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ABSTRACT. Clathrus archeri is a saprotrophic fungus species, native to the 
southern hemisphere, that has expanded in Europe over the past century. 
Between 2021 and 2023, we studied the species distribution in north-western 
Romania. We identified 14 distribution points, of which 13 were new. They 
represent more than a quarter of the previous records in the country, indicating 
that C. archeri is expanding its distribution range. C. archeri was identified in 
wet deciduous forests dominated mostly by Quercus robur, Q. petraea, Q. 
cerris, Carpinus betulus, and Fagus sylvatica. Additionally, it populated forest 
edges or meadows, where the presence of Betula pendula, Larix decidua, and 
Juniperus communis indicates soils that are acidic or moderately acidic. In 
some habitats, the presence of particular relict species may indicate the 
existence of stable microclimates, which are also favorable for C. archeri 
populations. C. archeri expansion can be related to recent trends of increasing 
temperatures and rainfall variability, which generate favorable conditions in 
new areas. 
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INTRODUCTION 
 
Clathrus archeri is a saprotrophic fungus, native to Tasmania, Australia, and 
New Zealand (Dring 1980). It was introduced in Europe in 1914 (Kreisel 
2006) or around 1920 (Parent & Thoen 1986, Wojewoda & Karasiński 2010, 
Jelaska & Levačić 2025), initially observed in eastern France (Parent & 
Thoen 1986). Its introduction in Europe was likely facilitated by the wool trade 
(Parent & Thoen 1986). Furthermore, C. archeri expanded in Europe, 
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reaching large populations (Parent & Thoen 1986, Parent et al. 2000, 
Desprez-Loustau et al. 2007). The emergence of sporocarps depends on 
climatic conditions (Pietras et al. 2021), particularly rainfall (Pietras et al. 
2016). Because the climatic conditions in Europe are similar to those of its 
native area, C. archeri's distribution was rapid, without needing adaptive 
processes (Pietras et al. 2021). 

Although the species is non-native in Europe, there are differing opinions 
about its invasive status (Tănase & Pop 2005, Wojewoda & Karasiński 2010, 
Pietras 2019, Jelaska & Levačić 2025). However, C. archeri has become 
naturalized in many areas of Europe, showing considerable expansion 
(Łuszczyński 2007). In recent years, it has been identified in new regions 
(Tkalčec et al. 2005, Łuszczyński 2007, Pietras et al. 2021). A recent study 
in Croatia found that C. archeri is more widespread than previously known, 
although the time and mode of introduction are not clearly understood, and 
it appears to be mainly associated with the continental biogeographic region 
(Jelaska & Levačić 2025). Additionally, a study in northern Poland, which 
analyzed environmental DNA from soil, indicated the presence of C. archeri 
in areas where no sporocarps were observed, suggesting that its distribution 
range is underestimated by classical methods (Pietras et al. 2021). 
Nevertheless, in Romania, C. archeri has been recorded to date in only a few 
areas and is considered rare (Tănase & Pop 2005, Bîrsan et al. 2021). Thus, 
47 distribution records are known in Romania (Béres 1996, 2012, Matus et 
al. 2018, Bîrsan et al. 2021, Clathrus archeri (Berk.) Dring in GBIF Secretariat 
(2023), MyCoPortal 2025, iNaturalist 2025), the initial record being in the 
Maramureș Mountains (Béres 1996, 2012). The highest altitude at which it 
was recorded in Romania is about 1200 m in the Gurghiu Mountains (Bîrsan 
et al. 2014, 2021), and the lowest was 126 m near Eșelnița, close to the 
Danube (iNaturalist 2025). 

Because C. archeri has recently been mentioned in new areas in Europe 
(e.g., Tkalčec et al. 2005, Łuszczyński 2007, Pietras et al. 2021, Jelaska & 
Levačić 2025), even near Romania (Heluta & Zykova 2018), we 
hypothesized that the number of distribution records in Romania is 
underestimated. This assumption is based on the fact that C. archeri’s habitat 
requirements are largely fulfilled in a significant part of Romania, which is 
considered suitable for the species, as it appears to be related to mountain 
and hilly areas in northern and western Romania (see Bîrsan et al. 2021). 
The objectives of the study were to identify new distribution records of C. 
archeri in north-western Romania and to establish the environmental factors 
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that influence its distribution. 
 
 

MATERIALS AND METHODS 
 
The study took place in north-western Romania (Figure 1). Numerous field trips were 
conducted in habitats considered characteristic of the species (e.g., Parent et al. 
2000, Kreisel 2006, Łuszczyński 2007, Bîrsan et al. 2021), in areas deemed suitable 
for it (Bîrsan et al. 2021), as well as in other locations. Thus, we investigated forests 
and meadows in regions surrounding Oaș Depression and the western Apuseni 
Mountains (Pădurea Craiului Mountains, Bihor, and Codru Moma). The transect 
method was used in the field (Mueller et al. 2004), although it is not easy to apply to 
fungi (Cannon 1997). We mostly walked on paths used by humans and animals or 
forest roads. We made only field observations and took pictures without collecting 
specimens, as their appearance allowed the identification in situ. The determination 
was made based on the characters indicated in literature (e.g., Dring 1980, Buczacki 
et al. 2012). The study took place from 2021 to 2023, during the periods when 
sporocarps are present (June-October) (Parent & Thoen 1986). Besides the data 
obtained between 2021 and 2023, we used information obtained accidentally, even 
10 years ago. 

 
 
RESULTS 
 
In north-western Romania, C. archeri was identified in 14 locations (13 new 
records and one reconfirmation) across several mountain ranges and plains, 
between July and September. In Satu Mare County (Livada - Orașu Nou 
area), it was found in a humid oak plain forest (Quercus sp.) with moss-
covered soil. In the Apuseni Mountains, in the Pădurea Craiului subdivision, 
it was recorded in seven new localities and a reconfirmation, mainly in wet 
forests of beech (Fagus sp.) and mixed beech-oak forests (Fago-Quercetum 
roboris quercetosum cerris). C. archeri was also observed in grasslands with 
shrubs, Juniperus communis, Betula pendula, and Pteridium aquilinum fern. 
In the Codru Moma subdivision, C. archeri was found inside oak forests 
(Quercetum petraeae-roboris) and oak-hornbeam forests (Carpineto-
Quercetum), as well as at their edges in association with Larix decidua and 
Betula pendula, and in seminatural grasslands with shrubs such as Juniperus 
communis. In the Bihor subdivision, the species was found in hornbeam 
(Carpinetum betuli) and hornbeam-beech forests (Carpineto-Fagetum) 
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(Table 1, Figure 1). 
 

 
 

Figure 1.  Distribution of C. archeri in north-western Romania  
(red circles – new records, green circle – reconfirmed,  
blue circle – old record from local people). 

 
 

Most distribution records are situated in low mountain areas. In the 
Apuseni Mountains, C. archeri inhabits regions with altitudes ranging from 
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266 to 589 m. At Livada, C. archeri was identified at 145 m altitude, in a flat, 
lowland area (Livada Plain), at one of the lowest altitudes in Romania.  

 
Table 1. New distribution localities of C. archeri, with coordinates, altitude, and 

observation date (*old data provided by local people, **reconfirmed data). 
 

Locality Coordinates Habitat Altitude Date 

Orașu Nou* 47.843168, 
23.243188 Quercetum 179 m 1985 

Livada 
    -Orașu Nou 

47.85027, 
23.22999 Quercetum 145 m 2007 

Nucet 46.485833, 
22.549722 Carpinetum betuli 457 m 2015.07.14 

Lunca 
    -Șuștiu 
        -Ursești 

46.507930, 
22.439193 

Transition zone with semi-
natural grasslands featuring 
Juniperus communis and 
Betula pendula, adjacent to a 
Carpineto-Quercetum forest; 
Larix decidua likely planted 
along the ecotone 

355 m 2021.07.04 

Lunca 
    -Ursești 

46.53638, 
22.42166 Quercetum petraeae-roboris 425 m 2021.07.04 

Șuștiu 
    -Briheni 

46.500833, 
22.429722 Carpineto-Quercetum 303 m 2022.09.11 

Șuștiu 
    -Briheni 

46.50222, 
22.43527 Carpineto-Quercetum 320 m 2022.09.11 

Sighiștel 46.52443, 
22.54817 Carpineto-Fagetum 426 m 2021.06.12 

Căbești 
    -Sohodol 

46.764722, 
22.406944 Fagetum 266 m 2022.06.18 

Căbești 
    -Sohodol 

46.76207, 
22.41384 Fagetum 322 m 2023.06.17 

Căbești 
    -Sohodol 

46.760556, 
22.413611 

Transitional vegetation and 
shrub-dominated grasslands 
with Juniperus communis, 
Betula pendula, and Pteridium 
aquilinum 

338 m 2022.09.09 

Căbești 46.78555, 
22.37833 

Fago-Quercetum roboris 
quercetosum cerris 339 m 2022.09.09 

Crystal Cave Farcu 
    /Stanul Cârnului** 

46.81805, 
22.43 Fagetum 447 m 2022.10.15 

Crystal Cave  
    Farcu (Roșia) 

46.82678, 
22.44664 Fagetum 589 m 2022.10.15 

Roșia 46.83119, 
22.46711 Fagetum 403 m 2022.10.15 
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Sporocarps were observed from June (end of May at Livada) to October 
(Figure 2). The years 2021 and 2022 were notable for the fructification of this 
species in the Apuseni Mountains; the number of sporocarps was high, 
covering large areas (estimated at 8 to 15 individuals per m²). On C. archeri, 
different insects were observed (flies, spiders, ants). 
 

 
 

Figure 2. a. Abundant fruiting of Clathrus archeri, Șuștiu-Briheni, 
2022.09.11; b. Detail of a single specimen, Șuștiu-Briheni, 2022.09.11; c. 
Abundant fruiting, Căbești, 2022.09.09 d. Early developmental stage 
(“egg” phase) of multiple specimens, Căbești, 2022.09.09 e. Two 
specimens in close proximity, top view, Șuștiu-Briheni, 2022.09.11 f. 
Spider on a fruiting body, Lunca-Șuștiu-Ursești, 2021.07.04 g. Ant at the 
base of a fruiting body, Lunca-Șuștiu-Ursești, 2021.07.04 
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DISCUSSION 
 
The 13 new distribution records out of 14 represent more than a quarter 
(27.65%) of the previously known records in Romania (Bîrsan et al. 2021, 
iNaturalist 2025, Clathrus archeri (Berk.) Dring in GBIF Secretariat (2023)), 
confirming the precarity of the data about C. archeri’s distribution, as it was 
considered rare in Romania (Bîrsan et al. 2021). However, based on 
information provided by locals, the species appeared to be present in the 
Orașu Nou area since 1985, eight years before the first published data 
(Béres 1996, 2012). Most of our new distribution records were found in 
forests, as the species had also been previously recorded in forests (Parent 
et al. 2000).  

The altitudinal distribution of C. archeri confirms that the mountainous and 
hilly areas are favorable in Romania’s climatic context (Bîrsan et al. 2021). 
The species distribution at altitudes typical of the hilly zone (with only one 
lowland location) confirms its preference for humid habitats (e.g., Bîrsan et 
al. 2021). C. archeri populates different vegetation and climate zones, with 
previous records in Romania between 126 m (iNaturalist 2025) and 1200 m 
(Bîrsan et al. 2021). However, it appears to be related to cold, humid areas 
in the mountains and hills of northern and north-western Romania, which are 
considered the most suitable areas in the country (see Bîrsan et al. 2021). 
Most of the new records occur in areas with high suitability, or at least 
suitable for C. archeri (Bîrsan et al. 2021), particularly in hills and low 
mountainous areas. However, in Șuștiu - Briheni area, the species occurs in 
a region considered only moderately suitable (Bîrsan et al. 2021), and in 
Livada (Satu Mare County) it appears at low altitude, at the second-lowest 
record in Romania (Bîrsan et al. 2021, iNaturalist 2025, Clathrus archeri 
(Berk.) Dring in GBIF Secretariat (2023)). Livada Plain is a flat area, despite 
being situated in the vicinity of the Oaș Mountains. Nevertheless, the Livada 
Plain has a cooler climate than other plains in western Romania (Stoenescu 
et al. 1966, Mândruț 2006), with mountain and cold climate species recorded 
at low altitudes (Karacsonyi 1987, Covaciu-Marcov et al. 2008, Ferenți et al. 
2012, 2013a, b). Still, unlike previous cases represented by native, relict 
species (Karacsonyi 1987, Covaciu-Marcov et al. 2008, Ferenți et al. 2012, 
2013a, b), C. archeri is non-native in Europe (e.g., Dring 1980). The fact that 
invasive species can facilitate the establishment of native ones, mostly 
through habitat modification, has already been discussed (see Rodriguez 
2006), as some have even been considered to have potential conservation 
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value (Schlaepfer et al. 2011). In this case, another facet becomes evident: 
non-native species can associate with native species in natural habitats and 
may even indicate the presence of such habitats and species. Thus, an 
invasive species is associated with the region’s oldest habitats, specifically 
humid areas of conservation value (Covaciu-Marcov et al. 2008, Ferenți et 
al. 2013b). Perhaps even more surprising than the record from Livada is the 
previous one in the Danube Gorge, at Eșelnița (iNaturalist, 2025), in a 
southern, warmer region of Romania (Stoenescu et al. 1966, Mândruț 2006), 
with low suitability for C. archeri (Bîrsan et al. 2021). However, mountain 
species were recorded at low altitudes in the Eșelnița Valley (e.g., Petruș-
Vancea et al. 2024, Covaciu-Marcov et al. 2025). Thus, the same factors that 
have influenced native, relict species in western Romania also appear to 
affect a non-native species. 

The occurrence of C. archeri sporocarps is influenced by climatic 
conditions during the cold season, such as precipitation and temperature 
ranges, as reported in previous studies (e.g., Pietras et al. 2016, 2021, 
Bîrsan et al. 2021). The climate in north-western Romania, particularly in the 
Apuseni Mountains, is generally suitable due to moderately cold winters and 
a sufficient duration of snow cover (Micu et al. 2015). The species occurs in 
both natural and human-modified habitats, but is considered more frequent 
in modified communities, having a synanthropic character (Łuszczyński 
2007). In north-western Romania, it was observed on moist soils rich in 
organic matter, as in other cases (Łuszczyński 2007, Heluta & Zykova 2018). 
C. archeri populates acidic soils (Parent & Thoen 1986, Jelaska & Levačić 
2025), with moderate moisture, slightly acidic pH, and low nutrient content, 
such as overgrazed grasslands (Bîrsan et al. 2014). Although limestone 
areas were considered unfavorable for C. archeri (Parent et al. 2000), it was 
identified in limestone areas in Roșia, Căbești, Sighiștel, and the Codru 
Moma Mountains. The Apuseni Mountains have a complex geological 
structure (Răileanu et al. 1960), with limestone and other types of rocks. 
Nevertheless, decalcification processes may occur in habitats with C. 
archeri, as previously suggested (Parent et al. 2000); however, a greater 
ecological plasticity of the species is also possible. 

The variety of habitats populated by C. archeri indicates its high tolerance 
to different habitats and types of vegetation (Jelaska & Levačić 2025). In 
Romania, it was previously recorded in habitats with limited vegetation, 
including arable lands, meadows, pastures, forests (of various types, such 
as deciduous, mixed, and coniferous), areas with xeric vegetation, and 
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bushes (Bîrsan et al. 2021). In north-western Romania, C. archeri was 
observed in wet deciduous forests (Quercus robur, Q. petraea, Q. cerris, 
Carpinus betulus, and Fagus sylvatica), sometimes associated with 
coniferous trees, as in other regions (Parent & Thoen 1986, Bîrsan et al. 
2021, Piętka et al. 2021). It populates forests and meadow edges with 
Nardus stricta, as in other cases (Parent & Thoen 1986, Łuszczyński 2007, 
Bîrsan et al. 2014). In the Codru Moma Mountains, this fact was expected 
because in the regions, the surface occupied by this type of meadows 
increased over time (Pășcuț & Marușca 2020). C. archeri was also identified 
beside Larix decidua, but also in meadows with Juniperus communis. The 
presence of this species was also recorded near Larix decidua and Betula 
pendula in Poland (Piętka et al. 2021). In recent years, Juniperus communis 
and Betula pendula have extended from the nearby forests into the meadows 
of the Codru Moma Mountains (Pășcuț 2013), a phenomenon also observed 
in the Lunca-Șuștiu-Ursești area. Juniperus communis has a large ecological 
valence (García et al. 2000), being considered a pioneer species 
(Oostermeijer & De Knegt 2004), just like Betula pendula (Giertych et al. 
2006). The preference for acidic soils, observed in Betula pendula (Atkinson 
1992), Juniperus communis (Lakušić & Lakušić 2011), and C. archeri (Parent 
& Thoen 1986, Jelaska & Levačić 2025), suggests that the same 
environmental factor advantages these species. C. archeri also appeared 
beside Pteridium aquilinum, a less typical situation, but previously mentioned 
(Parent & Thoen 1986). The fern can inhibit the development of some plant 
species and fungi (San Francisco & Cooper-Driver 1984), due to allelopathic 
compounds (Butnariu et al. 2015). Additionally, it can modify the soil pH, 
making it more acidic (Johnson-Maynard et al. 1998). The presence of C. 
archeri in open areas (meadows, forest edges) suggests a high tolerance for 
habitats with more light. Although this preference was previously indicated 
(Dring 1980, Parent & Thoen 1986), it was proposed with caution, as the 
species also populates shaded environments (Parent & Thoen 1986), a fact 
frequently observed in north-western Romania. 

In other regions, C. archeri was mentioned only in disturbed plant 
associations, in areas affected by human activities (Heluta & Zykova 2018). 
Unlike this, in north-western Romania, most habitats are only slightly affected 
by human activities, often remaining natural or being re-naturalized, as direct 
negative human impact has ceased (pastures in the Apuseni Mountains). 
Nevertheless, there have been or are human activities that could have 
facilitated the introduction of C. archeri. Thus, at Livada, although the species 
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inhabited a wet forest with rich biodiversity (Karacsonyi 1987, Covaciu-
Marcov et al. 2008, Ferenți et al. 2012, 2013a, b), a secondary railway line 
(now abandoned) runs through the forest. It was modernized in the 1980s, a 
fact that may have facilitated the introduction of the species, which was 
initially observed in the region during the same period (information from local 
people). Once introduced, the species found favourable conditions and has 
spread in the area, as observed near roads in other cases (Heluta & Zykova 
2018). Near other populations, there are active stone quarries, closed mines, 
and roads. After its introduction in Europe, C. archeri spread spontaneously 
and continuously, initially occurring in isolated populations (Kreisel 2004, 
2006). Invertebrates facilitate the dissemination of spores, especially flies 
attracted by the strong smell (Wojewoda & Karasiński 2010, Johnson & 
Jürgens 2010, Piętka et al. 2021). In north-western Romania, spiders, flies, 
and ants were observed on C. archeri. Fungi from the Phalaceae family, 
including C. archeri, have a relatively short life cycle (Phillips et al. 2018), 
producing fruiting bodies rapidly and releasing numerous spores within a 
short period. 

C. archeri is considered an indicator of climatic changes (Kreisel 2006). 
Some populations in the southern hemisphere may become extinct or face 
threats; additionally, areas less affected by climate change could become 
havens for refugees in the future (Pietras et al. 2021). Instead, the species' 
range may expand, especially in north-eastern Europe (Pietras et al. 2021). 
Depending on strict climate conditions (Bîrsan et al. 2021), in the context of 
climate change from Europe (Feehan et al. 2009) and Romania (Micu et al. 
2015), it is possible that the distribution and fructification of the species will 
be affected, as in other cases (Boddy et al. 2014). In these conditions, 
organisms tend to move towards the north and higher altitudes (Feehan et 
al. 2009), and C. archeri will find suitable niches at higher altitudes in the 
Carpathians and Alps (Pietras et. al. 2021), expanding into new areas. In 
western Romania, climate change is noticeable through a decrease in snow 
cover and precipitation, especially in depressions (Micu et al. 2015). It 
remains to be seen whether these factors will influence the distribution of C. 
archeri in new areas, as the species requires a persistent snow layer in winter 
(Bîrsan et al. 2021). 

The increase in the number of records and the abundance of basidiocarps 
in 2021-2022 indicate that C. archeri is expanding in Romania. The reduced 
information about invasive fungi does not necessarily reflect their absence, 
but rather the limited knowledge about fungal assemblages (Desprez-
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Loustau et al. 2007). This fact does not necessarily indicate a low success 
of invasions among fungi (Desprez-Loustau et al. 2007), a fact confirmed 
also by C. archeri in north-western Romania.  
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