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ABSTRACT

Xylophagous fungi have economic implications because they cause wood losses in commercial woodlands (CW)
and sawmills, as they cause diseases in standing trees and decompose roundwood and sawnwood, respectively.
The objective of the study was to identify and compare the diversity of xylophagous fungi in commercial wood-
lands (CW) and sawmills in the districts of San Martin de Pangoa, Rio Negro, Mazamari, and Satipo (Satipo
province, central jungle), Peru. Identification was based on the macroscopic and microscopic characteristics of
the fungi; in addition, the Simpson (1), Gini-Simpson (H ), Shannon-Wiener (H’), Pielou (J), Margalef (DMg)
diversity indices and Sorenson’s similarity coefficient (Cs) were used. The results show that 29 species of xylopha-
gous fungi were identified, covering 11 family groups and 17 different genera, with Auricularia fuscosuccinea and
Schizophyllum commune standing out in the two types of environments analyzed. The wooded areas used for tim-
ber production showed greater abundance and variety (Shannon-Wiener: 1.86-2.39; Margalef: 2.43-3.11) when
compared to the sawmill sites, where variety was more limited, with a few resistant species dominating. However,
the similarity between communities was high (Cs = 0.95), indicating that sawmills maintain a significant fraction
of the fungal reservoir of forests, favoring the persistence of species with a high degradative impact on wood.
These results show that, even though diversity is reduced in sawmills, the fungi that persist pose a considerable
economic threat and highlight the importance of taking their lifestyle into account when managing forests and
implementing methods to protect wood.
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INTRODUCTION

Environmentalists have long sought to un-
derstand patterns of biodiversity, and changes
along altitudinal gradients play a key role in the
debate on this topic. (Deng et al., 2020). The
study of biodiversity along altitudinal gradi-
ents is a key aspect of ecological research, as
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it allows us to capture the complex interaction
between abiotic and biotic factors that deter-
mine the distribution and abundance of species.
(Rahbek, 1995; Whittaker et al., 2001). Numer-
ous studies have demonstrated how altitude af-
fects various plant and animal species. (Costa
et al., 2023; Dong et al., 2017), and the biodi-
versity of these groups tends to follow one of
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these three general altitudinal patterns: a hump-
shaped distribution with a peak of diversity at
mid-altitudes (Guo et al., 2013; Werenkraut and
Ruggiero, 2011); a steady decline in diversity
as altitude increases (Castro et al., 2020; Rah-
bek, 2005); or a continuous increase in diver-
sity at higher altitudes (Kessler et al., 2011; Mc-
Cain, 2005; Sanders et al., 2003), which makes
it important to study them in all environments
in order to find patterns of biodiversity for any
species, one of which is fungi, due to their rel-
evance in ecosystems (Zhang et al., 2025).

For their part, fungi play a crucial role in
forest ecosystems, acting both as symbionts and
decomposers (Dighton, 2018; Li et al., 2022),
which makes them valuable indicators of envi-
ronmental processes (Heilmann-Clausen et al.,
2015). Soil fungi support nearly all higher life
forms and contribute significantly to the biogeo-
chemical cycle within ecosystems (Bowd et al.,
2022). In this way, they play a fundamental role
in soil microbial communities and are key factors
in essential ecological processes, such as leaf lit-
ter decomposition, nutrient cycling, and plant
growth regulation. (Chen et al., 2017). Their
presence and activity are fundamental to the sta-
bility and health of ecosystems, as they directly
influence biodiversity both above and below
ground (Ni et al., 2018; Yang et al., 2021; Zhou
et al., 2021). Recent research has revealed a se-
ries of distribution patterns for fungi in terrestrial
ecosystems (Ogwu et al., 2019; Shen et al., 2020;
Sui et al., 2023; Yang et al., 2017). Fungal com-
munities are commonly classified into distinct
taxonomic groups and functional guilds (Guerre-
ro-Galan et al., 2019).

However, they also cause economic losses
associated with the decomposition and degener-
ation of wood quality (Yal¢in et al., 2019). After
trees are felled in the forest, they are transported
to sawmills for processing and sale, but they
are usually stored outdoors for a considerable
amount of time, which exposes them to weather
conditions and contact with the ground, expos-
ing them to fungi (Ador et al., 2024). In addition,
fungal spores spread to freshly cut trees, causing
even more losses (Sioma and Lenty, 2023). This
generates economic losses and increased pres-
sure on forests due to the demand for high-qual-
ity wood, affecting their sustainability (Arac et
al., 2021; Jerusik, 2010).

Xylophagous fungi, also known as wood-
decaying fungi, are organisms that break down

lignin, cellulose, and hemicellulose through the
production of hydrolytic enzymes (lannaccone
etal., 2024; Lietal., 2019), which is fundamen-
tally important in forest ecosystems (Lonsdale
et al., 2008; Yu-Lian, 2021), can cause signifi-
cant damage to logs, creating economic prob-
lems for sawmills (Ador et al., 2024; Kumar
and Gupta, 2006) and cause disease in trees in
their natural state, affecting forest management
(Lonsdale et al., 2008; Zhang and Wei, 2016),
mainly in commercial woodlands (CW), under-
stood as forests intended for the extraction of
timber (wood) and non-timber products (resins,
tannins, gums, medicinal plants, etc.) (Douro-
jeanni, 2022).

Using wood as a building material is a sus-
tainable way to achieve the Paris Agreement
goals, since, compared to cement or steel, it has
a low environmental impact and greenhouse gas
(GHG) emissions (Di Ruocco and Gaita, 2023;
Dodoo et al., 2014; Hafner and Schifer, 2017).
Despite this, wood’s susceptibility to decay due to
microorganisms, which are affected by the micro-
climate, poses a challenge to its sustainable use
(Olou et al., 2019).

Therefore, it is necessary to conduct exhaus-
tive research on the diversity and importance of
these organisms, especially fungi, and identify
problematic species, thereby providing infor-
mation that can be used to develop proposals to
improve wood protection (Schrader et al., 2025).
Understanding the diversity of organisms can
provide information about a community and how
it influences ecosystems (Perreault et al., 2023).
The environmental conditions that favor sawmills
can affect fungal diversity, and this approach
makes it possible to identify the specific fungi
that decompose wood in that environment (Ador
et al., 2023), furthermore, comparing it with for-
ests for forestry use can aid in forest management
and help us understand the dynamics of decom-
posing fungi in the nutrient and carbon cycle.
(Kouki and Salo, 2020).

It is estimated that there are between 0.7 and
5.1 million species of fungi (Blackwell, 2011;
Hawksworth and Liicking, 2017), with a de-
scription of only 1.9% (97.330 species) to date
(Abrahao et al., 2019). Therefore, the objective
of this study is to identify and compare the di-
versity of xylophagous fungi in CW and sawmills
(located in urban areas) in the central jungle of
Peru. In addition, to examine the composition and
structure of fungal populations.
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MATERIALS AND METHODS

Study area

The study was conducted in the province of
Satipo (central jungle) in the department of Junin,
Peru, with a total of eight sampling sites for for-
ests (four) and sawmills (four, located in urban
areas) in the districts of San Martin de Pangoa,
Rio Negro, Mazamari, and Satipo, all located in
the central jungle of Peru (Figure 1). In the case
of the “San Martin de Pangoa” district, sampling
was carried out at the “Forestales San Agustin”
E.LLR.L. (FS) sawmill and the CW of the Cubantia
native community (CNC); in the Mazamari dis-
trict, the sawmill “Lumber Industry Los Angeles
S.A.C.” (LILA) and the CW of the town of Shan-
qui (PCS); in the “Rio Negro” district, the saw-
mill “Export Wood — MADEXA” (EWM) and
the CW of the native community “Puerto Ocopa”
(CNPO); and in the Satipo district, the sawmill
“Group ALMASA S.A.C” (GA) and the CW of
the Satipo Agricultural Experimental Station of
the National University of Central Peru (SAES)
(Montano and Palomino, 2012).

The predominant habitat in the study area is
the humid forest — tropical premontane (bh-PT),

covering an area of 32.775 km? and distributed at
altitudes between 500 and 2.000 m above sea level,
typical of the high jungle. The average minimum
annual biotemperature is 17.2 °C and the average
maximum annual biotemperature is 24.9 °C. Aver-
age annual precipitation ranges from a minimum
0f 936 mm to a maximum of 1968 mm, with an av-
erage minimum relative humidity of 86.20% and
a maximum of 92.20%. The climate is humid and
warm, with maximum temperatures reaching 33.7
°C, an average of 24 °C, and a minimum of 12.9
°C. In terms of rainfall, there are three distinct pe-
riods throughout the year: heavy rains from Janu-
ary to April (1087.36 mm), moderate rains from
October to December (642.44 mm), and light rains
from May to September (487.26 mm) (Montano
and Palomino, 2012).

Procedure and sampling

The materials used were: 80x stereoscopic
microscope, 70% alcohol, Garmin e-Trex GPS,
14-megapixel Lumix camera, surgical gloves,
field notebook, and sample collection bags.

A stratified master sample (Ozturk and Kav-
lak, 2019) of four 10 x 100 m transects was used,
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Figure 1. Location of the study area. Adapted from Montano and Palomino (2012)
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established at a distance of 250 m between them
in each CW; in each transect, 10 sampling units
were established 10 m apart, and finally, in each
sampling unit, samples of xylophagous fungi
were collected in an area of 4 m?. On the other
hand, 10% of the total storage yard for round and
sawn timber was evaluated, which was consid-
ered a very adequate sample size.

After establishing the sampling units, xy-
lophagous fungi were collected from standing
trees, fallen trees, and stumps within the CW,
and in the case of the sawmill, from stored round
and sawn wood. All fungi with complete carpo-
phores were collected and placed in cardboard
boxes, divided with Styrofoam and secured
with pins and labels, taking into account the fol-
lowing characteristics: location, date, habitat,
and in some cases the host. Finally, to preserve
the samples, they were placed in a ventilation
chamber at 40 °C for 1 to 2 hours to avoid the
presence of contaminants such as bacteria and
imperfect fungi. After that, they were refriger-
ated at 4 °C for 7 days and the specimen was
removed on paper. °C for 1 to 2 hours to prevent
the presence of contaminants, such as bacteria
and imperfect fungi. They were then refrigerated
at 4 °C for 7 days and removed from the Kraft

paper for analysis at the Mycology Laboratory
of the Plant Health Diagnostic Center (PHDC)
of the National Agricultural Health Service (SE-
NASA) — Lima.

Species identification

To identify xylophagous fungi, three process-
es were carried out to identify the fungi (Figures
2a and 2b) from the CWs in the Central Forest
(Figure 2c) and the sawmill (Figure 2d). The col-
lected fungi were identified by their macroscopic
morphological characteristics (shape, size, color,
texture, tube layer, hymenium, abhymenium,
zoning, and pores per mm) with the aid of a ste-
reoscope and millimeter ruler. and, on the other
hand, for the microscopic characteristics (hy-
phal system, cystidia, asci, basidia, and spores),
a longitudinal cut was made of the fruiting body
to expose the tube layer, from which a sample
of approximately 100 to 150 pum was extracted
and placed on a slide, and potassium hydroxide
(KOH) to hydrate and loosen the hyphae, then
Melzer’s reagent was added (if reddish, it is dex-
trinoid; blue is amyloid; and if there is no reac-
tion, it is negative) or lactophenol blue (if it stains
blue, it is cyanophilic).

Figure 2. Procedure and mushroom sampling: a) Ascomycetes in the Shanqui Water Conservancy — Rio Negro,
b) Schizophyllum commune in the Water Conservancy — Satipo, ¢) CW of the Cubantia native community —
San Martin de Pangoa, and d) San Agustin E.I.LR.L. Sawmill — San Martin de Pangoa
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Finally, to determine the genus and species,
the macroscopic and microscopic characteris-
tics were noted and compared with identifica-
tion keys. For ascomycetes, the authors Pavlich
(1976), Pacioni (1980), and Guzman (1979) were
used; and for basidiomycetes, the authors were
Ryvarde and Gilbertson (1994), Pavlich (1976)
and Guzman (1979).

Diversity indices

Diversity indices, represented by H(p), serve
as a way to quantify biodiversity using math-
ematical functions to compare spatial regions and
functional groups. They are an essential tool for
ecological monitoring and conservation, and an
effort to study and understand the biodiversity
crisis (Daly et al., 2018). Therefore, the following
indices will be used for the analysis of xylopha-
gous fungus diversity.

The simplest index often used is species rich-
ness itself, which is simply the absolute number
of species (S) found in the population of interest
(Daly et al., 2018), being this way H,(p).

The Simpson diversity index quantifies the
probability that two individuals from the com-
munity chosen at random represent the same spe-
cies, thus taking values in a unit interval. (Key-
lock, 2005) and is expressed according to Simp-

son (1949) as:
S
A= p] (1)
i=1

where: p, — proportional abundance of species i;
i—total number of individuals in the sample.

However, other formulations to explain this
phenomenon include the Gini-Simpson index
(interspecific encounter), which is the probabili-
ty that two species are different and is calculated
asH, = 1.

The Shannon-Wiener index measures the un-
certainty of a sample (Shannon, 1948), that is, it
measures the average degree of uncertainty when
predicting which species, a randomly selected in-
dividual from a community will belong to, and is
expressed as:

S
H==> pn) @)

i=1

The Shannon-Wiener index is the basis for
another index, called the Pielou index (Pielou,
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1969), which measures the uniformity of spe-
cies within a population, being the ratio of ob-
served diversity to maximum expected diversity
(Hernandez et al., 2018), and is expressed as J =
H'/H__, where H__ is the maximum value of H’
and is calculated as In(S), widely used in ecologi-
cal literature (Borcard et al., 2018).

The Margalef index measures the diversity
or richness of species in a given location, taking
into account the number of individuals found of
each species. It is therefore useful for comparing
abundance in cases where the samples are differ-
ent (Ulanowicz, 2001). Its original formula (Mar-
galef, 1957) is expressed as:

S -1
Datg = InN

3)

where: S — number of species and N — total num-
ber of individuals.

In addition, Sorenson’s similarity coefficient
(Cs) was determined to compare the similarity
of fungal communities among the eight sam-
pling sites (Kent, 2011), ranging from 0 to 1,
where values close to 0 indicate less similarity
between fungal communities and values equal
to 0 indicate completely different communities
(Daly et al., 2018), it was determined using the
following formula:

) )

Cs =
S a+b

where: j — the number of fungal species between
different sites; a and b — the number of
species at each site, respectively.

Data analysis

Based on species identification, the number
of individuals per species (absolute abundance)
was obtained in accordance with the sampling
described in section 2.2. These values represent
the fungal communities at the eight sampling
sites (CW and sawmill), which were used for
further analysis.

Descriptive and comparative statistics were
calculated for the absolute abundance of the eight
sampling sites, and diversity indices were cal-
culated for Richness (Hg(p), Shannon-Wiener
(H”), Simpson (), Gini-Simpson (H), Pielou
(J), and Margalef (DMg) indexes were calculated
using RStudio software. In addition, data normal-
ity was assessed using the Shapiro—Wilk test and
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homogeneity of variances (p > 0.05) using the
Levene test. If the data met the above assump-
tions, one-way ANOVA was applied to compare
the fungal communities at the sampling sites; and
if the assumptions were not met (p < 0.05), the
Kruskal-Wallis test was applied as an alternative,
followed by multiple comparisons using the Wil-
coxon paired test, adjusted with the Bonferroni
method to control for type I error (Freund et al.,
2010). The significance value was a = 0.05, inter-
preting the results based on the p-values.

Relative abundance (percentage proportion
of the number of individuals of a particular fun-
gus to the total number of individuals) was de-
termined using a stacked bar chart. In the case of
community composition (Hou et al., 2025), Venn
diagrams (Sun et al., 2021) and Heatmap graphs
(Cao et al., 2022) were used.

RESULTS

Descriptive and comparative analysis of
xylophagous fungal communities

Table 1 shows the descriptive statistics of
the xylophagous fungal communities from eight
sampling sites that are part of two different envi-
ronments. The mean and standard deviation show
variability among individuals, and the asymmetry
values indicate a distribution biased toward domi-
nant species, while the kurtosis shows a leptokur-
tic distribution, indicating that there are dominant
species that account for a large proportion of the
total number of individuals recorded.

On the other hand, not all sites represent a
normal distribution, despite the fact that Lev-
ene’s test indicates that homoscedasticity exists

(p=0.617). According to the Kruskal-Wallis test,
there are differences (p < 0.05) between sampling
sites (p = 0.0468), and using the Wilcoxon paired
test, it was determined that the EWM groups be-
tween SAES (p = 0.014), FS between SAES (p =
0.017), GA between SAES (p = 0.028), LILA be-
tween SAES (p=0.016), and PCS between SAES
(p = 0.026) are different (p < 0.05), while the oth-
er groups are similar (p > 0.05). It should be noted
that when applying the Bonferroni adjustment, all
groups are statistically similar (p > 0.05).

Comparison of the structure and diversity
of xylophagous fungi in two different
environments

A total of 16 906 individuals were found in
both locations, representing a heterogeneous
composition (Table 2). In terms of the xylopha-
gous fungi identified, the community is com-
posed as follows: 2 classes, 7 orders, 11 families,
and 17 genera. In addition, three species belong-
ing to the Ascomycota class have been found
that have not been identified: 1B 103-115467,
2B 106-115479, and 1A 107-115481. It should
be noted that the species P. sanguineus, Xilaria
sp. and 1A 107 — 115481 were exclusive to CW.
The genera with the most individuals shared both
spaces were Auricularia, Pleurotus and Schizo-
phyllum, and also included the other genera, but
with fewer individuals.

The abundance and structure of xylophagous
fungi show significant differences, with the ge-
nus Schizophyllum having the highest number of
individuals and Cookeina having the lowest (Fig-
ure 3A). A total of 10,149 individuals belonging
to 29 species were found in CW, and 6,757 be-
longing to 26 species were found in sawmills.

Table 1. Descriptive statistics of xylophagous fungal communities

Site X Median Q3 Q5 o Stg:ifrd Skewness | Kurtosis Sh\m:(ro-
CNC 141.448 19 50 785 299.006 55.524 2.424 5.200 1.99e-08
CNPO 76.483 17 50 363.8 152.343 28.289 2.658 6.870 3.26e-08
EWM 61.379 8 13 409.8 151.153 28.068 2.660 6.015 2.61e-09
FS 52.276 5 31 309.6 127.742 23.721 2.896 7.884 3.25e-09
GA 68.414 5 22 250.2 198.745 36.906 4.035 16.591 5.26e-10
LILA 50.931 2 35 203 145.358 26.992 3.978 16.023 6.11e-10
PCS 56.586 10 35 182 150.664 27.978 4.002 16.415 8.18e-10
SAES 102.276 35 68 437 178.146 33.081 2.337 5.123 1.26e-07

Note: X is mean, “Q3” is quartile 3, “Q5” is quartile 5, ‘IQR’ is interquartile range, and “0” is standard deviation.
Furthermore, the Shapiro-Wilk test has a significance level of a = 0.05.
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Table 2. Xylophagous fungi identified in CW and sawmills in the central jungle of Peru

Class Order Family Genus Species
Pleurotus ostreatus
Pleurotaceae Pleurotus
Agaricales Pleurotus sp.
Schizophyllaceae Schizophyllum Schizophyllum
commune
Auriculariales Auriculariaceae Auricularia Aurlcula(/a
fuscosuccinea
Hymenochaetaceae Inonotus Inonotus sp.
Phellinus Phellinus sp.
Hymenochaetales Fomitopsidaceae
Daedalea Daedalea sp.
Meripilaceae Rigidoporus Rigidoporus sp.
Trametes elegans
Trametes sp.
Trametes
Basidiomycete Trametes ochracea
Trametes sclerodepsis
. ) Coriolopsis floccosa
Coriolopsis - —
Polyporaceae Coriolopsis rigida
. Fomes fasciatus
omes
Polyporales Fomes sp.
Lenzites Lenzites elegans
Perenniporia Perenniporia sp.
Pycnoporus Pycnoporus sanguineus
Ganoderma applanatum
Ganodermataceae Ganoderma Ganoderma australe
Ganoderma ocellatum
(= G. orbiforme)
Russulales Stereaceae Stereum Stereum ostrea
) _ Cookeina sulcipes
Ascomycete Pezizales Sarcoscyphaceae Cookeina - -
Cookeina tricholoma
Xylariales Xylariaceae Xylaria Xylaria sp.

The composition of the taxa was almost similar
in both spaces, as they shared 26 species, with
the species P. sanguineus, Xilaria sp. and 1A 107
- 115481 (Figure 3D), resulting in a Cs similarity
of 0.95, with the species with the highest number
of individuals being A4. fuscosuccinea, S. com-
mune, and Pleorotus sp.

Likewise, statistical analysis of the abun-
dance and diversity of xylophagous fungi at the
eight sampling sites revealed that there is greater
abundance and diversity in CW because the for-
est structure provides better climatic conditions
for the growth of xylophagous fungi. However,
despite the high level of richness, the average
values of the Shannon-Wiener index, Simpson
index, and Gini-Simpson index at the sawmill in-
dicate that the transport of wood has maintained
the xylophagous fungus community, posing a
threat to commercial wood. The Pielou index and
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Margalef index indicate that some species are
more abundant and greater care must be taken in
this regard (Figure 3B).

On the other hand, the Venn diagram of the
xylophagous fungi community in two different
spaces revealed the different compositions of
fungi at each sampling site. The species P. ostrea-
tus was exclusive to SAES. Twelve species were
common to all eight sampling sites, including A.
fuscosuccinea, C. rigida, Fomes sp., G. appla-
natum, G. australe, G. ocellatum, Inonotus sp.,
Pleorotus sp., S. commune, S. ostrea, Trametes
sp., and 1. ochracea (Figura 3C).

On the other hand, when species are separated
by each space, there are seventeen common spe-
cies among CW sites, including A4. fuscosuccinea,
C.rigida, F fasciatus, Fomes sp., G. applanatu, G.
austral, G. ocellatum, Inonotus sp., Perenniporia
sp., Pleorotus sp., P. sanguineus, Rigidoporus sp.,
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Figure 3. Comparison of xylophagous fungi communities between two areas (CW and sawmill):
A) structure of fungal communities; B) comparison of diversity indices; C) Venn diagram of the different
sampling sites, where CNC, PCS, SAES, and CNPO belong to CW and the sites FS, LILA, GA,
and EWM belong to the sawmill; D) Venn diagram of the fungal community

S. commune, S. Ostrea, Trametes sp., T. ochracea,
and Xilaria sp. (Figure 4A). Meanwhile, at the
sawmill sites, there are fourteen common species,
including 4. fuscosuccinea, C. rigida, Fomes sp.,
G. applanatum, G. australe, G. ocellatum, Inono-
tus sp., P. ostreatus, Pleorotus sp., S. commune,
S. ostrea, Trametes sp., 1. ochracea, and 1B 103
— 115467 (Figure 4B).

Analysis of the diversity of the xylophagous
fungi community at eight sampling sites

The composition of species at the sites is
heterogeneous, with certain species dominating
(Figure 5), mainly 4. fuscosuccinea, Pleorotus
sp., and S. commune at all sampling sites, with a
difference at SAES, Where 1A 107-115481 dom-
inates over the other species in the same group.

A total of 24, 24, 19, and 26 species were re-
corded at the CNPO, SAES, PCS, and CNC sites,
respectively, while 23, 18, 20, and 21 species
were recorded at the EWM, GA, LILA, and FS
sites, respectively. The Sorenson coefficient indi-
cates a high degree of similarity between fungal
communities in most comparisons, as they are
above 0.70, with the highest values being LILA
and EWM (0.93) and CNC and CNPO (0.902). In
contrast, PCS and GA (0.649) obtained the low-
est value (Table 3). Taken together, these values
show that CW fungal spores spread in sawmill
environments, despite the limitations of condi-
tions that can reduce their proliferation, posing a
latent danger to commercial wood.

Diversity indices revealed marked con-
trasts between CW sites and sawmills (Table
4). CWs (CNC, CNPO, and SAES) recorded
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Figure 5. Distribution of the composition of xylophagous fungi from the different sampling sites, where CNC,
PCS, SAES, and CNPO belong to CW and the sites FS, LILA, GA, and EWM belong to the sawmill

higher values for species richness, Shannon-
Wiener diversity, and Pielou’s evenness, in-
dicating more diverse fungal communities
and abundance with some species dominat-
ing. In contrast, sawmills (EWM, GA, LILA,
and FS) showed lower values, evidencing the
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dominance of a few species in commercial
wood processing and storage processes. In
this sense, this trend suggests that environ-
mental heterogeneity and resources in forests
provide a better environment for the develop-
ment of xylophagous fungi, and in the case of
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Table 3. Sorenson similarity coefficient of wood-decaying fungal communities in CW and sawmills

in the central jungle of Peru

Sample sites CNPO SAES PCS CNC EWM GA LILA FS
CNPO 1
SAES 0.857 1
PCS 0.864 0.791 1
CNC 0.902 0.840 0.844 1
EWM 0.875 0.766 0.810 0.857 1
GA 0.744 0.714 0.649 0.773 0.780 1
LILA 0.800 0.727 0.821 0.870 0.930 0.789 1
FS 0.826 0.800 0.750 0.851 0.818 0.872 0.780 1

Table 4. Diversity indices of xylophagous fungi communities in CW and sawmills in the central jungle of Peru

Site N Richness Shannon Simpson Gini-Simpson Pielou Margalef
CNPO 2,218 25 2.197 0.833 0.167 0.683 3.115
SAES 2,966 24 2.387 0.865 0.135 0.751 2.877
PCS 1,641 19 1.868 0.729 0.271 0.634 2.431
CNC 4,102 26 2.030 0.817 0.183 0.623 3.005
EWM 1,780 23 1.798 0.764 0.236 0.573 2.939
GA 1,984 18 1.653 0.685 0.315 0.572 2.239
LILA 1,477 20 1.700 0.694 0.306 0.567 2.604
FS 1,516 21 1.836 0.767 0.233 0.603 2.731
sawmills, they only benefit opportunistic and DISCUSSION

competitively dominant species.

The heatmap shows a pattern of differen-
tial distribution of xylophagous fungi between
CW and sawmills, where greater diversity and
evenness 1s observed in forests, associated
with environmental heterogeneity and avail-
ability of microhabitats, while in sawmills,
environmental filtering reduces richness and
favors the dominance of opportunistic and re-
sistant species such as A. fuscosuccinea and S.
commune (Figure 6). Even so, the high simi-
larity between fungal groups (Cs = 0.95) indi-
cates that sawmills act as a continuation of the
natural place from which they originate, allow-
ing species that cause wood decay to continue
to exist. This pattern, which is consistent with
the ideas of metacommunities and environ-
mental selection, shows that, although variety
is lost in man-made environments, the species
that persist have a great capacity to move and
adapt, which affects both the natural balance in
the way wood decomposes and the economy,
due to the decrease in the quality and durabil-
ity of stored wood.

Common and different characteristics of the
xylophagous fungi community in two areas

Xylophagous fungi are one of the main agents
that cause biodeterioration, following the inva-
sion and decomposition of living or dead wood
(Deflorio et al., 2008). Research conducted by
Ador et al. (2023), in sawmills with a tropical
monsoon climate identified 23 species, 5 orders,
7 families, and 15 genera, with the Polyporace-
ae family being the most abundant with 17 spe-
cies, but S. commune was the dominant species
and Microporus xanthopus, Daldinia concen-
trica, Trametes coccinea y Daedalea quercina
were co-dominant. However, the genus Gano-
derma is dominant in mangrove forests, and
Trametes and Inonotus were co-dominant (Das
et al., 2017). Meanwhile, in tropical evergreen
forests, the predominant species were S. com-
mune, Pleurotus ostreatus, Pleurotus populinus,
Ganoderma tsugae, G. applanatum, Steccheri-
num ochraceum y Steccherinum ciliolatum, but
25 species from 15 genera were identified (Tan-
jim et al., 2019). For example, Trametes flavida
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Figure 6. Heatmap distribution of xylophagous fungi species from different sampling sites, where CNC, PCS,
SAES, and CNPO belong to CW, and FS, LILA, GA, and EWM belong to the sawmill

Note: The heatmap analysis was performed by transforming the data using the In(x+1) method to reduce the
heterogeneity of absolute abundance and highlight patterns.

causes greater loss of mass and density com-
pared to Daldinia eschscholtzii in hardwoods,
with Gmelina arborea being highly susceptible
(Ador et al., 2024).

In situations where wood is dead in temper-
ate forests, certain fungi prefer coniferous trees,
as they are more abundant than broadleaf trees
(Purahong et al., 2018). The number of resources
must also be considered, since dead wood is es-
sential for xylophagous fungi and their commu-
nity is influenced by the microclimate (Béssler
et al., 2010). Despite the high diversity of wood-
decaying fungi, the decomposition process can
be slow when there are diverse communities in
the same location, and those near forests can
accelerate this process (Smith and Peay, 2021),
due to competition and antagonistic interactions
between organisms (Perreault et al., 2023). That
is why the optimal temperature for the develop-
ment of xylophagous fungi varies from 20 to 40
°C with a moisture content in the wood of 35%
to 70% (Verbist et al., 2019). However, although
wood is an important material in global demand,
it should be noted that fungal communities in
general may have greater diversity in logged ar-
eas (Bell-Doyon et al., 2022).
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Effects of xylophagous fungi in sawmills

The vulnerability of wood to these decay
agents is significantly related to storage conditions
and duration, the condition of the storage yard,
whether the wood is treated or not, and the use of
shaded facilities (Ador et al., 2023). Exposure of
commercial wood to these fungi can lead to loss of
wood mass and density, causing it to lose its me-
chanical properties such as modulus of elasticity
and breaking strength, resulting in economic loss-
es (Yang et al., 2010), a decrease in energy content
per unit volume (Gendek et al., 2023), a decrease
in cellulose content and an increase in lignin due
to the production of phenols during delignifica-
tion (Rahniawati et al., 2020) and affecting pulp
productivity and quality (Mafia et al., 2012); at
the same time, some species such as S. commune
can cause corrosion in metal screws embedded
in wood (Suprapti et al., 2020). In addition, there
may be health implications from exposure to these
xylophagous fungi in sawmills (Straumfors and
Afanou, 2021). Likewise, it can lead to a devalu-
ation of the price of wood, since some fungi, such
as Meripilus giganteus, cause heartwood rot and
create false heartwood, reducing the usable vol-
ume and value of roundwood (Arac et al., 2021).
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CONCLUSIONS

This research made it possible to identify and
compare the variety of wood-decaying fungi in
production forests (CW) and sawmills in the Pe-
ruvian central jungle. It was found that there is
much more variety and types of fungi in CWs,
compared to the low diversity observed in saw-
mills. Forests, with their more stable and hetero-
geneous environmental conditions, support com-
plex and diverse fungal communities, while saw-
mills act as ecological filters that limit the pro-
liferation of species, favoring only opportunistic
and resistant taxa. Despite this, the remarkable
similarity between the two locations suggests that
sawmills do not form independent fungal com-
munities, but rather preserve part of the natural
fungal reserve, ensuring that species important
for wood decomposition continue to exist.

The way in which fungal groups are organized
and structured shows that, although variety de-
creases in storage areas, the most common types
of fungi (e.g., A. fuscosuccinea, S. commune, and
Ganoderma spp.) have a great ability to spread
and adapt, which poses a significant economic
threat to wood preservation. For all these reasons,
the results highlight how crucial it is to take fun-
gal diversity into account when caring for forests
and storing wood. This allows for the creation of
control and prevention plans aimed at minimiz-
ing economic losses while maintaining the good
quality of the area’s forest resources.
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