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Clathrus archeri is a saprophytic fungus native to the southern hemisphere which
was introduced in Europe in the early twentieth century. Although it is naturalized
in most regions of Central Europe, in Romania it is considered rather a rare species
because it has been identified in only a few localities. Because of the rapid expan-
sion of its range throughout Europe some authors assign this species an invasive
potential. The objective of the paper was to identify both the potential distribution
area and the potential suitable habitats for expansion in Romania and to highlight
the environmental variables driving the probability of its occurrence. The maxi-
mum entropy model approach implemented in Maxent was used to model the spe-
cies’ potential distribution. The results highlighted altitude, snow cover length, the
mean temperature of the driest quarter, and precipitation in the coldest quarter as
the most important predictors of species’ potential distribution in Romania. The
map of the predicted distribution showed that the highest probability of occurrence
for this species is in the mountainous and adjacent areas, while the map of habitat
suitability confirmed that the best environmental conditions are in the Carpath-
ians, while the most unfavourable are in the south-eastern regions of the country.

archeri, winter climate, precipitation,
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INTRODUCTION

Clathrus archeri (Berk.) Dring is one of the two species of
the genus Clathrus in Romania (the other species is Clath-
rus ruber). The Clathrus species have brightly coloured
and oddly shaped sporiferous bodies. The dissemination
of spores is realized by insects (BOOMSLUITER 2017) over
short distances (VELLINGA & KUYPER 2012).

Clathrus archeri avoids calcareous soils and regions
with an extreme continental climate, hot dry summers
and frosty winters (PARENT et al. 2000). According to the
observations of JOoHNSON & JURGENS (2010), the sporif-
erous bodies of C. archeri with long, coloured arms, cov-
ered with a brown gleba in the early stages, which then
turns black, are regularly visited by insects due to the
smell they emit.
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Clathrus archeri is a saprophytic fungus native to the
southern hemisphere, specifically Australia and New Zea-
land (PARENT & THOEN 1986; PIETRAS et al. 2016). It was
introduced in Europe in the early twentieth century (first
record in 1914, France, Vosges Mountains) and then grad-
ually spread to several European countries (STEBEL 2015).
The hypothesis accepted by several authors is that the spe-
cies arrived with sheep wool or military equipment from
Australia during the First World War (PARENT et al. 2000;
SALCEDO et al. 2006). According to the same authors, this
species is naturalized in most regions of Central Europe.
It was also reported in other European countries with a
warmer climate, from the southern and western parts of
the continent. In the Netherlands, after the first report in
1973, C. archeri slowly spread to the southern and east-
ern regions of the country. Since 2008, the number of
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occurrences has increased significantly, especially in the
north and northeast parts of the Netherlands and also
in the vicinity of those already reported. The species oc-
curred in shady places, on nutrient-rich and humid soils
and on wood and leaves. The fungus was also identified
on the Iberian Peninsula (SARRIONANDIA et al. 2010). The
appearance of the sporiferous bodies was from the end of
summer to autumn in the Basque Country, with a spike in
October due to the mild and favourable climate near the
Atlantic Ocean. From an altitudinal point of view, most
localities were located around 700 m a.s.l. (UrQuijo 2013).
Although the species prefers humid regions, with
tropical influences, it also grows well in other areas with
a harsher climate. In Poland, after the first report in 1973,
it became frequent in certain areas, spreading from south-
ern Poland, initially towards the centre, and afterwards to
the west, while sporadic occurrences were reported in the
north of the country (PIETRAS ef al. 2016). There was an
increase in reports of new localities (post-2004) in habitats
with strong anthropogenic influences and in their vicinity
(Wojewopa & KarasiNskr 2010). After the first report
from Lower Silesia (in 1973), during the 1980s, C. archeri
populated natural and anthropogenic habitats with various
plant communities on the Polish side of the Carpathian
Mountains, on the south-eastern slopes (STENGL-REJTHAR
& Wojewobpa 1985; Wojewoba 2003). In 2015, sporifer-
ous bodies were identified in an abandoned meadow with
Solidago gigantea and at the edge of a young birch forest
(STEBEL 2015), marking an extension of its distribution in
this part of Poland. With over 90 reports, C. archeri is the
most widespread species among the exotic, non-native spe-
cies in Poland. About 65% of occurrences were reported
from forest habitats (SzczeEPKowsKI & OBIDZINSKI 2012).
In Lithuania, the first report of this species dates back
to September 2011, when the species was identified on
the ground, on a semi-open slope, covered with shrubs
and herbaceous vegetation, surrounded by a plantation of
Picea abies and Pinus sylvestris. The fungus was found in
the west of the country, characterized by a milder climate,
influenced by the Baltic Sea. This was the first record for
the eastern region of the Baltic Sea (MOTIEJONAITE et al.
2016). The species was also reported from other countries
located in Central Europe (i.e. Germany, Switzerland, Aus-
tria, the Czech Republic, Slovakia) or Western Europe (i.e.
Denmark, Netherlands, the United Kingdom) (KREISEL
2006; DESPREZ-LOUSTAU et al. 2010). Data on the geo-
graphical distribution of the species is far from complete,
as information about new locations is continuously accu-
mulating (KREISEL 2006; DESPREZ-LOUSTAU et al. 2010).
Clathrus archeri is considered a rare macromycete in
Romania (TANASE & Pop 2005) and was consequently in-
cluded on the Red List of macromycetes. The species was
also included on the red lists of other countries (GYOSHE-
VA et al. 2006; DIDUKH 2009), although in Ukraine, due
to active dissemination both at district and country level,
it was concluded as inappropriate to maintain this species

on the national Red Book of threatened species (HELUTA
& Zykova 2018).

Currently, in Romania, it is considered a rare species
because it has been identified in only a few localities. After
the first report in 1996 (BERES 1996), an expansion was
observed in the historical province of Maramures (North-
ern Romania). Thus, in BEREs (2012), the authors report-
ed seven new locations where the species was identified
between from July and October in habitats with various
physical-geographical characteristics and different floristic
compositions. The altitudes ranged between 300 m in Mo-
ciar (in a forest dominated by oak and hornbeam) up to
900 m in Bérsana-Secitura in a hygro-mesophilic pasture.
In Maramures it is called the “devilbs mushroom” (due to
its repulsive smell and red colour), and because of some
common superstitions, in some areas sheep grazing on
meadows with Clathrus is avoided. Later, in 2013, in the
Eastern Carpathians two new locations were discovered in
the Bargiu and Gurghiu Mountains. The highest known
location in Romania (BiRSAN et al. 2014) is situated in the
southernmost area of Poiana Repas, at approximately 1200
m a.s.l. (Gurghiu Mountains). According to first-hand in-
formation from Jézsef Szabd, C. archeri was also identi-
fied in July 2015 in the Homorod Valley, in the Harghita
Mountains at an altitude of about 760 m a.s.l. Another lo-
cation in Romania was reported in August 2018 in Piatra
Nierges, in the Ciuc Mountains at approximately 1000 m
a.s.l. (MATuUs et al. 2018) in a mesic mountain meadow.

An invasive species is defined as an alien species which
becomes established in natural or semi-natural ecosystems
or habitats, acting as an agent of change, which threatens the
native biological diversity IUCN 1999). There are several
stages when a non-native species arrives in a new territory:
introduction, naturalization and invasion. An alien species
is considered invasive when it has a major impact on colo-
nized habitats causing changes in their composition by pro-
ducing abundant breeding individuals over a large area and
away from the parent plants (PYSEK et al. 2004; DESPREZ-
LousTtau 2009). It is difficult to assess invasion status for
fungi, for many reasons, such as phylogeny, reproduction
biology and introduction pathways (DESPREZ-LOUSTAU et
al. 2010). According to the literature, the studied species is
considered to have expansion behaviour, especially in Po-
land, where it was largely investigated (Kop1j 2012; PIETRAS
et al. 2016). The species was also largely recorded in the Brit-
ish Isles, the Iberian and Italian Peninsulas and Central Eu-
rope (MYCOPORTAL 2018).

The importance of species distribution modelling
(SDM) has rapidly increased especially in the context of
climate change and human disturbance which influence
species distributions. A widely used SDM tool is Maxent
(Maximum Entropy) which uses species occurrences and
environmental data to predict the potential geographical
distribution of a species. This tool is highly regarded as it
can predict species distribution with high accuracy using
only a small sample size (PHILLIPS et al. 2006), which is
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often the case with invasive species (PIETRAS et al. 2018; MATERIALS AND METHODS
P1ETRAS & KOoLANOWSKA 2019).

The aims of the study were: (i) to identify the potential ~ Study area. The study area is represented by Romanian
distribution area of C. archeri in Romania using species  territory, which comprises 238397 km?. With five biogeo-
distribution models, (ii) to determine the environmental graphic regions Romania is considered the second rich-
factors driving the probability of occurrence; (iii) to ex-  est country in terms of biogeographic diversity (pontic,
plore the specific suitable habitats for the expansion of its  steppic, pannonian, continental, and alpine), thus show-

area in Romania.

ing study suitability for a high variety of environmental
gradients. Forests cover the largest part of the Romanian

Table 1. Species occurrences used in spatial modelling

Latitude Longitude Location Date Data source

N 47°16’57.1” E 24°56’37.1”7 Muntii Bargdului 7/18/2013 BirsAN et al. 2014

N 46°38'29.9” E 25°10’42” Muntii Gurghiului 7/14/2013 BirsAN et al. 2014

N 45°54’58.8” E 22°1825” Padurea Grosi 9/9/2017 personal observations
N 46°21°41.2” E 25°27°56.5” Homorodul Mare 7/9/2015 Jozsef Szabo

N 46°11’'10.3” E 25°58°14.5” Piatra Nierges 8/23/2018 MaATus et al. 2018

N 47°49’51.6” E 23°42°09.3” Taul lui Dumitru 6/6/2020 personal observations
N 47°55’19.9” E 23°49’39” Iapa 8/23/1993 BEREs 2012

N 47°54°42.2” E 23°43°08.5” Sdpénta-Jilerescu 7/28/1993 BERES 1996, 2012

N 47°57°36.9” E 24°00°28.17 Bocicoi 10/1/2006 BERES 2012

N 47°54°’12.3” E 23°52’19.9” Dealul Solovan 10/1/1996 BERES 1996, 2012

N 47°56’35” E 23°57°48.3” Mociar 7/29/2008 BERES 2012

N 47°53’14.5” E 23°54’13.1” Vadul Izei-Valea Sugéu 9/30/2001 BERES 2012

N 47°53’11.5” E 24°01°’50.9” Bérsana-Secatura 10/8/1996 BERES 2012

N 45°46’31” E 25°05°58.6” Poiana Narciselor 7/17/2018 JoHNsson 2018

N 46°50’43.5” E 22°2421.4” Cheile Cutilor 6/6/2020 GBIF

N 46°41’32.1” E 23°34’34.3” Micesti 8/26/2014 INATURALIST

N 47°20’45.4” E 25°58'16.2” Vileni Stanisoara 6/6/2020 personal observations
N 45°28°37.17 E 23°05°12.1” Barbat 6/6/2020 personal observations
N 44°41’30.8” E 22°2021.2” Eselnita 7/8/2019 INATURALIST

N 45°19’34.2” E 22°24°56.8” Turnu Ruieni 6/27/2020 INATURALIST

N 46°40°04.6” E 23°06’35.5” Mirisel 7/8/2020 INATURALIST

N 46°40°31.2” E 22°59°26.7” Belig 11/4/2018 INATURALIST

N 46°47°35.1” E 22°56’11.5” Margiu 9/1/2018 INATURALIST

N 46°56’06.6” E 22°50°43.2” Poieni 7/19/2018 INATURALIST

N 45°39’51.5” E 24°06°35.6” Cisnddioara 8/3/2018 MyCoPoRTAL

Table 2. Reclassification of Corine Land Cover classes

Class code Level Class New class code New class

111, 112, 121, 121, 122, 123, 124, 131, 132,
133, 141, 142, 511, 512, 522, 523, 331, 332,

333, 334, 335, 411, 421, 422, 423

artificial surfaces, water bodies,
wetlands and open spaces with little 1
or no vegetation

little or no vegetation

211,212,213

arable land 2 arable land

221, 222,231, 321, 322, 241, 242, 243, 244

pastures, natural grasslands, moors
and heathland, heterogeneous
agricultural areas, agro-forestry areas,
permanent crops

areas with grassland either
in patches or full, seasonally
grazed by sheep

311 broad-leaved forest 4 broad-leaved forest

313 mixed forest 5 mixed forest

312 coniferous forest 6 coniferous forest

323, 324 sclerophyllous vegetation, transitional7 sclerophyllous and transitional

woodland-shrub woodland-shrub
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Carpathian Mountains, while the hills and plains are dom-
inated by agricultural land cover (both by arable land and
pastures). The study area is situated between N 48°15°06”
and N 43°37°07” latitude, and E 20°45°44” and E 29°41°24”
longitude. The elevational gradient shows an approximate
cover equality among the three types of geomorphological
features (plains, hills and mountains), from the Black Sea
coast (0 m) to the Fagdras Mountains (2544 m).

Occurrence records and environmental data. The 26 oc-
currence locations of C. archeri were obtained from spe-
cific databases (MYCoPorTAL 2018; GBIF 2020; INATU-
RALIST 2020), field observations and literature (Table 1). In
order to reduce the spatial sampling bias, all occurrences
were filtered using a 10 km grid-based method. In order
to discover which environmental variables have the most
significant influence on the geographic distribution of C.
archeri in Romania, we used 19 bioclimatic variables and
elevation, (Fick & HijmANs 2017) with a resolution of 30
arc sec (ca. 1 km). We calculated the De Martonne Aridity
Index (DMALI) for the annual period according to QUAN et
al. (2013), while pH at 5 cm depth was downloaded from
the SoilGrids database (HENGL et al. 2017).

To estimate how the ecosystem type influences the dis-
tribution of fungal species (HorTOoLA & SIITONEN 2008;
Zuou & Dar1 2012; CoroT & TANASE 2017), we used
Corine Land Cover with a spatial resolution of 250 m
(https://land.copernicus.eu/pan-european/corine-land-
cover/clc-2012). Furthermore, the 43 Corine Land Cover
classes were reclassified into 9 classes (Table 2), in order
to increase the significance of the most common types of
habitats where the species was identified (e.g. grassland,
forests).

Modelling procedure. We used the maximum entropy
model (PHILLIPS ef al. 2006), implemented in R software
(R DEVELOPMENT CORE TEAM 2012) because it has been
shown to perform better than other modelling methods
(ELITH et al. 2006). Based on the maximum entropy al-
gorithm, Maxent uses occurrence records and environ-
mental data layers to predict the geographic distribution
of a species (PHILLIPS ef al. 2006). One of the main rea-
sons for using Maxent is the capacity to produce valuable
results with small sample sizes when compared to other
species distribution modelling methods (HERNANDEZ et
al. 2006).

We used VIF (Variance Inflation Factor) to check for
the collinearity of the variables (DORMANN et al. 2013).
The Maxent model was computed using the 10-fold cross-
validation method for each set of variables tested. At first,
it was deemed to be a model using the uncorrelated vari-
ables. We removed one predictor at a time step-wise using
the jackknife technique for test occurrences and percent
contributions (VAN GILS et al. 2012). We continued with
this procedure until each of the remaining variables had
at least a 5% contribution. In the Maxent models we used

1.0 as the regularization parameter (beta-multiplier), lin-
ear and quadratic models, 1000 as the maximum number
of iterations, and 0.00001 as the convergence threshold.
The other Maxent modelling parameters were kept as the
default. For pseudo-absences we used 10000 background
points.

In order to test the model performance, we used the
AUC (Area Under The Curve). It takes values from 0 to 1,
where 0.5 indicates a random distribution and 1 a perfect
model performance. AUC can be further classified, indi-
cating low accuracy (<0.7), good accuracy (0.7-0.9), or
high accuracy (>0.9) (SweTs 1988). In order to obtain C.
archeri habitat suitability distribution in Romania, we used
the classification proposed by YANG et al. (2013): least po-
tential (<0.2), moderate potential (0.2-0.4), good potential
(0.4-0.6), and high potential (>0.6).

RESULTS

Important factors in the prediction of Clathrus archeri
distribution. According to the jackknife test and the selec-
tion of variables depending on their significance, the most
important predictors of C. archeri distribution in Roma-
nia are altitude (ALT), snow cover length (SL), the mean
temperature of the driest quarter (bio9), and precipitation
in the coldest quarter (biol9). In Romania, both the dri-
est quarter and the coldest quarter are between December
and February, indicating winter time.

The training gain in the jackknife test shows the rela-
tive contribution of each of the environmental variables
used in the final Maxent model (Fig. 1). The highest in-
dividual gain was shown for the snow cover length, thus
providing the most useful information in isolation (Fig. 1).
Precipitation in the coldest quarter has the most informa-
tion as it decreases the gain the most when omitted. The
temperature of the coldest quarter has the least informa-
tion by itself, as it shows the lowest gain in isolation and
decreases the gain the least when omitted (Fig. 1).

Snow cover length was the most effective single vari-
able for predicting the potential distribution of C. archeri
when the predictive performance was measured using
AUC. Altitude and winter precipitation were also impor-
tant variables when analysed individually.

Following the response curves for the four environ-
mental variables, the species’ optimal ecological niche
(defined using 0.6 as the threshold) can be defined as: av-
erage winter temperatures between -5°C and 0°C, winter
precipitations above 130 mm/season, season Snow cover
length above 11 weeks, and altitude ranging from 500 to
1700 m a.s.l. (Fig. 2a-d).

These results emphasize the importance of winter pre-
cipitation for C. archeri in Romania. When also taking the
snow cover length into consideration, it becomes obvious
that winter characteristics have a limiting impact on the
occurrence of C. archeri in Romania, as highlighted in the
response curves (Fig. 2a-d).
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No suitability Low suitability Medium suitability High suitability
County Predicted Area ratio Predicted Area ratio Predicted Area ratio Predicted Area ratio
area (km?) (%) area (km?) (%) area (km?) (%) area (km?) (%)
Alba 3647 58.38 965 15.45 706 11.3 929 14.87
Arad 6415 82.56 1170 15.06 177 2.28 8 0.1
Arges 4874 71.32 1864 27.28 89 1.3 7 0.1
Bacidu 4342 65.63 1994 30.14 277 4.19 3 0.05
Bihor 2923 38.65 2600 34.38 965 12.76 1074 14.2
Bistrita-Néasaud 139 2.59 1629 30.4 1912 35.68 1678 31.32
Botosani 4577 92.54 369 7.46 0 0 0 0
Brasov 1310 24.4 1500 27.94 1138 21.2 1421 26.47
Briila 4766 100 0 0 0 0 0 0
Bucuresti 234 94.35 14 5.65 0 0 0 0
Buzau 5867 96.35 194 3.19 28 0.46 0 0
Calérasi 5003 98.54 74 1.46 0 0 0 0
Caras-Severin 2200 25.75 1625 19.02 1421 16.63 3297 38.59
Clyj 2456 36.81 1697 25.43 811 12.15 1709 25.61
Constanta 7016 100 0 0 0 0 0 0
Covasna 888 23.94 1792 48.31 833 22.46 196 5.28
Démbovita 3127 77.4 887 21.96 26 0.64 0 0
Dolj 6895 93.01 518 6.99 0 0 0 0
Galati 4427 99.91 4 0.09 0 0 0 0
Giurgiu 1999 56.56 1535 43.44 0 0 0 0
Gorj 4252 76.01 1010 18.06 247 4.42 85 1.52
Harghita 1976 29.73 3822 57.51 688 10.35 160 2.41
Hunedoara 2595 36.69 1779 25.15 841 11.89 1858 26.27
Tasi 4879 90.05 539 9.95 0 0 0 0
Talomita 4448 100 0 0 0 0 0 0
Tlfov 1516 93.99 97 6.01 0 0 0 0
Maramures 66 1.05 200 3.19 615 9.81 5391 85.95
Mehedinti 3148 63.6 1409 28.46 284 5.74 109 2.2
Mures 4147 61.74 1890 28.14 481 7.16 199 2.96
Neamt 3183 54.11 2406 40.9 279 4.74 14 0.24
Olt 5109 92.99 385 7.01 0 0 0 0
Prahova 3548 75.3 1036 21.99 111 2.36 17 0.36
Salaj 126 3.26 1397 36.1 1559 40.28 788 20.36
Satu Mare 556 12.62 2244 50.92 605 13.73 1002 22.74
Sibiu 3157 58.09 736 13.54 568 10.45 974 17.92
Suceava 1967 23.01 2958 34.61 2366 27.68 1256 14.7
Teleorman 4537 78.41 1249 21.59 0 0 0 0
Timis 7984 91.56 418 4.79 219 2.51 99 1.14
Tulcea 8399 100 0 0 0 0 0 0
Valcea 4746 82.27 659 11.42 225 3.9 139 241
Vaslui 4754 90.11 522 9.89 0 0 0 0
Vrancea 3739 76.95 567 11.67 441 9.08 112 2.31

Potential distribution of Clathrus archeri in Romania.
The 19 bioclimatic variables derived from the WorldClim
- Global Climate Data are well known for their usefulness
when predicting the geographical distribution of invasive
species. Adding other variables also increases the chances
of correctly developing a prediction model. Using four
variables (altitude, snow cover length, precipitation in the
coldest quarter, and the mean temperature of the driest
quarter), the mean AUC reached 0.831, which demon-
strates the accuracy of the model.

The predicted distribution map of C. archeri in Roma-
nia (Fig. 3) showed that the highest probability of occur-
rence for this species is in the mountainous areas. Also,
the habitat suitability map (Fig. 4) confirms that the best
environmental conditions (class 3) for C. archeri are in
the Carpathians, while the most unfavourable are in the
south-eastern parts of Romania.

According to the predicted distribution (Table 3),
the most suitable areas for C. archeri in Romania are
found in the counties from central and northern Roma-
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Jackknife of regularized training gain for species

Fig. 1. Jackknife train-
ing gain for evaluating the
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nia (over 1000 km?): Maramures, Caras-Severin, Bihor,
Bistrita-Nasaud, Brasov, Cluj, Hunedoara, Satu Mare,
and Suceava. On the other hand, the south- and south-
eastern counties (e.g. Briila, Célarasi, Galati, Ialomita,
and Constanta) are the least suitable for the presence of
this species. Each county counts for different area-ratio
suitability, with the highest probability (over 30%) be-
ing found in the counties of Maramures, Bistrita-Nasdud
and Caras-Severin. Altogether, approximately 63.8% of
Romanian territory (roughly 152000 km?) is unsuitable
for the species’ presence, while approximately 19.2%
has low presence probability (45000 km?). The remain-
ing 17% represents moderate and highly suitable areas
(41000 km?), with 9.46% of Romanias area (approxi-
mately 22500 km?) being highly suitable for C. archeri
presence.

Nonetheless, the species could potentially occur (but
with a significantly lower probability) in habitats from the
hilly areas surrounding the Southern and Eastern Car-
pathians (discontinuous areas from the Iasi, Dambovita,
or Baciu counties).

DISCUSSION

In Romania, the alpine biogeographical region is repre-
sented by the Carpathian Mountains area of 800 km in
length covering 23% of the territory. This biogeographical
region includes mountain peaks, intramontane depres-
sions as well as hills alongside the mountain range. Due
to the cold and humid climate with long winters and short
summers, it offers specific conditions to which plants and
animals have adapted, sheltering endemic species and pri-
ority habitats. The Carpathian Mountains belong to the
temperate continental climate zone with different nuances,
influenced by altitude, latitude and longitude. As the alti-
tude increases, the average annual temperatures decrease
(values between 8°C at the base and -2°C in the ridge of
the highest mountains), and the average amount of pre-
cipitation increases from 750 mm to 2000 mm. There are
different climatic influences along the mountain chain
(Baltic in the northern part, Oceanic in the western part,
continental in the eastern part, and Mediterranean in the
southern part), which all impact on the species composi-
tion in the alpine biogeographical region.

Without variable =
With only variable ®
T with all variables ®

relative importance of en-
vironmental variables for

the potential distribution

of Clathrus archeri (average
over 10 replicate runs): taken
as individual (blue bars);
taken without variables
(cyan bars), relative to all
variables (red bar).

0.80 0.85 0.90

Along the Carpathian Mountains, C. archeri occurs in
various forest habitats, preferring soils with high humidity.
It has also been reported in meadows, orchards, and gar-
dens. The seasonal dynamics are such that the sporiferous
bodies of the species occur from June to October, excep-
tionally and occasionally in November (Fig. 3). It appears
to have formed viable populations in favourable habitats
and the latest reports are a consequence of the current ex-
pansion of the species range throughout Europe. There is
still no information about the interactions between this
species and native fungi.

Different hypotheses regarding the dispersal pathways
of the C. archeri species, especially along the Carpath-
ians, may be formulated. In time, there was an extension
of this species’ area from the historical Maramures to the
south and southwest of the country. It also found favour-
able environmental conditions in the Apuseni Mountains.
Considering the historical Maramures province as its ori-
gin (first record), and the subsequent records towards the
Eastern Carpathians and Western (Romanian) Mountains,
we could hypothesize that the direction of the spread was
from the north to the south-east and south-west, following
the high hills and low mountains arches. The new records
of the species in the extreme southwest of Romania sug-
gests another entry point in the country, from South-East-
ern Europe, and pathways for colonizing new areas from
the Serbian Carpathians.

Among the variables which influence the potential
distribution of C. archeri in Romania, winter bioclimatic
predictors have been highlighted (Fig. 1). According to
the response curves, high precipitation and reduced tem-
peratures during winter might favourise fungus develop-
ment (Fig. 2¢, d). In the Romanian climatic context, the
optimal temperature values are found at high and medium
elevations in the Carpathian region, where the water defi-
cit is also moderate. Microhabitats from hilly areas with
a milder climate and high humidity are also preferred by
C. archeri. Conversely, in the plain areas, characterized by
dry and hot summers and low precipitation in winter, the
probability of occurrence is very low (Fig. 2b).

According to the results of this study, the winter period
is an important factor which limits C. archeri distribution
in Romania. There may be numerous explanations for this
phenomenon. One could refer to the climatic characteris-
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tors and geographic distribution of Clathrus archeri: (a) altitude (m);
(b) mean temperature of the driest quarter ('C); (c) precipitation in
the coldest quarter (mm); (d) snow cover length (weeks).
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Fig. 3. Map of the predicted potential distribution of Clathrus archeri
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Fig. 4. Map of the predicted potential distribution depending on the
habitat suitability for Clathrus archeri in Romania.

tics and the altitude of the areas where C. archeri is most
likely to occur, including habitats at moderately high al-
titudes (Fig. 2a). More specifically, distribution was pre-
dicted to occur at elevations mainly between 500 and 1700
m altitude, which accounts for the hills and mountains
of low-to-medium altitude in Romania. Still, this species
seems to avoid the Moldavian Plateau and the Getic Pla-
teau, as well as the eastern part of the Eastern Carpath-
ians. In these regions, oceanic precipitation is usually less
frequent than in the western part, due to oceanic atmo-
spheric circulation and orographic convection. This high-
lights the fact that the species is confined not only to an
altitudinal gradient, but also to a continentality one. This
might explain why the most suitable habitats for this spe-
cies are not found in the eastern and south-eastern parts of
Romania, but in the western half.

The second is related to the three main winter charac-
teristics with an important influence on the probability of
the occurrence of C. archeri. Thus, the species’ response
to snow cover length suggests (Fig. 2d) that the most suit-
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able habitats are places with a long period of snow cover.
It is a well-known fact that snow is a great insulator, pro-
tecting the ground from freezing and heat loss in winter
(ZHANG 2005). Even in extreme environments, such as in
Alaska, snow-covered land surfaces show a higher ground
temperature (ZHANG et al. 1997) compared to snow-free
soil. Thus, in lower temperatures, snow-covered soil will
have higher temperatures during winter time. This also ap-
plies to the studied species, as its most suitable habitats are
places with moderately low winter temperatures, between
-5°Cand 0°C (Fig. 2b).

According to a study carried out in Canada’s temperate
to arctic zones, an increase in minimum soil temperatures
was related to higher precipitation, especially in drier areas,
while the frequency of soil freeze-thaw cycles decreased
(HenryY 2008). This means that in Romania’s low-precipi-
tation regions (the eastern and southern hilly and plain re-
gions), soil freezing occurs more often. In mild winters, if
the snow cover stratum is not well developed, soil freezing
might occur (HARDY et al. 2001), as deep snow areas have
higher soil temperatures (MUNDRA et al. 2016). Clathrus ar-
cheri is found in areas with winter precipitation above 130
mm (Fig. 2d), which ensures the water necessary for a thick
snow cover. Our results suggest that only a well-developed
snow stratum provides full protection against soil freezing,
thus ensuring the survival of the mycelium. Similar results,
highlighting that climatic conditions (precipitation and
mean temperature) are important predictors driving the oc-
currence of C. archeri fruitbodies, have been published for
Poland (P1ETRAS et al. 2016). The results of this study are
in agreement with those published in PIETRAS et al. (2021),
who presented a global assessment of both the potential
suitable habitats and the limiting factors for C. archeri. Their
comprehensive analysis underlined the importance of cli-
matic conditions, as well as the presence of highly suitable
regions in Central Europe and the Carpathian Mountains,
for the expansion of the species.

Study limitations. There are certain drawbacks to using
SDM, from the sampling bias to the geographic scale and
overlooked variables. In the case of many fungal species,
the recordings based on the ephemeral fruitbodies is a
well-known pitfall for sampling bias, which can be ac-
centuated in the case of invasive species or in the classi-
cal close-to-localities sampling. Using some of the mul-
tiple methodological approaches developed over the past
years, we managed to overcome the problems we encoun-
tered. Including other variables in the macrofungi SDM
may serve to improve the modelling, as possible impor-
tant variables might be overlooked in climatic-only-based
SDM. Nevertheless, the importance of scale and resolu-
tion should be taken into account, because certain vari-
ables reflect the reality differently (as in the case of slopes,
where the topographic reality is better represented in finer
resolutions). Thus, the results of this modelling must be
considered only for the area and the time accounted for,

and only with the considered variables. As PIETRAS et al.
(2016) mentioned, a phylogeographical study could ex-
plain the present dispersal pathways, and, together with
climate change scenarios the spatial modelling could offer
valuable insights into the future distribution of this species
and other macrofungi.

CONCLUSIONS

Considering the present distribution in Romania, C. ar-
cheri is rather a rare species, but with a recent expansion of
its area, particularly in mountainous areas. The main areas
for potential distribution are the Carpathians range and
the extra-Carpathian hills, especially in the western part
of the country. The environmental variables with a signifi-
cant influence on the potential distribution of this species
are snow cover length as well as precipitation in the coldest
quarter. The species is more likely to occur in areas with
a thick layer of snow, which does not melt in winter, at
higher altitudes, where the water deficit is low.
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Modelovanje potencijalne distribucije i pogodnost stanista alohtone gljive

Clathrus archeri u Rumuniji

Ciprian BirsaN, Constantin MARDARI, Ovidiu CopoT i Catdlin TANASE

Clathrus archeri je saprofitna gljiva poreklom sa juzne hemisfere koja je u Evropu unesena pocetkom dvadesetog veka. Iako je naturalizovana
u vecini regiona Centralne Evrope, u Rumuniji se smatra prili¢no retkom vrstom, jer je pronadena na samo nekoliko lokaliteta. Zbog brzog
$irenja njenog areala po Evropi, neki autori ovoj vrsti dodeljuju invazivni potencijal. Cilj rada bio je da se identifikuje potencijalna distribucija
i potencijalno pogodna stanista za $irenje u Rumuniji, kao i da se istaknu ekoloske promenljive koje odreduju verovatnoéu pojavljivanja. Da
bi se modelirala potencijalna distribucija vrste, kori$¢en je pristup maksimalnog entropijskog modela implementiran u Maxentu. Rezultati su
istakli nadmorsku visinu, visinu sneznog pokrivaca, srednju temperaturu najsusnijeg kvartala i koli¢inu padavina najhladnijeg kvartala kao
najvaznije prediktore potencijalne distribucije vrste u Rumuniji. Mapa potencijalne distribucije pokazala je da je najveca verovatnoca pojave
ove vrste u planinskim i njima susednim oblastima, dok je karta pogodnosti stanista potvrdila da su najbolji ekoloski uslovi u Karpatima, a

najnepovoljniji u jugoisto¢nim delovima zemlje.

Kljucne reci: abioticki faktori, strane vrste, Clathrus archeri, zimska klima, koli¢ina padavina, pogodno staniste



