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Abstract

Distribution of an alien fungus, octopus stinkhorn Clathrus archeri, has been studied in north-eastern Poland. The closest
earlier known localities of this species, situated north of the new ones, were reported near the village of Dymnica (Lebork
County) in Poland and near the town of Kartena in Lithuania. Field research was conducted in May—November in 2019-2020
and information from naturalists and foresters was verified, to map this species and draw attention to the problem of appearance
of alien fungal species in forests. In the locality, where the largest number of basidiomata was found, they were measured
every day from 12 October till 2 November 2020: height and width of young ones at the egg phase, height of mature ones,
and length of their longest arms. Additionally, arms of individual basidiomata were counted. We have documented 7 localities
of C. archeri, including 5 situated in forests and 2 in other habitats. In total, we found 63 basidiomata of this species. In the
localities outside forests, basidiomata of C. archeri appeared in places where timber was stored, and the soil was covered with
sawdust and pieces of bark. The other 5 localities were situated in broadleaved forests with a small proportion of coniferous
species. It seems that C. archeri, when moisture level is suitable, finds favourable living conditions in fertile broadleaved forests
of north-eastern Poland. It is sometimes moved from forest areas, e.g. with wood, to open and urbanized areas. Considering
the observed climate change, we can expect a further spread of C. archeri to the north-eastern of Poland and an increase in the
number of its localities in the Baltic Sea region. Spore dispersal of this species is facilitated not only by humans but also by
insects. No negative impact of C. archeri on wooded habitats was noticed.
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Introduction

Octopus stinkhorn Clathrus archeri (Berk.) Dring is
a member of the family Phallaceae, order Phallales, class
Agaricomycetes (IF 2021). Young basidiomata are obovate
or slightly elongate, up to 6 cm high. The peridium (the
outer wall of the basidiocarp) is off-white or sometimes
fawn-coloured on the surface, with furrows correspond-
ing to the arms of the receptacle (the spongy part of the
basidioma), with a gelatinous layer visible inside. During
maturation, the peridium bursts at the top. The receptacle is
composed of a cylindrical, white-pink stem and 3-8 arms,
which are 3—-10 cm long, coloured orange-red from the
inside and pink on the outside. Sometimes in mature ba-
sidiomata the arms are not separated at the end. Gleba
(the spore-bearing part of the angiocarpous basidioma)
is initially olive-coloured, later black, gelatinous, located

on the inner side of the arms. The drying gleba is visible
as scattered droplets or cracked network, along the whole
length of the arms. Spores are smooth, cylindrical-ellipti-
cal, 4-8.5 um long and 2-3.5 um wide (Dring 1980, Rud-
nicka-Jezierska 1991, Szczepkowski and Obidzinski 2012,
Birsan et al. 2014, Laessge and Petersen 2019). Basidioma-
ta smell unpleasantly, like rotten meat, which attracts flies
and other insects leading to spore dispersal (Tuno 1998,
Birsan et al. 2014).

Clathrus archeri occurs in broadleaved forests, parks,
and gardens on litter, wood pieces, and compost, some-
times also on meadows (Lassee and Petersen 2019). It is
a saprotrophic fungus, growing on humus-rich soil or rot-
ten wood. Basidiomata are found from May till November,
sometimes even in December (Réblova 2006, Wojewoda
and Wojewoda 2007, Szczepkowski and Obidzinski 2012).
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The species is reported from Australia, New Zealand,
Tasmania, southern and eastern Africa, on Saint Helena
(Dring 1980), Mauritius, islands of the Malay Archipela-
go (Stengl-Rejthar and Wojewoda 1985), in Europe, Asia,
South America (Rudnicka-Jezierska 1991), and North
America (Arora and Burk 1982).

It appeared in Europe in the 20" century, initially in
France in 1914. Probably it was transported because of hu-
man activity with wool from Australia or with military sup-
plies at the beginning of the First World War (Pietras et al.
2016), and next it gradually spread to other European coun-
tries. After introduction to Europe it has been dispersed by
zoochory (Réblova 2006). In Poland, the species was first
recorded in 1973 near the village of Sieniawka in Lagiewni-
ki Commune (Chlebicki 1997). Since then, basidiomata of
C. archeri have been recorded in Poland in several dozen
localities, but in the north of the country, only in several
places (Miadlikowska 1995, Wojewoda 2003, Szczepkow-
ski and Obidzinski 2012, Pietras et al. 2016). Considering
the countries that border Poland, it has been recorded in the
Czech Republic, Slovakia, Germany, Ukraine (Wojewoda
and Karasinski 2010, Pasaylyuk et al. 2018), and recently in
Lithuania (Motiejiinaité et al. 2016). It has also been report-
ed from countries located north of Poland: Norway (Dring
1980), Sweden, and Denmark (Jeppson 2016).

The species so far has not been reported from the re-
gions of Warmia and Masuria (Szczepkowski and Obid-
zinski 2012, Pietras et al. 2016). That is why this study
aimed to enrich our knowledge about the distribution of
C. archeri in north-eastern Poland. We conducted field
research and verified numerous data from naturalists and
foresters about occurrence of this species in forests and at
their edges. Our study provides also new information about
its biology and habitat preferences. The collected informa-
tion aims to draw attention to colonization of new habitats
by alien fungal species in forests and its implications.

Materials and methods

The survey of forest complexes, in the search for ba-
sidiomata of C. archeri in north-eastern Poland, was con-
ducted from May till November in 2019-2020. Addition-
ally, from 12 October till 2 November 2020 the locality
near the village of Gladysze, where the largest number
of basidiomata was found, was monitored every day. We
measured the height and width of young basidiomata at
the egg phase (n = 15), the height of mature ones (n = 25),
and length of their longest arms. Additionally, arms of indi-
vidual basidiomata were counted. Photographs were taken
with a NIKON D40 camera.

The confirmed localities of C. archeri in Poland were
described according to the forest division of the State
Forests National Forest Holding (BDL 2021) and the ad-
ministrative division of the country. For each locality, we
provided information on forest district, forest range, forest
subcompartment, county (powiat), commune (gmina), the
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nearest village or town, and geographic coordinates. The
systematic classification and species names follow for fun-
gi the Index Fungorum (IF 2021), for plants the “Flowering
plants and pteridophytes of Poland. A checklist” (Mirek et
al. 2002), and for beetles the “Catalogue of Palaearctic Co-
leoptera” (Lobl and Lobl 2016).

Results

In this study, we have documented 7 localities of C. ar-
cheri in Warmian-Masurian Voivodeship in north-eastern Po-
land (Figure 1). Five of them were situated in wooded habi-
tats, one in a meadow at a forest edge, and the last one outside
forest (near a forester’s lodge). In total, we found 63 basidi-
omata of this species (from 1 to 33 in individual localities).

Figure 1. Localities of Clathrus archeri (Berk.) Dring in north-
eastern Poland

Locality 1. Zaporowo Forest District, Blizin For-
est Range, forest subcompartment 674w, 54°14°13.2”N,
19°38°58.1”E (within Elblag County, Mtynary Commune,
near the village of Karszewo). About 90-year-old beech
stand, with scattered trees of other species: silver birch
Betula pendula Roth., oak Quercus, hornbeam Carpinus
betulus L., linden Tilia, Scots pine Pinus sylvestris L., and
Norway spruce Picea abies (L.) H. Karst. The forest stand
includes some over 100-year-old specimens (oak, beech
Fagus sylvatica L., and spruce). Beech dominates in the
underbrush, underwood and is self-sown abundantly. In
the underbrush it is accompanied by hornbeam, alder buck-
thorn Frangula alnus Mill., and spruce. Forest stand with
moderate crown closure and small area (1.36 ha), growing
on rusty brown soils, at a site of fresh broadleaved for-
est. On 30 July 2019, in total 5 basidiomata were observed
there.

Locality 2. Zaporowo Forest District, Blizin For-
est Range, forest subcompartment 646ax, 54°16°09.1”N,
19°39°52.8”E (within Elblag County, Mtynary Commune,
in a village of Wt6czyska), near farm buildings beside Bliz-
in Forester’s Lodge, at a site where firewood was stored.
Soil covered with sawdust, bark pieces, and wood. On
20 July 2019, in total 5 basidiomata were observed there.
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Locality 3. Zaporowo Forest District, Chrusciel For-
est Range, forest subcompartment 437a, 54°17°11.6”N,
19°47°13.6”E (within Braniewo County, Ptoskinia Com-
mune, near the village of Chrusciel). Broadleaved forest
stand aged about 65 years, dominated by oaks, with con-
siderable proportions of elm Ulmus and birch, with solitary
pine and spruce trees. The forest stand includes some scat-
tered, over 80-year-old elm trees. In the underbrush, oak
is accompanied by alder buckthorn and spruce. The forest
stand, covering 2.15 ha, grows on leached brown soils, at
a site of fresh broadleaved forest. As a result of damage
caused by insects, crown closure is broken. On 22 July
2019, only 1 basidioma was observed there.

Locality 4. Zaporowo Forest District, Blizin For-
est Range, forest subcompartment 684a, 54°13°30.5”N,
19°39°53.1”E (within Elblag County, Mlynary Commune,
near the village of Stare Monasterzysko). Mixed forest
stand aged about 20 years, dominated by oak, beech, and
larch Larix decidua Mill., with considerable contributions
of birch, alder Alnus glutinosa (L.) Gaertn., and pine. Some
hold-over alder trees are more than 60-year-old. Also, scat-
tered trees of other species present: ash Fraxinus excelsi-
or L., linden, and spruce. The underbrush is composed of
many species: birch, linden, blackthorn Prunus spinosa L.
and willow Salix. Forest stand with moderate crown clo-
sure, covering 2.59 ha, growing on acidic brown soils at a

Figure 2. Basidiomata of Clathrus archeri (Berk.) Dring at
various phases of development near the village of Gladysze,

Wilczeta Commune

OCTOPUS STINKHORN CLATHRUS ARCHERI (BERK.) DRING, AN ALIEN /.../

PIETKA, J. ET AL.

site of fresh broadleaved forest. On 3 August 2019, only 2
basidiomata were observed there.

Locality 5. Mtynary Forest District, Klasztorne For-
est Range, forest subcompartment 104b, 54°13°05.5”N,
19°38°42.0”E (within Elblag County, Mtynary Commune,
near the village of Nowe Monasterzysko). About 25-year-
old stand, dominated by beech, oak, and alder, with con-
siderable contributions of birch, linden, and pine. Also
scattered trees of other species present hornbeam, larch
and spruce. Some hornbeam trees are more than 40-year-
old, while birch trees, about 50-year-old. The underbrush
is composed of beech, black elder Sambucus nigra L. and
aspen Populus tremula L. Forest stand with full crown clo-
sure, covering 6.49 ha, growing on leached brown soils, at
a site of fresh broadleaved forest. On 11 August 2020, in
total 12 basidiomata were observed there.

Locality 6. (Figure 2) Mtynary Forest District, God-
kowo Forest Range, near forest subcompartment 288c,
54°09°41.0”N, 19°55°20.4”E (within Braniewo County,
Wilczgta Commune, near the village of Gladysze). Hay
meadow near an apiary, bordering on a 150-year-old forest
stand dominated by oak, linden, and hornbeam. For a few
years in the past, firewood was stored there. On 12 Octo-
ber 2020, in total 33 basidiomata were found: 15 at the

Table 1. Characteristics of mature basidiomata of Clathrus ar-
cheri (Berk.) Dring in the locality near the village of Gladysze,
Mtynary Forest District (no. 6)

Basid- Height of Length of the

ioma me?ture Nug:gg of Ionggst arm of

number basidioma [cm] basidioma [cm]
1 111 5 8.1
2 12.0 5 8.8
3 10.5 6 7.3
4 10.2 5 7.0
5 11.8 5 8.9
6 10.0 6 7.2
7 1.3 6 8.0
8 16.7 5 13.8
9 10.2 7 7.3
10 13.7 6 11.5
11 11.8 6 8.4
12 10.4 6 7.2
13 9.0 6 51
14 9.6 7 7.8
15 10.9 6 7.7
16 12.8 9 9.1
17 13.0 10 10.2
18 9.7 4 7.7
19 12.2 6 8.0
20 9.0 5 6.2
21 12.0 6 9.0
22 11.3 6 8.6
23 9.6 5 6.8
24 11.0 6 8.0
25 12.9 6 9.5
Mean 11.3 6.0 8.3
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egg phase, 10 mature ones, and 8 decaying ones. The eggs
were up to 4.8 cm high and 4.2 cm wide. Mature speci-
mens were 9.0-16.7 cm high (mean 11.3 cm), while their
longest arms were 5.1-13.8 cm long (mean 8.3 cm). The
basidiomata had 4-10 arms (mean 6) (Table 1). The ob-
servations were finished on 2 November 2020, when the
last basidioma was completely decomposed. Thus, since its
discovery, this local population was observed for 21 days.
The largest number of mature specimens (14) was record-
ed on 18 October 2020. During measurements, we noticed
flies (Diptera) and rove beetles (Staphylinidae).

Locality 7. Bartoszyce Forest District, Czarny Las
Forest Range, forest subcompartment 207a, 54°03°51.8”N,
20°43°38.3”E (Olsztyn County, Jeziorany Commune, near
the village of Wolka Szlachecka). More than 30-year-old
oak stand with considerable proportions of spruce and
birch. Also scattered trees of other species present: horn-
beam, alder, aspen, and larch. Underbrush is composed of
black elder, alder buckthorn, and spruce. Forest stand with
moderate crown closure, covering 4.05 ha, growing on
typical brown soils, at a site of fresh broadleaved forest. On
13 August 2019, in total 5 basidiomata were observed there.

So far, Clathrus archeri was recorded mainly in the
southern part of and from single localities in the central
and north-western parts of Poland. Currently, the range of
C. archeri has expanded to the areas of north-eastern Po-
land (Figure 3).
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Figure 3. Distribution of Clathrus archeri (Berk.) Dring in
Poland and Lithuania
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Discussion and conclusions

Frequency of occurrence of various fungal species
in individual habitats can change in response to climate
change. Observations from Great Britain indicate that in
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the last few decades, the fruiting season of macrofungi
was gradually extended, and many species started to pro-
duce basidiomata both in spring and in autumn (Gange et
al. 2007). Such changes result in more effective disper-
sal of many alien and invasive species (Desprez-Loustau
et al. 2007, Desprez-Loustau 2009). According to Krei-
sel (2006), valleys of large rivers in Europe (Rhine, Inn,
Elbe, Oder, and perhaps Vistula) with floodplain forests
and dunes have greatly facilitated the northward expansion
of southern fungi, e.g. Auricularia mesenterica (Dicks.)
Pers., Trametes trogii Berk., Pluteus aurantiorugosus
(Trog) Sacc., and Agaricus bohusii Bon. In contrast, Per-
ry et al. (1990) suggested that migration of many fungal
species, especially mycorrhizal ones, is dependent on the
presence of specific plant species. In Poland, during the
last 50 years, researchers observed the spread of many
fungal species, including C. archeri (Wojewoda and
Karasinski 2010).

In Europe, C. archeri is reported primarily from areas
with temperate oceanic climate. Most of its Polish local-
ities are in the south, and only several in the central and
northern parts of the country (Figure 3). Such a distribution
pattern suggests that C. archeri spreads northwards. Simul-
taneously, the occurrence and further spread of this species
in Poland seem to be strongly associated with climatic
conditions, especially annual precipitation. About 80% of
localities of C. archeri are concentrated in uplands and in
mountains, where precipitation is higher than 600 mm (Pi-
etras et al. 2016). The area, where records of C. archeri in
north-eastern Poland where confirmed, was characterized
by annual precipitation of 700-800 mm in 2019, higher
than the mean for 1971-2000 (Pawelec and Wereski 2019).
According to Pietras et al. (2016), the major factors de-
termining basidiomata production are annual precipitation
and mean temperature during the driest months. Réblova
(2006) reported that in the Czech Republic, the most suit-
able sites for octopus stinkhorn are located mostly in foot-
hills, in valleys of rivers and streams or near ponds, i.e. in
places where groundwater level is high.

The closest published records of C. archeri, situat-
ed north of the new localities, are: (1) near the village of
Dymnica in Poland (ca. 160 km to the north-west), cur-
rently within Lebork County, in Pomeranian Voivodeship
(Miadlikowska 1995); and (2) near the town of Karte-
na in Lithuania (ca. 260 km away), in Kretinga District,
Klaipeda County (Figure 3). The Lithuanian population
was found on a partly wooded slope, covered with shrubs
and herbaceous vegetation between young trees: Picea ab-
ies and Pinus sylvestris (Motiejunaité et al. 2016). In those
localities, C. archeri occurred in areas with a milder cli-
mate, under the influence of the Baltic Sea.

In the village of Widczyska (no. 2) and near the vil-
lage of Gladysze (no. 6) (Figure 1), basidiomata of C. ar-
cheri appeared in places where firewood was stored earli-
er for many years and the soil was covered with sawdust
and pieces of bark. Among the measured 25 basidioma-
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ta of C. archeri two had more than eight arms, i.e. 9 and
10 arms. In the case of three basidiomata, that the length of
the longest arm exceeded 10 cm (10.2, 11.5, and 13.8 cm)
was noted. These values are higher than those reported
by: Dring (1980), Rudnicka-Jezierska (1991), Réblova
(2006), Wojewoda and Wojewoda (2007), Szczepkowski
and Obidzinski (2012), Birsan et al. (2014), Motiejinaité
etal. (2016). It is probably the result of the accumulation of
large amounts of decomposed wood in the place of occur-
rence of basidiomata. Pasaylyuk et al. (2018) reported that
beech sawdust proved to be suitable for mycelium growth
of C. archeri in laboratory conditions. Additionally, Pegler
et al. (1995) reported on occurrence of C. archeri on
forest chips.

Near the village of Gladysze, on basidiomata of C. ar-
cheri, we observed rove beetles (Staphylinidae) and flies
(Diptera). Similarly, Johnson and Jiirgens (2010) on mature
basidiomata of this species observed dipterans of the fam-
ilies Calliphoridae, Muscidae, and Sarcophagidae. During
extensive research, Tuno (1998) found on basidiomata of
the genus Dictyophora (Phallaceae) beetles of 5 families
(Nitidulidae, Scaphidiidae, Scarabacidae, Staphylinidae,
Lucanidae), dipterans of 12 families (Calliphoridae, Ce-
cidomyiidae, Chloropidae, Drosophilidae, Dryomyzidae,
Heleomyzidae, Lauxaniidae, Muscidae, Phoridae, Psycho-
didae, Sciaridae, Sphaeroceridae), and hymenopterans of
2 families (Formicidae, Ichneumonidae). Also Nouhra and
de Toledo (1994) as well as Tan (2008) informed about the
presence of dipterans and sap beetles (Nitidulidae) on ba-
sidiomata of fungi of the order Phallales. Whereas Roman
(2008) reported that on basidiomata of the closely related
Clathrus ruber, near Seville in Spain, 3 specimens of sa-
cred scarab Scarabaeus sacer L. were found: 2 of them
outside and the last one inside a basidioma. It is notewor-
thy that scarab beetles feed on fresh dung along routes
of movement and grazing of farm animals: sheep, cattle,
and horses (Byk and Pigtka 2018, Byk et al. 2020). John-
son and Jiirgens (2010) investigated the smell released by
C. archeri in respect of chemical composition and found
that it contained compounds typical of faeces (phenols, in-
dole, p-cresol) and carrion (oligosulphides). Thus various
insect species contribute to the dispersal of spores of this
fungus (Nouhra and de Toledo 1994, Tuno 1998).

In north-eastern Poland, 5 out of 7 confirmed locali-
ties of C. archeri were in broadleaved forests with a small
proportion of conifers. Also in Czechia, this fungal species
prefers warm broadleaved and mixed forests with slightly
acidic soil and substrate rich in decaying plant remnants
(Réblova 2006). Szczepkowski and Obidzinski (2012) re-
port that in Poland about 65% of localities of this species
were found in forests, at their edges or on forest roads.

The major factors enabling good growth of C. archeri
include continuously high soil moisture content and partial
shading, which create a favourable microclimate (Réblova
2006). According to Pietras et al. (2016), basidiomata ap-
pear after longer periods of moist weather. It seems that
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when temperature, humidity and soil moisture are suitable,
C. archeri has favourable conditions for development in
fertile broadleaved forests of north-eastern Poland. From
wooded habitats, it is sometimes accidentally introduced
(e.g. with wood) into open and urban areas. Szczepkows-
ki and Obidzinski (2012) report that so far there is no un-
ambiguous evidence indicating any negative influence of
C. archeri on native fungal species or other components
of the occupied habitats. Observations made during this
study seem to confirm this neutral opinion. Considering
the observed climate change (Ozolincius 2012, Bolle et al.
2015), we can expect a further spread of C. archeri to the
north-eastern part of Poland, and an increase in the number
of its localities in the countries of the Baltic Sea region.
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