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Knowing the structural role of species within communities is important for their conservation and management
in the context of recent/ongoing biodiversity loss. In a community, dominant species can influence the distri-
bution and composition of subordinate species. Despite existing research, an approach is lacking to help un-
derstand the important role of dominant species in the community, without requiring more detailed data. In this
study, we describe an approach to rank the relative importance of plant species within a community based on
their abundance and co-occurrence patterns. The Co-occurrence Community Importance Index (CoClII) — a newly
proposed index translating the degree of influence that each dominant species has on all its co-occurring sub-
ordinate species — was calculated and analysed. We used both abiotic and biotic variables within a species
distribution models framework, with data collected in the Vez watershed in the North of Portugal. Our analysis
included 114 plants — 26 dominant and 88 subordinate species. Spearman correlations were used to analyse
potential interspecific relationships between co-occurring dominant and subordinate species. Using the CoCII, we
ranked the relative importance of each dominant species within the plant community. Our results support the
role of plant-plant interaction patterns regarding our study area’s most highly inter-correlated species. Our
approach to ranking species’ importance can be directly translated into conservation schemes for managing and
maintaining the structure of plant communities. Moreover, it can provide insights into the relative importance of
dominant species in a plant community from commonly available datasets including presence-absence, presence-
only, or percentage cover data, which allows for the relatively cost-efficient in-field collection and monitoring
infield. Furthermore, this approach could allow us to advance the field of community ecology by providing
essential information on the species that assure the stability of natural or semi-natural habitats of conservation
concern.

1. Introduction

Due to global environmental change, biodiversity has been under
increasing pressure over the last decades (Tilman et al. 2017, Sun et al.
2020). Efforts to halt biodiversity loss have been manifold and include
the development of conceptual and methodological approaches to
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advance existing knowledge to support management and conservation
policies (Bliithgen and Kaiser-Bunbury 2015, Harvey et al. 2017, Trivino
et al. 2018, Alves et al. 2019). In this regard, establishing the relative
importance of species within a community is crucial to understanding
how species interact with their environment (Agrawal et al. 2007), with
applications to conservation such as prioritizing conservation targets
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(Jordan et al. 2008). Despite existing research, an approach is lacking to
help understand the important role of dominant species in the commu-
nity in shaping interspecific relationships and biodiversity (spatial or-
ganization and abundance), without requiring complex data such as
traits, and based only on the presence-absence or presence-only data.

Within a community, a few highly abundant species —i.e., “dominant
species” — shape the biodiversity and ecosystem functions of the com-
munity, whereas many species that are uncommon or restricted in their
range —i.e., “subordinate species” (Garbin et al. 2016) — often have weak
to negligible structuring impact on their communities or ecosystem
functions (Avolio et al. 2019). Dominant species can influence the dis-
tribution and composition of subordinate species through interactions of
facilitation and competition. For example, species in abiotic stress con-
ditions (stress-gradient hypothesis) tend to have more frequency of in-
teractions of facilitation (Pellissier et al. 2010a). On the other hand, the
competitive ability of the dominant plants can lead to losses of subor-
dinate species by competitive exclusion (Wu et al. 2022). Species with
pivotal roles within food webs are commonly called “keystone species”
(Libralato et al. 2006, Delibes-Mateos et al. 2007, Avolio et al. 2019).
Moreover, the spatial organization and abundance of subordinate spe-
cies can be determined by biotic interactions such as competition and
facilitation with dominant species (Boulangeat et al. 2012, Kunstler
et al. 2015, Garbin et al. 2016, Lynn et al. 2019, von Oppen et al. 2021).
Biotic interactions imposed by dominant species affect and shape sub-
ordinate plant species both positively (e.g., facilitation) and negatively
(e.g., competition) throughout the lifecycle of most plants, besides other
drivers such as environmental change and biological invasions (Kraft
and Ackerly 2014, Franklin et al. 2016). In plant communities, the
decline of growth and survival of a given species can be caused by
negative interactions (e.g., Bullock et al. (2000); Wisz et al. (2013)),
namely competition and parasitism (Kraft and Ackerly 2014).
Conversely, Kraft and Ackerly (2014) reported that “nurse plants” allow
other species with whom they have a positive association (facilitation)
to resist harsh environments by modifying the microclimate nearby. As a
result, the structural role of dominant species and their effect on other
species from the regional species pool can be detected by statistical
analyses (Pellissier et al. 2010a, Roux et al., 2014).

Complementing abiotic gradients, biotic interactions are key to un-
derstand community assembly (Garcia-Giron et al., 2020). Biotic in-
teractions have been analyzed using community data in a variety of
approaches, from co-occurrence analyses (Kay et al., 2017) to species
distribution models (Wisz et al. 2013). Patterns of species co-
occurrences (i.e., heterospecific relationships) are limited by dispersal
and biotic interactions (Pellissier et al. 2010a), which can be detected by
co-occurrence analyses or Species distribution modelling (SDMs). Spe-
cies distribution modelling (Elith and Leathwick 2009, Guisan et al.
2017) approaches have further been used to assess the impacts of biotic
and abiotic conditions on biodiversity. Integrating biotic variables can
increase our knowledge of individual species ranges and the spatial
variation in species assemblages, as well as improve the predictive
power of models and community richness and composition patterns
(Pellissier et al. 2010a, Wisz et al. 2013, Aratjo et al., 2014, Roux et al.,
2014). Moreover, Giannini et al. (2013) compared different methods for
including interspecific interactions in SDMs, concluding that ecological
and biological knowledge should guide the choice of biotic information
to be included in the models to improve their accuracy. On the other
hand, Roux et al. (2014) used a surrogate for biotic interactions to
improve community-level models and found that local richness was
reduced by dominant species, especially where competition was strong.
Finally, Klanderud et al. (2015) found different patterns in the impor-
tance of biotic variables to explain variation in species composition
across sites with different environmental conditions, underlining the
interactions between biotic and abiotic variables. This evidence is
crucial to informing and predicting species distributions (Pellissier et al.
2010a, Roux et al., 2014). Moreover, other studies have used dominant
species as proxies for biotic interactions based on subordinate species
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and their distributions (Meier et al. 2010, Pellissier et al. 2010a, Roux
et al. 2012, Roux et al., 2013, Roux et al., 2014). Enhanced predictions
provided by such models are crucial to inform and support conservation,
management, and monitoring efforts, as well as to project species trends
and shifts under environmental change (Roux et al., 2014, Alves et al.
2019).

Information on species’ characteristics and relative importance
within a community are essential to disclose drivers of species distri-
butions and relations with other species in community assemblages.
However, information on species’ biology, demography, and in-
teractions is not frequently available since its collection is usually
associated with high costs in terms of money, time, and expertise. As a
result, such information is still underused as predictive variables in
SDMs (Stephenson et al. 2022). On the other hand, species occurrence
and abundance data are much more commonly available (e.g., BIOTIME
(Dornelas et al. 2018)), but suitable methods to use them to achieve
insights on the dynamics and interactions within a community are
lacking. Thus, there is a pressing to develop robust methods taking
advantage on existing data to deepen knowledge on the drivers shaping
the communities and species, supporting the data-driven definition of
conservation priorities and goals.

In this study, we describe an approach to rank the relative impor-
tance of plant species within a community based on their abundance and
co-occurrence patterns — i.e. an aggregate measure of the average
explanatory power of a given dominant species, within a community, as
a predictor of the distribution of all of its co-occurring subordinate
species. To that end, we use both abiotic (e.g., climate, land cover) and
biotic variables (e.g., model predictions for subordinate species) within
an SDM framework to address the following two research questions:

(i) Can different dominant species exhibit different levels of (posi-
tive and/or negative) interspecific correlations of their relative
importance on subordinate species within a plant community?

(i) Can we identify the species with the highest levels of overall
relative importance within a plant community?

We illustrate our approach to ranking species’ importance within
plant communities by applying a newly-proposed Co-occurrence Com-
munity Importance Index with a pre-existing dataset that was collected
in the Vez watershed, located in the North of Portugal.

2. Material and methods
2.1. General approach

In this study, we present a model-based framework to rank the
relative importance of dominant species within the community (Fig. 1).
In this framework, both dominant and subordinate species occurrences
are modelled as response variables, while both abiotic (e.g., physiog-
raphy, land-use, climate) and biotic variables (e.g., percent cover of
dominant species) are used as predictors. In the first step, three groups of
Generalized Linear Models (GLMs) are fitted: (i) null models (i.e., with a
single intercept term); (ii) abiotic models (i.e., with only abiotic pre-
dictors); and (iii) abiotic + biotic models (i.e., with both abiotic and
biotic predictors). As a second step, performance is evaluated and
compared between models using the difference between the Akaike In-
formation Criterion (AIC) for the “best” model and each candidate
model (with a correction for finite sample size, i.e., AAIC.). Pairwise
interspecific relationships are analysed using Spearman correlations. In
step three, the Co-occurrence Community Importance Index — a newly
proposed index translating the degree of influence that each dominant
species has on all its co-occurring subordinate species - is calculated and
analysed for each dominant species. This index allowed us to identify co-
occurrence patterns and rank dominant species in terms of their relative
importance within the community. The data used to apply this general
framework was a pre-existing dataset located in the Vez watershed,
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Fig. 1. Graphical representation of the workflow diagram - Input data of species occurrence, and abiotic and biotic variables are used to obtain: (i) Spearman
correlations to analyze interspecific relationships; and (ii) species distribution models (SDMs), through Generalized Linear Models (GLMs), to evaluate and compare
species importance. Together, those two outputs are used to analyze species co-occurrence patterns in the community.

located in the North of Portugal, as described hereinafter.

2.2. Study area

The Vez River is a tributary of the Lima River, and its watershed (252
kmz) is located in the northwest portion of mainland Portugal (Fig. 2).
This watershed includes important areas for biodiversity conservation,
such as part of the Peneda-Gerés National Park and Natura 2000
network site (Civantos et al. 2018). Its topography is complex, with el-
evations ranging from 30 to 1400 m a.s.l., and slopes above 25% that
shape 58% of the catchment (Carvalho-Santos et al. 2019). Precipitation
is high all year round (1500 mm/year), except the summer (drier)
months (July and August), and the average temperature is around 13 °C
(Carvalho-Santos et al. 2019). This territory has been shaped by human
activities contributing to a diverse landscape, mainly shaped by the
agro-pastoral land management regime. In recent decades, this area has
been impacted by rural abandonment, encroachment, and afforestation
(Civantos et al. 2018). In addition, this area is also affected by frequent

fires during spring and summer.
3. Data
3.1. Biotic variables

Fieldwork was carried out between May and July 2014 to record
plant species occurrence and habitat characterization (for a more
detailed description, see Civantos et al. (2018)). A two-step nested
spatial sampling scheme was employed to select the locations for the
plant species surveys and habitat mapping (Civantos et al. 2018). This
scheme allowed to distribute of the sampling units across the main
environmental gradients throughout the study area (Civantos et al.
2018). Four main types of variables were included in the environmental
stratification: climate, topography, soil types, and protection regime
areas (for more detailed information regarding the sampling design
supporting the collection of this data, see Supplementary Material 1,
Table S1). Firstly, a stratified random sampling approach was used to
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Fig. 2. Location of: the study area — the watershed of river Vez — in northwestern mainland Portugal (left); and the in-field sampling units (n = 120), within the study

area (right).

identify the Primary Sample Units (PU) to select 24 PUs within a regular
grid of 1000 x 1000 m square units. In a second step, to reduce the costs
of the surveys, a systematic sampling approach was used to select five
Secondary Sample Units (SU) with a size of 200 x 200 m located at the
four corners plus the center of each 1000 x 1000 PU, resulting in a total
of 120 SUs (for more detailed information see Supplementary Material
1).

In each plot (SU), habitats were mapped using the General Habitat
Categories (GHC) methodology (Bunce et al. 2008). The concept of GHC
is based on Raunkiaer’s plant life form classification, which describes
habitat structure connecting to climate, specific site conditions, and
disturbance regimes. In each plot, all individual patches were charac-
terised and mapped based on the dominant GHC and all the life forms
with at least 10% cover. Within each patch, the dominant plant species
of each stratum - i.e., the species with a higher percentage cover within
the respective stratum, as long as that percentage was above 30% (Bunce
et al. 2008) — was recorded, including its percentage cover. Moreover, all
vascular plant species at the plot level were recorded.

The dataset of vascular plant species for the Vez watershed contains a
total of 536 species recorded for all of the 120 SUs. From this initial
number, only 114 species were analyzed, after excluding the ubiquitous
i.e — with<10 absences — and the rare or uncommon ones i.e — with<30
presences (see Supplementary Material 1 for a complete list of the plant
species analysed in this study). These thresholds were applied mainly
due to two factors: (i) using very unbalanced data with insufficient re-
cords (i.e. the ratio between a number of presences vs. a number of
absences) may decrease overall model performance, and (ii) low ratios
between the number of observations vs. the number of predictor vari-
ables result in more saturated models. Furthermore, since ubiquitous
species are present in (almost) all plots, they can grow in different

habitat types despite any environment or biotic filter. On the other hand,
rare or uncommon species are almost absent. As such, both ubiquitous
and rare/uncommon species present a challenge for modelling ap-
proaches because no particular rules or functions can explain their
occurrence. This also relates to the scale of the analysis, since some
species may have specific ecological requirements at a broad/coarse
scale but may be somewhat generalists at a local/finer scale. Of these,
species considered, 26 were considered dominant species (see Table 1),
for which the respective percentages of cover within their vegetation
stratum were retrieved from the habitat mapping dataset for the study
area. These percentages of cover were obtained by multiplying the
percentage of covers per patch by the total area of the patch, thus
obtaining the average percentage of covers for each SU.

3.2. Abiotic variables

Six variables distributed by three main categories — Physiography,
Land-use, and Climate — were selected for the analyses to represent the
major environmental gradients in the study area (Table 2).

For Physiography, two variables were included: (i) Terrain
Ruggedness Index (TRI), measuring the difference between a central cell
and its surrounding ones; and (ii) log-distance to rivers Log-dist); both
calculated from MERIT-DEM at 200 m (Yamazaki et al. 2017) using
GDAL (GDAL 2020) and the R Statistical Environment (R Core Team
2021).

For Land-use, two other variables were included: the respective
percentages of the cover of the ‘Agricultural’ (AGR) and ‘Sparsely
vegetated, shrubs and scrubs’ (SN) categories, extracted from the habitat
mapping dataset.

Finally, two additional variables representing bioclimatic indices
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Table 1

List of dominant plant species in the study area, along with their respective
acronyms and life form [(TPH/EVR (Tall Phanerophytes/Evergreen); CHE
(Caespitose hemicryptophytes); THE (Therophytes); LPH/EVR (Low Phanero-
phytes/Evergreen); TPH/NLE (Tall Phanerophytes/Non-leafy evergreen); FPH/
EVR (Forest Phanerophytes/Evergreen); LHE (Leafy hemicryptophytes); FPH/
CON (Forest Phanerophytes /Coniferous); TPH/DEC (Tall Phanerophytes
/Winter deciduous); MPH/EVR (Mid Phanerophytes/ Evergreen); HCH (Her-
baceous Chamaephytes); MPH/NLE (Mid Phanerophytes/Non-leafy evergreen);
LPH/NLE (Low Phanerophytes/ Non-leafy evergreen)].

Species name Acronym Life Form

Adenocarpus lainzii (Castrov.) Castrov ADELAI TPH/
EVR

AGRCOM  CHE

AGRCUR CHE

ARRBUL CHE

Agrostis truncatula subsp. commista Castrov. & Charpin

Agrostis curtisii Kerguélen

Arrhenatherum elatius subsp. bulbosum (Willd.) Schiibl. &
G.Martens

Bromus hordeaceus L.

Calluna vulgaris (L.) Hull

BROHOR THE
CALVUL LPH/
EVR
COLMYC THE
CYTSTR TPH/
NLE
DACGLO CHE
ERIARB TPH/
EVR
ERICIN LPH/
EVR
ERIUMB LPH/
EVR
EUCGLO FPH/
EVR
HOLLAN CHE
HOLMOL CHE
MENSUA LHE
PINPIN FPH/
CON
PLALAN LHE
PSELON CHE

Coleostephus myconis (L.) Rchb. f.
Cytisus striatus (Hill) Rothm.

Dactylis glomerata L.
Erica arborea L.

Erica cinerea L.

Erica umbellata Loefl. ex L.
Eucalyptus globulus Labill.
Holcus lanatus L.

Holcus mollis L.

Mentha suaveolens Ehrh.

Pinus pinaster Aiton

Plantago lanceolate L.
Pseudarrhenatherum longifolium (Thore) Rouy

Pyrus cordata Desv. PYRCOR TPH/
DEC
Quercus robur L. QUEROB FPH/
DEC
Rubus ulmifolius Schott RUBULM MPH/
EVR
Salix atrocinerea Brot. SALATR FPH/
DEC

Sedum brevifolium DC.
Ulex europaeus latebracteatus L.

SEDBRE HCH
ULELAT MPH/
NLE
LPH/NLE

Ulex minor Roth ULEMIN

Table 2
Summary of the abiotic variables used in this study.

Name Abbreviation ~ Source Original Spatial
resolution
Terrain Ruggedness TRI MERIT-DEM ( 3" (~90 m)
Index Yamazaki et al.
2017)
Log-distance to rivers Log-dist MERIT-DEM ( 3" (~90 m)
Yamazaki et al.
2017)
Agricultural AGR Vez habitat 200 m
mapping dataset
Sparsely vegetated, SN Vez habitat 200 m
shrubs and scrubs mapping dataset
Annual Mean BO1 CHELSA (Karger 1 km
Temperature et al. 2017)
Precipitation of Bl6 CHELSA(Karger 1 km
Wettest Quarter et al. 2017)
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were included: (i) ‘Annual Mean Temperature (B01)’, and (ii) ‘Precipi-
tation of Wettest Quarter (B16)’. Bioclimatic layers obtained from the
CHELSA dataset (Karger et al. 2017) were downscaled from 1 km to 200
m, following a straightforward approach by fitting GLMs using a step-
wise procedure with AIC as selection criteria. This type of downscaling
of (bio)climatic variables using GLMs was successfully employed in
previous studies (e.g. (Beuchat et al. 2012, Jaberalansar et al. 2018,
Balmaceda-Huarte and Bettolli, 2022)).

3.3. Co-occurrence community importance ranking

3.3.1. Species distribution models

For each of the 114 species, binomial (‘logit’) GLMs models were
calibrated using presences and absences. As a generalization of ordinary
linear regression models, GLMs are used here for their interpretability
since, as parametric models, they allow for the analysis of linear re-
lationships between response and predictors, even when their underly-
ing relationship is not linear (Nelder and Wedderburn 1972, Austin
2007, Pellissier et al. 2010b). An abiotic-only model (i.e., using only
abiotic predictors) was first calibrated for each species (either dominant
or subordinate), resulting in 114 abiotic-only models. Then, models of
the subordinate species were fit using both abiotic and biotic predictors,
for each dominant-subordinate species pair with at least 20%
co-occurrence, by including the percentage cover of the dominant spe-
cies. The total number of models calibrated, including null and
abiotic-only and abiotic + biotic models, was of 2999 GLMs.

Model performance was assessed using the AAIC. metric to compare
all models within each species, thus allowing us to evaluate which biotic
models performed better than the abiotic and null models if any (Gon-
calves et al. 2016). Moreover, Spearman rank correlations between the
projected probabilities of the dominant vs. subordinate species were
used to analyse the magnitude, sign, and statistical significance of the
relationships between those species (Pellissier et al. 2013, Roux et al.,
2014).

3.3.2. Co-occurrence community importance Index
The Co-occurrence Community Importance Index (CoCII) was ob-
tained according to the following formula:

coctr = € x (1-4) = (%) x (1= Vc)

where C is the co-occurrence factor, corresponding to the proportion of
species that co-occur with the focal species from the total number of
species; A is the abundance factor (the complementary value of a rarity
factor), which can be calculated from the square-root of the total per-
centage cover of the focal species in the study area; n. is the number of
species that co-occur with the focal species, which can be considered to
be equal to the number of biotic models for the focal species with AAIC,
lower than a certain predefined threshold (e.g., the AAIC, for the abiotic
or the null models); and n is the total number of species. This index
provides an estimation of the relative importance of the targeted
dominant species based on the number of subordinate species for which
the models were improved by using the percentage cover of the target
dominant species (i.e., %c) as predictors.

3.3.3. Species importance ranking

To assess how the rank of the dominant species’ relative importance
within the community would change with different criteria when each
species is considered to co-occur with a focal species, we established the
following three criteria:

i) (AAIC. < AAIC.-abiotic) AND (AAIC. < AAIC.-null);
ii) AAIC. < 4; and
iii) AAIC, < 2.

We used these three nested criteria to simulate increasingly
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demanding requirements for species to be considered as cooccurring,
based on the obtained values of AAIC, for their SDMs. For criterion (i),
the AAIC, of the biotic model was only required to be lower than those of
both the abiotic and the null models. On the other hand, for criteria (ii)
and (iii) we considered, as general rules of thumb, that biotic models
with values of AAIC, lower than four show reasonable support, while
values of AAIC. lower than two show considerable evidence to support
the biotic model (Burnham 2002, Fabozzi et al. 2014, Gongalves et al.
2016).

In addition to these three criteria, we also compared the results of the
COCII when combining all of the three previous criteria (i.e., COCII-
combined), Dy adding the values of the three criteria:

COCH compinea = COCIl pasc, <una + COCll pasc,<4 + COCH pac, <2

This method effectively attributes more weight to the most restric-
tive criteria (in this case AAICc < 2), since each criterion is nested within
the previous one(s). These criteria were then used to rank the impor-
tance of each dominant species within the community according to their
respective values of the CoCIL

4. Results
4.1. Interspecific correlations

Our analysis was conducted on 114 species, of which 26 were
considered ‘dominant species’ and 88 were considered ‘subordinate
species’. Fig. 3 shows the number of subordinate species correlated
(positively or negatively; either significantly or non-significantly) with
the dominant species.

ADELAIA
AGRCOM ~
AGRCUR A
ARRBUL A
BROHOR +

CALVUL A
COLMYC A

CYTSTR A
DACGLO A
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The species with more positive significant correlations were
QUEROB, DACGLO, PINPIN, SALATR, RUBULM, HOLLAN, PLALAN,
and ADELAL On the other hand, the species with more negative sig-
nificant correlations were AGRCUR, CALVUL, PSELON, ERICIN, and
AGRCOM. Regarding statistically significant interspecific correlations,
we found both positive and negative relationships within the plant
communities in the Vez watershed. More specifically, negative correla-
tions were more frequently observed for species such as AGRCUR and
CALVUL than positive relationships. On the other hand, species such as
DACGLO, HOLLAN, and MENSUA were found to have more positive
than negative correlations. These patterns point to a higher prevalence
of competition processes associated with the first group of species,
whereas facilitation seems to be more present for the second group.

4.2. Ranking of species importance

We found that the ranking of the dominant species’ importance ob-
tained from the different criteria used varied among species (Fig. 4).
Using the combined criteria, the five top-ranked species were AGRCUR,
DACGLO, HOLLAN, CALVUL, and MENSUA. Arboreal species such as
EUCGLO, QUEROB, PINPIN, and SALATR were ranked in 11th, 12th,
15th, and 25th places, respectively.

The top-ranked species (AGRCUR) and the 4th ranked species
(CALVUL) had more negative than significant positive correlations with
other plant species. On the other hand, the second-best ranked species
(DACGLO), the third-ranked species (HOLLAN), and the fifth-ranked
species (MENSUA) had more positive than significant negative correla-
tions. Overall, 17 out of the 26 dominant plant species analysed had
predominantly positive correlations with other plant species in the study
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0 100
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Legend:
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Fig. 3. Interspecific correlations obtained between each of the 26 dominant plant species and all co-occurring subordinate plant species (see Table 1 for detailed
information on the dominant species, and Table S2 in Supplementary Material for detailed information on the complete list of plant species — dominant and sub-

ordinate — analysed).
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Fig. 4. Values obtained for the Co-occurrence Community Importance Index (CoCII) for the dominant species analysed, using three different thresholds for AAIC, —
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area, whereas the remaining nine had predominantly negative
correlations.

5. Discussion

Overall, results support the role of plant-plant interaction (facilita-
tion and competition) patterns regarding the most highly inter-
correlated species in our study area. In turn, this validates the
approach used in our study to infer potential species interactions from
co-occurrence data. It must be noted, however, that the association
detected in our study are correlative and that further analyses would be
needed to investigate species interactions more conclusively and with
more robust methods and data. Nevertheless, the results presented here,
especially the ranking, can be directly translated into conservation
schemes for managing and maintaining the structure of plant
communities.

5.1. Potential interspecific relationships within a community

Ecologists have proposed methods to infer species interactions based
on co-occurrences extracted from presence-absence data (Blanchet et al.
2020), and building on these methods, our approach allowed us to rank
species. For example, Roux et al. (2013) found that the influence of
plant-plant interactions (i.e. facilitation and competition) was stronger
than herbivore impacts affecting the species occurrence and cover at fine
scales. Also, Roux et al. (2012), found that the predominance of negative
effects (i.e., competition) of the dominant species across an altitudinal
gradient was relevant to explain species’ distributions (lichen, bryo-
phytes, and vascular plants) by using biotic variables (cover of the
dominant species). Comparatively, patterns observed in our dataset (cf.
Fig. 3) depicted a higher prevalence of competition processes associated
with a group of species [Agrostis curtisii (AGRCUR), Calluna vulgaris
(CALVUL), Pseudarrhenatherum longifolium (PSELON), Erica cinerea
(ERICIN), and Agrostis truncatula subsp. commista (AGRCOM)], whereas
for another group [Quercus robur (QUEROB), Dactylis glomerata (DAC-
GLO), Pinus pinaster (PINPIN), Salix atrocinerea (SALATR), Rubus ulmi-
folius (RUBULM), Holcus lanatus (HOLLAN), Plantago lanceolate

(PLALAN), and Adenocarpus lainzii (ADELAI)] facilitation seems to be
more present. In their research, Damgaard et al. (2009) reported that
species such as Calluna vulgaris (CALVUL) exhibit competitive effects on
Deschampsia flexuosa (L.) Trin. in heathland ecosystems. Also, Nemer
et al. (2021) described competition effects of shrubland dominated
by Ericaceae species (Erica scoparia, Erica arborea, Erica cinerea, Calluna
vulgaris) and Pseudarrhenatherum longifolium (Thore.) Rouy on neigh-
bouring plants in siliceous soils. On the other hand, Jensen et al. (2012)
demonstrated that competition between shrubs and herbaceous vege-
tation indirectly facilitates the growth of young Quercus robur
(QUEROB) trees. Also, Rodriguez-Garcia et al. (2011) showed that
shrubs might act as nurse plants facilitating Pinus pinaster (PINPIN) in
Mediterranean forests, based on the overall positive and strong effect on
seedling survival. Across a stress gradient (drought), signs of facilitation
by neighbouring plants such as Holcus lanatus (HOLLAN) and Pseudar-
rhenatherum longifolium (PSELON), and the species Arrhenatherum elatius
were found (Grant et al. 2014). Other studies have observed associations
between abundance and interactions, with competition being associated
with abundant species, and facilitation with rare species, across taxa and
biogeographic regions (e.g., Hines and Keil (2020)). This pattern has
been partially observed in our results, with some of the most abundant
dominant species being associated with the prevalence of negative
correlations with subordinate species (e.g., Pseudarrhenatherum long-
ifolium (PSELON)), although this not was not always observed (e.g., Ulex
europaeus latebracteatus (ULELAT)). Moreover, interaction patterns be-
tween species could be related to specific physiological traits. For
instance, Garbin et al. (2016) found contrasting traits of dispersal and
persistence between dominant and subordinate tropical plant species.

5.2. Patterns of relative dominant species importance

Our approach aimed to rank the relative importance of dominant
species within plant communities based on an index that considers
species co-occurrences and relative abundance. By applying the pro-
posed approach to an existing dataset, our results showed how our index
could be used with different criteria. It is important to note that, within
the obtained ranking, the highest-ranked tree, Eucalyptus globulus
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(EUCGLO), was ranked only in 11th place, with other trees such as
Q. robur (QUEROB), Pinus pinaster (PINPIN), and Salix atrocinerea
(SALATR) ranked further below. This could be partially explained by the
unbalanced coverage of different vegetation types in the study area,
which is mainly dominated by shrublands. However, this issue was
partially addressed by including a weighting term in the proposed index
benefiting species regionally less abundant. E. globulus — a non-native
tree species — ranked above other native trees, predominantly showing
positive correlations within the community, contrary to what was ex-
pected. While this would suggest that E. globulus promotes the presence
of other species, this result is not in line with previous studies. For
instance, low levels of plant species richness in E. globulus plantations
were previously observed in the region that envelops our study area (e.
g., Lomba et al. (2011)). Overall, such patterns have been related to
higher levels of inhibition of understorey species richness by E. globulus
in non-native regions such as Portugal (Becerra et al. 2018). Dominant
species’ responses to environmental change are crucial for the stability
of the habitats in the future since these species are vulnerable (loss and
extinction) under global environmental change. Furthermore, changes
in the abundance of dominant species could indicate how communities
will change over time and space (Avolio et al. 2019). Since dominant
species have a key role within their communities, they can be used as an
indicator for predicting biodiversity change, ecosystem function, and
conservation (Avolio et al. 2019).

5.3. Inclusion of biotic variables in models

Recent methods derived from traditional SDMs have been incorpo-
rating biotic information in recent years. For instance, stacked species
distribution models (SSDMs) can be used to obtain community-level
ensemble predictions of species across a study area by “stacking” all
the predictions from individual species-level models (Roux et al., 2014).
On the other hand, joint species distribution models (JSDMs) estimate
species co-occurrence beyond the environmental preferences of the
species-level (Ford and Roberts, 2019). In recent years, several studies
focusing on understanding and disentangling biotic interactions have
been published, particularly regarding: food webs (Dunne et al. 2002,
Jordan et al. 2008, Albouy et al. 2019), plant-pollinator networks
(Burgos et al. 2007, Dormann and Strauss, 2014), functional traits
(D’Amen et al. 2015, Estrada et al. 2016), plant-plant interactions
(Delalandre and Montesinos-Navarro 2018), and species co-occurrence
networks (Kay et al., 2017, Ford and Roberts, 2019). Approaches con-
sisting in explicitly incorporating biotic variables, as proxies for inter-
specific interactions, into SDMs can help shed more light on species
distribution patterns within communities beyond purely environmental
(abiotic) constraints, such as climate and land use (Giannini et al. 2013,
Wisz et al. 2013, Aratjo et al., 2014, Roux et al., 2014). Other ap-
proaches attempted to quantify species’ importance within communities
by using structural network connectivity or dynamical simulations of
functional importance indices (Jordan et al. 2008). However, such ap-
proaches require tailored datasets e.g., on plant traits, based on focused
sampling design and infield collection. As so, compiling (infield collec-
tion and laboratory procedures) the required data is time-consuming,
costly, and highly dependent on specialized human resources. Ap-
proaches such as the one proposed here provide insights into the relative
importance of dominant species in a plant community from commonly
available datasets including presence-absence, presence-only, or per-
centage cover data, which collection and monitoring infield are, in
general, more cost-efficient. Therefore, they provide a way of over-
coming limitations related to the availability of suitable data while
contributing to (partly) fill the knowledge gaps on relevant aspects of
the hierarchical structure of the communities.

6. Conclusions and future perspectives

Overall, our results, as well as their interpretation, were based on
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observations of co-occurrences recorded at the plot level, rather than the
patch level. This means that two species were assumed to co-occur when
in the general vicinity of each other (i.e., within the same 200 x 200 m
plot), which imposes limitations on the interpretation of results.
Furthermore, it should be noted that correlations between species dis-
tributions do not necessarily translate into interspecific interactions
(Giannini et al. 2013). Nevertheless, we argue that the proposed
approach provides a methodological tool for the identification of po-
tential “keystone” species. Using the proposed index, a keystone species
would be expected to exhibit contrastingly higher values of the Co-
occurrence Community Importance Index than all other co-occurring
species, indicating strong dependency relationships within the com-
munity towards that particular species. Due to the importance of
dominant species for the persistence of subordinate ones, it is vital to
advance methods for identifying these species to support the definition
of priorities and goals for conservation and management (Avolio et al.
2019, Sun et al. 2020). In this context, future research should focus on
habitats (including priority communities) to obtain data-driven infor-
mation on their respective key indicator species, — an essential aspect of
habitat mapping and monitoring —, in space and time, while accounting
for issues related to sampling, such as spatial autocorrelation. Overall,
this approach could allow us to advance the field of community ecology
by providing essential information on the species that assure the sta-
bility of natural or semi-natural habitats of conservation concern.
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