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Abstract

Macrofungi are of great relevance to the functioning of terrestrial ecosystems, but habitat
transformation can significantly alter the structure of macrofungal communities. Urbanization is
regarded as a major threat to biological diversity; however, knowledge of its impact on macrofungi
remains scarce. The present study aimed to assess diversity and distribution patterns of
macrofungal species across an urban ecosystem in the Puebla—Tlaxcala Valley of Mexico and
determine the effect of urbanization on macrofungal communities. Four oak forests were selected
along an urbanization gradient, and sampling areas of 0.1 ha were established at each site.
Macrofungi were sampled from June to October 2024, with a total of 296 species recorded.
Diversity decreased with increasing urbanization. Species composition shifted across the gradient,
with the most urbanized sites showing higher turnover. Urbanization, microclimatic, and
vegetation structure variables were associated with the observed patterns in diversity and
distribution. The findings highlight the importance of native vegetation, microclimatic buffering,
and habitat continuity for sustaining macrofungal communities within urban areas. Integrating
fungi into urban biodiversity planning is essential to ensure the maintenance of the key functions

they provide.



Introduction

Urban growth poses significant challenges for biodiversity conservation, as it has dramatically
transformed landscapes and is regarded as a major threat to biological diversity (Antrop, 2004;
Hansen et al., 2005; Kowarik, 2011). Urban areas are recognized as ecosystems composed of
human-built environments and natural areas hosting significant proportions of non-native animal
and plant species (Cousins et al., 2003; McDonnell & Pickett, 1990). Currently, approximately 4.2
billion people live in urban environments worldwide, and projections suggest that this trend will
persist, reaching 6 billion urban inhabitants by 2045, representing nearly 70 % of the world's
population (McPhearson et al., 2016; UN DESA, 2018; UN-Habitat, 2022). In Latin America, 82
% of the population lives in urban areas, including megacities (over 10 million residents). Mexico
reflects this trend, with approximately 88 % of its ca. 132 million people residing in urban areas
(Worldometers.info, 2025). Global research on urbanization indicates a decline in species
numbers, with human impact on biodiversity decreasing from city centers to wild areas. This may
result in differences between urban and surrounding non-urban areas regarding the structure of
community groups such as birds, plants, insects, and fungi (Avis et al., 2016; MacGregor-Fors et

al., 2015).

Macrofungi, or macromycetes (fungi that produce sporomes visible to the naked eye), are a highly
relevant group due to their roles in the functioning of terrestrial ecosystems as organic matter
decomposers, mutualists, and pathogens (Bahram & Netherway, 2022; Caiafa et al., 2017; Niego
et al., 2023). Decomposer fungi contribute to the nutrient cycle and soil formation; mycorrhizal
fungi establish symbiosis associations with plants and contribute to the recruitment of seedlings
and the growth of trees; and pathogenic fungi play an important role in regulating populations of
plants, animals, and fungi (Bever et al. 2015; Lonsdale et al., 2008; Tedersoo et al., 2010). The
diversity of fungal species is estimated at ca. 6.2 million globally (Baldrian et al., 2022), and
between 53,000 and 111,000 represent macrofungi (Mueller et al., 2007). For Mexico, estimates
suggest more than 250,000 species of fungi (Guzmén, 1998), and approximately 9,000 to 11,000

species of macromycetes (Aguirre-Acosta et al., 2014).

Given the relevance of these organisms to ecosystem functioning, understanding how
microclimatic, environmental, and vegetation factors relate to the diversity and distribution of

macromycete species is a growing interest in ecological research (Pérez-Rosas et al., 2022).



Studies on the diversity and composition patterns of macrofungi in temperate and tropical forests
suggest that species richness and sporome production are mainly related to topographic and
microclimatic factors (Brown et al., 2006; Gomez-Hernandez & Williams-Linera, 2011; Pérez
Rosas et al., 2022; Toledo et al., 2014). Also, vegetation structure and tree species composition
can affect macrofungal communities by influencing the amount and quality of resources provided

by plants (Brown et al., 2006; Zhang et al., 2010).

Fungal communities are extremely vulnerable to habitat loss caused by urbanization and other
anthropogenic activities. This often leads to a decline in species richness and alters species
composition in various habitat conditions, mainly influenced by microclimate, and factors related
to substrate availability and vegetation structure (Avis et al., 2016; Gomez-Hernandez et al., 2019;
MacGregor-Fors et al., 2015; Newbound et al., 2010). The impervious surfaces in urban areas can
reduce soil's water absorption and impact microclimate (Newbound, McCarthy & Lebel, 2010),
and the urban surface capacity to absorb solar radiation and the heterogeneous distribution of
vegetation can significantly increase temperature owing to the heat island effect (Arnfield, 2003;
Boone & Fragkias, 2012), causing a decrease in macromycete richness and sporome production
(Ferris et al., 2000; Rubino & McCarthy, 2003). However, most ecological studies about
macrofungi focus on conserved forests, and little is known about the ecology of macrofungal
communities in urban areas (Newbound et al., 2010). In Mexico, there is only one study that
analyzes the diversity and distribution of species along an urban gradient. This study found that
functional diversity and species richness decline with increasing urbanization, and there is high
turnover in species composition across the study area, which is linked to microclimatic and
urbanization factors. Additionally, their results indicated that some of the available resources in
the niche space within the most urbanized sites are not being utilized (Gomez-Herndndez et al.,

2019).

The Puebla-Tlaxcala Metropolitan Zone (PTMZ), located in the Puebla-Tlaxcala Valley, is the 4"
most populous metropolitan zone in Mexico, with ca. 3.2 million inhabitants. About 87 % of the
population resides in the State of Puebla, and 13 % resides in the State of Tlaxcala, with 95 % of
the total population in the MZPT located in urban areas (INEGI, 2020). However, no studies have
been conducted to evaluate the variation of species diversity and composition among macrofungal

communities in relation to environmental or urban variables in the States of Puebla and Tlaxcala.



Most mycological studies in Puebla address the use of wild mushrooms within rural communities,
the commercialization of sporomes in local markets (Contreras-Cortés et al., 2018; Lemin et al.,
2010; Pérez-Lopez et al., 2015), and some studies focus on developing species inventories
(Sanchez-Flores et al., 2021; Vazquez et al., 2016). Similarly, in Tlaxcala, most studies focus on
ethnomycological topics, with some exploring the taxonomic diversity (Ramirez-Terrazo et al.,

2021; Reyes-Lopez et al., 2020).

In this context, the present study aimed to evaluate variation in the diversity and composition of
species in macrofungal communities along an urban ecosystem in the Puebla-Tlaxcala Valley of
Mexico, and identify how microclimatic, environmental, urbanization, and vegetation structure
factors relate to the observed variation. The hypotheses related to the aim of the study were: 1)
macrofungal diversity declines as the urbanization increases, showing higher diversity in less
urbanized areas, 2) microclimate and vegetation structure are the main drivers of diversity
variation along the study area, and are also related to the variation of species composition, and 3)
the turnover of species composition is lower between the least urbanized sites and higher between

the most urbanized areas.

Materials and methods

Study area

The study was carried out in the Puebla-Tlaxcala Valley of Mexico. Four areas with predominant
oak vegetation were selected in localities surrounding the city of Puebla: Flor del Bosque State
Park (Site 1) at 2,264 m asl, El Aguacate municipality (Site 2) at 1,922 m asl, Tenancingo
municipality (Site 3) at 2,237 m asl, and San Nicolas de los Ranchos municipality (Site 4) at 2,616
m asl. At each site, 10 permanent plots of 10 X 10 m were established, with a distance of

approximately 10 m between plots (Williams-Linera et al., 1998). (Figure 1)
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Figure 1 Location of the study sites in the Puebla-Tlaxcala Valley of Mexico.

Macromycete sampling

Sampling was carried out twice a month in every plot at each study site from June to October 2024,
which corresponds to the rainy season in the region. Sporomes of the same species within a 50 cm
radius, caespitose growth, fairy rings, and growing on the same trunk or branch were recorded as
a single collection unit, and abundance was estimated as the number of collection units for each
species (adapted from Schmit et al., 1999). All specimens were separated at the species level based
on their macromorphological and micromorphological characteristics. Unidentified taxa were
classified as morphospecies using a higher taxonomic level. Voucher specimens are deposited in

the mycological collection of the Laboratory of Fungal and Plant Diversity and Evolution, BUAP.

Explanatory variables

Within each plot at each study site, microclimatic, environmental, and vegetation structure

variables were measured. On each sampling day, air humidity (%), air temperature (°C), soil



humidity (%), and soil temperature (°C) were recorded at the center of each plot. Slope (°) and
percentage of soil cover were measured once in each plot. Litter depth was recorded in each plot
at the beginning, middle, and end of the sampling season. Woody plants were counted, and their
diameter and height were measured. The vegetation structure was characterized as density

(individuals ha™'), basal area (m? ha™!), and mean, minimum, and maximum tree height (m).

To describe the urbanization gradient in the study area, explanatory variables were measured
within a circular buffer zone with a 5-km radius from the center of each study site. The 5-km radius
was selected to allow for a considerable distance between buffer boundaries. The urbanization
variables included in this study were the extent of built-up areas (km?), extent of crop areas (km?),
extent of areas with introduced vegetation (km?), and length of streets and roads (km) (McDonnell
& Hahs, 2008). All variables were derived from land-use data layers and census data from the
National Institute of Statistics and Geography, and total variable values were calculated by buffer

area using zonal statistics in ArcGIS 10.4 (Esri, 2015).

Data analysis

The diversity of macromycetes was measured with the species richness (calculated for each site as
the number of recorded species) and the first-order (!D) True Diversity index (Jost, 2006, 2007),
calculated with the “entropart” package in R. The species richness estimator Chao 2 was used to
determine the completeness of species inventories at each study site, calculated using the "fossil"
package in R. Spearman's rho correlation coefficient was used to determine the relationship
between macromycete species richness and microclimatic, environmental and vegetation structure
variables, using the "psych" package in R. Linear regression analyses were performed to determine
the relationship between the number of macromycete species and urbanization variables along the

study area.

The turnover in species composition between study sites was assessed using the Chao-Jaccard
similarity index (Chao et al., 2005) with the “fossil” package in R. A Non-metric Multidimensional
Scaling (NMDS) analysis was performed to represent on a geometric plane the distance between
study sites in relation to the composition of species, using the “vegan” package in R. The
relationship between species distribution and a set of microclimatic, environmental, vegetation

structure, and urbanization variables was determined by performing a Canonical Correspondence



Analysis (CCA) with the “vegan” package in R. All the analyses mentioned were performed in R
v.3.2.3. (R Core Team, 2017).

A conceptual model was created to clearly visualize how urbanization, microclimate, and
vegetation structure interact to influence macrofungal diversity and species composition in the
study area. The model was performed in Python using the NetworkX library for network structure
and Matplotlib for visualization (Python Software Foundation, 2023).

Results

A total of 879 macromycete individuals were recorded, belonging to 296 species, 60 genera, and
42 families. Of the species recorded, 22 belong to the phylum Ascomycota and 165 to the phylum
Basidiomycota (Appendix 1). The least urbanized site was Tenancingo (Site 3: 3157.48), followed
by San Nicolas de los Ranchos (Site 4: 5742.49), Flor del Bosque (Site 1: 8026.33), and El
Aguacate (Site 2: 11822.23). Flor del Bosque recorded the highest species richness (119 species),
followed by Tenancingo (109 species), San Nicolas de los Ranchos (103 species), and El Aguacate
(65 species). Correspondingly, the True Diversity index showed that Flor del Bosque had the
highest diversity (87), followed by Tenancingo (85), San Nicolas de los Ranchos (76), and El
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Figure 2 True Diversity index and species richness values in the study sites. Sites are arranged from the least
urbanized (Site 3) to the most urbanized (Site 2). Dotted lines indicate the trend of diversity and species richness
along the urbanization gradient.



Aguacate (51). Both the diversity index and species richness showed a similar trend of decreasing
with increasing urbanization, with a peak at Site 1 (Figure 2). The species richness estimator Chao
2 indicated that the completeness of the macromycete species inventory for Site 1 was 32.74%,

47.05% for Site 2, 34.65% for Site 3, and 31.83% for Site 4.

Spearman’s rho correlations indicated a significant negative correlation between macrofungal
species richness in the studied area and both air and soil temperature (rho = -0.5277, p = 0.0004;
rho =-0.3419, p = 0.0307, respectively). Soil humidity, along with the mean and maximum height
of trees, showed a positive correlation with species richness. (rho = 0.5180, p = 0.0006; rho =

0.4141, p=0.0078; rtho = 0.3152, p = 0.0475, respectively) (Table 1).

Table 1. Spearman’s correlation coefficients (p). Correlation between macromycete species richness in the study

area and explanatory variables.

Variable p p-value

Soil temperature* -0.3419 0.0307
Air temperature®** -0.5277 0.0004
Air humidity 0.2501 0.1195

Soil humidity*** 0.5180 0.0006
Litter depth -0.0184 0.9098
Canopy openness -0.0607 0.7097
Slope -0.0809 0.6196

Basal area 0.1625 0.3162
Minimum height of trees 0.3080 0.0531
Maximum height of trees* 0.3152 0.0475
Mean height of trees** 0.4141 0.0078
Tree density 0.2494 0.1205

*p <0.05, **p <0.01, ***p < 0.001
The linear regression analyses indicated a positive relationship between species richness, and the
extent of built-up areas and length of streets/roads in the study area (r> = 0.18, F = 8.28, p = 0.006;
2 =0.15, F = 6.5, p = 0.014, respectively; Figures 3a, 3b).
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Figure 3 Linear regression analysis between species richness and extent of built-up area, street/road length, crop
area, and introduced vegetation area along the urbanization gradient.

The extent of crop areas and the extent of areas with introduced vegetation were not significantly
related to the urbanization variables (P > 0.05; Figure 3¢, 3d). The Chao-Jaccard similarity index
indicated that the percentage of similarity in species composition was higher for Sites 3 and 4 (51
%) (Tenancingo-San Nicolas de los Ranchos), which are the less urbanized sites, followed by Sites
1 and 4 (45 %) (Flor del Bosque-San Nicolas de los Ranchos), Sites 2 and 4 (43 %) (El Aguacate-
San Nicolas de los Ranchos), Sites 1 and 3 (42 %) (Flor del Bosque-Tenancingo), Sites 2 and 3
(34 %) (El Aguacate-Tenancingo), and the least similar were Sites 1 and 2 (19 %) (Flor del Bosque-
El Aguacate), which are the most urbanized sites. Correspondingly, the NMDS showed that Sites
3 and 4 (Tenancingo-San Nicolas de los Ranchos) are the closest in terms of similarity in species
composition, whereas Sites 1 and 2 (Flor del Bosque-El Aguacate) are the most distant regarding

species composition (Figure 4).
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Figure 4 Non-metric Multidimensional Scaling analysis for macrofungal species composition among the four study
sites. “spl, sp2, sp3, sp4...” represents the species recorded in the study area.

The CCA for microclimatic, environmental, and vegetation structure variables included air and
soil humidity, air and soil temperature, slope, litter depth, canopy openness, tree density, basal
area, and minimum, mean, and maximum tree height, and it was performed for the 296
macromycete species recorded in the study area. Axis 1 (eigenvalue = 0.69) and Axis 2 (eigenvalue
= 0.60) accounted for 12 % and 11 % of the explained variance in the relationship between
macrofungal species and explanatory variables, respectively. CCA indicated that Site 2 clearly
separates from Sites 1, 3, and 4 along axis 1, with higher air temperature in Site 2 as the main
related variable, and humidity and vegetation structure as the main variables explaining the species
distribution in Sites 1, 3, and 4. The analysis showed a distinct separation of Site 1 from Sites 3
and 4 along axis 2, mainly due to the relationship of the species in Site 1 with higher litter depth

and canopy openness, and lower soil temperature in Sites 3 and 4 (Figure 5).
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Figure 5 CCA for the macromycete species recorded in the four study sites. Vectors are microclimatic,
environmental, and vegetation structure variables: air humidity (airH), soil humidity (soilH), air temperature (airT),
soil temperature (soilT), slope, litter depth (litter), canopy opopenness (canopyOp), mean tree height (meanH),
minimum tree height (minH), maximum tree height (maxH), tree density (dens), and basal area (BA).

The CCA for urbanization variables included the extent of crop and built-up areas, extent of
introduced vegetation areas, and length of streets and roads, and it was performed for the 296
macromycete species, however, the model retained only three variables. Axis 1 (eigenvalue =0.62)
and Axis 2 (eigenvalue = 0.59) accounted for 36 % and 34 % of the explained relationship between
species distribution and explanatory variables, respectively. There is a clear separation of Site 1
from Sites 2, 3, and 4 along axis 2, with the species distribution in Site 1 being explained mainly
by built-up areas and areas of introduced vegetation, whereas crop areas was the variable more
closely associated with Sites 3 and 4. Sites 1, 3, and 4 were clearly separated from Site 2 along

axis 1, with crop areas and built-up areas being the main related variables (Figure 6).
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Figure 6 CCA for the macromycete species recorded in the four study sites. Vectors are urbanization variables: extent
of built-up areas (Built), extent of cultivated areas (Crop), and extent of areas with introduced vegetation (IntroV).

Discussion

Mexico ranks third worldwide regarding the variety of ecosystems found within its territory
(CONABIO, 2008), however, it is considered to be a highly urbanized country, with ca. 82 % of
the national population concentrated in urban areas (UN-Habitat, 2025). Despite the importance
of macromycetes in terrestrial ecosystems, research in urban areas remains limited (Gémez-
Hernéndez et al., 2021; Pérez Silva, 2018), being more represented studies conducted with birds
(Evans et al., 2009; Marzluff, 2016), insects (Lagucki et al., 2017), and plants (Falfan &
MacGregor-Fors, 2016; Jara-Toto et al., 2023). The findings obtained in the present study indicate
that urbanization affects macrofungal diversity and species distribution in the Puebla-Tlaxcala
Valley. The impact of urbanization has led to a decline in diversity and conspicuous variation in
species composition across the study area, as well as the likely presence of disturbance-tolerant
species at one of the most urbanized sites, associated with variations in vegetation structure and

microclimate (Figure 7).
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Figure 7 Conceptual model showing how macrofungal diversity and species composition are influenced by the effect
of urbanization on microclimate and vegetation structure in the study area. This conceptual model illustrates
hypothesized causal pathways; node (circle) proximity and link length do not represent effect strength or statistical
magnitude.

Microclimatic factors were found to be strong predictors of species richness. Negative correlations
with air and soil temperature, along with positive correlations with soil humidity and tree height,
indicate that cooler and wetter habitats favor the proliferation of sporomes, thus underscoring the
sensitivity of macrofungi to habitat disturbance and microclimatic changes associated with the
likely influence of urban heat islands and the expansion of impervious surfaces (Arnfield, 2003;
Boone & Fragkias, 2012; Brown et al., 2006; Ferris et al., 2000; Zhang et al., 2010). The buffering
role of canopy cover and tall trees is particularly relevant, as they help regulate temperature, retain
soil humidity, and provide abundant woody substrates for xylophagous fungi (Ferrer and Gilbert,
2003; Pérez-Rosas et al., 2022; Vazquez et al., 2016). In contrast, variables such as slope or canopy
openness did not show a significant effect, suggesting that in fragmented and urbanized
landscapes, vegetation structure and microclimate prevail over topographic factors (Gomez-

Hernandez et al., 2019; Toledo et al., 2014).



Interestingly, the results revealed a positive relationship between macromycete species richness
and the extent of built-up areas and length of streets/roads along the study area, contrasting with
the expected negative relationship. Several studies have documented cases in which urbanized
areas host higher species diversity than nearby non-urbanized or rural landscapes, which can be
partly explained by cities’ capacity to create heterogeneous environments that support both native
and non-native species (Shochat et al., 2006). The observed relationship between macromycetes
and urbanization is likely to be caused by the effect of the Flor del Bosque data in the analysis,
since it was the second-most urbanized site and had the highest species richness (119 species). Flor
del Bosque is a protected natural area located within the city of Puebla, surrounded by buildings
and streets. Its high species richness highlights the role of habitat protection, continuous tree cover,
native vegetation, and heterogeneous microhabitats in maintaining diversity (Ferris et al., 2000;
Kowarik, 2011; Rubino & McCarthy, 2003). Nevertheless, higher species richness in urban
settings does not necessarily equate to higher ecological value (Aronson et al., 2014). It has been
observed that disturbance-tolerant macrofungi that exploit novel substrates can be present in urban
environments, contributing to the local diversity while simultaneously reducing regional diversity

(Avis et al., 2016).

Species distribution analyses also revealed the effects of urbanization. The least urbanized sites
(Tenancingo and San Nicolas de los Ranchos) showed the highest macromycete species similarity,
whereas the most urbanized sites (Flor del Bosque and El Aguacate) exhibited the lowest
similarity. This pattern reflects an increasing species turnover along the urbanization gradient and
is consistent with other studies on macrofungi, birds, and plants (Gémez-Hernandez et al., 2019;
McDonnell & Hahs, 2008; Ortega-Alvarez et al., 2011), where environmental filters have been
observed to favor generalist or disturbance-tolerant species, including non-native ones (Cousins et
al., 2003; MacGregor-Fors et al., 2015). The results suggest that the effects of soil humidity and
tree height on macromycete species distribution are associated with less disturbed sites, while the
effects of temperature, canopy openness, built-up areas, and introduced vegetation are linked to
more urbanized sites. Studies in forests of temperate affinity indicate that the distribution of
macromycete species at the local scale can be driven by the variation of vegetation structure as
well as other factors affecting temperature, humidity, and the quality and quantity of available

resources (Ferris et al., 2000; Gomez-Herndndez et al., 2019; Pérez-Rosas et al., 2022).



The findings of this study highlight the necessity of urban biodiversity management strategies that
prioritize microclimatic buffering, habitat continuity, and the conservation of tree cover. These
measures can help mitigate the negative effects of urban heat and drought while ensuring that
macrofungal communities continue to perform essential ecological functions, such as nutrient
cycling, population control of animals, plants, and fungi, and nutrient exchange with vascular
plants (Bahram & Netherway, 2022; Niego et al., 2023). For future studies, it would be valuable
to include a broader range of vegetation types and examine how urbanization impacts
macromycete functional groups. To gain a better understanding of how urbanization affects the
structure and ecological functions of macrofungal communities, research should be conducted
across different urban ecosystems, incorporating both phylogenetic and functional trait data to

assess macromycete diversity and distribution.
Conclusions

This study shows that macrofungal communities in the Puebla—Tlaxcala Valley respond clearly to
urbanization, with detectable shifts in diversity and species composition along the urban gradient.
The interaction between microclimatic conditions, vegetation structure, and land-use intensity is a
key driver of these patterns, underscoring the sensitivity of macrofungi to environmental

alterations associated with urban development.

The findings highlight the ecological value of protected and semi-natural habitats embedded within
urban ecosystems, as these areas can maintain substantial macrofungal diversity despite
surrounding disturbance. At the same time, the prevalence of disturbance-tolerant species in more
urbanized sites indicates that urban environments can reshape community assembly processes,

with potential implications for ecosystem functioning.

Functional groups relevant to ecosystem functioning must be defined in urban gradients to assess
how variations in biotic and abiotic factors affect them, and specific management and conservation
strategies should be developed based on the distinct requirements of macrofungal groups and on

existing strategies for plants and animals.
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Appendix 1. Macrofungal species and abundances recorded in the four study

sites in the Puebla-Tlaxcala Valley of Mexico.
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Agarical sp.4
Agarical sp.5
Agarical sp.6
Agarical sp.7
Agarical sp.8
Agarical sp.9
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sp185 Hypomyces sp.1
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Peziza sp.2
Peziza sp.3
Peziza sp.4
Phelinus sp.1
Phelinus gilvus
Phelodon niger
Pisolithus sp.1
Pluteus sp.1
Pluteus sp.2
Polyporus sp.1
Polyporus sp.2
Polyporus sp.3
Polyporus sp.4
Psatyrella sp.1
Ramaria sp.1
Ramaria sp.2
Ramaria sp.3
Ramaria sp.4

Rubro boletus
sp.1



sp255
sp256
sp257
sp258
sp259
sp260
sp261
sp262
sp263
sp264
sp265
sp266
sp267
sp268
sp269

sp270

sp271

sp272
sp273
sp274
sp275
sp276
sp277

sp278

sp279

Russula sp.1
Russula sp.2
Russula sp.3
Russula sp.4
Russula sp.5
Russula sp.6
Russula sp.7
Russula sp.8
Russula sp.9
Russula sp.10
Russula sp.11
Russula sp.12
Russula brevipes
Russula foetens
Russula pectinata

Russula
pectinatoides

Russula
vesicatoria

Russula
xeromphalina

Scleroderma sp.1
Sebacina sp.1
Sparasis sp.1
Stereum ostrae
Stereum sp.1

Strobilomyces
strobilaceus

Strobylomyces
sp.1
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sp280
sp281
sp282
sp283
sp284

sp285

sp286
sp287

sp288
sp289
sp290
sp291
sp292
sp293
sp294

sp295
sp296

Suillus sp.1
Trametes sp.1
Trametes sp.2
Tremella cafe
Tremella foliacea

Tremella
fuciformis

Tremella
mesenterica

Tricholoma sp.1

Tricholoma
equestre

Tricholoma sp.2
Blopillus sp.1
Tlopillus sp.2
Xerocomus sp.1
Xerocomus sp.2
Xerocomus sp.3

Xeromphalina
sp.1

Xylaria sp.1
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