Appendix for 
Tree Cavities as Key Microhabitats: Ecosystem Function and Conservation in Iberian Quercus Forests

Appendix S1. Detailed fungal sampling, laboratory procedures, and bioinformatic parameters
Sampling was performed in Cabañeros National Park and Monfragüe National Park, Spain, where 20 cavities of holm oak (Quercus ilex) were sampled in two plots per park. Cavities were accessed using a ladder, and one wood sample per cavity was obtained by drilling approximately 5 cm into the wood with an 8 mm diameter drill. Drills were sterilized with alcohol between trees to prevent cross-contamination. Sawdust was collected on aluminum foil sheets, transferred to plastic bags, and stored at –20 °C on the same day. For DNA extraction, 0.4 g of freeze-dried sawdust per sample was placed into 2 mL screw-cap tubes and homogenized with glass beads.
DNA was isolated using the DNeasy PowerSoil Pro DNA isolation kit (Qiagen) following the manufacturer’s protocol, with extraction blanks included in every round. DNA was resuspended in a final volume of 50 μL. The fungal ITS2 region (~330 bp including primers) was amplified using ITS3 and ITS4 primers (White et al. 1990). The first PCR was performed in 12.5 μL reactions containing 1.25 μL template DNA, 0.5 μM primers, 3.13 μL Supreme NZYTaq 2× Green Master Mix (NZYTech), and ultrapure water. Cycling conditions consisted of 95 °C for 5 min; 35 cycles of 95 °C for 30 s, 51 °C for 45 s, and 72 °C for 45 s; followed by 72 °C for 7 min.
Dual indices for multiplexing were added in a second PCR performed in 25 μL reactions containing 2.5 μL of the first PCR product, 1 μM dual-indexed primers, 6.25 μL Supreme NZYTaq 2× Green Master Mix, and ultrapure water. Cycling included 95 °C for 5 min; 5 cycles of 95 °C for 30 s, 60 °C for 45 s, and 72 °C for 45 s; and a final extension at 72 °C for 7 min. Negative PCR controls were included in each round. Library size was verified on 3 % agarose gels stained with GreenSafe (NZYTech) and visualized under UV light. Libraries were purified using Mag-Bind RXNPure Plus magnetic beads (Omega Bio-tek), quantified with a Qubit dsDNA HS Assay (Thermo Fisher Scientific), pooled in equimolar amounts, and sequenced on a NovaSeq PE250 platform (Illumina) targeting ~4 Gb output.
Illumina paired-end raw data consisted of forward (R1) and reverse (R2) FASTQ files containing per-base quality scores. Adapter dimers were removed using Cutadapt v5.0 (Martin 2011). Sequence quality was assessed with FastQC (Andrews 2017) and summarised with MultiQC (Ewels et al. 2016).
Further processing was performed with Cutadapt v4.7 (Martin 2011) to remove residual primer sequences and adapters. Reads were quality filtered by allowing a maximum of two expected errors per sequence and discarding sequences containing ambiguous bases. Filtered reads were denoised, merged, and chimera-checked using DADA2 v1.26.0 (Callahan et al. 2016) with default parameters and the consensus chimera removal method.
Because fungal genomes may contain multiple ITS copies (Bradshaw et al. 2023), ITS2 amplicon sequence variants were clustered into OTUs at 97 % similarity using DECIPHER v2.26.0 (Wright 2016). Taxonomic assignment was first performed using the DADA2 classifier against the UNITE database (Abarenkov et al. 2024), using the most recent version available at the time of analysis (2026; UNITE v10). A parallel assignment was conducted using the GBIF Sequence ID tool, which queries the UNITE reference library through BLASTN searches implemented in NCBI BLAST+ (Altschul et al. 1990, Camacho et al. 2009). Although multiple high-scoring matches may be retrieved, only the best match is reported in scientificName, while matchType reflects agreement among top matches. Final taxonomic identities were curated by integrating both classification approaches, field observations, and phylogenetic analyses. Fungal ecological guilds were assigned using the FungalTraits database (Polme et al. 2020).


Fig. S1. Geographic distribution of Mediterranean study sites in the Iberian Peninsula from which new data on cavity use were obtained. The map shows the location and names of the study sites, the taxonomic group considered (saproxylic insects, vertebrates, or both), and the three main microclimatic conditions of the Iberian Peninsula. Political boundaries of countries are also shown. Fungal sampling was conducted in two holm oak stands located within Monfragüe National Park (site 7) and Cabañeros National Park (site 9), respectively.
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[bookmark: _GoBack]Table S1. Number of emergence traps, oak species (Quercus spp.), sampling years, and approximate coordinates are shown for each site. Emergence traps were used to sample saproxylic beetles from tree cavities. Study areas are Mediterranean oak forests in central and eastern Spain: Cabañeros NP (Ciudad Real and Toledo provinces), Campanarios de Azaba NR, El Rebollar NA, Las Batuecas–Sierra de Francia and Sierra de las Quilamas NA (Salamanca province), and Font Roja and Sierra Espadán NP (Alicante province).
	Area
	NºTraps
	Tree species
	Sampling Year
	Coordinates

	Cabañeros (National Park)
	25
	Q. ilex rotundifolia
	2009-10
	39° 23.47 N 4° 29.14 W

	Cabañeros (National Park)
	21
	Q. pyrenaica
	2009-10
	39° 23.47 N 4° 29.14 W

	Cabañeros (National Park)
	8
	Q. faginea
	2009-10
	39° 23.47 N 4° 29.14 W

	Cabañeros (National Park)
	16
	Q. ilex rotundifolia
	2021-22
	39° 23.47 N 4° 29.14 W

	Cabañeros (National Park)
	16
	Q. pyrenaica
	2021-22
	39° 23.47 N 4° 29.14 W

	Cabañeros (National Park)
	18
	Q. ilex rotundifolia
	2015-16
	39° 23.47 N 4° 29.14 W

	Cabañeros (National Park)
	9
	Q. suber
	2015-16
	39° 23.47 N 4° 29.14 W

	Campanarios de Azaba Natural Reserve
	20
	Q. ilex rotundifolia
	2010-11
	40° 29.769 N 6° 47.551 W

	Campanarios de Azaba Natural Reserve
	9
	Q. pyrenaica
	2010-11
	40° 29.769 N 6° 47.551 W

	Campanarios de Azaba Natural Reserve
	3
	Q. faginea
	2010-11
	40° 29.769 N 6° 47.551 W

	El Rebollar (Natural Area)
	18
	Q. pyrenaica
	2014-15
	40°21.10 N 6°35.05 W

	Font Roja (Natural Park)
	7
	Q. ilex rotundifolia
	2015-16
	38°38.51 N 0° 32.46 W

	Las Batuecas-Sierra de Francia (Natural Park)
	26
	Q. ilex rotundifolia
	2012-13
	40° 27.291 N 6° 08.088 W

	Las Batuecas-Sierra de Francia (Natural Park)
	3
	Q. pyrenaica
	2014-15
	40° 27.291 N 6° 08.088 W

	Sierra de las Quilamas (Natural Area)
	27
	Q. pyrenaica
	2012-13
	40° 35.642 N 6° 03.201 W

	Sierra Espadán (Natural Park)
	9
	Q. suber
	2015-16
	39° 52.00 N 0°17.30 W

	Sierra Espadán (Natural Park)
	15
	Q. suber
	2024-25
	39° 52.00 N 0°17.30 W




Table S2. Fungal OTUs detected in 80 tree cavities from Cabañeros National Park and Monfragüe National Park showing total sequence abundance, number of samples in which each OTU was detected (two samples per cavity),, and assigned primary lifestyle categories based on FungalTraits (Polme et al. 2020). Ecological roles were assigned to 980 OTUs (47% of the total OTUs with taxonomic assignment at genus level).
Table S2 in Excel




Table S3. Saproxylic beetles recorded in tree cavities in Mediterranean oak forests (including samples collected in Salamanca, Ciudad Real, Castellón, and Alicante between 2009 and 2025) using emergence traps (see Methods for details). Information is provided on family, species, guild, host Quercus species, and threat category (European or Mediterranean) for the beetle species for which such information is available.
Table S3 in Excel



Table S4. Vertebrate taxa recorded in tree cavities in Mediterranean oak forests. For each species, the taxon, common name, scientific name, cavity use, functional group, foraging guild, IUCN threat status, and reference are provided. Functional group denotes the species’ main ecological role or diet (e.g., insectivorous, carnivorous, omnivorous), while foraging guild indicates its primary foraging strategy and stratum (e.g., ground, tree, aerial, or combinations).
	Taxon
	Species
	Scientific name
	Use of tree cavity
	Functional group
	Foraging guild
	Threat status IUCN
	Reference

	Amphibians
	Iberian tree frog
	Hyla molleri
	shelter
	Insectivorous
	Ground/Tree surface
	Least Concern
	This study, (Kirsch et al. 2021)

	Amphibians
	Marbled newt
	Triturus marmoratus
	shelter
	Insectivorous
	Ground
	Least Concern
	This study

	Reptiles
	Common wall gecko
	Tarentola mauritanica
	shelter
	Insectivorous
	Ground/Tree surface
	Least Concern
	This study,  (Márquez-Ferrando et al. 2009)

	Reptiles
	Mediterranean house gecko
	Hemidactylus turcicus
	shelter
	Insectivorous
	Ground/Tree surface
	Least Concern
	This study

	Reptiles
	Ocellated lizard
	Timon lepidus
	shelter
	Insectivorous/Omnivorous
	Ground
	Near Threatened
	This study

	Reptiles
	Sierra Nevada lizard
	Timon nevadensis
	shelter and bird predation
	Insectivorous/Carnivorous
	Ground
	Near Threatened
	This study

	Reptiles
	Ladder snake
	Zamenis scalaris
	shelter and bird predation
	Carnivorous
	Ground
	Least Concern
	This study

	Reptiles
	Common wall lizard
	Podarcis muralis
	shelter
	Insectivorous
	Ground
	Least Concern
	This study

	Reptiles
	Bocage’s wall lizard
	Podarcis bocagei
	shelter
	Insectivorous
	Ground
	Least Concern
	This study

	Reptiles
	Iberian wall lizard
	Podarcis hispanicus
	shelter
	Insectivorous
	Ground
	Least Concern
	This study

	Reptiles
	Horseshoe whip snake
	Hemorrhois hippocrepis
	shelter
	Carnivorous
	Ground
	Least Concern
	This study

	Birds
	Common kestrel
	Falco tinnunculus
	nest
	Carnivorous
	Aerial/Tree
	Least Concern
	(Mártinez-Padilla)

	Birds
	Stock dove
	Columba oenas
	nest
	Granivorous
	Tree
	Least Concern
	This study

	Birds
	Barn owl
	Tyto alba
	nest
	Carnivorous
	Ground
	Least Concern
	(Marti et al. 2024), This study

	Birds
	Scops owl
	Otus scops
	nest
	Carnivorous/Insectivorous
	Ground/Tree
	Least Concern
	This study

	Birds
	Little owl
	Athene noctua
	nest
	Carnivorous
	Ground/Tree
	Least Concern
	This study

	Birds
	Tawny owl
	Strix aluco
	nest
	Carnivorous
	Ground/Tree
	Least Concern
	This study

	Birds
	Common swift
	Apus apus
	Nest
	Insectivorous
	Aerial
	Least Concern
	This study

	Birds
	European roller
	Coracias garrulus
	nest
	Insectivorous
	Ground/Tree
	Least Concern
	This study

	Birds
	Eurasian hoopoe
	Upupa epops
	nest
	Insectivorous
	Ground/Tree
	Least Concern
	This study

	Birds
	Eurasian wryneck
	Jynx torquilla
	nest
	Insectivorous
	Ground/Tree
	Least Concern
	(Cortés and Domínguez 1997, Robles 2026)

	Birds
	Iberian green woodpecker
	Picus sharpei
	nest
	Insectivorous
	Ground/Tree
	Least Concern
	This study, (Robles et al. 2012)

	Birds
	Great spotted woodpecker
	Dendrocopos major
	nest
	Insectivorous
	Tree
	Least Concern
	This study, (Robles et al. 2012)

	Birds
	Middle spotted woodpecker
	Dendrocoptes medius
	nest
	Insectivorous
	Tree
	Least Concern
	(Robles et al. 2007)

	Birds
	Lesser spotted woodpecker
	Dryobates minor
	nest
	Insectivorous
	Tree
	Least Concern
	(Prieta 2022b)

	Birds
	Robin
	Erithacus rubecula
	nest
	Insectivorous
	Ground/Tree
	Least Concern
	This study

	Birds
	Common redstart
	Phoenicurus phoenicurus
	nest
	Insectivorous
	Ground/Tree
	Least Concern
	(Robles et al. 2012, Prieta 2022a)

	Birds
	Pied flycatcher
	Ficedula hypoleuca
	nest
	Insectivorous
	Tree
	Least Concern
	(Robles et al. 2012, Gordo 2022)

	Birds
	Coal tit
	Periparus ater
	nest
	Insectivorous
	Tree
	Least Concern
	This study

	Birds
	Crested tit
	Lophophanes cristatus
	nest
	Insectivorous
	Tree
	Least Concern
	(Romay Cousido and Justo Alvárez 2022), This study

	Birds
	Blue tit
	Cyanistes caeruleus
	nest
	Insectivorous
	Tree
	Least Concern
	This study, (Robles et al. 2011, 2012)

	Birds
	Great tit
	Parus major
	nest
	Insectivorous
	Tree
	Least Concern
	This study, (Robles et al. 2011, 2012)

	Birds
	Eurasian nuthatch
	Sitta europaea
	nest
	Insectivorous
	Tree
	Least Concern
	This study, (Robles et al. 2011, 2012)

	Birds
	Short-toed treecreeper
	Certhia brachydactyla
	nest
	Insectivorous
	Tree
	Least Concern
	This study, (Robles et al. 2011, 2012)

	Birds
	Jackdaw
	Coloeus monedula
	nest
	Omnivorous
	Tree/Ground
	Least Concern
	This study, 

	Birds
	Spotless starling
	Sturnus unicolor
	nest
	Omnivorous
	Tree/Ground
	Least Concern
	This study, (Robles et al. 2011, 2012)

	Birds
	House sparrow
	Passer domesticus
	nest
	Granivorous/Insectivorous
	Ground/Tree
	Least Concern
	This study

	Birds
	Spanish sparrow
	Passer hispanioliensis
	nest
	Granivorous/Insectivorous
	Ground/Tree
	Least Concern
	This study

	Birds
	Eurasian tree sparrow
	Passer montanus
	nest
	Granivorous/Insectivorous
	Ground/Tree
	Least Concern
	This study

	Birds
	Rock sparrow
	Petronia petronia
	nest
	Granivorous
	Ground/Tree
	Least Concern
	This study

	Mammals
	Red squirrel
	Sciurus vulgaris
	Shelter and nest
	Herbivorous/Omnivorous
	Tree/Arboreal
	Least Concern
	This study

	Mammals
	Wood mouse
	Apodemus silvaticus
	shelter and nest
	Omnivorous
	Ground
	Least Concern
	This study

	Mammals
	Algerian mouse
	Mus spretus
	shelter and nest
	Omnivorous
	Ground
	Least Concern
	This study

	Mammals
	Black rat
	Rattus rattus
	shelter and nest
	Omnivorous
	Ground/Tree
	Least Concern
	This study

	Mammals
	Garden dormouse
	Eliomys quercinus
	shelter and nest
	Omnivorous
	Tree/Ground
	Least Concern
	This study

	Mammals
	Fat dormouse
	Glis glis
	shelter and nest
	Omnivorous
	Tree/Ground
	Least Concern
	This study

	Mammals
	Red fox
	Vulpes vulpes
	shelter
	Carnivorous
	Ground
	Least Concern
	This study

	Mammals
	Least weasel
	Mustela nivalis
	shelter and bird predation
	Carnivorous
	Ground
	Least Concern
	(Potti and Merino 1994)

	Mammals
	Stoat
	Mustela erminea
	bird predation and shelter
	Carnivorous
	Ground
	Least Concern
	This study

	Mammals
	European polecat
	Mustela putorius
	shelter
	Carnivorous
	Ground
	Least Concern
	This study

	Mammals
	Beech marten
	Martes foina
	shelter and bird predation
	Carnivorous
	Ground/Tree
	Least Concern
	This study

	Mammals
	Pine marten
	Martes martes
	shelter
	Carnivorous
	Tree
	Least Concern
	This study

	Mammals
	European badger
	Meles meles
	shelter
	Omnivorous
	Ground
	Least Concern
	(Salgado 2014)

	Mammals
	Common genet
	Genetta genetta
	shelter and breeding
	Carnivorous
	Ground/Tree
	Least Concern
	(Carvalho et al. 2014), This study

	Mammals
	Iberian lynx
	Lynx pardinus
	shelter
	Carnivorous
	Ground
	Vulnerable
	(Fernández et al. 2002)

	Mammals
	European wildcat
	Felis silvestris
	shelter
	Carnivorous
	Ground
	Least Concern
	(Urra et al. 2014), This study

	Mammals
	Greater white-toothed shrew
	Crocidura russula
	shelter
	Insectivorous
	Ground
	Least Concern
	This study

	Mammals
	Daubenton's myotis
	Myotis daubentonii
	shelter
	Insectivorous
	Aerial
	Least Concern
	(Quetglas and Garrido-García 2014)

	Mammals
	Bechstein's bat
	Myotis bechsteinii
	shelter
	Insectivorous
	Aerial
	Near Threatened
	(Napal et al. 2009, Quetglas and Garrido-García 2014)

	Mammals
	Whiskered bat
	Myotis mystacinus
	shelter
	Insectivorous
	Aerial
	Near Threatened
	(Quetglas and Garrido-García 2014)

	Mammals
	Brown long-eared bat
	Plecotus auritus
	shelter
	Insectivorous
	Aerial
	Least Concern
	(Quetglas and Garrido-García 2014)

	Mammals
	Barbastelle
	Barbastella barbastellus
	shelter
	Insectivorous
	Aerial
	Near Threatened
	(Quetglas and Garrido-García 2014)

	Mammals
	Lesser noctule
	Nyctalus leisleri
	shelter
	Insectivorous
	Aerial
	Least Concern
	(Quetglas and Garrido-García 2014), This study

	Mammals
	Noctule
	Nyctalus noctula
	shelter
	Insectivorous
	Aerial
	Least Concern
	(Quetglas and Garrido-García 2014)

	Mammals
	Greater noctule bat
	Nyctalus lasiopterus
	shelter
	Insectivorous
	Aerial
	Vulnerable
	(Quetglas and Garrido-García 2014)

	Mammals
	Kuhl's pipistrelle
	Pipistrellus kuhlii
	shelter
	Insectivorous
	Aerial
	Least Concern
	(Quetglas and Garrido-García 2014)

	Mammals
	Common pipistrelle
	Pipistrellus pipistrellus
	shelter
	Insectivorous
	Aerial
	Least Concern
	(Quetglas and Garrido-García 2014)
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