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Abstract: The preimaginal stages of Pyralis cardinalis KaiLa et al. are described; they were
reared from eggs obtained from a female. The larvae were fed with decaying leaves. The
species hibernates in the last larval instar. As a rule, there is one generation per season. Its
preferred habitats are various kinds of woodland, especially boggy pine forest. The species
has been expanding its range westwards since the 1990s. Since 2010, the species has become
common in Poland and has rapidly colonized almost the whole country except for south-
western and north-western areas.
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INTRODUCTION

Pyralis cardinalis KaiLa, HUEMER, MUTANEN, TYLLINEN et WIKSTROM, 2020 has recently
been distinguished from Pyralis regalis (DEN. et SchiFr.) (WIKSTROM et al. 2020). Its
distribution extends from central Europe to Japan. In Europe it occurs predominantly in
the northern regions, reaching as far south as northern Slovakia (Z. TokARr, pers. com.). Its
occurrence in Poland has been confirmed (Larysz 2020). All verified records previously
concerning P. regalis (DEN. et ScHiFr.) in fact refer to P. cardinalis KaiLa et al. So far,
P regalis (DEN et ScHIFF.) has not been found in Poland, but its occurrence is perfectly possible
in the warmest parts of south-eastern Poland. The early stages and biology of P. cardinalis
Kaira et al. have not been described as yet. However, these have been described for Pyralis
regalis (DEN. et ScHIFF.) (FELIX & ScHwarz 1971) based on the breeding of material collected
near the Black Sea in Bulgaria. They are compared here with P. cardinalis KaiLa et al. In
2020, rearing ex ovo was carried out in order to acquire knowledge of its early stages and life
strategies. In addition, all the available data on its distribution in Poland are analysed.
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METHODS

Breeding began with one female collected at light. This moth was placed in a plastic box
lined with a loose layer of dry leaves and bark scales. On hatching, the larvae started to feed
on the dry leaves; later they were given decaying leaves of Malus domestica. Breeding in
the laboratory was continued until late autumn. The larvae and their growth were monitored
once a week. In November, most larvaec were transferred to the natural environment, but
a small number were retained indoors. In April, the outdoor larvae were brought back into
the laboratory. They continued feeding for a short time, after which they constructed cocoons
and pupated. The freshly hatched moths were set in the usual way for micro-moths. The
distribution and phenology records were obtained chiefly from the Lepidoptera Mundi
database (Jonko 2002-2022), the author’s own files and data kindly provided by several
colleagues.

PREIMAGINAL STAGES

Egg (Fig. 1): wide, oval in outline, hemispherical with flat base. Colour: initially white,
turning yellowish after a few days. Surface wrinkled, forming a densely pitted pattern on
surface of chorion.

Fully grown larva (Fig. 3): whitish to pale grey with dark dorsal vessel showing through
integument. Head red brown, mouthparts darker. Prothoracic plate yellowish-brown,
sometimes with large dark brown spot in middle and paler proximal margin. Mesothoracic
plate more yellowish with darker fore and hind margins. Metathorax of similar colour to
abdominal segments. Abdominal segments I-VIII with paler hind margins. Abdominal
segment IX with small darker plate close to hind margin. Abdominal segment X with large
triangular brown plate. Pinacula rather large with dark brown centre and single, pale brown
and whitish setae. Stigmata small except for those on prothorax and abdominal segment
VIII, which are much larger. Thoracic legs pale brown. Abdominal legs same colour as body.
Younger instars grey with paler rear end of abdomen.

Pupa (Fig. 6): rather stout, reddish-brown and glossy; cremaster with a bunch of hooked
setae on top (Fig. 7).

BIOLOGY

The female was collected in Rogozno (XU34) on 6 August 2020. Within a few days
she had laid about 50 eggs — these (Fig. 1) were stuck on fragments of plant debris, such
as dry leaves, conifer needles or flakes of bark. The young larvae hatched at the end of
August. At first, they spun and then lived in a small web, eating out holes in leaves, ultimately
skeletonizing them (Fig. 2). The later instar larvae (Fig. 3) constructed silk tunnels in which
they remained hidden most of the time (Fig. 4). They were active at night, leaving the tunnel
in search of food. They reached the final instar in early October and stopped feeding in
preparation for the winter diapause. Most of the larvae were kept outdoors, but a few were
retained in a heated room. The larvae of both groups completed diapause around the same
time in late April. They then resumed feeding for a short time, after which they began to build
dense white cocoons among dry leaves (Fig. 5). The cocoons were covered with fragments
of plant debris and frass. The breeding yielded 17 adult specimens, which hatched between
16 May and 3 June. The moths were no different in size or colouration from those collected
in nature.



Figs. 1-8. Pyralis cardinalis KaiLa et al.: 1 — eggs, 2 — young larvae, 3 — fully-grown larva, 4 —larva in

a silken tube, 5 — cocoon, 6 — pupa, 7 — cremaster, 8 — imago (photos J. Buszko).

The flight period of the moths was determined on the basis of 243 records obtained from
the Lepidoptera Mundi lepidopterological database (Jonko 2012-2022) and my own records
from the Wigry National Park. There is usually only one generation a year, from mid-June
to late July. However, records from early August indicate the possibility of a partial second
generation (Fig. 9).
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Fig. 9. Pyralis cardinalis KaILa et al. — cumulative phenological records within a season.

The species is found in a variety of habitats. It normally inhabits forests, less frequently
open and disturbed habitats. Its abundance is low. Quantitative research conducted in five
types of forest habitats in the Wigry National Park showed that the preferred habitat was
boggy pine forest (46 specimens), with subcontinental mixed forest (17 specimens), alder
forest (5 specimens) and oak-hornbeam forest (5 specimens) being less preferred. It was not
found in boggy spruce forest. Unlike the related P. farinalis (L.), P. cardinalis Kaia et al. is
not a synanthropic species.

DISTRIBUTION IN POLAND

Thefirstrecord from Poland comes from Ulow in SE Poland on July 17, 1912 (NIESIOLOWSKI
& PRUFFER 1924). The second record in the same area was obtained from Lubycza Krolewska
on July 16, 1924 (SchiLLe 1930). The next records from Lubasz near Szczucin — 1930s
(Niestorowskr & Wojtusiak 1950), Baligrod (5 VIII 1960, S. Toll leg, unpublished data),
Krakéw — 1960s (Razowski & PaLik 1969) and the Swictokrzyskie Mountains — 1979
(Suiwiskr et al. 1991), can be considered examples of accidental or local appearance. An
upsurge in expansion came to notice after 1990. These more recent records were from the
Borecka Forest — 1992-1994 (my own data), the Bialowieza Primeval Forest — 1994 and
1996 (Jaroszewicz 1998), and the Lublin Polesie region — 1996 and every year thereafter
(M. HorowINski pers. com.). SLiwiksk1 (1998) mentioned it as a newcomer to central Poland
but did not provide any detailed locality data. At the turn of the century, the species did not
occur in many provinces in western Poland (Buszko & Nowackr 2000). In the 21% century,
however, papers were published with later records from northern Poland (Senn 2018) and
central Poland (SoBczaxk ef al. 2012, 2017, 2019). The species’ expansion accelerated after
2010 and many new records were obtained. Apart from the literature data, about 300 records
from databases and other sources have been used to analyse this expansion. These records
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Fig. 10. Distribution of localities of Pyralis cardinalis KaiLa et al. in Poland.

— from 104 UTM 10-kilometre squares (Fig. 10) — have been divided into three periods:
before 2001, 2001-2010 and 2011-2021. The species is currently present in all the Polish
provinces except for areas in the north-west and south-west of the country.

DISCUSSION

Comparison of the features of the eggs and the larvae of Pyralis cardinalis KaiLa et al.
with those of P. regalis (DEN. et Scuirr.) (FELIX & Scuwarz 1971) and P. farinalis (L.) from
my own materials does not reveal any significant differences. The morphological differences
in the pupae were not studied in detail. According to FELix & Scawarz (1971), the eggs of
P. regalis (DEN. et Schirr.) are laid singly and not attached to any substrate. This may have
been the result of keeping the female in a container without any additional surfaces (leaves
etc) inside. Those larvae were bred on withered leaves from various trees, whereas those of
P. cardinalis Ka1La et al. evidently preferred dead leaves from the litter. P._farinalis (L.) larvae
feed on a variety of plant material, which has enabled their synanthropization and led to their
very wide geographical distribution. The kind of food the larvae eat shows that in nature, they




live in the leaf litter. It is this that governs their choice of natural environment and to a large
extent determines their range. The causes of the range expansion of P. cardinalis KaiLa et al.
are not known — they do not appear to be related to changes in either the environment or the
climate. It is to be expected that this species will soon have colonized the whole of Poland
and will have encroached into the eastern regions of Germany.
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