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ABSTRACT ARTICLE HISTORY

The Danube Clouded Yellow (Colias myrmidone) is one of the most endangered butterfly Received 25 September 2025
species in Europe. Despite growing knowledge about habitat requirements and major Accepted 4 December 2025
threats, little is known about its natural enemies, particularly parasitoids. To fill this gap, KEYWORDS

we undertook field studies on the last Central European C. myrmidone population which Barcoding; Brachymeria
inhabits the Knyszyn Forest (north-eastern Poland). Reared parasitoids were identified femorata; Cotesia ancilla;
based on morphological features and were further DNA-barcoded. At the adult stage, we parasitoid pressure;
documented only four cases of predation, all caused by spiders: Araneus quadratus, Trichogramma evanescens
Argiope bruennichi and Misumena vatia. Egg mortality was primarily due to parasitism by

Trichogramma evanescens (Trichogrammatidae), a common parasitoid of Lepidoptera,

which is also used for pest control. Surprisingly, larval parasitism was rare, with only a few

individuals affected by Cotesia ancilla (Braconidae: Microgastrinae), a regular parasitoid

of Colias species. Cases of pseudohyperparasitism by Lysibia nanus (Ichneumonidae:

Phygadeuontinae) were recorded. Pupal mortality was considerably higher, and the

most common was the solitary parasitoid Brachymeria femorata (Chalcididae:

Chalcidinae). Additionally, we reared the gregarious Blapsidotes vicinus

(Ichneumonidae: Phygadeuontinae). Both species are widespread and regular parasi-

toids of exposed butterfly pupae. Furthermore, we obtained Hoplocryptus murarius

(Ichneumonidae: Cryptinae) from two chrysalises, which was unexpected due to its

usual association with Auplopus carbonarius (Hymenoptera: Pompilidae). Aside from

pupal parasitism, we recorded a single case of pupal predation by a Polistes wasp

(Vespidae: Polistinae). These findings provide crucial insights for the conservation of

C. myrmidone, highlighting potential risks posed by natural enemies, including those

manipulated against crop pests.

Introduction

The Danube Clouded Yellow Colias myrmidone (Esper, 1780) exemplifies one of the most dramatic declines
among European butterflies. A severe contraction of its Western Palearctic range has been documented, with
numerous local extinctions reported from Germany, Czechia, Hungary, Austria and Slovenia (Marhoul &
Dolek 2012). Within the European Union, recent confirmed records are limited to Poland and Romania (Loos
et al. 2022; Sielezniew et al. 2024), whereas the species’ status in Slovakia remains uncertain. Populations
persist in Belarus, Ukraine and Russia, although up-to-date and comprehensive data from these regions are
lacking. According to the weighted Red List index, C. myrmidone ranks among the five most endangered
butterfly species in Europe (Maes et al. 2019). Within the EU, it is classified as Critically Endangered (CR) (Van
Swaay et al. 2010). Furthermore, it is designated a priority species for conservation under Annexes Il and IV of
the Habitats Directive.

The Danube Clouded Yellow is a xerothermophilous species associated with mosaic forest-steppe
habitats, particularly dry grasslands on sun-exposed slopes, often adjacent to forests and/or interspersed
with scattered trees and shrubs. Habitat suitability is primarily determined by the presence of abundant
larval food plants, i.e. several species of Chamaecytisus Link (Marhoul & Dolek 2012; Sielezniew et al. 2019;
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Nippen et al. 2021). Recent studies have highlighted the requirement for relatively extensive and well-
connected habitat patches to sustain viable populations (Sielezniew et al. 2024). The species is vulnerable to
genetic impoverishment and heterogeneous Wolbachia infection, which may restrict gene flow due to
cytoplasmatic incompatibility of infected and uninfected individuals (Gwiazdowska et al. 2025). Local
population declines have also been linked to abiotic factors (Sielezniew et al. 2024), and C. myrmidone is
considered highly vulnerable to the effects of climate change (Settele et al. 2008).

Grazing has been identified as a potential factor contributing to reduced survival of C. myrmidone eggs
and larvae (Nippen et al. 2021). However, knowledge of the species’ natural enemies remains extremely
limited, particularly regarding parasitoids, which in many Lepidoptera can substantially reduce the survival of
immature stages and drive pronounced fluctuations in population size (Razmi et al. 2011). Among butterflies,
comprehensive data on parasitoid assemblages are scarce and typically limited to pests or a few well-studied
taxa, including some of conservation concern (Shaw et al. 2009).

Identifying the complete spectrum of parasitoids associated with a given host is methodologically
challenging due to highly variable and sometimes narrow windows of parasitism. Detectability also differs
across different developmental stages: larvae are generally more accessible for sampling, and molecular
tools have proven valuable for both identifying larval parasitoid taxa and quantifying parasitism rates
(Konvickova et al. 2024). In contrast, eggs and pupae are considerably more difficult to locate and study
(Mills 2005; Shaw et al. 2009). Nevertheless, intensive research has shown that some butterfly species
experience high egg parasitism (Stefanescu et al. 2003), whereas in others this stage appears largely
unaffected (Stefanescu et al. 2009).

Closely related butterfly species may share parasitoids, yet the composition of natural enemy assemblages
often varies geographically and seasonally (Shaw et al. 2009; Stefanescu et al. 2009, 2012; Audusseau et al.
2021; Colom et al. 2022). These dynamics are further shaped by bottom-up effects, as host plant variation can
significantly modulate parasitism dynamics (Lill et al. 2002). Furthermore, parasitism rates are frequently
attenuated in recently colonized areas (Menéndez et al. 2008; Nakabayashi & Ohshima 2024), whereas the
establishment of novel parasitoids in a region has been implicated in the decline of some butterfly species
(Gripenberg et al. 2011). Importantly, highly specialized parasitoids of threatened butterflies may face an
even greater extinction risk than their hosts, and yet they remain largely neglected in conservation strategies
(Shaw & Hochberg 2001; Klapwijk & Lewis 2014; Dziekanska et al. 2020).

In this study, we investigated parasitoids and other natural enemies affecting the last remaining Central
European population of C. myrmidone in the Knyszyn Forest, north-eastern Poland. Historically, the species
was recorded across nearly half of the country’s territory, but a gradual decline began in the mid-twentieth
century, followed by a rapid population collapse around the turn of the millennium (Sielezniew et al. 2019,
2024). A thorough understanding the limiting factors, including the role of parasitoids, is therefore essential
for developing effective conservation strategies.

Materials and methods
Life history of Colias myrmidone

The Danube Clouded Yellow (Colias myrmidone) is a moderately large pierid butterfly (Lepidoptera: Pieridae)
with a wingspan of about 40-46 mm. Depending on locality and season, two or three generations may occur
annually, with adults on the wing from May to September. While adults are relatively opportunistic in their
use of nectar sources, larvae feed exclusively on a limited number of Chamaecytisus species. Females oviposit
singly on the upper side of leaves of the sun-exposed plants. Eggs are initially pale yellow, turning orange
during development. Newly emerged larvae feed by creating characteristic window-like traces, whereas later
instars consume entire leaves, leaving stems partially defoliated — a damage pattern that may resemble that
of other lepidopteran larvae. For pupation, C. myrmidone larvae remain near feeding sites, attaching
themselves head-up to nearby shoots or occasionally to other adjacent plant species, usually at heights
up to 20 cm. Both larvae and pupae are well-camouflaged. Development of summer and autumn genera-
tions takes approximately 6-7 weeks. In contrast, the spring generation overwinters as medium-sized larvae
among fallen leaves of the host plant, undergoing seasonal colour change to brown (Marhoul & Dolek 2012;
Nippen et al. 2021; Sielezniew et al. 2024 and unpublished data).
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Study site

The study was conducted in the eastern part of the Knyszyn Forest, a large woodland complex in north-
eastern Poland. Habitat patches occupied by C. myrmidone covers over 50 hectares clear-cuts and young tree
plantations (Figure 1) composed predominantly of Scots pine (Pinus sylvestris) and silver birch (Betula
pendula), and less frequently of pedunculate oak (Quercus robur), lime (Tilia spp.) and European larch (Larix
decidua). All sites are situated on former agricultural land, particularly on extensive pastures afforested
40-100 years ago. Chamaecytisus ruthenicus, along with various herbaceous species typical of dry grasslands,
occurred in these areas prior to afforestation and has persisted in the resulting first-generation forests
(Sielezniew et al. 2024).

Data collection

No targeted studies have been conducted on the natural enemies of C. myrmidone adults. Observations
presented here were made in the course of an intensive mark-release-recapture (MRR) survey on adults
carried out between 2022 and 2024. All generations were included: two generations in each of the first two
years and three in the final year.

Observations of eggs were conducted in 2022 during the second (summer) generation. Ovipositing
females were followed, and newly laid eggs were marked by tying a coloured ribbon around the plant
shoot approximately 5 cm below the leaf bearing the egg. A total of 79 marked eggs were examined every
3-4 days until hatching or until they turned blackish in colour. Such eggs were collected along with the leaf
and placed into individual 200-ml closed plastic containers, where they were kept under observation.
Additional egg observations, primarily non-quantitative in nature, were carried out across all generations
between 2022 and 2024.

To assess larval parasitism, a subset of 71 caterpillars were either monitored in the field or collected for
captive rearing. Additionally, a total of 24 pupae were observed in situ from the onset of pupation until adult
emergence or until signs of abnormal pigmentation appeared. Pupae exhibiting atypical colouration were
collected and maintained under laboratory conditions until the emergence of parasitoids or confirmation of
mortality.

In cases of premature mortality, most efforts were directed towards parasitoid identification, while
predation observations were incidental. Given these limitations, it was not possible to assess the actual
pressure exerted by the latter category of natural enemies. No statistical analyses were possible owing to the
small sample size, which permitted only a qualitative assessment.

Figure 1. Example of Colias myrmidone habitat in the Knyszyn Forest.



THE EUROPEAN ZOOLOGICAL JOURNAL e 35

Barcoding

Freshly reared parasitoid specimens were used as the source of biological material for genetic analyses. DNA
was extracted with the GeneMATRIX Bio-Trace DNA Purification Kit (EURx). A single leg from each specimen
was cut into small pieces, finely minced and incubated overnight at 56°C in lysis buffer containing Proteinase
K. For very small taxa, such as Trichogramma, the entire insect was processed. Subsequent extraction
followed the manufacturer’s standard tissue protocol, and DNA extracts were stored at —20°C until
further use.

Fragments of the mitochondrial cytochrome oxidase subunit | (COI) gene were amplified using the
primers LCO1490 (forward) and HCO2198 (reverse) (Folmer et al. 1994). Polymerase chain reactions (PCR)
were performed in 25-pl volumes containing 12.5 pl GoTaq G2 Hot Start Green Master Mix (Promega), 1 pl of
each primer, 8.5 pl nuclease-free water and 2 pl of DNA template. Thermal cycling consisted of an initial
denaturation at 94°C for 7 min, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 47°C for
1 min and extension at 72°C for 2 min, with a final extension step of 7 min at 72°C.

Amplification products were verified on 1.5% agarose gels (EURx, molecular-biology grade). Samples
yielding a single band of the expected size were purified using ExoSAP-IT (Applied Biosystems, Waltham, MA,
USA). Cycle sequencing was performed with the BigDye Terminator v3.1 kit (Applied Biosystems), and the
products were purified using HighPrep DTR (MAGBIO) before capillary electrophoresis on an ABI 3500XL
Genetic Analyser. Chromatograms were inspected and aligned in BioEdit v7.2.5 (Hall 1999). Resulting COI
haplotypes were compared with reference sequences in GenBank and BOLD using BLAST and Barcode ID
tools. Finally, the identified haplotypes were deposited in the GenBank database under specific accession
numbers (see Results).

Results
Adults

During three years of intensive fieldwork, over 1800 adults were marked (Sielezniew et al. 2024 and
unpublished data), yet only four cases of predation were documented. All involved spiders: Araneus quad-
ratus (Clerck, 1757), Argiope bruennichi (Scopoli, 1772) and Misumena vatia (Clerck, 1757) (two cases)
(Figure 2).

Eggs

In 2022, of the marked eggs (n =79), 43.0% turned black and were subsequently confirmed as parasitized by
Trichogramma evanescens Westwood, 1833 (Chalcidoidea: Trichogrammatidae) (Figure 3). Between one and
six parasitoid individuals emerged from each egg. Only 10 eggs (12.7%) hatched successfully, while 35 eggs
disappeared. Parasitism appeared to occur at various stages of egg development, as blackening was
observed both in freshly laid (yellow-greenish) and more advanced (orange) eggs.

Figure 2. Colias myrmidone males captured by Argiope bruennichi (left) and Misumena vatia.
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Figure 3. Colias myrmidone egg parasitized by Trichogramma evanescens (Trichogrammatidae) (left) and an adult wasp
reared.

Parasitized eggs were recorded in 18 of the 26 habitat patches of C. myrmidone where adult population
ecology studies were conducted in 2022. In addition, Trichogramma parasitism was observed across all
generations of C. myrmidone in each year of the study. For the third generation in 2024, field-monitored eggs
(n=20) showed an estimated parasitism-induced mortality of 75%.

Later in the season, in all three years of study, heavy damage to Chamaecytisus plants was observed,
caused by the weevil Sitona (Charagmus) gressorius (Fabricius, 1792) (Coleoptera: Curculionidae) (Figure 4).
This herbivory probably contributed to egg or early larval mortality of C. myrmidone, either directly through
destruction at oviposition sites or indirectly by reducing available foliage.

Caterpillars and pupae

During the summer generation of 2022, 45 larvae were monitored. Of these, 15 (33.3%) disappeared from
their host plants; however, it was not possible to determine whether their loss was due to predation or other
causes. The remaining individuals successfully pupated, primarily on the larval host plants or on nearby
vegetation within 20 cm of the last feeding site. In six cases, no butterfly emerged from the pupa. These
atypical pupae were collected and maintained under laboratory conditions. From one of them, an individual
of Brachymeria femorata (Panzer, 1801) (Chalcidoidea: Chalcididae: Chalcidinae) emerged through
a characteristic gnawed hole (Figure 5). The same parasitoid species was simultaneously reared from
a Gonepteryx rhamni (Linnaeus, 1758) pupa collected in the same habitat patch. The remaining abnormal
pupae of C. myrmidone died for unknown reasons, conceivably including host-feeding by adult B. femorata.

Figure 4. Colias myrmidone eggs (left) on Chamaecytisus ruthenicus leaves heavily damaged by the lupin weevil Sitona
gressorius, illustrating the potential negative impact on the butterfly.
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Figure 5. An individual of Brachymeria femorata reared from a Colias myrmidone pupa.

In 2023, 15 caterpillars were monitored, of which eight disappeared - probably falling victim to insecti-
vores — while the remaining individuals pupated low on the host plant or in its immediate vicinity.
Additionally, one more pupa was discovered in the field. Of the eight pupae observed, only one successfully
developed into an adult, as confirmed by the presence of exuvium. Six pupae exhibited discoloration
(Figure 6) not typical for the species. In two cases, these changes were observed in more advanced pupae,
with visible orange - but never black - pigmentation of the developing wings. Five of the discoloured pupae
were collected for laboratory observation. From four of them, single individuals of B. femorata were reared;
one pupa died from unknown causes. In one field case, a hole was observed in the cuticle of the pupa,
probably resulting from an insectivore attack. A larva was visible inside that pupa, presumably also belong-
ing to B. femorata, although no adult emerged to confirm this.

In 2024, prior to the emergence of the second generation, 16 pupae were located in the field on host plants
and monitored for external changes. Ten pupae exhibiting abnormal discoloration were collected and maintained
under laboratory conditions. Of these, six were parasitized by B. femorata, with adult wasps emerging between
22 July and 2 August. Additionally, single individuals of Hoplocryptus murarius (Borner, 1782) (Ichneumonidae:
Cryptinae) (Figure 7) emerged from two pupae, while 10 individuals of Blapsidotes vicinus Gravenhorst, 1829
(Ichneumonidae: Phygadeuontinae) (Figure 8) emerged through a single hole from one pupa. Based on these
results, pupal parasitoids were estimated to cause mortality of at least 56.25% of the pupae. One pupa died from
unknown causes. Of the six pupae left in the field, two disappeared, while the remaining four successfully
developed into adults, indicating a survival rate of 25% for the pupal stage of the summer generation in 2024.

The only clearly documented case of predation involved a direct attack on a pupa by a Polistes sp.
(Vespidae: Polistinae) wasp. The wasp tore off part of the pupa and flew away with it (Figure 9).

Parasitism among larvae was rare and observed only in four of 10 individuals during the atypical third
generation in 2024. From these cases, we reared exclusively the gregarious Cotesia ancilla (Nixon, 1974)
(Braconidae: Microgastrinae) (Figures 10 and 11). Instances of pseudohyperparasitism by Lysibia nanus
(Gravenhorst, 1829) (Ichneumonidae: Phygadeuontinae) (Figure 11) were also recorded from C. ancilla
cocoon batches collected on larval food plants in the field. In spring 2024, when the adult population of
the first generation was exceptionally low, only three post-overwintering caterpillars were located, and two
of them were parasitized by C. ancilla.

Tachinid flies also appear to be potential parasitoids of C. myrmidone. In one case, a dipteran egg was
observed attached to a larva (Figure 10); however, Cotesia individuals ultimately emerged, precluding

Figure 6. Examples of Colias myrmidone pupae exhibiting abnormal colouration due to parasitism by Brachymeria femorata.
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Figure 8. Ten Blapsidotes vicinus (Ichneumonidae: Phygadeuontinae) individuals reared from a single Colias myrmidone
pupa.

Figure 9. A single case of pupal predation by a Polistes wasp (left) and an example of pupal destruction close to adult
emergence by an unknown predator.

identification of the fly species. In another larva found in 2022, multiple eggs - presumably of dipteran
origin — were present (Figure 12). This larva exhibited arrested development, a response sometimes
associated with excess parasitoid infection, and did not survive to later rearing stages.

Genetic analysis

Six parasitoid specimens were subjected to genetic analysis through amplification of the standard
DNA 'barcode' gene. Successful amplification was achieved for all six individuals, and complete
nucleotide sequences were obtained. Comparison of these sequences with genetic databases
(GenBank and BOLD) indicated the presence of six species, with morphological identifications
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Figure 10. Larvae of Cotesia ancilla emerging from a Colias myrmidone caterpillar (upper left) and spinning cocoons (upper
right); cocoons of C. ancilla (bottom left) and a newly emerged adult (bottom right). The red arrow shows an egg of an
unidentified Tachinidae fly.

Figure 12. Colias myrmidone caterpillar with visible eggs of an unidentified, probably dipteran, parasitoid.

consistent with the molecular results. Specifically, sequence comparisons revealed the presence of
Brachymeria femorata (reference sequence from GenBank: Acc. no. KT175580.1; the identified haplo-
type Acc. no.: PX568623), Hoplocryptus murarius (reference sequence from BOLD no.: FBICA196-11;
the identified haplotype Acc. no.. PX583445), Trichogramma evanescens (reference sequence from
GenBank: Acc. no. MW722248.1 and BOLD no.. GBMNA19704-19; the identified haplotype Acc. no.:
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PX568647), Lysibia nanus (reference sequence from GenBank: Acc. no. MG340558.1 and/or BOLD no.:
DTNHM12280-24; the identified haplotype Acc. no.: PX568597), Blapsidotes vicinus (reference
sequence from BOLD no.: FBICA206-11; the identified haplotype Acc. no.: PX583447), and Cotesia
ancilla (reference sequence from BOLD no.: ASQSR274-11; the identified haplotype Acc. no.
PX583446), with all perfect matches in both BLAST and/or BOLD searches.

Discussion

Despite intensive field surveys performed in the present study, predation on adult C. myrmidone individuals
was rarely observed and exclusively involved spiders. The recorded spider species are opportunistic general-
ist predators, lacking any notable specialization for butterfly predation (Pekar & Toft 2015; Michalko et al.
2019). Misumena vatia, an ambush predator associated with flowers, does not construct webs (Morse & Fritz
1982). Araneus quadratus and Argiope bruennichi are common orb-weavers, with the latter having expanded
its range rapidly in recent decades and is now widespread across Europe (Wawer & Hajdamowicz 2018).
Although spider abundance was not quantified, they appeared generally uncommon across seasons, which
may account for the limited number of predation events recorded on the focal species.

The European mantis (Mantis religiosa) is another potential predator that has recently extended its
distribution (Zurawlew et al. 2022) and is at the moment frequently encountered in the Knyszyn Forest;
however, no predation on C. myrmidone has been observed to date. Using the methods applied, it was not
possible to quantify actual predation pressure from M. religiosa, which is likely higher. Predation by
invertebrates often leaves easily detected traces (vespids are an obvious exception), while vespids and
vertebrate predators are likely to remove the prey. Consequently there are good reasons to believe that the
rate of adult predation would have been underestimated, perhaps greatly, by our survey methods. Predators
can significantly influence butterfly assemblages, as demonstrated in dragonfly studies conducted in wetter
habitats (Tiitsaar et al. 2013).

Among natural enemies, parasitoids generally exhibit a higher degree of host specialization compared to
predators. In this study, parasitoids were reared from all developmental (i.e. excluding adult) stages of
C. myrmidone, with the egg parasitoid T. evanescens emerging as the most significant mortality factor. This
species is considered relatively polyphagous, having been recorded from a range of unrelated Lepidoptera,
including micromoths such as Ostrinia nubilalis (Hibner, 1796) (Crambidae) (Ivezi¢ et al. 2021) and Eupoecilia
ambiguella (Hibner, 1796) (Tortricidae) (Ricciardi et al. 2024). Intraspecific variation in host preference
among T. evanescens strains has also been documented (Dijken et al. 1986). Trichogramma species are
generally regarded as more habitat-specific than host-specific, with environmental and plant-related factors
influencing various steps of the host selection process in females, thereby affecting parasitism rates (Romeis
et al. 2005). Due to their parasitic efficiency, Trichogramma wasps are widely used as biological control
agents against lepidopteran pests (e.g. Herz et al. 2007; Zang et al. 2021; El-Gepaly et al. 2024). Specifically,
T. evanescens has been employed in the biological control of Pieris rapae (Linnaeus, 1758) (Pieridae) (Siam &
El-Kholy 2023). Application of parasitoids like Trichogramma is usually regarded as desirable in comparison to
chemical plant protection, but it may pose a risk to biodiversity (lvezi¢ & Trudi¢ 2021).

Trichogramma wasps are known often to parasitize freshly laid insect eggs (Herz et al. 2007); however, the
host is arrested at the time of attack and, as idiobionts, they can be flexible (Shaw et al. 2009). In our study we
observed that even advanced-stage (orange-coloured) C. myrmidone eggs produced this parasitoid. Due to
their minute size, Trichogramma wasps possess limited flight capabilities and rely on a combination of short-
and long-range cues to locate hosts (Romeis et al. 2005). One of the best-known examples involves
T. brassicae Bezdenko, 1968, in which females are attracted by anti-aphrodisiac compounds transferred
from male to female Pieris brassicae (Linnaeus, 1758) during mating. The wasps use this chemical cue to
hitchhike on mated butterfly females and disembark during oviposition to parasitize the newly laid eggs
deposited in clusters (Fatouros et al. 2005). However, such phoretic behaviour is unlikely in C. myrmidone,
which lays eggs singly. Nevertheless, Trichogramma wasps are capable of associative learning and can use
visual, host-related cues to enhance host location and parasitism efficiency (Keasar et al. 2001).

In maize crops, O. nubilalis is typically controlled using T. brassicae, but T. evanescens naturally occurs in
Eastern European maize fields, with egg parasitism rates reaching up to 70% (Grushevaya 2020). This implies
that maize expansion alone, even without supplemental Trichogramma releases, could increase threats to
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endangered species. Urgent research is needed, especially given evidence that Trichogramma readily
disperses from crop fields to non-target habitats (Kuske et al. 2003).

The most specialized natural enemy recorded in our study was the larval parasitoid C. ancilla, which has so
far been reared exclusively from species of the genus Colias, including C. palaeno (Linnaeus, 1761), C.
chrysotheme (Esper, 1781), C. hyale (Linnaeus, 1758), C. alfacariensis Ribbe, 1905, C. croceus (Geoffroy, 1785)
(Shaw et al. 2009) and C. phicomone (Esper, 1780) (sequenced specimens in NMS; recorded in BOLD). Many
Cotesia species are known for their high host specificity, and such specialization may even drive cryptic
speciation (Kankare et al. 2005). Females of C. ancilla oviposit tens of eggs into early larval instars of their
hosts. The developing gregarious Cotesia larvae feed primarily on host haemolymph and fat bodies (Harvey
et al. 2009), eventually emerging from the host, often during its final instar, and pupating in characteristically
spun cocoons. Interestingly, C. ancilla was recorded only during the final year of our study and solely in the
unusual third generation of C. myrmidone, which may indicate a recent colonization event. Alternatively, as
shown in long-term studies on widespread butterfly species, parasitism rates may gradually increase over the
season, potentially exerting selective pressure against the occurrence of an additional late-summer host
generation (Stefanescu et al. 2022).

It is also worth noting that the only other potential host species co-occurring with C. myrmidone was
C. hyale, which had increased its abundance in relation to C. myrmidone. Studies on another two pierids
elsewhere, Gonepteryx cleopatra (Linnaeus, 1767) and G. rhamni, have demonstrated that parasitoids can be
shared among closely related butterfly species (Colom et al. 2022). Notably, in 2025, when only three larvae
of C. myrmidone were found — two of which were parasitized by C. ancilla — the adult population size was
extremely low and C. hyale was completely absent from the study sites. A high rate of Cotesia parasitism, in
addition to unfavourable weather conditions (in particular, an unusually cold May), may explain the collapse
of both populations.

During our study, we also recorded the presence of Lysibia nanus, a solitary pseudohyperparasitoid that
targets newly cocooned pre-pupae and pupae of (especially gregarious) braconid wasps belonging to the
subfamily Microgastrinae (Schwarz & Shaw 2000). Although solitary with respect to each microgastrine
cocoon in the brood, usually most or all of the cocoons of gregarious species will be attacked. Adult females
use herbivore-induced plant volatiles to locate their parasitoid host; these volatiles are emitted by plants in
response to herbivory by caterpillars that have themselves been parasitized by primary parasitoids (Poelman
et al. 2012). Lysibia nanus injects a permanently paralysing venom into the host before laying a single egg on
the immobilized body. The emerging larva initially consumes host haemolymph but, as it grows, it transitions
to feeding on other tissues, ultimately consuming the host entirely. L. nanus demonstrates exceptional
efficiency in resource utilization; adults emerging from Cotesia glomerata (Linnaeus, 1758) cocoons exhibit
body masses comparable to those of their unparasitized hosts (Harvey et al. 2009).

We were unable to confirm the identity of the only potential dipteran parasitoid of C. myrmidone recorded
during this study. Although parasitism by C. ancilla was observed concurrently, only this braconid species
was successfully reared. According to Tschorsnig (2017), eight tachinid species have been documented as
parasitoids of Colias butterflies: Exorista japonica (Townsend, 1909) (C. erate), E. larvarum (Linnaeus, 1758)
(C. croceus), Phryxe nemea (Meigen, 1824) (C. palaeno), P. vulgaris (Fallén, 1810) (C. erate), Bactomyia aurulenta
(Meigen, 1824) (C. erate), Pales pavida (Meigen, 1824) (C. croceus), Aplomyia confinis (Fallén, 1820) (C. erate
and C. hyale/C. crocea) and Pseudoperichaeta nigrolineata (Walker, 1853) (C. erate). Considering ecological
factors and egg placement, one or more of the three latter species appear to be the most plausible
candidates in our case.

In contrast to low levels of larval parasitism, pupal mortality was particularly high, with three species of
idiobiont parasitoids recorded. We estimated that pupal parasitoids could account for up to 70% mortality of
C. myrmidone pupae. The most frequent was B. femorata, a solitary parasitoid of exposed Lepidoptera pupae,
previously reported to parasitize several butterfly species, including Pieris brassicae, Melitaea didyma (Esper,
1778), M. deione (Geyer, 1832) and Maniola jurtina (Linnaeus, 1758) (Shaw et al. 2009). While Brachymeria
females are suspected to preferentially attack freshly formed pupae, our observations suggest that more
advanced stages of development can also be parasitized, as B. femorata emerged also from pupae in which
butterfly pigmentation was already visible. The gregarious Blapsidotes vicinus was also identified as a pupal
parasitoid: this species is a widespread and regular parasitoid of exposed butterfly pupae, with known hosts
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including Pieris rapae, Vanessa atalanta (Linnaeus, 1758), Polygonia c-album (Linnaeus, 1758) and Euphydryas
desfontainii (Godart, 1819) (Shaw et al. 2009).

The most surprising observation in our study was the emergence of Hoplocryptus murarius from two
C. myrmidone pupae. Although host data for this species are scarce, it is generally considered a parasitoid of
Auplopus carbonarius (Scopoli, 1763) (Hymenoptera: Pompilidae). Larvae of A. carbonarius feed on paralysed
spiders, and H. murarius parasitizes the barrel-like brood cells created from small mud pellets by the host females.
Hosts of other European Hoplocryptus are thought to be solitary, aboveground-nesting aculeate Hymenoptera
(Apidae, Crabronidae, Vespidae), including their own parasitoids (Chrysididae and Gasteruptiidae), often nesting
in stems of plants such as Rubus and Rosa. Behavioural cues probably involve oviposition through plant tissue to
reach the host. Nearctic representatives of the genus have been reported to parasitize other insects developing in
stems (Hymenoptera: Cephidae; Coleoptera: Cerambycidae; Lepidoptera: Crambidae) (Schwarz 2007). Given the
general ecology of Hoplocryptus wasps, it cannot be excluded that in our study H. murarius acted as
a hyperparasitoid, ovipositing on B. femorata larvae developing inside C. myrmidone pupae, which provided
the necessary enclosed structure. The typical host, i.e. A. carbonarius, is widespread and not habitat-specific in
Poland, and it is recorded in the same region (Wisniowski 2009). Therefore, the observed association could just
represent an accidental interaction.

We recorded a single case of predation by a Polistes wasp on C. myrmidone pupa. Polistes social wasps are major
generalist predators, with lepidopteran caterpillars being among their preferred prey, which they capture to feed
their carnivorous larvae. These wasps are considered valuable biological control agents against pests such as Pieris
spp. on cabbage (Rayor et al. 2007), but they are also significant natural enemies impacting monarch butterfly
(Danaus plexippus (Linnaeus, 1758)) populations (Rayor 2004; Baker & Potter 2020). The disappearance of
C. myrmidone larvae — noted by Nippen et al. (2021) - and pupae could be also attributed to predation by
vespids, although other factors, such as bird predation, cannot be ruled out.

Eggs and larvae can also be accidentally destroyed by folivorous insects. In the case of C. myrmidone in the
Knyszyn Forest, a potential threat is the large lupin beetle Sitona (Charagmus) gressorius (Curculionidae),
which is currently expanding its range in Poland (Wiater 2004). Chamaecytisus ruthenicus appears to be one
of its preferred food plants. We observed heavy foliage damage on some plants; however, further studies are
needed to assess the impact of this beetle on the premature stages of C. myrmidone.

Conclusions

Our study demonstrates that parasitoids can constitute a substantial mortality factor in Colias myrmidone
populations. Given the absence of previous data, all parasitoid records reported here constitute new natural
enemy records for this species. An open question remains regarding the stability of the parasitoid assemblage,
particularly whether any taxa have recently colonized the study area. Notably, no egg or larval parasitoids have
been reported from Romania, where field studies on immature survival of C. myrmidone have been conducted
(Nippen et al. 2021). Nevertheless, it is evident that natural enemies may pose a significant risk, especially when
populations are simultaneously subjected to habitat degradation, fragmentation and climate change. Parasitoids
are recognized as key drivers of Lepidoptera population dynamics (Berryman 1996); however, it remains unclear
whether all parasitoid species observed in the Knyszyn Forest are of natural origin. The widespread use of
Trichogramma wasps in biological control, particularly against O. nubilalis in maize (Bzowska-Bakalarz et al. 2020),
and the historical expansion of maize cultivation in Poland - including the study region — may have strongly
influenced the abundance of the most important parasitoid observed in our study. Potential conflicts between
preserving biodiversity and successful pest control are often recognized in theory, but in the case of C. myrmidone
and T. evanescens, known to have a potentially wide host repertoire, the need for specific research seems urgent.
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