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Abstract: The use of bioindicators to assess the conservation status of various ecosystems is becoming
increasingly common, although fungi have not been widely used for this purpose. The aim was to
use the analysis of the macromycetes fruiting bodies in the area of a natural reserve and the degree
of preservation of its different zones combined with the use of geographical information systems
(GIS). For this purpose, quantitative and qualitative fungal samples were carried out in plots of the
middle-west of the Iberian Peninsula previously delimited and characterised thanks to GIS during
the springs and autumns of the 2009-2012 period. In addition, the lifestyles of the fungal species were
analysed as well as the influence of the main meteorological parameters on fungal fruiting. A total
of 10,125 fruiting bodies belonging to 148 species were counted on 20 plots with four vegetation
units (holm oak dehesas, mixed holm oaks and Pyrenean oak dehesas with different abundance and
grasslands). The distribution of the different species, their lifestyles and the number of fruiting bodies
in the different plots of the reserve indicated that the eastern part was best conserved, showing that
the combination of fungal diversity studies and the use of GIS could be useful in the management of
areas with environmental relevance.
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1. Introduction

The sustainable management of forests and resources that can be obtained through them, such as
wood, fruit, or even ecosystem services (CO, capture), is becoming of considerable interest in recent
decades [1,2]. One of the most important aspects that must be taken into account before dealing with
the management of the forests and their resources is assessing their state of conservation. In this
way, it will be possible to know the initial stage before starting any kind of action. To this end,
throughout this century various methods have been proposed to evaluate the degree of preservation in
various woodlands [3,4], in which distinct factors are evaluated through different indices. However,
these methods did not, or only very partially, consider the contribution of one of the groups of
organisms with a fundamental role in forest dynamics, fungi [5]. Traditionally, three types of life forms
are considered in the Fungi kingdom, symbiotic with various plant species, saprophytes decomposing
material of various types and parasites on other species in various kingdoms [6]. The relevance of
these organisms and their lifestyles in the dynamics of different plant formations, especially forests,
is well known, favouring the recycling of products resulting from the activity of the ecosystem
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itself [7,8], the growth of various tree and shrub species [9], many of which are fundamental in the
physiognomic and ecological composition of the forest itself [10], and even with a potential role in
the bioremediation of various pollutants [11]. It should not be overlooked that a good number of
the fruiting bodies of these organisms also constitute a natural resource [12], nor the fact that 74% of
threatened fungal species are found in woody formations compared to 9% present in different types
of pasture [13], also highlighting the environmental importance of this type of vegetation. Most of
the studies carried out on fungal fruiting bodies as indicators of the conservation status of different
ecosystems were based on the occurrence of fruiting bodies of different species [14], or assessing the
connectivity between tree formations and myceliums of saprophytic species in wood remains [15].
No assessments were developed through these studies, therefore, that could be transferred to technical
teams managing forest areas as a further factor to be taken into account when estimating the preservation
of different ecosystems.

The aim of this paper was the use of fungal sporocarps produced in a forest ecosystem as a relevant
factor to assess the conservation status of these plant formations, and in the context of a characteristic
habitat type of the central-western Iberian Peninsula, the dehesas (in Spanish). These ecosystems,
also known as montado (in Portuguese), are the most widespread complex agrosilvopastoral systems
in Europe and are dominated by several species of the genus Quercus L. [16]. It was also intended to
examine the variation in the production of macroscopic fruiting bodies belonging to Ascomycota and
Basidiomycota, both quantitatively (in a number of sporocarps) and qualitatively (species diversity)
and the possible influence of meteorological parameters, extending the preliminary results shown in
previous work within the study area [17].

2. Materials and Methods

2.1. Study Area

This work was carried out in the “Campanarios de Azaba” Natural Reserve located in the
Middle-West of the Iberian Peninsula (N 40° 29.769 W 6° 47.551). This area has an area of
522 hectares located about 800 m.a.s.l. with a Mediterranean oceanic pluviseasonal bioclimate
(Rivas-Martinez et al., 2001). The dominant ecosystem in the area was an open agrosilvopastoral
ecosystem present in the Iberian Peninsula called “dehesa” (in Spanish) or “montado” (in Portuguese),
with a predominance of holm oak (Quercus ilex subsp. ballota (Desf.) Samp.) and Pyrenean oak
(Quercus pyrenaica Willd.), coexisting with cork oak (Quercus suber L.) and gall oak (Quercus faginea
Lam.) individuals. These formations covered approximately half of the area of the reserve, which has
traditionally been used for livestock (cattle and pigs) and occasionally for agriculture.

2.2. Delimitation of Vegetation Units

A physiognomic delimitation on a 1:1.000 scale of the different plant formations present in
the reserve was developed, obtaining a series of plots or tesserae, which were assigned to general
vegetation units, through geographic information systems (GIS), with the ArcGIS® 10.1 software
package. This theoretical and practical delimitation in different plots was conducted following
physiognomic and ecological criteria by means of the main plant formations and making reference
mainly to the tree types [18,19]. The predominance of holm oak or Pyrenean oak in the mixed dehesas
was established on the basis of a greater abundance of one or the other species, which was defined in
at least 60% of the trees present in each vegetation unit. The characterization of the territory from an
ecological point of view was completed by assigning the different vegetation units to habitats defined
by the European Union [19,20], for future management activities in the study area.

2.3. Mycological Surveys

The evaluation of macromycological diversity was carried out between autumn 2009 and spring
2012, through four visits per weather station during three autumns (years 2009, 2010 and 2011)
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and three springs (years 2010, 2011 and 2012) to collect the different fungal fruiting bodies. In total,
they involved 24 samples (3 autumns + 3 springs X 4 visits per weather station) of 30 m X 30 m [21]
conducted on each of the previously delimited plots. The Ascomycota and Basidiomycota sporocarps
were subsequently identified in the laboratory by macroscopic and microscopic character analysis
using a LEICA DMRD microscope attached to a LEICA DC100 video camera and the LEICA Qwin
image software. Specific literature was used on taxonomic discrimination ([22-26], among others),
following CABI Index Fungorum [27] for nomenclature. The influence of meteorological parameters
on fructification, both qualitative (in species diversity) and quantitative (in a number of sporocarps)
was performed by means of Spearman’s non-parametric correlation statistic, taking into account that
fructification does not follow a normal distribution throughout the years. The software applied was
SPSS v.23. The meteorological parameters used were the averages of average, maximum, minimum
and difference in temperature (in °C) and total rainfall for the previous seven days [28], giving a
correlation coefficient with values between —1 and 1, representing a negative and positive correlation,
respectively. The meteorological data of temperature and precipitation were provided by the Spanish
State Agency of Meteorology (AEMET) via the weather stations located in Navasfrias (20 km from the
study area) and Albergueria de Argafidn (7 km away).

2.4. Assessment of the Conservation Status

The evaluation of the state of conservation of the different plots was performed according to three
parameters (health status, species richness and production of fruit bodies), estimated for each plot,
and then as a whole, in order to delimit the degree of preservation of each one of them and of the reserve
as a whole. These parameters and the scores assigned to the different categories are shown in Table 1.
Within this estimate, plots of land assigned to disturbed environments, whether agricultural crops,
reforestation, buildings or roads, as well as temporary ponds, have been discarded because they do not
constitute an adequate environment for the development of fruiting bodies. Firstly, the health status
was evaluated, considering the way of life of each of the identified specimens, estimating in each case its
proximity to the proportion reported by Moreno [29], as an indicator of a good state of health of each plot
(51% saprophytes, 47% symbiotics and 2% parasites). The number of fungal species was also considered,
as greater species richness leads to a better state of preservation of the various plots in a given area [30].
The number of specimens was taken into account with less weight than the two previous parameters
since the number of fruiting bodies does not seem to be so important in assessing conservation [31].
The latter parameters were assessed by taking into account the respective maximum values reached in
a plot, and scores were assigned on the basis of these values. The results that defined the scores in the
different sections are indicated as follows. Health status: optimum (fungal symbiotic species >40%),
Good (31-40% symbiotic species), Favorable (21-30% symbiotic species), Poor (<20%); Species richness:
Very high (>60 species), High (51-60 species), Medium (21-50 species), Low (<20 species); Production
fruit bodies: High (>800 carpophores), Medium (300-800 carpophores), Low (<300 carpophores).

Table 1. Criteria and scores taken into account to estimate the conservation status of the different plots
present in the study area.

Health Status Species Richness Production Fruit Bodies Preservation Status
Value Health Value N species Values Carpophores  Value Estimation
3 Optimum 3 Very high 2 High 8-7 Optimum
2 Good 2 High 1 Medium 6-5 Good
1 Favourable 1 Medium 0 Low 4-3 Suitable
0 Poor 0 Low 2-1 Poor
0 Not favourable

N species: number of species.
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3. Results and Discussion

The GIS analysis of the study area and the field evaluation led to the identification of four main
and vegetation units: holm oak dehesas (dominated by the holm oak), mixed dehesas of Pyrenean oak
and holm oak (with a greater presence of Pyrenean oak accompanied by the holm oak), mixed dehesas
of holm oak and Pyrenean oak (same as the previous case, but with a greater abundance of holm oaks),
and grasslands of different types and composition. It should be noted that the different lakes of natural
or artificial origin were not included in this generic synthesis of vegetation units, because no fruiting
bodies were observed to develop in them, except in the case that they had a herbaceous component on
their borders, and they were ascribed to grasslands (Table 2, Figure 1). In total, grouping all the above
factors, 20 different plots in the study area were analysed. The delimitation in units revealed that almost
a third (31%) of the Natural Reserve was made up of holm oak dehesas, followed by grasslands (21%),
mixed dehesas of holm oak and Pyrenean oak (12%) and mixed dehesas of Pyrenean oak and holm oak
(83%). The remaining plots, together with another third of the area analysed, were considered to be
areas with a high degree of human intervention, such as crops and reforestation (15%), Mediterranean
temporary ponds or natural eutrophic ponds (11%), and roads and built-up areas (7%). The application
of GIS for the conservation of forest formations has proven to be an effective tool in the sustainable
management of their resources [32], as well as for the elaboration of preservation plans associated with
these formations and their associated habitats [33].

| Vegetation Units

| HOdehesa
- HO mixed dehesa

£ oters

[ PO mixed dehesa

Figure 1. Vegetation units present in the “Campanarios de Azaba” Natural Reserve. HO: Holm oak;
PO: Pyrenean oak. (The number of plots analysed in brackets).
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Table 2. Vegetation units described in the Natural Reserve “Campanarios de Azaba” and habitats
defined by the EU (Directive 92/43 CEE) that can be placed on them, with their code (EU_Code)
and whether or not they have priority status (marked with an asterisk “*” and shaded in grey).

VEGETATION UNITS EU HABITAT NAME EU_CODE PRIORITY

Pseudo-steppe with grasses and
annuals of the 6220 *
Thero-Brachypodietea

Holm oak dehesas Endemic oro-Mediterranean

heaths with gorse 4090 Np
Dehesas with evergreen Quercus 6310 Np
spp-
Pseudo-steppe with grasses and
annuals of the 6220 *

Thero-Brachypodietea

Mixed dehesas of holm Endemic oro-Mediterranean 4090 Np

heaths with gorse
oak and Pyrenean oak .
Dehesas with evergreen Quercus

spp-

Galicio-Portuguese oak woods

with Quercus robur and Quercus 9230 Np
pyrenaica

6310 Np

Pseudo-steppe with grasses and
annuals of the 6220 *
Thero-Brachypodietea
Mediterranean tall humid herb
grasslands of the 6420 Np
Mixed dehesas of Molinio-Holoschoenion.
Pyrenean oak and holm Endemic oro-Mediterranean
oak heaths with gorse
Dehesas with evergreen Quercus
spp.
Galicio-Portuguese oak woods
with Quercus robur and Quercus 9230 Np
pyrenaica

4090 Np

6310 Np

Pseudo-steppe with grasses and
annuals of the 6220 *
Thero-Brachypodietea
Mediterranean tall humid herb
grasslands of the 6420 Np
Molinio-Holoschoenion.

Np: No priority.

A total of 148 fungal species were identified in the reserve during the different visits in the period
2009-2012 (Table S1). Two species can be highlighted because they are included in the Red List of
Endangered Mushrooms in Europe [34]: Hericium erinaceus (Bull.) Pers. in a mixed holm oak and
Pyrenean oak dehesa, and Torrendia pulchella Bres. (=Amanita torrendi Justo) in a holm oak dehesa with
sandy soil and some Pyrenean oaks [17]. The role of these red lists in conserving fungal species and the
habitats in which they grow should cover more specific geographical or administrative areas, such as
at country level [35]. In the Iberian Peninsula, there have been some proposals [36], but a red list has
not yet been defined, and we think it would be a useful tool for the preservation of ecosystems [37].
Species richness is similar to that reported for other Mediterranean Quercus formations [38—40].

In the 2009-2010 period, almost half of the species of the whole catalogue were found, a proportion
that increased to almost 70% by the end of spring 2011 (Figure 2). In autumn 2011 almost all the
species were catalogued, with only three new species appearing in spring 2012. Seasonally, 77% of
the species were collected during the autumn. This type of dynamic has already been identified in
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study plots with ecosystems similar to those in the area of analysis [41], suggesting that two years
of study may be adequate to characterize fungal diversity through the analysis of fruiting bodies.
However, the lack of sampling during the winter and summer could lead to a loss of information on
climate change indicator species, since their sporocarps appear in adverse weather conditions [42].
The number of fruiting bodies that appeared in the set of plots analysed throughout the 24 weeks
of study was 10,125, a number similar to that counted in other works also developed in Iberian
dehesas [39]. The highest production of carpophores, as well as the fungal diversity, was obtained in
the autumn weeks (71% of the total), particularly autumn of 2011 where almost half of the identified
fruiting bodies were counted (Figure 2). Autumn has been reported as the season with the highest
fungal and spore production diversity in other works carried out in Mediterranean coastal holm-oak
forests [43]. The variability in sporocarp production from one year to another is very variable [44],
as our study showed, since almost twice as many fruiting bodies were counted in 2011than in the
other two years combined. This variability and inter-annual species diversity seem to be linked to
differences in meteorological parameters [45], mainly temperature and precipitation prior to fruiting
periods [46], especially in regions with a Mediterranean climate [47]. For this reason, the influence of
these two meteorological parameters on the diversity of species and the number of sporocarps was
evaluated using the Spearman correlation statistic (Table 3).
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9 75 - 15
v - M M 7]
- - Q2
9 M T
& _ o
£ 50 n - 102
B 3
% 5
2 25 L.
®
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£,
3 o -0
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Autumn  Spring 2010  Autumn  Spring 2011 Autumn  Spring 2012
2009 2010 2011
weeks

Figure 2. Number of species identified (cumulative %) and of fruiting bodies (in % of total)
during 2009-2012.

Table 3. Influence of the average temperature and total rainfall of the previous 7 days on the diversity
and production of carpophores recorded in the studied weeks.

Number sps Tmax Tmin Tmean Dif. Temp Rainfall
n carpophores 0.8437 ** -0.2133 0.1926 -0.1001 -0.3791 0.4136 *
Number sps —0.4502 * —0.0063 —0.3346 —0.5363 ** 0.5358 **

Number sps: number of species; Tmax: maximum daily temperature; Tmin: minimum daily temperature; Tmean:
daily mean temperature; Dif. Temp: daily temperature differences; temperature in °C. Rainfall (in mm). Significance
levels: * 0.95%, ** 0.99%. In black, significant positive correlations. Underlined, significant negative correlations.

The results indicated a significant positive correlation between the number of species and
sporocarps with rainfall, which was higher in the case of the number of species. For the number of
species identified there was a negative correlation with the difference in daily temperature and the
maximum daily temperature in the week prior to sampling. The positive effect of previous precipitation
on fungal fruiting, both quantitative and qualitative, has already been reported in Mediterranean
ecosystems [48]. In these environments, the difference in previous daily temperatures and the maximum
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temperature also had a negative effect on the diversity and abundance of sporocarps [49]. However,
it would be advisable to increase the number of years analysed as well as to extend the frequency
of study for a better evaluation of the influence of meteorological parameters on the diversity and
production of fruiting bodies [41].

The species identified were mainly distributed in 69% of holm oak dehesas, followed by mixed
holm oak and Pyrenean oak dehesas, Pyrenean oak and holm oak dehesas (15% and 12%, respectively),
and grasslands (4%). One factor that could have influenced the lower location of specimens in the
meadows, in addition to their smaller extension in the study area, was the previous agricultural
use in some cases, which could even reduce the appearance of various fruiting bodies. In addition,
the subsequent livestock load should be noted, as many of the carpophores were removed, damaged,
or even ingested by the different animals for livestock use [50].

Analysis of the way of life in the area studied showed a notable predominance of saprophytic
(72%) over symbiotic (27%) and, in a residual way, parasitic (1%) species. Other studies carried out in
Mediterranean ecosystems dominated by various species of the genus Quercus [40,50] indicated lower
percentages of saprophytic species, which could reflect the influence of livestock numbers on the
presence of taxa with this lifestyle. This representation did not show great variations with respect to the
different units of vegetation studied, with slight percentage variations in the holm oak dehesas and the
mixed holm oak and Pyrenean oak in the presence of symbiotic species or otherwise in the oak grove,
except in the grasslands, with a notable presence of saprophytic species (Figure 3). Centuries-old and
extensive livestock use could have conditioned the large percentage of saprophytic taxa present in all
the habitats considered, especially in the grasslands where livestock use was even greater, as indicated
by the presence of various coprophilic species, such as the genera Coprinus Pers., Coprinopsis P. Karst.,
or Panaeolus (Fr.) Quél. [51].

107 OSaprophyte  OSymbiotic ®Parasite
90 -
80 - [ ]
70 + ]
60 -
50 -

40 -

% fungal species

30 4

20 A

10
0

HO dehesas PO mixed dehesasHO mixed dehesas  Grasslands BR

Figure 3. Average percentage representation of the different lifestyles considered in the vegetation
units present within the territory under analysis (period 2009-2012). HO dehesas: holm oak dehesas.
PO mixed dehesas: mixed Pyrenean oak and holm oak dehesas, dominated by the Pyrenean oak.
HO mixed dehesas: mixed holm oak and Pyrenean oak dehesas, dominated by the holm oak. BR:
the entire natural reserve “Campanarios de Azaba”.

The evaluation of the conservation status within each of the physiognomically defined plots
in the study area was based on three parameters. The results are summarized in Table 4. The first
one, the health status was estimated taking into account the way of life of each of the species and
the proximity to the indicators referred to by Moreno [29]. The evaluation of this parameter made
it possible to estimate that more than half of the plots in the reserve presented a good or favourable
health status (59.7% overall), although it should be noted that no plot was catalogued as “optimal”



Sustainability 2020, 12, 10442 8 of 15

state (Figure 4). There could again be an influence of the livestock load in the years prior to the study
on the increased presence of saprophytic taxa [52], and the low representativeness of good or optimal
plots according to the lifestyle of the fungal species.

Table 4. Results of the parameters analysed to assess the state of conservation in the different plots.

Fungal Lifestyle (%)

Vegetation Unit Plot N'sps Saprophte Symbiotic Parasite N Fruit Bodies

Culture 1 NE NE NE NE NE

6 16 59 41 0 240

14 6 100 0 0 90

Grasslands 16 4 100 0 0 60
20 11 91 9 0 165

2 13 62 38 0 195

3 24 71 29 0 465

4 33 76 24 0 555

10 35 70 30 0 645

HO dehesas 12 21 54 46 0 360
13 49 76 24 0 930
17 82 68 31 1 1905
18 56 51 46 3 1095

19 36 69 29 2 675

5 39 89 9 2 645

HO mixed 8 12 75 25 0 180
dehesas 11 23 78 22 0 345
15 18 47 48 5 285

PO mixed 7 21 83 17 0 360
dehesas 9 51 85 13 2 930

N sps: number of species. Fungal lifestyle (%): percentage of each type of life in relation to the total. N fruit bodies:
number of fruit bodies. HO dehesas: Holm oak dehesas. PO mixed dehesas: mixed Pyrenean oak and Holm
oak dehesas, dominated by the Pyrenean oak. HO mixed dehesas: mixed holm oak and Pyrenean oak dehesas,
dominated by the holm oak. NE: not evaluated.
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4 Health Status
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Figure 4. Health status of the different plots in the “Campanarios de Azaba” Natural Reserve according
to the lifestyle in macrofungal species.

Parasite species have been found mainly in Pyrenean oak specimens, which could be due to two
main and even complementary reasons. The first of these refers to the limit of distribution of the
Pyrenean oak in the area, as it usually appears on north-facing slopes and/or in places with greater
soil humidity [53]. The appearance of a series of years in which a decrease in the total amount of
precipitation or even in its seasonal distribution is noted, could have influenced a weakening of this
tree species and the appearance of parasitic organisms [54]. This negative effect could also be due,
to a greater or lesser extent, to the different uses derived from the debudding of the Pyrenean oak
formations, and, in particular, the exercise of excessive and/or inadequate pruning [55]. This worse
level of conservation shown by the mixed Pyrenean oak and holm oak dehesas was also reflected in
a lower degree of symbiotic species (14%), which establish mycorrhizae mainly with this tree species,
with respect to the holm oak dehesas (31%) and the mixed holm oak and Pyrenean oak dehesas (28%).

With regard to fungal diversity, based on the number of species, it was observed that only 7%
of the plots had a very high or high number of species (Figure 5), with the percentage of plots with
a medium amount (50.9%) being notably higher, and even for those with a low number of species
(42.1%). The greatest diversity of taxa was found mainly in the eastern part of the reserve. The use
of fungal diversity in plots of the same area to assess their state of conservation has been shown to
be useful [56].

The last parameter, the number of sporocarps counted, showed that approximately half of the
plots analysed (49.1%) had a low number of specimens, only 10.5% with an abundance of fruiting
bodies, leaving the rest with a medium number (Figure 6). These results generally indicated a greater
number of fungal specimens in the holm oak dehesas, mainly in the eastern part of the area studied.
This parameter was mainly used in ecological succession studies after fires [57], since in mature plant
formations it is not usually considered a very relevant parameter [31].
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Figure 5. Number of fungal species identified in the period 2009-2012 within the different plots defined
in the “Campanarios de Azaba” Natural Reserve.

Figure 6. Number of fruit bodies found in the period 2009-2012 within the different plots defined in
the “Campanarios de Azaba” Natural Reserve.
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The combination of all these parameters was used to assess the state of conservation of the various
plots in the Natural Reserve (Figure 7). Using the mycological indicators, it was considered that almost
a third of the plots presented a suitable state of preservation, with only a small part (5.3%) having an
optimum or good status, mainly the holm oak dehesas located at the East. Of the rest of the plots
analysed, nearly half displayed poor status (8.8%) or not favourable (38.6%) status.

| Preservation Status
- Optimum
| Good
Suitable
| Not favourable
| Poor

Unevaluated

Figure 7. Preservation status of the different plots defined in the “Campanarios de Azaba” Natural
Reserve according to fungal indicators (lifestyle, number of species and number of fruit bodies).

Macromycetes species have been used as indicators of the conservation status in various forest
systems [58], focusing mainly on the dynamics of symbiotic species, mainly ectomycorrhizal [59]
and sometimes with economic-gastronomic interest [60]. However, not enough is known about the
fungal composition of forest formations to be able to use them widely as biological indicators of forest
health [61]. In addition, some authors considered that joint studies with the dynamics and diversity
of lichen-forming fungi [62] would be necessary for a more correct assessment of their degree of
preservation, especially for forest habitats with older individuals [63]. In any case, the relevance of
fungal species as a tool for assessing the health of habitats has been stressed [64], subject to further
contributions that should be made in this field [65]. The use of GIS in the management of forest
ecosystems has proven to be a very useful tool [66] and is now even employed in the planning
of Mediterranean landscapes by linking economic and environmental perspectives [67]. However,
studies combining fungal species as biological indicators and GIS were very scarce and related to the
distribution of pathogenic fungal taxa [68]. This work aims to contribute to highlighting the relevance
of macromyecetes species as indicators of the degree of habitat conservation and the use of GIS for
more efficient environmental management. In any case, a greater number of studies are needed in
this area where possibly more years of study are contemplated in order to better evaluate mycological
diversity and its dynamics, preferably evaluating possible changes in the distribution of species and
their lifestyles.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/12/24/10442/s1.
Table S1. Mycological catalogue with the species identified in the period 2009-2012 (in alphabetical order).
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