Larvae that reached the third instar were found on 
host plants with significantly less other host plants in the 
immediate surrounding. The results indicate correlations of 
environmental variables to grazing, showing that the indi-
viduals that were lost due to grazing were positioned com-
parably close to the tip of their host plants and were found 
on smaller host plants.

Survival rates

The high range between the minimum and the maximum 
estimated survival rates, especially between higher larval 
stages, indicates that the survival of larvae might have been 
higher than 13%. However, it remains unclear whether the 
feeding traces stemmed from the specific individuals or from 
other caterpillars or herbivores. Furthermore, it cannot be 
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Fig. 3  Differences in characteristics of host plants and position of individuals on plants, comparing individuals that died before reaching the 
third instar or reached at least larval stage three. P-value of Welch Two Sample t-test (N = 314)
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predicted whether those individuals actually reached the 
next larval stage and how far they developed. Dolek et al. 
(2019) conducted a similar study on Colias palaeno where 
the mortality of young larvae before hibernation was a cru-
cial factor for the survival of the species. They found a sur-
vival rate of 18.3% before hibernation in suitable habitats, 
which is supposed to be sufficient for the survival of Colias 
palaeno (Dolek et al. 2019). Also other studies found higher 
survival rates than we did: Hayes (1981) detected 21.7% sur-
vival from egg to young instar three and 9.9% to diapausing 
instar three for Colias alexandra. Freese et al. (2006) report 
a 30% survival rate for Euphydryas maturna from egg to 
hibernation. As some uncertainty remains about the actual 
fate of missing individuals and thus about the exact survival 
rate of C. myrmidone in our study, the minimum survival 
rate (considering missing individuals as dead) seems more 
reliable than the maximum calculated survival rate (consid-
ering missing individuals as surviving). It cannot be ruled 

out that the survival rate of C. myrmidone at the Natura 
2000 site in Agârbiciu might actually be comparably low, 
especially considering that larvae were not observed until 
hibernation. The survival rate until hibernation therefore is 
probably even lower. These findings emphasize the need for 
adequate protection measures to keep the survival rate at 
least on the current level.

Environmental variables

Individuals that reached higher larval stages were found 
on host plants surrounded by a higher cover of litter. Other 
studies found similar results and draw a connection to the 
grazing regime at the sites. For the butterfly species Erebia 
epiphron, the Mountain Ringlet, Ewing et al. (2020) found 
that the quantity of leaf litter influenced egg site selection. 
Females preferred sites with an intermediate amount of litter. 
The cover of litter is supposed to function as a microclimatic 
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buffer that reduces temperature and humidity fluctuations 
and protects hibernating larvae from cold temperatures 
in winter (Stuhldreher and Fartmann 2014; Münsch et al. 
2018; Ewing et al. 2020). Cold temperatures probably had 
no influence on the survival of the larvae of C. myrmidone in 
September, still it might be advantageous for their hiberna-
tion. In addition, Ewing et al. (2020) expect that intensive 
sheep grazing regimes may lead to a less well-developed 
litter layer. The same is expected by Münsch et al. (2018) 
who found that the occurrence of two specialist butterfly 
species in semi-natural grasslands in Central Germany was 
determined by the litter volume. For Coenonympha oedip-
pus, Čelik et al. (2015) observed that the amount of litter is 
an important determinant of habitat quality via its influence 
on microstructure and microclimate. Large amounts of litter 
are an indicator of decreasing land-use intensity (Münsch 
et al. 2018). Abandonment of habitats maintains the litter 
layer in short term, but is expected to be disadvantageous in 
the long term because it leads to a vegetation composition 
dominated by competitive, high-growing grasses (Stuhldre-
her and Fartmann, 2014; Münsch et al. 2018).

Females of the Mountain Ringlet selected sites for egg-
laying that had shorter and sparser vegetation which may 
minimize the potential shading effects of taller vegetation 
(Ewing et al. 2020). It can be hypothesized that a high herb 
cover around food plants of C. myrmidone is disadvanta-
geous because it overgrows food plants and creates shade 
that inhibits the neccessary warm microclimate on the plants 
(Dolek et al. 2005). However, during observations no data on 
the height of surrounding forbs was collected. In addition, 
the cover of grasses that might also overgrow host plants did 
not show any significant differences between groups.

The analysis showed that individuals that survived until 
at least the third larval stage were positioned on higher 
host plants than the ones that died before reaching the 
third instar. According to García-Barros and Fartmann 
(2009), the size of host plants is often correlated with 
the amount of food available for the larvae. Furthermore, 
large host plants provide a high passive protection for the 
eggs and larvae and can function as a buffer against larval 
competition. Therefore, usually large plants are preferred 
over small ones during oviposition (García-Barros and 
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Fartmann 2009). The fact that surviving individuals of C. 
myrmidone were positioned on higher food plants suggests 
that the passive protection of those high hosts might have 
been advantageous for their survival.

Surviving individuals were positioned higher above the 
ground. This is in line with the former observation that lar-
vae feed preferably at the tips of fresh shoots of their host 
plants and benefit from a warm microclimate (Dolek et al. 
2005; Konvicka et al. 2008). Additionally, fresh leaves 
usually have higher amounts of water and nitrogen than old 
ones (Munguira et al. 2009). It can therefore be assumed 
that the proximity to the tip of plants is advantageous for 
the survival of the eggs and larvae of C. myrmidone. In 
contrast to that, the results showed that individuals that 
survived until the third larval stage were positioned further 
away from the tip of plants than the ones that died before. 
Especially the individuals that were lost due to grazing 
or predation were positioned closer to the tip of plants. 
This, in turn, proposes that individuals that are positioned 
further away from the tip of plants are better protected 
from grazing animals and parasitoids. These results can 
lead to the assumption that a trade-off exists between a 
good microclimate and nutrient supply at the tip of fresh 
shoots and a better protection further away from the tip of 
host plants.

Individuals that died before reaching larval stage three 
had more other host plants around their respective host 
plant. This result contradicts findings of female butterflies 
of other species that laid their eggs at sites where food 
plant abundance is high (Ewing et al. 2020), probably to 
ensure sufficient availability of food for larvae that are 
less mobile (Curtis et al. 2015). In contrast, a study of 
oviposition site selection of Phengaris alcon found that 
females laid eggs on less aggregated host plants (Vilbas 
et al. 2016). C. myrmidone is a mobile butterfly in the 
adult stage, but in captivity it was observed that cater-
pillars do not move far from the tip of their respective 
host plant, even though they get more mobile in higher 
larval stages (Dolek et al. 2005). A low mobility of lar-
vae would lead to the assumption that a high density of 
host plants on patches would be beneficial for the species. 
However, a single food plant of Chamaecytisus is usually 
large enough to support the development of a caterpillar 
of C. myrmidone. Further research is needed to understand 
the reasons for the correlation of lower food plant density 
and the survival until higher larval stages. It may indicate 
less suitable conditions as it was observed for C. palaeno 
(Dolek et al. 2019).

The role of grazing

Comparing the different death reasons of individuals 
revealed information on the individuals that were lost due 

to grazing. Individuals that were lost due to grazing were 
positioned close to the tip of plants and had smaller host 
plants. In correlation to that, they were also positioned com-
paratively closer to the ground. The results further confirm 
the former described dilemma that sites have to be managed 
with mowing or grazing to provide fresh shoots for the lar-
vae, but at the same time grazing and mowing threatens the 
larvae (Dolek et al. 2005; Szentirmai et al. 2014; Konvicka 
et al. 2008). The results indicate that the individuals being 
close to the tips are especially vulnerable to grazing. The fact 
that individuals that were directly lost through grazing had 
comparatively smaller host plants can either be explained by 
the grazing behaviour of grazing animals that might prefer 
smaller plants, or, more likely, those plants were positioned 
at sites where they were exposed to grazing animals more 
often also in the past.

Previous studies stressed the importance of grazing for 
declines in populations of C. myrmidone (Loos et al. 2020; 
Konvicka et al. 2008). In this study, the loss of only 22 of 
314 individuals could be directly assigned to grazing ani-
mals. Even though the number of individuals directly lost 
through grazing was low (7%), the observed flock of sheep 
that destroyed the majority of larvae in one of the observed 
areas shows the sensitivity of C. myrmidone to grazing 
events. Also, the comparatively low cover of litter around 
individuals that died before reaching larval stage three 
showed that indirectly, the effects of grazing might have a 
negative impact on the survival of eggs and larvae.

Implications for conservation

In a study conducted in 2017, adults of C. myrmidone were 
recorded in three newly established Natura 2000 sites, of 
which one is the site of this study in Agârbiciu. Even though 
the site in Agârbiciu is the smallest of the three Natura 2000 
sites, the highest number of individuals could be found in 
that site (Vizauer et al. 2018). The observed survival of the 
larvae before hibernation is probably sufficient for the sur-
vival of the population, but the results still confirm the vul-
nerability of C. myrmidone to grazing events and unsuitable 
habitat characteristics. Therefore, further adaption of man-
agement is needed to ensure the survival of C. myrmidone 
in Agârbiciu. Management recommendations can be derived 
for its protection and reintroduction in other European cul-
tural landscapes where it used to occur.

Based on the results of this study, the following condi-
tions are considered beneficial for the successful develop-
ment of the immature stages of C. myrmidone and should 
be implemented in the further management of occupied or 
potential habitats: a high cover of litter, a comparably lower 
cover of forbs around host plants and large host plants, a 
reduction of the probability for adverse effects on individuals 
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that are positioned close to the tips of fresh shoots and a 
more scattered distribution of host plants among the sites.

A major factor to meet those requirements are adaptions 
to the grazing regime. Loos et al. (2020) found that many 
farmers at the three newly established Natura 2000 sites in 
Romania received subsidies for grazing. Konvicka et al. 
(2008) state that the minimum daily stocking prescribed 
for provisions for grazing through Agri-Environmental-
Schemes are too high compared to light grazing. Therefore, 
other incentives should be created that motivate farmers in 
the Natura 2000 site to keep their low-intensity management 
and that allow to adapt management to the diverse require-
ments of the butterfly (Settele et al. 2009a, b).

There might be differences in the type of grazing ani-
mals that suit the requirements of C. myrmidone. Grazing 
of sheep and goats is characterized by a precise selection 
for palatable plants and they prefer forbs and legumes. Cat-
tle and horses select fodder based on the characteristics of 
larger spatial units and less on individual plants, they mainly 
select for grasses (Rosenthal et al. 2012). Grazing of sheep 
and goats can be disadvantageous for the eggs and larvae of 
C. myrmidone because the host plant Chamaecytisus triflo-
rus is a legume and described as a palatable plant for live-
stock and particularly liked by goats (M’Rabet et al. 2017). 
In contrast to that, cows and horses may be more likely to 
avoid Chamaecytisus triflorus or only feed on it by chance. 
Especially the number of sheep and goats at the site has to 
be reduced to a number which enables grazers to regularly 
reach all potentially palatable plants (Rosenthal et al. 2012).

The results of this research suggest that grazing of sheep 
and goats during egg and young larval stages of C. myrmi-
done should be avoided. This finding challenges the wide 
replacement of cows by sheep since Romania’s accession 
to the EU in 2007, which has been sparked by per-unit sub-
sidies for livestock despite the degrading effects on vegeta-
tion (Mikulcak et al. 2013). Moreover, grazing of cows and 
horses should be reduced during that time to ensure a stable 
litter cover and host plants with sufficient height and to pro-
tect eggs and larvae on the tips of their host plants. However, 
frequent but low-intensity grazing by sheep and goat prevent 
succession and reduce the cover of forbs that may overgrow 
Chamaecytisus triflorus and lead to suboptimal microcli-
matic conditions for the eggs and larvae of C. myrmidone.

Open questions and outlook

Indicators of requirements for the successful development 
from egg to higher larval stages of C. myrmidone were found 
in this study that supplement or confirm former findings. 
Especially grazing is supposed to play an important role 
for the survival of the species in its early life stages. Even 
though grazing seemed to be an important factor for the 
death of individuals, most individuals went missing and the 

reasons of their disappearance are unknown. A more fre-
quent observation of eggs and larvae could allow to deter-
mine the reasons of death for more individuals. This would 
also allow to get a better understanding of the survival rate 
of C. myrmidone that could only be estimated in this study. 
To get a holistic understanding of survival and mortality of 
C. myrmidone, its whole life cycle should be considered. 
Knowledge stays limited because larvae in the third instar 
still have to hibernate, successfully pupate and develop to 
adults to close the life cycle. Further research on parasitoids 
is needed, because those were responsible for the direct loss 
of as many individuals as grazing animals.

Conclusions

The findings of this study provide a better understanding 
of the environmental conditions needed by C. myrmidone 
as eggs and larvae. The results can help informing future 
management at the Natura 2000 site and beyond. However, 
further research on the egg and larval stage of C. myrmidone 
is needed to confirm and supplement these and previous 
findings. The findings of this study support that a extensive 
management at protected sites of C. myrmidone is needed 
which requires appropriate incentives for farmers to keep 
their small-scale and low-intensity farming practices. C. 
myrmidone is a valuable indicator for ecological as well 
as socio-economic parameters. C. myrmidone is not only 
regarded as a flagship in European biodiversity conservation, 
but its conservation and the restoration of suitable habitats at 
the landscape scale might support the viability of many other 
endangered species in Europe as well. Its sensitivity to land 
use changes shows the importance to maintain diverse and 
structurally rich landscapes for the conservation of biodiver-
sity in Europe. This underpins the need to protect European 
cultural landscapes and support low-intensity farming prac-
tices to provide habitats for a diversity of species that sup-
port rich and stable ecosystems and thus human well-being. 
To reach that goal, the currently developing management 
plans of the Natura 2000 site should be adapted to the needs 
of species, without compromising the needs of farmers and 
people living in and from those landscapes.
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