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Abstract

This research focused on understanding the diversity of macrofungi in the “Tingana Conser-
vation Concession” in San Martín, Peru, a unique flooded forest located at approximately
900 m a.s.l. in the Andean-Amazonian foothills. Three study areas were included: Sparse
Aguajal, Semi-dense Aguajal, and Broadleaf Evergreen Forest. These were sampled using
random transects; 19 macrofungi were identified to species level and 20 to genus level,
distributed in 8 orders, 19 families, and 27 genera. The most diverse orders were Agaricales
and Polyporales; the most representative families were Polyporaceae (11) and Psathyrel-
laceae (4). At a generic level, the most diverse was Lentinus, with a total of 5 species
identified. These findings highlight the diversity and ecological importance of fungi in
the decomposition of organic matter and the nutrient cycle in peatlands, which are key
carbon-storing ecosystems. This study underlines the need for more research focused on
inventorying fungi for the conservation of this type of ecosystem.

Keywords: Alto Mayo Valley; Amazonian; climate change; conservation; fungal; macrofungi;
nutrient recycling; peatlands

1. Introduction
In tropical ecosystems, fungi perform a variety of functions, including the decom-

position of organic matter and subsequent nutrient recycling [1], conservation of genetic
diversity [2], and serving as a food resource for mycophagous animals [3]. Fungi also
play a role in soil restoration, with applications in agriculture [4–6]. From an ecological
perspective, their participation in the carbon cycle is particularly noteworthy [7], but it is
essential to understand their two contrasting functions. On one hand, fungi act as carbon se-
questering agents, incorporating carbon from decomposed wood into stable fungal biomass
components such as chitin and melanin, thereby functioning as mechanisms for long-term
carbon storage and contributing to climate change mitigation [8,9]. On the other hand,
as decomposers, they release carbon back into the atmosphere by degrading lignin and
cellulose present in plant matter [10], accelerating the cycling of nutrients. Consequently,
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the study of fungi assumes particular importance in ecosystems where high concentrations
of greenhouse gases are stored [11], such as in the Amazonian peatlands [12,13].

In Peru, macrofungal diversity knowledge is closely linked to the heterogeneity of
its ecosystems [14–16], with the Amazon region of Madre de Dios being one of the main
focuses of study. In the Setapo sector of the Amarakaeri Communal Reserve, 143 species
of macrofungi have been identified, distributed across 36 families and 16 orders, with a
predominance of Basidiomycota [17]. The Polyporaceae family was the most dominant,
with Trametes Fr. and Ganoderma P. Karst. being particularly prominent. In a separate study
in Madre de Dios, Florez documented 88 species of macrofungi classified into 47 families
and 52 genera, with higher species richness in forests with reduced canopy openness [15].

Peatlands are wetlands characterised by soils formed by layers of partially decomposed
vegetation called ‘peat’ that have accumulated over millennia [18–20], due to the inhibition
of organic matter decomposition in anaerobic environments generated by recurrent or
permanent flooding [21,22]. These ecosystems are important carbon stores, and the rate and
nature of their decomposition have significant implications for the global carbon cycle [23].
The high humidity and presence of peat create a unique and restrictive environment [11,24]
for a wide range of organisms, including fungi that develop on leaves, fallen logs, stumps,
and decaying remnants [25]. In peatlands, given the anoxic nature of the soil, organic
matter decomposition is an inherently slow process [26]; however, the presence of fungi,
with their ability to degrade complex components such as lignin and cellulose, accelerates
this process [27], facilitating nutrient transformation and recycling [28,29].

Land-use change, especially due to deforestation, farming, and mining, as well as
the effects of climate change, are the main threats to Amazonian peatlands [13,30] and
fungi [31]. The loss of fungal diversity has serious consequences, disrupting the delicate
balance of peatlands and accelerating the release of large amounts of carbon into the
atmosphere [9]. Despite their ecological importance, global fungal diversity is poorly
documented [31]. Fungal diversity in the Alto Mayo Valley, San Martín region, located in
the Andean-Amazonian foothills, is entirely unknown. Therefore, the aim of this research
is to determine the taxonomic diversity of macrofungi and their ecological role in Tingana,
representing the first report for this tropical peatland ecosystem in the Andean-Amazonian
foothills of Peru and a pioneering study in the Americas.

2. Materials and Methods
2.1. Study Area

The study was carried out in the territory of the Aguajales and Renacales Conservation
Association of Alto Mayo (ADECARAM—Tingana), which encompasses a total area of
2867.64 hectares. The concession is located at coordinates 05◦54′17.9′′ S, 77◦07′07.5′′ W, in
the district of Pueblo Libre, province of Moyobamba, department of San Martín (Figure 1).
ADECARAM—Tingana manages the Tingana Conservation Concession (TCC), a unique
site due to its typical plant formations of Várzea or Tahuampa forests, characterised by
Ficus trigona L.f. (Moraceae), Coussapoa trinervia Spruce ex Mildbr. (Urticaceae), Inga Mill.
sp. (Fabaceae), and Virola Aubl. sp. (Myristicaceae) [32,33], at an altitude of approximately
900 m a.s.l. Tingana is located in a transition zone between the low flood zone of the central
Huallaga and the montane forests of the eastern Peruvian Andes [13].

Most of the TCC area constitutes flooded forest subject to recurrent flooding by the
Huascayacu, Mayo, and Avisado rivers. Two distinct seasons occur throughout the year:
(i) the wet season, beginning in late October, peaking in February, and ending in early April,
and (ii) the dry season, beginning in the second week of April with August as its driest
month [33].

https://doi.org/10.3390/f17080959

https://doi.org/10.3390/f17080959


Forests 2026, 17, 959 3 of 19

 

Figure 1. Location map of the Tingana Conservation Concession (TCC) and the three sampling zones.
The red star indicates the study site location in Peru and in the San Martín department, where the
orange area represents the Alto Mayo Protection Forest. Zone 1: Sparse Aguajal; Zone 2: Broadleaf
Evergreen Forest; Zone 3: Semi-dense Aguajal.

This study was carried out between August 2023 and July 2024 in three sampling
areas: (i) Sparse Aguajal (SA: 5◦54′08.67′′ S, 77◦06′55.96′′ W), (ii) Broadleaf Evergreen Forest
(BEF: 5◦54′49.17′′ S, 77◦06′48.93′′ W), and (iii) Semi-dense Aguajal (SDA: 5◦54′19.51′′ S,
77◦07′05.62′′ W) (Figure 2). The SA is a sparse palm swamp dominated by Mauritia
flexuosa L.f. with alternating shrub species including Inga sp., Miconia Ruiz & Pav. sp.
(Melastomataceae), and Tococa guianensis Aubl. (Melastomataceae); the canopy reaches
25 m and the area is subject to high anthropogenic pressure. The BEF is a sporadically
flooded area dominated by Ficus sp., Oxandra A. Rich. (Annonaceae), and Virola, with
ongoing reforestation using native species. The SDA is a permanently flooded swamp with
a high alternation of Coussapoa trinervia, Ficus trigona, and Virola elongata Aubl., with soils
rich in organic matter from M. flexuosa palms.

2.2. Substrate Classification

To characterize the substrate associations of the fungal records, four categories relevant
to the specimens documented in this study were considered: humicolous, lignicolous,
muscicolous and terricolous. Humicolous fungi were those associated with humus and
decomposed organic matter; lignicolous fungi with woody substrates, including decaying
logs, trunks, stumps and branches; muscicolous fungi with living mosses or moss-covered
substrates; and terricolous fungi with soil substrates. Each fungal record was assigned to a
single category according to the predominant substrate in direct contact with the sporocarp.
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Figure 2. Sampling zones showing the predominant vegetation of each study area. (Z1) Sparse
Aguajal: palm swamp dominated by Mauritia flexuosa with scattered shrubs such as Inga sp., Miconia
sp., and Tococa guianensis; (Z2) Broadleaf Evergreen Forest: sporadically flooded forest dominated by
Ficus sp., Oxandra sp., and Virola sp., with ongoing reforestation using native species; (Z3) Semi-dense
Aguajal: permanently flooded swamp with dense cover of Coussapoa trinervia, Ficus trigona, and Virola
elongata, and organic-rich soils derived from Mauritia flexuosa.

2.3. Macrofungal Sampling and Collection

In each sampling area, three transects measuring 3 × 100 m2 (300 m2) were established
following the methodology of Pérez-López et al. [34], and the entire transect area was
systematically surveyed during each sampling event. Due to the recurrent flooding and
heterogeneous accessibility characteristic of the Tingana peat swamp forests, transects
were positioned using a restricted random approach within the accessible portions of
each sampling area. To ensure comparability among habitats, the same sampling effort
was maintained across all areas, and each sampling area was separated by a minimum
distance of 400 m. Transects were surveyed every three months from August 2023 to July
2024, encompassing two dry-season and two wet-season campaigns. During each survey,
an intensive search for macrofungi was conducted by examining fallen leaves, woody
debris, trunks, and stumps within the transects, while opportunistic collections of fruiting
bodies encountered within the sampling areas were also performed to complement the
inventory [35].

A Nikon D3500 camera (Nikon Corporation, Tokyo, Japan) was used to photograph
every angle of the sporome. Sporomes were collected following the methodology of
García-Saldaña et al. [36] and dehydrated using a solar food dehydrator for 8 h at room
temperature (24–30 ◦C). Samples were deposited in the Herbarium of San Marcos (USM).
Specimens were examined using a EUROMEX ISCOPE microscope and identified using
Singer [37], Ryvarden [38–41], and Wijayawardene et al. [42]. Nomenclature followed
Index Fungorum, and current names were verified to ensure taxonomic validity using the
database [43].
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2.4. Data Analysis

All statistical analyses were performed in R version 4.6.1 [44] using incidence (presence–
absence) data to characterize macrofungal assemblages based on species occurrence. A
binary incidence matrix was constructed for the three study zones. Alpha diversity was
assessed using observed richness (Sobs), Shannon diversity (H′), Simpson diversity (1 −
D), inverse Simpson diversity (1/D), and Pielou’s evenness (J′), calculated with the vegan
package [45]. Higher values of Shannon and Simpson indices indicate greater diversity,
whereas Pielou’s index ranges from 0 to 1, with values closer to 1 indicating a more even
distribution of taxa [46–48].

Beta diversity among study zones was evaluated using Jaccard and Sørensen dis-
similarity indices and partitioned into turnover (βjtu) and nestedness (βjne) components
following Baselga [49] with the betapart package [50]. Species exclusivity, taxonomic
composition and substrate associations were summarized descriptively, and differences
in substrate use among study zones were evaluated using a chi-square test (α = 0.05).
Data visualization and manipulation were performed using packages from the tidyverse
ecosystem [51] and ggplot2 [52].

3. Results
3.1. Taxonomic Diversity of Macrofungi

A total of 39 macrofungal taxa were recorded in the Tingana Conservation Concession,
belonging to two phyla, three classes, eight orders, 19 families and 27 genera (Table 1). Basid-
iomycota overwhelmingly dominated the assemblage, accounting for 38 of the 39 recorded
taxa (97.4%), whereas Ascomycota was represented by a single taxon. Of the total taxa
recorded, 20 were identified to genus level and 19 were identified only to species level.

Table 1. Summary of macrofungal taxonomic diversity recorded in the Tingana Conservation Concession.

Taxonomic Level Total Ascomycota Basidiomycota

Phyla 2 1 1
Classes 3 1 1
Orders 8 1 7
Families 19 1 18
Genera 27 1 26
Total taxa 39 1 38
Species-level IDs 19 1 18
Genus-level IDs 20 0 20

Values represent the number of taxa at each level. Total columns may exceed phylum-specific counts
due to shared higher ranks.

A total of eight fungal orders were documented, with Agaricales (19 taxa; 48.7%) and
Polyporales (14 taxa; 35.9%) comprising more than 84% of all records (Figure 3a). The
remaining orders—Auriculariales, Hymenochaetales, Pezizales, Phallales, Russulales and
Tremellales—were represented by a single taxon each.

At the family level, Polyporaceae exhibited the highest richness with 11 taxa, followed
by Psathyrellaceae (4 taxa) and Agaricaceae (3 taxa). Marasmiaceae, Meruliaceae, Myce-
naceae, Pleurotaceae and Schizophyllaceae were represented by two taxa each, whereas
the remaining families contained only one recorded taxon (Figure 3b). Genus richness
was strongly dominated by Lentinus, which represented the most diverse genus in the
inventory. Other relatively species-rich genera included Cymatoderma, Trametes, Coprinellus,
Marasmius, Mycena, Parasola, Pluteus and Schizophyllum, whereas most remaining genera
were represented by a single taxon (Figure 4).
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Figure 3. Species richness of macrofungal taxa recorded in the Tingana Conservation Concession by
(a) order and (b) family.

Figure 4. Genus-level richness of macrofungal taxa recorded in the Tingana Conservation Concession,
colour-coded by order.

3.2. Alpha Diversity Among Study Zones

Macrofungal richness and diversity varied among the three study zones (Table 2). The
Sparse Aguajal (SA) exhibited the highest observed richness (Sobs = 19), followed by the
Broadleaf Evergreen Forest (BEF; Sobs = 13) and the Semi-dense Aguajal (SDA; Sobs = 10).

Shannon diversity values followed the same pattern, with SA showing the highest
diversity (H′ = 2.944), followed by BEF (H′ = 2.565) and SDA (H′ = 2.303). Similarly,
Simpson diversity was greatest in SA (1 − D = 0.947), intermediate in BEF (0.923) and
lowest in SDA (0.900).

Inverse Simpson values corresponded closely to observed richness, reaching 19 in SA, 13 in
BEF and 10 in SDA. Pielou’s evenness was equal to 1 in all three zones, indicating a highly even
distribution of taxa when diversity metrics were calculated from incidence-based data.
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Table 2. Alpha diversity metrics derived from species incidence data for macrofungal assemblages in
the three study zones of the Tingana Conservation Concession.

Study Zone S Obs H′ Shannon 1 − D Simpson 1/D Simpson J′ Pielou

Sparse Aguajal (SA) 19 2.944 0.947 19 1
Semi-dense Aguajal (SDA) 10 2.303 0.900 10 1
Broadleaf Evergreen Forest (BEF) 13 2.565 0.923 13 1

S obs = observed species richness; H′ = Shannon diversity index; 1 − D = Simpson diversity index;
1/D = inverse Simpson index; J′ = Pielou evenness. SA = Sparse Aguajal; SDA = Semi-dense Aguajal;
BEF = Broadleaf Evergreen Forest.

3.3. Taxonomic Composition Across Study Zones

The composition of macrofungal assemblages differed among habitats (Figure 5). The
Sparse Aguajal contained the highest number of taxa (n = 19) and the greatest taxonomic
breadth, encompassing seven fungal orders. Agaricales dominated this zone with 10 taxa,
followed by Polyporales with four taxa.

Figure 5. Taxonomic composition of macrofungal assemblages across the three study zones of the
Tingana Conservation Concession, showing the number of taxa per order in each habitat.

The Semi-dense Aguajal contained 10 taxa distributed mainly between Agaricales
(six taxa) and Polyporales (three taxa), with a single representative of Hymenochaetales.

The Broadleaf Evergreen Forest contained 13 taxa and showed a more balanced
representation between Agaricales (five taxa) and Polyporales (seven taxa), together with
one representative of Tremellales.

Although Agaricales remained the most diverse order overall, its contribution de-
creased from the Sparse Aguajal to the Broadleaf Evergreen Forest, whereas the relative
representation of Polyporales increased in the forest habitat.

3.4. Species Distribution, Exclusivity and Beta Diversity

The presence–absence matrix revealed marked spatial segregation of taxa among
study zones (Figure 6). Most taxa occurred in only one habitat type, whereas relatively few
species were shared between zones.
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Figure 6. Presence–absence matrix of macrofungal taxa recorded across the three study zones of the
Tingana Conservation Concession. Dark bars indicate presence; white bars indicate absence.

This pattern was confirmed by species-sharing analyses (Table 3). The Sparse Aguajal
contained the largest number of exclusive taxa (16; 41.0% of all records), followed by the
Broadleaf Evergreen Forest (13 taxa; 33.3%) and the Semi-dense Aguajal (7 taxa; 17.9%).
Only three taxa (7.7%) were shared exclusively between SA and SDA, whereas no taxa were
shared exclusively between SA and BEF or between SDA and BEF. Notably, no species was
recorded simultaneously in all three study zones.

The strong spatial differentiation among assemblages was further reflected in beta
diversity metrics (Table 4). Jaccard and Sørensen dissimilarities were very high across all
pairwise comparisons, ranging from 0.885 to 1.000 and from 0.793 to 1.000, respectively.
Complete compositional dissimilarity was observed between SA and BEF and between
SDA and BEF, where both Jaccard and Sørensen indices reached 1.000.

Partitioning of beta diversity indicated that turnover was the dominant component
of assemblage differentiation. For SA–BEF and SDA–BEF comparisons, beta diversity
was entirely explained by species replacement (βjtu = 1.000), with no contribution from
nestedness (βjne = 0.000). Likewise, turnover accounted for most of the dissimilarity
between SA and SDA (βjtu = 0.824), whereas nestedness contributed only marginally
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(βjne = 0.061). These results indicate that differences among habitats were primarily driven
by species replacement rather than by ordered species loss.

Table 3. Species sharing and exclusivity among the three study zones in the Tingana Conservation
Concession.

Species Sharing n % of Total

Exclusive to SA 16 41.0
Exclusive to SDA 7 17.9
Exclusive to BEF 13 33.3
Shared SA & SDA (only) 3 7.7
Shared SA & BEF (only) 0 0.0
Shared SDA & BEF (only) 0 0.0
Shared all three zones 0 0.0

Percentages calculated relative to the total number of taxa recorded (n = 39). SA = Sparse Aguajal;
SDA = Semi-dense Aguajal; BEF = Broadleaf Evergreen Forest.

Table 4. Pairwise beta diversity metrics and decomposition into turnover and nestedness components
for macrofungal assemblages in the Tingana Conservation Concession.

Zone Pair Jaccard (β) Sørensen (β) Turnover (βjtu) Nestedness (βjne)

SA–SDA 0.885 0.793 0.824 0.061
SA–BEF 1.000 1.000 1.000 0.000
SDA–BEF 1.000 1.000 1.000 0.000

Beta diversity decomposition following [49]. Jaccard-based partitioning: βjtu = turnover component;
βjne = nestedness component. SA = Sparse Aguajal; SDA = Semi-dense Aguajal; BEF = Broadleaf
Evergreen Forest.

3.5. Substrate Associations

Most macrofungal taxa were associated with woody substrates (Table 5). Lignicolous
fungi accounted for 28 taxa, representing 71.79% of all records. Humicolous taxa were the
second most frequent group (15.38%), followed by terricolous (10.26%) and muscicolous
taxa (2.56%).

Table 5. Substrate associations of macrofungal taxa recorded in each study zone of the Tingana
Conservation Concession.

Substrate SA SDA BEF Total % of Total

Humicolous 3 3 0 6 15.38
Lignicolous 14 5 11 28 71.79
Muscicolous 1 1 0 1 2.56
Terricolous 1 1 2 4 10.26

Values represent number of taxa per substrate per zone. Chi-square test (substrate × zone): χ2 = 6.63,
df = 6, p = 0.357. SA = Sparse Aguajal; SDA = Semi-dense Aguajal; BEF = Broadleaf Evergreen Forest.

The predominance of lignicolous fungi was consistent across all study zones, with 14 taxa
recorded in SA, five in SDA and 11 in BEF. Humicolous taxa were restricted to the aguajal
habitats, whereas terricolous fungi occurred in all zones but were more frequent in BEF.

Despite these differences, substrate use did not vary significantly among habitats
(χ2 = 6.63, df = 6, p = 0.357), indicating that the overall distribution of substrate guilds
remained relatively similar across the three study zones.

3.6. Data Records and Photographic Evidence

A complete taxonomic inventory of the macrofungal species documented in the Tin-
gana Conservation Concession is presented below (Table 6), including information on phy-
lum, class, order, family, substrate association, and occurrence across the sampling zones.
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To complement the taxonomic information and facilitate species recognition, representative
photographs of the fruiting bodies observed in the field are provided (Figures 7–10). These
images are included for reference purposes only and do not necessarily correspond to the
individual specimens used for taxonomic identification or deposited as voucher material.

Table 6. Checklist of macrofungi recorded in the Tingana Conservation Concession (TCC), San Martín,
Peru. SA = Sparse Aguajal; BEF = Broadleaf Evergreen Forest; SDA = Semi-dense Aguajal.

Phylum Class Order Family Species Zone Habitat

Ascomycota Pezizomycetes Pezizales Sarcoscyphaceae Phillipsia domingensis
(Berk.) Berk. ex Denison BEF Lignicolous

Basidiomycota Agaricomycetes Agaricales Agaricaceae Cystolepiota sp. SA Terricolous
Basidiomycota Agaricomycetes Agaricales Agaricaceae Coprinellus sp. BEF Lignicolous
Basidiomycota Agaricomycetes Agaricales Agaricaceae Coprinopsis sp. SDA Terricolous
Basidiomycota Agaricomycetes Agaricales Hygrophoraceae Cotylidia sp. BEF Lignicolous
Basidiomycota Agaricomycetes Agaricales Hymenogastraceae Gymnopilus sp. SDA Lignicolous
Basidiomycota Agaricomycetes Agaricales Marasmiaceae Marasmius sp. 1 SA Humicolous
Basidiomycota Agaricomycetes Agaricales Marasmiaceae Marasmius sp. 2 SA Humicolous
Basidiomycota Agaricomycetes Agaricales Mycenaceae Mycena sp. 1 SA Humicolous
Basidiomycota Agaricomycetes Agaricales Mycenaceae Mycena sp. 2 SA, SDA Muscicolous

Basidiomycota Agaricomycetes Agaricales Physalacriaceae Oudemansiella cf. canarii
(Jungh.) Höhn. SA Lignicolous

Basidiomycota Agaricomycetes Agaricales Pleurotaceae cf. Hohenbuehelia sp. SA, SDA Lignicolous

Basidiomycota Agaricomycetes Agaricales Pleurotaceae Pleurotus djamor
(Rumph. ex Fr.) Boedijn BEF Lignicolous

Basidiomycota Agaricomycetes Agaricales Pluteaceae Pluteus cervinus (Schaeff.)
P. Kumm. SDA Lignicolous

Basidiomycota Agaricomycetes Agaricales Psathyrellaceae Parasola sp. 1 BEF Terricolous
Basidiomycota Agaricomycetes Agaricales Psathyrellaceae Parasola sp. 2 BEF Terricolous

Basidiomycota Agaricomycetes Agaricales Psathyrellaceae Coprinellus disseminatus
(Pers.) J.E. Lange BEF Lignicolous

Basidiomycota Agaricomycetes Agaricales Psathyrellaceae Pluteus sp. SA Lignicolous
Basidiomycota Agaricomycetes Agaricales Schizophyllaceae Schizophyllum commune Fr. BEF Lignicolous
Basidiomycota Agaricomycetes Agaricales Schizophyllaceae Schizophyllum radiatum Fr. SA Lignicolous

Basidiomycota Agaricomycetes Auriculariales Auriculariaceae Auricularia delicata
(Mont. ex Fr.) Henn. SA Lignicolous

Basidiomycota Agaricomycetes Hymenochaetales Hymenochaetaceae Fuscoporia gilva SDA Lignicolous

Basidiomycota Agaricomycetes Phallales Phallaceae Phallus multicolor
(Berk. & Broome) Cooke SDA Terricolous

Basidiomycota Agaricomycetes Polyporales Ganodermataceae Ganoderma sp. BEF Lignicolous

Basidiomycota Agaricomycetes Polyporales Meruliaceae Cymatoderma caperatum
(Berk. & Mont.) D.A. Reid SA Lignicolous

Basidiomycota Agaricomycetes Polyporales Meruliaceae Cymatoderma elegans
Jungh. SA Lignicolous

Basidiomycota Agaricomycetes Polyporales Polyporaceae Bresadolia uda
(Jungh.) Audet SA Lignicolous

Basidiomycota Agaricomycetes Polyporales Polyporaceae Lentinus strigosus Fr. BEF Lignicolous
Basidiomycota Agaricomycetes Polyporales Polyporaceae Lentinus crinitus (L.) Fr. SA Lignicolous
Basidiomycota Agaricomycetes Polyporales Polyporaceae Lentinus tigrinus (Bull.) Fr. SA, SDA Lignicolous

Basidiomycota Agaricomycetes Polyporales Polyporaceae Lentinus tricholoma
(Mont.) Zmitr. SA Lignicolous

Basidiomycota Agaricomycetes Polyporales Polyporaceae Lentinus sp. SDA Lignicolous

Basidiomycota Agaricomycetes Polyporales Polyporaceae Pycnoporus sanguineus (L.)
Murrill SA Lignicolous

Basidiomycota Agaricomycetes Polyporales Polyporaceae Polyporus sp. SDA Lignicolous
Basidiomycota Agaricomycetes Polyporales Polyporaceae Favolus sp. SA Lignicolous
Basidiomycota Agaricomycetes Polyporales Polyporaceae Trametes sp. BEF Lignicolous

Basidiomycota Agaricomycetes Polyporales Polyporaceae Trametes villosa (Sw.)
Kreisel SA Lignicolous

Basidiomycota Agaricomycetes Russulales Stereaceae Stereum sp. BEF Lignicolous
Basidiomycota Tremellomycetes Tremellales Tremellaceae Tremella sp. BEF Lignicolous
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Figure 7. Representative species of macrofungi recorded in Tingana (A1–A10), presented as reference
illustrations of their habit and macroscopic morphology in natural conditions: (A1) Phillipsia domingen-
sis; (A2) Cystolepiota sp.; (A3) Coprinellus sp.; (A4) Coprinopsis sp.; (A5) Cotylidia sp.; (A6) Gymnopilus sp.;
(A7) Marasmius sp. 1; (A8) Marasmius sp. 2; (A9) Mycena sp. 1; (A10) Mycena sp. 2.
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Figure 8. Representative macrofungal species present in Tingana (B1–B10): (B1) Oudemansiella
cf. canarii; (B2) cf. Hohenbuehelia sp.; (B3) Pleurotus djamor; (B4) Pluteus sp. 1; (B5) Parasola sp. 1;
(B6) Parasola sp. 2; (B7) Coprinellus disseminatus; (B8) Pluteus sp. 2; (B9) Schizophyllum commune;
(B10) Schizophyllum radiatum.
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Figure 9. Representative species of macrofungi recorded in Tingana (C1–C10), presented as refer-
ence illustrations of their habit and macroscopic morphology in natural conditions: (C1) Auricularia
delicata; (C2) Fuscoporia gilva; (C3) Phallus multicolor; (C4) Ganoderma sp.; (C5) Cymatoderma caper-
atum; (C6) Cymatoderma elegans; (C7) Bresadolia uda; (C8) Lentinus strigosus; (C9) Lentinus crinitus;
(C10) Lentinus tigrinus.
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Figure 10. Representative species of macrofungi recorded in Tingana (D1–D8), presented as reference
illustrations of their habit and macroscopic morphology in natural conditions: (D1) Lentinus tricholoma;
(D2) Lentinus sp.; (D3) Pycnoporus sanguineus; (D4) Polyporus sp.; (D5) Favolus sp.; (D6) Trametes sp.;
(D7) Trametes villosa; (D8) Stereum sp.
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4. Discussion
This study revealed a remarkable diversity of macroscopic fungi in the floodplain

forests of Tingana, where 20 species were identified to genus level and 19 to species
level, with 38 taxa belonging to Basidiomycota and 1 to Ascomycota. The dominance
of basidiomycetes is consistent with reports from other Peruvian Amazonian sites: Mori
et al. documented 24 basidiomycete versus 5 ascomycete species in Puerto Almendras [53],
Espinoza reported 57 basidiomycete species along the Iquitos–Nauta highway [54], and
similar patterns have been confirmed elsewhere [55–58].

Despite having fewer orders than in boreal forests of the Northern Hemisphere,
Agaricales and Polyporales stand out for their remarkable diversity in tropical ecosystems,
where eight polyporoid orders have been recorded compared to eleven in boreal regions [59].
However, macrofungi species richness is significantly higher in the tropics, consistent with
the latitudinal diversity gradient (LDG) hypothesis [60,61].

In peatlands, saprophytic fungi are crucial for the decomposition of plant debris,
contributing to the formation and maintenance of peat [62]. As observed in this study,
they are most abundant in lignicolous habitats. Substrate preference is a key factor de-
termining the composition and distribution of macrofungi [63–65]. In our study, a high
frequency of lignicolous fungi was observed, including Auricularia delicata, which grows on
fallen logs and is common in tropical and subtropical regions [66]; Schizophyllum commune,
which is widely distributed in diverse habitats colonising living trees and dead wood [62];
and species of the genus Lentinus [67,68]. Studies in Malaysia show a higher richness of
Lentinus in tropical forests with more stable moisture conditions, in contrast to the water
fluctuations of the Amazon flooded forest [69,70]. In addition, several recorded species
are edible (see Figures 7–10): Auricularia delicata (Figure 9(C1)), Oudemansiella cf. canarii
(Figure 8(B1)), Phillipsia domingensis (Figure 7(A1)), Pleurotus djamor (Figure 8(B3)), Schizo-
phyllum commune (Figure 8(B9)), and species of the genus Lentinus (Figure 9(C8–C10) and
Figure 10(D1,D2)) [71], representing a potential resource for local communities [72–74].

Frequent and prolonged flooding in floodplain forests creates anoxic conditions in
the soil, which negatively affects terrestrial macrofungi, most of which are obligate aer-
obes. Excess water reduces oxygen concentration in soil pores, limiting metabolic activity,
mycelial growth, and fruiting [75–77]. In contrast, lignicolous macrofungi depend more on
the availability of woody substrates than on soil conditions. However, it is important to
clarify that wood-decay fungi also require aerobic conditions within the woody substrate
to produce fruiting bodies and secrete lignocellulolytic enzymes. Submerged or water-
logged wood becomes anoxic, inhibiting decomposition [78]. Therefore, the dominance
of lignicolous macrofungi in Tingana is not due to tolerance to anoxia, but rather because
the woody substrates (fallen logs, branches, stumps) remain above the water table or are
periodically exposed during dry periods, providing the necessary aerobic conditions with
high humidity [79].

In this study, specific morphological determinations were not possible for some speci-
mens, mainly due to the scarcity of taxonomic information on Neotropical fungi and the
existence of species complexes. Molecular tools are crucial for revealing the true extent of
fungal diversity, as seen in genera such as Gymnopilus and Mycena [80,81]. These results
highlight the importance of molecular techniques and the need to continue research in
peatlands to gain a deeper understanding of the systematics and ecological role of these
fungi [11].

One limitation of the present study is the exclusive reliance on morphological iden-
tification of specimens. Although this approach is suitable for baseline inventories in
underexplored ecosystems, it does not allow for the resolution of cryptic species complexes,
nor does it detect the fungal fraction that fails to fruit during seasonal sampling windows,
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such as endophytes or mycorrhizal fungi. The absence of molecular data, including ITS
barcode sequences or environmental metabarcoding, restricts the taxonomic verification
of several groups and limits biogeographic comparisons with other Andean–Amazonian
peatlands. Nevertheless, this research provides a solid and necessary foundation for
understanding fungal diversity in Tingana, and the integration of molecular techniques
in future studies will be essential to confirm and expand upon the ecological patterns
documented here.

5. Conclusions
This study provides one of the first macrofungal inventories for tropical peatlands

in the Andean-Amazonian foothills of Peru. A total of 39 taxa were recorded across
three habitat types within the Tingana Conservation Concession, with Agaricales and
Polyporales being the most diverse orders and lignicolous substrates accounting for 71.79%
of records. These findings suggest that differences in habitat type and substrate availability
are associated with variation in macrofungal richness; however, because we did not directly
measure canopy structure or flooding regime, and given the short sampling period (one
year), causal relationships cannot be established. The loss of fungi associated with carbon-
storing ecosystems could destabilize the delicate balance of these habitats and accelerate
carbon emissions, exacerbating climate change. Future studies integrating molecular tools
are essential to fully characterize fungal diversity and support the conservation of these
underexplored, carbon-rich ecosystems.
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