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Abstract

The teaching of the phytosociological method comprises several stages and aligns closely
with the research-oriented teaching-learning process promoted by active methodologies. In
both cases, preliminary inquiry is essential to review existing knowledge on vegetation in all
its dimensions: bioclimatic, biogeographical, ecological, floristic composition, distribution,
and conservation status. The main objective is to connect active teaching methodologies
with phytosociological research. To this end, the natural environment is used to bring
students into direct contact with plant communities, and the phytosociological research
method is applied, through which students learn sampling techniques. This approach pro-
vides a rapid and effective assessment of habitat conservation status (EU Habitats Directive
92/43/EEC, European Council, 21 May 1992). As notable results, we highlight the poor
conservation status of the three communities described, which is evident from the decline
in characteristic association species. The present study focuses on the wetlands of the Costa
Tropical, where communities of Juncus acutus, Typha dominguensis, Phragmites australis, and
Arundo donax predominate. In this case, these communities act as open-air laboratories for
teaching the phytosociological method. The Juncus acutus communities differ from those of
Scirpus holoschoenus and other Juncus acutus stands by the presence of the endemic Linum
maritimum. Meanwhile, the reedbeds differ from Thypho-Phragmitetum australis through the
presence of Halimione portulacoides. In both cases, the influence of sea spray conditions the
presence of subhalophilous species such as Juncus acutus, Linum maritimum, and Halimione
portulacoides. This has enabled us to establish two new plant associations: Lm]Ja = Lino
maritimi—Juncetum acuti (rush stands) and Hp—Phra = Halimione portulacoidis—Phragmitetum
australis (reedbeds). Ecological gradients also make it possible to separate Typha commu-
nities belonging to the Ca-Td = Cynancho acuti-Typhetum dominguensis association, and
Phragmites into two distinct associations. This distinction arises because Typha communities
require soil water during the summer period, whereas in Phragmites stands the upper soil
horizon dries out.

Keywords: new wetland associations; rush and reed communities; diversity and conservation;
phytosociology and education
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1. Introduction

The formal study of vegetation in Spain, in the modern sense of phytosociology and
biogeography, began in the 20th century with key figures such as Luis Ceballos and Salvador
Rivas Martinez. Ceballos laid the groundwork through his pioneering contributions, while
Rivas Martinez developed the Vegetation Series Map of Spain, drawing on Ceballos’ earlier
research and publishing the first version in 1981, which was later revised in 1987 [1-3].
This work became a cornerstone of classical phytosociology and formed the basis for
subsequent studies on vegetation dynamics, vegetation series, and landscape ecology
across Europe [4-12]. Phytosociological research, which is widely developed across Europe,
is fundamentally grounded in field-based inventories. This requires an active working
approach that closely aligns with active teaching methodologies. This dual framework
constitutes the main objective of the present study, together with the description of plant
communities in order to promote their conservation.

The plant association is the fundamental unit of phytosociology and the primary level
of its typological hierarchy. It is conceived as an abstract model, formally derived from
vegetation inventories carried out under homogeneous environmental conditions at a given
place and time, within a plant community that represents a structurally stable stage in the
successional process. Inevitably, plant associations have been shaped by major climatic
changes throughout history, as documented by Sanchez and d’Errico [13] over the past
425,000 years.

Every plant association must be clearly defined and, above all, possess a distinc-
tive floristic composition, expressed through a unique combination of species that are
statistically faithful to its biogeographical delimitation and habitat. It must also display
measurable mesological attributes—bioclimatic, edaphic, catenal, and successional—and
be assigned a precise geographical and biogeographical framework. Knowledge of these
associations is obtained through the comparative analysis of association relevés, which
constitute the only objective evidence of the taxonomic system, with the inventory as their
core expression. Associations with similar floristic composition, developmental stage,
habitat, and biogeography may be grouped into higher-rank typological units referred to
as alliances, orders, and classes. Furthermore, any given plant association may include one
or more subassociations whose distributional area is necessarily smaller than that of the
association itself (Figures S1 and S2; Supplementary Materials).

In parallel, in Spain, Professors Rivas Goday and Rivas-Martinez advanced the field,
and their school gained international recognition through studies on series, geoseries,
and geopermaseries. These broadened existing concepts and established an integrated
methodology for the study of vegetation units and their dynamics [14-17]. Until the early
20th century, knowledge of vegetation was framed within the broad concept of the Earth’s
major biomes, as outlined by Brockmann-Jerosch and Riibel [18].

The phytosociological approach to the global study of vegetation fits closely with
current trends in education, as proposed by authors such as Garcia [19] and Vargas and
Acufia [20]. Their pedagogical theories emphasise the acquisition of knowledge through in-
dividual experience in direct interaction with the environment. In this context, researchers
are fully immersed in the natural setting when conducting phytosociological surveys,
rendering the natural environment a genuine research laboratory [21,22]. Recent studies
in teaching methodologies advocate practical, experience-based learning (active method-
ologies) [23], which relates directly to new forms of field-based inquiry beyond the class-
room [24,25]. Field-based investigation of the natural environment is entirely compatible
with the phytosociological research method [9], which should begin with a physical char-
acterisation of the territory and a review of previous studies—thus requiring preliminary
inquiry [26,27].
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Fieldwork should ideally be undertaken using project-based learning (PBL) [28,29],
which emphasises observation and experimentation. Moreover, it should adopt an in-
terdisciplinary perspective [30,31], integrating knowledge from soil science, climatology,
bioclimatology, biogeography, anthropozoogenic studies, and vegetation dynamics, all of
which are essential for deducing territorial climax communities [32,33]. A central focus of
many researchers in this context is the floristic diversity of plant communities [34].

Characterisation of the study area must include the selection of sampling plots that
are homogeneous from both ecological and floristic perspectives, along with careful def-
inition of plot size. The sampling design should incorporate, among other aspects, the
determination of minimum area, soil analyses, and the bioclimatic and biogeographical
characterisation of the study site, as these are critical for subsequent decision-making.

At present, the syntaxa identifiable in the field by vegetation science experts for
the Iberian Peninsula are compiled in several works by Professor Rivas-Martinez, pub-
lished in Itinera Geobotanica [16,17,35]. The holistic (integrated) study of vegetation,
an innovative approach largely attributable to the work of Rivas-Martinez [15,36] and
Rivas-Martinez et al. [17], incorporates the concepts of vegetation series (synassociations),
geoseries, and geopermaseries. These studies are highly significant for establishing veg-
etation dynamics, with the basic unit of the geoseries being the vegetation series. The
vegetation series is composed of a set of plant associations representing different dynamic
stages. Analogously, the geoseries consists of a chain of vegetation series that share plant
species in their contact zones, thereby defining an ecotone (Figure 1).

Figure 1. Vegetation geoseries composed of four climatophilous series (1, 3, 4, 5; siliceous soils of the
cambisol type) and two edapho-xerophilous series (2, 6; rocky siliceous soils of the lithosol type).

In the preliminary study, the concept of plant association was examined [37], and it was
observed that different authors supported the biogeographical distribution of associations.
However, no consistent assignment of associations to a specific biogeographical rank was
identified. As a result, some associations are described exclusively for a district, others for
a sector, and still others span several biogeographical sectors, with no clear correspondence
between the characteristic species of a given syntaxon and its distribution. For example,
the association Violetum cazorlensis is restricted to the Cazorlense and Maginense districts,
whereas Paeonio coriaceae—Quercetum rotundifoliae occurs across numerous biogeographical
sectors within the Betic Province (Figure 2).
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Figure 2. Association Violetum cazorlensis distributed in the Cazorlense and Maginense districts.

As a consequence of the studies carried out by Professor Rivas-Martinez and collabora-
tors, during the 1990s and early 21st century numerous doctoral theses were developed in
Spain focusing on the syntaxonomy of large territories in Spain and Portugal. These works
either compiled syntaxa previously described by earlier authors or proposed new syntaxa
for science [38—43]. Once the description of syntaxa had been consolidated, attention shifted
towards their applicability. As a result of this research, the EU issued the Habitats Direc-
tive 92/43/EEC, and Spain published the Atlas and Manual of Habitats [44,45], followed
by further studies on the practical application of syntaxa, such as those by Cano-Ortiz,
Cano-Ortiz et al., Leiva, and Spampinato et al. [46-51].

The fundamental aim of this research is to highlight the correspondence between
phytosociological methodology and active teaching methodologies, as field-based research
requires a holistic and integrated learning process. To this end, we present a case study of
plant communities on the Tropical Coast (Spain).

2. Materials and Methods

The teaching of the phytosociological method comprises several steps: defining the
study area, conducting a literature review through inquiry [26,27], selecting sampling
plots and determining their size, and recording plot characteristics, including flora and
abundance indices [9].

1. Definition of the study area — » . 2. Literature inquiry — . 3. Selection of
sampling plots — . 4. Determination of plot size — » . 5. Recording ecological
data in the plots —® . 6. Recording the flora with abundance indices.

During the literature inquiry, students apply the rules established by the International
Code of Phytosociological Nomenclature, published by Theurillat et al. [52]. Through
this process, they learn how to diagnose new syntaxa for science. They also become
familiar with the concepts of new association, nomina mutata, nomina inversa, and name
conservation, with special emphasis placed on Definition XIII of the aforementioned Code.

Sampling plots are selected according to the physiognomic homogeneity of the com-
munity, which requires ecological homogeneity within each plot. To determine plot size, the
minimum area is first established. Comparative phytosociological analyses are then carried
out with neighbouring plant communities, and bioclimatic analysis is conducted based on
bibliographic sources obtained through inquiry. Phytosociological analysis was performed
using cluster analysis in the software PAST 4.03. Floristic diversity was calculated using
the Shannon_H diversity index, and conservation status was assessed by analysing the
relationship between total diversity and the diversity of characteristic species. Characteris-
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tic species are those that remain constant within a community, are faithful to it, and have
a defined distribution area. However, because association species are stenophilous, their
frequency may decrease, or they may even disappear, due to environmental degradation,
being replaced by less stenophilous species such as alliance species or those belonging
to neighbouring associations. This leads to an increase in companion species. For this
assessment, we followed previous studies on conservation status [53], which state that the
conservation status of an association is positive when Shannon_Hca > Shannon_Hco. To
establish the conservation status of the associations, we followed Cano-Ortiz and collab-
orators, who define Shannon_Hca as the Shannon diversity of characteristic species and
Shannon_Hco as the Shannon diversity of companion species.

Before applying these analyses, we explained to early-career researchers the concepts
of characteristic species, companion species, plant association, and syntaxonomy, thus
providing an essential component of scientific literacy [54].

For the application of this method, the study was conducted in a specific territory of
the Tropical Coast, located in southern Spain (Tables S1 and S2; Supplementary Materials).
This area falls within the following Biogeographical Provinces: Betic, Lusitano—Andalusian
Coastal, Western Iberian Mediterranean, and Central Iberian Mediterranean [16] (Figure 3).
The territory was selected due to the fragility of its wetlands and the significant pressure
exerted by tourism, which necessitates careful spatial planning to reconcile development
and conservation. For this reason, the phytosociological description and study of plant com-
munities was essential. To achieve this, both bibliographic inquiry (published literature)

and field surveys were undertaken to carry out comparative statistical and phytosocio-
logical analyses, in accordance with the standards established in the recently published
International Code of Phytosociological Nomenclature by Theurillat et al. [52].
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Figure 3. Territory of the Biogeographical Provinces: Lusitano—Andalusian Coastal, Western Iberian
Mediterranean, Central Iberian Mediterranean (M = Manchego Sector), and Betic (AG = Alpujarrefio—
Gadorense Sector; Granada Province, Andalusia). AG and M indicate sampling areas.
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3. Results

This study was conducted in the wetlands of the Tropical Coast, where communities
dominated by Juncus acutus, Typha dominguensis, Phragmites australis, and Arundo donax
occur. These wetlands are subjected to intense tourist pressure, which is driving their
degradation. Due to their proximity to urban areas, they also provide suitable open-air lab-
oratories for teaching the phytosociological method and for describing plant communities.

Juncus acutus communities can be distinguished from stands of Scirpus holoschoenus, as
well as from other Juncus acutus communities, by the presence of the endemic Linum mariti-
mum. Similarly, reedmace-reedbeds differ from Typho—-Phragmitetum communis through the
occurrence of Halimione portulacoides.

Statistical analysis of Juncus acutus communities in coastal areas of southern Spain
revealed two groups of plant communities: LmJa and HJa (Figures 4 and 5). Both are sub-
halophilous due to the presence of species such as Juncus maritimus, Armeria gaditana, and
Artemisia crithmifolia in the HJa association. In contrast, the LmJa association is characterised
by differential subhalophilous species, including Linum maritimum, Halimione portulacoides,
and Salsola kali. Although both communities share similar ecological conditions, they
present distinct catenal relationships and belong to different biogeographical units.

33
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Figure 4. Cluster analysis of coastal rushlands dominated by Juncus acutus. LmJa = Lino maritimi—
Juncetum acuti ass. nova; HJa = Holoschoeno—Juncetum acuti Rivas Martinez 1980.

The Juncus acutus community on the Tropical Coast exhibits a cover range of 80-95%,
with the dominant species reaching an average height of 1-1.80 m (Figure 6). These
rushlands form waterlogged patches that alternate with Phragmites australis communities
towards drier zones. The endemic Linum maritimum is frequent, and the vegetation shows
a dense structure with an average height between 1 and 1.8 m. The catenal contact of these
rushlands occurs with Phragmites australis reedbeds.
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Figure 5. Detrended correspondence analysis (DCA). Lm]Ja = Lino maritimi—Juncetum acuti ass. nova
(The similar floristic information contained in the inventories is the reason why they appear very
close together in the figure); HJa = Holoschoeno—Juncetum acuti Rivas Martinez 1980.
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Figure 6. Structure of the rushland Lino maritimi—Juncetum acuti.

Based on their differences from previously described communities, we propose for the
thermomediterranean zone with slight halophilous influence in the Alpujarrefio-Gadorense
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Sector the new association Lino maritimi—Juncetum acuti ass. nova (Table 1, relevés LmJal-
Lm]a8; holotypus: relevé Lm]a2).

Table 1. Lino maritimi—Juncetum acuti ass. nova.

Lm]Jal Lm]Ja2 Lm]Ja3 Lm]Ja4 Lm]Ja5 Lm]Ja6 Lm]Ja7 Lm]Ja8

Altitude m 5 6 5 5 5 5 7 4
Surface m? 200 200 100 100 200 200 200 100
Coverage % 95 95 80 60 95 95 95 85
Average vegetation height 1.5 1 1.7 1.8 1.8 1.8 1.8 1.7
Characteristic species

Juncus acutus 5 5 4 3 5 5 5 4
Linum maritimum 2 2 2 2 3 2 1
Scirpus holoschoenus + + 1 + 1 1 1
Poa pratensis + +

Mentha suaveolens +

Paspalum dilatatum +

Holcus lanatus +

Companion species

Halimione portulacoides 1 + 1 1 1 1

Arundo donax +

Phragmites australis + + 1 + 1 + +
Lactuca viminea subsp. chondrillifolia + 1 +

Apium nodiflorum
Ditrichia viscosa
Piptatherum miliaceum
Sorghum halepense
Verbena officinalis
Sideritis hirsuta +
Digitaria sanguinalis

Salsola kali

Eleusine indica

Stenotaphrum secundatum

Salix purpurea +

Setaria pumila + +

Typha domingensis + +
Lotus pedunculatus + 1
Bidens subalternans
Calystegia sepium
Equisetum ramosissimum 1
Beta vulgaris
Ipomoea indica +

S S S S o
+
+

+

+ 4+ 4=

-+

+

Cluster analysis of communities from the south-central Iberian Peninsula revealed
the following groups: Hp—Phra = Halimione portulacoidis—Phragmitetum australis ass. nova;
Ta—Phra = Typho angustifoliae—Phragmitetum australis subass. typhetosum dominguensis (eco-
logical variant with Limonium pinillense); Ad-Cs = Arundini donacis—Convolvuletum sepium;
Cas-Td = Calystegio sepii-Typhetum dominguensis ass. nova

This analysis shows that some relevés of communities dominated by Typha, Phragmites
and Arundo had previously been erroneously assigned to syntaxa lacking statistical support
(Figure 7). All of these communities form part of the wetlands of the Tropical Coast.
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Figure 7. Cluster analysis of reedmace (Typha), reed (Phragmites), and giant reed (Arundo) commu-
nities from central and southern Iberia. Hp—Phra = Halimione portulacoidis—Phragmitetum australis;
Ta—Phra = Typho angustifolise-Phragmitetum australis subass. typhetosum dominguensis (ecological vari-
ant with Limonium pinillense); Ad—Cs = Arundini donacis—Convolvuletum sepium; Cas—Td = Calystegio
sepii—Typhetum dominguensis.

The statistical study established several plant groups, among which two new asso-
ciations are proposed (Hp-Phra; Cas-Td). The association Hp-Phra exhibits 80-100%
cover, with dominant species reaching heights of 2.0-3.5 m. Its differences from other
Phragmites communities justify the proposal of the new association Halimione portulacoidis—
Phragmitetum australis ass. nova (Table 2, relevés 1-11; holotypus: relevé no. 6).
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Table 2. Halimione portulacoidis—Phragmitetum australis ass. nova.

N° Order 1 2 3 4 5 6 7 8 9 10 11
N° Inv. 1 12 18 29 30 3 24 5 7 26 27
Altitude m 4 3 5 4 4 5 5 5 5 5 7
Surface m? 400 400 400 200 200 400 400 200 400 200 200
Coverage % 100 100 95 95 95 80 95 100 85 100 95
Average vegetation height 2.0 2.5 2.5 3.0 2.5 2.5 2.5 3.0 2.5 2.5 2.0
Characteristic species

Pragmites australis 5 5 5 5 5 5 5 5 5 5 5
Apium nodiflorum 1

Typha domingensis +

Companion species
Halimione portulacoides
Juncus acutus

Arundo donax
Xanthium strumarium
Ditrichia viscosa
Cirsium vulgare
Scirpus holoschoenus
Stenotaphrum secundadatum + 1
Verbena officinalis
Sorhgum halepense 1
Calystegia sepium + + 1 +
Linum maritimum 2 1
Digitaria sanguinalis + +
Lotus pedunculatus 1 1 + +
Equisetum ramosissimum + + 1 +
Polygonum aviculare +

Paspalum distichum
Paspalum dilatatum + +
Lactuca viminea subsp. chondrilliflora + 1
Sideritis hirsuta +

Beta vulgaris +

Piptatherum miliaceum +

Spartium junceum +

Bidens subalternans +
Eleusine indica + +

Genista equisetiformis +

Convolvulus arvensis + +

Poa pratensis +

Echinochloa crus-galli +
Xanthium spinosum + +
Cynodon dactylon +
Salsola kali

Heliotropium europaeum L.
Nicotiana glauca
Convolvulus althaeoides
Rubus ulmifolius +

Polygonum persicaria +
Salix purpurea +

R it
+
+
+
+ + N
+ =
N} — o+ +
+ W+ e
N+ o+ o+ o+ +
+ o+ +

+

+
+

4+ =4 =

The association Typho angustifoliae-Phragmitetum australis subass. typhetosum dominguen-
sis, widespread throughout Spain—particularly in the salt flats of central Iberia—becomes
enriched in halophilous species. This supports the proposal of an ecological variant charac-
terised by the endemic Limonium pinillense, together with Juncus subulatus, Juncus maritimus,
Suaeda splendens, and Salicornia patula (Table 3).
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Table 3. Association Typho angustifoline-Phragmitetum australis subass. typhetosum dominguensis
ecological variant with Limonium pinillense.

39 40 41 42 43 44 45 66 83

Characteristic species

Pragmites australis 5
Lytrum salicaria

Cladium mariscus 5
Typha domingensis Pers.

Typha angustifolia 2
Iris pseudoacorus +

Apium graveolens
Scirpus tabernaemontani 2
Companion species

Scirpus holoschoenus 2 + 1 + +

Calystegia sepium 1 2 3 1

Differential companion species of the
ecological variant

Cochlearia glastifolia

Juncus subulatus

Juncus maritimus

Limonium pinillense

Picris hieracioides

Suaeda splendens

Salicornia patula

Polypogon monspeliensis

Lysimachia ephemerum +
Scrophularia sambucifolia 1
Juncus suhnodulosus

Asparagus acutifloius

Cirsium vulgare

Brionia cretica

Sonchus crassifolius

Hypochoeris radicata

Lactuca viminea subsp. chondrilliflora

Xanthium spinosum

Ulmus minor +
Rumex crispus
Phalarix canariensis 1
Rubus ulmifolius

Scirpus lacustris

Polygonum amphibium

Hippuris vulgaris

Myriophyllum spicatum

Juncus subnodulosus

Equisetum palustre

Eriophorum latifolium

Senecio doria

NN
+ o+ o+
+
+ G+ =

R R, NDNDNDND P =

R+ N+ N
[y
NN WW

+ RN

Communities dominated by Typha dominguensis occupy areas where soil moisture
persists during the summer months. These dense stands show almost 100% cover and an
average height of 2.5 m, forming near-monospecific assemblages in which Typha dominguen-
sis is dominant with an abundance index of 5 (Figure 8). They are in contact with Phragmites
australis reedbeds, which dominate environments where the upper soil layers dry out. Based
on their ecological and floristic differences, we propose separating Typha-dominated commu-
nities from those of Phragmites, and consequently designate the new association Calystegio
sepii-Typhetum dominguensis ass. nova (Table 4, relevés 1-14; holotypus: relevé no. 9).



Ecologies 2025, 6, 86 12 of 19
Figure 8. Structure of Typha dominguensis communities.
Table 4. Association Calystegio sepii-Typhetum dominguensis ass. nova.
N° Order 1 2 3 4 5 6 7 8 9 10 11 12 13 14
N° Inv. 2 8 14 10 13 11 19 31 32 23 28 15 16 17
Altitude m 2 5 5 5 4 2 5 25 1 5 7 8 2 3
Surface m? 200 200 200 200 400 400 100 100 100 200 200 400 100 400
Coverage % 100 100 100 100 100 100 100 100 100 100 100 100 90 100
Average vegetation height 20 25 25 20 25 27 28 20 26 20 20 25 27 20
Characteristic species
Typha domingensis Pers. 5 2 5 5 5 5 5 5 5 5 5 5 5 5
Calystegia sepium + 2 2 2 1 2 1 + 2 1 1 1 2
Pragmites australis 1 + + 1 + + +
Apium nodiflorum +
Companion species
Arundo donax 1 + + + + + +
Ditrichia viscosa + + +
Ricinus communis + + +
Tamarix gallica + + + 2 2
Rubus ulmifolius 1
Polygonum persicaria 1 5 + + 1
Populus alba + +
Salix neotricha + + +
Salix purpurea + + + + +
Stenotaphrum secundadatum + + +
Lotus pedunculatus + 1 1 + +
Polygonum aviculare 2 + +
Lactuca viminea subsp. + +
chondrilliflora
Equisetum ramosissimum + + 1 1 + +
Beta vulgaris +
Rubus ulmifolius + 1 1 +
Nerium oleander + +
Spartium junceum +
Bidens subalternans + + + + + + +
Eleusine indica +
Crithmum maritimum 1 +
Cirsium vulgare + +
Scirpus holoschoenus + 1 +
Xanthium strumarium + + +
Juncus acutus +
Mentha suaveolens 1
Lotus creticus +
Sorhgum halepense +
Digitaria sanguinalis + 1
Halimione portulacoides + 2
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Cluster analysis of communities from the south-central Iberian Peninsula identified
four main groups: Hp-Phra (Halimione portulacoidis—Phragmitetum australis ass. nova), Ta—
Phra (Typho angustifoline—Phragmitetum australis subass. typhetosum dominguensis, ecological
variant with Limonium pinillense), Ad—Cs (Arundini donacis—Convolvuletum sepium), and
Cas-Td (Calystegio sepii-Typhetum dominguensis ass. nova). The analysis revealed that
several relevés of communities dominated by Typha, Phragmites, and Arundo had previously
been misassigned to syntaxa not supported by statistical evidence (Figure 9). All these
groups form part of the wetland vegetation of the Tropical Coast.

Figure 9. Structure of Phragmites australis communities.

The statistical study delineated several plant assemblages and supported the proposal
of two new associations (Hp-Phra and Cas-Td). The association Hp-Phra displays cover
values between 80 and 100%, with dominant species reaching heights of 2.0-3.5 m. Its
floristic and ecological distinctiveness in relation to other Phragmites-dominated stands
justifies its recognition as the new association Halimione portulacoidis—Phragmitetum australis
ass. nova (Table 2, relevés 1-11; holotypus: relevé no. 6).

The diversity analysis of the four syntaxa, based on the Shannon_H index, shows clear
differences between total diversity and the diversity of characteristic and companion species.
In all cases, total diversity exceeds both characteristic-species diversity and companion-
species diversity. Considering that the stability of a plant community depends on the
relationship between the diversity of characteristic species and that of companion species, as
established by Cano-Ortiz et al. [53], a community is regarded as stable when Shannon_Hc
> Shannon_Hco.

In this study, all relevés of the association Cas-Td show Shannon_Hc < Shannon_Hco,
indicating instability. A similar pattern is observed in Hp-Phra, where nine plots even
present Shannon_Hc = 0. The same situation occurs in Ta-Phra and LmJa (Table 5), under-
scoring the fragility of these wetland communities under current environmental pressures.
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Table 5. Diversity analysis of the syntaxa studied. Cas-Td = Calystegio sepii-Typhetum domingue-
nis; LmJa = Lino maritimi—Juncetum acuti; Hp—Phra = Halimione portulacoidis—Phragmitetum australis;
Ta-Phra = Typho angustifoline—Phragmitetum australis subass. typhetosum dominguensis ecological vari-
ant with Limonium pinillense.

Cas-Td. 2 8 14 10 13 11 19 31 32 23 28 15 16 17
Shannon_Ht 2385 1982 2074 1.665 2458 1955 1.802 1.833 1.803 2175 1953 2204 2074 2084
Shannon_Hca 0529 0.683 0984 0984 0.655 1.010 098 0.611 0907 0.655 0.611 0959 0.611 0.984
Shannon_Hco 2284 1.665 1778 1.079 2389 1.02 1386 1589 1369 2.079 1748 1925 1906 1.749
Hp-Phra 1 12 18 29 30 3 24 5 7 26 27

Shannon_Ht 2549 2188 2375 1.833 1.682 2544 2484 1967 2279 2741 2.298

Shannon_Hca 0 0 0529 0 0 0 0611 0 0 0 0

Shannon_Hco 2546 2181 2293 1772 1591 2517 2377 1908 2245 2748 2.269

Ta-Phra. 39 40 41 42 43 44 45 66 83

Shannon_Ht 2347 1731 1818 2477 1868 2121 1455 1.604 1.716

Shannon_Hca 0959 1352 1197 0611 1.044 1.011 1233 0 0.673

Shannon_Hco 2.069 0.636 1.082 2344 1332 1772 0 1.380 1.342

LmJa LmJal LmJa2 LmJa3 LmJa4 LmJa5 LmJa6 LmJa7 Lm]a8

Shannon_Ht 2279 2283 2218 2433 2283 2297 2202 2124

Shannon_Hca 0984 0984 05623 1.078 1.644 1283 1.035 1.04

Shannon_Hco 2.043 2.069 2062 2178 1594 1908 1927 1772

4. Discussion

In the case study conducted in the Costa Tropical of Granada (Spain), within the
thermomediterranean belt of the Alpujarrefio-Gadorense biogeographic sector of the Betic
Province, the integration of active teaching methodologies with the phytosociological
research approach is highlighted. To this end, a preliminary inquiry was carried out
on the wetland associations most closely related floristically, situating them within their
corresponding biogeographic units.

Following this preliminary phase, fieldwork was conducted, and the phytosociological
analysis was undertaken, beginning with the inventory stage. The analytical phase requires
an in-depth floristic study, which constitutes the foundation of the system. This involves
understanding the autoecology of each species, including physico-chemical and bioclimatic
aspects, with particular attention to their distribution areas (biogeography). These elements
are fundamental in selecting characteristic species for a given syntaxon.

We propose the Juncus acutus community as a new association, Lino maritimi—Juncetum
acuti, for the Alpujarreno—Gadorense sector. This association differs substantially from
Holoschoeno—Juncetum acuti described by Rivas-Martinez et al. [55] for thermomediterranean
wetlands in the Gaditano-Onubense Littoral sector.

The newly proposed Halimione portulacoidis—Phragmitetum australis represents Phrag-
mites australis communities in thermomediterranean wetlands of the Alpujarrefio-Gadorense
sector. It is distinguished from the Typho angustifoline—Phragmitetum australis [56] association
by the absence of Typha angustifolia, a species which, according to Molina [57], requires less
eutrophic soils than Typha dominguensis. The latter species is widespread across central
Iberia. However, Molina [57] describes the subassociation typhetosum dominguensis for
mesomediterranean areas of the Manchego biogeographic sector, where both species can
coexist under specific conditions.
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Typho angustifoliae—Phragmitetum australis was later redescribed under a new name
by Rivas-Martinez et al. [58] in their study of the vegetation of the western Pyrenees and
Navarre as a Mediterranean association of eutrophic waters with low ion content, intolerant
of prolonged drought. The occasional occurrence of the endemic Limonium pinillense in
saline environments of the Manchego sector (Lagunas de Ruidera) within the subassociation
typhetosum dominguensis allows us to propose an ecological variant characterised by this
endemic taxon. Nonetheless, despite its utility as a differential element, the species does
not justify recognition as a new syntaxon due to its limited distribution.

The Typho angustifoliae-Phragmitetum australis association has been recorded by various
authors in Spain and Portugal across multiple biogeographic provinces. In our study, we
identified Ta—Phra = Typho angustifoliae—Phragmitetum australis (relevés 33-38 of Pinto Gomes
and Paiva-Ferreira, and relevés 55-56 of Molina) [57,59], all including Typha angustifolia.
High abundances of Schoenoplectus lacustris and Typha angustifolia in the Algarve may justify
assigning these communities to Schoenoplecto lacustris—Phragmitetum australis. However, the
absence of Phragmites australis may exclude them from the Central European Scirpo lacustris—
Phragmitetum Koch 1926 = Schoenoplecto—Phragmitetum, suggesting that these communities
could instead be included in Typho angustifoline—Schoenoplectetum tabernaemontani Br.-Bl. &
Bolos 1958 (Ta-Scht). According to Molina [57], Typha dominguensis is widespread in central
Iberia and tends to displace Typha angustifolia in eutrophic sites.

The new associations described are confined to the Alpujarrefio-Gadorense biogeo-
graphic sector. Their significance lies in their role as wetland communities of high or-
nithological interest, although they are subject to intense tourist pressure that is degrading
these habitats. This could be mitigated through a mosaic development strategy, balancing
conservation and land-use, by preserving areas of botanical and ecological importance.

Comparative analysis of the new associations with their closest counterparts revealed
differences not only in biogeography but also in floristics and ecology. Lino maritimi—
Juncetum acuti differs from Holoschoeno—Juncetum acuti by the presence of the endemic
Linum maritimum, absent in the Gaditano-Onubense Littoral sector. Halimione portulacoidis—
Phragmitetum australis exhibits ecological and floristic differences as a subhalophilous
community, including Halimione portulacoides.

No standard exists regarding the correspondence between syntaxon rank and bio-
geographic rank, highlighting the need for systematic studies correlating syntaxonomic
units with biogeographic units, which requires prior research on species distributions.
Tentatively, districts and subsectors correspond to subassociations; sectors to associations;
subprovinces to suballiances; provinces to alliances; groups of provinces (subregions) to
orders; and biogeographic subregions—regions to classes. This hypothesis is based on the
distributional breadth of species, considering their stenotopic or eurytopic nature, com-
bined with the hierarchical system of syntaxonomic ranks: subassociation — association
— suballiance — alliance — order — class. Close correlation between syntaxonomic and
biogeographic systems is thus expected, warranting further detailed investigations.

Consequently, in the preliminary inquiry phase, researchers must rigorously anal-
yse species distributions, accounting for both stenotopic (characteristic) and eurytopic
(companion) species of each syntaxon.

The new association Calystegio sepii—Typhetum dominguensis develops under thermo-
mediterranean conditions in the Alpujarrefio-Gadorense sector, in eutrophic waters rich in
mineral ions. This community is restricted to areas with permanent flooding, typically sur-
rounded by Phragmites australis stands, which tolerate prolonged summer droughts. Tradi-
tionally, association names have been assigned based on Typha and Phragmites presence with-
out considering soil moisture gradients; we argue this overlooks distinct ecological niches.
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Following the first phase, diversity was assessed using the Shannon_H index. The
conservation status of an association was evaluated based on the relationship between
characteristic and companion species: when Shannon_Hca/Shannon_Hco > 1, the associ-
ation is considered well conserved, as characteristic species dominate [53]. In our study,
all Cas—Td inventories exhibited Shannon_Hca/Shannon_Hco < 1, indicating dominance
of companion species. Hp—Phra also showed Shannon_Hca/Shannon_Hco < 1, with 9 of
11 inventories recording Shannon_Hca = 0, indicating poor conservation. In Ta-Phra, one
of nine inventories had Shannon_Hca = 0, five were <1, and three were >1. Juncus acutus
rushlands also showed Shannon_Hca/Shannon_Hco < 1.

Overall, these results indicate that the study area faces high risk of biodiversity loss
and low vegetation stability, primarily due to: (i) eutrophication from adjacent tropical crop
cultivation, and (ii) intense tourist pressure.

As in all research, strengths and weaknesses exist. The main strength of this study
is the integration of teaching methodologies with the phytosociological research method,
using natural habitats as open-air laboratories. A key weakness is the imbalance between
theoretical curricula and practical application, underscoring the need to translate theoretical
content into hands-on learning experiences.

5. Conclusions

Field-based geobotanical research using the phytosociological method has enabled
the identification of three new plant associations and has demonstrated the potential to
integrate active learning methodologies with phytosociological research practice. The
scientific process, understood as a paradigmatic framework, provides a model for empirical
teaching, where observation and experimentation within the natural environment serve as
authentic research laboratories. Direct field observation, sampling techniques, and their
interpretation form the foundation for project-based teaching and learning.

The initial study of plant communities as fundamental elements of the landscape
allows their recognition and, in turn, facilitates the expansion of researchers’ understanding
of the natural environment through the integration of ecological, floristic, bioclimatic, and
biogeographic components.

The incorporation of active teaching methodologies into phytosociological research
has enabled the diagnosis of several syntaxa new to science, clearly differentiated from
those described by previous authors on the basis of ecology, floristics, bioclimatology,
and biogeography. It has also allowed for the reformulation of proposals for previously
described syntaxa.

Application of the Shannon_H index to all species recorded in the plots, to the char-
acteristic species of each syntaxon, and to companion species indicates that the wetlands
of the Costa Tropical (Spain) are experiencing significant degradation. This decline is
primarily driven by two factors: eutrophication and intense tourist pressure.

Future research should aim to strengthen and consolidate practical, field-based teach-
ing over purely theoretical instruction. Increasing student presence in the field as a natural
laboratory will enhance societal knowledge of nature and, consequently, its resilience in
the face of natural disasters.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ecologies6040086/s1, Figure S1: Ecotone between associations
A and B. showing characteristic species of each association and species common to both. Figure S2.
Differential elements g and h corresponding to subassociations within association A. Table S1: Field
and bibliographic data of the studied sites (communities of Juncus acutus). Data from Professor
Rivas-Martinez were used with the aim of conducting a comparative study with the Juncus acutus
communities described by this author for the areas of Dofiana National Park, and our own inventories.
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Table S2. Field and bibliographic data of the studied sites (communities of Phragmites australis and
Typha dominguensis). Data from Professors Rivas-Martinez, Loidi, and Molina were also employed
perform a comparative analysis with the Phragmites australis reedbeds described for other regions of
Spain, and our own inventories.
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