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Abstract
With this inaugural editorial, we introduce Vegetation Classification and Survey (VCS), the new gold open access (OA) 
journal of the International Association for Vegetation Science (IAVS). VCS is devoted to vegetation classification at 
any spatial and organisational scale and irrespective of the methodological approach. It welcomes equally case studies 
and broad-scale syntheses as well as conceptual and methodological papers. Two Permanent Collections deal with 
ecoinformatics (including the standardised Database Reports published in collaboration with GIVD, the Global Index 
of Vegetation-Plot Databases) and phytosociological nomenclature (edited in collaboration with the respective IAVS 
Working Group). We discuss the advantages of OA as well as challenges and drawbacks caused by the way it is currently 
implemented, namely “pay for flaws” and publication impediments for scientists without access to funding. Being a 
society-owned journal, editorial decisions in VCS are free from economic considerations, while at the same time IAVS 
offers significant reductions to article processing charges (APCs) for authors with financial constraints. However, it is 
recognised that sustainable OA publishing will require that payment systems are changed from author-paid APCs to 
contracts between the science funding agencies and publishers or learned societies, to cover the production costs of 
journals that meet both quality and impact criteria.

Abbreviations: APC = article processing charge, GIVD = Global Index of Vegetation-Plot Databases, IAVS = Interna-
tional Association for Vegetation Science, JVS = Journal of Vegetation Science, OA = open access, VCS = Vegetation 
Classification and Survey.

Keywords
article processing charge (APC), double-blind, learned society, open access, open data, peer review, phytosociological 
nomenclature, science funder, serial crisis, vegetation classification, vegetation-plot database

Introduction

Welcome to the first issue of the new journal Vegetation 
Classification and Survey (VCS).

After one year of intensive discussion, the Council of 
the IAVS decided in June 2019 to start VCS as a third as-
sociation-owned journal, alongside the Journal of Vegeta-
tion Science (JVS) and Applied Vegetation Science (AVS), 

which means that now the whole spectrum of vegetation 
science is covered by IAVS-owned journals.

The scope of VCS is focused on vegetation typologies 
and vegetation classification systems, their methodo-
logical foundation, their development and their applica-
tion. The journal publishes original papers that develop 

Copyright Florian Jansen et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and 
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new typologies as well as applied studies that use such ty-
pologies, for example, in vegetation mapping, ecosystem 
modelling, nature conservation, land use management, or 
monitoring. We particularly encourage methodological 
studies that design and compare tools for vegetation clas-
sification and mapping, such as algorithms, databases and 
nomenclatural principles, or are dealing with the concep-
tual and theoretical bases of vegetation survey and classi-
fication. VCS is for the international audience, meaning 
that large-scale studies are preferred, but regional studies 
will be considered if they fill important knowledge gaps or 
are used to develop and present new methods. Apart from 
“regular” articles, VCS will include two special sections, 
called “Permanent Collections”:

The Collection Ecoinformatics invites papers present-
ing vegetation-plot databases and other ecoinformatics 
data sources relevant for vegetation classification as well 
as concepts, methods and tools for using these. VCS has 
established a formal collaboration with the Global Index 
of Vegetation-Plot Databases (GIVD; http://www.givd.
info) and it will serve as an outlet for reports on GIVD 
activities, Short Database Reports (1–2 printed pages, no 
text except abstract, no references) and Long Database 
Reports (3–15 printed pages). Submissions of Database 
Reports must be accompanied by a recent Fact Sheet 
from the GIVD website.

The Collection Phytosociological Nomenclature fo-
cuses on nomenclature issues for syntaxa. We encourage 
comprehensive nomenclatural revisions of major syn-
taxa, analyses of nomenclatural problems related with the 
names of wide-spread high-rank syntaxa as well as Forum 
Papers on general nomenclatural issues that are of interest 
to an international readership. Further, official documents 
issued by the Working Group for Phytosociological No-
menclature (GPN) of the IAVS, such as Reports, Decisions 
and Proposals, will be published in this section.

It has certainly not gone unnoticed that the editori-
al team of VCS is largely identical with the one that has 
been responsible for Phytocoenologia during the last five 
years (Jansen et al. 2016; Biurrun et al. 2019). The reasons 
why we and IAVS decided to start a new journal with a 
new publisher are manifold. The situation resembles the 
launch of JVS in 1990. Indeed, the words of Eddy van der 
Maarel in the inaugural editorial of JVS (referring to the 
journal Vegetatio, now Plant Ecology), could equally be 
applied to summarise our own decision: “not only did 
IAVS as a society lack a real influence on the journal, [...] 
the journal became a luxury for libraries in rich countries” 
(van der Maarel 1990). We hope that you as readers and 
authors will now follow us into a successful future of aca-
demic exchange and development. We, the Chief Editors 
of the old and the new journal, are excited about the new 
possibilities and we hope for your support. In particular, 
we want to thank the members of our very diverse edito-
rial team. Representatives from many regions of the world 
have agreed to support the journal and will guarantee an 
unprecedented level of expertise to cover research on veg-
etation from all around the globe.

Together with the new journal title and the new pub-
lisher, we also decided to implement some additional 
major changes. The most important ones are to go open 
access and to introduce double-blind peer review.

Open research
It is acknowledged that research which is freely available 
has a greater impact than research hidden behind a pay-
ment wall (Antelman 2004), benefiting science by accel-
erating dissemination and the uptake of research findings 
(Eysenbach 2006), especially for developing countries 
(Evans and Reimer 2009). Other academic, economic or 
societal benefits of an open research approach have been 
identified (Tennant et al. 2016) and as part of this ap-
proach the availability of primary data is recognised as be-
ing crucial for the reproducibility of analyses (Reichman 
et al. 2011) and must be encouraged.

The development of the Internet and how it redefined 
communication and publishing has been the main driver 
of the open access (OA) movement (Laakso et al. 2011). 
Making printed versions of articles obsolete, the costs per 
research article theoretically should have decreased as a 
result of not investing material resources in publication 
printing and distribution. Instead, the subscription pric-
es within the traditional publishing model have increased 
steadily, enabled by the inelastic demand for finding pres-
tigious publication venues for authors.

The way towards open access

The resulting OA initiatives have led to “gold open access” 
venues, these are journals that solely publish open-access 
papers with the costs of publishing either marginalised 
by the publication work being undertaken on an unpaid 
voluntarily basis or paid for by the authors via APCs. At 
present, however, “green open access” (i.e., the publication 
of accepted but unformatted articles on personal web-
pages), and “hybrid” models are still more common. The 
latter have become standard in most traditional journals. 
Hybrid OA means that additional to the normal subscrip-
tion fee for a journal, individual papers can be paid-off 
from the pay wall restrictions but in most cases without a 
reduction of the journal subscription fee. This effectively 
means “double dipping” for the publisher (Cheung 2015), 
making it attractive within traditional business models, 
but without generating momentum for a general shift to-
wards OA. Therefore, such hybrid models have been ex-
cluded from the OA payment regulations of many science 
funding institutions.

The biggest challenge of OA is located outside of sci-
ence and is a problem of financial cash flow. As exempli-
fied in Geschuhn (2015) there probably is enough money 
in the system to cover all costs of OA publishing. Pub-
lication costs are much more transparent in OA than in 
traditional subscription models and average costs have 



Vegetation Classification and Survey 3

been estimated to be much lower. For 2015, a global ex-
penditure of at least EUR 7.6 billion, mostly in the form of 
subscription fees, and a production of 1.5 to 2 million pa-
pers has been calculated, resulting in an allocation per ar-
ticle of EUR 3,800 to 5,000 (Geschuhn 2015). This money 
would need to be transferred from subscription fees paid 
by libraries (mainly for huge bundles of journals from a 
small number of mega-publishers) to the APCs for OA 
papers. Only if the money is re-purposed from subscrip-
tion fees to individual or bundled APCs, transforming the 
underlying business model for publishers and overcoming 
the “serial crisis” (McGuigan and Russell 2008), will OA 
be as disruptive as predicted. Until recently the most tar-
get-oriented step has been the introduction of “offsetting” 
models instead of hybrid approaches. Offsetting means 
that for every OA article the subscription fee for the jour-
nal is effectively reduced, making the transition between 
subscription and pre-publication business models trans-
parent and flexible.

A widely perceived step towards a complete transition 
to OA was the so-called project DEAL between German 
science organisations and major global publishers in 2019 
and 2020 (Wiley and MPDL Services 2019; Springer-
Nature and MPDL Services 2020). The core objective of 
this deal is open access to all research articles written by 
corresponding authors based at German science institu-
tions, while paying for such services with a model based 
on the number of articles published by the institution. If 
this model could be adopted in more countries, it could 
become a very powerful driver for a fast shift to OA, be-
cause in this scenario APCs do not have to be covered by 
the authors of a paper but are being be paid by a country’s 
research institutions.

Challenges of open access

While in the initial phase of the OA movement a broad 
believe was predominant among scientists, librarians, and 
science funders that “gold open access” would be the solu-
tion to many of the problems of the traditional subscrip-
tion journal system, nowadays scientists are often disillu-
sioned by how OA is implemented in practice:

Firstly, gold open access often only transfers the barri-
ers from one place to another. While published science in 
an OA world is accessible to everybody, it does depend on 
the financial capabilities of authors and their institutions 
whether a relevant piece of science is published or not; as 
long as it is based on APCs and no non-discriminatory re-
funding mechanism exists. In the traditional publication 
system, libraries in rich countries subsidize the produc-
tion of high-quality journals and good scientific work is 
accepted irrespective of the origin and financial capabili-
ties of the authors. Getting access to a published non-OA 
article, even if your own library has not subscribed, is in 
practice much easier than securing funds for your own 
OA manuscript. In fact, APCs are not only prohibitive for 
authors from developing countries, but also for many au-

thors in rich countries who are not associated with large 
scientific institutions.

Secondly, it has been widely perceived in the scientific 
community that a business model that is built on APCs 
might jeopardize the quality of scientific journals. Gen-
erally, APCs incentivize quantity rather than quality: the 
more articles are published, the more revenue is generat-
ed by the publisher, at least in the short to medium term. 
Accordingly, many new OA publishers have been estab-
lished promising faster and higher acceptance rates. In 
order to ensure this promise, it is often the employees of 
the publisher, instead of respected and independent sci-
entists, that make editorial decisions. However, also tra-
ditional scientific publishers have opened new low-pro-
file OA journals to which they redirect those articles that 
did not reach the standards required for acceptance in 
their own high-profile subscription journals. We call 
this a “pay for flaws” model. It should also be recognised 
that there are still hardly any top-tier journals among the 
gold OA journals, neither in ecology nor in multidisci-
plinary sciences.

Ways to overcome the challenges

They are far from trivial, but there are ways out of this 
labyrinth. Science funders should not pay gold OA fees 
independent of the journal’s quality, but should look 
more closely into editorial practices and base payment 
on the average quality of the outcome (e.g., citation 
rates). Editors have to be independent and not employ-
ees of the publisher. Usually reviewers and editors have 
made a big contribution to the quality of an article be-
fore it reaches the scientific public and there must be no 
incentives or pressure to shortcut this process. Journals 
that violate such ethical standards must be excluded 
from receiving APCs paid from public money. Moreo-
ver, for those journals meeting specific quality stand-
ards funding agencies should cover different levels of 
cost depending on the quality level of the journal, for 
example by setting different thresholds depending on 
the impact quantile of the respective discipline to which 
the journal belongs.

Science funders also need to nurture science as a whole, 
not only those scientists employed at high-profile institu-
tions within their own country. Gold OA will only work 
properly when we overcome the current situation of in-
dividual APCs paid by authors and replace this with pay-
ments from consortia of science funders and institutions 
to publishers or learned societies, to produce high-quality 
gold OA journals.

The role of learned societies

Learned societies have always played a major role in 
scientific publishing. The first scholarly journals were 
founded by learned societies such as the Philosophical 
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Transactions by the Royal Society of London in 1665. 
Learned societies will also play an indispensable role 
in the transition to OA, fostering scientific excellence 
beyond economic stimulus. Currently, however, the in-
centives for learned societies are detrimental to OA as 
they are paid by publishers for the journals published 
under their name and editorial team, as is the case for 
the two long-standing IAVS journals. This is often the 
predominant source of income for a society which in 
turn is used to fund scientific activities, such as grants 
and prizes for young scientists or discounts on confer-
ence fees for participants with financial constraints. On 
the other hand, membership is coupled with discounts 
on journal subscription fees, which is often the major 
incentive to become a society member. At least the latter 
can be replaced by switching from an incentive for read-
ers to incentives for authors by reducing the APCs, as is 
done by the IAVS in the form of a 10% discount for VCS 
for IAVS members.

How VCS addresses the challenges

We Chief Editors fully support the open research philos-
ophy. However, we also see the drawbacks of the current 
implementation of OA for science in general and the 
problems that APC OA causes for many of our authors.

As VCS is owned by a respected scientific associa-
tion, which controls the publication policy and appoints 
the Chief Editors, full economic independence from 
the publisher is guaranteed. This means that we do not 
promise that the acceptance of an article in our journal 
will be fast or the revisions easy. However, both authors 
and readers can trust on the quality of all articles when 
they are published.

It is important that authors consider the bigger picture 
if confronted with an APC bill. The whole scientific com-
munity is asked to work within sustainable financing and 
it should be recognised that the IAVS will do its best to 
distribute financial burdens fairly, by offering reductions 
and waivers for authors until more countries find solu-
tions to refund the cost of pre-publication fees. Authors 
should discuss with co-authors the best solution for your 
manuscript. If in doubt, please contact the editors. The 
distribution of good scientific research should not be hin-
dered by financial obstacles!

You can find the current APCs for VCS, set by the 
IAVS Publication Committee, at https://vcs.pensoft.net/
about#Article-Processing-Charges. The comparatively low 
base price is further reduced for IAVS members, Editorial 
Board members, authors from countries with low income 
or with financial hardship. Please talk to your research in-
stitution about possibilities for refunding the costs. An in-
creasing number of institutions and funding agencies are 
happy to cover the costs for gold open access journals such 
as VCS, knowing that in the long term this is an opportu-
nity to move away from the serial crisis of traditional sub-
scription pricing. We hope that the science funding bodies 
will recognise the opportunities that learned societies like 

the IAVS and medium-sized publishers such as Pensoft of-
fer and consider implementing similar deals to the ones 
they have struck with some mega-publishers.

Open data

As important as open access to scientific articles is the 
access to the underlying data. In the last decade, we 
have seen how the availability of vegetation-plot data at 
the national (see Dengler et al. 2011) and international 
level (Chytrý et al. 2016; Dengler et al. 2018; Bruelheide 
et al. 2019) has fostered cooperation and enabled com-
pletely new avenues of research (Bruelheide et al. 2018; 
Dengler et al. 2020). Hoewever, for vegetation classifi-
cation there is still much progress to be made. Many 
of the analytical methods utilised in the production of 
classifications can generate unstable results, as they are 
highly dependent on small parts of the input data. The 
availability of primary data is an indispensable require-
ment for the reproducibility of ecological research (Re-
ichman et al. 2011).

VCS expects that data will be archived, if possible, in 
an appropriate public repository or in electronic Supple-
mentary Information connected to the paper. The authors 
should make a statement of where the primary data are 
stored. If they are archived in a public repository, a ref-
erence to a DOI (digital object identifier) or permanent 
URL (uniform resource locator) should be provided. If the 
paper uses data from large multi-contributor databases 
such as sPlot, EVA (European Vegetation Archive) or TRY, 
which cannot be made publicly available because of the 
third-party ownership issues, the data selection released 
for the study should be stored in a permanent repository 
and made available for re-analyses upon request. As Chief 
Editors of VCS we are interested in making all underlying 
data permanently available to the scientific public on plat-
forms where the data are easily located and in formats that 
preserve the rich and complex information that is con-
tained within vegetation data. You can expect us, together 
with related journals, to spearhead the development of 
new approaches that will improve on the current scattered 
and inconsistent solutions.

Double-blind
The second significant change the editorial team have im-
plemented, compared to our predecessor journal, regards 
the peer review system. Following other journals like 
Global Ecology and Biogeography, we now have a dou-
ble-blind review system where not only the reviewers are 
unknown to the authors but also the other way round (i.e., 
the authors are unknown to the reviewers).

The discussion whether single-blind reviews discrim-
inate specific authors based on their affiliation, gender 
and seniority is controversial and the findings context-de-
pendent (Snodgrass 2006; Budden et al. 2008; Webb et al. 
2008). However, whether a paper is accepted for publica-
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tion should be made on the basis of the manuscript alone: 
Are the methods correct, the conclusions substantiated by 
the results and overall does the contribution advance sci-
ence? It should not be dependent on circumstances such as 
who wrote the paper or the professional affiliations of the 
authors. We have experienced that biases in both direc-
tions can occur, whether manuscripts from young, female 
authors from developing countries are assessed over-crit-
ically compared to those from senior, well-known male 
authors, or the other way around are just waved through 
despite obvious weaknesses. By introducing double-blind 
peer review, we want to contribute our part to reducing 
such biases where they might exist. We are well aware that 
sometimes authors can be guessed from the manuscript 
content, but this does not make the approach invalid. Be-
yond double-blind reviews we will always try to do our 
best to be fair to all authors, fairness to unknown authors 
or institutions, fairness to prolific or to less-published au-
thors, as well as gender equity.

The first papers of VCS
This Editorial goes online together with a group of pa-
pers, covering five continents and much of the journal’s 
research spectrum. A study from China examines Pinus 
yunnanensis forests, a commercially, culturally and eco-
nomically important tree of south-western China (Tang 
et al. 2020). We would like to see more vegetation stud-
ies from this species-rich region, from both natural and 
anthropogenically influenced vegetation types. Hunter 
and Hunter (2020) report on montane mire vegetation 

from the New England Tablelands Bioregion in Austral-
ia and how it fits into previous classifications. Zeballos et 
al. (2020) classify dry subtropical forests in the Espinal 
province, Argentina, using vegetation plots, and call for 
their urgent conservation. Abutaha et al. (2020) describe 
the plant communities and their environmental drivers on 
Gebel Elba, Egypt. Finally, Zervas et al. (2020) present a 
phytosociological survey of aquatic vegetation in the main 
freshwater lakes of Greece.

Classification methods in VCS are not limited to any 
specific approach. This is exemplified by the selection of 
papers published together with the Editorial. They range 
from phytosociology (Guarino et al. 2018) to the EcoVeg 
approach (Faber-Langendoen et al. 2014) and we hope to 
see many more approaches together with papers that try to 
unify different approaches. As explained in our scope (see 
Introduction), we also appreciate methodological papers, 
such as the one from Attorre et al. (2020), who compare 
finite mixture models to a more traditional classification 
method. Such comparisons are fundamental to advance 
our toolbox for vegetation classification and survey.
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Abstract
Aims: Pinus yunnanesis is commercially, culturally and economically important, but there is a lack of ecological data 
on its role in stand dynamics. Our aims are to clarify the structure, composition, regeneration and growth trends of 
primary mature P. yunnanensis forests. Study area: The Tianchi National Nature Reserve in the Xuepan Mountains, 
Yunlong County, northwestern Yunnan, China. Methods: We investigated forests containing P. yunnanensis, meas-
ured tree ages and analyzed the data. Results: Six forest types were identified: (1) coniferous forest: Pinus yunnanensis 
(Type 1); (2) mixed coniferous and evergreen broad-leaved forest: P. yunnanensis-Lithocarpus variolosus (Type 2); (3) 
mixed coniferous and deciduous broad-leaved forest: P. yunnanensis-Quercus griffithii (Type 3); (4) mixed evergreen 
broad-leaved and coniferous forest: Castanopsis orthacantha-P. yunnanensis-Schima argentea (Type 4); (5) mixed co-
niferous, evergreen and deciduous broad-leaved forest: Pinus yunnanensis-Schima argentea-Quercus griffithii (Type 
5); (6) mixed coniferous and evergreen broad-leaved forest: Pinus armandii-Quercus rehderiana-Pinus yunnanensis 
(Type 6). The size- and age-structure and regeneration patterns of P. yunnanensis were highly variable within these six 
forest types. P. yunnanensis regeneration was well balanced in forest Type 1 as compared to the other five types. All 
six forest types were identified as rare and old-growth with P. yunnaensis trees reaching ages of more than 105 years 
(a maximum age of 165 years with a diameter 116 cm at breast height) except for the Type 4 forest (a 90-year-old 
stand). Growth rates of P. yunnanensis, based upon ring width measurements, were high for the first 10 years, then 
declined after the 10th year. In contrast, basal area increment (BAI) increased for the first 25 years, plateaued, and only 
declined as trees became older. Trees in the older age classes grew more quickly than younger trees at the same age, a 
consequence of either site quality or competitive differences. The BAI of P. yunnanensis in all age classes in the Tianchi 
National Nature Reserve was much higher than those of the secondary and degraded natural P. yunnanensis forests 
of other areas. Conclusions: The P. yunnanensis forests of the Tianchi area appear to be some of the last remnants of 
primeval and old-growth forests of this species. These forests are structurally diverse and contain a rich diversity of 
overstory, mid-story, and understory species.

Taxonomic reference: Editorial Committee of Flora Republicae Popularis Sinicae (1959–2004) for vascular plants.

Abbreviations: BA = basal area; BAI = basal area increment; DBH = diameter at breast height; H = height; RBA = relative 
basal area.

Copyright Cindy Q. Tang et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and 
source are credited.
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Introduction
In East Asia, warm-temperate pines (e.g., Pinus yunnan-
ensis, P. kesiya, P. massoniana, P. taiwanensis, P. roxburghii, 
P. thunbergii) grow mainly at low to mid-high elevations 
on dry or humid mountain slopes, cliffs, rock barrens, or 
ridges. They also grow in valleys and on disturbed sites 
in subtropical and warm-temperate areas. Temperate/
cold-temperate pines (e.g., P. densata, P. wallichiana, P. 
pumila) occur at high elevations or in cold locations, being 
able to withstand cold and snow. Warm-temperate species 
of Pinus often form a mosaic of stand structures across the 
landscape of subtropical China (Tang 2015). P. yunnanensis 
(Yunnan pine) is native to subtropical southwestern China 
at 400–3,100 m above sea level (m a.s.l.), but mainly be-
tween 1,600–2,900 m ranging 23°–30°N and 96°–108°E (Jin 
and Peng 2004; Chen et al. 2012; http://www.eFloras.org). 
The more northern ecological partner, Pinus tabuliformis, 
is widely distributed at 100–2,600 m ranging 31°N–44°N, 
101°30’E–124°25’E in temperate areas of China and Ko-
rea. The southern ecological partner, Pinus kesiya, is found 
at mainly 700–1,800  m in southeastern Tibet, southern 
Yunnan, northeastern India, Laos, Myanmar, Philippines, 
Thailand, Vietnam (Xu 1990; Wen et al. 2010; http://www.
eFloras.org). In many localities P. yunnanensis occurs in al-
most pure stands. In the subtropical zone, P. yunnanensis 
is often found in early or intermediate-successional stands 
after destruction of the evergreen broad-leaved forest by 
human activities or after forest fires (Tang 2015). In general 
forest stands of P. yunnanensis present a young age struc-
ture (Wang et al. 2018). Old-growth or primary mature P. 
yunnanensis forests are now confined to a very few nature 
reserves in Yunnan and southeastern Tibet. 

P. yunnanesis is commercially (resin and timber), cultur-
ally and economically important, but there is a lack of eco-
logical data on its role in succession and stand dynamics. 
There are studies on P. yunnanensis community succession 
after fire (Tang et al. 2013), seed germination following fire 
(Su et al. 2017), seedling growth under experimental con-
ditions (Cai et al. 2016), regeneration in plantations (Wang 
et al. 2017), secondary growth forests, degraded and re-
stored forests in central Yunnan (e.g., Chen and An 1993; 
Peng et al. 2005, 2012; Shi et al. 2009; Yang 2010), as well 
as its genetics (e.g., Yu et al. 2000; Xu et al. 2011; Wang et 
al. 2013). However, studies of forest stand characteristics 
including species diversity, size and age structure, as well 
as growth rates of the old-growth P. yunnanensis forest are 
not available. Li et al. (2007) identified a P. yunnanensis 
forest in Yongren, central Yunnan as an old-growth forest 
with trees having a maximum DBH of 48 cm and a corre-
sponding age of 257 years, but they did not provide data 
on ring width and did not explain how they collected age 
data. In addition, no information regarding stand charac-

teristics was provided. An understanding of forest features 
and population structure of old-growth forests is crucial 
for gene bank and biodiversity conservation. 

The Tianchi National Nature Reserve of Yunnan is des-
ignated to protect old-growth and primary mature for-
ests dominated by P. yunnanensis. The Reserve affords a 
unique opportunity to study P. yunnanensis over a wide 
range of elevations, forest types, and age classes, includ-
ing old-growth forest stands. We address the following 
questions: What are the structural features of forests con-
taining P. yunnanensis in the Tianchi National Nature Re-
serve? What are the population structure and regenera-
tion patterns of this species? What are the growth trends 
in the study area based upon ring area and width data? 

Methods
Study area

The Tianchi National Nature Reserve is located in the 
subtropical zone of Yunnan between an elevation range of 
2,100 to 3,226 m The Reserve includes Tianchi and Long-
mashan areas in the Xuepan Mountains, Yunlong County, 
northwestern Yunnan, China (Figures 1a, b). 

The mountain slopes of our study area have the red or 
yellow-reddish soil in 2,100–2,300  m elevation zone, the 
yellow-brown soil in 2,300–2,700 m zone and the brown soil 
in 2,700–3,200 m zone (Su et al. 2013). The water content of 
surface soil is 16.7% on average, ranging from 9.6% to 21.4% 
at 2,500–2,700 m (Jin and Peng 2004). It is characterized by 
a subtropical, humid climate that is largely controlled by 
the summer monsoon of India and the East Asian summer 
monsoon. The temperature lapse rate with elevation is 0.56 
°C /100 m (Su and Wang 2013). The mean annual tempera-
ture is 13.8 °C at 2,000 m and 7.1 °C at 3,200 m with a warm 
month mean of 19.7 °C at 2,000 m and 13.4 °C at 3,200 m 
in June and a cold month mean of 6.5 °C at 2,000 m and 
0.3°C at 3,200 m in January. The mean annual precipitation 
is 975.1 mm at 2,000 m and 1,313.5 mm at 3,200 m, of which 
about 80% falls between March and October. The monthly 
relative humidity is greater than 85%.

Study species

The focal species of this study is P. yunnanensis (Figures 
2a–e). P. yunnanensis is an evergreen coniferous species 
that can grow to mature heights over 30  m, or assume 
shrub-like forms in extremely dry habitats. Needles are 2 
or 3 per bundle. Seed cones shortly pedunculate, green, 
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maturing to brown or chestnut brown. Seeds with mem-
branous wings are anemophilous (wind-dispersed). P. 
yunnanensis is a light-demanding species. It appears to be 
drought resistant, but requires forest gaps or disturbances 
to regenerate. Its distribution center is located on the pla-
teau of Yunnan, also extending east into western Guizhou, 
northeast into western and southwestern Sichuan, south 
into southern Yunnan, southeast into western Guangxi, 
and northwest into southeastern Tibet, China. 

Data collection and analysis

The forests in the study area are subjected to a range of 
natural and anthropogenic factors (such as elevations, 
topography, natural disturbances and human activities) 
thus, are structurally and floristically heterogeneous and 
the landscape pattern of vegetation is small mosaic patch-
es. We selected plots in each patch containing P. yun-
nanensis in the study area. During July-August 2017, we 
established 24 plots containing P. yunnanensis between 
2,530 and 3,100  m in this specific area of the Reserve 
(25˚49’48”–25˚57’70”N, 99˚13’14”–99˚20’34”E) (Figure 
1c). The plots were established in the locations depend-
ing on access. The plot size varied between 20 m × 20 m 

to 40 m × 30 m where plot size depended on the size of 
the patch. Patch size was determined by species composi-
tion and topographic similarity. General information was 
noted including slope positions, altitude, slope exposure, 
slope inclination, and disturbance history.

Tree stems were classified into four classes based on 
their vertical position, crown position, and height: emer-
gent layer (H ≥ 28 m tall), canopy (20 m ≤ H < 28 m tall), 
subcanopy (8 m ≤ H < 20 m tall), and shrub layer (1.3 m 
≤ H < 8 m tall). For all individuals greater than 1.3 m tall, 
DBH was used to calculate basal area and then basal area 
(BA) for each species found in a plot could be determined.

Understory woody species less than 1.3  m tall were 
divided into two classes: (1) 5  cm ≤ H < 50  cm tall for 
seedlings and (2) 50 cm ≤ H < 130 cm for saplings. Within 
these two classes, each individual was identified, count-
ed, and measured for height and percentage foliage cover. 
For the species in each plot, all individuals at least 1.3 m 
in height were identified to species level, numbered and 
tagged, noted whether healthy, unhealthy, or dead. 

We obtained 71 increment cores from P. yunnanensis 
trees of varying DBHs in the study area. For each tree 
trunk, a single increment core was taken from at 1 m above 
ground level. The length of time from the position at 1 m 
in height to ground level was estimated to be nine years 

Figure 1. The study area. (a) Yunlong County in northwestern Yunnan. (b) The Tianchi National Nature Reserve in 
Yunlong County. (c) Plots located in the Tianchi National Nature Reserve.
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based on field observations. The nine years was added to 
the data of ages we obtained from each increment core. 
For comparison, we also obtained 61 increment cores of 
P. yunnanensis from naturally regenerated secondary for-
ests of Kunming and Yongren, central Yunnan. Tree age 
was determined using the software WinDENRO tree ring 
analysis system. From this analysis, we were also able to 
determine ring widths and to calculate basal area incre-
ments (BAI). The following formula was used to calculate 
BAI: X-(X-1) where X is the basal area at year X (last year 
of growth) and X-1 is the basal area of the tree measured 
up to the year previous to X. BAI is used in forest growth 
studies because it accurately quantifies wood production 
based on the ever-increasing diameter of a growing tree 
(Rubino and McCarthy 2000).

In each plot, the relative basal area (RBA, %) of each 
species was used as a measure of abundance of the species. 
Plant communities were classified using a floristic similari-
ty dendrogram with Relative Sөrensen and Group Average 
clustering [PCORD software (McCune and Mefford 1999)]. 

Dominance was determined using a dominance 
analysis according to the RBA of each species (Ohsawa 
1984). The communities were named according to dom-
inant species. 

Diversity was calculated for each forest stand using 
species richness (number of species), the Shannon-Wie-
ner’s diversity index (Shannon-Wiener index) (Pielou 
1969) and Simpson’s diversity index (Simpson index) 
(Lande 1996). The measurement unit bit (logarithm bases 
2) for Shannon-Wiener index was used. The proportion 

of total number of individuals was applied for calculat-
ing the diversity indices. Differences in species richness 
and diversity indices among habitats were analyzed by the 
non-parametric Kruskal-Wallis all-pairwise comparisons 
test, using Analyze-it Software (https://analyse-it.com; 
2009). In order to examine tree growth in P. yunnanensis 
over time across all age classes both ring width (mm) and 
BAI (mm2) were used. 

Results
Forest types, stratification and species diversity

From our 2017 vegetation study, six distinct forest com-
munities (at the 62% floristic similarity threshold) were 
classified according to the floristic similarity dendrogram 
(Figure 3a). These were: (1) Type 1: coniferous P. yunnan-
ensis forest distributed in valley bottoms, slopes and ridges 
at elevations of 2,570–2,990 m; (2) Type 2: coniferous P. 
yunnanensis and evergreen broad-leaved Lithocarpus vari-
olosus mixed forest distributed in mid slopes at elevations 
2,680–2,760 m; (3) Type 3: coniferous P. yunnanensis and 
deciduous broad-leaved Quercus griffithii mixed forest 
distributed in lower slope positions at elevations 2,530–
2,550  m; (4) Type 4: evergreen broad-leaved and conif-
erous mixed forest Castanopsis orthacantha-P. yunnan-
ensis-Schima argentea distributed in valleys at elevations 
2,570–2,600 m; (5) Type 5: coniferous, evergreen and de-
ciduous broad-leaved mixed forest P. yunnanensis-Schima 
argentea-Quercus griffithii distributed in lower and mid 
slopes at elevations 2,530–2,890 m; (6) Type 6: coniferous 
and sclerophyllous evergreen broad-leaved mixed forest P. 
armandii-Quercus rehderiana-P. yunnanensis distributed 
in upper slopes and ridges at elevations 3,040–3,100 m. 

The landscape pattern of these six forest types in the 
Tianchi area was a mosaic determined by elevation and 
topography as well as various natural and anthropogen-
ic disturbances. P. yunnanensis is consistently one of the 
dominants in each of these six forest types. In forest Type 
1 the disturbance histories were diverse and included 
landslides, cattle and goat browsing, evidence of lightning 
strike on older trees. In contrast, disturbance histories for 
the other five forest types mainly consisted of landslides. 
Additionally, there was evidence of selective cutting and 
other human activity (such as collecting leaf litter) in the 
forest understory in Type 2 and Type 3 forests.

Figure 3b depicts the stratification of P. yunnanensis 
with each of the six forest types. In Type 1, P. yunnan-
ensis dominated the canopy (20–28  m) and subcanopy 
(8–20 m) layers. It reached 35 m in height in the emergent 
layer. In addition, many P. yunnanensis individuals were 
found in the shrub layer. This is a typical primary mature 
forest of P. yunnanensis. A few trees of Lithocarpus craibi-
anus and Schima argentea were present in the canopy and 
subcanopy layers. Alnus nepalensis and Quercus griffithii 
were found along the forest edge. In the shrub layer, Lyo-
nia ovalifolia and Sorbus folgneri are the main members. 

Figure 2. Pinus yunnanensis and its forest in the Tianchi 
National Nature Reserve. (a) Three needles per bundle 
and a seed cone of P. yunnanensis. (b) Branches with 
foliage and seed cones of P. yunnanensis. (c) The P. 
yunnanensis forest. (d) A P. yunnanensis tree with 33 m 
tall and 116 cm DBH. (e) Saplings of P. yunnanensis in 
a canopy gap.
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In Type 2, P. yunnaensis reached both the emergent lay-
er (28–35 m) and the canopy, but only a few were found in 
the subcanopy and none between 1.3–12 m. Lithocarpus 
variolosus and Pinus armandii, Cyclobalanopsis oxyodon 
were found in the subcanopy and shrub layers. 

In Types 3 and 4, the maximum height of P. yunnaen-
sis also reached 35 m in the emergent layer. In Type 3, P. 
yunnaensis and Quercus griffithii shared the canopy and 
subcanopy. In Type 4, Castanopsis orthacantha, P. yunnan-
ensis and Schima argentea co-occupied the canopy and 
subcanopy. In Type 5, P. yunnanensis, Schima argentea 
and Quercus griffithii co-dominated the canopy, subcan-
opy and shrub layers. 

Type 6 is found above 3,000 m (3,040–3,100 m). Two 
pine species, P. armandii and P. yunnanensis, occupied the 
canopy layer, while in the emergent layer only P. armandii 
reached 38 m tall. Sclerophyllous evergreen broad-leaved 
Quercus rehderiana shared the subcanopy with the two 

pine species. In the shrub layer, Rhododendron delavayi, 
Lyonia ovalifolia, Viburnum cylindricum were common. In 
forest Types 3, 4, 5 and 6, there were fewer individuals of P. 
yunnanensis in the shrub layer than that of P. yunnanensis 
in the shrub layer of Type 1. The emergent layer of each 
forest type was made up of light-demanding, long-lived 
species (i.e. P. yunnanensis in the first four forest types, 
and P. armandii in the last two forest types).

The floristic composition of woody species in the six 
forest types is shown in Table 1. In total, 68 woody species 
comprised of 3 coniferous, 37 evergreen broad-leaved and 
28 deciduous broad-leaved species belonging to 47 genera 
in 26 families were recorded in the 24 plots (Table 1 and 
Suppl. material 1). While the plots pooled for each forest 
type, 48 and 33 woody species were found respectively 
in Type 1 P. yunnanensis forest and Type 5 P. yunnanen-
sis-Schima argentea-Quercus griffithii forest. In contrast, 
fewer than 25 woody species were found in each of the oth-

Figure 3. Floristic dendrogram and habitat characteristics, as well as forest stratification. (a) Floristic similarity 
dendrogram and habitat characteristics. (b) Height-class frequency distribution of species (height ≥ 1.3 m). Ab-
breviations for (a): PY = Pinus yunnanensis; LV = Lithocarpus variolosus; QG = Quercus griffithii; CO = Castanopsis 
orthacantha; SA = Schima argentea; PA = Pinus armandii; QR = Quercus rehderiana.
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Table 1. Floristic composition of woody species (height ≥ 1.3 m) in the six forest types. The relative basal area in % is giv-
en. Background shading indicates dominant species. PY = Pinus yunnanensis; LV = Lithocarpus variolosus; QG = Quercus 
griffithii; CO = Castanopsis orthacantha; SA = Schima argentea; PA = Pinus armandii; QR = Quercus rehderiana.

Forest type Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Dominant species PY PY, LV PY, QG CO, PY, SA PY, SA, QG PA, QR, PY
Range of elevation (m) 2570-2990 2680-2764 2530-2546 2576-2583 2530-2890 3042-3100
Number of plots 11 3 2 2 4 2
Total area of plots (m2) 5100 1800 1000 800 2400 1800
Coniferous
Pinus yunnanensis 74.37 43.91 49.88 23.66 34.41 17.05
Pinus armandii 4.58 10.49 0.6 6.63 53.06
Tsuga dumosa 0.03 · · · 0.51 0.05
Evergreen broad-leaved
Lithocarpus variolosus 1.87 23.76 · · · ·
Rhododendron irroratum 1.42 · 0.63 0.25 1.61 0.68
Schima argentea 1.06 · 1.93 20.67 30.89 ·
Lithocarpus craibianus 0.64 · · 6.87 2.45 0.94
Rhododendron delavayi 0.53 1.15 1.43 0.22 1.94 2.79
Lyonia ovalifolia 0.32 0.3 1.46 0.12 0.12 0.2
Quercus rehderiana 0.26 · 0.02 · 0.08 20
Rhododendron basilicum 0.23 · 2.23 · · ·
Viburnum cylindricum 0.18 0.35 0.17 0.01 0.09 0.05
Pieris formosa 0.14 · · · 0.09 1.16
Cornus capitata 0.05 0.79 · · 0.5 ·
Eurya nitida 0.05 2.03 · 0.25 · ·
Rhododendron decorum 0.02 1.93 · · · ·
Schefflera shweliensis 0.02 · · · 0.02 0.02
Cotoneaster franchetii 0.01 · · 0.001 ·
Gaultheria fragrantissima 0.01 · · · 0.01 ·
Symplocos lucida 0.01 · 0.05 · 0.001 ·
Acanthopanax evodiaefolius var. gracilis 0.001 0.23 · · 0.001 0.05
Daphne papyracea 0.001 · · · · 0.03
Ternstroemia gymnanthera 0.001 · · · · ·
Rhododendron tanastylum 0.001 · · · · ·
Litsea yunnanensis 0.001 · · · · ·
Cyclobalanopsis oxyodon · 4.4 · · · ·
Machilus longipedicellata · 0.41 · · · ·
Quercus guajavifolia · 0.36 · · · ·
Illicium simonsii · 0.05 · · · ·
Ilex dipyrena · 0.01 · · · ·
Castanopsis orthacantha · · · 37.47 · ·
Symplocos sp. · · · 6.19 1.47 ·
Ilex cornuta · · · · 0.01 ·
Quercus aquifolioides  · · · · · 2.89
Deciduous broad-leaved
Alnus nepalensis 5.78 · 0.22 · 1.89 ·
Quercus griffithii 5.47 3.63 38.71 0.07 11.17 0.001
Cerasus clarofolia 1.48 0.18 2.14 1.56 1.89 ·
Acer davidii 0.7 · 0.01 0.04 0.77 0.61
Populus davidiana 0.4 0.87 0.07 · 0.93 0.08
Schisandra sphenanthera 0.14 · 0.44 · · ·
Sorbus folgneri 0.06 0.001 · 0.13 0.03 0.03
Enkianthus quinqueflorus 0.05 · · · 0.9 0.16
Litsea pungens 0.02 · · 0.47 · ·
Elaeagnus umbellata 0.01 · · · · ·
Betula insignis 0.01 · · · · ·
Toxicodendron succedaneum 0.01 · · · · ·
Pyrus xerophila 0.01 · · · · ·
Coriaria nepalensis 0.01 · · · · ·
Hypericum sp. 0.01 · · · · ·
Rosa macrophylla 0.01 · · · · ·
Berberis diaphana 0.001 · 0.001 · 0.01 ·
Rosa sp. 0.001 · · 0.001 · ·
Cotoneaster acuminatus 0.001 · · · · 0.01
Rubus stans 0.001 · · · · 0.001
Rosa multiflora 0.001 · · · · ·
Viburnum betulifolium 0.001 · · · · ·
Betula alnoides · 2.5 · · · ·
Sorbus vilmorinii · 2.03 · · · 0.01
Rhododendron yunnanense · 0.61 · · · ·
Decaisnea insignis · 0.01 · · · ·
Salix matsudana · · · 1.98 0.98 ·
Zanthoxylum simulans · · · 0.05 · ·
Rubus hypopitys · · · · 0.51 ·
Symplocos paniculata · · · · 0.3 ·
Hydrangea macrophylla · · · · 0.08 ·
Ligustrum quihoui · · · · 0.01 ·
Padus obtusata · · · · 0.001 ·
Acer oliverianum · · · · 0.001 0.11
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er four forest types (Types 2, 3, 4 and 6) (Figure 4a). How-
ever, species richness (average number of species among 
the plots of each forest type) was not significantly different 
among all the forest types (Figure 4b). Among the six for-
est types, diversity indices (ranging from 1.9–2.3 for the 
Shannon-Wiener index, 0.75–0.86 for the Simpson index) 
were not significantly different (Figures 4c, d). 

Stand structure and regeneration

Diameters of cored trees ranged between 2–116 cm and 
ages ranged between 11–172 years old. Diameter and age 
were significantly correlated (Figure 5, R2 = 0.86). 

Diameter size-class frequency distributions of P. yun-
nanensis and other co-dominant tree species in all six for-
est types are shown in Figure 6. In the monodominant P. 
yunnanensis forest (Type 1), five height classes of P. yun-
nanensis corresponded to five peaks in the diameter distri-
bution, indicating sporadic regeneration. But among the 
peaks, the four highest peaks appeared in the very small 
DBH classes (0–20 cm), the last peak being in 30–35 cm 
DBH. The five sub-populations were found in open patch-
es, which provided some direct sunlight to the light de-
manding P. yunnanensis saplings and young trees on the 
forest floor. A large number, 251, of well-established seed-
lings/saplings (20–128 cm in height) of P. yunnanensis and 
a very few (5–16) seedlings/saplings of other canopy tree 
species were found in canopy gaps and forest edges. 

In the P. yunnanensis-Lithocarpus variolosum forest 
(Type 2), the two dominants also showed a sporadic pat-
tern of regeneration. There were no young trees (less than 
5 cm DBH) of either P. yunnanensis or L. variolosum, be-
cause the evergreen L. variolosum crowns in the subcan-
opy layer allowed very little sunlight to reach the forest 
floor, resulting in poor regeneration of the two species. 

In the P. yunnanensis-Quercus griffithii forest (Type 3), 
the two dominant species showed sporadic regeneration. 
Two P. yunnanensis and five Quercus griffithii trees were 
found between 100–125 cm and 30–75 cm DBH, and trees 
between 5–25  cm DBH were not abundant. Deciduous 
Quercus griffithii had four peaks within the DBH-classes 
of 10–40 cm. 

In the Castanopsis orthacantha-P. yunnanensis-Schima 
argentea forest (Type 4), all the three dominant species 
showed sporadic regeneration. The dominants C. ortha-
cantha, P. yunnanensis and S. argentea’s maximum diam-
eters reached only 55, 50 and 45 cm DBH, respectively. In 
Type 3 and Type 4 forests, which are found at the low el-
evations (2,530–2,590 m), human impact was evident, as 
open spaces left after selective tree felling for timber dur-
ing previous decades. 

In the P. yunnanensis-Quercus griffithii-Schima argentea 
forest (Type 5), P. yunnanensis and Q. griffithii had sporadic 
regeneration while S. argentea showed an inverse-J shaped 
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Figure 4. Changes in species richness and diversity 
among the six forest types. (a) Total number of species 
of plots of each forest type. (b) Average number of spe-
cies among plots of each forest type. (c) Shannon-Wie-
ner index. (d) Simpson index. Forests sharing the same 
letters do not differ significantly by non-parametric 
Kruskal-Wallis all-pairwise comparisons test, P < 0.05. 
The bar indicates the standard deviation. Forest types: 
Type 1 = Pinus yunnanensis forest; Type 2 = Pinus yunna-
nensis-Lithocarpus variolosus forest; Type 3 = Pinus yun-
nanensis-Quercus griffithii forest; Type 4 = Castanopsis 
orthacantha-Pinus yunnanensis-Schima argentea forest; 
Type 5 = Pinus yunnanensis-Schima argentea-Quercus 
griffithii forest; Type 6 = Pinus armandii-Quercus rehderi-
ana-Pinus yunnanensis forest.
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Figure 5. Relationships of age and DBH.
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pattern indicating a very active and recent pattern of re-
generation. In this forest type, one tree of P. yunnanensis 
reached 90 cm DBH while two trees of S. argentea reached 
130–140 cm DBH. Q. griffithii’s DBH ranged 0–60 cm. 

In the P. armandii-P. yunnanensis-Quercus rehderiana 
forest (Type 6) at the highest elevations (3,040–3,100 m), 
the three dominant species all showed a sporadic pattern 
of regeneration. They had peaks at 15–20 (for P. arman-
dii), 0–5 (P. yunnanensis) and 5–10 (Q. reheriana) cm 
DBH-classes. While the two pine species reached 60 cm 
DBH, Q. reheriana reached 85 cm DBH. Young trees and 

saplings of Q. reheriana appear both under canopy trees 
and in open spaces suggesting a somewhat shade-toler-
ant species in contrast to the two shade-intolerant pine 
species. 

A few well-established seedlings/saplings (fewer than 
30) of either P. yunnanensis or other canopy tree species 
were found in Types 2–6.

As a whole, there has been a relatively steady recruit-
ment of P. yunnanensis trees over time peaking some 15 
to 30 years ago. Although for trees taller than 1.3 m, there 
appears to be fewer trees in the period between 2002 and 
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Figure 6. DBH-class frequency distribution of dominant species in various forest types. Type 1 = Pinus yunnanensis 
forest; Type 2 = Pinus yunnanensis-Lithocarpus variolosus forest; Type 3 = Pinus yunnanensis-Quercus griffithii forest; 
Type 4 = Castanopsis orthacantha-Pinus yunnanensis-Schima argentea forest; Type 5 = Pinus yunnanensis-Schima 
argentea-Quercus griffithii forest; Type 6 = Pinus armandii-Quercus rehderiana-Pinus yunnanensis forest.
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2017 (the most recent age class), the seedling data (251 
well-established seedlings/saplings) suggest that the re-
generation has been good since 2002.

Growth rate and age-structure

Diameter growth of trees can be estimated by ring width 
and basal area increment. Changes in either may indicate 
increases or decreases in growth. The growth rate among 
the 71 samples varied greatly. In general, when the trees 
were less than 10 years old, the average growth rate of ra-
dius (ring width) was relatively high, with 4.04 mm/year, 
ranging from 5.56 to 2.97 mm/year. Thereafter, the average 
rate of radial growth fell to 2.50  mm/year between ages 
20–30 years, and 1.63 mm/year between 31–60 years, and 
1.17 mm/year for trees 61–100 years old. For trees greater 
than 100 years old, the average growth rate was 0.55 mm/
year. At the other extreme, the rate of height growth 
slowed within the first 10 years (data not shown). It took 
about nine years on average to reach 1 m tall. Trees in all 

the four age classes (0–40 years, 40–80 years, 80–120 years, 
120–164 years) had a similar pattern to that ring widths 
started high and decreased in a reverse J-shape (Figure 7a)

P. yunnanensis trees exhibited basal area increments 
(BAI) that rapidly increased with age for the first 20 years 
in all trees older than 40 years (Figure 7b). In trees young-
er than 40 years, BAI gradually increased during the first 
10 years, then the level remained roughly the same until 
age 30 years, and decreased between ages 30–40 years. For 
trees with an age greater than 80 years, BAI plateaued be-
tween age 20 and 30 years and maintained that plateau 
until between 70 and 80 years old at which point BAI in 
all trees declined (Figure 7b).

Moreover, P. yunnanensis trees in the older age classes 
grew faster during the first 40 to 80 years than younger 
trees at the same age. In other words, trees of P. yunnanen-
sis generally grew faster during the period 1853–1897 (red 
line) than 1897–1937 (green line) than 1937–1977 (yel-
low line) than during 1977–2017 (blue line) in the Tianchi 
area (Figures 7a, b). 

Figure 8 shows the age-structure of P. yunnanensis in 
various forests. The observed maximum age of P. yunnan-
ensis was at least 105 years in all the forest types except 
Type 4. In the Type 1 forest, there were many P. yunnan-
ensis presented in the young to middle age-classes. The 
oldest tree was 135-years; most trees were between 15 and 
30 years old. The other two sub-peaks were at 30–60 years. 
Recruitments were in a sporadic pattern corresponding to 
their frequency distribution in DBH-classes (Figure 6). In 
canopy gaps and forest edges, 251 seedlings/saplings over 
four-years-old but younger than 12 years were found (data 
are not shown). In the Type 2 forest, tree ages ranged from 
16 to 120 years, and no trees less than 15-year-old were 
found, suggesting that regeneration was not occurring. 
P. yunnanensis in Types 3 and 4 was discontinuously dis-
tributed in the age-classes. While P. yunnanensis in Type 3 
reached 165 years, there were none less than 15 years old. 
Only eight established seedlings/saplings of P. yunnanen-
sis were found in canopy gaps and forest edges. In Types 5 
and 6, the forest ages reached 135 and 105 years, respec-
tively. The numbers of P. yunnanensis trees in these two 
forest types show three very small peaks between 15–60 
years but poor recruitment in age-classes of less than 15 
years. As a whole in the age class data for all the forest 
types, P. yunnanensis’ presence of young and old individ-
uals indicates frequent regeneration as well as dominance 
at maturity in the Tianchi area. The Type 1 forest appeared 
to have the most frequent episodes of regeneration. 

Discussion
Ecological traits and forest characteristics 

P. yunnanensis is a light-demanding species with wind-dis-
persed seed that depends upon canopy gaps or distur-
bances for regeneration. It can mono-dominate a forest 
or co-dominate with diverse species in various mixed 
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Figure 7. Growth trends of Pinus yunnanensis of the 
Tianchi National Nature Reserve. (a) The basal area 
increment for trees in the four age classes (i.e., 0–40, 
40–80, 80–120, 120–164 years). (b) The ring width for 
trees in the four age classes.
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Figure 8. Age frequency distribution of Pinus yunnanensis in the six forest types. Forest type 1 = Pinus yunnanensis 
forest; Forest type 2 = Pinus yunnanensis-Lithocarpus variolosus forest; Forest type 3 = Pinus yunnanensis-Quercus 
griffithii forest; Forest type 4 = Castanopsis orthacantha-Pinus yunnanensis-Schima argentea forest; Forest type 5 = 
Pinus yunnanensis-Schima argentea-Quercus griffithii forest; Forest type 6 = Pinus armandii-Quercus rehderiana-Pi-
nus yunnanensis forest.

forests. The overstory dominance of P. yunnanensis over 
a wide range of forest types and elevations suggests that 
this species plays an important role as an early succession-
al species whose longevity assures presence in later suc-
cessional stages. Among the evergreen broad-leaved trees 
(e.g. species of Schima, Quercus, Castanopsis and Lithocar-
pus) with which it co-occurs, it survives best on disturbed 
micro-sites or steep slopes (Figure 3a, Suppl.material 1). 
These ecological traits are very similar to those of Pinus 
roxburghii found in the Bhutan Himalaya (Wangda and 
Ohsawa 2006). Moreover, P. roxburghii is also associated 
with evergreen broad-leaved trees of Quercus (e.g. Q. la-
nata), the deciduous broad-leaved trees of Quercus (e.g. Q. 
griffithii) and shrubs of Rhododendron (e.g. R. arboretum), 
Viburnum (e.g. Viburnum cylindricum), Lyonia (e.g. L. 

ovalifolia), etc. In some of our study stands, P. yunnanen-
sis co-dominates with deciduous broad-leaved Q. griffithii 
or coniferous P. armandii; similarly, its northern ecologi-
cal partner Pinus tabuliformis is associated with decidu-
ous broad-leaved trees of Quercus aliena var. acutiserrata 
and coniferous P. armandii in the Qinling Mountains, or 
Quercus mongolica (previous Q. wutaishanica) and Betu-
la platyphylla in the Zhiwuling Mountains; P. tabuliformis 
is also shade-intolerant and its regeneration depends on 
disturbances (Yang et al. 2007; Wang et al. 2009; Lin 2009; 
Chai et al. 2012). In other of our study stands, P. yunnan-
ensis co-dominates with evergreen broad-leaved Schima 
argentea and Castanopsis orthacantha; similarly, its south-
ern ecological partner, also a pioneer and fast-growing 
pine tree, P. kensiya is associated with Schima wallichii 
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and species of Castanopsis including Castanopsis hystrix, 
C. echidnocarpa, C. delavayi and C. calathiformis (Li et 
al. 2013). Pinus kensiya occupies northern tropical and 
southern subtropical areas.

The Shannon-Wiener index of our study P. yunnanensis 
forest (1.9) tends to be higher than the natural mature P. 
kensiya forest (1.7) in the Ailao Mountains of central Yun-
nan (Song et al. 2011); and it is also higher than the sec-
ondary P. yunnanensis forests in Luquan (1.5) and Qiong-
zhusi (1.6), central Yunnan (Tang et al. 2010). All six study 
forest types had P. yunnanensis trees at least 90 years; these 
old-growth P. yunnanensis forests were stratified into mul-
ti-layers including emergent, canopy, subcanopy and shrub 
layers. In contrast, the 15–20 years old secondary P. yun-
nanensis forests of central Yunnan are simply composed of 
canopy and shrub layers. Often these forests are so dense 
that even the shrub layer is depauperate.

Recruitment patterns and growth trends

In the Tianchi National Nature Reserve of Yunnan, more 
seedlings/saplings were found in the Type 1, mono-dom-
inant P. yunnanensis forest than in the mixed forest types 
(Types 2–6), because various disturbances including 
landslides, browsing, or lightning strike were noted in this 
forest type (Figure 3a). In the Tianchi area, seedlings/sap-
lings of P. yunnanensis appear as uneven clusters. Seedling 
heights after the first four years following germination av-
eraged only 6–10 cm. It then took another five years on 
average to reach 1 m in height. The initial height growth 
is slow as a result of competition for light as well as the 
allocation of carbon for root development; however, for 
seedlings growing in more open environments, such as 

along roadsides, height growth can be much greater tak-
ing between four to seven years to reach 1 m. The mortal-
ity of young seedlings is high during the first four years. 
This pattern of seedling growth and survival is similar to 
that observed with natural regeneration of plantations of 
P. yunnanensis of central Yunnan (Wang et al. 2017). 

After successful establishment, tree height of P. yun-
nanensis increases as DBH increases (Figure 9a). As the 
height approaches 24 m, the increase slows considerably. 
When trees of P. yunnanensis are smaller than 8 cm DBH, 
the height increase per year in the Tianchi area is similar 
to that of the plantation trees in Shiping, central Yunnan 
(Figure 9b). When both plantation and Tianchi trees are 
about 12 cm DBH, the Tianchi trees are 2 m taller than 
the plantation trees. The soil in Shiping is red earth and 
the climate is drier. Soil type significantly affects P. yun-
nanensis forests’ species diversity and growth (Yang 2010). 
P. yunnanensis trees grow best in humid habitats with 
soils rich in nutrients (Jin and Peng 2004; Hu 2009). The 
humid habitat with yellow-brownish soil in the Tianchi 
area is more favorable for the growth of P. yunnanensis. 
Hu (2009) found a P. yunnanensis tree with a height of 
56 m and a DBH of 86 cm in Baimalinchang of Yongren 
and it was 137-years-old. In contrast, Li et al. (2007) noted 
in a P. yunnanensis forest in Yongren, central Yunnan that 
there was a 257-year-old P. yunnanensis tree with a DBH 
of only 48 cm. This species can survive in very dry areas, 
generally with stunted and a crooked stature. The life span 
of P. yunnanensis growing on moderate to good sites may 
be around 180–280 years.

P. yunnanensis is a relatively fast-growing species in 
terms of tree ring width among the conifers of China. 
It attains a diameter of about 50  cm in 80 to 100 years, 
depending upon site quality. The patterns of ring width 
and basal area increment for P. yunnanensis trees grow-
ing in the Tianchi area where only site and time affected 
the patterns is shown in Figures 10a, d. In a secondary 
forest in central Yunnan where tree growth is impacted 
by site, time and human activity (such as extracting res-
in), the patterns of ring width and basal area increment 
are shown in Figures 10b and e. For both trees from the 
Tianchi forest and the secondary forest, ring widths start-
ed between 4 and 6  mm/yr and decreased in a reverse 
J-shaped pattern. A seemingly small difference in ring 
widths translates into very large differences in basal area 
increment (compare Figures 10d, e). For P. yunnanensis 
trees in a highly degraded forest in southwestern Sichuan, 
ring width showed a wave pattern (Hinckley et al. 2013). 
This wave pattern resulted from periodic branch remov-
al interspersed by periods of crown recovery. Clearly, as 
site quality increases and human activity decreases, tree 
growth increases. The maximum basal area increment ap-
proached 1,500 mm2 per year for trees at Tianchi whereas 
trees in the secondary forest of Yunnan and southwest Si-
chuan only approached 750 mm2/yr.

As noted earlier, trees of the older age classes grew fast-
er than younger trees at the same age in the Tianchi area 
(Figures 7a, b). This probably resulted from differences in 
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Figure 9. A comparison of relationships of DBH and 
height of Pinus yunnanensis between the old-growth 
forest of the Tianchi National Nature Reserve (a) and 
the 14 years-old P. yunnanensis plantation of Shiping, 
central Yunnan (b). Data source: Su et al. (2010) for (b).
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stand development such as the timing of canopy closure 
and the growth and development of competing species. 
It might also be resulted from differences in aspect where 
P. yunnanensis’ light-demanding nature would result in 
better growth on southern versus northern slopes. Differ-
ences in disturbance regimes such as landslide frequen-
cies and intensities also might have impacted the growth 
pattern. Finally, rapid global climate changes over many 
decades may be an additional important factor influenc-
ing growth. All the combined factors may lead to the ob-
served differences.

Old-growth forests

The P. yunnanensis forests of the Tianchi area appear to 
be some of the last remnants of primeval and old-growth 
forests of this species. These forests are structurally diverse 
and contain a rich diversity of overstory, mid-story, and 
understory species. These forests also are valuable as a 
seed source and can serve as a genetic reservoir.
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Abstract
Aims: Gebel Elba is an arid mountain range supporting biological diversity that is incomparable to any other region of 
Egypt. This mountain has a vegetation structure and floristic community similar to the highlands of East Africa and the 
southwestern Arabian Peninsula. We aimed to provide the first classification of the vegetation units on Gebel Elba and 
identify the environmental factors controlling their distribution. Study area: Wadi Yahmib and its tributaries, which 
drain the north-western slopes of Gebel Elba, south-eastern Egypt. Methods: On the basis of 169 relevés, we used 
TWINSPAN to classify the perennial vegetation. We calculated separate GAMs for the deciduous and evergreen species 
to describe the patterns for each leaf strategy type with elevation. We used CCA to quantify the relationship between 
the perennial vegetation and the studied environmental factors. To estimate diversity and our sampling strategy, we 
used rarefaction curves for species richness. Results: We identified seven communities along the elevational gradient of 
Wadi Yahmib and its tributaries. We found that each community was restricted to a confined habitat depending on its 
drought resistance ability. Deciduous Vachellia woodland was the main vegetation type on Gebel Elba, while evergreen 
Olea woodland appeared in small fragments at higher elevations. We analysed the distribution patterns of deciduous 
and evergreen trees along the elevational gradient. We found a turnover at 500 m, indicating a potential ecotone between 
the Vachellia and Olea woodlands that was occupied by a Ficus community. CCA revealed the importance of altitude 
and soil quality in determining the vegetation structure of Gebel Elba. The species richness increased with elevation as 
a result of reduced stress and increased water availability at the upper wadis. Conclusions: This study identified seven 
vegetation units in the study area and showed the importance of orographic precipitation, soil quality and the complex 
topography in determining the habitats.

Taxonomic reference: Boulos (2009); names updated according to POWO (2019).

Abbreviations: CCA = Canonical Correspondence Analysis; GAM = Generalized Additive Model; TWINSPAN = Two 
Way Indicator Species Analysis.

Keywords
Acacia, Afromontane forest, classification, ecotone, Eritreo-Arabian, soil, vegetation, woodland

Introduction
The Eastern Desert of Egypt is characterized by coastal 
mountain ranges running parallel to the Red Sea. The most 
biodiverse mountain range in the region is the Gebel Elba 
in the south-eastern corner of Egypt, on the border between 

Egypt and Sudan (Kassas and Zahran 1971; Abd El-Ghani 
and Abdel-Khalik 2006). The flora of the Gebel Elba range 
is much richer than those of other coastal mountain ranges. 
In total, 458 plant species have been collected within the 
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area of Gebel Elba, representing almost 21% of the Egyp-
tian flora (Boulos 2008; Zahran and Willis 2009). The oth-
er mountain ranges overlooking the Red Sea are less rich in 
plant diversity, with less than 130 species recorded in total 
(Zahran and Willis 2009). The proportion of Afrotropical 
elements on the Gebel Elba is much higher than those in 
any other region of Egypt (Abd El-Ghani and Abdel-Khalik 
2006; Al-Gohary 2008). This range represents the northern 
limit of the Eritreo-Arabian province and the Sahel regional 
transition zone in Africa (Zohary 1973; White 1983), in-
cluding the Somalia-Masai regional centre of endemism 
(White 1983; White and Léonard 1991; Boulos 2008). Thus, 
the Gebel Elba is considered one of the seven main phyto-
geographical regions of Egypt (Boulos 2009).

The biodiversity of the Gebel Elba region is unique to 
Egypt, and many globally threatened species are found 
there (IUCN 2019). In 1986 this area was declared the Ge-
bel Elba National Park, covering nearly 36,000 km2. Gebel 
Elba Mountain is the core part of this protected area. The 
richness of vegetation on Gebel Elba is related to its oro-
graphic precipitation. The proximity of Gebel Elba to the 
sea and its windward position create a unique ecosystem, 
known as a “mist oasis”, that is found nowhere else in Egypt, 
but is comparable to similar ecosystems in Erkwit, Sudan, 
and the southern part of the Arabian Peninsula (Kassas 
1956; Kürschner et al. 2004; Hegazy and Lovett-Doust 
2016). Because of moisture-laden north-eastern winds, the 
vegetation is much richer on the northern slopes of Gebel 
Elba than on the southern slopes (Zahran and Willis 2009). 
Thus, both species richness and abundance are much higher 
on the mountain than in the exposed open desert (Abuta-
ha et al. 2019). On the foothills of the mountain, Vachellia 
tortilis (synonym: Acacia tortilis) forms an extensive natural 
woodland landscape (Zahran and Willis 2009).

Gebel Elba has a unique phytogeographic position and 
a floristic composition that is more complex than the total 
floral composition of the rest of Egypt. This arid granite 
mountain bears floristic similarities and shares common 
vegetation with the neighbouring mountains of East Afri-
ca and the southwestern Arabian Peninsula (Kassas 1956; 
Hegazy et al. 1998). Gebel Elba and the southwestern 
Arabian highlands represent the northern limit of Erit-
reo-Arabian vegetation (Zohary 1973). The vegetation of 
the Eritreo-Arabian province is continuous and changes 
from deciduous Vachellia-Commiphora woodland at low-
er elevations to evergreen Afromontane forest of Juni-
perus procera at elevations above 2000 m (Zohary 1973; 
Kürschner et al. 2008; Deil 2014; Berhanu et al. 2018). The 
evergreen woodland dominated by Olea europaea subsp. 
cuspidata represents a transition zone between the lower 
montane Vachellia-Commiphora woodland and the upper 
montane Juniperus procera forest (White 1983; Kürsch-
ner et al. 2008). Comparably, Zohary (1973) recognized 
three altitudinal zones of Afrotropical vegetation in Gebel 
Elba: a lower zone of Vachellia-Ziziphus (pseudo-savan-
na vegetation), a middle zone of Vachellia-Commiphora 
(savanna vegetation), and a montane zone of Olea-Ficus 
forest fragments. Zahran and Willis (2009) found three 

altitudinal belts of vegetation on the northern slopes of 
Gebel Elba: a lower zone of Euphorbia cuneata, a middle 
zone of E. nubica and a higher zone of moist habitat veg-
etation. Within this higher zone, many evergreen species 
were recorded, such as Euclea racemosa, Dodonaea visco-
sa, Carissa spinarum and Olea europaea subsp. cuspidata 
(White 1983). The vegetation of Gebel Elba changes from 
Vachellia tortilis woodland at lower elevations to forested 
vegetation at middle and higher elevations (Abd El-Ghani 
and Abdel-Khalik 2006; Zahran and Willis 2009). The 
elevational gradient of Gebel Elba is known to harbour a 
relatively large number of tree species. Two prominent leaf 
strategy types occur (deciduous and evergreen). Howev-
er, these types do not occur evenly across the elevational 
gradient; evergreen trees are prominent in the upper alti-
tudes, while deciduous species are more common in the 
lower, arid parts of the gradient (Abutaha et al. 2019). The 
ecotone between evergreen woodland at higher elevations 
and deciduous woodland at lower elevations has not been 
studied (White 1983; Berhanu et al. 2018).

Most of the previous studies on Gebel Elba have mainly 
focused on wadis, which are temporary waterways that col-
lect run-off water from the surrounding slopes and contain 
several microhabitats (Zohary 1973; Gomaa 2014), where 
vegetation is rich and continuous (Ahmed 1999; Zahran 
and Willis 2009; Abutaha et al. 2019). While the lower el-
evations of wadis show recognizable features of zonal com-
munities, the vegetation on the higher slopes is more var-
iable due to minor differences in habitat and recognizing 
clearly defined zonal communities is difficult (Zahran and 
Willis 2009). A classification of wadi vegetation is still lack-
ing. Additionally, no agreement has been reached regard-
ing the vegetation zonation of the northern wadis of Gebel 
Elba (Al-Gohary 2008; Zahran and Willis 2009). The al-
titudinal range of plant communities and information on 
environmental drivers are mostly unavailable. Thus, there 
is a need to identify the vegetation units of Gebel Elba and 
the environmental drivers controlling their distributions.

In this study, we aimed to describe the altitudinal zo-
nation of the defined plant communities, their composi-
tions and the relations to environmental factors in wadis 
on the northern slopes of Gebel Elba. This classification 
was based on 169 relevés which have not been previous-
ly sampled on this mountain. We also aimed to analyse 
the distribution patterns of deciduous and evergreen trees 
along the elevational gradient to identify a transition zone 
between the two different leaf strategy types represent-
ing different phytoregions. Finally, we also compared our 
findings on the diversity between the different vegetation 
communities with previous studies.

Materials and methods
Study area

Gebel Elba Mountain (1435 m) is located at 22.25N and 
ranges from 36.25 to 36.43E, nearly 15 km west of the Red 
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Sea coast, south-eastern Egypt (Figure 1). The mountain 
itself is formed of a group of granite peaks in the shape 
of a square with sides of approximately 15 km by 15 km. 
From the central peak, drainage lines (wadis) radiate 
in all directions (Ball 1912). The principal wadi on the 
northern slopes of Gebel Elba is Wadi Yahmib (Zahran 
and Willis 2009). Yahmib is located at the foothills of the 
mountain and receives water mainly from three moun-
tainous tributaries: Wadis Marafai, Acow, and Kansisrob, 
which drain the western-northern flanks of Gebel Elba 
(Figure 1). The substrates of the wadis vary with an el-
evation gradient which increases from east to west; the 
substrate of Wadi Yahmib is fine sand, that of Wadi Kan-
sisrob is coarse gravel, and Wadis Acow and Marafai, at 
higher elevations, have large granite boulder substrates 
(Abutaha et al. 2019).

Gebel Elba has a hyper-arid climate (Harris et al. 
2014). The climatic aridity of the region is expressed 
in the climate diagram between 1985–2015 (Figure 2) 
adopted from Walter and Lieth (1967). The temperature 
ranges between 15.3 °C and 38.1 °C, with a mean annual 
temperature of 26.1 °C. The area received less than 40 
mm of rainfall per year, mainly from winter rainfall and 
light summer rainfall (Figure 2). However, Gebel Elba 
receives up to 400 mm of orographic precipitation per 
year (Goodman and Meininger 1989; Kamel et al. 2015). 
Gebel Elba is influenced by winter rain and summer 
monsoons, dew falls regularly, clouds and mist shrouds 
the mountain (see Figure 5A–B). Although this moun-
tain is surrounded by an extremely arid desert, oro-
graphic precipitation provides a climatic condition that 
is favourable for rich plant growth (Ball 1912; Hegazy 
and Lovett-Doust 2016).

Vegetation sampling

We conducted vegetation sampling on five visits; two in 
2013, two in 2015 and one in 2016. The visits were made 
in January or March after the rainy season. We sampled 
169 geo-referenced vegetation relevés that were marked 
with a GPS device (Garmin eTrex 30x). The relevés (10 
m × 10 m) were distributed along transects in the four 
studied wadis, i.e., Yahmib, Marafai, Acow, and Kansisrob 
(see Abutaha et al. 2019). Locations of the relevés were 
selected randomly during the field work. For each relevé, 
we assembled a list of all vascular plant species that were 
present. We noted the growth forms of the listed species 
and identified the life forms according to Raunkiaer’s sys-
tem of classification (Raunkiaer 1934). Furthermore, we 
visually estimated the percentage cover of perennial spe-
cies in each relevé. Owing to the arid climatic conditions 
of the study area, annual species were only noted as being 
present/absent. The nomenclature of the plant species fol-
lowed Boulos (1999, 2000, 2002, 2005, 2009). We updat-
ed the list of taxonomic names according to Plants Of the 
World Online (POWO 2019) provided by the Royal Bo-
tanic Gardens, Kew. Voucher specimens were deposited in 
the Herbarium of Desert Research Center (CAIH) and the 
Herbarium Hamburgense (HBG).

Soil sampling and analysis

We took mixed soil samples from the surface layer (0–
10 cm) of each relevé. We air-dried and analysed the sam-
ples to determine the physical and chemical soil properties. 
First, we determined soil texture by sieving with succes-

Figure 1. The location of Gebel Elba in Egypt (left) and the distribution of the vegetation relevés (green dots) sur-
veyed for this study in Wadi Yahmib and its tributaries at the northern slopes of Gebel Elba (right); Wadi Yahmib (1), 
Wadi Marafai (2), Wadi Acow (3) and Wadi Kansisrob (4).
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sively finer meshes (Estefan et al. 2013; AG Boden 2005). 
Second, we prepared soil suspensions by the addition of 
distilled water in a 1:1 ratio and stirring continuously for 
2 hours, then measured the pH and electrical conduc-
tivity (EC) of the suspensions with a pH meter (Jenway 
3510) and conductivity meter (Jenway 4510), respectively 
(Hendershot et al. 2008; Miller and Curtin 2008). We then 
filtered the soil suspensions and used the extracts to deter-
mine the soluble mineral contents. The analyses of major 
constituents in the soil extracts (calcium, magnesium, so-
dium, potassium, sulfate and chloride) were determined 
using an ion chromatography system, IC (Dionex, ICS-
1100). Carbonate and bicarbonate ions were estimated 
with the titrimetric method (Jackson 1967; Estefan et al. 
2013). Finally, we estimated the organic matter content by 
the weight loss-on-ignition method (Schulte and Hopkins 
1996; Combs and Nathan 1998) and determined CaCO3 
volumetrically using a Collin’s calcimeter (Piper 1950).

Data analysis
Multivariate analysis procedures

For the floristic classification of the relevés, we imported 
a vegetation matrix, including the percentage cover val-
ues of perennial species, into the software Juice, version 
7.0 (Tichý 2002), and used the TWINSPAN classification 
(Hill 1979). We set the minimum group size to 3, and used 

percentage cover values of 0, 5 and 50 as cut levels. As a 
fidelity measure, we used the phi value (De Cáceres and 
Legendre 2009). The calculations of the phi values were 
adjusted for equal group sizes. If the phi value exceeded 
0.25, a species was considered diagnostic, and if the phi 
value was > 0.50, the species was considered highly diag-
nostic; the p-value of Fisher’s exact test was 0.05. Species 
with a frequency higher than 70% were considered as con-
stant. To measure correlations between the perennial spe-
cies and relevant environmental drivers, we used canon-
ical correspondence analysis (CCA) for the ordination 
(Ter Braak and Prentice 1988). We selected altitude and 
edaphic factors after the exclusion of collinear variables 
(anions and cations were highly correlated with EC). We 
applied biplot scaling and the species were centred. Only 
perennials with significant phi values > 0.25 are shown in 
the ordination. We performed CCA using CANOCO, ver-
sion 5.0 (Ter Braak and Šmilauer 2012).

To better describe and interpret the results of the clas-
sification, we used analysis of variance (ANOVA) and 
Tukey’s post hoc tests for the pairwise comparisons to test 
for differences in the soil physical and chemical parame-
ters between the identified plant communities. Before the 
statistical tests, each soil parameter was logarithmically or 
square root transformed in cases where the data did not 
follow a normal distribution. The analyses were carried 
out using R software (R Development Core Team 2018).

Diversity

To evaluate diversity and our sampling strategy, we used rar-
efaction and extrapolation sampling curves for species rich-
ness to estimate the completeness of our vegetation samples 
(Chao et al. 2014). We performed all calculations for the 
complete datasets (perennial and annual species) of the four 
wadis (transects) and for the identified plant communities. 
We constructed the rarefaction curves with the R-based in-
teractive online programme iNEXT (Chao et al. 2016).

Distribution of deciduous and evergreen trees 
along the elevational gradient

We wanted to determine the altitude at which the change 
from deciduous to evergreen species occurred. To that end, 
we first classified each tree species as either deciduous or 
evergreen and determined the relative percentage of each 
leaf strategy type (LST) for the estimated plant cover per 
vegetation relevé along the elevation gradient from 130 to 
680 m (14 relevés / 100 m). Then, we calculated separate 
generalized additive models (GAM) for each LST using the 
mgcv package (Wood 2017) with a binomial distribution 
and a cubic regression spline for elevation to model the 
relationship between the percentage of respective LST per 
relevé and elevation in metres. We plotted the respective 
models using the ggplot2 package (Wickham 2016) in R 
3.5.0 statistical software (R Development Core Team 2018).
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Figure 2. Climate diagram of Wadi Yahmib, Gebel Elba 
based on CRU datasets TS 4.01. Data is for the period 
from 1985 to 2015. The upper red line stands for mean 
monthly temperature of 26.1 °C (left axis); numbers 
beside the axis are the mean monthly maximum and 
minimum temperatures. The lower blue line stands for 
precipitation (right axis). Area shaded with dots (dotted 
area), above the precipitation line, and below the tem-
perature line, indicates a dry period.
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Results
Floristic pattern

We recorded 162 vascular plant species (104 perennials 
and 58 annuals) belonging to 53 families (Appendix 1). 
The most common families were Fabaceae (9%), Poace-
ae (9%), Asteraceae (7%) and Malvaceae (7%). Poaceae is 
one of the species rich families in the study area. How-
ever, the grasses were less abundant (frequent) and were 
represented by many annual species (Appendix 1; Tables 
S1–S7 in Suppl. material 1). In total, 84% of the recorded 
species were found in the mountain tributaries feeding 
Wadi Yahmib. The number of species varied among the 
three tributaries: in Marafai, Acow and Kansisrob, there 
were 131, 99 and 76 species, respectively. The lowest num-
ber of plant species (n=26) were recorded in Wadi Yah-
mib itself, located in the open sandy plain. The dominant 
life forms were therophytes (36%), phanerophytes (27%) 
and chamaephytes (24%). Of all perennial species, 63% 
were woody species, including Vachellia tortilis, Balanites 
aegyptiaca and Dodonaea viscosa, while 37% were herbs, 
such as Forsskaolea tenacissima, Cucumis prophetarum 
and Senna italica. We recorded 21 tree species in Wadi 
Yahmib and its tributaries (Appendix 1).

Pattern of deciduous-evergreen trees

The response of the two LSTs, i.e., deciduous and ever-
green, showed two clear decreasing and increasing pat-
terns along the altitudinal gradient from 130 to 680 m 
(Figure 3). While there was a slight change below 400 
m, the deciduous-evergreen ratio changed from 75/25 to 
25/75 between 450 m and 600 m, indicating a potential 

ecotone; the switch between both LSTs was at 500 m. The 
smoothness of both GAMs was highly significant, demon-
strating a clear pattern in the data. While there were very 
few evergreen species in the lower parts of the gradient 
(e.g., Maerua crassifolia), deciduous species did occur in 
low numbers at higher elevations, such as Vachellia etbai-
ca (synonym: Acacia etbaica) and V. tortilis.

Classification

Seven woodland communities were described on Gebel 
Elba (Figure 4; Table 1). The first two communities (I-II) 
contained relevés from middle to higher elevations and 
were mainly composed of evergreens, while the commu-
nities (III-VII) in the lower part of the elevational gradient 
included relevés from low to middle elevations and were 
inhabited by deciduous trees (Tables 1, 2; Tables S1–S7 in 
Suppl. material 1). The observed communities were clas-
sified as follows.

I) Dracaena ombet – Olea europaea subsp. cuspidata 
community

This evergreen community was confined to the high ele-
vations of Wadi Marafai, from 560 to 680 m. This commu-
nity supported a high coverage of evergreen species and 
was characterized by six diagnostic evergreen species in 
total, including Olea europaea subsp. cuspidata and Caris-
sa spinarum and two deciduous tree species, Pistacia kh-
injuk and Vachellia etbaica. The wadi bed was dominated 
mainly by O. europaea subsp. cuspidata (Figure 5C). The 
slopes were characterized by the growth of V. etbaica and 
Dracaena ombet. The vegetation in the wadi bed was dense 
and more vigorous than that occurring at lower elevations. 
In this community, many liana species, such as Pergularia 
daemia, Jasminum fluminense and J. grandiflorum, were 
climbing on olive trees. The soils of this community were 
often loamy sand on the side slopes and sandy loam in the 
wadi bed. The presence of large granite boulders increases 
water run-off to the main channels.

II) Solanum incanum – Ficus salicifolia community

This community was located mainly in moist habitats near 
flowing water or in the water courses of the high-eleva-
tion wadis, Wadis Acow and Marafai, at elevations from 
346 to 550 m (Figure 5D). The vegetation consisted of 
two diagnostic fig trees (Ficus salicifolia and F. palmata) 
and two small shrubs (Solanum incanum and Diceratella 
elliptica). A characteristic species, Searsia flexicaulis (syn-
onym: Rhus flexicaulis) from the former community, was 
also recorded in this community. The soil supporting this 
community was mainly loamy sand, and the organic mat-
ter content was the highest (0.41%, Table 3) of all seven 
communities. The organic matter content was related to 
the leaf litter of fig trees.
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Figure 3. The relative proportions of deciduous and ever-
green trees per vegetation relevé along the elevational 
gradient at the northern slopes of Gebel Elba. The pat-
tern for deciduous tree species is shown as a dashed line 
while the evergreen tree species are represented by a 
solid line. The lines are the resulting smoothers of a cu-
bic-regression GAM.
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Table 1. Synoptic table of the seven communities showing percentage constancy values of the diagnostic species and 
non-diagnostic species with high constancy (> 70%). Diagnostic species are highlighted in light grey and highly diagnos-
tic species in dark grey.

Community I II III IV V VI VII
No. of plots 20 17 36 24 15 23 34
Total no. of species 80 73 84 84 48 68 72
Perennials 50 44 55 53 25 45 40
Annuals 30 29 29 31 23 23 32
No. of diagnostic species 8 4 1 1 2 3 2
Dracaena ombet - Olea europaea subsp. cuspidata community
Olea europaea subsp. cuspidata 90 12 - - - - -
Vachellia etbaica  45 - - - - 4 -
Dracaena ombet subsp. ombet 40 - 3 - - - -
Carissa spinarum 35 - - - - - -
Searsia flexicaulis  55 35 - - - - -
Jasminum grandiflorum subsp. floribundum 30 - - - - - -
Pistacia khinjuk var. glabra 30 6 - - - - -
Triumfetta flavescens 75 41 25 29 - - 6
Solanum incanum - Ficus salicifolia community
Ficus salicifolia  10 47 14 - - - -
Solanum incanum 55 76 17 - 7 - 15
Ficus palmata - 18 - - - - -
Diceratella elliptica - 18 3 - - - -
Vachellia tortilis subsp. tortilis community
Vachellia tortilis subsp. tortilis 10 29 100 79 53 70 44
Euphorbia nubica community 
Euphorbia nubica   - - 17 88 33 57 24
Forsskaolea tenacissima 25 47 19 75 53 65 21
Aerva javanica - Abutilon pannosum community
Abutilon pannosum - 24 8 8 100 48 9
Aerva javanica - 18 11 4 67 35 6
Lycium shawii - 18 50 50 73 39 26
Euphorbia cuneata community
Euphorbia cuneata - 6 6 17 7 87 6
Tephrosia purpurea subsp. apollinea - - 11 67 87 83 26
Delonix elata - 6 - - 7 30 -
Balanites aegyptiaca – Vachellia tortilis subsp. raddiana community
Balanites aegyptiaca - - 11 38 13 - 85
Vachellia tortilis subsp. raddiana - - 3 8 13 9 44

III) Vachellia tortilis subsp. tortilis community

This community was the most widespread one in the 
study area. The deciduous tree Vachellia tortilis subsp. tor-
tilis was the only characteristic species (Figure 5E). This 
community occurred in a variety of habitats from low 
to middle elevations (130 to 383 m). The most common 
habitats of V. tortilis were the water channels of the wadis 
and gravelly terraces. This species was also abundant at 
the foot of Gebel Elba. The soil in this community was 

always sandy. The substrate deposits varied from fine sand 
in Wadi Yahmib to coarse sand deposits with gravel and 
rock detritus in the mountainous tributaries.

IV) Euphorbia nubica community 

This community usually occurred on run-off slopes and 
the delta of Wadi Marafai. It was located in rocky habitats 
at middle elevations from 264 m to 379 m. The succulent 
shrub Euphorbia nubica was the only diagnostic species 
(Figure 5F). The tree layer was mainly absent on the run-
off slopes, and E. nubica was the dominant succulent shrub, 
whereas Forsskaolea tenacissima grew on the lower run-off 
slopes of Wadi Kansisrob. Downward in the delta of Wadi 
Marafai, E. nubica grew in rocky outcrops between trees. 
We recorded the liana species Cocculus pendulus climbing 
on unhealthy trees of Vachellia tortilis and Balanites aegyp-
tiaca in shady localities in the delta of Marafai. The soil 
texture was mainly loamy sand. This community had the 
highest silt (20.74%) and EC (1.59 mS/m) values.

V) Aerva javanica – Abutilon pannosum community

This community was located along the main channel of the 
tributary Wadi Kansisrob and occasionally downstream of 

Figure 4. Dendrogram showing the TWINSPAN classifi-
cation of the seven communities.
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Figure 5. Representative photos showing Gebel Elba shrouded in mist (A) and clouds (B) accumulation on the Gebel 
Elba, and the leading species of the seven derived plant communities; Olea europaea subsp. cuspidata (C), Ficus 
salicifolia (D), Vachellia tortilis subsp. tortilis (E), Euphorbia nubica (F), Abutilon pannosum (G), Euphorbia cuneata  
(H), and Balanites aegyptiaca (I).

Wadi Acow. It usually occurred in gravelly habitats near 
slopes at low elevations, from 237 to 275 m (Figure 5G). 
The two diagnostic species of this community were Abu-
tilon pannosum and Aerva javanica. In this community, 
trees were less common, and the vegetation mainly con-
sisted of shrubs and herbs, such as Cucumis prophetarum, 
Tephrosia purpurea and Lycium shawii. The soil was shal-
low, and the ground texture consisted of medium sand 
mixed with gravel and rock detritus. This community 
had the highest medium sand and pH values (38.46% and 
7.73, respectively).

VI) Euphorbia cuneata community

This community occurred in the midstream areas of Wadi 
Kansisrob and was less frequent in Wadi Acow. It was of-
ten located in rocky habitats at elevations from 241 to 320 
m (Figure 5H). Three diagnostic species characterized this 
community: two trees, Euphorbia cuneata and Delonix 
elata, and one herb, Tephrosia purpurea. The soil of this 
community had a high pH (7.63) and was similar to the 
soil of community V.

Table 2. Distribution of relevés, communities in the studied wadis, and the elevational gradients of the studied wadis and 
the seven communities (I–VII).

Communities Localities relevés per 
community

Elevation Yahmib (130–263 m) Kansisrob (210–327 m) Acow (228–410 m) Marafai (350–680 m)

I (560–680 m) – – – 20 20

II (346–550 m) – – 9 8 17

III (130–383 m) 11 1 16 8 36

IV (264–379 m) – 5 10 9 24

V (237–275 m) – 10 5 – 15

VI (241–320 m) – 17 6 – 23

VII (196–361 m) 14 1 10 9 34

Total of relevés 25 34 56 54 169
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Table 3. Means and standard deviations for elevation and soil properties of the seven communities (I–VII). ANOVA test is 
for original, sqrt, or log data values, where values are not normally distributed. F-value and P-value refer to the ANOVA. 
Small letters denote the statistically different groups as identified by ANOVA post-hoc test.

Parameter I II III IV V VI VII F-value P-value

Altitude.log
a 617.45 (57.72) b 450.49 (104.09) c 285.92 (96.63) c 321.51 (57.33) c 255.13 (19.43) c 280.51 (39.37) c 278.39 (82.94) 42.33 <0.001

S
oi

l s
ep

ar
at

es

Coarse sand. sqrt
a 22.88 (15.63) ab 14.25 (4.81) b 10.00 (7.09) ab 12.84 (4.94) b 11.13 (8.35) ab 15.48 (7.83) ab 14.39 (8.72) 5.073 <0.001

Medium sand.sqrt
bc 27.75 (9.71) abc 32.80 (9.02) ab 36.10 (12.59) c 27.47 (8.06) a 38.46 (9.36) a 37.73 (8.64) a 37.92 (12.37) 4.997 <0.001

Fine sand b 26.36 (10.58) ab 33.09 (5.46) a 37.76 (6.80) a 37.69 (6.12) a 36.78 (8.81) ab 32.82 (8.54) ab 32.88 (8.05) 5.997 <0.001

Sand.sqrt
b 76.99 (15.41) ab 80.14 (9.33) ab 83.87 (9.39) ab 78.00 (7.80) a 86.37 (7.69) a 86.03 (7.49) a 85.19 (8.16) 3.823 <0.01

Silt.sqrt
ab 20.06 (12.63) ab 18.75 (8.32) ab 15.28 (8.62) a 20.74 (6.86) ab 13.07 (7.31) ab 13.47 (7.18) b 14.04 (7.70) 2.968 <0.01

Clay.sqrt
a 2.62 (3.27) ab 0.95 (1.20) b 0.77 (1.00) ab 1.21 (1.29) b 0.47 (0.57) b 0.36 (0.50) b 0.57 (0.91) 4.145 <0.001

S
oi

l c
he

m
is

tr
y

pH b 7.26 (0.24) b 7.36 (0.24) b 7.35 (0.23) b 7.30 (0.20) a 7.73 (0.24) a 7.63 (0.26) b 7.26 (0.26) 12.41 <0.001

EC.log
c 0.74 (0.35) abc 0.80 (0.20) abc 1.19 (0.98) a 1.59 (1.54) bc 0.84 (0.66) abc 1.12 (1.00) ab 1.20 (0.56) 4.199 <0.001

CaCO3.log
a 1.05 (1.06) ab 1.21 (1.56) c 0.55 (0.39) abc 0.61 (0.31) c 0.54 (0.58) abc 0.71 (0.50) bc 0.57 (0.35) 4.096 <0.001

CO3.sqrt
a 0.03 (0.02) a 0.04 (0.03) a 0.03 (0.01) a 0.04 (0.02) a 0.03 (0.02) a 0.03 (0.02) a 0.04 (0.04) 1.541 0.168

HCO3.log
b 0.29 (0.17) a 0.63 (0.62) ab 0.35 (0.16) a 0.47 (0.20) b 0.24 (0.10) b 0.29 (0.14) ab 0.39 (0.19) 5.045 <0.001

Organic matter.sqrt
c 0.11 (0.08) a 0.41 (0.30) c 0.20 (0.17) ab 0.35 (0.27) c 0.15 (0.12) abc 0.23 (0.16) bc 0.21 (0.19) 6.113 <0.001

Ca.log
b 0.05 (0.02) a 0.09 (0.05) a 0.10 (0.08) a 0.14 (0.21) ab 0.07 (0.05) ab 0.08 (0.08) a 0.09 (0.05) 5.154 <0.001

Mg.log
b 0.03 (0.02) ab 0.07 (0.07) ab 0.04 (0.02) a 0.06 (0.04) b 0.02 (0.01) ab 0.03 (0.02) ab 0.05 (0.03) 4.038 <0.001

Na.log
b 0.04 (0.03) ab 0.04 (0.03) a 0.07 (0.05) ab 0.06 (0.06) ab 0.04 (0.04) ab 0.05 (0.05) a 0.06 (0.03) 3.652 <0.01

K.log
c 0.04 (0.03) ab 0.09 (0.06) ab 0.09 (0.11) a 0.12 (0.11) bc 0.05 (0.05) bc 0.07 (0.10) a 0.09 (0.07) 7.485 <0.001

SO4
a 0.02 (0.05) a 0.02 (0.02) a 0.08 (0.12) a 0.17 (0.55) a 0.08 (0.12) a 0.08 (0.14) a 0.07 (0.07) 1.06 0.389

Cl.log
c 0.04 (0.04) bc 0.05 (0.05) ab 0.15 (0.20) ab 0.22 (0.43) abc 0.08 (0.13)  0.13 (0.20)  0.13 (0.10) 5.194 <0.001

VII) Balanites aegyptiaca – Vachellia tortilis subsp. raddi-
ana community

This community was located in Wadi Yahmib and in the 
deltas of its tributaries at elevations ranging from 196 
to 361 m. It was represented mainly by patches in Wadi 
Yahmib (Figure 5I) and some patches in the midstream 
areas of its tributaries. Balanites aegyptiaca and Vachellia 
tortilis subsp. raddiana were the two diagnostic species 
of this community. Unlike the V. tortilis subsp. tortilis 
community, which occurred in several habitats, this com-
munity was usually restricted to water channels. The soil 
supporting this community was usually pure sand with 
fine soil deposits.

Environmental drivers

The soils of the study area were characterized as neutral 
to slightly alkaline, with the mean pH value ranging from 
7.26 to 7.73 (Table 3). The soil texture was pure sand on 
the desert plain and changed to sandy loam at higher ele-
vations. The EC (0.74–1.59 mS/m) and mineral contents 
were low. The CaCO3 content was less than 3% (0.54–
1.21%), and the organic matter content ranged from 0.11 
to 0.41% (Table 3), which is considered very low but typ-
ical for arid ecosystems.

The CCA results revealed that the edaphic factors 
changed with the elevational gradient (Figure 6). At the 
foot of Gebel Elba, the soil texture was defined primarily 
by fine and medium sands. High proportion of sands at 
low elevations led to poor water holding capacity, and 
thus, the EC of the surface layer increased. The vegetation 
in the sandy part of the gradient consisted mainly of deep-
rooted tree species, e.g., Vachellia tortilis and Balanites 

aegyptiaca. At higher elevations on Gebel Elba, the silt 
and clay contents increased, thus supporting the growth 
of less drought-resistant species, such as Ficus salicifolia, 
Olea europaea subsp. cuspidata, Carissa spinarum and 
Pistacia khinjuk (Figure 6). Mountain communities at 
lower elevations, mainly in Wadi Kansisrob, contained 
plant species suited to higher soil pH values i.e., Abutilon 
pannosum and Euphorbia cuneata. Overall, Wadi 
Kansisrob was the driest and the least diverse among the 
studied mountainous wadis.

Plant diversity (species richness)

The plant diversity in the study area clearly differed between 
the four sampled wadis and the seven observed commu-
nities. Generally, Wadi Marafai was the most diverse wadi, 
with 131 species, while W. Yahmib was the least diverse, 
with only 26 species. When the sampling size was fixed at 
24 relevés (Figure 7; Table 4), we expected the wadis to be 
ranked as Marafai > Acow > Kansisrob > Yahmib, which 
reflected the same order as the altitude gradient. The lower 
and upper bounds of the extrapolated species richness curve 
did not overlap, although there was some overlap between 
Acow and Kansisrob, yet there was still a significant differ-
ence in the lower bound of species richness (Figure 7; Table 
4). Interestingly, these two wadis showed greater differences 
when the sampling rate was lower (Figure 7). When we com-
pared the upper vs the lower bounds of species richness for 
the communities (Table 4), we recognized two main groups. 
The first group contained the communities with high spe-
cies richness (I, II, and IV) from the higher wadis, i.e., Acow 
and Marafai. The communities located in the lower wadis, 
i.e., Kansisrob and Yahmib (III, V, VI, and VII) belonged to 
the second group, with significantly reduced species rich-
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ness (significant because the upper confidence value did not 
overlap with the lower value of the other group).

Discussion
Floristic pattern

The location of Gebel Elba offers a lush “mist oasis” ecosystem 
where the sea-facing slopes are blanketed by moisture-laden 
clouds (Hegazy and Lovett-Doust 2016). Gebel Elba Moun-
tain acts as a refuge for tropical flora in an otherwise arid re-
gional climate. While the flora of Gebel Elba is found across 
south Egypt, the floristic composition is similar to that of 
neighbouring mountains, such as Jebel Marra, Sudan, and 
the Asir Mountains, Saudi Arabia (Wickens 1976; Hegazy et 
al. 1998). Fabaceae, Poaceae and Asteraceae have previously 
been reported as the most common families on Gebel Elba 
and in the arid mountains of East Africa and the southern 
Arabian Peninsula (Abd El-Ghani and Abdel-Khalik 2006). 
We found that therophytes, phanerophytes and chamae-
phytes were the dominant life forms in Gebel Elba. Similar 

results for life forms were observed in the Eastern desert of 
Egypt and in south-western Saudi Arabia (Abd El-Ghani 
and Abdel-Khalik 2006). The flora of East Africa and south-
west Asia is influenced by Somalia-Masai elements. The 
Somalia-Masai regional centre of endemism is covered by 
deciduous and evergreen bushlands, while grasses are rep-
resented by a few annual and short-lived perennial species 
(White 1983; White and Léonard 1991). According to Zo-
hary (1973), Gebel Elba and southwestern Arabia harbour 
Sudanian floras and represent the northern boundaries of 
the Eritreo-Arabian province. This area comprises a belt 
of savanna vegetation in East Africa and extends through 
tropical Arabia (Zohary 1973; Zahran and Willis 2009). 
The Sudanian flora of Gebel Elba is characterized by a large 
proportion of tropical shrub and tree species (Zohary 1973; 
Abd El-Ghani and Abdel-Khalik 2006; Al-Gohary 2008). 
The number of tree species we recorded (n=21) was greater 
than other studies found in similar regions in Egypt (e.g. 
Boulos 2008). The most abundant species were deciduous 
trees at lower elevations, e.g., Vachellia tortilis subsp. tortilis, 
V. tortilis subsp. raddiana and Balanites aegyptiaca, while 
evergreen trees characterized the higher elevations, such as 
Searsia flexicaulis and Olea europaea subsp. cuspidata. It is 
misleading to describe the vegetation as savanna depending 
on the floristic list only, because Gebel Elba is characterized 
by deciduous bushland and grasses contribute little to the 
plant biomass (White 1983).

Figure 6. CCA ordination showing the relation between 
perennial species with phi coefficient > 0.25 and envi-
ronmental factors represented by altitude and seven soil 
parameters. Variation is mostly explained by elevation 
(Alt), soil texture and pH. The lower left part contains 
species from Wadi Kansisrob. The upper part contains 
species of the open sandy plain, Wadi Yahmib. The right 
part contains evergreen species from mid to higher ele-
vations. Eigenvalues for biplot scaling are 0.60 for axis 1 
and 0.16 for axis 2 and the adjusted explained variation 
is 11.54%. The legend is placed at the lower right part of 
the figure. The diagnostic species for each community 
are represented by different symbols; solid symbols for 
communities of higher elevations and hollow symbols 
for communities from low to middle elevations. For spe-
cies and sand fractions abbreviations see Tables 1, 3.

Figure 7. Sample-size-based rarefaction and extrapola-
tion sampling curve for the four studied wadis.

Table 4. Sample based rarified richness for the four stud-
ied wadis and the seven studied communities at sample 
size equal 24 relevés for wadis and 13 for communities.

t Richness Lower upper
Wadi Marafai 24 100.15 94.30 106.00

Acow 24 74.02 69.65 78.38
Kansisrob 24 63.62 56.94 70.30

Yahmib 24 25.64 20.11 31.17
Community I 13 68.11 62.97 73.25

II 13 65.15 58.88 71.43
III 13 52.35 47.51 57.20
IV 13 63.73 57.82 69.64
V 13 44.07 37.58 50.56
VI 13 51.54 45.51 57.57
VII 13 46.26 41.87 50.65
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Classification

Many Saharo-Arabian vegetation types grow in Egypt, 
and Sudanian vegetation is represented only in the south-
ern part of Egypt. The Sudanian vegetation is divided 
into Nubo-Sindian vegetation, mainly in desert wadis 
and depressions, and Eritreo-Arabian vegetation, which 
is restricted to the Gebel Elba region (Zohary 1973). Ac-
cording to White and Léonard (1991) and Boulos (2008), 
vegetation of the Gebel Elba represents a satellite of the 
Somalia-Masai region, and the southern part of the Ara-
bian Peninsula is an extension of this region into south-
west Asia. However, Gebel Elba is lower than the tropical 
mountain ranges in the area (Ghazanfar 1991; Hegazy et 
al. 1998). The vegetation showed altitudinal zonation that 
was comparable to the patterns in East Africa and tropical 
Arabia. Two main climatic zones were observed, both of 
which are typical for East Africa and tropical Arabia. Pal-
aeotropical Vachellia-Commiphora woodland was present 
from the foothills of Gebel Elba to the middle elevations, 
and the mist zone showed fragments of Afromontane for-
est dominated by O. europaea subsp. cuspidata (Zohary 
1973; Zahran and Willis 2009).

Our classification results for the northern slopes of 
Gebel Elba accorded with the observation of Zahran and 
Willis (2009). According to Zohary (1973), the lower 
elevations of Gebel Elba were classified as Acacietea su-
dano-arabica. This class comprises the bulk of the xero-
tropical vegetation on Gebel Elba from low to middle 
elevations. In this study, we described six communities 
within deciduous Vachellia-Commiphora woodland and 
one community within evergreen Olea woodland. How-
ever, the fine resolution of this study allowed us to char-
acterize specific habitats within each community, thereby 
providing a more exact zonation of the plant communities 
along the altitudinal gradients.

Only two communities represented the desert plains 
and foothills to the mid elevations of Gebel Elba, form-
ing an open woodland; Balanites aegyptiaca - Vachellia 
tortilis subsp. raddiana and Vachellia tortilis subsp. torti-
lis, although the former was restricted to the main water 
channels. The V. tortilis subsp. tortilis community is more 
drought resistant and occurred in several habitats, e.g., 
channels, terraces and gentle slopes. V. tortilis subsp. rad-
diana is much more widespread in the Eastern Desert and 
Sinai Peninsula (Zohary 1973; Abutaha 2010; Morsy et al. 
2010), whereas V. tortilis subsp. tortilis communities are 
mostly confined to the southern part of Egypt, Sudan and 
tropical Arabia (Kassas 1957; Ghazanfar 1991; Zahran 
and Willis 2009).

In the mountain wadis, the lower part of the eleva-
tion gradient (210–350 m) was more arid than the higher 
part (350–680 m). Three communities were recorded in 
rocky habitats (stony, rocky outcrops and run-off slopes) 
from low to middle elevations. Stony habitats near run-off 
slopes were occupied by Aerva javanica – Abutilon pan-
nosum community. This community was characterized 
by frutescent vegetation. The characteristic species were 

shrubs and herbs, whereas the tree layer was less estab-
lished. Aerva communities are more common in stony 
wadis and the southern slopes of Gebel Elba (Ahmed 
1999; Zahran and Willis 2009). Additionally, Aerva javan-
ica and Abutilon pannosum are frequent in the frutescent 
communities of the Hijaz Mountains, Saudi Arabia (Abd 
El-Ghani 1996). Rocky outcrop habitats are more favour-
able for plants than habitats with shallow soil containing 
stones in the upper layer, because rainwater can accumu-
late in rock crevices, leading to well-developed soil. In 
addition, rocks offer shade for herbs (Zohary 1973). We 
found that the Euphorbia cuneata community dominated 
this habitat in the lower parts of the northern slopes of 
Gebel Elba. While this community is found on the north-
ern slopes of Gebel Elba and is common in the arid zones 
of Erkwit, the species Euphorbia cuneata has occasionally 
been recorded in the runnels of the southern slopes of Ge-
bel Elba (Kassas 1956; Zahran and Willis 2009). At middle 
elevations, the succulent species, Euphorbia nubica, grows 
on run-off slopes and rocky outcrops. Euphorbia cuneata 
community is replaced by Euphorbia nubica community 
on rocky outcrops as the elevation increases. This distri-
bution pattern of the two Euphorbia communities on Ge-
bel Elba was comparable to that of the coastal mountains 
of Sudan (Kassas 1960; Zahran and Willis 2009). While 
rainwater is well preserved between boulders in wadi 
beds, run-off slopes are dry habitats, and rainfall is less 
available for plants (Deil 2014). Thus, the succulent E. 
nubica community is the pedoclimax community on the 
run-off slopes of Gebel Elba, whereas Vachellia-Commi-
phora woodland is the climax community on wadi beds. 
This distribution pattern is comparable to the pattern of 
succulent vegetation in Yemen; however, we did not re-
cord any similar communities (Deil 2014).

The higher elevations of Gebel Elba are influenced rel-
atively by monsoon clouds more than the lowlands. The 
vegetation in this moist zone is less resistant to drought 
and is represented by fragments of Ficus and Olea forest 
(Zohary 1973). Similarly to Zohary, we identified two 
communities, Solanum incanum - Ficus salicifolia which 
is found lower down than Dracaena ombet - Olea euro-
paea subsp. cuspidata; the former represents the Ficus 
community, whereas the latter represents the Olea com-
munity. Ficus is a typical wadi species that grows on wa-
ter run-on habitats in Vachellia-Commiphora woodlands 
(Zohary 1973; Ghazanfar 1991). Vachellia tortilis subsp. 
tortilis is frequent in this community, which also contains 
characteristic species of Olea communities. In our view, 
this community represents an ecotone (transitional plant 
community) between the Vachellia and Olea woodlands.

Dracaena ombet - Olea europaea subsp. cuspidata was 
found in the mist zone of Gebel Elba. Many characteristic 
species from the evergreen Olea woodland can be observed 
here, such as Dodonaea viscosa, Euclea racemosa and May-
tenus senegalensis. The wadi bed was dominated mainly 
by evergreen trees, such as O. europaea subsp. cuspidata 
and Searsia flexicaulis, which may form forest-like growth 
(Abd El-Ghani and Abdel-Khalik 2006). Plant individuals 
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were crowded in patches (Zahran and Willis 2009) due 
to the presence of many liana species on olive trees, such 
as Pergularia daemia, Jasminum fluminense and J. gran-
diflorum. The olive community contained many vascular 
species that are the least resistant to drought and are thus 
confined to the highest elevations of the northern slopes 
of Gebel Elba (Zahran and Willis 2009). The mountain 
slopes were characterized by rich Vachellia etbaica growth, 
which was also recorded on the northern slopes of three 
coastal mountains in the Elba range but not on the inland 
mountains (Zahran and Willis 2009). Most of these species 
were also very abundant in the wettest zone of the Erk-
wit mist oasis, Sudan (Kassas 1956). Additionally, healthy 
populations of Dracaena ombet were observed at higher 
elevations on the northern slopes of Gebel Elba (Kamel 
et al. 2015; Elnoby and Moustafa 2017). Dracaena ombet 
is usually associated with O. europaea subsp. cuspidata on 
Gebel Elba, and scattered populations extend southward 
from Sudan to Somalia along the African hills that face the 
Red Sea (Marrero et al. 1998; Kamel et al. 2015).

According to White (1983) and Kürschner et al. (2008) 
the evergreen ‘Olea woodland’ is in close association 
with the Vachellia-Commiphora woodland sensu Zohary 
(1973), which characterize the lower slopes and also to 
the montane forest communities of Juniperus procera for-
est. Because of the lower topography of Gebel Elba (1435 
m), we encountered the Olea woodland but not the up-
per montane Juniperus procera woodland which occured 
above ca. 2000 m in the Asir mountains, Saudi Arabia and 
the Yemen highlands (Kürschner et al. 2008). Also, the 
Dracaena ombet - Olea europaea subsp. cuspidata com-
munity here is found at lower elevations (560–680 m) 
than the community of Tarchonanthus camphoratus - Olea 
europaea subsp. cuspidata (1600–2000 m) in the Arabian 
Peninsula (Kürschner et al. 2008).

Environmental drivers

The water supply for plants strongly depends on soil struc-
ture, rainfall, and plant cover. The capacity of soil to store 
moisture, in turn, depends on the depth and quality of soil 
supporting plant growth (Körner 2012). Sandy soils at low 
elevations exhibited poor water storage capacities in our 
study. The sandy plain mainly supported the growth of 
drought-tolerant trees, e.g., Vachellia tortilis subsp. tortilis, 
V. tortilis subsp. raddiana and Balanites aegyptiaca (Zah-
ran and Willis 2009). However, soils in rocky habitats at 
higher elevations often have higher water holding capac-
ities. Fine soil material accumulates in rock crevices, and 
rainwater is well protected against evaporation (Zohary 
1973; Deil 2014). The sandy loamy soils support a dense 
growth of Olea trees (Ahmed et al. 2016). Furthermore, 
water droplets from mist and clouds increase the mois-
ture content of soils and reduce plant transpiration rates 
(Hegazy and Lovett-Doust 2016). The drought stress has 
a stronger effect on species richness than physiological 
stress associated with extreme soil pH values (Palpurina 

et al. 2017). The elevational gradient of the studied wadis 
could mirror an inversed stress gradient (Abutaha et al. 
2019). In arid climates, water evaporates quickly, lead-
ing to an increase in the alkalinity and EC of soil (Knapp 
1973; Abutaha 2010). At higher elevations, orographic 
precipitation decreases the pH and EC. This negative re-
lationship between precipitation and soil pH results in fa-
vourable soil conditions for plant growth at higher wadis. 
Although we did not determine the soil moisture content, 
orographic precipitation and the soil quality at higher el-
evations seem to support the growth of moist vegetation.

Plant diversity (species richness)

In the wadi systems of Gebel Elba, the species richness in-
creased from low to mid elevation, followed by a plateau 
pattern from mid to high elevation (Abutaha et al. 2019). 
This pattern represented the transition from desert to 
mountain wadi systems. The increase in species richness 
was the result of reduced climatic stress and increased water 
availability. The high species richness from mid to higher el-
evations was related to more climatically suitable conditions 
for plant growth and diversity (Ghazanfar 1991; El-Keblawy 
et al. 2016; Hoppe et al. 2018). However, there are many oth-
er factors that may affect plant species richness, particular-
ly mountain topography. A complex topography results in 
relatively greater habitat diversity. Cliffs, crevices and large 
boulders offer more favourable conditions to plants (Zohary 
1973; Hegazy and Lovett-Doust 2016). For example, rocky 
habitats collect water run-off, supporting dense tree pop-
ulations. Furthermore, the topography offers more shade 
for herbs and shrub species. Plant growth is commonly less 
constrained by soil moisture shortages at high elevations 
than at low elevations. Precipitation often increases with in-
creasing elevation, and the evaporation/precipitation ratio 
decreases (Körner 2007). The increase in richness on Gebel 
Elba could thus be the result of reduced stress and an in-
crease in water availability due to orographic precipitation 
at higher elevations (Abutaha et al. 2019).

Deciduous / evergreen trees pattern with 
elevation

The tree limit in arid mountains is mainly determined by 
drought resistance (Gieger and Leuschner 2004; Karger et al. 
2019). The natural vegetation of Gebel Elba includes decid-
uous and evergreen woodlands (Zohary 1973). The studied 
elevational gradient (130–680 m) seems to be a major stress 
gradient in terms of water availability and temperature. The 
lower elevations are more arid and thus support the growth 
of scattered drought-deciduous species such as Vachellia 
trees. However, the orographic precipitation at higher eleva-
tions exhibit a trend of increasing evergreen species richness 
that are less resistant to drought (Zahran and Willis 2009). 
Hence, we can confirm that deciduous species prevail in the 
more arid parts of the total elevational gradient and occur 
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in the upper parts as they also can cope with the humid 
conditions. Nevertheless, drought-resistant deciduous trees 
appear to be outcompeted by evergreen species with contin-
uous increasing elevation. Above 500 m, evergreen species 
continuously dominate the vegetation relevés. This confirms 
our findings from the vegetation classification, i.e. evergreen 
Olea and Ficus communities compared with identified de-
ciduous vegetation units Vachellia and Balanites. Local tree 
limits can also be greatly altered by fine-scale topography 
(Case and Duncan 2014; Karger et al. 2019). Up to 400 m, 
the slopes of Gebel Elba mainly comprise of open sandy 
plain or stony habitats. From 500 m upward, the mountain 
slopes of Wadi Marafai become steeper and narrower, thus 
providing more shadow, and the rockier slopes increase wa-
ter runoff to wadi beds (Abutaha et al. 2019).

Conclusion
In this study, we identified seven communities along the 
elevational gradients of four wadis in the northern slopes 
of Gebel Elba. These communities show an altitudinal 
zonation and represent the core of the Eritreo-Arabian 
(tropical) vegetation in the Gebel Elba National Park, 
Egypt. Two main woodland types are observed in Gebel 
Elba; first, a deciduous Vachellia woodland, appearing 
in the desert plain and foothills to the mid-elevations of 
Gebel Elba (communities III–VII). Second, an evergreen 
Olea woodland, at the upper moisture altitudes (commu-

nity I). The lower limit of the evergreen vegetation in Ge-
bel Elba is found to be lower than in the higher mountains 
of East Africa and tropical Arabia. The studied elevational 
gradient mirrors a typical stress gradient. We found that 
each plant community within the Vachellia woodland 
is restricted to a definite habitat depending on its abili-
ty to adapt to drought stress, while the climatically more 
favourable habitats are occupied by the Olea communi-
ty. The Ficus community (II) represents a transition zone 
between deciduous and evergreen communities. In sum, 
orographic precipitation, soil quality and complex topog-
raphy are the main factors that affect the vegetation struc-
ture and species richness of Gebel Elba.
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Appendix 1
Species list including information on growth form and the distribution of species in the studied Wadis (M = Marafai, A = 
Acow, K = Kansisrob, and Y = Yahmib).

Family Species incl. author Life 
cycle

Life 
form

Growth form Wadi
M A K Y

1 Acanthaceae Barleria hochstetteri Nees P Ch shrub *
2 Blepharis edulis (Forssk.) Pers. P Ch herb * * *
3 Dicliptera paniculata (Forssk.) I. Darbysh. A Th herb * * *
4 Aizoaceae Aizoon canariense L. A Th herb * * * *
5 Amaranthaceae Achyranthes aspera L. var. sicula L. P H herb * *
6 Aerva javanica (Burm. f.) Juss. ex Schult. in Roem. & Schult. var 

javanica
P Ch herb * * *

7 Aerva lanata (L.) Juss. ex Schult. P Ch herb * *
8 Amaranthus graecizans L. subsp. aschersonianus (Thell.) Costea, D. M. 

Brenner & Tardif
A Th herb * * *

9 Chenopodiastrum murale (L.) S. Fuentes, Uotila & Borsch A Th herb * * * *
10 Psilotrichum gnaphalobryum (Hochst.) Schinz P Ch herb *
11 Pupalia lappacea (L.) Juss. P Ch herb *
12 Amaryllidaceae Pancratium tortuosum Herb. P G herb * * *
13 Anacardiaceae Pistacia khinjuk Stocks var. glabra Schweinf. ex Engl. P Ph tree *
14 Searsia flexicaulis (Baker) Moffett P Ph tree *
15 Searsia glutinosa subsp. abyssinica (Hochst. ex Oliv.) Moffett P Ph tree *
16 Searsia tripartita (Ucria) Moffett P Ph tree *
17 Apiaceae Pimpinella etbaica Schweinf. A Th herb * *
18 Apocynaceae Calotropis procera (Aiton) W. T. Aiton P Ph tree * *
19 Carissa spinarum L. P Ph shrub/liana *
20 Leptadenia pyrotechnica (Forssk.) Decne. P Ph shrub * *
21 Pergularia daemia (Forssk.) Chiov. P Ch liana *
22 Periploca aphylla Decne. subsp. laxiflora (Bornm. ex Drar) Browicz P Ph shrub * *
23 Asparagaceae Dracaena ombet Heuglin ex Kotschy & Peyr. subsp. ombet P Ph tree *
24 Asphodelaceae Asphodelus tenuifolius Cav. A Th herb * * * *
25 Asteraceae Bidens bipinnata L. A Th herb *
26 Bidens schimperi Sch. Bip. ex Walp. A Th herb * *
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Family Species incl. author Life 
cycle

Life 
form

Growth form Wadi
M A K Y

27 Asteraceae Echinops hussonii Boiss. P H herb * * *
28 Launaea nudicaulis (L.) Hook. f. P H herb *
29 Osteospermum vaillantii (Decne.) Norl. P H herb * *
30 Pegolettia senegalensis Cass. A Th herb * *
31 Phagnalon schweinfurthii Sch. Bip. ex Schweinf. P Ch herb *
32 Pulicaria petiolaris Jaub. & Spach P H herb *
33 Pulicaria undulata (L.) C. A. Mey. P Ch shrub * * *
34 Reichardia tingitana (L.) Roth subsp. tingitana A Th herb * *
35 Senecio flavus (Decne.) Sch. Bip. A Th herb *
36 Urospermum picroides (L.) Scop. ex. F. W. Schmidt A Th herb * * *
37 Boraginaceae Arnebia hispidissima (Sieber ex Lehm.) A. DC. A Th herb *
38 Heliotropium bacciferum Forssk. P Ch herb *
39 Heliotropium supinum L. A Th herb *
40 Heliotropium zeylanicum (Burm. f.) Lam. P Ch herb * *
41 Trichodesma africanum (L.) R. Br. var. africanum A Th herb * *
42 Trichodesma ehrenbergii Schweinf. P H herb * * *
43 Brassicaceae Diceratella elliptica (DC.) Jonsell P H herb * *
44 Farsetia longisiliqua Decne. P Ch shrub * * *
45 Sisymbrium erysimoides Desf. A Th herb * * *
46 Burseraceae Commiphora gileadensis (L.) C. Chr. P Ph shrub *
47 Capparaceae Boscia senegalensis (Pers.) Lam. ex Poir. P Ph shrub *
48 Capparis decidua (Forssk.) Edgew. P Ph tree * *
49 Maerua crassifolia Forssk. P Ph tree * * * *
50 Maerua oblongifolia (Forssk.) A. Rich. P Ch liana *
51 Caryophyllaceae Cometes abyssinica R. Br. ex Wall. A Th herb * * *
52 Paronychia argentea Lam. A Th herb *
53 Spergularia flaccida (Madden) I. M. Turner A Th herb * * *
54 Celastraceae Gymnosporia senegalensis (Lam.) Loes. P Ph shrub *
55 Cleomaceae Cleome amblyocarpa Barratte & Murb. A Th herb * *
56 Commelinaceae Commelina benghalensis L. A Th herb * *
57 Commelina forskaolii Vahl A Th herb * * *
58 Convolvulaceae Convolvulus hystrix Vahl subsp. hystrix P Ch shrub * *
59 Cuscuta chinensis Lam. A Th liana * * *
60 Cuscuta pedicellata Ledeb. A Th liana *
61 Ipomoea biflora (L.) Pers. A Th herb * * *
62 Cucurbitaceae Citrullus colocynthis (L.) Schrad. P H herb * * *
63 Cucumis prophetarum L. subsp. dissectus (Naudin) C. Jeffrey P H herb *
64 Cucumis prophetarum L. subsp. prophetarum P H herb * * * *
65 Kedrostis gijef (Forssk. ex. J. F. Gmel.) C. Jeffrey P Ch liana * *
66 Cyperaceae Cyperus laevigatus L. subsp. laevigatus P H sedge *
67 Ebenaceae Euclea racemosa Murray subsp. schimperi (A. DC.) F. White P Ph tree *
68 Ephedraceae Ephedra foliata Boiss. ex C. A. Mey. P Ph shrub * * *
69 Euphorbiaceae Chrozophora oblongifolia (Delile) A. Juss. ex Spreng. P Ch herb * *
70 Chrozophora tinctoria (L.) Raf. A Th herb * *
71 Euphorbia cuneata Vahl subsp. cuneata P Ph tree * * *
72 Euphorbia nubica N. E. Br. P Ch shrub * * *
73 Euphorbia granulata Forssk. A Th herb * *
74 Euphorbia sp. L. A Th herb *
75 Fabaceae Crotalaria impressa Nees ex Walp. A Th herb *
76 Crotalaria senegalensis (Pers.) Bacle ex DC. A Th herb *
77 Delonix elata (L.) Gamble P Ph tree * *
78 Indigofera spinosa Forssk. P Ch shrub * * * *
79 Rhynchosia minima (L.) DC. var. memnonia (Delile) T. Cooke P Ch liana *
80 Senegalia laeta (R. Br. ex Benth.) Seigler & Ebinger P Ph tree *
81 Senegalia mellifera (Benth.) Seigler & Ebinger P Ph shrub * * *
82 Senna italica Mill. P Ch herb * * * *
83 Tephrosia purpurea (L.) Pers. subsp. apollinea (Delile) Hosni & El-

Karemy
P Ch herb * * * *

84 Vachellia etbaica (Schweinf.) Kyal. & Boatwr. P Ph tree * *
85 Vachellia oerfota (Forssk.) Kyal. & Boatwr.

var. oerfota
P Ph shrub *

86 Vachellia sp. Wight & Arn. P Ph tree *
87 Vachellia tortilis (Forssk.) Galasso & Banfi subsp. raddiana (Savi) Kyal. 

& Boatwr.
P Ph tree * * * *

88 Vachellia tortilis (Forssk.) Galasso & Banfi
subsp. tortilis 

P Ph tree * * * *

89 Geraniaceae Erodium neuradifolium Delile ex Godr. A Th herb * *
90 Geranium trilophum Boiss. A Th herb * * *
91 Lamiaceae Lavandula coronopifolia Poir. P Ch shrub * * *
92 Leucas neuflizeana Courbon A Th herb *
93 Ocimum forskoelei Benth. P Ch shrub * *
94 Otostegia fruticosa (Forssk.) Schweinf. ex Penzig subsp. fruticosa P Ch shrub * *
95 Salvia aegyptiaca L. P Ch shrub * *
96 Loranthaceae Plicosepalus acaciae (Zucc.) Wiens & Polhill P Ph shrub * *
97 Plicosepalus curviflorus (Benth. ex Oliv.) Tiegh. P Ph shrub * *
98 Malvaceae Abutilon bidentatum Hochst. ex A. Rich. P Ch shrub *
99 Abutilon fruticosum Guill. & Perr. P Ch shrub * * *
100 Abutilon pannosum (G. Forst.) Schltdl. P Ph shrub * * *
101 Grewia tenax (Forssk.) Fiori P Ph shrub *
102 Grewia tembensis Fresen. P Ph shrub *
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Family Species incl. author Life 
cycle

Life 
form

Growth form Wadi
M A K Y

103 Malvaceae Grewia villosa Willd. P Ph shrub *
104 Hibiscus micranthus L. f. P Ch shrub * * *
105 Hibiscus vitifolius L. P Ch shrub * *
106 Malva parviflora L. A Th herb *
107 Pavonia triloba Guill. & Perr. P Ch herb *
108 Triumfetta flavescens Hochst. ex A. Rich. P Ch shrub * * * *
109 Triumfetta rhomboidea Jacq. P Ch shrub *
110 Menispermaceae Cocculus pendulus (J. R. & G. Forst.) Diels P Ch liana * * * *
111 Moraceae Ficus palmata Forssk. P Ph tree *
112 Ficus salicifolia Vahl P Ph tree * *
113 Moringaceae Moringa peregrina (Forssk.) Fiori P Ph tree * *
114 Nyctaginaceae Commicarpus helenae (Roem. & Schult.) Meikle P Ph shrub * *
115 Oleaceae Jasminum fluminense Vell. subsp. gratissimum (Deflers) P. S. Green P Ph liana *
116 Jasminum grandiflorum L. subsp. floribundum (R. Br. ex Fresen.) P. S. 

Green
P Ph liana/shrub *

117 Olea europaea L. subsp. cuspidata (Wall. ex G. Don) Ciferri P Ph tree *
118 Orobanchaceae Lindenbergia indica (L.) Vatke P Ch shrub * *
119 Oxalidaceae Oxalis anthelmintica A. Rich. P G herb * *
120 Phyllanthaceae Andrachne aspera Spreng. P Ch herb *
121 Plantaginaceae Nanorrhinum hastatum (R. Br. ex Benth.) Ghebr. A Th herb * * *
122 Plantago afra L. A Th herb * * *
123 Plantago ciliata Desf. A Th herb *
124 Poaceae Brachypodium distachyon (L.) P. Beauv. A Th grass * *
125 Bromus fasciculatus C. Presl A Th grass *
126 Cenchrus ciliaris L. P H grass * * * *
127 Cenchrus pennisetiformis Hochst. & Steud. A Th grass * * * *
128 Cenchrus setiger Vahl P G grass *
129 Centropodia forskalii (Vahl) Cope P H grass *
130 Cynodon dactylon (L.) Pers. P G grass * *
131 Digitaria nodosa Parl. P H grass *
132 Eragrostis cilianensis (All.) Vignolo ex Janch. A Th grass * *
133 Melanocenchris abyssinica (R. Br. ex Fresen.) Hochst. A Th grass * *
134 Panicum turgidum Forssk. P G grass * *
135 Stipagrostis ciliata (Desf.) De Winter P H grass *
136 Tragus racemosus (L.) All. A Th grass *
137 Urochloa deflexa (Schumach.) H. Scholz A Th grass * *
138 Polygonaceae Rumex simpliciflorus Murb. A Th herb *
139 Rumex vesicarius L. A Th herb * * *
140 Portulacaceae Portulaca oleracea L. subsp. oleracea A Th herb * *
141 Primulaceae Lysimachia arvensis (L.) U. Manns & Anderb. A Th herb *
142 Pteridaceae Onychium divaricatum (Poir.) Alston P H herb *
143 Resedaceae Caylusea hexagyna (Forssk.) M. L. Green A Th herb * *
144 Ochradenus baccatus Delile P Ph shrub * * *
145 Rubiaceae Galium spurium L. A Th herb *
146 Salvadoraceae Salvadora persica L. P Ph shrub * *
147 Sapindaceae Dodonaea viscosa Jacq. P Ph shrub *
148 Scrophulariaceae Scrophularia arguta Sol. ex Aiton A Th herb * *
149 Solanaceae Lycium shawii Roem. & Schult. P Ph shrub * * * *
150 Solanum forskaolii Dunal P Ch shrub * * *
151 Solanum incanum L. P Ch shrub * *
152 Solanum nigrum L. var. elbaensis Täckh. & Boulos A Th herb * *
153 Solanum villosum Mill. subsp. villosum A Th herb * *
154 Withania somnifera (L.) Dunal P Ch shrub *
155 Urticaceae Forsskaolea tenacissima L. P H herb * * * *
156 Forsskaolea viridis Webb A Th herb * * *
157 Parietaria debilis G. Forst. A Th herb * * *
158 Verbenaceae Lantana viburnoides (Forssk.) Vahl P Ch shrub *
159 Violaceae Viola cinerea Boiss. var. stocksii (Boiss.) Becker A Th herb *
160 Zygophyllaceae Balanites aegyptiaca (L.) Delile P Ph tree * * * *
161 Tribulus terrestris L. A Th herb * * *
162 Zygophyllum simplex L. A Th herb * * * *

Supplementary material
Supplementary material 1
Supplementary tables showing the percentage cover and the distribution of perennial species in the studied 

relevés for each community. Wadi Marafai (M), W. Acow (A), W. Kansisrob (K), and W. Yahmib (Y).
Link: https://doi.org/10.3897/VCS/2020/38644.suppl1
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Abstract
Aims: To use unsupervised techniques to produce a hierarchical classification of montane mires of the study region. Study 
area: New England Tablelands Bioregion (NETB) of eastern Australia. Methods: A dataset of 280 vascular floristic survey 
plots placed across the variation in montane mires of the NETB was collated. Vegetation types were identified with the 
aid of a clustering method based on group averaging and tested using similarity profile analysis (SIMPROF) and through 
ordinations using Bray-Curtis similarity and non-metric multidimensional scaling (NMDS). A hierarchical schema was 
developed based on EcoVeg hierarchy and was circumscribed using positive and negative diagnostic taxa via similarity 
percentage analysis (SIMPER) and importance based on summed cover scores and frequency. Results: We defined one 
macrogroup to include all montane mire vegetation of the NETB and within these two groups and twelve alliances. Con-
clusions: Our study re-enforced the separation of bogs from other montane mire systems and confirmed the separation of 
fens and wet meadows, a distinction that previously had not been independently tested. Based on our results many exist-
ing montane mire communities of the NETB have been ill-defined at multiple hierarchical levels, leading to confusion in 
threat status and mapping. Additionally, nearly half of the alliances we recognise were found to have no correlates within 
current classification systems, which necessarily has implications for the effectiveness of current conservation planning.

Taxonomic reference: PlantNET (http://plantnet.rbgsyd.nsw.gov.au/, accessed June 2016).

Abbreviations: BC Act = Biodiversity Conservation Act; EPBC Act = Environmental Protection and Biodiversity Act; 
NETB = New England Tablelands Bioregion; NMDS = non-metric multidimensional scaling; PCT = plant community 
type; RE = regional ecosystem; SIMPER = similarity percentage analysis; SIMPROF = similarity profile analysis.

Keywords
Australia, bog, EcoVeg, fen, marsh, New England Tableland Bioregion, similarity percentage analysis (SIMPER), wet 
meadow, unsupervised classification

Introduction
The first step in understanding the distribution, rarity 
and interrelationships of vegetated systems is description 
and classification (Franklin et al. 2016; Jensen et al. 2016). 
This is particularly true for systems that are under great-
est threat and impact from human activities and which 
provide significant ecosystem services. Unfortunately, 
vegetation within many areas of the globe have poor sur-

vey coverage and/or inconsistent survey protocols, lead-
ing to insufficient or poor data hampering classification 
(Gellie et al. 2017; De Cáceres et al. 2018). Even within 
areas considered relatively well surveyed, many highly re-
stricted and/or ephemeral systems are likely to be poorly 
sampled and incompletely treated within current classi-
fication systems, leading to misunderstandings of their 
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placement, function, importance and rarity (Hunter and 
Hunter 2017; Hunter and Lechner 2017). Not all classifi-
cation systems are hierarchical in nature, and many have 
no clear analytical proof of conceptual links (De Cáceres 
et al. 2018; Gellie et al. 2017). Ideally, hierarchical clas-
sification systems facilitate integrated understanding of 
relationships between vegetation assemblages and also 
allow conceptualisations at different ranks to match scales 
at which management and investigations may be applied, 
from local to global (Faber-Langendoen et al. 2018).

Australia is a dry continent, and thus, the more com-
mon and widely distributed wetlands are those that are 
impermanent in nature; that is, they may ‘wet-up’ once a 
year, multiple times a year or once within several decades, 
often not associated with seasonal patterns, but are dry 
more often than they are wet (Paijmans et al. 1985; Bell et 
al. 2008; Bell et al. 2012; Hunter and Lechner 2017). Such 
wetlands may contain shallow water less than 2 m depth, 
but more commonly only have saturated soils or seasonal-
ly standing water a few centimetres depth. Montane areas 
within Australia are limited and thus montane wetlands, 
in particular, are sparsely distributed and rare within the 
continent and poorly sampled across their range (Wahren 
et al. 1999; Whinam and Hope 2005).

The montane region bordering northern New South 
Wales and south east Queensland has been defined as the 
New England Tableland Bioregion (NETB) based on its 
unique biological and environmental elements (Thackwell 
and Creswell 1995). The Hunter Valley to the south of the 
NETB creates a break in the Great Dividing Range and 
separates the NETB from more southern montane envi-
ronments in south eastern Australia. Within the NETB a 
number of semi-permanent and ephemeral mire systems 
locally known as bogs, fens, lagoons (marshes) and sod 
tussock grasslands (wet meadows) occur (Hunter and Bell 
2007; 2009; Bell et al. 2008; Hunter and Hunter 2016a). 
Whinam and Chilcott (2002) showed through unsuper-
vised analyses of floristic plots that the NETB bogs were 
dissimilar floristically from other montane bogs further 
south in eastern Australia. Hunter and Hunter (2016) also 
highlighted the distinct floristic differences between mon-
tane sod tussock grasslands (wet meadows) and those of 
other south eastern Australian montane districts. Lechner 
et al. (2016), in an analysis of environmental data associ-
ated with montane wetlands, found the NETB was largely 
encompassed by a unique montane wetland ecoregion.

Bogs of the NETB are characterised by altitudes above 
850 m a.s.l, commonly on nutrient poor sites with low 
pH, saturation occurring seasonally or sporadically, and 
shallow standing water infrequent (Hunter and Bell 2007) 
(Suppl. material 1: Plate 1). Peat often forms but is largely 
created by sedge debris and at times Sphagnum (Hunter 
and Bell 2007; Hunter and Bell 2013; Hunter 2016a). Due 
to frequent fires, peat accumulation is often thin but can 
develop to depth where fires are excluded for long periods 
of time (Hunter and Bell 2007). These systems are largely 
dominated by cyperaceous taxa with a distinct compo-
nent of woody shrubs species usually 0.5–1.5 m in height 

(Myrtaceae, Fabaceae, Proteaceae and Ericaceae) (Hunter 
and Bell 2007).

Fens within the NETB are found along watercourses 
and flat to concave valley floors generally associated with 
mineral rich substrates (Hunter and Bell 2009) (Suppl. 
material 1: Plate 1). Fens are dominated by softer leaved 
sedges, grasses and herbs and do not have a woody shrub 
component within the NETB (Hunter and Bell 2009). Peat 
accumulation can occur but is largely based on cypera-
ceous materials and soil pH is slightly acidic to neutral. 
Overall fens are far more common within the NETB but 
are much less common within the national reserve system 
(Hunter 2013).

Lagoons within the NETB may be best described as 
semi-permanent or ephemeral marshes (Bell et al. 2008) 
(Suppl. material 1: Plate 1). Unlike the other wetlands 
they are generally oval in shape and are distinguished by 
having a well-defined bank with a sandy lunette on their 
downwind shores formed under previous climatic condi-
tions (Bell et al. 2008). Only 58 of these ephemeral marsh-
es are known within the NETB and these are restricted 
to the top of the Great Dividing Range almost exclusively 
on basalt soils (Bell et al. 2008). Ephemeral marshes dif-
fer in depth and duration of inundation but water, when 
present, is less than 1.5 m deep and never persistent. The 
lagoons have very localised catchments often only a few 
hundred hectares in size or less and thus inundation is of-
ten unpredictable and reliant on very localised rainfall of-
ten unrelated to regional rainfall averages or season. Due 
to longer and deeper inundation, the ephemeral marshes, 
unlike the other wetland systems on the NETB, can sup-
port free floating and aquatic vegetation usually >20% 
vegetation cover (Bell et al. 2008; Hunter 2016a).

The sod tussock grasslands would likely be classed as 
spring fed and floodplain wet meadows within the mire 
classification (van Diggelen et al. 2006; Hunter and Hunt-
er 2016) (Suppl. material 1: Plate 1). Wet meadows of the 
NETB occur within lower physiographic positions and 
frost hollows generally on higher nutrient soils which are 
seasonally damp or inundated with a few centimetres of 
water (Hunter and Hunter 2016).

Within the state of New South Wales, vegetation has 
been described into units called plant community types 
(PCTs), which are considered an equivalent to an associ-
ation level of nomenclature (Benson et al. 2010) and used 
to assign conservation significance and threat. PCTs are 
based on a mixture of supervised and semi-supervised 
techniques (Gellie et al. 2017), and they have been sub-
sequently placed within an independently derived hierar-
chical system of classes and formations (Keith 2004). As 
these classes and formations are circumscribed largely 
by supervised methods, and independently from PCTs, 
the interrelationships between the two systems and thus 
the placement of PCTs within formations and classes has 
been achieved by expert opinion without independent 
statistical testing (Gellie et al. 2017). The circumscription 
of associations within mires of the NETB have been ei-
ther poor, misinterpreted, inconsistent or missed entirely 
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within state-based vegetation classifications (Hunter and 
Bell 2007; 2009; Hunter and Hunter 2016). For instance, 
though Groves (1981) described a Glyceria australis wet 
grassland, no such PCT has been formally included in 
summaries of vegetation types for the NETB by Benson 
et al. (2010), nor wet meadows been included within state 
wide classes and formations (Keith 2004). Only four PCTs 
currently circumscribe the range of fens, bogs and lagoons 
found within the NETB (Benson et al. 2010).

Currently within certain Australian jurisdictions the 
development of vegetation community types is based al-
most solely on floristic classification techniques with little 
or no influence of environmental factors, although types 
may contain environmental terms as descriptors second-
arily to floristics (Sivertsen 2009; Environmental Protec-
tion Authority 2016; Gillie et al. 2018). Although this has 
not always been the case due to poor plot data coverage 
within New South Wales, any new proposed associations 
need proof of floristic distinctiveness via unsupervised 
analyses. Floristic distinctiveness via unsupervised anal-
ysis is now a requirement that also applies for listings of 
threatened ecological communities on both the Federal 
Environmental Protection and Biodiversity Act and the 
New South Wales Biodiversity Conservation Act. Thus, 
currently for both general classification purposes and for 
endangered community listings floristic distinctiveness by 
analysis is removed from ecological distinctiveness and is 
generally the only method of recognition of types.

A concerted and comprehensive effort has been placed 
on plot-based sampling of the montane wetlands of 
the NETB in order to describe phytosociological units 
through unsupervised means (Bell et al. 2008; Hunter 
and Bell 2007; 2009; Hunter and Hunter 2016). Using the 
plot-based data and unsupervised floristic analyses, these 
studies describe 28 phytosociological assemblages equiva-
lent to associations (Hunter and Bell 2007; Bell et al. 2008; 
Hunter and Bell 2009; Hunter and Hunter 2016). The ma-
jority of these associations are not encompassed within 
formal PCTs (Benson et al. 2010) and many are difficult 
to place within current published classes and formations 
(Keith 2004). However, these recent investigations into 
NETB mires have been conducted in isolation of each 
other and there is a need to provide an understanding of 
their interrelationships and to formally place them within 
an unsupervised hierarchy. Here we provide a plot-based 
analysis of mire assemblages within the NETB, to provide 
a formal understanding of the floristic relationships be-
tween the types and derive from analysis a hierarchical 
classification above that of association for the mires with-
in the NETB.

Methods
Study area

The study region encompasses the New England Tablelands 
Bioregion (NETB; 30,000 km2; Figure 1) which lie on the 

Great Dividing Range in eastern Australia. The NETB is 
largely restricted to north-east New South Wales but ex-
tends into south eastern Queensland with altitudes ranging 
from 700 to 1500 m a.s.l. The region has a strong west-east 
rainfall gradient (600–2500 mm) with easterly airflows from 
the Pacific Ocean causing orographic influences in the east 
(Resource and Conservation Assessment Council 1996).

Field sampling

Data from 280 full vascular floristic survey plots were col-
lated from wetlands within the NETB. The plots were sam-
pled on public lands, where possible first preference was 
to occurrences within state conservation reserves and sec-
ondarily within private reserves or travelling stock reserves. 
Conservation reserves are un-grazed by non-native animals 
while travelling stock reserves are only periodically grazed 
by non-native animals with grazing regulated by state gov-
ernment authorities. Thus non-native animal grazing was 
absent or minimal and tightly controlled. Standard plot sizes 
were 20 m × 20 m. Species were scored using a six-point 
modified Braun-Blanquet system based on percentage fo-
liage cover (Westhoff and van der Maarel 1980): 1= 1–5% 
cover, uncommon; 2 = 1–5% cover, common; 3 = 6–25%; 
4 = 26–50%; 5 = 51–75% and 6 = >75%. Plots where placed 
across the study area over a ten-year period between 2008 
and 2018 within spring and summer. All plots were scored 

Figure 1. Location of the New England Tablelands Biore-
gion within Australia and location of 280 full vascular 
floristic survey plots.
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for general wetland type (bog, fen, sod grassland, lagoon), 
and location and altitude were based on global positioning 
system (GPS). All plot data has been submitted for hosting 
in version 3 of sPlot (Bruelheide et al. 2019; https://www.
idiv.de/?id=176&L=0) and is listed on GIVD as AU-AU-003 
(https://www.givd.info/databases.xhtml). No new data has 
been collected for this research with only existing data col-
lected by the authors and previously published separately 
being used (see Hunter and Bell 2007; Bell et al. 2008; Hunt-
er and Bell 2009; Hunter and Hunter 2016; Hunter 2018). 
Further details of the wetland types investigated, stratifica-
tion and how data was collected for each survey is contained 
within these previous publications including information on 
species richness, elevation, vegetation cover and height, syn-
optic tables and photographs for each defined association.

Statistical analysis

Primer E (ver. 7.0.11; Quest Research Limited; Ivybridge, 
Devon, UK) was used for data exploration, whereby an in-
itial triangular resemblance matrix using Bray-Curtis sim-
ilarity co-efficient was created without transformation, as 
the Braun-Blanquet scoring was considered a pre-treat-
ment. Non-metric multidimensional scaling (NMDS) in 
two and three dimensions was also created. Clustering 
was achieved through group averaging and the similarity 
profile tested using similarity profile analysis (SIMPROF) 
permutation tests (999 iterations). SIMPROF tests the 
statistical significance of every node within a dendro-
gram starting from the top of the dendrogram and (all 
points within a single group) and highlighting only those 
groups which show within group multivariate structure. 
The EcoVeg approach (Faber-Langendoen et al. 2014) was 
used to define hierarchical levels and guide the nomen-
clatural of the types. The type and density of data available 
allowed for the circumscription of vegetation types at the 
medial scales of group and alliance with associations de-
rived from previous published analyses of the same data.

Similarity percentage analysis (SIMPER) identifies the 
species driving differences between selected types. SIM-
PER uses the Bray–Curtis similarity measure (Primer E ver. 
7.0.11; Quest Research Limited; Ivybridge, Devon, UK) to 
identify positively and negatively diagnostic taxa across veg-
etation types. Taxa with combined high fidelity and cover 
were also identified and listed for diagnostic purposes and 
type delineation. Attempts to place current eastern Austral-
ian state based noncultural units was derived by comparing 
diagnostic and non-diagnostic taxa from SIMPER results.

The results of our analyses were used to define mid to 
lower level classification levels (macrogroup, group and alli-
ance) based on EcoVeg terminology. It should be noted that 
although EcoVeg uses the alliance and association as does the 
Braun-Blanquet approach, the nomenclatural and procedur-
al roles are distinct. Previous unsupervised cluster analyses 
using Kulzynski similarity measure have been performed 
and published on subsets of these datasets defining vegeta-
tion units at approximately the association level (see Hunter 

and Bell 2007; Bell et al. 2008; Hunter and Bell 2009; Hunt-
er and Hunter 2016; Hunter 2018). It is the intention of this 
analysis to define hierarchical levels above association using 
the combined datasets from these previous investigations.

Results
Collectively, all mires within the NETB were defined as 
NETB montane mires (Level 5 – macrogroup) (Table 1). 
Our analyses support the separation of bogs, fens and 
wet meadows as broadly distinct units (Figures 2–4). 
Plots sampled within ephemeral marshes did not form 
a consistent group in either 2 or 3 axis results and were 
distributed throughout the non-bog plots (Figures 2–4). 
Both SIMPROF cluster analysis and NMDS ordination 
highlight a clear separation of bogs from that of the other 
types of mires within the NETB (Figures 2, 3). Bogs are 
floristically and often structurally distinct, being the only 
mire type on the NETB with a prominent shrub layer (Fig-
ure 5, Table 1). This high-level separation is considered 
appropriate for delineating at Level 6 – Group and thus 
two groups have been delineated; Baeckea omissa – Lepi-
dosperma limicola NETB montane bog mires and Glyceria 
australis – Carex gaudichaudiana NETB fen, wet meadow 
and ephemeral marsh mires (Table 1).

Splicing the dendrogram at a similarity of 16, we further 
defined 12 alliances all of which are delineated at a level 
which shows statistical evidence of multivariate structure 
via SIMPROF (Figure 2; Suppl. material 1), two within the 
Baeckea omissa – Lepidosperma limicola NETB montane 
bogs and 10 within the Glyceria australis – Carex gaudichau-
diana NETB fen, wet meadow and ephemeral marsh mires 
(Table 2). General environmental data and average species 
richness is given in Table 3 while the percent frequency of 
occurrence synoptic results of the most frequent taxa are 
presented in Table 4 (full table in Suppl. material 2).

A comparison of the placement of NETB montane 
mires with the currently published classification sys-
tems (PCT, class, formation, RE) shows only some con-
gruence with our results (Table 2). The NETB montane 
mires would be placed within two formations and at least 
three class categories with some types unable to be clear-
ly assigned. Seven of our 12 Alliances are not adequately 
circumscribed by current PCTs within New South Wales. 
Only one Queensland Regional Ecosystem (RE) describes 
montane mires within the NETB and this unit may cover 
three of our alliances, leaving three that are known to oc-
cur in this jurisdiction but uncategorized.

Discussion
We have successfully applied a consistent classification 
section to montane mire vegetation within the NETB us-
ing unsupervised techniques which have highlighted a 
number of differences with the current classifications used 
within eastern Australia. Although the EcoVeg approach 
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Figure 2. SIMPROF cluster analysis of the full dataset from mires of the New England Tablelands Bioregion of eastern 
Australia showing alliances recognised at similarity of 16.

Figure 3. Ordination of full dataset of plots placed within mires of the New England Tablelands Bioregion of eastern 
Australia. Bogs (B), Fens (F), Sod Tussock Grasslands (G) and Lagoons (L).

typically considers ecological criteria, this is currently not 
the accepted general practice used in defining vegetation 
types within New South Wales or for state and federal list-
ings of threatened communities. We believe our classifica-
tion allows a better and more consistent understanding of 

the floristic relationships between these montane wetland 
types that co-occur within the NETB. The current New 
South Wales classification schema includes bogs and fens 
within the same class separate from wet meadows (Keith 
2004). Our results and those of Hunter (2016a) show 
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Figure 5. Broad wetland types found within the New England Tablelands Bioregion. A) Bog, B) Fen, C) Lagoon in its 
more common dry phase, D) Sod Tussock Grasslands.

A B

C D

Figure 4. NMDS ordination Segmented bubble plot of the six species with a Pearson correlation greater than 0.5. 
Segment sizes are proportional to the Braun-Blanquet score given to each species within plots (0–6).

a clear differentiation between bogs and other wetland 
types within the NETB.

Previous research has shown that bogs within the 
NETB are ecologically and functionally distinct dominat-
ed by taxa with traits dissimilar to those of the sympatric 

other wetland types such as fens and wet meadows (Hunt-
er 2016a). Bogs form generally on low nutrient and acid 
soils with fire as a more frequent disturbance due to the 
dominance of oil-bearing resprouting shrub species. Bogs 
are the only wetland types to more consistently allow de-
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velopment of Sphagnum and it forms a major component 
of peat in patches less frequently burnt or more generally 
by restionaceous materials. The other mire types identi-
fied all predominantly occur on higher nutrient soils, do 
not generally burn and almost never contain Sphagnum as 
a component, with peat largely derived from cyperaceous 
and grass root and above ground materials.

Our numerical analysis approach has highlighted a de-
ficiency in previous supervised or semi-supervised tech-
niques to describe the variation within mires within the 
NETB. Nearly half of the alliances we have circumscribed 
are not represented within published state PCTs and even 
less of the 28 previously published associations are cur-
rently recognised as accepted PCTs (Hunter and Bell 2007; 
Hunter and Bell 2009; Hunter and Hunter 2016). A similar 
result was also found when comparing an unsupervised 
analysis of arid and semi-arid ephemeral wetlands with-
in New South Wales to accepted PCTs, classes and for-
mations (Hunter and Lechner 2017). More concerning is 
the Regional Ecosystem (RE) approach of Queensland, in 
which half of our circumscribed assemblages do not have 
an equivalent type and the remainder would all be placed 

within a single RE in spite of this classification being at-
tributed to the association level (Addicott et al. 2018). This 
RE appears to be more aligned with our macrogroup level 
rather than association or alliance (Table 2) and thus we 
would suggest that the RE system may be operating at a 
different thematic scale and may not be closely aligned to 
association as the authors suggest.

What we consider as a single macrogroup is distributed 
across three classes and two formations within the New 
South Wales system which calls for the need to review the 
clarity and consistency of those accepted higher hierar-
chical levels (Hunter and Lechner 2017). We consider a 
more appropriate conceptualisation is that all the wet-
lands within our analysis be considered as types of mires 
and contained within a single hierarchical level. Thus, our 
macrogroup is floristically and biogeographically distinct, 
i.e. a New England Tableland Montane Mires (Table  1). 
This conceptualisation is supported both floristically 
and geographically. Floristically, Whinam and Chilcott 
(2002), Hunter and Bell (2013) and Hunter and Hunter 
(2016) have shown this region is floristically distinctive 
in terms of bog and wet meadow floristics. Lechner et al. 

Table 3. Comparison of species density and general environmental data for each alliance.

Hierarchy Mean species density 
per 400 m2

Elevation (m 
a.s.l.) 

Mean vegetation 
height (m) Water depth (m) Rock type

Alliance 1-1:
27 940–1372 0.2–6 0–0.2 Granite, acid volcanic, 

basaltScientific Name: Baeckea omissa – Epacris 
microphylla shrubby bog
Alliance 1-2:

22 920–1040 0.2–3 0–0.2 GraniteScientific Name: Lepidosperma gunnii – 
Lepidosperma limicola herbaceous bog
Alliance 2-1:

18 446–1120 0.3–1.2 0–0.2 Granite, metasediment, 
acid volcanic, basaltScientific Name: Carex appressa herbaceous 

fen
Alliance 2-2:

18 780–1400 0.3–1 0–0.2 Granite, metasediment, 
basalt, sedimentScientific Name: Carex gaudichaudiana – 

Isachne globosa herbaceous fen
Alliance 2-3:

14 800–1000 0.1–1 0–0.5 GraniteScientific Name: Philydrum lanuginosum 
– Potamogeton tricarinatus herbaceous 
ephemeral marsh and fen
Alliance 2-4:

10 800–1300 0.1–1 0 Basalt, graniteScientific Name: Lachnagrostis filiformis 
herbaceous wet meadow or marsh
Alliance 2-5:

13 1040–1400 0.1–1 0–1.5 Basalt, graniteScientific Name: Myriophyllum variifolium 
– Eleocharis acuta herbaceous ephemeral 
marsh
Alliance 2-6:

11 700–1400 0.2–1.2 0–0.2
Granite, metasediment, 

acid volcanic, basalt, 
shale, sediment

Scientific Name: Glyceria australis grassy wet 
meadow
Alliance 2-7:

8 1200–1350 0.2–1 0–0.1 Basalt, MetasedimentScientific Name: Juncus australis – Cenchrus 
purpurascens herbaceous wet meadow
Alliance 2-8:

22 1000–1350 0.5–1.5 0 Metasediment, 
sedimentScientific Name: Carex tereticaulis – Asperula 

conferta herbaceous wet meadow and fen
Alliance 2-9:

17 980–1350 0.15–1.2 0
Granite, metasediment, 
basalt, mudstone, acid 

volcanic
Scientific Name: Poa sieberiana – Themeda 
triandra grassy wet meadow
Alliance 2-10:

11 930–1100 0.15–0.3 0 BasaltScientific Name: Leptorhynchos squamatus – 
Schoenus apogon herbfield
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Table 4. Synoptic table of the most important species (≥ 5% mean constancy or ≥ 50% constancy in at least one alliance) 
of mire alliances of the New England Tableland Bioregion. Values in the columns are percentage constancies. Species 
with 50% or more in at least one alliance are listed under the alliance where they reach the highest constancy. Those 
species that did not reach 50% constancy in any of the alliances are listed under “Companion species” according to de-
creasing mean constancy. See Suppl. material 2 for full synoptic table. 1-1 Baeckea omissa – Epacris microphylla shrubby 
bog, 1-2 Lepidosperma gunnii – Lepidosperma limicola herbaceous bog, 2-1 Carex appressa herbaceous fen, 2-2 Carex 
gaudichaudiana – Isachne globosa herbaceous fen, 2-3 Philydrum lanuginosum – Potamogeton tricarinatus herbaceous 
ephemeral marsh and fen, 2-4 Lachnagrostis filiformis herbaceous wet meadow or marsh, 2-5 Myriophyllum variifolium – 
Eleocharis acuta herbaceous ephemeral marsh, 2-6 Glyceria australis grassy wet meadow, 2-7 Juncus australis – Cenchrus 
purpurascens herbaceous wet meadow, 2-8 Carex tereticaulis – Asperula conferta herbaceous wet meadow and fen, 
2-9 Poa sieberiana – Themeda triandra grassy wet meadow, 2-10 Leptorhynchos squamatus – Schoenus apogon herbfield.

Alliance Mean 1-1 1-2 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10
Number of plots 59 5 22 77 4 14 57 87 5 7 36 4
Alliance 1-1
Baeckea omissa 13.5 100 60 – 2 – – – – – – – –
Epacris microphylla 16.1 100 80 – 7 – – – – – – 6 –
Gonocarpus micranthus 11.3 76 40 5 4 – – – – 2 – 9 –
Leptospermum gregarium 5.9 71 – – – – – – – – – – –
Baloskion stenocoleum 11.9 63 60 – 20 – – – – – – – –
Callistemon pityoides 4.9 59 – – – – – – – – – – –
Hakea microcarpa 6.0 55 – – 11 – – – – – – 6 –
Alliance 1-2
Austrostipa pubescens 8.3 – 100 – – – – – – – – – –
Dampiera stricta 9.0 8 100 – – – – – – – – – –
Goodenia bellidifolia 14.7 73 100 – – – – – – – – 3 –
Persoonia oleoides 8.7 4 100 – – – – – – – – – –
Pteridium esculentum 9.8 10 100 – 2 – – – – – – 6 –
Dillwynia phylicoides 7.0 4 80 – – – – – – – – – –
Entolasia stricta 11.1 53 80 – – – – – – – – – –
Hovea heterophylla 6.7 – 80 – – – – – – – – – –
Leptospermum arachnoides 10.6 47 80 – – – – – – – – – –
Petrophile canescens 7.3 8 80 – – – – – – – – – –
Aristida jerichoensis 5.0 – 60 – – – – – – – – – –
Banksia spinulosa 7.6 31 60 – – – – – – – – – –
Dianella caerulea 5.5 6 60 – – – – – – – – – –
Lepidosperma gunnii 5.8 10 60 – – – – – – – – – –
Lepidosperma limicola 9.3 51 60 – – – – – – – – – –
Lepidosperma tortuosum 5.5 6 60 – – – – – – – – – –
Leptospermum minutifolium 6.3 10 60 5 – – – – – – – – –
Lepyrodia scariosa 7.9 35 60 – – – – – – – – – –
Lindsaea linearis 6.5 18 60 – – – – – – – – – –
Lomandra multiflora 7.0 14 60 – – – – – 4 – – 6 –
Melichrus procumbens 5.2 2 60 – – – – – – – – – –
Pimelea linifolia 6.2 14 60 – – – – – – – – – –
Rytidosperma indutum 5.0 – 60 – – – – – – – – – –
Selaginella uliginosa 5.3 4 60 – – – – – – – – – –
Stylidium graminifolium 6.0 12 60 – – – – – – – – – –
Alliance 2-1
Carex appressa 14.9 2 – 100 37 – – 4 10 – – 26 –
Rubus anglocandicans 17.4 2 – 64 37 – – 6 27 20 50 3 –
Rumex crispus 15.6 – – 64 46 – 31 21 8 – 17 – –
Verbena bonariensis 19.0 – – 64 26 33 31 6 26 – 33 9 –
Alliance 2-2
Holcus lanatus 41.8 4 – 41 100 33 8 45 64 80 67 59 –
Carex gaudichaudiana 19.9 2 – 23 98 33 – 26 17 20 17 3 –
Epilobium billardierianum 15.1 6 – 41 78 – – 28 16 – – 12 –
Stellaria angustifolia 14.3 2 – 27 76 – – 17 9 – – 15 25
Isachne globosa 7.7 24 – – 65 – – 2 1 – – – –
Geranium solanderi 24.7 37 40 45 63 – 8 6 32 20 33 12 –
Cyperus sphaeroideus 7.3 2 – 27 50 – – 9 – – – – –
Alliance 2-3
Philydrum lanuginosum 8.8 2 – – 4 100 – – – – – – –
Asperula conferta 14.0 – – 9 – 67 – 4 14 – 33 41 –
Brachyscome tenuiscapa 8.4 2 – – – 67 – – 8 – – 24 –
Carex breviculmis 10.2 – – – – 67 – – 9 – 17 29 –
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Alliance Mean 1-1 1-2 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10
Number of plots 59 5 22 77 4 14 57 87 5 7 36 4
Plantago lanceolata 24.8 2 – 41 7 67 – 6 30 40 33 47 25
Alliance 2-4
Lachnagrostis filiformis 25.5 4 – 23 17 – 100 74 18 – 17 3 50
Conyza bonariensis 17.0 – – 27 11 – 77 17 26 40 – 6 –
Trifolium repens 24.3 – – 32 26 33 54 17 42 40 – 47 –
Alliance 2-5
Myriophyllum variifolium 12.1 2 – – 7 33 – 100 3 – – – –
Alliance 2-6
Glyceria australis 22.8 – – 9 11 67 – 26 100 20 – 41 –
Cirsium vulgare 32.8 6 – 50 52 – 31 23 79 60 33 35 25
Alliance 2-7
Juncus australis 29.3 – – 41 26 33 – 38 49 100 17 47 –
Cenchrus purpurascens 26.8 10 – 36 17 33 – 19 31 80 17 53 25
Carex disticha 10.8 – – 5 35 – – – 18 60 – 12 –
Alliance 2-8
Carex tereticaulis 8.5 – – – – – – 2 – – 100 – –
Anthoxanthum odoratum 23.5 2 – 9 43 33 15 15 32 – 83 50 –
Carex inversa 11.0 2 – 14 28 – – 4 3 – 50 6 25
Alliance 2-9
Poa sieberiana 23.3 14 – 9 4 67 – 2 30 20 33 100 –
Hypochaeris radicata 31.9 22 – 50 30 – 69 17 26 40 33 71 25
Themeda triandra 14.6 35 – – – 67 – – 5 – – 68 –
Schoenus apogon 14.3 29 – 9 4 – – 15 12 – – 53 50
Haloragis heterophylla 14.3 8 – 36 28 33 – 9 8 – – 50 –
Alliance 2-10
Leptorhynchos squamatus 8.8 – – – – – – 2 3 – – – 100
Paspalum dilatatum 35.3 – – 73 20 33 31 34 25 60 33 15 100
Eleocharis atricha 6.3 – – – – – – – – – – – 75
Hydrocotyle tripartita 15.6 – – 23 22 – 8 47 6 – – 6 75
Juncus subsecundus 8.7 16 – 5 4 – – 4 – – – – 75
Eragrostis curvula 5.5 – – 5 – – – 2 9 – – – 50
Phleum pratense 4.5 – – – – – – 4 – – – – 50
Sporobolus creber 5.6 2 – – – – – – – – – 15 50
Companion species
Ranunculus lappaceus 15.3 18 – 14 39 33 – 4 12 20 17 26 –
Taraxacum officinale 15.3 2 – 14 22 33 8 13 43 – 33 15 –
Euchiton sphaericus 11.2 14 – 9 – 33 15 6 13 20 – 24 –
Ammi majus 10.5 – – – – – 46 – 26 – 33 21 –
Rumex brownii 10.3 – – 18 2 33 8 2 16 20 – 24 –
Ranunculus inundatus 9.5 – – 9 24 33 – 36 6 – – 6 –
Persicaria prostrata 8.5 – – 18 – – 38 4 – – 17 – 25
Eleocharis acuta 8.4 – – 36 9 – – 47 6 – 0 3 –
Festuca elatior 8.4 – – 32 48 – – – 4 – 17 – –
Persicaria hydropiper 8.3 – – 23 30 – – 19 8 20 – – –
Hypericum gramineum 8.1 29 20 5 7 – – 2 3 – – 6 25
Lythrum salicaria 8.0 4 – 5 48 33 – – 3 – – 3 –
Lomandra longifolia 7.9 29 20 – 4 33 – – – – – 9 –
Hemarthria uncinata 7.3 2 – 9 9 – 8 28 6 – 17 9 –
Poa labillardieri 7.3 – 40 5 9 33 – – 1 – – – –
Juncus usitatus 7.3 2 – 18 9 33 – 0 4 – – 21 –
Phalaris aquatica 6.8 12 – 14 – – – – 27 – 17 12 –
Rumex conglomeratus 6.8 – – 23 13 – – – 23 20 – 3 –
Hypericum japonicum 6.7 16 – 5 20 – – 6 1 20 – 12 –
Cynodon dactylon 6.6 – – 9 – 33 – 11 3 20 – 3 –
Eleocharis sphacelata 6.2 4 – 5 24 – – 38 3 – – – –
Setaria pumila 6.0 6 – – 7 – – 4 4 – 17 9 25
Eleocharis pusilla 5.9 – – – 11 33 – 15 6 – – 6 –
Prunella vulgaris 5.8 6 – 14 17 – – 2 4 20 – 6 –
Viola hederacea 5.8 22 20 – 4 – – – – – 17 6 –
Geranium neglectum 5.7 – – – 2 – 38 2 3 – 17 6 –
Eleocharis gracilis 5.4 – – 5 17 – – 40 3 – – – –
Juncus fockei 5.4 – – 5 11 – 8 34 1 – – 6 –
Oxalis perennans 5.3 4 – 5 – – – – 3 – 17 35 –
Rorippa palustris 5.2 – – – – – 38 6 1 – 17 – –
Sorghum leiocladum 5.2 4 – – – 33 – – 1 – – 24 –
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(2016) showed the New England Region formed distinct 
ecoregions in terms of the occurrence of mapped mires 
of all types. Furthermore, the highland region of the New 
England Tablelands Bioregion is disconnected from more 
southern highland areas by the Hunter Valley.

Most of the NETB mires are currently listed as endan-
gered communities on state and national acts (Hunter and 
Bell 2007; Bell et al. 2008; Hunter and Bell 2009; Hunter and 
Hunter 2016) and thus an understanding of the natural var-
iation and interrelationships between these systems is im-
portant. Clear distinction of vegetation units is a necessity 
for conservation and management. Indistinct or ill-defined 
systems can lead to inappropriate management actions 
(Hunter and Hunter 2016; Hunter 2018). For example, 
semi-permanent or ephemeral marshes of the NETB are 
considered a distinct floristic association, class and forma-
tion within current New South Wales classification schema 
(Keith 2004; Benson et al. 2010). In addition, semi-perma-
nent or ephemeral marshes are currently listed as an endan-
gered ecological community both under the state Biodiver-
sity Conservation (BC) Act 2017 (Upland Wetlands of the 
Drainage Divide of the New England Tableland Bioregion), 
and the federal Environment Protection and Biodiversity 
Conservation (EPBC) Act 1999 (Upland wetlands of the New 
England Tablelands and the Monaro Plateau).

Upland wetlands (lagoons) are a geomorphologically 
defined landscape element that contains a number of vege-
tation types within it (Bell et al. 2008; Hunter and Bell 2009; 
Hunter and Hunter 2016; Hunter 2018). However, only 
the floristics and not the geomorphological features are 
the dominant criteria used to distinguish this threatened 
community legislatively, but the system contains a number 
of distinct floristic types (fens, marshes, wet meadows). In 
practice this means that ‘lagoons’ are classed as an endan-
gered vegetation community but this same community 
may also contain within it other endangered vegetation 
communities including Carex fens dominated by Carex 
appressa, which has its own listing, and bogs dominated 
by Carex gaudichaudiana, which also has its own listing 
and wet meadows which is under threat and may warrant 
listing in the near future (Hunter and Hunter 2016). Thus, 
within the one location two endangered communities can 
occur within another yet they are all supposed to be based 
on distinct floristic composition. This is further exacerbat-
ed by the fact that most of these ‘lagoons’ may only wet a 
few times a century and thus cannot be defined easily by 
floristics alone. The confusion of listing a geomorpholog-
ical feature as an endangered system but defining it based 
on floristics has led to a distortion in understanding. We 
believe defining clear and distinct floristic units clarifies 
the relationships between wetland types and would avoid 
this nestedness of endangered community listings.

The most distinctive alliance, largely restricted to la-
goons (2-5 Myriophyllum variifolium – Eleocharis acu-
ta ephemeral marsh), is the least likely to be temporally 
present and often within only a proportion of the lagoon 
area and yet it is used to define the wetland. A more detail 
temporal understanding of the dynamics of this system 

is required (Bell et al. 2008; Hunter 2016a; Hunter 2018). 
As the majority of lagoons within the NETB cycle spo-
radically between mainly drier and often rare wet phases, 
that may or may not include inundation but almost always 
include zonation, samples taken within them were found 
to occur within various alliances within our analyses. We 
believe that by creating and defining vegetation types 
based on floristic analysis allows a better understanding of 
temporal changes and the effects of these wetting and dry-
ing cycles. Lumping several distinct floristic assemblag-
es into a single geomorphic unit obscures our ability to 
conceptualise and study plant competition, establishment 
and changes due to fluctuating resources (Hunter 2016a, 
2018). Based on our analysis, lagoons are likely to contain 
two formations, three classes and four PCTs rather than 
a single PCT, class and formation based on the works of 
Keith (2004) and Benson et al. (2010).

Supervised techniques have also led to the confusion 
in the determination of other state listed threatened mon-
tane mires within the NETB. Threatened community list-
ings within state and federal acts are meant to be based on 
floristic distinctiveness. Fens dominated by either Carex 
gaudichaudiana or Carex appressa are peat forming and, 
closely aligned within our analyses but they are distinct 
from bogs, and do not occur within the same threatened 
community listings. Montane bogs are listed as endan-
gered on the state BC Act as “Montane peatlands and 
swamps of the New England Tableland, New South Wales 
North Coast, Sydney Basin. South East Corner, South East-
ern Highlands and the Australian Alps bioregions”. This 
determination includes what we have circumscribed as 
bogs and fens, including fens that are dominated by Carex 
gaudichaudiana but not other fen types (Hunter and Bell 
2007). Our analyses clearly indicate bogs and fens are very 
distinct systems (Figures 2–4). Fens dominated by Carex 
appressa (but excluding those dominated by Carex gaud-
ichaudiana) are also listed as a separate endangered eco-
logical community on the state BC Act as “Carex sedge-
lands of the New England Tableland, Nandewar, Brigalow 
Belt South and New South Wales North Coast bioregions”. 
Thus, the same fen type is listed under two different eco-
logical community listings and is also separated from oth-
er closer related fen types (Hunter and Bell 2009). This is 
in spite of the fact that such determinations are meant to 
be based on floristic uniqueness and determined by large-
ly by species composition.

Classification within Australia has largely been driven by 
the need to manage natural resources from both conserva-
tion and production perspectives and is linked to mapping 
outputs with a recent emphasis on unsupervised modelling 
techniques such as segmentation (Hunter 2016b; Gellie et 
al. 2017). However, undescribed vegetation types cannot 
be modelled and poorly circumscribed entities are likely 
to be inaccurately modelled and mapped (Hunter 2016b; 
Hunter and Lechner 2017). This is particularly a problem 
with wetland types, especially semi-permanent or ephem-
eral wetlands. Recent vegetation modelling within part of 
the NETB provided only a 10% accuracy of wetland extent 



John T. Hunter & Vanessa H. Hunter: Montane mires of New England Australia50

and types (Hunter 2013; Hunter 2018). Similar inaccuracy 
rates for modelled wetlands have been found with other 
recent state mapping programs (Hunter and Hawes 2013; 
Hunter 2016b). The lack of clear delineation of wetland 
vegetation types and the poor accuracy of modelled maps 
severely hampers our ability to understand and conserve 
these highly threatened systems.

Our results and those of other recent work (Hunter 
and Lechner 2017) has highlighted that wetlands within 
eastern Australia have been generally poorly sampled, 
at times ill-defined and often contain significant unde-
scribed variation whose interrelationships have not been 
properly understood. This has led to poor circumscrip-
tion of listed threatened ecological communities and dif-
ficulty in modelling for mapping and conservation pur-
poses. While we have attempted to provide some clarity 
within a new proposed hierarchical classification schema 
for the NETB, there is a need to better circumscribe all 
Australian terrestrial wetland systems. There is significant 

utility in the creation of a well-defined hierarchical sche-
ma of vegetation types that is non-jurisdiction based and 
scalable to enable better understanding and management, 
and increase our ability to protect and conserve them.

Author contributions
J.T.H. and V.H.H. conceived and undertook all field work. 
J.T.H. completed all analyses and J.T.H. wrote the majority 
of the manuscript with V.H.H. providing comment and 
additional text.

Acknowledgements
We wish to thank the late Dr. Dorothy Bell for her assis-
tance in collecting data and the many discussions that help 
our understanding of the wetland systems of the NETB.

References
Addicott E, Newton M, Laurance S, Neldner J, Laidlaw M, Butler D 

(2018) A new classification of savanna plant communities on the 
igneous rock lowlands and Tertiary sandy plan landscapes of Cape 
York Peninsula bioregion. Cunninghamia 18: 29–72.

Bell DM, Hunter JT, Haworth RJ (2008) Montane lakes (lagoons) of the 
New England Tablelands Bioregion. Cunninghamia 10: 475–492.

Bell DM, Hunter JT, Montgomery L (2012) Ephemeral wetlands of 
the Pilliga Outwash, northwest NSW. Cunninghamia 12: 181–190. 
https://doi.org/10.7751/cunninghamia.2012.12.015

Benson JS, Richards P, Waller S, Allen C (2010) New South Wales vege-
tation classification and assessment: Part 3. Plant communities of the 
NSW Brigalow Belt South, Nandewar and west New England Biore-
gions and update of NSW Western Plains and South-western Slopes 
plant communities. Version 3 of the NSWVCA database. Cunning-
hamia 11: 457–579.

Bruelheide H, Dengler J, Jiménez-Alfaro B, Purschke O, Hennekens SM, 
Chytrý M, Pillar VD, Jansen F, Kattge J, … Zverev A  (2019) sPlot – a 
new tool for global vegetation analysis. Journal of Vegetation Science 
30: 161–186. https://doi.org/10.1111/jvs.12710

Clarke PJ, Copeland LM, Hunter JT, Nano CE, Williams JB, Wills KE 
(1999) The vegetation and plant species of Torrington State Recreation 
Area. Division of Botany, University of New England, Armidale, AU.

De Cáceres M, Franklin SB, Hunter JT, Landucci F, Dengler J, Roberts  
DW (2018) Global overview of plot-based vegetation classification 
approaches. Phytocoenologia 48: 101–112. https://doi.org/10.1127/
phyto/2018/0256

De Cáceres M, Chytrý M, Agrillo E, Attorre F, Botta-Dukát Z, Capelo J, 
Czúz B, Dengler J, Ewald J, Faber-Langendoen D, ... Wiser SK  (2015) 
A comparative framework for broad-scale plot-based vegetation 
classification. Applied Vegetation Science 18: 543–560. https://doi.
org/10.1111/avsc.12179

Environmental Protection Authority (2016) Technical guidance – Flora 
and vegetation surveys for environmental impact assessment. EPA, 
Western Australia. http://www.epa.wa.gov.au/sites/default/files/
Policies_and_Guidance/EPA%20Technical%20Guidance%20-%20
Flora%20and%20Vegetation%20survey_Dec13.pdf

Faber-Langendoen D, Baldwin K, Peet RK, Meidinger D, Muldavin E, 
Keeler-Wolf T, Josse C (2018) The EcoVeg approach in the Americas: 
U.S., Canadian and international vegetation classifications. Phytoco-
enologia 48: 215–237. https://doi.org/10.1127/phyto/2017/0165

Faber-Langendoen D, Keeler-Wolf T, Meidinger D, Tart D, Hoagland B, 
Josse C, Navarro G, Ponomarenko S, Saucier J-P, … Comer P (2014) 
EcoVeg: a new approach to vegetation description and classification. 
Ecological Monographs 84: 533–561. https://doi.org/10.1890/13-
2334.1

Franklin SB, Hunter JT, De Cáceres M, Dengler J, Landucci F, Krestov P 
(2016) Introducing the IAVS Vegetation Classification Working Group. 
Phytocoenologia 46: 5–8. https://doi.org/10.1127/phyto/2016/0116

Gellie NJH, Hunter JT, Benson JS, Kirkpatrick JB, Cheal DC, McCreery 
K, Brocklehurst P (2017) Overview of plot-based vegetation classi-
fication approaches within Australia. Phytoceonologia 48: 251–272. 
https://doi.org/10.1127/phyto/2017/0173

Hunter JT (2013) Upland wetlands in the Namoi Catchment: mapping, dis-
tribution and disturbance classes of fens, bogs and lagoons. Cunning-
hamia 13: 331–335. https://doi.org/10.7751/cunninghamia2013.009

Hunter JT (2016a) Differences in disturbance type and nutrient avail-
ability favour different functional traits across three co-occurring 
wetland systems in eastern Australia. Australian Journal of Botany 
64: 526–529. https://doi.org/10.1071/BT16021

Hunter JT (2016b) Validation of the Greater Hunter Native Vegetation 
Mapping as it pertains to the Upper Hunter Region of New South 
Wales. Ecological Management and Restoration 17: 1–7. https://doi.
org/10.1111/emr.12195

Hunter JT (2018) Survey and monitoring of upland lagoons on the 
Northern Tablelands. Report for the Local Land Services NSW. 

Hunter JT, Bell DM (2007) Vegetation of montane bogs in east-flowing 
catchments of northern New England, New South Wales. Cunning-
hamia 10: 77–92.

Hunter JT, Bell DM (2009) The Carex Fen vegetation of northern New 
South Wales. Cunninghamia 11: 49–64.

Hunter JT, Bell DM (2013) Season and timing of moisture availability 
predict composition of montane shrub-dominated wetlands at distri-



Vegetation Classification and Survey 51

butional limits in eastern Australia. Australian Journal of Botany 61: 
243–253. https://doi.org/10.1071/BT13017

Hunter JT, Hawes W (2013) Review of the Greater Namoi Native Vegeta-
tion Map. Report to the Namoi Catchment Management Committee.

Hunter JT, Hunter VH (2016) Tussock and sod tussock grasslands of the 
New England Tablelands Bioregion of eastern Australia. Pacific Con-
servation Biology 22: 12–19. https://doi.org/10.1071/PC15037

Hunter JT, Hunter VH (2017) Floristics, dominance and diversity within 
the threatened Themeda grassy headlands of the North Coast Biore-
gion of New South Wales. Pacific Conservation Biology 23: 71–80. 
https://doi.org/10.1071/PC16013

Hunter JT, Lechner AM (2017) A multiscale, hierarchical, ecoregional 
and floristic classification of arid and semi-arid ephemeral wetlands 
in New South Wales, Australia. Marine and Freshwater Research 
68: 1–14.

Jensen F, Bergmeier E, Dengler J, Janišová M, Krestov P, Willner W 
(2016) Vegetation classification: a task for our time. Phytocoenologia 
46: 1–4. https://doi.org/10.1127/phyto/2016/0134

Lechner AM, McCaffrey N, McKenna P, Venables W, Hunter JT (2016) 
Ecoregionalisation classification of wetlands based on a cluster anal-
ysis of environmental data. Applied Vegetation Science 19: 724–735. 
https://doi.org/10.1111/avsc.12248

Paijmans K, Galloway RW, Faith DP, Fleming PM, Haantjens HA, Hey-
ligers PC, Kalma JD, Loffler E (1985) Aspects of Australian wetlands. 
CSIRO Division, Canberra, AU.

Resource and Conservation Assessment Council (1996) Regional report 
of Upper North East. New South Wales Vol. 2: Physical attributes. 
Resource and Conservation Assessment Council, Sydney, AU.

Sivertsen D (2009) Native Vegetation Interim Type Standard. Department of 
Environment, Climate Chante and Water NSW, Sydney, AU. https://www.
environment.nsw.gov.au/resources/nativeveg/10060nvinttypestand.pdf

Thackwell R, Creswell ID (1995) An interim biogeographic regionalisa-
tion for Australia: a framework for setting priorities in the national 
reserve system. Version 4.0. Australian Nature Conservation Agency, 
Canberra, AU.

van Diggelen R, Middleton B, Bakker J, Grootjans A, Wassen M (2006) 
Fens and floodplains of the temperate zone: present status, threats, 
conservation and restoration. Applied Vegetation Science 9: 157–
162. https://doi.org/10.1111/j.1654-109X.2006.tb00664.x

Wahren CH, Williams RJ, Papsi WA (1999) Alpine and subalpine wetland 
vegetation on the Bogong High Plains, south eastern Australia. Austra-
lian Journal of Botany 47: 165–188. https://doi.org/10.1071/BT97106

Westhoff V, van der Maarel E (1980) The Braun-Blanquet approach. In: 
Whittaker RH (Ed.) Classification of plant communities, 2nd ed. W. 
Junk, the Hague, NL, 289–329.

Whinam J, Chilcott N (2002) Floristic description and environmental 
relationships of Sphagnum communities in NSW and the ACT and 
their conservation management. Cunninghamia 7: 463–500.

Whinam J, Hope G (2005) The peatlands of the Australasian region. 
Stapfia 85: 397–400.

E-mail and ORCID

John T. Hunter (Corresponding author, jhunter8@bigpond.com), ORCID: https://orcid.org/0000-0001-5112-0465
Vanessa H. Hunter (vhhunter@bigpond.com)

Supplementary material
Supplementary material 1
Images of the circumscribed NETB montane mire alliances
Link: https://doi.org/10.3897/VCS/2020/48765.suppl1

Supplementary material 2
Full synoptic table of the 12 distinguished alliances
Link: https://doi.org/10.3897/VCS/2020/48765.suppl2





A phytosociological survey of aquatic vegetation 
in the main freshwater lakes of Greece
Dimitrios Zervas1,2, Ioannis Tsiripidis1, Erwin Bergmeier3, Vasiliki Tsiaoussi2

1	 Department of Botany School of Biology, Aristotle University of Thessaloniki, Greece
2	 Greek Biotope/Wetland Centre (EKBY), The Goulandris Natural History Museum, Thessaloniki, Greece
3	 Department of Vegetation and Phytodiversity Analysis, University of Göttingen, Germany

Corresponding author: Dimitrios Zervas (dzervas@ekby.gr)

Academic editor: Flavia Landucci   ♦   Received 11 November 2019  ♦  Accepted 21 December 2019  ♦  Published 4 May 2020

Abstract
Aims: This study aims to contribute to the knowledge of European freshwater lake ecosystems with updated and new 
information on aquatic plant communities, by conducting national-scale phytosociological research of freshwater lake 
vegetation in Greece. Moreover, it investigates the relationship between aquatic plant communities and lake environ-
mental parameters, including eutrophication levels and hydro-morphological conditions. Study area: Lakes in Greece, 
SE Europe. Methods: 5,690 phytosociological relevés of aquatic vegetation were sampled in 18 freshwater lake eco-
systems during 2013–2016. The relevés were subjected to hierarchical cluster and indicator species analyses in order 
to identify associations and communities of aquatic vegetation, as well as to describe their syntaxonomy. Multiple re-
gression analysis was applied to investigate the relationship between vegetation syntaxa and environmental parameters 
of lakes, i.e. physico-chemical parameters and water level fluctuation. Results: Ninety-nine plant taxa belonging to 30 
different families were recorded. Forty-six vegetation types were identified and described by their ecological character-
istics, diagnostic taxa and syntaxonomical status. Thirteen vegetation types, the largest number belonging to the vege-
tation class Charetea, are considered to be new records for Greece. The distribution of the vegetation types recorded in 
the 18 freshwater lakes was found to depend on environmental parameters and levels of eutrophication. Conclusions: 
An updated aquatic vegetation inventory was produced for Greek lakes, and primary results showed that the presence/
absence of aquatic plant communities and the community composition in freshwater lakes can be utilized to assess the 
pressure of eutrophication on lake ecosystems.

Taxonomic reference: Euro+Med (2006–).

Abbreviations: MNT = Mean number of taxa; WFD = Water Framework Directive.

Keywords
aquatic plant, charophyte, ecological status, eutrophication, Greece, lake, macrophyte, phytosociology, plant community, 
vegetation

Introduction
Freshwater ecosystems are among the most threatened 
ecosystems around the world (Sala et al. 2000; Foley et 
al. 2005; Dudgeon et al. 2006). Overexploitation, water 
pollution, flow modification, destruction or degrada-
tion of habitats, and exotic species invasions are the five 

main drivers of biodiversity loss in freshwater ecosys-
tems (Dudgeon et al. 2006). The European Union ad-
dressed the vulnerability of freshwater ecosystems with 
the adoption of the European Water Framework Direc-
tive (WFD, European Commission 2000). In this frame-
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work, the monitoring of aquatic plant communities was 
proposed as a key element in order to assess the ecologi-
cal status of freshwater ecosystems, as macrophytes play 
a significant role in determining the structure and func-
tions of lake ecosystems by influencing environmental 
conditions, nutrient cycling, and biotic assemblages and 
interactions (Carpenter and Lodge 1986; Jeppesen et al. 
1997; Engelhardt and Ritchie 2001). As a result, most of 
the monitoring and assessment systems developed by 
European countries utilise rankings in the tolerance and 
sensitivity of macrophyte taxa to eutrophication (Kola-
da et al. 2014; Poikane et al. 2018). The monitoring of 
aquatic macrophytes in Greek freshwater ecosystems, 
in the context of the Greek National Water Monitoring 
Network (GNWMN) under the WFD, began in 2013 
(Zervas et al. 2018).

The number of floristic and phytosociological inves-
tigations in freshwater ecosystems within Greece has 
increased during the past three to four decades (Sari-
ka-Hatzinikolaou et al. 2003; Sarika et al. 2005). Also 
publications containing phytosociological data for lacus-
trine aquatic plant communities have accumulated over 
time, but remain scarce and not evenly distributed across 
the country: Gradstein and Smittenberg (1977: west-
ern Crete), Lavrentiades and Pavlidis (1985: Lake Mikri 
Prespa), Papastergiadou (1990: various lakes in North-
ern Greece), Bergmeier (2001: seasonal pools in the is-
land of Gavdos), Sarika-Hatzinikolaou et al. (2003: seven 
lakes in Epirus), Grigoriadis et al. (2005: Agras wetland), 
Dimopoulos et al. (2005: Kalodiki marsh); Zotos (2006: 
Lakes Trichonida and Lysimachia), Fotiadis et al. (2008: 
Lake Chimaditida), and Pirini (2011: Lakes Vegoritida 
and Petres). These studies provide important information 
about aquatic vegetation in Greece, but the older ones do 
need to be revised and updated. Furthermore, research 

gaps remain in the country, i.e. a number of important 
lakes remain unsurveyed.

Taking into consideration all of the above information, 
the main objectives of this study are (i) to contribute to 
the knowledge of European freshwater lake ecosystems 
with new and updated country-wide information on 
the aquatic plant communities found in the main Greek 
freshwater lakes, and (ii) to investigate the relationship 
between the distribution patterns of macrophyte com-
munities and environmental parameters indicating in-
creased levels of eutrophication and altered hydro-mor-
phological conditions.

Study area
The study covers 18 lakes (Table 1; Figure 1) selected for 
GNWMN monitoring of aquatic macrophytes (Mavro-
mati et al. 2017; Zervas et al. 2018). While the studied 
lakes are scattered over the Greek mainland, most of 
them are clustered in the west and north-central part 
of the country, differing in altitude, size, water depth, 
and local climatic conditions within their catchment 
area (Table 1). Of the three transboundary lakes (Doira-
ni, Megali Prespa, Mikri Prespa) only their Greek areas 
were studied.

Methods
Vegetation and environmental data

Each lake was surveyed once in 2013–2016 during the 
main growing season (May to September) (Table 1). In 
all lakes, the belt transect-mapping method was applied 

Table 1. Overview of the geographical, geometric and climatic characteristics of the studied lakes. Asterisks mark trans-
boundary lakes, for which the characteristics refer to their part in Greece. Climatic characteristics have been collected by 
the European Climate Assessment & Dataset (Klein Tank et al. 2002). Average annual temperature and annual precipi-
tation values have been calculated on the basis of available data during the period 1995-2005. Survey period and number 
of transects and relevés surveyed per lake is also given.

No Lake Centroid 
Latitude 

(oN)

Centroid 
Longitude 

(oE) 

Mean 
Altitude 
(masl)

Area (km2) Mean-Max 
depth (m)

Aver. Annual 
Temp. (oC)

Annual 
Preci-

pitation 
(mm)

Climate 
zone 

(Köppen & 
Geiger)

Survey 
period

No of 
transects/ 

relevés 
recorded

1 Volvi 40.67740 23.47368 37 75.5 13-28 15.6 458 Csa Aug 2016 20 / 317
2 Doirani* 41.23853 22.76487 146 30.7 4-8 14.3 453 Cfa Aug 2016 10 / 173
3 Vegoritida 40.74464 21.78442 517 46.5 25-52 11.5 530 Cfb June 2016 20 / 509
4 Petres 40.72604 21.69612 573 12 3-6 11.5 562 Cfb June 2016 16 / 227
5 Zazari 40.62507 21.54690 600 3 5-8 11.5 595 Cfb July 2016 12 / 124
6 Chimaditida 40.59258 21.56585 592 9.1 1-5 11.5 595 Cfb July 2016 16 / 239
7 Kastoria 40.52269 21.30080 627 31.2 4-9 11.4 697 Cfb Aug 2014 20 / 312
8 Megali Prespa* 40.85057 20.98875 845 39.4 ~16-26 10.2 750 Cfb Aug 2015 12 / 206
9 Mikri Prespa* 40.77031 21.10128 850 46.7 4-10 10.2 728 Cfb Aug 2015 15 / 294
10 Pamvotida 39.66270 20.88518 469 22.6 5-12 13.2 1081 Csa Sept 2013 20 / 74
11 Amvrakia 38.75113 21.17941 20 13.5 22-54 17.3 930 Csa June 2014 20 / 331
12 Ozeros 38.65358 21.22294 24 10.5 4-7 17.2 931 Csa June 2014 20 / 178
13 Lysimachia 38.56234 21.37665 15 13 4-8 17.1 909 Csa June 2014 20 / 215
14 Trichonida 38.57309 21.54813 16 93.4 30-56 17.1 902 Csa July 2015 20 / 792
15 Paralimni 38.45862 23.35285 37 10.6 5-8 17.5 527 Csa July 2014 20 / 503
16 Yliki 38.39764 23.27973 75 22.5 22-34 17.5 527 Csa July 2014 20 / 29
17 Feneos 37.92861 22.28513 872 0.5 10-29 11.5 862 Csb Aug 2014 10 / 373
18 Kourna 35.33180 24.27776 16 0.6 ~15-22 18.2 831 Csa May 2014 14 / 794
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(Zervas et al. 2018), the most commonly used method for 
aquatic vegetation surveys in Europe, due to the fact that 
it provides abundance, frequency and depth distribution 
data for the different taxa found within the vegetation of a 
lake (Kolada et al. 2009). Ten to 20 transects per lake were 
established from the shoreline perpendicular to the max-
imum depth of plant growth. Sampling was conducted 
in relevés of 4 m2, evenly distributed along the belt tran-
sects following a gradient of increasing depth. Sampling 
was undertaken using a double-headed rake with a scaled 
handle or attached to a rope, a bathyscope, and a geo-ba-
thymetric device. In this way, a total of 5,690 relevés were 
sampled, in which all angiosperms (helophytes, hydro-
phytes, amphiphytes and aquatic forms of land species), 
pteridophytes, bryophytes, charophytes and green fila-
mentous macroalgae (e.g. Cladophora spp.) were recorded 
and determined to species or subspecies level (except fila-
mentous macroalgae), and their abundance was estimated 
with the use of the semi-quantitative five-point DAFOR 
scale (Palmer et al. 1992). Vascular plant taxonomy fol-
lows Euro+Med (2006), while algae taxonomy follows 
Guiry and Guiry (2019). Chorological information was 
collected from Dimopoulos et al. (2013, 2016), Guiry and 
Guiry (2019), and Julve (1998).

A number of environmental data (e.g. total phosphorus 
concentrations in the water column, Secchi depth, water 
electric conductivity, water level fluctuation measure-
ments) were collected periodically from each lake in the 
context of GNWMN (for details see Zervas et al. 2018). 
These data were used to assess the relationships between 
the distribution patterns of aquatic syntaxa and eutrophi-
cation and hydro-morphological factors.

Statistical analysis

In order to define the vegetation types in the most ob-
jective manner possible, the relevés were subjected to a 

number of hierarchical cluster analyses. Extremely rare 
taxa, i.e. recorded in one to three out of 5690 plots, were 
excluded from the analyses in order to reduce “noise” in 
the data. DAFOR abundance classes were translated to 
their average percentage abundance values as follows: 
Dominant = 87.5%, Abundant = 50%, Frequent = 17.5%, 
Occasional = 5.5% and Rare = 0.5% (CEN 2007). Species 
abundances were chord distance-based transformed (Leg-
endre and Galacher 2001). The transformed dataset was 
then subjected to cluster analysis with the use of flexible 
beta linkage method with b = -0.25 (Lance and Williams 
1967) and Bray-Curtis dissimilarity (Bray and Curtis 
1957). Elbow and Average Silhouette methods (Kaufman 
and Rousseeuw 1990), and NbClust statistic (Charrad et 
al. 2014) were used to assist in the determination of the 
optimal number of clusters for the dataset. Finally, diag-
nostic taxa were determined by indicator species analysis 
(Dufrene and Legendre 1997; De Cáceres et al. 2012), us-
ing the indicators function, in order to finalize the num-
ber of clusters corresponding to distinct vegetation types, 
and describe the best combination of indicator species for 
each vegetation type.

Due to the overall low number of common taxa 
among the resulting clusters, the hierarchic dendrogram 
that was produced was not able to successfully group all 
vegetation types into meaningful syntaxa, thus we pro-
ceeded with an additional cluster analysis. The synop-
tic table, which contained the clusters representing our 
dataset, was integrated into a dataset of clusters repre-
senting the types of Greek aquatic vegetation published 
in the past (bibliography in Suppl. material 1) and was 
processed again using the flexible beta linkage method 
and Bray-Curtis dissimilarity. The aim of including these 
vegetation types from the literature within our dataset 
was to support the present syntaxonomical decisions. 
The syntaxonomy of higher syntaxa (alliances, orders and 
classes) in the current study follows, with few exceptions, 
Mucina et al. (2016).

Depth distribution for each vegetation type was cal-
culated and presented. The distribution of higher-rank 
syntaxa for each lake was also computed on the basis of 
the number of relevés per syntaxon in proportion to the 
total number of relevés in each lake. Calculations were 
summarized at the level of class for most of the vegeta-
tion types, except the ones belonging to the Potamoge-
tonetea which were divided at the level of alliance, owing 
to the high variation in this class with different life forms. 
Finally, a multiple linear regression model was applied to 
assess the relation between aquatic vegetation patterns, 
as expressed by the abundance of higher-rank syntaxa, 
and environmental parameters in each lake. Pearson’s 
correlation coefficient (R) and p-value (p) of the model 
were assessed.

All analyses were performed with the use of vegan (Ok-
sanen et al. 2018), cluster (Maechler et al. 2018), factoex-
tra (Kassambara and Mundt 2017), NbClust (Charrad et 
al. 2014), indicspecies (De Cáceres and Legendre 2009), 
and tidyverse (Wickam 2017) R packages in R environ-
ment version 3.5.2 (R Core Team 2018).

Figure 1. Map of the surveyed Greek freshwater lakes. 
See Table 1 for lake names.
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Results and discussion
Species composition

The total number of taxa (vascular plants and macroal-
gae species) recorded in the studied lakes was 99. The 
most species-rich among the 30 different plant families 
were Characeae (12%), Cyperaceae (12%) and Pota-
mogetonaceae (10%), followed by Hydrocharitaceae 
(7%), Lamiaceae (6%) and Poaceae (6%). Hydrophytes 
were the dominant life form (55% of total species) fol-
lowed by hemicryptophytes (25%) and geophytes (19%). 
The most prominent chorological element was the Cos-
mopolitans (26%), followed by Paleotemperates (15%), 
European-SW Asians (15%) and Circumtemperates 
(14%). Most of the taxa (80 out of 99) were recorded 
with frequencies of less than 1%, i.e. they were found in 
fewer than 57 plots out of all 5,690. The most frequent 
taxa (found in more than 500 plots) were Myriophyllum 
spicatum (29.3%), Phragmites australis (27.2%), Cerato-
phyllum demersum (25.1%), Vallisneria spiralis (23%), 
Stuckenia pectinata (22.5%) and Najas marina (14.3%). 
Twenty-six out of 99 taxa were recorded in three or fewer 
plots (taxon frequencies for each lake are summarized in 
Suppl. material 2).

Vegetation classification

Cluster analysis and subsequent tests resulted in 46 dif-
ferent vegetation types for interpretation (see Suppl. ma-
terial 3 for Elbow, Average Silhouette and NbClust re-
sults, and Suppl. material 4 for produced dendrogram). 
Due to the survey methodology used, i.e. consecutive 
relevés distributed along a depth gradient at equal depth 
intervals, a number of the resulting vegetation types 
correspond to transitional ecotonal stands. These veg-
etation types were retained in the synoptic tables and 
are described in the text so as to present a more com-
prehensive picture of the spatial and ecological patterns 
of vegetation differentiation within the studied lakes. 
For syntaxonomic purposes, they may well be merged 
with an adjacent vegetation type. The diagnostic species 
for each vegetation type were selected from the results 
of the indicator species analysis as those combinations 
that reached a higher Indicator Value, while maintain-
ing high prediction power and sensitivity (De Cáceres 
et al. 2012) (see Suppl. material 5 for all diagnostic taxa 
parameters). Diagnostic and accompanying species for 
each vegetation type are given in Tables 2–4. Short de-
scriptions of the ecology (structure, water-depth prefer-
ence etc.), the floristic composition and the distribution 
for each vegetation type are presented at the following 
paragraphs (see Suppl. material 6 for summary of veg-
etation types in all lakes). Syntaxonomic remarks that 
led to their final syntaxonomic assignment (Table 5) are 
also presented.

Class 1. Plantaginetea majoris

Syntaxon 1.1. Phyla nodiflora community (Code PhN, Ta-
ble 2, Mean number of taxa MNT = 2.4)

Appearance and habitat: Sparse temporarily submerged 
carpets, dominated by Phyla nodiflora, a perennial herb 
of prostrate growth, covering periodically flooded shores. 
Phyla nodiflora is a cosmopolitan pioneer herb that grows 
prolifically in floodplain wetlands with periodical flood-
ing of short duration (Sharma and Singh 2013). Other 
aquatic macrophytes rapidly colonizing flooded areas, 
such as Myriophyllum spicatum and Vallisneria spiralis, 
can also be found in this community.

Diagnostic taxa (% constancy): Phyla nodiflora (100%).
Distribution: Amvrakia, Yliki.
Syntaxonomic remarks: No association dominated by 

Phyla nodiflora was found in the European literature. An 
association of Phyla nodiflora growing together with Ky-
llinga peruviana (Kyllingo-Phyletum nodiflorae Vanden 
Berghen 1990) (De Foucault et al. 2013) was described 
in West African temporarily inundated coastal dune 
slacks, another with Paspalum vaginatum (Lippio nodif-
lorae-Paspaletum vaginati Galán de Mera, Linares, Cam-
pos and Vicente 2009) in South American saltwater in-
fluenced grasslands on the Pacific coast (Galán de Mera 
et al. 2009). In publications from the western Mediterra-
nean basin (e.g. Brullo and Sciandrello 2006; Ninot et al. 
2011) an association of Phyla nodiflora growing in littoral 
grassy plains together with Panicum repens (Lippio nod-
iflorae-Panicetum repentis O. Bolòs 1957) has been de-
scribed, but our community differs as Panicum repens is 
absent. Our material is insufficient to provide a firm basis 
for describing a new association. We do not follow Mu-
cina et al. (2016) who treat the perennial Phyla nodiflora 
as a diagnostic species of the class Isoëto-Nanojuncetea, 
defined as pioneer ephemeral vegetation in periodically 
flooded freshwater habitats. We assign the Phyla nodiflora 
community described here to the order Paspalo-Heleo-
chloetalia and to the alliance Paspalo-Agrostion semiver-
ticillati instead, which comprises Mediterranean-sub-
tropical temporarily inundated, disturbed, perennial 
grass-herblands rich in stoloniferous plants of tropical 
and subtropical distribution.

Syntaxon 1.2. Paspalo distichi-Agrostietum verticillatae 
(Code PD, Table 2, MNT = 3.1)

Appearance and habitat: Emerged and floating mats 
of Paspalum distichum colonizing exposed areas of wet 
ground that may be temporarily shallowly inundated. 
Paspalum distichum is a perennial grass, originating from 
tropical America, which is widely established in riparian 
habitats of the Mediterranean basin, often forming mono-
typic stands (Aguiar et al. 2005).

Diagnostic taxa (% constancy): Paspalum disti-
chum (100%).

Distribution: Doirani, Lysimachia, Paralimni, Trichoni-
da and Vegoritida.
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Table 2. Synoptic table of the identified associations and communities belonging to Classes Plantaginetea majoris, 
Phragmito-Magnocaricetea and Lemnetea. Taxa constancy in percentage and their average abundance class (r = 0-1%, + 
= 2-5%, 1 = 6-20%, 2 = 21-40, 3 = 41-60%, 4 = 61-80%, 5 = 81-100%) superscripted are shown. Companion taxa with less 
than 20% constancy are shown at the end of the Table. Diagnostic taxa for each vegetation type are marked in bold (see 
relevant text and Table 5 for vegetation type codes).

Vegetation type code PhN PD PA PAE SL TD TL TA BU LM UV CD CDE CDMS
Number of relevés 5 22 1065 29 18 18 18 14 17 11 10 735 55 62
Mean number of species 2.4 3.1 1.2 3.4 5.6 3.1 2.3 2.1 4.5 5.8 5.2 1.5 3.5 2.6
PLANTAGINETEA 
Phyla nodiflora 1001 51 1r . 6r . . . . . . . . .
Paspalum distichum . 1001 . . 171 . . . . 551 . 11 . .
PHRAGMITO-MAGNOCARICETEA
Phragmites australis . 14+ 1004 972 781 842 6r 81 301 281 20+ 111 642 71

Schoenoplectus lacustris . 5r 1+ . 1002 . . . . . 20+ 11 . .
Typha domingensis . 10+ 21 71 502 1003 . . . 191 101 61 11+ .
Typha latifolia . 101 1+ 211 6r . 1001 8r . 191 204 . 41 .
Typha angustifolia . . 11 . 61 . 61 1001 . . . . . .
Butomus umbellatus . . . . . . . . 1002 . . . . .
Schoenoplectus litoralis . . . . . . . . 361 . . . . .
Alisma plantago-aquatica . . . . . 121 . . . 19r 302 . 21 .
Carex pseudocyperus . . 11 . . . . . . . 302 . . .
Juncus subnodulosus . . . . . . . . . . 301 . . .
Mentha aquatica . 5r . 41 61 . . . . . 401 1+ . .
Lycopus europaeus . 5r 11 . 6r . 41 . . 19+ 201 11 . .
Eleocharis palustris . . 11 41 . . 6r . . . . . . .
Stachys palustris . . . 41 . 61 . . . . 201 . 21 .
Lythrum salicaria . . . . . . . . . . . . 41 .
Rorippa amphibia . . . 7+ . . . . . . . . 41 .
Oenanthe aquatica . . . 4r . . . . . 28r . . 2r .
Sparganium erectum . 51 . . 121 . . . . . . . . .
LEMNETEA
Lemna minor . 51 11 112 . . . . . 1003 302 . 172 .
Lemna gibba . . . . . . . . . 461 . . 41 .
Azolla filiculoides . . 1r 4r . . . . . 731 . . .
Spirodela polyrhiza . . 1+ 41 . . . . . 371 . 1+ 151 .
Salvinia natans . . 11 4r . . . . . 192 . . 151 .
Utricularia vulgaris + australis . . 11 41 . . . . . . 1002 . . .
Ceratophyllum demersum . . 61 111 231 393 . . . 281 . 1003 1002 1002

Ceratophyllum submersum . . 11 . . 61 . . . . . 11 . .
Hydrocharis morsus-ranae . . 1+ 41 . 121 . . . 101 401 . 171 .
Other taxa
Myriophyllum spicatum 601 101 31 14+ 391 . 781 43+ 1001 101 . 8+ 19+ 1001

Stuckenia pectinata . . 31 71 28+ . . . . . . 31 191 9+

Vallisneria spiralis 602 10+ 21 7+ 39+ 341 . . 831 . . 71 13+ 121

Potamogeton lucens . 51 11 . . . . . 591 . . 31 . 101

Rumex palustris . 10r 11 41 12+ . . . . 372 201 . . .
Potamogeton nodosus 201 10r . . 171 . . . . . . 11 . 51

Najas marina . 51 31 181 231 . . . 61 . 10r . 10+ 10+

Zannichellia palustris . . 11 4r . . . . . . 201 . . .
Ludwigia peploides . 231 21 . . . . . . . . 11 . .
Chara globularis . 51 . . . 231 . 221 . . . . . .
Cladophora glomerata . 37+ 1+ 491 171 171 . . 30+ 37+ . 5+ 132 2r

Nitellopsis obtusa . . . 143 . . . . . . . 11 . .

Taxa with less than 20% constancy: Juncus articulatus, SL:171; Mentha pulegium, TA:81; Eleocharis mitracarpa, UV:101; Potamogeton perfoliatus, PD:51, PA:11, PAE:71, BU:6r, SL:61, CD:1+, 
CDE:131, CDMS:41; Potamogeton crispus, PD:5r, PAE:4r, CD:11; Potamogeton compressus, CD:11; Potamogeton trichoides, PD:101, CD:11, CDMS:21; Najas minor, PD:51, PA:11, PAE:41, 
CD:11, CDE:41; Myriophyllum verticillatum, TL:12r, CD:11; Potamogeton berchtoldii, CD:1+; Trapa natans, PA:11, CD:21, CDE:61; Nymphaea alba, PD:5r, 2=11, SL:17+, 13=21; Nymphoides 
peltata, PA:1r, PAE:41; Persicaria amphibia, PA:1r, PAE:141, SL:6r; Chara tomentosa, PA:11, LM:101; Nitella mucronata, PAE:71, CD:1+, CDE:2r, CDMS:2r; Nitella hyalina, PD:5r, TA:81; 
Agrostis stolonifera, SL:172, CDMS:21; Juncus inflexus, SL:61, TA:81, CDMS:21; Ranunculus trichophyllus, PA:1+.

Syntaxonomic remarks: Of the four different associa-
tions with Paspalum distichum described in the western 
Mediterranean (Paspalo distichi-Agrostietum verticilla-
tae Braun-Blanq. 1936; Ranunculo scelerati-Paspaletum 
paspalodis Rivas Goday 1964 corr. Peinado, Bartolomé, 
Martínez-Parras and Ollala 1988; Heliotropio supi-
ni-Paspaletum paspalodis Martínez-Parras, Peinado, Bar-
tolomé and Molero 1988; Paspaletum dilatato-distichi 
Herrera and F. Prieto in T.E. Díaz and F. Prieto 1994) 

(José et al. 1988; Rivas-Martinez et al. 2001; Neto et al. 
2009), we choose to assign our vegetation type as a variant 
of the first one, which is first in priority order if P. disti-
chum dominance stands are treated as a single association. 
Zotos (2006) identified two communities with Paspalum 
distichum in his study of wet meadows around lakes 
Trichonida and Lysimachia, including one dominated by 
Paspalum distichum. All the above-mentioned associa-
tions and communities have been grouped in the alliance 
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Paspalo-Agrostion semiverticillati and order Paspalo-Hele-
ochloetalia. We do not follow Mucina et al. (2016) who 
grouped this order of perennial herb-grasslands in the 
annual-dominated class Bidentetea and we prefer the class 
of perennial plant communities on damp or temporarily 
flooded, often trampled, disturbed ground, Plantaginetea 
majoris, which Mucina et al. (2016) lumped together with 
the Molinio-Arrhenatheretea.

Class 2. Phragmito-Magnocaricetea

Syntaxon 2.1. Phragmitetum communis (Code PA, Table 
2, MNT = 1.2)

Appearance and habitat: Extensive and dense (>50% 
cover) reed beds of Phragmites australis, the most com-
monly noticed and recorded association in most lakes. 
They cover major parts of the littoral zone, reaching down 
to 6m depth.

Diagnostic taxa (% constancy): Phragmites austra-
lis (100%).

Distribution: Pamvotida, Amvrakia, Kastoria, Lysi-
machia, Ozeros, Paralimni, Trichonida, Megali Prespa, 
Mikri Prespa, Volvi, Vegoritida, Zazari, Petres, Doirani 
and Chimaditida.

Syntaxonomic remarks: This association, widespread 
across all bioclimatic zones of Eurasia, matches with 
what has been identified as Phragmitetum communis 
(australis) or Scirpo-Phragmitetum in numerous publi-
cations in Greece (Drosos et al. 1996; Sarika-Hatziniko-
laou et al. 2003; Grigoriadis et al. 2005; Zotos 2006) and 
Europe (Preising et al. 1990; Šumberová et al. 2011a; 
Landucci et al. 2013; Kamberović et al. 2014; Jenačković 
2017; Lastrucci et al. 2017).

Syntaxon 2.2. Transitional stands of Phragmites australis 
(Code PAE, Table 2, MNT = 3.4)

Appearance and habitat: Stands of Phragmites australis 
with floristic composition similar to the preceding cluster 
but with lower Phragmites cover (<50%). They are found 
at the edges of dense reed beds, down to 6m depth, where 
the Phragmitetum communis progressively gives way to, 
or is interconnected with, aquatic communities such as 
Cladophoretum glomeratae, Najadetum marinae, Lemne-
tum minoris, Ceratophylletum demersi, Potamogetono 
pectinati-Myriophylletum spicati etc. Due to their sparse 
cover, other riparian and aquatic plants of the above-men-
tioned or other plant communities colonize the open are-
as among and beneath the reeds.

Diagnostic taxa (% constancy): Phragmites austra-
lis (97%), Cladophora glomerata (48.3%), Najas marina 
(17.3%), Nitellopsis obtusa (13.8%).

Distribution: Pamvotida, Feneos, Kastoria, Megali 
Prespa, Volvi, Vegoritida, Zazari, Petres and Chimaditida.

Syntaxonomic remarks: This cluster falls within the 
range of variation of the Phragmitetum communis.

Syntaxon 2.3. Scirpetum lacustris (Code SL, Table 2, 
MNT = 5.6)

Appearance and habitat: Dense stands of club-rush 
Schoenoplectus lacustris (>25% cover) and low presence 
of other helophytes (Phragmites, Sparganium and Typha 
spp.). In lacustrine ecosystems, it often forms a zone in 
mostly shallow waters down to 1m deep, sensitive to wave 
action, between the open water and the dense reed-bed ar-
eas dominated by other species, like Phragmites australis.

Diagnostic taxa (% constancy): Schoenoplectus lacustris 
(100%), Phragmites australis (78%).

Distribution: Volvi, Paralimni, Trichonida, Mikri 
Prespa, Petres and Chimaditida.

Syntaxonomic remarks: Matches the descriptions of 
this association (sometimes under the name Schoenoplec-
tetum lacustris) from publications in Greece (Sarika-Hatz-
inikolaou et al. 2003; Dimopoulos et al. 2005; Zotos 2006; 
Fotiadis et al. 2008) and in Europe (Preising et al. 1990; 
Lukács et al. 2009; Šumberová et al. 2011a; Landucci et al. 
2013; Jenačković 2017).

Syntaxon 2.4. Typhetum domingensis (Code TD, Table 2, 
MNT = 3.1)

Appearance and habitat: Dense stands of the Mediter-
ranean cattail Typha domingensis (>25% cover) and low 
presence of other helophytes (Phragmites, Sparganium, 
other Typha spp.). Typha domingensis stands, like other 
Typha communities, are usually colonizing next to the ex-
tensive Phragmites australis reed zone, in waters down to 
4m deep, under low water fluctuation regime.

Diagnostic taxa (% constancy): Typha domingen-
sis (100%).

Distribution: Trichonida and Chimaditida.
Syntaxonomic remarks: Matches the descriptions of 

this association in European publications (Biondi and 
Bagella 2005; Landucci et al. 2013; Jenačković 2017). In 
Greece, Zotos (2006) recorded two vegetation types in 
lake Trichonida, one with Typha domingensis alone and 
another with co-dominance of Phragmites australis. These 
are variants of the Typhetum domingensis.

Syntaxon 2.5. Typhetum latifoliae (Code TL, Table 2, MNT 
= 2.3)

Appearance and habitat: Dense stands of the cattail Ty-
pha latifolia (>25% cover) and low presence of other helo-
phytes (Phragmites, Sparganium and other Typha spp.). 
Typha latifolia, like other Typha spp., colonizes openings 
next to the extensive Phragmites australis reed zone, in wa-
ters down to 2m deep, under low water fluctuation regime.

Diagnostic taxa (% constancy): Typha latifolia (100%), 
Myriophyllum spicatum (78%).

Distribution: Pamvotida, Feneos, Vegoritida and Doirani.
Syntaxonomic remarks: Matches the descriptions of 

Greek (Sarika-Hatzinikolaou et al. 2003; Fotiadis et al. 
2008) and European publications (Preising et al. 1990; 
Šumberová et al. 2011a; Landucci et al. 2013; Jenačković 
2017). Lower cover of Typha latifolia (<25% cover) was 
recorded in some plots, possibly due to sub-optimal water 
fluctuation conditions often prevailing in Mediterranean 
lakes (Coops et al. 2003; Flores and Barone 2005).
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Syntaxon 2.6. Typhetum angustifoliae (Code TA, Table 2, 
MNT = 2.1)

Appearance and habitat: Dense stands of the cattail 
Typha angustifolia (>25% cover) and low presence of 
other helophytes (Phragmites, Sparganium and other Ty-
pha spp.). Typha angustifolia, like Typha. latifolia and T. 
domingensis, forms clonal rhizomatous stands next to 
Phragmites australis reed-beds, in waters to 2m deep, un-
der low water fluctuation regime.

Diagnostic taxa (% constancy): Typha angustifo-
lia (100%).

Distribution: Feneos and Mikri Prespa.
Syntaxonomic remarks: Matches the descriptions from 

Greek (Sarika-Hatzinikolaou et al. 2003; Dimopoulos et 
al. 2005, as Typho-Phragmitetum typhetosum angustifoli-
ae; Fotiadis et al. 2008) and other European publications 
(Preising et al. 1990; Šumberová et al. 2011a; Landucci et 
al. 2013; Jenačković 2017). Lower cover of Typha angusti-
folia (<25% cover) was recorded in some plots which, as 
in the Typhetum latifoliae, may be due to higher than opti-
mal water fluctuation in Mediterranean lakes (Coops et al. 
2003; Flores and Barone 2005).

Syntaxon 2.7. Butometum umbellati (Code BU, Table 2, 
MNT = 4.5)

Appearance and habitat: Stands of partly submerged 
Butomus umbellatus, in open water littoral areas, down to 
3m deep and with high water-transparency. It is character-
ized by the helophyte Butomus umbellatus (>25% cover) 
while other helophytes (Phragmites, Sparganium, Typha) 
occur with very low presence. A number of hydrophytes 
such as Myriophyllum spicatum and Vallisneria spiralis are 
constantly filling the gaps between these stands.

Diagnostic taxa (% constancy): Butomus umbellatus 
(100%), Myriophyllum spicatum (100%).

Distribution: Trichonida.
Syntaxonomic remarks: This association has been iden-

tified in various parts of Europe (Preising et al. 1990; Nagy 
et al. 2009; Šumberová et al. 2011a; Stępień et al. 2015), 
mostly described from shallower waters than in our study, 
accompanied by helophytes and lemnids. To our knowl-
edge, a distinct Butomus umbellatus community had not 
been identified before in Greece.

Class 3. Lemnetea

Syntaxon 3.1. Lemnetum minoris (Code LM, Table 2, 
MNT = 5.8)

Appearance and habitat: Mats of the free-floating duck-
weed Lemna minor (>50% cover), accompanied by less 
abundant lemnids, such as Spirodela polyrhiza, Azolla fili-
culoides and other Lemna spp., can be found in the littoral 
zone of still and relatively nutrient-rich freshwater bod-
ies, in very shallow waters 0–1m deep, in spots protected 
against wave action.

Diagnostic taxa (% constancy): Lemna minor (100%), 
Azolla filiculoides (73%).

Distribution: Doirani, Vegoritida and Chimaditida.

Syntaxonomic remarks: Matches the descriptions of 
this widespread association from Greece (Lavrentiades 
and Pavlidis 1985; Papastergiadou 1990; Zotos 2006) and 
elsewhere in Europe (Goldyn et al. 2005; Kłosowski and 
Jabłońska 2009; Šumberová 2011b; Felzines 2012).

Syntaxon 3.2. Lemno-Utricularietum and Utricularietum 
australis (Code UV, Table 2, MNT = 5.2)

Appearance and habitat: Open to fully closed sub-
merged carpets of the free-floating carnivorous bladder-
worts Utricularia vulgaris or Utricularia australis (>25% 
cover), with other taxa found in low numbers. As the 
bladderworts cannot be identified with certainty if not in 
flower, both species are likely to be included. Frequently 
present at the surface of the water occur Hydrocharis mor-
sus-ranae and lemnids, like Lemna minor, Lemna gibba, 
Spirodela polyrhiza etc., while Ceratophyllum demersum 
may occur in lower strata of the water column. Vegetation 
of free-floating bladderworts can be found in very shal-
low, down to 1m deep, mesotrophic to eutrophic waters 
protected against wave action.

Diagnostic taxa (% constancy): Utricularia vulgaris + 
U. australis (100%).

Distribution: Doirani, Pamvotida, Petres and 
Chimaditida.

Syntaxonomic remarks: Matches the descriptions of 
this widespread association from Greece (Sarika-Hatz-
inikolaou et al. 2003; Pirini 2011, with Utricularia vulgaris 
and Chara vulgaris) and elsewhere in Europe (Šumberová 
2011b; Felzines 2012; Džigurski et al. 2016; Cvijanović et 
al. 2018).

Syntaxon 3.3. Ceratophylletum demersi (Code CD, Table 2, 
MNT = 1.5)

Appearance and habitat: Extensive (>50% cover) car-
pets of Ceratophyllum demersum, a free-floating aquatic 
macrophyte in variable habitat conditions. Due to its abili-
ty to grow well in turbid water, under poor light conditions, 
it spreads rapidly and may cover the whole water column, 
possibly limiting the growth of other hydrophytes. While 
it thrives mostly in shallow waters, it may colonize the full 
depth range of aquatic macrophytes (in Greece 0–13m).

Diagnostic taxa (% constancy): Ceratophyllum demer-
sum (100%).

Distribution: Amvrakia, Kastoria, Lysimachia, Ozeros, 
Paralimni, Yliki, Trichonida, Megali Prespa, Mikri Prespa, 
Volvi, Vegoritida, Petres, Doirani and Chimaditida.

Syntaxonomic remarks: Matches the descriptions in 
European publications (Goldyn et al. 2005; Šumberová 
2011b; Felzines 2012; Lastrucci et al. 2014, 2015; Džigur-
ski et al. 2016; Cvijanović et al. 2018). In Greece, Papas-
tergiadou (1990) and Dimopoulos et al. (2005) identified 
this association with similar floristic composition, while 
Sarika-Hatzinikolaou et al. (2003) described a more vari-
able and perhaps composite association, with higher con-
stancies of other Lemnetea and Potamogetonetea diagnos-
tic taxa (Lemna minor, Spirodela polyrhiza, Hydrocharis 
morsus-ranae, Myriophyllum spicatum and Potamogeton 
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crispus). Gradstein and Smittenberg (1977) recorded a 
community in which Ceratophyllum demersum co-occurs 
with Potamogeton trichoides.

Syntaxon 3.4. Transitional stands of Ceratophyllum de-
mersum (Code CDE, Table 2, MNT = 3.5)

Appearance and habitat: Similar to the Ceratophylle-
tum demersi but with less cover (<50%) of Ceratophyllum, 
are found at the edges of the dense Ceratophyllum stands, 
in waters down to 13m deep, where the Ceratophylletum 
demersi progressively transitions into other macrophyt-
ic communities (Phragmitetum communis, Lemnetum 
minoris, Potamogetono pectinati-Myriophylletum spicati, 
Potametum pectinati etc.). Other macrophytes like Phrag-
mites australis, Lemna minor, Salvinia natans, Spirodela 
polyrhiza, Myriophyllum spicatum and Stuckenia pectinata 
colonize the openings.

Diagnostic taxa (% constancy): Ceratophyllum demer-
sum (100%), Phragmites australis (64%)

Distribution: Volvi, Doirani, Kastoria, Lysimachia, Oz-
eros, Mikri Prespa, Vegoritida and Chimaditida.

Syntaxonomic remarks: This cluster is a variant of the 
Ceratophylletum demersi.

Syntaxon 3.5. Ceratophyllum demersum-Myriophyllum 
spicatum community (Code CDMS, Table 2, MNT = 2.6)

Appearance and habitat: This cluster represents a tran-
sition between Ceratophylletum demersi and Potamoge-
tono pectinati-Myriophylletum spicati found at the edges 
of these communities, in waters down to 6m deep, where 
Ceratophyllum demersum becomes sparse and Myriophyl-
lum spicatum stands are able to colonize the open spots.

Diagnostic taxa (% constancy): Ceratophyllum demer-
sum (100%), Myriophyllum spicatum (100%).

Distribution: Amvrakia, Paralimni, Yliki, Trichonida, 
Megali Prespa, Mikri Prespa, Volvi, Vegoritida and Doirani.

Syntaxonomic remarks: These complex stands may be 
assigned to any of the two associations depending on spe-
cies’ prevalence.

Class 4. Potamogetonetea: Alliance 1. Potamogetonion

Syntaxon 4.(1.)1. Potamogetono pectinati-Myriophylletum 
spicati (Code MS, Table 3, MNT = 2.4)

Appearance and habitat: Dense stands (mostly >50% 
cover) of the water-milfoil Myriophyllum spicatum, a sub-
merged macrophyte with a broad ecological range, common 
even in disturbed sites. It roots at the lake bottom and reach-
es the water surface to emerge its inflorescence. These stands 
colonize waters down to 6m deep, provided water transpar-
ency is sufficiently high (chiefly mesotrophic conditions).

Diagnostic taxa (% constancy): Myriophyllum spica-
tum (100%).

Distribution: Amvrakia, Feneos, Paralimni, Yliki, 
Trichonida, Megali Prespa, Mikri Prespa, Volvi, Vegoriti-
da, Petres and Doirani.

Syntaxonomic remarks: Matches the descriptions of 
this association, mostly under the name of Myriophylle-

tum spicati, in publications from Greece (Papastergiadou 
1990; Sarika-Hatzinikolaou et al. 2003; Dimopoulos et al. 
2005; Fotiadis et al. 2008; Pirini 2011) and throughout 
Europe (Goldyn et al. 2005; Klosowski 2006; Šumberová 
2011a; Džigurski et al. 2016). One possible reason for oc-
casional lower cover of Myriophyllum (<50% cover) may 
be light limitations in deeper plots (Middelboe and Mark-
ager 1997; Klosowski 2006).

Syntaxon 4.(1.)2. Potamogetonetum pectinati (Code SP, 
Table 3, MNT = 1.3)

Appearance and habitat: Dense stands (>50% cover) 
of Stuckenia pectinata (=Potamogeton pectinatus), a sub-
merged aquatic plant quite tolerant of brackish and turbid 
fresh water, found in open water of various depth down to 
14m if water transparency permits.

Diagnostic taxa (% constancy): Stuckenia pectina-
ta (100%).

Distribution: Kastoria, Kourna, Trichonida, Volvi, Ve-
goritida, Petres and Doirani.

Syntaxonomic remarks: Matches the descriptions of 
this association from Greece (Papastergiadou 1990; Sari-
ka-Hatzinikolaou et al. 2003; Pirini 2011) and elsewhere in 
Europe (Solińska-Górnicka and Symonides 2001; Hrivnák 
2002; Melendo et al. 2003; Goldyn et al. 2005; Šumberová 
2011a; Lastrucci et al. 2014; Cvijanović et al. 2018).

Syntaxon 4.(1.)3. Transitional stands of Stuckenia pectina-
ta (Code SPE, Table 3, MNT = 3.6)

Appearance and habitat: Stands of Stuckenia pectinata, 
similar in composition with the preceding cluster, but with 
lower cover of Stuckenia (<50%), were found at the edges 
of the dense Stuckenia stands, in waters down to 4m deep, 
in contact with other macrophyte communities such as 
the Phragmitetum communis, Potamogetono pectinati-My-
riophylletum spicati etc., in openings with macrophytes 
such as Phragmites australis, Myriophyllum spicatum and 
Chara tomentosa.

Diagnostic taxa (% constancy): Stuckenia pectinata 
(96%), Phragmites australis (74%).

Distribution: Volvi, Doirani, Kastoria, Kourna, Vegor-
itida and Petres.

Syntaxonomic remarks: This cluster is a variant of the 
Potamogetonetum pectinati.

Syntaxon 4.(1.)4. Stuckenia pectinata-Myriophyllum spica-
tum community (Code SPMS, Table 3, MNT = 3.3)

Appearance and habitat: This cluster is transitional be-
tween Potamogetonetum pectinati and Potamogetono pect-
inati-Myriophylletum spicati, often found at the edges of 
the two asssociations, in waters down to 6m.

Diagnostic taxa (% constancy): Stuckenia pectinata 
(100%), Myriophyllum spicatum (92%).

Distribution: Kastoria, Paralimni, Trichonida, Volvi, 
Vegoritida and Doirani.

Syntaxonomic remarks: Relevés of this cluster are as-
signable to any of the two associations depending on spe-
cies’ dominance.
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Syntaxon 4.(1.)5. Potamogetonetum perfoliati (Code PP, 
Table 3, MNT = 2.2)

Appearance and habitat: Submerged stands dominated 
(>25% cover) by the pondweed Potamogeton perfoliatus, 
accompanied with a lower abundance of Myriophyllum 
spicatum, Stuckenia pectinata and Najas marina. Pota-
mogeton perfoliatus roots at lake bottom and produces 
emergent inflorescences. It forms extensive stands in 
waters down to 5m, provided water transparency is high 
(mostly under mesotrophic conditions).

Diagnostic taxa (% constancy): Potamogeton perfolia-
tus (100%).

Distribution: Kastoria, Megali Prespa, Volvi, Vegoriti-
da, Zazari and Doirani.

Syntaxonomic remarks: Matches the descriptions from 
Greek (Papastergiadou 1990; Sarika-Hatzinikolaou et al. 
2003) and European publications (Solińska-Górnicka and 
Symonides 2001; Klosowski 2006; Šumberová 2011a).

Syntaxon 4.(1.)6. Potamogetonetum crispi (Code PCr, Ta-
ble 3, MNT = 2.4)

Appearance and habitat: Submerged stands dominat-
ed (>25% cover) by Potamogeton crispus, accompanied at 
lower abundance by Myriophyllum spicatum, Vallisneria 
spiralis and Najas marina. Like Potamogeton perfoliatus, P. 
crispus forms extensive stands rooting at lake bottom down 
to 4m depth under usually meso- to eutrophic conditions.

Diagnostic taxa (% constancy): Potamogeton cris-
pus (100%).

Table 3. Synoptic table of the identified associations and communities belonging to Class Potamogetonetea. Taxa con-
stancy in percentage and their average abundance class (r = 0-1%, + = 2-5%, 1 = 6-20%, 2 = 21-40, 3 = 41-60%, 4 = 61-80%, 
5 = 81-100%) superscripted are shown. Companion taxa with less than 20% constancy are shown at the end of the Table. 
Diagnostic taxa for each vegetation type are marked in bold (see relevant text and Table 5 for vegetation type codes).

Vegetation type code MS SP SPE SPMS PP PCr PV PVMS PL PLMS PoN PCo PT NMa NMaE NMi TN NA NL NP LP
Number of relevés 472 866 41 56 39 5 772 167 116 43 21 6 9 334 80 20 6 7 5 10 34
Mean number of species 2.4 1.3 3.6 3.3 2.2 2.4 2.0 2.8 2.4 3.3 4.7 3.3 6.1 1.8 3.4 6.7 4.3 5.4 1.2 4.8 2.0
POTAMOGETONETEA
Potamogetonion
Myriophyllum spicatum 1002 4+ 321 921 47+ 201 541 741 671 981 861 . 45+ 24+ 531 651 50+ 431 . . .
Stuckenia pectinata 10+ 1003 961 1002 241 . 51 7+ 11 31 51 67+ 121 131 321 301 34r . . . .
Potamogeton perfoliatus 4+ 3+ 22+ 201 1002 . 21 51 . . . 171 23r 91 201 20+ 341 . . . .
Potamogeton crispus 1+ . . . . 1001 11 21 2+ 3 (r) 51 . . . 31 15+ . . . . .
Vallisneria spiralis 201 31 81 471 31 201 1003 1001 151 14+ 20+ 501 23r 51 20+ 851 . 431 . . .
Potamogeton lucens 271 . . 41 . . 61 2+ 1002 871 72+ . . 1r 81) 10r 171 151 . . .
Potamogeton nodosus 101 . . . . . 1+ 2+ 191 24+ 962 . . 1+ 101 201 . 15r . . .
Potamogeton compressus . 11 . 21 . . 11 21 . . . 1003 . . 21 . . . . . .
Potamogeton trichoides 11 . . . . . . . 21 51 101 . 671 11 21 51 . . . . .
Najas marina 91 121 25+ 151 24+ 401 101 221 31 7+ 39+ 341 121 1003 1001 701 17r 58+ . . .
Najas minor 31 1r 3r 6r . 40+ 11 2r 3+ 5+ 20+ . 121 21 121 1002 . . . . .
Trapa natans . . . 21 . . 1+ 21 . 3r . 341 . . . 51 1003 . . 20+ .
Nymphaeion albae
Nymphaea alba 2+ . . . . . 11 11 11 3r . . . . 21 . . 1003 . . .
Nuphar lutea . . . . . . . . . . . . . . . . . . 1003 . .
Nymphoides peltata . . . . . . . . . . . . . . . . . . . 1002 .
Ludwigia peploides . . . . . . . . . . . . . . . . . . . . 1003

Persicaria amphibia . . 31 41 3r . . . . . . . . . . . . . . 201 .
Other taxa
Phragmites australis 101 21 741 4+ 61 . 51 111 101 311 241 . 231 71 282 201 . 86+ . 301 711

Butomus umbellatus 11 . . . . . 31 11 . . . . . . . 5r . . . 301 .
Schoenoplectus lacustris 11 . 151 . . . . 11 . . 5r . 121 . 21 10r . 43+ . 30+ .
Typha latifolia . 1+ . . . . . 11 . 3r 5r . 451 . 21 5r . . . . .
Typha angustifolia 2+ . . . . . . . . . 101 . . . . . . 431 . . .
Eleocharis mitracarpa . . . . . . . . . . . . . . . . . . . 301 .
Rorippa amphibia . . . . . . . . . . . . . . . . . . . 30r .
Lemna minor . 1r . . . . . . . . . . 34+ . 21 10+ . . . . 31

Lemna gibba . . . . . . . . . . . . 34r . . . . . . . .
Azolla filiculoides . . . . . . . . . . . . 23r . . . . . . 30+ .
Spirodela polyrhiza . 1r . . . . . . . . . . 34+ . 21 10+ 17r . . 30r .
Ceratophyllum demersum 301 31 18+ 81 8+ 201 121 351 17+ 401 24+ 34+ 56+ 141 291 701 1002 1002 20r 301 31

Cladophora glomerata 71 31 . 151 . . 7+ 8+ . . 10+ . 561 21 3+ . . . . . 31

Rumex palustris . . 3r . . . . . . . . . 45+ . . . . . . . .
Paspalum distichum 1r 11 31 21 . . . . 31 3r 201 . 23+ . . 301 . . . . 91

Chara tomentosa . 11 321 . . . . . . . . . . 11 . 5r . . . . .

Taxa with less than 20% constancy: Mentha pulegium, SPMS:2r; Samolus valerandi, SP:1r, SPE:3r; Eleocharis caduca, SP:1+; Juncus articulatus, MS:1+; Phyla nodiflora, PV:11, PVMS:1r; Ty-
pha domingensis, SPE:51, LP:3r; Alisma plantago-aquatica, NP:20+; Lycopus europaeus, PT:121, NP:20r; Sparganium erectum, MNi:5r, NP:20+; Lythrum salicaria, NMi:10r; Mentha aquat-
ica, NP:10r; Juncus subnodulosus, PoN:51; Schoenoplectus litoralis, MS:11, SPE:51, PV:21, PVMS:2+, PLMS:31; Salvinia natans, NMaE:21, NMi:15+, TN:171; Ceratophyllum submersum, 
MS:11, SP:1r, SPE:31, SPMS:2r, PVMS:21, NMaE:2r; Hydrocharis morsus-ranae, SP:11, NMa:1r, NMi:15+, TN:171, NP:10r; Utricularia vulgaris, SP:1r, PVMS:1r; Myriophyllum verticillatum, 
PV:1r; Potamogeton berchtoldii, PVMS:31, NMi:51; Ranunculus trichophyllus, MS:1+, SP:1+, SPMS:21, PVMS:21, PLMS:3r, PoN:5r, TN:171, NP:101; Fontinalis antipyretica, SP:1+; Chara 
aspera, SP:1r, NMa:21; Chara globularis, PV:11; Chara corfuensis, SP:4+, NMa:1r, NMaE:51; Nitellopsis obtusa, MS:11, SP:11, SPE:51, PV:21, PVMS:3+, NMa:11, NMaE:31, NMi:101; Chara 
vulgaris, MS:11, PP:31, SPE:8+, SPMS:8+, PV:1+, PVMS:22, NMa:11, NMaE:21; Nitella mucronata, MS:4+, SP:11, PV:1+, PVMS:21; Nitella hyalina, PoN:51, NMi:51; Agrostis stolonifera, MS:11; 
Juncus inflexus, MS:1+, PoN:101, NMaE:2r; Scirpoides holoschoenus, SPMS:21, PVMS:11, PL:1r, PLMS:3r, PoN:5r, NMa:11; Zannichellia pedunculata, SPE:82, NMa:1+.
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Distribution: Yliki and Megali Prespa.
Syntaxonomic remarks: Matches the descriptions 

throughout Europe (Hrivnák 2002; Melendo et al. 2003; 
Goldyn et al. 2005; Šumberová 2011a; Lastrucci et al. 2014, 
2015) and Greece (Papastergiadou 1990; Sarika-Hatz-
inikolaou et al. 2003; Grigoriadis et al. 2005).

Syntaxon 4.(1.)7. Potamogetono-Vallisnerietum spiralis 
(Code PV, Table 3, MNT = 2.0)

Appearance and habitat: Dense carpets (>25% cover) 
of the submerged eel-grass Vallisneria spiralis covering 
the lake-bottom in areas with favourable light and nutri-
ent conditions down to a depth of 10m. Sporadic Myri-
ophyllum spicatum and other Potamogetonetea taxa root 
in small openings within the Vallisneria spiralis carpet, 
exploiting the water column above.

Diagnostic taxa (% constancy): Vallisneria spira-
lis (100%).

Distribution: Amvrakia, Feneos, Kastoria, Ozeros, 
Paralimni, Yliki, Trichonida, Megali Prespa, Volvi, Vego-
ritida and Doirani.

Syntaxonomic remarks: Matches the descriptions of 
this apparently uncommon association scattered in Eu-
rope (Gabka 2002; Hutorowicz et al. 2006; Lastrucci et al. 
2014) and Greece (Papastergiadou 1990; Grigoriadis et 
al. 2005; Pirini 2011). A similar association (Ceratophyllo 
demersi-Vallisnerietum spiralis) with higher constancy of 
Ceratophyllum demersum was identified in Serbia (Cvi-
janović et al. 2018).

Syntaxon 4.(1.)8. Vallisneria spiralis-Myriophyllum spica-
tum community (Code PVMS, Table 3, MNT = 2.8).

Appearance and habitat: This cluster is transitional 
between the Potamogetono-Vallisnerietum and the Pota-
mogetono pectinati-Myriophylletum spicati. If water trans-
parency permits (mostly oligotrophic to mesotrophic 
conditions) such stands can be found in waters 10m deep.

Diagnostic taxa (% constancy): Vallisneria spiralis 
(100%), Myriophyllum spicatum (74%).

Distribution: Amvrakia, Feneos, Kastoria, Ozeros, 
Paralimni, Yliki, Trichonida, Megali Prespa, Volvi, Vego-
ritida and Doirani.

Syntaxonomic remarks: The relevés can be assigned 
to either of the two associations depending on species’ 
dominance.

Syntaxon 4.(1.)9. Potamogetonetum lucentis (Code PL, Ta-
ble 3, MNT = 2.4)

Appearance and habitat: Dense stands (>25% cover) 
of the submerged pondweed Potamogeton lucens accom-
panied at lower abundance by Myriophyllum spicatum, 
Vallisneria spiralis and Potamogeton nodosus, coloniz-
ing waters down to a 6m depth when water transparen-
cy permits (usually under oligotrophic to mesotrophic 
conditions).

Diagnostic taxa (% constancy): Potamogeton lu-
cens (100%).

Distribution: Paralimni and Yliki.

Syntaxonomic remarks: Matches the descriptions in 
Greece (Gradstein and Smittenberg 1977; Papastergiadou 
1990; Sarika-Hatzinikolaou et al. 2003; Dimopoulos et 
al. 2005) and throughout most of Europe (Preising et al. 
1990; Hrivnák 2002; Melendo et al. 2003; Goldyn et al. 
2005; Klosowski 2006; Šumberová 2011a).

Syntaxon 4.(1.)10. Potamogeton lucens-Myriophyllum spi-
catum community (Code PLMS, Table 3, MNT = 3.3)

Appearance and habitat: This cluster is transitional be-
tween Potamogetono pectinati-Myriophylletum spicati and 
Potamogetonetum lucentis, characterized by a more or less 
equivalent constancy and abundance of the two character-
istic species (Myriophyllum spicatum, Potamogeton lucens). 
It grows in waters down to 6m deep, where Myriophyllum 
spicatum stands become quite sparse and other hydro-
phytes, mostly Potamogeton lucens, occur in openings.

Diagnostic taxa (% constancy): Myriophyllum spica-
tum (98%), Potamogeton lucens (87%), Phragmites austra-
lis (30.3%).

Distribution: Paralimni, Megali Prespa and Mikri Prespa.
Syntaxonomic remarks: Relevés of this cluster can be 

assigned to either of the two associations according to the 
species’ dominance.

Syntaxon 4.(1.)11. Potamogetonetum denso-nodosi (Code 
PoN, Table 3, MNT = 4.7)

Appearance and habitat: Open to fully closed (>25% 
cover) Potamogeton nodosus stands with floating leaves, 
accompanied at lower abundance by taxa such as Myrio-
phyllum spicatum, Potamogeton lucens and Najas marina. 
Potamogeton nodosus forms extensive mats in still fresh-
water bodies down to 3m deep.

Diagnostic taxa (% constancy): Potamogeton nodo-
sus (96%).

Distribution: Amvrakia, Feneos and Paralimni.
Syntaxonomic remarks: Matches the descriptions of 

this widespread but infrequent association (Melendo et al. 
2003; Šumberová 2011a; Lastrucci et al. 2014; Džigurski 
et al. 2016; Cvijanović et al. 2018), which in Greece, so 
far only Papastergiadou (1990, as Ranunculetum fluitan-
tis but with similar floristic composition) described in 
slow-flowing waters.

Syntaxon 4.(1.)12. Potamogetonetum compressi (Code 
PCo, Table 3, MNT = 3.3)

Appearance and habitat: Dense stands (>25% cover) 
of the submerged pondweed Potamogeton compressus ac-
companied at lower abundance by taxa such as Vallisneria 
spiralis, Stuckenia pectinata and Najas marina. Its shallow 
root system is vulnerable to wave action, thus Potamoge-
ton compressus forms limited stands in shallow (down to 
2m deep) water near lake shorelines.

Diagnostic taxa (% constancy): Potamogeton compres-
sus (100%).

Distribution: Kastoria.
Syntaxonomic remarks: Only a few publications de-

scribed this association from Eurasia (Kuzmichev et al. 2008; 
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Borsukevych 2013; Chepinoga et al. 2013), which is rare 
and/or declining in Europe (Birkinshaw et al. 2013). There 
are no previous records of this association from Greece.

Syntaxon 4.(1.)13. Potamogetonetum trichoidis (Code PT, 
Table 3, MNT = 6.1)

Appearance and habitat: Dense stands (>25% cover) 
of the submerged narrow-leaved pondweed Potamogeton 
trichoides, accompanied at lower abundance by taxa such 
as Myriophyllum spicatum, Ceratophyllum demersum and 
Lemna minor. Being quite variable, this vegetation type was 
found in meso-eutrophic waters down to 4m deep, where 
Potamogeton trichoides leaves spaces for a mix of other elo-
deid and lemnid aquatic macrophytes as well as helophytes.

Diagnostic taxa (% constancy): Potamogeton trichoides 
(67%), Ceratophyllum demersum (56%), Cladophora 
glomerata (56%), Myriophyllum spicatum (44.5%), Typha 
latifolia (44.5%).

Distribution: Kastoria, Lysimachia, Vegoritida, Doirani 
and Chimaditida.

Syntaxonomic remarks: Similar to the descriptions of 
Greek (Dimopoulos et al. 2005; Gradstein and Smitten-
berg 1977; Papastergiadou 1990; Sarika-Hatzinikolaou et 
al. 2003) and European publications (Preising et al. 1990; 
Hrivnák 2002; Melendo et al. 2003; Šumberová 2011a).

Syntaxon 4.(1.)14. Najadetum marinae (Code NMa, Table 
3, MNT = 1.8)

Appearance and habitat: Dense submerged carpets 
(>25% cover) of the naiad Najas marina accompanied 
at lower abundance by Potamogetonetea species such 
as Potamogeton perfoliatus, Myriophyllum spicatum and 
Vallisneria spiralis. Najas marina forms dense carpets 
on the bottom of still water bodies, down to 5m deep, 
under mesotrophic to eutrophic and even slightly brack-
ish conditions.

Diagnostic taxa (% constancy): Najas marina (100%).
Distribution: Amvrakia, Kastoria, Kourna, Ozeros, 

Paralimni, Yliki, Trichonida, Megali Prespa, Mikri Prespa, 
Volvi, Petres and Doirani.

Syntaxonomic remarks: Described from Europe (Melen-
do et al. 2003; Šumberová 2011a; Lastrucci et al. 2014; Džig-
urski et al. 2016; Cvijanović et al. 2018) and Greece (Papaster-
giadou 1990; Sarika-Hatzinikolaou et al. 2003; Pirini 2011).

Syntaxon 4.(1.)15. Transitional stands of Najas marina 
(Code NMaE, Table 3, MNT = 3.4)

Appearance and habitat: Submerged carpets with lower 
cover (<25%) of Najas marina than in the preceding clus-
ter. Found at the edges of dense Najas marina stands in 
waters down to 5m deep where the Najadetum marinae 
progressively gives way to other macrophyte communities 
such as Potamogetono pectinati-Myriophylletum spicati, 
Phragmitetum communis, Potamogetonetum pectinati or 
Ceratophylletum demersi etc.). Other macrophytes like 
Myriophyllum spicatum, Phragmites australis, Stuckenia 
pectinata and Ceratophyllum demersum colonize open 
Najas stands.

Diagnostic taxa (% constancy): Najas marina (100%), 
Phragmites australis (27.5%).

Distribution: Amvrakia, Kastoria, Kourna, Ozeros, 
Paralimni, Yliki, Trichonida, Megali Prespa, Mikri Prespa, 
Volvi, Petres and Doirani.

Syntaxonomic remarks: This cluster is a variant of the 
Najadetum marinae.

Syntaxon 4.(1.)16. Najadetum minoris (Code NMi, Ta-
ble 3, MNT = 6.7)

Appearance and habitat: Dense submerged carpets 
(>25% cover) of the naiad Najas minor sometimes accom-
panied by Myriophyllum spicatum, Vallisneria spiralis and 
Najas marina. Both Najas species form dense carpets on 
the bottom of still water bodies, with N. minor occurring 
in more shallow waters down to 3.5m deep, under mes-
otrophic to eutrophic but not brackish conditions.

Diagnostic taxa (% constancy): Najas minor (100%), 
Vallisneria spiralis (85%).

Distribution: Kastoria, Paralimni, Megali Prespa and 
Doirani.

Syntaxonomic remarks: Matches the descriptions 
throughout Europe (Gabka and Dolata 2010; Šumberová 
2011a; Lastrucci et al. 2014). In Greece, only Papastergi-
adou (1990) gathered a relevé dominated by Najas minor, 
accompanied by Zannichellia palustris, which was as-
signed to the Zannichellietum palustris.

Class 4. Potamogetonetea: Alliance 2. Nymphaeion albae

Syntaxon 4.(2.)17. Trapetum natantis (Code TN, Table 3, 
MNT = 4.3)

Appearance and habitat: Open to closed (>25% cov-
er) floating mats of the annual water caltrop Trapa na-
tans, most often accompanied by Ceratophyllum demer-
sum which tolerates poor light conditions. Nymphaeids 
such as Trapa natans are macrophytes that root at the 
bottom of still freshwater bodies, but most of their bio-
mass, in particular most of the leaves, is floating on the 
water surface. Trapa occurs in waters down to 3m deep, 
limiting light levels for other submerged macrophytes 
underneath.

Diagnostic taxa (% constancy): Trapa natans (100%), 
Ceratophyllum demersum (100%).

Distribution: Kastoria and Megali Prespa.
Syntaxonomic remarks: The Trapetum natantis has 

been described in Greece, (Lavrentiades and Pavlid-
is 1985; Papastergiadou 1990) and Europe (Šumberová 
2011a; Džigurski et al. 2016; Cvijanović et al. 2018).

Syntaxon 4.(2.)18. Nymphaeetum albae (Code NA, Ta-
ble 3, MNT = 5.4)

Appearance and habitat: Open to closed (>25% cov-
er) floating vegetation mats of the water lily Nymphaea 
alba, most often accompanied by Ceratophyllum demer-
sum which is undemanding in terms of light. Like other 
nymphaeids, Nymphaea alba is bottom-rooted and forms 
dense floating leaf mats, occurring in waters down to 
4m deep.
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Diagnostic taxa (% constancy): Nymphaea alba (100%), 
Ceratophyllum demersum (100%), Phragmites australis 
(86%), Najas marina (57.2%).

Distribution: Paralimni, Trichonida and Mikri Prespa.
Syntaxonomic remarks: Similar to the descriptions in 

Greece (Papastergiadou 1990; Sarika-Hatzinikolaou et al. 
2003; Zotos 2006) and Europe (Goldyn et al. 2005; Šum-
berová 2011a; Lastrucci et al. 2014, 2015; Džigurski et al. 
2016; Cvijanović et al. 2018).

Syntaxon 4.(2.)19. Nymphaeo albae-Nupharetum luteae 
(Code NL, Table 3, MNT = 1.2)

Appearance and habitat: Open to closed (>25% cover) 
floating leaf mats of Nuphar lutea, rooting at the lake bot-
tom down to 3m deep.

Diagnostic taxa (% constancy): Nuphar lutea (100%).
Distribution: Pamvotida and Lysimachia.
Syntaxonomic remarks: Matches the descriptions 

of this association (often under the name of Myrio-
phyllo-Nupharetum luteae) from Greece (Papastergi-
adou 1990; Sarika-Hatzinikolaou et al. 2003) and from 
throughout Europe (Preising et al. 1990; Solińska-Gór-
nicka and Symonides 2001; Hrivnák 2002; Melendo et al. 
2003; Goldyn et al. 2005; Gabka and Dolata 2010; Šum-
berová 2011a; Lastrucci et al. 2015; Džigurski et al. 2016; 
Cvijanović et al. 2018).

Syntaxon 4.(2.)20. Nymphoidetum peltatae (Code NP, Ta-
ble 3, MNT = 4.8)

Appearance and habitat: Open to closed (>25% cov-
er) floating mats of Nymphoides peltata accompanied 
by low-abundant lemnids and helophytes. Like all other 
nymphaeids, Nymphoides peltata forms a dense float-
ing leaf canopy, bottom-rooted in shallow waters down 
to 2m deep, sharing its space with other floating or 
emerged macrophytes.

Diagnostic taxa (% constancy): Nymphoides pelta-
ta (100%).

Distribution: Pamvotida and Megali Prespa.
Syntaxonomic remarks: Similar to the descriptions in 

Greece (Lavrentiades and Pavlidis 1985, co-dominating 
with Trapa natans; Papastergiadou 1990; Sarika-Hatz-
inikolaou et al. 2003) and Europe (Preising et al. 1990; 
Gabka and Dolata 2010; Šumberová 2011a; Lastrucci et al. 
2014; Džigurski et al. 2016; Cvijanović et al. 2018).

Syntaxon 4.(2.)21. Ludwigia peploides community (Code 
LP, Table 3, MNT = 2.0)

Appearance and habitat: Open to closed (>25% cover) 
mats of Ludwigia peploides subsp. montevidensis, an am-
phibious perennial macrophyte forming creeping mats on 
the wet mud and flooded shores of freshwater bodies or 
floating mats on the muddy surface of the riparian zone. 
The floating mats, often found within the gaps of Phrag-
mites australis reedbeds, reach down to 2m deep, leaving 
no room for other aquatic macrophytes.

Diagnostic taxa (% constancy): Ludwigia peploides ssp. 
montevidensis (100%).

Distribution: Lysimachia.
Syntaxonomic remarks: Ludwigia peploides subsp. mon-

tevidensis, native to South America, is locally naturalized 
in South Europe, SW Asia and other continents where it is 
often invasive (Dutartre 1986; Zotos et al. 2006). In South 
America the association Polygono-Ludwigietum peploidis has 
been described (Padovani et al. 1993; Hauenstein et al. 2002), 
where Ludwigia peploides is often (but not always) accompa-
nied by Persicaria hydropiperoides which does not occur in 
Europe. We did not find Ludwigia peploides relevés from Eu-
rope other than those published by Zotos (2006) and Zotos 
et al. (2006), together with Paspalum distichum or dominated 
by Phragmites australis. We found Ludwigia peploides as the 
dominant species associated with Phragmites. Taking into 
consideration the ecological similarities between Ludwigia 
peploides and Ludwigia grandiflora (Zotos et al. 2006), a di-
agnostic taxon of the Nymphaeion, we assign with some res-
ervations the Ludwigia peploides community to that alliance.

Class 5. Platyhypnidio-Fontinalietea antipyreticae

Syntaxon 5.1. Fontinalietum antipyreticae (Code FA, Ta-
ble 4, MNT = 4.0)

Appearance and habitat: Patchy carpets dominated by 
the water moss Fontinalis antipyretica usually developing 
under shady conditions, on rocks in very shallow water 
(down to 0.5m deep), often in very clear (oligo-mes-
otrophic) streams, sometimes in lacustrine littoral zones.

Diagnostic taxa (% constancy): Fontinalis antipyreti-
ca (100%).

Distribution: Kourna and Feneos.
Syntaxonomic remarks: Matches the descriptions from 

Europe (Dawson and Szoszkiewicz 1999; Pedrotti 2008; 
Ceschin et al. 2010; Grzybowski et al. 2010). In Greece, 
only Gradstein and Smittenberg (1977) published a relevé 
of Fontinalis antipyretica together with Stuckenia pectinata.

Class 6. Charetea intermediae

Syntaxon 6.1. Charetum globularis (Code ChG, Table 4, 
MNT = 1.4)

Appearance and habitat: Dense (>25% cover) underwater 
stonewort meadows of Chara globularis tolerating a broad 
range of ecological conditions but thriving in oligo-mes-
otrophic calcareous freshwater lakes to a depth of 8m.

Diagnostic taxa (% constancy): Chara globula-
ris (100%).

Distribution: Feneos.
Syntaxonomic remarks: Matches the descriptions of 

this association from publications in Europe (Šumberová 
et al. 2011b; Iakushenko and Borysova 2012; Azzella et 
al. 2013). In Greece, to our knowledge, no distinct Chara 
globularis community has been hitherto identified.

Syntaxon 6.2. Magno-Charetum hispidae (Code CH, Table 
4, MNT = 2.1)

Appearance and habitat: Sparse underwater stonewort 
meadows dominated by Chara corfuensis (= Chara hispida 
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Table 4. Synoptic table of the identified associations and communities belonging to Classes Platyhypnidio-Fontinalietea 
antipyreticae, Charetea intermediae and Stigeoclonietea tenuis. Taxa constancy in percentage and their average abun-
dance class (r = 0-1%, + = 2-5%, 1 = 6-20%, 2 = 21-40, 3 = 41-60%, 4 = 61-80%, 5 = 81-100%) superscripted are shown. 
Companion taxa with less than 20% constancy are shown at the end of the Table. Diagnostic taxa for each vegetation 
type are marked in bold (see relevant text and Table 5 for vegetation type codes).

Vegetation type code FA ChG CH CHE NO CV CA NMu NHy ClGL ClGM
Number of relevés 4 105 32 10 51 139 11 26 6 83 35
Mean number of species 4.0 1.4 2.1 4.9 1.8 1.1 1.1 2.1 5.3 2.3 3.3
PLATYHYPNIDIO-FONTINALIETEA ANTIPYRETICAE
Fontinalis antipyretica 1001 . 7+ 10r . . . . . . .
CHARETEA INTERMEDIAE
Chara globularis 501 1003 . . . 31 . . 50+ . .
Chara corfuensis . . 1001 1001 . . . . . . .
Nitellopsis obtusa . . . . 1003 . . . . . .
Chara tomentosa . . . . 201 . . . . . 61

Chara vulgaris . 11 . . 41 1002 . . 171 . .
Chara aspera 25r . . . . 2+ 100++ . . . .
Nitella mucronata . . . . . . . 1002 . 4+ .
Nitella hyalina . 21 . . . 11 . . 1004 . .
STIGEOCLONIETEA TENUIS
Cladophora glomerata . . 41 20r . . . 12+ . 1002 1002

Other taxa
Eleocharis caduca . . 10+ 902 . . . . . . .
Paspalum dilatatum 251 . 4r 701 . 22 . . . . .
Elatine alsinastrum 25r . 4r 701 . 1r . . . . .
Samolus valerandi 25r . . 20r . 2r . . . . .
Phragmites australis . . . . 61 . . 8+ 501 161 401

Typha latifolia 251 41 . . . . . . 841 51 .
Typha angustifolia 50+ 61 . . . . . . 841 . .
Eleocharis palustris 501 11 . . . . . . . . .
Myriophyllum spicatum 251 121 . . 21 1r . 241 34r 171 832

Stuckenia pectinata . 11 751 70+ 201 11 10r 271 . 19+ 461

Vallisneria spiralis . 6+ . . . . . 8+ 50+ 211 6+

Ceratophyllum demersum . 1r . . 61 . . 31+ . 161 321

Taxa with less than 20% constancy: Rumex palustris, CGl:4+; Paspalum distichum, CGl:8+; Typha domingensis, NO:42; Mentha aquatica, CGm:61; Mentha pulegium, CG:11, NHy:17r; 
Schoenoplectus lacustris, NHy:17r, CGm:31; Juncus inflexus, NHy:17r; Lemna minor, CGl:4+; Azolla filiculoides, CGl:3+; Ceratophyllum submersum, NMu:41, CGl:2r; Potamogeton per-
foliatus, NO:21, CGl:41, CGm:31; Potamogeton lucens, CGl:21; Potamogeton nodosus, CGl:2r; Najas marina, CG:7+, NO:141, CGl:81, CGm:31; Najas minor, CGl:2r; Trapa natans, NO:21; 
Zannichellia pedunculata, CH:4r, CV:21; Ranunculus trichophyllus, CGl:3+; Nitella gracilis, CG:41.

f. corfuensis, Wood 1962) in oligo-mesotrophic calcareous 
waters, down to 3m deep.

Diagnostic taxa (% constancy): Chara corfuensis (100%).
Distribution: Kourna (found also by Langangen 2012).
Syntaxonomic remarks: Matches the descriptions of 

this association (often under the name Charetum hispidae) 
from Europe (Preising et al. 1990; Hrivnák et al. 2005; Pe-
lechaty and Pukacz 2006; Šumberová et al. 2011b). Pirini 
(2011) lumped relevés from lake Vegoritida containing 
Bolboschoenus maritimus and Chara hispida in a com-
plex community.

Syntaxon 6.3. Transitional stands of Chara corfuensis 
(Code CHE, Table 4, MNT = 4.9)

Appearance and habitat: Chara corfuensis stands sim-
ilar in composition to the previous (CH), but with low-
er stonewort cover (<10%), were found at the shallow 
edges of the littoral zone, in 0–0.5m deep waters, where 
the Magno-Charetum hispidae merges into a community 
dominated by Eleocharis caduca and other helophytes.

Diagnostic taxa (% constancy): Chara corfuensis (100%), 
Eleocharis caduca (70%), Paspalum dilatatum (70%).

Distribution: Kourna.
Syntaxonomic remarks: This cluster is a variant of the 

Magno-Charetum hispidae.

Syntaxon 6.4. Nitellopsidetum obtusae (Code NO, Table 4, 
MNT = 1.8)

Appearance and habitat: Sparse to dense (25% cover) 
underwater stonewort meadows dominated by Nitellopsis 
obtusa occurring from oligotrophic to meso-eutrophic 
calcareous deep standing waters down to 12m deep with 
muddy deposits.

Diagnostic taxa (% constancy): Nitellopsis obtu-
sa (100%).

Distribution: Feneos, Kastoria and Petres.
Syntaxonomic remarks: Matches the descriptions 

in publications of this association scattered in Europe 
(Solińska-Górnicka and Symonides 2001; Iakushenko 
and Borysova 2012; Kipriyanova 2013). In Greece, a 
distinct Nitellopsis obtusa community has not yet been 
identified.

Syntaxon 6.5. Charetum vulgaris (Code CV, Table 4, MNT 
= 1.1)

Appearance and habitat: Sparse to dense (>25% cov-
er) underwater stonewort meadows dominated by Chara 
vulgaris in oligo-mesotrophic neutral to slightly alkaline 
standing fresh water, down to 6m deep.

Diagnostic taxa (% constancy): Chara vulgaris (100%).
Distribution: Feneos and Kourna.
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Syntaxonomic remarks: Matches the descriptions of 
this widespread association from Greece (Grigoriadis et 
al. 2005; Pirini 2011, with Utricularia vulgaris) and else-
where in Europe (Preising et al. 1990; Goldyn et al. 2005; 
Hrivnák et al. 2005; Pelechaty and Pukacz 2006; Šumber-
ová et al. 2011b; Iakushenko and Borysova 2012; Kipri-
yanova 2013).

Syntaxon 6.6. Charetum asperae (Code CA, Table 4, MNT 
= 1.1)

Appearance and habitat: Patchy and monospecific 
underwater stonewort meadows of Chara aspera, grow-
ing in calcareous oligo-mesotrophic still water, on sub-
strate with gravel or sand near the shoreline, down to 
2m deep.

Diagnostic taxa (% constancy): Chara aspera (100%).
Distribution: Kourna.
Syntaxonomic remarks: Matches the descriptions of 

this association from elsewhere in Europe (Heuff 1984; 
Preising et al. 1990; Solińska-Górnicka and Symonides 
2001; Pelechaty and Pukacz 2006; Iakushenko and Bo-
rysova 2012; Azzella et al. 2013; Kipriyanova 2013). In 
Greece, no distinct Chara aspera community has yet 
been identified.

Syntaxon 6.7. Nitelletum mucronatae (Code NMu, Table 4, 
MNT = 2.1)

Appearance and habitat: Sparse to dense (>25% cov-
er) underwater stonewort meadows of Nitella mucronata 
found in water depths between 3 and 7m, in meso-eu-
trophic more or less alkaline freshwater.

Diagnostic taxa (% constancy): Nitella mucrona-
ta (100%).

Distribution: Vegoritida.
Syntaxonomic remarks: Matches the descriptions of 

this association in Europe (Hrivnák 2002; Iakushenko 
and Borysova 2012; Täuscher and van de Weyer 2015). In 
Greece, a community dominated by Nitella mucronata has 
not yet been identified.

Syntaxon 6.8. Nitelletum hyalinae (Code NHy, Table 4, 
MNT = 5.3)

Appearance and habitat: Sparse to dense (>25% cover) 
underwater stonewort meadows of Nitella hyalina in very 
shallow clear oligotrophic alkaline waters, 0–1m deep.

Diagnostic taxa (% constancy): Nitella hyalina (100%).
Distribution: Feneos.
Syntaxonomic remarks: Matches the descriptions of 

this association from Europe (Golub et al. 1991; Landucci 
et al. 2011; Csiky et al. 2014). In Greece, no community 
dominated by Nitella hyalina has been identified yet.

Class 7. Stigeoclonietea tenuis

Syntaxon 7.1. Cladophoretum glomeratae, lake-substra-
tum variant (Code ClGL, Table 4, MNT = 2.3)

Appearance and habitat: Open to closed (>25% cover) 
submerged carpets of the filamentous macroalgae Clado-

Table 5. Syntaxonomic overview of the plant associations 
and communities found in the current study.

Plantaginetea majoris Tx. et Preising ex von Rochow 1951
Paspalo-Heleochloetalia Br.-Bl. ex Rivas Goday 1956

Paspalo-Agrostion semiverticillati Br.-Bl. in Br.-Bl. et al. 1952
(PhN) Phyla nodiflora community
(PD) Paspalo distichi-Agrostietum verticillatae Br.-Bl. in Br.-Bl et al. 1936

Phragmito-Magnocaricetea Klika in Klika et Novák 1941
Phragmitetalia Koch 1926

Phragmition communis Koch 1926
(PA) Phragmitetum communis Savič 1926
(PAE) Phragmites australis transitional community
(SL) Scirpetum lacustris Chouard 1924
(TD) Typhetum domingensis Brullo et al. 1994
(TL) Typhetum latifoliae Nowiński 1930
(TA) Typhetum angustifoliae Pignatti 1953

Oenanthetalia aquaticae Hejný ex Balátová-Tuláčková et al. 1993
Eleocharito palustris-Sagittarion sagittifoliae Passarge 1964

(BU) Butometum umbellati Philippi 1973
Lemnetea O. de Bolòs et Masclans 1955

Lemnetalia minoris O. de Bolòs et Masclans 1955
Lemnion minoris O. de Bolòs et Masclans 1955

(LM) Lemnetum minoris von Soó 1927
Utricularion vulgaris Passarge 1964

(UV) Lemno-Utricularietum vulgaris Soó 1947 + Utricularietum australis 
Müller et Görs 1960

Stratiotion Den Hartog et Segal 1964
(CD) Ceratophylletum demersi Corillion 1957
(CDE) Ceratophyllum demersum transitional community
(CDMS) Ceratophyllum demersum – Myriophyllum spicatum mixed 
community

Potamogetonetea Klika in Klika et Novák 1941
Potamogetonetalia Koch 1926

Potamogetonion Libbert 1931
(MS) Potamogetono pectinati-Myriophylletum spicati Rivas-Goday 1964
(SP) Potamogetonetum pectinati Carstensen ex Hilbig 1971
(SPE) Stuckenia pectinata transitional community
(SPMS) Stuckenia pectinata – Myriophyllum spicatum mixed community
(PP) Potamogetonetum perfoliati Miljan 1933
(PCr) Potamogetonetum crispi von Soó 1927
(PV) Potamogetono-Vallisnerietum spiralis Braun-Blanquet 1931
(PVMS) Vallisneria spiralis – Myriophyllum spicatum mixed community
(PL) Potamogetonetum lucentis Hueck 1931
(PLMS) Potamogeton lucens – Myriophyllum spicatum mixed community
(PoN) Potamogetonetum denso-nodosi de Bolós 1957
(PCo) Potamogetonetum compressi Tomaszewicz 1979
(PT) Potamogetonetum trichoidis Tüxen 1974
(Nma) Najadetum marinae Fukarek 1961
(NMaE) Najas marina transitional community
(NMi) Najadetum minoris Ubrizsy 1961

Nymphaeion albae Oberd. 1957
(TN) Trapetum natantis Kárpáti 1963
(NA) Nymphaeetum albae Vollmar 1947
(NL) Nymphaeo albae-Nupharetum luteae Nowiński 1927
(NP) Nymphoidetum peltatae Bellot 1951
(LP) Ludwigia peploides community

Platyhypnidio-Fontinalietea antipyreticae Philippi 1956
Leptodictyetalia riparii Philippi 1956

Fontinalion antipyreticae W. Koch 1936
(FA) Fontinalietum antipyreticae Kaiser 1926

Charetea intermediae F. Fukarek 1961
Charetalia intermediae Sauer 1937

Charion intermediae Sauer 1937
(CG) Charetum globularis Corillion 1949
(CH) Magno-Charetum hispidae Corillion 1957
(CHE) Chara corfuensis transitional community
(NO) Nitellopsidetum obtusae Dambska 1961

Charion vulgaris(W. Krause et Lang 1977) W. Krause 1981
(CV) Charetum vulgaris Corillion 1949
(CA) Charetum asperae Corillion 1957

Nitelletalia W. Krause 1969
Nitellion syncarpo-tenuissimae W. Krause 1969

(NMu) Nitelletum mucronatae Tomaszewicz ex Hrivnák et al. 2001
(NHy) Nitelletum hyalinae Corillion 1949

Stigeoclonietea tenuis Arendt 1982
Stigeoclonietalia tenuis Arendt 1982

Cladophorion fractae Margalef 1951
(CGl) Cladophoretum glomeratae Sauer 1937, lake substratum variant
(CGm) Cladophoretum glomeratae Sauer 1937, macrophyte-substratum 
variant
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phora glomerata, found in stagnant eutrophic lowland wa-
ters. It is a quite light-demanding taxon which is often en-
tangled with other macrophytes (subsequent cluster), or 
attached to the rocky substrate. These relevés, with a low 
cover of other aquatic macrophytes, were found in waters 
down to 5m deep.

Diagnostic taxa (% constancy): Cladophora glomera-
ta (100%).

Distribution: Amvrakia, Paralimni, Trichonida, Megali 
Prespa and Vegoritida.

Syntaxonomic remarks: Matches the descriptions of 
this association from Europe (Margalef 1949; Den Hartog 
1959; Carretero 1986). In Greece, Cladophoretum glomer-
atae has not yet been identified.

Syntaxon 7.2. Cladophoretum glomeratae, macro-
phyte-substratum variant (Code ClGM, Table 4, MNT 
= 3.3)

Appearance and habitat: This cluster is also assigned 
to the Cladophoretum glomeratae defined by the domi-
nance of the benthic filamentous macroalgae Cladophora 
glomerata, but in this cluster it is accompanied by other 
aquatic macrophytes, especially Myriophyllum spicatum 
and Stuckenia pectinata, serving as the algae’s substrate. 
The relevés within this cluster have been recorded in wa-
ters down to 4m deep.

Diagnostic taxa (% constancy): Cladophora glomerata 
(100%), Myriophyllum spicatum (82.9%).

Distribution: Kourna, Vegoritida and Petres.
Syntaxonomic remarks: See preceding unit.

Relation of phytosociological units to environ-
mental parameters

Water depth is widely known to be an important envi-
ronmental parameter which affects the distribution of 
aquatic plants, by regulating prevailing light conditions, 
temperature, water chemistry, wave action and substrate 
granulometry (Spence and Chrystal 1970; Chambers 
and Kaiff 1985; Middelboe and Markager 1997). Each 
macrophyte species has its own water depth tolerance 
limits, which depend on its morphological and physio-
logical characteristics. However, due to the competition 
for space, light and nutrients from other macrophyte 
species they are not free to colonize the water volume 
that falls within their tolerance limits (McCreary 1991; 
Gopal and Goel 1993; Gross 2003). These mechanisms 
produce distinct zonation patterns in aquatic vegetation 
along water depth gradients (Spence 1982; Shipley et al. 
1991). Figure 2 summarizes the depth distribution of the 
46 described vegetation types, as recorded in the lakes 
that were surveyed in the current study. Among the helo-
phytic vegetation types (Plantaginetea majoris; Phragmi-
to-Magnocaricetea) the Phyla nodiflora community, and 
the Paspalo distichi-Agrostietum verticillatae, Scirpetum 
lacustris, and Typhetum angustifoliae were recorded col-
onizing the littoral zones to a depth of 1.5m. The Typhe-
tum domingensis, Typhetum latifoliae, and Butometum 
umbellati were able to reach a bit deeper down to a depth 
of 2m, while the Phragmitetum communis which domi-
nates the littoral zone of Greek lakes, quite often reach-

Figure 2. Depth distribution of the 46 described associations and communities (see related text and Table 5 for veg-
etation type abbreviations). Bold lines represent median values and boxplots represent the interquartile range (IQR) 
between first and third quartiles (25% and 75%). Whiskers represent minimum and maximum values excluding out-
lier values (symbolized by an empty circle), which are calculated as values beyond the range of 1.5xIQR.
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Figure 3. Distribution of higher-rank syntaxa (classes to alliances) in the lakes of the current study (number of 
relevés per syntaxon to total number or relevés in each lake). PLA: Plantaginetea majoris; PHR: Phragmito-Mag-
nocaricetea; LEM: Lemnetea; POTA: Potamogetonion; POTB Nymphaeion albae; FON: Platyhypnidio-Fontinalietea 
antipyreticae; CHA: Charetea intermediae; STI: Stigeoclonietea tenuis. Environmental data [TP: Annual mean total 
phosphorus (μg/L); SD: Secchi depth transparency in meters; EC: Electrical conductivity (μS/cm); WLF: Annual wa-
ter level fluctuation in meters] are also presented.
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es down to a depth of 4m. Freely floating macrophytes 
(Lemnetea) and anchored floating macrophytes (Nym-
phaeion albae) are also restricted to shallow waters down 
to 1m and 3m deep respectively, with the exception of 
the Ceratophylletum demersi which can be found com-
monly down to 6m deep. Submerged hydrophytes (Pota-
mogetonion; Charetea intermediae) predominantly colo-
nize the deeper part of the euphotic zone of lacustrine 
littoral areas, between the zone colonized by emergent 
vegetation and the aphotic zone. Therefore, the major-
ity of vegetation types belonging to Potamogetonion or 
Charetea intermediae are usually located in a depth zone 
starting at 1–2m and reaching 4–6m deep (in Greek wa-
ters), depending on the variability of light penetration 
and the specific lake physico-chemical characteristics. In 
cases where the euphotic zone reaches more than 6–8m 
deep, the Potamogetonetum pectinati, Nitellopsidetum 
obtusae, and Charetum vulgaris are the most commonly 
found vegetation types.

An equally important environmental parameter to 
water depth, that influences the distribution of aquatic 
plants, is prevailing light conditions. Light penetration 
in lacustrine ecosystems is highly dependent upon their 
water quality status (Phillips et al. 1978; Canfield et al. 
1985; Middelboe and Markager 1997). Nutrient loading 
and eutrophication lead to the growth of phytoplankton, 
epiphytes and filamentous algae, which leads to increased 
shading and light attenuation. As a result, macrophyte 
dominance is reduced due to their biomass decline, plant 
cover reduction and loss of species richness (Phillips et 
al. 1978; 2016; Sand-Jensen 2000). Figure 3 and Table 6 
summarize the relationships we found between the dis-
tribution and abundance of higher-rank syntaxa for each 
lake and the prevailing physico-chemical and hydrologi-
cal conditions. Positive and significant correlations were 
found between the distribution of Phragmito-Magno-
caricetea and Nymphaeion albae with total phosphorus 
concentrations, while Potamogetonion was negatively 

correlated. In addition, positive and significant correla-
tions were found between Charetea intermediae and Plat-
yhypnidio-Fontinalietea antipyreticae with Secchi depth 
transparency, while Phragmito-Magnocaricetea was neg-
atively correlated. Only Potamogetonion was positively 
correlated with electrical conductivity. No syntaxon was 
correlated significantly with water level fluctuation. Mul-
tiple linear regression analysis produced the best solution 
for the above-mentioned environmental parameters (TP, 
SD and EC) using the combination of distribution values 
for five syntaxa: Phragmito-Magnocaricetea, Potamoge-
tonion, Nymphaeion albae, Charetea intermediae, and 
Platyhypnidio-Fontinalietea. The distribution patterns of 
these five higher-rank syntaxa appear to act as good in-
dicators of lake eutrophication. Raised total phosphorus 
concentrations in lake water and lowered water transpar-
ency led to the dominance of Phragmito-Magnocaricetea, 
and Nymphaeion albae syntaxa in aquatic vegetation. The 
expansion of Potamogetonion, Charetea intermediae, and 
Platyhypnidio-Fontinalietea syntaxa in aquatic vegetation 
is associated with lower total phosphorus concentrations 
and higher values of water transparency.

These results are of relevance for WFD assessment 
purposes and are similar to those presented in Poikane 
et al. (2018) that reviewed national macrophyte-based 
approaches for assessing ecological status according to 
the WFD. Poikane et al. (2018) reported that a marked 
decline in submerged vegetation, especially Charophy-
ta (characterizing ‘good’ status according to WFD), and 
an increase in abundance of floating and emerged plants 
(characterizing ‘less than good’ status) were the most 
significant changes along the ecological status gradient. 
Similar results have also been reported from other are-
as within Europe, where the indicator value of different 
groups of taxa belonging to these syntaxa were tested 
against eutrophication levels in the context of WFD as-
sessement systems (e.g. Penning et al. 2008a, 2008b; Søn-
dergaard et al. 2010; Kolada 2016).

Table 6. Overview of the relationships between the abundance of higher-rank syntaxa (classes to alliances) for each 
lake within the current study and its environmental variables. Pearson’s correlation coefficient (R) and the p-value of 
significance are given for each linear regression. Significant relationships (p < 0.05) are marked in bold. The two final 
rows of the table contain part of the results of the multiple linear regression analysis with the involvement of more than 
one higher-rank syntaxa (one with all the higher-rank syntaxa and one with those giving the best solution for all the 
environmental parameters). PLA: Plantaginetea majoris; PHR: Phragmito-Magnocaricetea; LEM: Lemnetea; POTA: Pot-
amogetonion; POTB Nymphaeion albae; FON: Platyhypnidio-Fontinalietea antipyreticae; CHA: Charetea intermediae; STI: 
Stigeoclonietea tenuis; TP: Annual mean total phosphorus (μg/L); SD: Secchi depth transparency in meters; EC: Electrical 
conductivity (μS/cm); WLF: Annual water level fluctuation in meters.

Syntaxa in regression TP SD EC WLF
R p R p R p R p

PHR 0.821 <0.001 -0.585 0.011 -0.444 0.065 -0.296 0.233
STI -0.158 0.532 0.049 0.846 0.019 0.940 -0.118 0.641
LEM -0.221 0.379 -0.321 0.194 -0.299 0.228 -0.131 0.604
PLA -0.006 0.981 -0.099 0.695 0.098 0.699 -0.036 0.888
POTA -0.584 0.011 0.441 0.067 0.630 0.005 0.341 0.166
POTB 0.594 0.009 -0.282 0.258 -0.235 0.348 -0.078 0.759
CHA -0.210 0.402 0.567 0.014 -0.064 0.802 0.050 0.845
FON -0.187 0.458 0.545 0.019 -0.147 0.560 0.040 0.876
PHR+STI+LEM+PLA+POTA+POTB+CHA+FON 0.860 0.026 0.802 0.091 0.893 0.009 0.410 0.953
PHR+POTA+POTB+CHA+FON 0.858 0.003 0.788 0.024 0.813 0.013 0.375 0.844
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Conclusions
The current study is a national-scale phytosociological 
survey of freshwater lake vegetation, based on the most 
recent data available (years 2013–2016). Forty-six vegeta-
tion types were identified and interpreted for eighteen ma-
jor Greek freshwater lakes. Among these vegetation types, 
the following are new records for Greece: Phyla nodiflo-
ra community, Butometum umbellati, Potamogetonetum 
denso-nodosi, Potamogetonetum compressi, Najadetum 
minoris, Fontinaletum antipyreticae, Charetum globularis, 
Magno-Charetum hispidae, Nitellopsidetum obtusae, Cha-
retum asperae, Nitelletum mucronatae, Nitelletum hyalinae, 
Cladophoretum glomeratae. A primary analysis on the dis-
tribution of higher-rank syntaxa of the 46 vegetation types 
showed that the majority of these types are significantly 
affected by physico-chemical parameters indicative of 
higher levels of eutrophication. Aquatic plant communi-
ties could be utilized in eutrophication indices to broaden 
the assessment of the ecological status of freshwater lakes. 
Additional research on this topic is needed.
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Abstract
Aim: To propose a Finite Mixture Model (FMM) as an additional approach for classifying large datasets of georefer-
enced vegetation plots from complex vegetation systems. Study area: The Italian peninsula including the two main 
islands (Sicily and Sardinia), but excluding the Alps and the Po plain. Methods: We used a database of 5,593 georefer-
enced plots and 1,586 vascular species of forest vegetation, created in TURBOVEG by storing published and unpub-
lished phytosociological plots collected over the last 30 years. The plots were classified according to species composition 
and environmental variables using a FMM. Classification results were compared with those obtained by TWINSPAN 
algorithm. Groups were characterized in terms of ecological parameters, dominant and diagnostic species using the 
fidelity coefficient. Interpretation of resulting forest vegetation types was supported by a predictive map, produced us-
ing discriminant functions on environmental predictors, and by a non‐metric multidimensional scaling ordination. 
Results: FMM clustering obtained 24 groups that were compared with those from TWINSPAN, and similarities were 
found only at a higher classification level corresponding to the main orders of the Italian broadleaf forest vegetation: 
Fagetalia sylvaticae, Carpinetalia betuli, Quercetalia pubescenti-petraeae and Quercetalia ilicis. At lower syntaxonomic 
level, these 24 groups were referred to alliances and sub-alliances. Conclusions: Despite a greater computational com-
plexity, FMM appears to be an effective alternative to the traditional classification methods through the incorporation of 
modelling in the classificatory process. This allows classification of both the co-occurrence of species and environmental 
factors so that groups are identified not only on their species composition, as in the case of TWINSPAN, but also on 
their specific environmental niche.

Taxonomic reference: Conti et al. (2005).

Abbreviations: CLM = Community-level models; FMM = Finite Mixture Model; NMDS = non‐metric multidimen-
sional scaling.
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Introduction
The analysis of the spatial distribution of assemblages of 
communities is receiving increasing attention by ecolo-
gists (Nieto-Lugilde et al. 2017). To this purpose commu-
nity-level models (CLM) are being used more and more, 
based on an “assemble-and-predict-together” strategy to 
simultaneously model multiple co-occurring species with-
in a single process (Ferrier and Guisan 2006). They include 
methods that model the distribution of multiple species 
using a common set of environmental variables (De’ath 
2002; Yee 2004, 2006; Leathwick et al. 2006). This feature 
makes CLM particularly promising for the classification of 
vegetation since the identification of one type is based on 
both its species composition and the environmental space 
it occupies (De Cáceres et al. 2015; Guarino et al. 2018).

Approaches to CLM clustering can be either based on 
minimizing a given loss function (for instance, the sum 
of within-group deviance), or can be based on associating 
each group to a specific joint density, which is parametri-
cally specified. In this last case, CLM based clustering aris-
es. While in standard (either hard or fuzzy) partitioning 
groups are summarized or represented by prototypes, in 
CLM clustering groups are represented by specific shapes 
of the corresponding probability density. Using such an 
approach, vegetation plots can be classified using the pos-
terior probability that each belongs to a given component 
of the mixture, each component describing a group. More-
over, when the dataset is large, hierarchical approaches, 
based on the calculation of the pairwise (between plots) 
distances, rapidly become unfeasible. In this case, parti-
tioning around prototypes, either means, medians or oth-
er, in a hard or a fuzzy perspective are usually adopted. 
However, much of these are based on simple Euclidean 
distances between each plot and the group prototypes 
that do not consider the dependence, the association and 
the covariance between the variables (plant species abun-
dance values) characterizing the plots. In this respect, fi-
nite mixtures of multivariate Gaussian densities provide a 
simple, model-based, extension to the K-means method, 
allowing for overlapping clusters oriented according to 
the group-specific covariances and providing, a posterio-
ri, for the classification of each plot to one of the groups. 
For this reason, among CLMs, Finite Mixture Modelling 
(FMM) is an emerging method and has already been used 
to identify marine bioregions on the Western Australian 
continental margin (Woolley et al. 2013) and forest phys-
iognomic types in Italy (Attorre et al. 2014). In this latter 
paper, data from a National Forest Inventory were used, 
while here we test the applicability of FMM as a classi-
fication method for the forest vegetation of the Italian 
peninsula (including the major islands but excluding the 
Alps and the Po Plain). This area is characterized by great 
biogeographical and environmental variability and hosts 
a number of forest vegetation types, for which several 
classification schemes have been proposed (Pedrotti 1995; 
Pignatti 1998; Ubaldi 2003; Biondi et al. 2014; Mucina et 
al. 2016). The Italian peninsula is a broad ecotone between 

the Temperate and the Mediterranean regions (Attorre et 
al. 2014; Pesaresi et al. 2014). Boundaries between com-
munities are not clearly defined having many species with 
overlapping ranges. Geo-pedological diversity, a variety 
of microclimates (Attorre et al. 2007), and a long history 
of disturbance that dates thousands of years and includes 
logging, fire, grazing, and plantation activities (Médail 
and Quézel 1999; Scarascia-Mugnozza et al. 2000; Vallejo 
et al. 2005), make the identification and classification of 
vegetation types difficult.

Within this framework, this paper aims to verify the 
applicability of FMM as classification method of vegeta-
tion plots using a complex case study and a large dataset, 
comparing the classification results with (1) those ob-
tained by the TWINSPAN algorithm and (2) with current 
syntaxonomic classification schemes.

Methods
Data set

Observation data include 5,593 georeferenced vegetation 
plots of between 100 and 300 m2 and 1,586 vascular species 
of forests in the Italian peninsula and major islands (Lan-
ducci et al. 2012; Agrillo et al. 2017). The database was cre-
ated in TURBOVEG 3 (Hennekens and Schaminée 2001) 
by digitalizing and georeferencing published plots collected 
over the last 30 years (http://www.givd.info/ID/EU-IT-011).

Environmental covariates to be used in the statistical 
model were derived from a database with a spatial reso-
lution of 1×1 km (Attorre et al. 2007): mean annual tem-
perature (MeanT), mean minimum temperature of the 
coldest month (MinT), mean maximum temperature of 
the hottest month (MaxT), sum of mean monthly precipi-
tation over summer (Ps) and winter months (Pw), and to-
tal annual precipitation (Ptot). We also used slope (SLO), 
derived from the GTOPO30 digital elevation model, ge-
ographical coordinates and a simplified geological map, 
derived from the geological map of Italy at 1:1.250.000 
scale provided by the Italian Institute for Environmental 
Protection and Research, incorporating five main sub-
strata: volcanic, arenaceous, carbonatic, clayey, sandy and 
conglomeratic.

Data analysis

We used a FMM to cluster vegetation plots, based on the 
assumption that data originate from one of K potential 
groups, also referred to as components. Each group is 
identified by a component, and each component is com-
pletely characterized by a distribution with known para-
metric form and component-specific parameters. When 
a (multivariate) Gaussian density is used to describe the 
component-specific distribution of observed plant species 
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cover, the component is identified by a specific center, de-
fined by the mean vector (as the observed values are on 
abundance scale, we may hypothesize that similar plots 
will be characterized by similar values of abundance of the 
same species), and a specific shape, summarized by the 
covariance matrix, which allows for varying dependence 
between cover values corresponding to different plant 
species for plots in that component. The groups (compo-
nents) are defined as homogeneous in the sense that they 
include plots that show similar vegetation as described 
by the plant species cover. Therefore, the observed plots 
can be allocated to one of the groups by using a criterion 
associated with the proximity between plots and group 
centers. This criterion is based on the posterior proba-
bility that a plot comes from that group (component of 
the finite mixture). The sum of the posterior probabilities 
over the components for a given plot is equal to 1, mean-
ing that the plot has a varying degree of membership to 
all clusters in the population. We usually allocate a plot 
to a given cluster by finding that for which the posterior 
probability is maximum. At the end of the grouping step, 
each group will be characterized by a weight defined as the 
mean of posterior probabilities and refers to the (relative) 
frequency of plots allocated to that group. These terms can 
be interpreted as (prior) probabilities that a generic plot is 
randomly drawn from a “population of plots” belonging 
to that group (component of the finite mixture). We pro-
pose to model these (prior) probabilities as a function of 
so-called auxiliary variables (see e.g. McLachlan and Peel 
2000). Thus, for each plot, the probability that the plot 
belongs to a group is a function (through a multinomial 
logistic model) of environmental parameters, as well as of 
geographical information, represented by class member-
ship of neighboring plots.

After estimating the parameter vectors for the compo-
nent-specific densities describing observed abundance, 
and the prior probability models, we derived the updated 
posterior probabilities as the (normalized) product of the 
prior information (based on covariates) and the density 
for that specific component.

These two steps can be jointly performed within the 
same estimation algorithm (e.g. using Latent Gold soft-
ware, see Haughton et al. 2009) using multiple maximi-
zation sub-steps; we first estimate the group centers and 
shapes, and, successively and conditionally on the previ-
ous results, we estimate the effect of observed covariates 
on the probability to belong to a given group. A further 
alternative is based on the so-called two-three-step proce-
dures, see Vermunt (2010). Rather than defining the prior 
probability of belonging to a cluster as a function of both 
environmental and geographical variables, according to 
the latter approach we first estimated the FMM and then 
built up a model where cluster membership is a function 
of geographical and environmental variables, through a 
multinomial logit model. This may be of help when the ap-
proach we propose does present convergence issues, and it 
defines a viable alternative and an approximate approach 
to model cluster membership as a function of plot-specific 

geographical and environmental features. For a formal de-
scription of the FMM see Attorre et al. (2014).

In this paper, we adapted the FMM to account for a 
large data matrix, formed by 5,593 vegetation plots and 
1,586 species whose percentage cover is recorded. In this 
case the direct application of a FMM would be difficult, 
since it would require the computation and inversion 
of a 1,586 * 1,586 covariance matrix, with a very sparse 
structure. Looking at the distribution of the number of 
species observed in each plot, we see that the correspond-
ing median value is equal to 81; if we look at the distribu-
tion of the number of plots each species is present in, the 
median value is equal to 7. The outcome of this is that of 
10,402,980 values in the abundance data matrix, we have 
10,241,820 (i.e. 98.45%) null values. Thus, rather than ap-
plying a FMM to the observed matrix of percentage cov-
ers, we fitted this model to a derived matrix, defined by 
projecting the original data matrix onto the space spanned 
by the first 20 principal components of the original data 
matrix using an approximate method (see Baglama and 
Reichel 2005) for singular value decomposition (SVD) of 
the observed, sparse, data matrix, using the R package irl-
ba (Baglama and Reichel 2019). The number of principal 
components has been chosen by looking at stability and 
robustness of the obtained partition; we have considered 
5 to 40 eigenvalues and chosen 20 as the best balance be-
tween model fit and simplicity/robustness. After employ-
ing the sparse SVD, we have extracted the matrix A corre-
sponding to the eigenvectors of the covariance matrix of 
the observed sparse data X. We defined the derived matrix 
Y=XA and applied to Y the FMM with some backfitting 
to check whether a too high (low) number of dimensions 
was considered. The FMM model parameters have been 
estimated using the mclust R package (Fraley et al. 2017).

The optimal number of forest groups (components) 
was obtained according to penalized likelihood criteria 
(AIC – Akaike 1973; BIC – Schwarz 1978; CAIC – Hur-
vich and Tsai 1989; AIC3 – Bodzogan 1994). For all crite-
ria, the lower the value of the index the better (more par-
simonious) the fit to the observed data.

FMM classification was compared with that obtained 
by TWINSPAN (Hill 1979). The modified version of 
TWINSPAN (Roleček et al. 2009), implemented in JUICE 
(Tichý 2002), was used. This version, which has already 
been used in several comparative analyses of classification 
methods (Gauch and Whittaker 1981; Cao et al. 1997; 
Moss et al. 1999), allowed us to select the same number 
of groups obtained with the FMM classification. TWIN-
SPAN pseudospecies cut levels for species abundance 
were set to 0-5-25 percentage scale units and five levels of 
divisions were chosen.

The obtained groups were characterized according to 
environmental parameters and diagnostic species, which 
were determined using the fidelity coefficient (phi) of 
Tichý and Chytrý (2006). To avoid phi being dependent 
on the size of the target site group, group size was stand-
ardized to equal the average size of all groups present in 
the data set (Tichý and Chytrý 2006). The phi values vary 
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independently of the concentration of species occurrence 
in the plots of individual groups. Statistical significance 
was obtained by a simultaneous calculation of Fisher’s ex-
act test. Species with phi values higher than 0.5 and Fish-
er’s exact test significance lower than 0.001 were deemed 
to be diagnostic.

Interpretation of groups was supported by Kruskal’s 
non-metric multidimensional scaling (NMDS) ordina-
tion (function isoMDS in the MASS R package, Venables 
and Ripley 2002). Moreover, we produced a predictive 
map by calculating discriminant functions based on en-
vironmental parameters that best discriminate between 
the estimated groups. These discriminant functions were 
used, post-estimation, to allocate (to groups) those plots 
from study areas where no information on plant species 
covers was available, while covariates describing environ-
mental parameters were derived from available databas-
es at a given resolution. The discriminant functions were 
estimated using the function mda from the R library. A 
confusion matrix of omission and commission errors was 
then calculated to evaluate the capacity of environmental 
factors to discriminate the groups obtained by FMM.

FMM R code and R libraries used for the statistical 
analyses are included in Suppl. material 1.

Results
FMM identified 24 groups, which were considered opti-
mal according to all penalized likelihood criteria. How-
ever, four of these were discarded because they were 
characterized by few plots (less than 50), and they were 
quite heterogeneous. Descriptions of their environmental 
parameters, spatial distribution and syntaxonomic corre-
spondences is presented in Suppl. material 2, while Suppl. 
material 3 shows mean and standard deviation of environ-
mental parameters and dominant and diagnostic species 
of each group. With the support of the NMDS result (Fig-
ure 1) four main clusters were identified, corresponding 
to temperate beech forests (A), temperate chestnut-horn-
beam forests (B) sub-Mediterranean deciduous forests (C) 
and evergreen Mediterranean forests (D). The distribution 
of classified vegetation plots is reported in Suppl. material 
4, while the predictive distribution of groups and clusters 
is shown respectively in Figures 2 and 3.

Cluster A includes groups 8, 2, and 23. The first three 
can be found in temperate areas at an average altitude 
greater than 1000 m and are characterized by the dom-
inance of Fagus sylvatica in groups 8 and 2, and by the 
codominance of this species with Abies alba in group 23 
(Suppl. material 2 and 3). Group 8 is potentially wide-
spread at the highest altitude along the Apennine chain 
and on the Etna volcano, while at a lower altitude, group 
2 is mainly found in the southern part of the peninsula, 
and group 23 in the central-north (Figure 2). Cluster B 
includes only group 18, which is co-dominated by Fagus 
sylvatica, Castanea sativa and Carpinus betulus, with a 

distribution mainly localized in central Italy. Cluster C 
includes the sub-Mediterranean forests characterized by 
a high frequency of Quercus cerris in all groups, which 
can be accompanied by other deciduous tree species 
such as Ostrya carpinifolia, Quercus pubescens s.l., Quer-
cus frainetto and Fraxinus ornus (Suppl. material 2 and 
3). These groups occupy larger potential areas within an 
average altitudinal range from the coastal area up to 1000 
m a.sl. Some of these can be very localized, such as group 
4, characterized by forest stands dominated by Quercus 
cerris in the sub mountain areas of Liguria and north-
ern Tuscany, and group 3, which is characterized by the 
codominance of Quercus cerris and Ostrya carpinifolia 
and is scattered throughout the peninsula (Figure 2). 
Others are quite widespread such as group 7 character-
ized by a mixed forest of Quercus cerris and Quercus pu-
bescens, often with a dominated tree layer of Carpinus 
orientalis and Erica arborea and a potential distribution 
of about 28,000 km2 mainly in central and southern Italy 
(Figure 2). Cluster D includes groups 20 and 22 charac-
terized by the dominance of Quercus suber. Group 20 is 
localized in southern Italy and Sicily, while group 22 is 
potentially distributed in Sardinia and along the Tyrrhe-
nian coast of the peninsula. Other groups within the 
cluster comprise formations dominated by Quercus ilex 
(Groups 9, 10, 12, 13 and 21). They can be subdivided 
into two main types: the first one mainly co-dominated 
by evergreen species at a lower altitude along the coast 
(Groups 13 and 21) and the second with deciduous tree 
species such as Fraxinus ornus, Quercus frainetto, Quer-
cus pubescens and Ostrya carpinifolia, mainly localized 
in the inner part of the study area (Groups 9, 10 and 12).

TWINSPAN classification identified three main clus-
ters, dominated by temperate broadleaved deciduous 

Figure 1. Kruskal’s NMDS ordination of the vegetation 
groups. Due to the high number of plots only the cen-
troids of the groups are shown. Stress values of the two 
components are 0.32 and 0.18, respectively.



Vegetation Classification and Survey 81

Forest type
8 - Fagus sylvatica mesophilous

2 - Beech with Taxus baccata and Ilex aquifolium

23 - Fagus sylvatica thermophilous

18 - Castanea sativa-Carpinus betulus

5 - Quercus petraea and Q. cerris

3 - Ostrya carpinifolia

7 - Quercus cerris and Q. pubescens

16 - Quercus cerris and Carpinus betulus

4 - Quercus cerris acidophilous

6 - Quercus cerris and Q. frainetto

11 - Quercus pubescens and Q. cerris with Q. ilex

17 - Quercus cerris and Q. ilex

14 - Quercus pubescens and Q. cerris 

13 - Quercus ilex thermomediterranean

10 - Quercus ilex and Fraxinus ornus

21 - Quercus ilex acidophilous

9 - Quercus ilex and Ostrya carpinifolia

12 - Quercus dalechampii

20 - Quercus suber southern

22 - Quercus suber north-western

Figure 2. Map of the predictive distribution of the 20 
groups based on the discriminant functions applied to 
environmental factors. The grey color indicates the part 
of the Italian peninsula not included in the analysis (Alps 
and the Po Plain).

forests generally dominated by Fagus sylvatica (Groups 
1–13), evergreen Mediterranean forests dominated by 
Quercus suber and Quercus ilex (Groups 14–18) and 
sub-Mediterranean deciduous forests dominated by Quer-
cus cerris (Groups 19–24). The first TWINSPAN cluster 
corresponds to the four groups of the FMM classification 
(FMM groups 2, 8, 18 and 23, Table 1). The second cluster 
includes FMM Mediterranean evergreen groups, clearly 
differentiating Quercus suber and Quercus ilex dominat-
ed forests. The third TWINSPAN cluster contains all the 
sub-Mediterranean deciduous forest groups obtained 
with the FMM classification, group 24 accounting for 
more than 1000 of these plots.

The confusion matrix built to compare classified versus 
predicted plots highlighted that, with only some exceptions, 
environmental factors alone are insufficient to clearly dis-
criminate among the groups identified by the FMM classifi-
cation (Suppl. material 5). However, a significant difference 
emerges among clusters: beech forests (Group 2, 8, 23) ap-
pear to be better distinguishable, as indicated by the low-
er omission and commission errors. They are followed by 
evergreen Mediterranean forests. The poorest results were 
obtained for sub-Mediterranean deciduous forest types.

Discussion
The choice of an algorithm for the classification of vege-
tation plots depends on the objective of the classification 
and each algorithm has advantages and drawbacks (De 
Cáceres et al. 2015). The results of a classification algorithm 
can be evaluated by comparison with those of another and 
with current scientific knowledge on the vegetation type 
analyzed. In our study, the comparative analysis of FMM 
and TWINSPAN results highlighted good correspond-
ence only at a high classification level where temperate, 
deciduous sub-Mediterranean and evergreen Mediterra-
nean forest vegetation clusters were identified (Table 1). 
At lower levels, significant differences emerged with FMM 
classification producing groups with an even distribution 
of plots. Conversely, TWINSPAN split the homogeneous 
beech forests into many groups but identified two (groups 
18 and 24) with 1000 plots each, including almost all the 
evergreen Mediterranean Quercus ilex dominated forests 
and the sub-Mediterranean deciduous forest dominated 
by Quercus cerris (Figure 4).

Consequently, FMM appears an effective alternative to 
traditional classification methods, such as TWINSPAN, to 
support the analysis of complex vegetation systems due to 
the ability to integrate both species composition and envi-
ronmental factors into the modelled classificatory process. 

Figure 3. Map of the potential distribution of the 4 clus-
ters corresponding to main syntaxonomic forest orders 
recognized for Italy: A – Fagetalia sylvaticae, B – Carpin-
etalia betuli, C – Quercetalia pubescenti-petraeae, D – 
Quercetalia ilicis.
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Table 1. Comparative matrix between the 24 groups obtained by Finite Mixture Model classification (rows) and the 24 
groups by the modified version of TWINSPAN (columns). Colors of the margins (groups) indicate membership to the 
clusters. Within the matrix, the red color indicates no correspondence among the groups. An increasing correspondence 
is highlighted by a color gradient from yellow to dark green.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Tot
2 1 5 50 15 12 32 9 21 79 44 4 10 80 0 0 0 0 0 0 0 0 0 0 1 363
8 4 10 19 142 34 18 106 21 47 95 0 0 0 0 0 0 0 0 0 1 0 0 0 0 497
23 0 12 47 28 4 12 3 0 24 35 28 51 132 0 0 0 0 0 2 0 0 1 0 5 384
18 0 3 11 0 6 4 0 0 5 0 30 21 79 0 0 0 2 0 10 0 0 3 1 12 187
3 1 0 0 0 0 0 0 0 0 0 79 42 13 0 0 0 1 0 3 0 1 8 0 50 198
4 0 0 0 0 0 0 0 0 0 0 17 0 1 1 0 0 0 3 11 0 1 10 3 50 97
5 0 0 5 0 0 1 0 0 1 0 27 9 25 0 0 0 0 10 35 0 5 1 1 61 181
6 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 18 0 7 6 1 160 197
7 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 1 15 7 13 1 8 4 9 98 163
11 0 0 0 0 0 0 0 0 0 0 7 3 0 0 0 0 18 59 3 0 0 9 0 205 304
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 39 0 0 0 14 3 323 397
16 1 0 0 0 0 0 0 0 1 0 84 23 81 0 0 0 0 0 5 0 3 2 0 38 238
17 0 0 0 0 0 1 0 0 0 0 6 1 2 7 0 3 11 43 43 0 13 7 3 55 195
9 0 0 0 0 0 0 0 0 0 0 3 2 3 0 0 0 21 31 5 0 22 14 1 11 113
10 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 87 165 4 1 0 26 0 46 333
12 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 7 237 38 2 0 1 16 66 13 381
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 55 390 0 1 0 0 0 2 449
21 0 0 0 0 0 0 0 0 0 0 0 0 0 29 0 28 36 246 0 0 0 1 1 16 357
20 0 0 0 0 0 0 0 0 0 0 0 0 0 18 15 76 19 33 0 1 0 0 2 2 166
22 0 0 0 0 0 0 0 0 0 0 0 0 0 96 44 46 2 56 0 0 0 0 0 0 244
1 1 9 0 0 2 0 0 0 0 0 8 0 0 4 0 0 0 4 16 0 7 0 0 5 56
15 0 0 0 0 0 0 0 0 0 0 0 10 9 0 0 0 0 0 2 0 0 1 0 9 31
19 0 0 0 0 0 0 0 0 0 0 1 3 3 0 0 0 4 0 6 0 1 3 2 10 33
24 0 0 1 0 0 0 0 0 0 0 1 0 1 2 0 2 0 0 7 0 2 1 0 12 29
Tot 8 39 133 185 58 68 118 42 157 174 308 179 429 157 59 164 526 1124 185 5 71 127 93 1184 5593

Moreover, since FMM identifies groups according to their 
ecological space, a predictive distribution map can also be 
produced (Figure 2) that better highlights geographic pat-
terns than by viewing the distribution of classified plots 
alone (Suppl. material 4).

When compared with current syntaxonomic knowl-
edge, the groups obtained by the FMM classification 
largely corresponded to several alliances and suballianc-
es recognized for Italy according to Mucina et al. (2016) 
(Table 2). The environmental niche of groups also aligns 
well with that proposed in the relevant literature, while 
the floristic composition and the spatial distribution of 
groups can significantly differ. For instance, in Italy the 
temperate deciduous forest vegetation characterized by 

Fagus sylvatica and Quercus sp. pl. has been traditionally 
classified on the basis of a distinction between northern 
and southern syntaxa (see Blasi et al. 2004). This tradition 
began with Gentile (1970) in the study of beech forests 
of the Apennines, and was based on the recognition of 
a number of vicariant closely related species: Geranium 
nodosum (North) / Geranium versicolor (South), Digitalis 
lutea (N) / Digitalis micrantha (= D. lutea subsp. australis) 
(S), Teucrium scorodonia (N) / Teucrium siculum (S). This 
phytogeographical distinction was related to a sharp bi-
oclimatic boundary between northern and southern Ap-
ennines, the former with no or limited summer drought 
stress and thus broadly referable to a temperate climate, 
and the latter with a more pronounced drought stress and 

Figure 4. Modified TWINSPAN classification with 24 groups. Light blue color indicates groups belonging to Fagetalia 
sylvaticae (Groups 1–10), purple to Carpinetalia betuli (Groups 11–13), orange and red to Quercetalia ilicis (Groups 
14–18), and green to Quercetalia pubescenti-petraea (Groups 19–24).
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thus referable to a sub-Mediterranean or supra-Mediter-
ranean climate (Feoli and Lagonegro 1982; Pignatti and 
Wikus Pignatti 1990). This led to the definition of north-
ern and southern alliances or suballiances, for instance, 
the northern Geranio nodosi-Fagion (= Cardamino kitai-
belii-Fagenion) and southern Geranio versicoloris-Fagion 
(= Geranio striati-Fagenion) (Feoli and Lagonegro 1982; 
for the nomenclature see Di Pietro et al. 2004).

In our analysis, a more complex pattern emerged: 
the gradient of different bioclimates, from temperate to 
sub-Mediterranean, with decreasing water availability 
and increasing temperature, follows not only the phyto-
geographical sector but also an altitudinal gradient. For 
instance, temperate beech forests of the upper altitude are 
potentially distributed all along the peninsula including 
the Etna volcano in Sicily (Group 8), while lower altitude 
beech forests (Groups 2 and 23) are distributed respec-
tively in the south and in the central north (Figure 2). 
This result substantially agrees with Willner et al. (2017), 
even though the geographic boundaries between groups 
2 and 23 are different because the southern group is more 
localized than indicated by Willner et al. (2017). Moreo-
ver, high altitude beech forests (Group 8) are floristically 
relatively different from the currently recognized allianc-
es since they include many local endemics from both the 
north and south Apennines (Suppl. material 3).

Cluster B includes only group 18 and can be referred to 
the Carpinetalia betuli order (Mucina et al. 2016), which 
is united with Fagetalia sylvaticae in the Carpino-Fagetea 
class. NMDS analysis (Fig 1) confirmed its floristic affinity 
with the beech forests, even though in the Italian penin-
sula it is spatially and ecologically embedded within the 
deciduous sub-Mediterranean forests (Suppl. material 3 
and Figure 3).

Sub-Mediterranean deciduous oak forests of cluster C 
are characterized by a complex geographic pattern along 
the Apennines, which cannot be explained only by the 
combination of geo-climatic factors, as is highlighted by 

the very high omission errors of the confusion matrix 
(Suppl. material 5). These groups show a good corre-
spondence with many alliances and sub-alliances report-
ed in the prodrome of the Italian vegetation (Biondi et 
al. 2014). Nonetheless, in our study, some syntaxonomic 
units are split into two or more floristically and ecologi-
cally well-defined groups. For instance, the Cratego laevi-
gati-Quercion cerridis alliance is split into two groups (6 
and 7), with different floristic composition and distinct 
ecology. Another similarity is represented by the alli-
ance Carpinion orientalis, for which three suballiances, 
Laburno anagyroidis-Ostryenion, Cytiso sessilifolii-Quer-
cenion pubescentis and Lauro nobilis-Quercenion pubes-
centis have been identified for Italy (Blasi et al. 2004). In 
our analysis, they correspond respectively to groups 3, 
11 and 14. However, a comprehensive comparison with 
the Carpinion orientalis of the Balkans is still lacking, as 
well as with the Quercion pubescenti-petraeae described by 
Braun-Blanquet for Provence and Catalonia, which seems 
very similar to group 14 and to which this has been some-
times referred to (Ubaldi 2003).

The geographic pattern also characterizes the ever-
green Mediterranean forests, which are difficult to clas-
sify due to the low number of characteristic species, 
especially in the herbaceous layer. FMM (and also TWIN-
SPAN, see Table 1) clearly differentiated Quercus suber 
and Quercus ilex dominated forest vegetation (Figure 1). 
The former includes groups 20 and 22, one distributed 
in southern Italy, and the other one in Sardinia and the 
northern Tyrrhenian coast. A geographic pattern is also 
evident for evergreen forests dominated by Quercus ilex: 
group 10 is mainly distributed in Liguria and central It-
aly, group 13 mainly in southern Sardinia and Sicily in 
the thermo-Mediterranean region, and group 21 includes 
the coastal forests along both sides of the Italian penin-
sula. Mixed evergreen and deciduous forests are localized 
in the supra-Mediterranean region respectively, group 
12, co-dominated by Quercus pubescens s.l., in Sicily and 

Table 2. Correspondence between the FMM group and the syntaxonomy in Mucina et al. (2016). The alliances are sorted 
according to an environmental gradient from temperate mesophilous to Mediterranean xeric.

FMM Group Alliance in Mucina et al. (2016)
2 New alliance?
8 FAG-02B Fagion sylvaticae Luquet 1926

23 FAG-02C Geranio striati-Fagion Gentile 1970
18 FAG-03 Carpinetalia betuli P. Fukarek 1968
3 PUB-01F Fraxino orni-Ostryion Tomazic 1940
4 FAG-03C Erythronio-Carpinion (Horvat 1958) Marincek in Wallnofer et al. 1993
5 PUB-01L Crataego laevigatae-Quercion cerridis Arrigoni 1997
6 PUB-01L Crataego laevigatae-Quercion cerridis Arrigoni 1997
7 PUB-01L Crataego laevigatae-Quercion cerridis Arrigoni 1997
11 PUB-01G Carpinion orientalis Horvat 1958
14 PUB-01G Carpinion orientalis Horvat 1958
16 FAG-03C Erythronio-Carpinion (Horvat 1958) Marincek in Wallnofer et al. 1993
17 PUB-01L Crataego laevigatae-Quercion cerridis Arrigoni 1997
9 PUB-01M Pino calabricae-Quercion congestae S. Brullo et al. 1999
10 QUI-01D Fraxino orni-Quercion ilicis Biondi, Casavecchia et Gigante in Biondi et al. 2013
12 PUB-01M Pino calabricae-Quercion congestae S. Brullo et al. 1999
13 QUI-01A Quercion ilicis Br.-Bl. ex Molinier 1934
20 QUI-01E Erico-Quercion ilicis S. Brullo et al. 1977
21 QUI-01E Erico-Quercion ilicis S. Brullo et al. 1977
22 QUI-01E Erico-Quercion ilicis S. Brullo et al. 1977
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Sardinia, and group 9 co-dominated by Quercus frainetto 
very localized in central Italy and Calabria. This classifica-
tion significantly differs from that currently indicated in 
the Italian vegetation prodrome, which for the evergreen 
Mediterranean forests in Italy recognizes only four sub-
alliances (Biondi et al. 2003; Bacchetta et al. 2004; Brullo 
et al. 2008). In our study, we find instead seven groups, 
which are not exceedingly well characterized from a flo-
ristic point of view (even though it must be taken into ac-
count the floristic poverty of the Quercetea ilicis forests) 
but are instead perfectly reasonable under an ecological 
and phytogeographical point of view. For instance, an in-
teresting distinction of both Quercus suber and Quercus 
ilex forests in northern-central (22 for Quercus suber, and 
10 for Quercus ilex) and southern groups (20 for Quer-
cus suber and 13 for Quercus ilex) can be observed. This 
result has important phytogeographical and syntaxonom-
ic implications that are related to the limits between the 
meso-Mediterranean and thermo-Mediterranean regions, 
and it deserves a broader analysis at the continental scale.

The 20 groups can be aggregated in four clusters cor-
responding to the main syntaxonomic orders recognized 
for the Italian peninsula: Carpinetalia betuli, Fagetalia syl-
vaticae, Quercetalia ilicis Quercetalia pubescenti‐petraeae 
(Figure 3). Their spatial distribution also largely corre-
sponds to the bioclimates recognized by Rivas Martínez 
for Italy (Rivas Martínez et al. 2004), even though the 
boundary of the sub-Mediterranean region shifted more 
south especially in the Apulia region. The bioclimatic lim-
it defined by Rivas Martínez has a better correspondence 
with the results by Bohn et al. (2003) and Attorre et al. 
(2014). However, these authors based their biogeograph-
ical analyses only on dominant tree species, while in our 
analysis we included the whole species composition of 
forest vegetation plots. This also explains why Sardinia is 
completely classified as Quercetalia ilicis, whereas in the 
previous studies patches of sub-Mediterranean forest veg-
etation, characterized by stands co-dominated by Quercus 
pubescens s.l. and Quercus ilex, were recognized.

Conclusion
Despite a greater computational complexity, Finite Mix-
ture Model seems to be a promising classificatory ap-
proach when dealing with the analysis of complex veg-
etation systems and using a large dataset. This relied on 
the possibility of modelling in the classification process 
both the co-occurrence of species and environmental 
variables so that groups are identified not only based on 
their species composition, such as in the case of TWIN-
SPAN, but also on their specific environmental niche. 
These features can effectively highlight geographical 
patterns as depicted by predictive maps and support the 
interpretation of classification results.
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Abstract
Aims: The native woody vegetation from the Espinal phytogeographic province in central Argentina, found in subtropi-
cal-warm temperate climates, represents part of the southernmost seasonally dry forest in South America. Although this 
vegetation has been studied for over a century, a complete phytosociological survey is still needed. This lack of knowl-
edge makes its spatial delimitation and the establishment of efficient conservation strategies particularly difficult. The 
main goals of this study were to classify these forests and assess their current forest cover and to better define the extent 
of the Espinal phytogeographic province in Córdoba region, central Argentina. Study area: Espinal Phytogeographic 
Province in Córdoba region, central Argentina (ca. 101,500 km2). Methods: We sampled 122 stands following the prin-
ciples of the Zürich-Montpellier School of phytosociology; relevés were classified through the ISOPAM hierarchical 
analysis. The extent of the Espinal phytogeographic province was established by overlaying previous vegetation maps, 
and a map showing the current distribution of forest patches was constructed based on a supervised classification of 
Landsat images. Results: Four woody vegetation types of seasonally dry subtropical forest were identified based on the 
fidelity and the abundance of diagnostic species: (1) Aspidosperma quebracho-blanco forest; (2) Zanthoxylum coco forest; 
(3) Geoffroea decorticans forest; and (4) Prosopis caldenia forest. These vegetation types were segregated along gradients 
of temperature and precipitation seasonality and soil-texture and sodium content. The remaining forest patches repre-
sent 3.43% of the extent of the Espinal province in Córdoba region of which only 1.05% is represented in protected areas. 
Conclusions: We present a classification of the Espinal forest based on a complete floristic survey. Despite the dramatic 
forest loss reported, our results show that some forest patches representative of the Espinal are still likely to be found 
in the area. However, urgent measures should be taken to establish new protected natural areas in order to preserve the 
last remaining forest patches.

Taxonomic reference: Catálogo de las Plantas Vasculares del Cono Sur (Zuloaga et al. 2008) and its online update 
(http://www.darwin.edu.ar).

Abbreviations: ISOMAP = isometric feature mapping; ISOPAM = isometric partitioning around medoids.
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central Argentina, chorotype, diagnostic species, dry subtropical forest, Espinal phytogeographic province, exotic spe-
cies, floristic survey, gradient analysis, vegetation classification, vegetation map, vegetation plot, woody vegetation
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Introduction
Dry tropical and subtropical forests are a potentially ex-
tensive set of types in South America (DRYFLOR et al. 
2016; Kuemmerle et al. 2017) and are among the most 
threatened ecosystems in the world, with ca. 10% of their 
original extent remaining (Bastin et al. 2017). While dry 
tropical forests have received more attention (Penning-
ton et al. 2000; Linares-Palomino et al. 2015; Dexter et al. 
2018), the knowledge of subtropical-warm temperate dry 
forests distribution and composition is locally fragmented 
or focused only on woody species instead of on complete 
floristic inventories (Lewis et al. 2009; Kuemmerle et al. 
2017; Silva de Miranda et al. 2018).

Among the seasonally dry subtropical forests in South 
America the southernmost ones are included in the Es-
pinal phytogeographic province (Cabrera 1976; Morrone 
2001) and their phytosociological knowledge is perhaps 
one of the poorest in the region. The Espinal was dis-
tinguished from the Chaco and Pampa phytogeograph-
ic provinces for the first time by Cabrera (1953, 1976), 
who recognized it as a phytogeographic province within 
the Chaquenian Dominium in Argentina. In addition, 
Cabrera (1976) defined the Espinal as an “impoverished 
Chaco” due to the lack of several dominant trees, mainly 
Schinopsis lorentzii and S. balansae (i.e, red quebrachos) 
and a lower tree canopy (Bucher 1982; Cabido et al. 2018). 
These differences in floristic composition and physiog-
nomy may be due to changes in temperature (mainly a 
decrease in annual mean temperature and an increase in 
frost frequency) in the Espinal as a consequence of the in-
crease in latitude (Bucher 1982; Morello et al. 2018).

Currently, the prevailing vegetation of the Espinal is a 
mosaic of xerophytic deciduous to semi-deciduous for-
ests and shrublands intermingled with grasslands and 
savanna-like parklands distributed mostly in central and 
eastern Argentina and, to a lesser extent, in Uruguay and 
Brazil (Lewis and Collantes 1973; Cabrera 1976; Morello et 
al. 2018; Oyarzábal et al. 2018). However, given the great 
extension of the Espinal area (ca. 288,000 km2; Mateucci 
2018), especially in the North-South direction, it shows 
climatic gradients, including a warmer subtropical and hu-
mid climate in its northern extreme, while to the south and 
west the prevailing climate is warm temperate and dry with 
marked water deficits (Cabido et al. 2018; Matteucci 2018). 
This gradient is coupled also with changes in soils with in-
creasing sand content and soil drainage towards the south-
ern extreme (Gorgas and Tassile 2006). This environmen-
tal variability results in changes in floristic composition 
and physiognomy recognized by different authors (Lewis 
and Collantes 1973; Cabrera 1976; Cabido et al. 2018). 
Lewis and Collantes (1973) provided the most exhaustive 
description of the Espinal native vegetation, and identified 
different units (i.e. districts) based on the physiognomy of 
the vegetation and the relative abundance of some ubiqui-
tous species of Prosopis as well as Celtis ehrenbergiana and 
Geoffroea decorticants. Lewis et al. (2009) described the 
structure of selected tree and shrub populations in sever-
al Espinal forest relicts located in a relatively small area, 

while Noy-Meir et al. (2012) provided complete floristic 
relevés (comprising both woody and herbaceous species), 
but restricted to a single remnant patch. Recently, Cabido 
et al. (2018) reported a classification of woody vegetation 
in central Argentina and included all Espinal forests in a 
single vegetation type. Apart from these contributions, 
there is still lacking a detailed characterization based on 
a comprehensive phytosociological analysis that includes 
all vascular plants of the Espinal forest remnants and their 
relations with environmental determinants.

Historically, the Espinal phytogeographic province was 
largely forested. Since the beginning of 20th century, these 
forests have been under heavy pressure (Schofield and Bu-
cher 1986; Boletta et al. 2006; Guida-Johnson and Zule-
ta 2013; Agost 2015), mainly because the area comprises 
some of the most suitable soils for agriculture and cattle 
grazing in the world (Blum and Swaran 2004; Blum 2013). 
Decades of exploitation driven mainly by timber and fire-
wood extraction (Schofield and Bucher 1986), jointly with 
the expansion of agribusiness (Arturi 2005; Guida-John-
son and Zuleta 2013; Fehlenberg et al. 2017), have led to 
the devastation of most of the Espinal forests. Now, only 
isolated relicts remain (Lewis et al. 2006; Agost 2015; 
Garachana et al. 2018). These remnants of native woody 
patches are also threatened by the establishment of several 
exotic shrub and tree species (Lewis et al. 2004; Giorgis 
and Tecco 2014; Cabido et al. 2018). These disturbances 
have resulted in changes in the provision of ecosystem 
goods and services such as water cycle regulation (Job-
bagy et al. 2008), carbon stock (Conti and Díaz 2013) and 
pollination (Dicks et al. 2016). In addition to the dramatic 
reduction in Espinal forests, the full extent of protected 
areas created through official agreements represents only 
a small fraction of the Espinal in Argentina (ca. 0.03% ac-
cording to Brown et al. 2006 and Matteucci 2018). Worse, 
there has been a lack of agreement concerning the real ex-
tent of the Espinal phytogeographic province (Lewis and 
Collantes 1973; Cabrera 1976; Cabido et al. 2018; Morello 
et al. 2018; Oyarzábal et al. 2018), resulting in maps por-
traying different sizes, shapes and boundaries; recently 
Arana et al. (2017) even included the Espinal in the Pam-
pean phytogeographic province. All these issues call for 
an urgent and detailed description of the main vegetation 
types combined with an assessment of the current distri-
bution of the Espinal forest remnants.

A great area of the Espinal phytogeographic province 
occurs in Córdoba province (hereafter, Córdoba region), 
central Argentina (Matteucci 2018), comprising an out-
standing representation of the whole phytogeographic 
province (Lewis and Collantes 1973; Cabrera 1976). Most 
of the vegetation types described previously by different au-
thors (Lewis and Collantes 1973; Cabrera 1976) can still be 
found in Córdoba. The recent paper by Cabido et al. (2018) 
reported the woody vegetation types for the whole Córdoba 
region, identifying a single type within the Espinal (i.e. Type 
1.3 Prosopis nigra – Celtis ehrenbergiana – Prosopis caldenia 
in Cabido et al. 2018), but recognizing its internal heteroge-



Vegetation Classification and Survey 89

neity. Therefore, the main goal of our study is to expand the 
classification reported by Cabido et al. (2018) describing the 
remaining native vegetation types and to assess the spatial 
extent of the Espinal in Córdoba region, central Argentina. 
Specifically, our aims were to: (1) classify and characterize 
the woody native patches of the Espinal based on complete 
vascular plant surveys; (2) analyze the relationships between 
the obtained vegetation types and the main regional biocli-
matic and edaphic variables; and (3) construct a map of the 
extent of Espinal phytogeographic province in Córdoba re-
gion and assess the current woody vegetation distribution. 
Additionally, we estimate the area of woody patches of the 
Espinal in Córdoba region currently included under formal 
protection (i.e. protected natural areas).

Study area
Currently, the whole distribution area of the Espinal 
forests is reduced to small and isolated remnants of na-
tive woody patches (Cabido et al. 2018; Garachana et al. 
2018; Matteucci 2018) in an agricultural matrix, mainly 
soybean, maize, wheat, sunflower and peanut, with scat-
tered pastures for livestock grazing (mainly cattle). In 
Argentina, the Espinal phytogeographic province forms 
a sub-circular belt extended in the central and eastern 
part of the country; our study area was restricted to the 
Espinal comprising the lowlands in the central, eastern 
and southern part of Córdoba region, central Argentina 
(Figure 1A). The latitude ranges from 30.47° to 34.98°S, 
while longitude varies from 62.22° to 65.08°W. This area 

belongs to the Espinal phytogeographic province that 
borders the dry Chaco forests to the north and the low 
mountain Chaco vegetation (i.e. sierra Chaco) to the 
west, and forms a complex and progressive transition to-
wards the Pampa grasslands to the south and east of the 
province (Figure 1B; Lewis and Collantes 1973; Cabrera 
1976). This area occupies the southwestern sector of the 
Chaco-Pampean geomorphological province (Carignano 
et al. 2014), comprising two main units: the fluvio-eolian 
plain, located to the north and east of the study area, and 
the sandy plain to the southwest of the province. Opposite 
to tropical ecosystems, in subtropical forests in Argentina, 
winter and summer seasons are differentiated and freez-
ing is likely to occur, showing a markedly thermal season-
ality (Morello et al. 2018). In the study area climate varies 
from subtropical in the northern extreme to warm tem-
perate in the most southern part (Capitanelli 1979; Mat-
teucci 2018; see climate diagrams in Figure 1B). Rainfall 
is largely concentrated in the warm season, from October 
to March, with total annual rainfall ranging from 600 mm 
(southwestern extreme) to 900 mm (northeastern sector), 
while the annual mean temperature increases from 16.0 to 
17.6 °C in the same direction (De Fina 1992).

Methods
Vegetation data

The vegetation survey was carried out throughout the 
study area, covering the geographic, topographic and 

Figure 1. A Location of Córdoba region and Argentina in South-America, showing the location of Espinal, Chaco and 
Pampa phytogeographic provinces in Argentina based on Cabrera (1976); B distribution of sample plots (relevés) in 
Córdoba region discriminating the four vegetation types: 1) Aspidosperma quebracho-blanco forest; 2) Zanthoxylum 
coco forest; 3) Geoffroea decorticans forest; and 4) Prosopis caldenia forest. In grey, Espinal extent in Córdoba region 
according to Lewis and Collantes (1973). Two climatic diagrams (see asterisks) representing the northern and south-
ern extremes of the study area are included in the figure (climatic data were obtained from WorldClim database).
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ecological variability of the Espinal forests. Sampling fol-
lowed the Zürich-Montepellier School of phytosociology 
(Braun-Blanquet 1932). In order to take into account the 
physiognomic heterogeneity of the vegetation, both con-
served and disturbed forests were sampled. Riparian veg-
etation and grasslands, as well as patches dominated by 
exotic tree species (with an exotic tree cover of more than 
20%) were not considered. Since different authors pro-
pose different boundaries for the Espinal phytogeographic 
province, the vegetation survey was carried out not only 
in the Espinal area indicated in Figure 1B (Lewis and Col-
lantes 1973), but also in areas included in the Espinal by 
other authors (Cabrera 1976; Cabido et al. 2018; Morello 
et al. 2018; Oyarzábal et al. 2018). Our sampling com-
prised 122 georeferenced 20 m × 20 m plots; 64 samples 
had already been used for a previous analysis by Cabido 
et al. (2018), and the additional 58 corresponded to orig-
inal unpublished data. In each plot, vascular plants were 
recorded and species cover was estimated using the cov-
er-abundance scale of Braun-Blanquet (1932). The height 
and cover of the tree, shrub and herb layers were visually 
estimated. Data were collected during the growing season 
(summer of Southern Hemisphere) from 2010 to 2019. 
Endemic taxa at the national level followed Zuloaga et al. 
(1994, 2008), Cabido et al. (1998), Zuloaga and Morrone 
(1999a, 1999b) and Chiapella and Demaio (2015), while 
species nomenclature and their distributional range fol-
lowed the catalogue of vascular plants of the Southern 
Cone (Zuloaga et al. 2008) and its online update (http://
www.darwin.edu.ar/). All vegetation plots are registered 
in the Global Index of Vegetation-Plot Database (Deng-
ler et al. 2011; http://www.givd.info) under ID SA-AR-002 
(see also Suppl. material 1: Table S1.1).

To assess the main trends of species distribution pat-
terns and the way in which these trends are represented in 
the different vegetation types, species chorotypes (groups 
of species with a similar distribution) were assigned fol-
lowing the criteria of Cabido et al. (1998): Southern-bra-
zilian (1), Chaquenian (2), Low montane (3), Patagonian 
(4) and Exotic (5). The Southern-brazilian chorotype in-
cludes species widely distributed through the lowlands of 
central and north-eastern Argentina, and in the adjacent 
territories of Paraguay, Brazil and Uruguay. They may 
also reach the mountains but sharply decline in number 
above 1,000 m a.s.l. The Chaquenian chorotype compris-
es species distributed mainly through the dry Chaco low-
land territories of central and north-western Argentina 
and the whole Chaco-Pampean plain. The Low montane 
chorotype includes species distributed at low altitudes 
(lower than 1,500 m) in extra-Andean Mountains of cen-
tral and north-western Argentina and Bolivia. The Pa-
tagonian chorotype species are characterized by ranges 
extending over the whole Patagonian phytogeographic 
province, both in Andean and extra-Andean habitats. 
The Exotic chorotype includes species introduced to Ar-
gentina from other areas of the world. For each vegeta-
tion type, mean percentage of each chorotype per plot as 
well as the mean species richness and number of exotics 
per plot were calculated. Further, species were sorted 

into life forms as: cactus (c), climber (cl), epiphyte (e), 
fern (f), grass (g), graminoid (gr), herb (h), succulent 
herb (hs), parasite (p), palm (pl), shrub (s), subshrub 
(ss), succulent shrub (rs) and tree (t). The classification 
of life forms followed previous surveys in central Argen-
tina, slightly modified from Giorgis et al. (2005) and Zu-
loaga et al. (2008).

Environmental variables

Bioclimatic variables and altitude (Alt) were taken as in-
terpolated values from the WorldClim database (http://
www.worldclim.org; Hijmans et al. 2005), at a spatial res-
olution of 2.5 arc-minutes for continental South Ameri-
ca. The bioclimatic variables selected were annual mean 
temperature (AMT), temperature seasonality (TS), tem-
perature annual range (TAR), precipitation seasonality 
(PS), precipitation of the warmest quarter (PWaQ), an-
nual precipitation (AP), and precipitation of the driest 
month (PDM) (see O’Donnell and Ignizio 2012 for details 
concerning all the bioclimatic variables). These biocli-
matic variables were selected because the main climatic 
constraints for the vegetation in the study area have been 
shown by Matteucci (2018) to be temperature and pre-
cipitation seasonality. In order to obtain data on edaph-
ic variables (i.e. soil type, organic matter, pH, soil depth, 
clay, lime, fine sand, coarse sand and sodium percentage) 
for each plot, all the 122 relevés were plotted on digital-
ized maps of the soils of Córdoba region constructed at 
the scale of 1:500,000 and 1:50,000 (Gorgas and Tassile 
2006; http://visor.geointa.inta.gob.ar/?p=857). The map at 
the scale 1:50,000 was preferentially used, but since this 
map still has some gaps (areas not covered at this scale) we 
completed the data with the map at the scale of 1:500,000. 
These maps depict soil cartographic units and describe the 
internal heterogeneity of each unit through representative 
soil profiles providing results of analysis of their chemical 
and physical properties.

Spatial analysis: Espinal extent, current woody 
vegetation distribution and representation on 
protected areas

In order to establish the extent of the Espinal phytoge-
ographic province within Córdoba region, all available 
maps by different authors and dates, were overlapped in 
QGIS (QGIS Development Team 2019) under the same 
projection system (WGS84). The maps by Lewis and 
Collantes (1973), Cabido et al. (2018) and Morello et al. 
(2018), were manually digitalized while the other maps by 
Cabrera (1976) and Oyarzábal et al. (2018) were available 
online. The area covered by the overlapping of the differ-
ent maps was defined as the extent of the phytogeographic 
province. Since the areas depicted for the Espinal by the 
different authors differed substantially, their representa-
tiveness with respect to the Espinal in the overlapped map 
was estimated. By means of this procedure, we aimed to 
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highlight the difficulties of establishing the boundaries of 
the Espinal when using only the map of any single author.

The area covered by current woody vegetation forest 
patches was estimated within the overlapped map show-
ing the Espinal extent. Cloud free Landsat 8 OLI data pro-
cessed to level L1T were acquired from the United States 
Geological Survey (USGS; http://earthexplorer.usgs.gov/) 
to assess and map the current distribution of the Espinal 
woody patches. The spectral bands used in this study in-
cluded blue (0.45–0.51 μm), green (0.53–0.59 μm), red 
(0.64–0.67 μm), and near infrared (0.85–0.88 μm). Dig-
ital numbers of the Landsat imagery were converted to 
top-of-atmosphere reflectance according to the instruc-
tions provided by the USGS. Ten scenes of this satellite 
were used to cover the entire area of the Espinal forest in 
Córdoba region (path 228–229 and row 081, 082, 083, 
and 084). For each scene, images from April and Septem-
ber 2016 were used. Numerous sites selected during field 
reconnaissance and high-resolution images in Google 
Earth were used as the training sites for the supervised 
classification of the image. The supervised classification of 
images was performed through Support vector machines 
(all digital processing was performed using the ENVI (EX 
2009) and QGIS software). To reach adequate results, dif-
ferent successive classifications were necessary, masking 
areas or adding, combining and removing training sites. 
Post processing was performed by correcting classifica-
tion inaccuracies and by reducing salt-and-pepper noise, 
partially due to the high degree of fragmentation of natu-
ral vegetation in the study area.

Finally, to assess the actual woody cover of the Espinal 
area included in the current protected areas system, the 
boundaries of the natural protected areas were overlapped 
on the current vegetation map using the shapes of the pro-
tected areas obtained from the Argentinean Secretary of 
Environment and Sustainable Development (https://www.
argentina.gob.ar/ambiente/tierra/protegida/mapa), and 
the Environmental Provincial Secretary.

Data analyses

The ISOmetric feature mapping and Partition Around 
Medoids (ISOPAM) ordination and classification method 
was employed to analyze the 122 plots × 616 species ma-
trix. This analysis was used to detect the major vegetation 
types and their corresponding diagnostic species groups 
(Schmidtlein et al. 2010; Černý et al. 2015). The ISOPAM 
is based on the classification of ordination scores from 
isometric feature mapping (Tenembaum et al. 2000) 
in which the ordination and partitioning are repeated 
searching for partitions for maximum discrimination 
of vegetation units with high overall fidelity of species 
to groups until a pre-defined stopping criterion is met 
(e.g., G statistic and number of clusters; Schmidtlein et al. 
2010). Hierarchical ISOPAM was run on the Bray-Curtis 
dissimilarity matrix. This matrix was constructed with 
the floristic table after transformation of Braun-Blanquet 
scores to central class values. The maximum number of 

clusters on each hierarchical level was arbitrarily set to 
10 and standardized G statistics to 5. For each vegetation 
type, diagnostic species were selected using the phi coef-
ficient of fidelity (Chytrý et al. 2002). Those species with 
phi > 0.1 and a statistically significant (p < 0.01) associa-
tion with a particular vegetation type according to Fish-
er’s exact test, were considered as diagnostic. These anal-
yses were performed in the JUICE 7.0 program (Tichý 
2002). Each vegetation type was named after species 
with: 1) phi > 0.2 and a statistically significant (p < 0.01) 
association with a given vegetation type; and 2) constan-
cy > 50%. The vegetation matrix was ordinated through 
isometric feature mapping (ISOMAP; Tenembaum et al. 
2000; Černý et al. 2015), using the number of neighbors 
to the optimal value from the first hierarchical level of the 
ISOPAM classification. All bioclimatic data extractions 
were conducted using the extract function on R version 
3.5.1 (R Core Team 2018). Environmental and edaphic 
variables with the highest squared correlation coefficient 
were related to the ISOMAP ordination through the envift 
function from the vegan R-package (http://CRAN.R-pro-
ject.org/package=vegan). In order to evaluate the differ-
ences in mean percentage of each chorotype per plot as 
well as the differences in the mean species richness and of 
exotics per plot among the four vegetation types, ANO-
VAs were performed in R software. Before conducting 
the analysis, the normality of the data and the homosce-
dasticity of variances were evaluated and when these re-
quirements were not accomplished the data were natural 
log transformed.

Incidence-based rarefaction and extrapolation (R/E) 
curves using sample size-based and coverage-based meth-
ods were performed to evaluate whether plant species 
from the different vegetation types classified by the ISO-
PAM method were well represented (Budka et al. 2018). 
Chao2, Jackknife 1 and Jackknife 2 non-parametric esti-
mators for incidence data were used to estimate the total 
number of species that would be present in each vegeta-
tion type. Non-parametric estimators for incidence data, 
and incidence-based rarefaction and extrapolation (R/E) 
curves were performed using the SpadeR and iNEXT 
R-packages (Chao and Chiu 2016), respectively.

Results
Floristic composition of vegetation types

The overall number of species recorded was 616 (38 trees, 
65 shrubs and 513 belonging to other life forms), com-
prising 86 families and 353 genera. Poaceae (102 species), 
Asteraceae (100), Fabaceae and Solanaceae (32 species 
each), Malvaceae (31) and Euphorbiaceae (24) comprised 
52.11% of all encountered species. The most taxonomical-
ly diverse genera were: Solanum with 14 species, Baccha-
ris with 12 species, Setaria with 11 species, Prosopis and 
Nassella with nine species each, Euphorbia, Lycium and 
Tillandsia with eight species each, and Cyperus and Opun-
tia with six species each. In the 122 stands sampled we 
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recorded 116 endemic taxa at the national level and 67 ex-
otic species (Table 1; see also Suppl. material 2: Table S2.1 
for the extended Table 1).

Four main clusters were obtained from the ISOPAM 
classification, each representing one vegetation type. Al-
though the sample-size-based rarefaction curves showed 
that the asymptote was not reached for none of the four 
vegetation types (Figure 2A), the observed species rich-
ness reached a high percentage of the species estimated 
using the non-parametric estimators (see Suppl. materi-
al 3: Table S3.1). Further, the coverage-based rarefaction 
curves suggested that all vegetation types identified were 
well represented since the sample coverage percentage 
showed values higher than 0.85 in all types (Figure 2B, C; 
Suppl. material 3: Table S3.1).

A description of each vegetation type is provided, with 
reference to its physiognomy (Figure 3), floristic composition 
(Table 1) and distribution within the study area (Figure 1B):

Type 1. Aspidosperma quebracho-blanco forest. Open 
forest with shrubs, always dominated by a tree layer with 
a mean cover of 54% ranging from 10 to 90% (see Suppl. 
material 4: Table S4.1) and a height that may vary from 
5 to 15 m. The shrub layer showed mean cover values of 
61% with a height ranging from 1.5 to 5 m; the herb layer 
showed mean cover values of 56%. The diagnostic species 
were the native trees Aspidosperma quebracho-blanco and 
Celtis ehrenbergiana, accompanied by the native shrubs 
Porlieria microphylla and Senegalia praecox. In some forest 
patches, Prosopis nigra may reach high cover values.

This type is restricted to the northernmost sector of 
the area on loessic plains and gentle eastern slopes of the 
Sierras del Norte on well to excessively drained soils (En-
thic Hapludols and Haplustols). A total of 276 taxa were 
recorded of which 48 species (17.4%) were endemic, while 
10 species were found only in this vegetation unit. Twenty 
three exotic species were recorded, but they had low con-
stancy and cover in all stands.

Type 2. Zanthoxylum coco forest. Open low forests with 
shrubs alternating with patches dominated by closed 
shrublands. The tree and shrub layers showed mean cov-
er values of 39 and 51% ranging from 5 to 80% and 20 
to 90%, respectively. The height of the tree layer ranged 
from 4 to 15 m. The herb layer showed mean cover values 
of 56% (see Suppl. material 4: Table S4.1). The diagnostic 
species included several life forms as trees (e.g., Zanthox-
ylum coco, Lithraea molleoides and Condalia buxifolia), 
shrubs (e.g. Chromolaena hookeriana and Croton lach-
nostachyus), grasses (e.g. Oplismenus hirtellus) and sev-
eral climbing species (e.g. Ipomoea purpurea, Mandevilla 
pentlandiana, Passiflora morifolia, among others). In some 
valley bottoms Prosopis alba may reach high cover values.

This vegetation type is distributed on the eastern lower 
slopes of Córdoba Mountains, in the transitional zone be-
tween the Espinal in the lowlands and the proximate area of 
the Mountain Chaco Forest. Slopes are gentle to steep, with 
sandy to rocky and excessively drained soils. The total spe-

Table 1. Shortened synoptic table obtained through the 
ISOPAM classification showing the identified vegetation 
types along with the percentage constancy and mean 
Braun-Blanquet cover values based on 122 relevés collect-
ed in the Espinal phytogeographic province in Córdoba, 
central Argentina. Species are sorted by decreasing fidelity 
within each vegetation type. Dark, medium and light grey 
indicate phi > 0.2, phi > 0.15 and phi > 0.1, respectively. Only 
those species with phi ≥ 0.1 in at least one forest type were 
included in the table. Vegetation types are: 1, Aspidosper-
ma quebracho-blanco forest; 2, Zanthoxylum coco forest; 3, 
Geoffroea decorticans forest; and 4, Prosopis caldenia for-
est. LF, Life forms: c, cactus; cl, climber; e, epiphyte; f, fern; 
g, grass; gr, graminoid; h, herb; hs, succulent herb; p, para-
site; pl, palm; s, shrub; ss, subshrub; rs, succulent shrub; t, 
tree. CT, chorotype: 1, Southern-brazilian; 2, Chaquenian; 3, 
Low montane; 4, Patagonian; 5, Exotic. Symbols: †, endem-
ic species at the national level.

Vegetation type 1 2 3 4

Number of relevés 29 22 50 21

Species LF CT      
Aspidosperma quebracho-blanco t 2 763 552 21

Porlieria microphylla s 2 1002 591 21 5+

Senegalia praecox t 2 382 452

Celtis ehrenbergiana t 1 1003 952 762 861

Zanthoxylum coco t 3 732 42

Oplismenus hirtellus g 1 412 21

Leonurus japonicus h 5 71 452 12+ 241

Chromolaena hookeriana s 3 17+ 552

Ipomoea purpurea cl 1 14+ 642

Lithraea molleoides t 3 502

Condalia buxifolia t 3 272

Melinis repens g 5 142

Croton lachnostachyus s 3 141 821

Schinopsis lorentzii t 1 92

Mandevilla pentlandiana cl 1 7+ 731

Lorentzianthus viscidus s 3 591 2+

Colletia spinosissima s 3 92

Ligustrum lucidum t 5 7+ 551 21

Gouinia latifolia g 2 141 451

Paspalum malacophyllum g 1 182

Flourensia thurifera† s 3 142

Passiflora morifolia cl 1 3+ 501

Euphorbia berteroana h 2 3+ 451

Condalia montana† t 3 3+ 271

Ruprechtia apetala t 3 271

Geoffroea decorticans t 2 791 502 903 812

Cynodon dactylon g 5 141 92 382 241

Sida rhombifolia ss 1 411 771 722 10+

Sporobolus spartinus g 2 162

Prosopis caldenia† t 2 102 903

Jarava pseudoichu g 3 172 501 201 814

Exhalimolobos weddellii h 1 101 14+ 4+ 382

Carex sororia† gr 1 522

Heterotheca subaxillaris h 5 2+ 481

Nassella tenuissima† g 3 91 61 481

Carduus acanthoides h 5 61 571

Amelichloa brachychaeta g 2 71 41 481

Larrea divaricata s 2 10+ 22 382

Gamochaeta filaginea h 1 102
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Figure 2. A Sample-size-based and B coverage-based rarefaction and extrapolation sampling curves for species 
richness, and C sample completeness curves for each vegetation type. Solid line segments indicate rarefaction and 
dotted line segments indicate extrapolation (up to a maximum sample size of 80), while shaded areas indicate 95% 
confidence intervals (based on a bootstrap method with 100 replications).

Figure 3. Dominant physiognomy of the four vegetation types described in the Espinal phytogeographic province in 
Córdoba, central Argentina.
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cies richness registered was 369, while the number of en-
demic species registered was 62 species (16.8%); 11 species 
were recorded exclusively in this vegetation type. The num-
ber of exotic species is relatively low (34 species), but the 
exotic tree Ligustrum lucidum and the exotic herb Leonurus 
japonicus showed high constancy and fidelity to this type.

Type 3. Geoffroea decorticans forest. Low open forest with 
grasses, with well conserved stands intermingled with dis-
turbed patches with lower and more open tree canopy. The 
tree layer showed a mean cover value of 52% and a height 
that varied from 4 to 13 m. The shrub and herb layers showed 
values of 38 and 81%, respectively (see Suppl. material 4: 
Table S4.1). The diagnostic species were the tree Geoffroea 
decorticans, the grasses Cynodon dactylon and Sporobolus 
spartinus and the herb Sida rhombifolia. The endemic (Ar-
gentina and Uruguay) palm species Trithrinax campestris 
showed its highest relative cover in this vegetation type.

This vegetation type is distributed in the central and 
eastern part of the study area, on well to moderately well 
(Haplustols) to imperfectly (Argialbols) drained soils. Dif-
ferences in soil drainage are associated to internal phys-
iognomic heterogeneity in this type, but also stands in 
different successional stage may strengthen the internal 
variability within the Geoffroea decorticans forest. A total 
of 393 species were registered of which 65 (16.5%) were en-
demics and 11 were recorded only in this vegetation type. 
Thirty nine species were exotic, with the grass Cynodon 
dactylon showing the highest constancy and relative cover.

Type 4. Prosopis caldenia forest. Low open forest with 
grasses and a tree layer showing a mean cover value of 
36% and a height that spans from 5 to 8 m. The shrub layer 
showed a mean cover of 41%, while the herb layer showed 
the highest cover value of all vegetation types (93%; see Sup-
pl. material 4: Table S4.1). The diagnostic species were the 
tree Prosopis caldenia, an endemic species from central Ar-
gentina, usually associated with Geoffroea decorticans, but 
the latter with low cover values and forming a lower tree 
layer. In lower and more open canopy sites, patches of grass-
lands dominated by several diagnostic tussock grasses like 
Jarava pseudoichu and Nassella tenuissima can be found.

This vegetation type is restricted to the southern ex-
treme of the study area, on gently undulating sandy plains 
with lightly to excessively drained soils (Haplustols in gentle 
slopes; Ustorhtens in sandy summits). This vegetation type 
showed the lowest species richness (265) of which 47 species 
were endemic (17.7%) and 18 were registered only in this 
type. Thirty seven exotic species were recorded; among them, 
the weeds Carduus acanthoides and Heterotheca subaxilaris 
showed high constancy and fidelity to this vegetation type.

Diversity patterns, level of invasion and choro-
type distribution across the four forest types

The vegetation types differed in their mean species rich-
ness and mean number of exotic species per plot (Fig-

ure 4A–B). With 62.1 ± 5.1 species Type 2 (Zanthoxylon 
coco forest) accounted for the highest mean species rich-
ness per plot and differed significantly from the other 
three vegetation types (F(3,118) 12.62; p < 0.001). Type 3 
(Geoffroea decorticans forest) showed the lowest mean 
species richness per plot (37.4 ±2.2), while Type 1 (Aspi-
dosperma quebracho-blanco forest) and Type 4 (Prosopis 
caldenia forest) showed 44.3 ±1.6 and 43.3 ± 2.9 species 
richness per plot, respectively. The mean number of ex-
otic species per plot varied significantly among vegeta-
tion types (F(3,118) 13.96; p < 0.001), ranging from 1.7 in 
Type 1 (Aspidosperma quebracho-blanco forest) to 5.7 in 
Type 4 (Prosopis caldenia forest) (Table 1). In all the four 
vegetation types described significant differences in the 
representation of the different chorotypes were observed 
(Figure 4C–F). Among all chorotypes, the Southern-bra-
zilian and Chaquenian were the best represented (Fig-
ure 4E–F). Type 2 (Zanthoxylum coco forest) showed the 
highest percentage for the Low montane chorotype dif-
fering significantly from the other vegetation types (F(3,118) 
10.25; p < 0.001). The Patagonian chorotype was repre-
sented only by a single species, Descurainia antarctica, 
recorded in Type 4 (Prosopis caldenia forest), that differed 
significantly from the other vegetation types (F(3,118) 3.43; 
p < 0.019). The representation of the Exotic chorotype dif-
fered significantly among vegetation types (F(3,118) 14.23; 
p < 0.001) showing the highest values in Type 4 (Prosop-
is caldenia forest), while Type 1 (Aspidosperma quebra-
cho-blanco forest) showed the lowest values (Figure 4D). 
The Southern-brazilian and Chaquenian chorotypes dif-
fered significantly among the four vegetation types (F(3,118) 
8.86; p < 0.001; F(3,118) 20.31; p < 0.001, respectively). The 
Southern-brazilian chorotype showed the highest mean 
percentage value per plot in Type 3 (Geoffroea decorticans 
forest; Figure 4E); while the Chaquenian chorotype ex-
hibited the highest mean percentage per plot in Type 1 
(Aspidosperma quebracho-blanco forest; Figure 4F).

Vegetation types and their relationship with en-
vironmental variables

The ISOMAP ordination (Figure 5) displays the four 
vegetation woody types observed in Table 1. The var-
iation in species composition among the four types is 
related to climatic, edaphic and topographic variables 
(Table 2). Type 4 (Prosopis caldenia forest) stands are 
plotted on the upper right portion of the ordination 
diagram, associated with higher temperature annual 
range and seasonality, lower annual precipitation and 
precipitation of the warmer quarter, and soils with 
higher fine sand content and lower lime and clay con-
tent. The stands of Type 3 (Geoffroea decorticans for-
est) are plotted on the lower right and central portion 
of the ordination and their floristic differences can be 
attributed primarily to soil chemistry (Na content) and 
depth and to a higher precipitation of the driest month; 
additional floristic differences within this type are re-
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flected by the dispersion of the stands in the ordination 
diagram. Stands of Type 2 (Zanthoxylon coco forest) are 
plotted on the left portion of the ordination diagram 
and its floristic differences are explained by the increase 
in altitude in the transitional area between true lowland 
forests and mountain vegetation. Finally, stands of Type 
1 (Aspidosperma quebracho-blanco forest) are associat-
ed with well drained soils with the highest coarse sand 
content, located in the fluvio-eolian plain in the north-
ern part of the study area. In synthesis, these vegetation 
types were segregated along gradients of temperature, 
precipitation, altitude, and of soil-texture and sodium 
content (Table 2).

Spatial analyses: Espinal extent, current woody 
vegetation distribution and protected areas

The extent of the Espinal phytogeographic province in 
the study area, obtained by the overlapping of the pre-
vious authors’ maps, was 101,550.4 km2 (Figure 6; Table 
3). Further, the comparison of the extent of the Espinal 
in the overlapped map with previous maps (Figure 6) 
highlighted the strong differences among authors (Ta-
ble 3), but the maps by Lewis and Collantes (1973) and 
Cabido et al. (2018) are most similar (85% similarity) to 
the Espinal extent used for this study; whereas the maps 
by the other authors encompass less than 60% (Figure 

Figure 4. A Mean species richness per plot; B mean number of exotic species per plot; C-F mean species percentage 
per plot of different chorotypes for the four vegetation types described in the Espinal phytogeographic province in 
Córdoba, central Argentina. Vegetation types codes as in Table 1. Different letters indicate significant differences 
between vegetation types (LSD Fisher, P < 0.05).
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Figure 5. Isometric feature mapping plot (ISOMAP), based on Bray-Curtis dissimilarity of 122 plots × 616 plant spe-
cies matrix for the Espinal phytogeographic province in Córdoba, central Argentina. Vegetation types codes as in 
Table 1. Bioclimatic variables with the highest squared correlation coefficient with the sample scores in the ordina-
tion space are also reported. Environmental variables: AMT, annual mean temperature; TAR, temperature annual 
range; TS, temperature seasonality; AP, annual precipitation; PS, precipitation seasonality; PWaQ, precipitation of 
the warmest quarter; PDM, precipitation of the driest month; Alt, altitude. Edaphic variables: Clay; OM, Organic 
matter; Soil depth; Na, sodium content; Lime; FS, Fine sand and CS, Coarse sand.

Table 2. Fitted environmental variables onto ISOMAP or-
dination, reporting their squared correlation coefficient 
(r2) and P-values based on random permutations of the 
data. *** and * indicate differences at p < 0.001 and p < 
0.05, respectively.

Environmental variables r2

Temperature seasonality (TS) 0.76***

Temperature annual range (TAR) 0.66***

Precipitation seasonality (PS) 0.60***

Precipitation of the warmest quarter (PWaQ) 0.40***

Annual precipitation (AP) 0.34***

Precipitation of the driest month (PDM) 0.31***

Altitude 0.32***

Annual mean temperature (AMT) 0.05*

Lime 0.26***

Fine sand 0.24***

Clay 0.20***

Sodium (Na) 0.26***

Organic matter (OM) 0.22***

Soil depth (SD) 0.18***

Coarse sand 0.07*

pH 0.02

Table 3. Area covered (in km2) by the extent of the Espi-
nal phytogeographic province (i.e. Overlapped map) and 
maps by previous authors for Córdoba region, central Ar-
gentina. Also shown is the percentage of the extent of the 
Espinal in the maps by different authors with respect to 
the overlapped map.

Authors Espinal extent (km2) Percentage extent
Overlapped map 101,550.41
Lewis and Collantes (1973) 86,455.08 85.13
Cabrera (1976) 55,013.52 54.17
Cabido et al. (2018) 93,653.23 92.22
Morello et al. (2018) 60,356.74 59.43
Oyarzábal et al. (2018) 57,515.67 56.64

6; Table 3). The map showing the current distribution of 
the woody patches in the study area showed an overall 
accuracy of about 97% and a Kappa statistic > 0.92. The 
vegetation map only shows the general spatial pattern 
of the woody Espinal relicts, because the different vege-
tation types lacked distinctive reflectance patterns. The 
total cover of the current woody patches was 3,483.8 

km2 (3.43% of the extent of our version of the Espinal 
phytogeographic province), of which only 1,071.8 km2 
(31%) are included in the current protected natural ar-
eas system.

Discussion
Building on the insights from the previous study by 
Cabido et al. (2018), the present survey sheds new light 
on the knowledge of the Espinal forest, recognizing four 
vegetation types. Moreover, we provide both a map de-
picting the extent of the Espinal phytogeographic prov-
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ince within the study area and an up-to-date map of 
the current distribution of Espinal forest patches. We 
should emphasize that the cover of these woody patches 
represents less than 4% of the extent of the Espinal in 
Córdoba depicted in both ancient (Cabrera 1953; Lew-
is and Collantes 1973) and more recent (Cabido et al. 
2018; Morello et al. 2018; Oyarzábal et al. 2018) phyto-
geographic maps. Notwithstanding this dramatic forest 
loss (Guida-Johnson and Zuleta 2013; Garachana et al. 
2018), the representation of the Espinal vegetation types 
in the current formal system of protected areas is alarm-
ingly low (i.e. 1.05% of the extent of the Espinal in the 
study area).

Floristic patterns and their relationship with 
environmental determinants

The changes detected in floristic composition among the 
four vegetation types are associated mainly to environ-
mental and edaphic variables related to precipitation and 
temperature seasonality jointly with a soil water availa-
bility gradient probably determined by soil texture (i.e. 
sand, lime and clay content) and sodium content. These 
conditions vary in the study area in a northeast to south-
west direction, in agreement with Matteucci (2018). At 
the southern extreme of the study area, where the highest 
temperature oscillation, the lowest precipitation records 

Figure 6. A Overlapped map showing the extent of the Espinal phytogeographic province in Córdoba, central Argen-
tina and the distribution of the current woody vegetation patches; B-F Maps of the extent of Espinal in Córdoba by 
different authors (dark grey): B Lewis and Collantes (1973); C Cabrera (1976); D Morello et al. (2018); E Oyarzábal et 
al. (2018); and F Cabido et al. (2018). All maps show the boundaries for the Espinal in the study area resulting from 
the overlapping of the maps by different authors, together with the current distribution of woody patches.
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and fine sandy soils were registered, the Prosopis caldenia 
forest was identified. Our floristic lists agree with former 
descriptions and with data reported for La Pampa region, 
located to the south of our study area (Koutche and Car-
melich 1936; Lewis and Collantes 1973). Previous studies 
have described this vegetation type as “the Pampense” dis-
trict (Lewis and Collantes 1973) and “the Calden” district 
(Cabrera 1976; Olson et al. 2001; Oyarzábal et al 2018; 
Morello et al. 2018). The other three vegetation types 
share more species among them than with the Prosopis 
caldenia forest and are located under warmer and less dry 
conditions and on soils with higher clay and lime content. 
The Aspidosperma quebracho-blanco forest, the Zanthoxy-
lum coco forest and the Geoffroea decorticans forest, were 
included by Cabrera (1976), Olson et al. (2001), Morello 
et al. (2018) and Oyarzábal et al. (2018) under the same 
division (“Prosopis district”), while Lewis and Collantes 
(1973), divided this single unit into six different districts. 
In the northern part of the study area, Aspidosperma que-
bracho-blanco forest patches are distributed; its identity 
is determined mainly by species widely distributed in the 
southern extreme of the Chaco phytogeographic province 
(e.g. Aspidosperma quebracho-blanco, Prosopis kuntzei, 
Sarcomphalus mistol, etc.; Sayago 1969). These species 
confirm the transitional character of the Aspidosperma 
quebracho-blanco forest between the Espinal and Chaco 
phytogeographic provinces (Cabido et al. 2018). This type 
shares many species with the Zanthoxylum coco forest. 
The latter is distributed in the western part of the study 
area, representing a transitional community between the 
forests on fluvio-eolic sedimentary plains and the low 
Mountain Chaco Forest (Giorgis et al. 2017; Cabido et 
al. 2018). Consequently, the diagnostic species group in-
cludes several taxa characteristic of the Mountain Chaco 
Forest district (e.g. Zanthoxylum coco, Lithraea molleoides 
and Croton lachnostachyus; Cabido et al. 1991; Giorgis et 
al. 2017), as well as lowland Chaco/Espinal species (e.g. 
Condalia buxifolia; Cabido et al. 2018). Finally, the patch-
es located to the central and eastern sectors of the study 
area, on soils with the highest sodium content, were clas-
sified as the Geoffroea decorticans forest. As seen in the 
ordination diagram in Figure 5, this vegetation type shows 
additional internal floristic differences partly because of 
changes in soil drainage and perhaps also due to the influ-
ence of differential land use. The dominance of Geoffroea 
decorticans on this vegetation type seems to be promoted 
by its sprouting roots (Ulibarri et al. 2002) and tolerance 
to higher sodium soil levels (Karlin et al. 2013). These at-
tributes probably allow Geoffroea decorticans to behave as 
a colonizing species on soils not suitable for agriculture 
but also over abandoned sites that were previously occu-
pied by forests dominated by Prosopis alba and/or P. nigra 
and codominated by Celtis ehrenbergiana (Cabido et al. 
2018). The advance of Geoffroea decorticans over aban-
doned crop fields was recognized almost 50 years ago by 
Lewis and Collantes (1973) and more recently by Lewis 
et al. (2006, 2009). In agreement with these authors and 
based on our own observations, we predict that perhaps 

this type will become the dominant vegetation in aban-
doned fields of the study area if urgent policy measures are 
not taken into account.

Lewis and Collantes (1973) highlighted the difficul-
ty of differentiating vegetation units within the Espinal 
based only on the fidelity of species, and they recognized 
vegetation districts on the basis of physiognomy and the 
relative abundance of certain dominant plant species. Our 
results also show that the number of species restricted to 
a particular vegetation type and, consequently, to be con-
sidered as characteristic species (sensu Braun-Blanquet 
1932) is limited. The small number of exclusive species 
found could be related to the lack of severe environmen-
tal/biogeographic barriers (Bucher 1982), reinforcing 
the hypothesis stated by Cabrera (1976) concerning the 
transitional character of the Espinal as an “impoverished 
Chaco” between the Great Chaco to the north and the 
Pampas to the south (Bucher 1982). Perhaps as a conse-
quence of the aforementioned lack of barriers to disper-
sal, a group of ubiquitous species showed high constan-
cy and cover in all four vegetation types (e.g., Vachellia 
caven, Schinus fasciculatus, Setaria lachnea, and others; 
see Table 1 and also Suppl. material 2: Table S2.1 for the 
extended Table 1) and may also explain why the choro-
types Southern-brazilian and Chaquenian are dominant 
in all the four vegetation types. However, we should not 
ignore that centuries of human activities (i.e. agriculture 
and logging; Schofield and Bucher 1986) may have caused 
the loss and reduction of the range of some characteristic 
species and, simultaneously, the advance of exotic species 
that are becoming diagnostic of what we may consider 
to be “novel ecosystems” (sensu Hobbs et al. 2006) with 
a strong potential to change ecosystem functioning. An-
other consequence of the intense human activities in the 
study area is the internal physiognomic heterogeneity ob-
served in all the vegetation types, especially in the Geof-
froea decorticans forest.

The significant presence of exotic species in the study 
area has already been reported by different authors 
(Lewis et al. 2009; Noy-Meir et al. 2012; Cabido et al. 
2018). Even though we did not include stands dominat-
ed by exotic tree species, a total of 67 exotic taxa, rather 
evenly distributed (in terms of species richness) among 
the four vegetation types, were recorded in this study. 
From a comprehensive list of 40 woody exotic species 
reported by Giorgis and Tecco (2014) for central Argen-
tina, seven were recorded in this survey. Some of them, 
such as the trees Melia azedarach, Morus alba and Ligus-
trum lucidum, showed a high fidelity to the Zanthoxylum 
coco forest. In the same way, the invasive grass Cynodon 
dactylon was identified as a diagnostic species of the 
Geoffroea decorticans forest. Currently, there is general 
agreement that the advance of exotic species over the 
Espinal forest is one of the major threats for the con-
servation of native biodiversity (Lewis et al. 2009; Noy-
Meir et al. 2012; Matteucci 2018). The Prosopis caldenia 
forest exhibited the highest mean species richness and 
proportion of exotics per plot, perhaps because of the 
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agricultural matrix surrounding these stands since the 
beginning of the 20th century.

Our floristic survey reported a total of 116 endemic spe-
cies at the national level, but the number of species restrict-
ed only to the study area is almost negligible. Among the 
highly restricted taxa, Prosopis caldenia deserves a special 
consideration since it is a unique woody species with a very 
limited range. The conservation status of this species appears 
as “unspecified” in the Red Lists of the IUCN (http://www.
iucn.org); however, its habitat appears to be in “continuing 
decline in area, extent and/or quality.” Delucchi (2006) iden-
tifies this species as “vulnerable” due mainly to anthropic 
activities. Another emblematic taxa recorded in some of the 
stands sampled in the north and northeast of the study area 
is the endemic palm Trithrinax campestris. Kurtz (1904) and 
Sayago (1969) reported the high frequency of Trithrinax 
campestris intermingled in forests or in grassland savannas, 
and Lewis and Collantes (1973) identified a floristic district 
based in part on the occurrence of this species, but in this 
study the floristic composition of the patches including T. 
campestris was not clearly differentiated.

Espinal extent, current woody patches distribu-
tion and protected areas

Old scientific reports (Lorentz 1876; Kurtz 1904; Frenguelli 
1941; Stieben 1946; Cabrera 1953), as well as information 
compiled from historical documents, oral tradition and 
more recent contributions (Sayago 1969; Lewis and Collan-
tes1973; Luti et al. 1979), all of them agree in that the Es-
pinal forests dominated the landscape at least until the last 
decades of the 19th century. From the extent of Espinal prov-
ince estimated through the overlapped map (ca. 101,500 
km2), a proxy of the potential extent of Espinal forests, only 
less than 3,500 km2 (3.43%) of woody patches currently re-
mains. Divergences in the extent of the Espinal phytoge-
ographic province reported by previous authors highlight 
the difficulties for defining its borders and the need for a 
comprehensive classification not only for the Espinal vege-
tation but also neighboring phytogeographic units, such as 
the Pampa and the Chaco. Regardless of the various phyto-
geographic maps used to show the comprehensive Espinal 
extent, it is remarkable that the Espinal woody vegetation 
has significantly been reduced and fragmented, confirming 
the dramatic trends for the seasonally dry subtropical for-
ests in South America, already reported by Agost (2015), 
Cabido et al. (2018) and Garachana et al. (2018).

Finally, our results show that in the study area, the rep-
resentation of the Espinal forests in formally established 
natural reserves is almost negligible. The full extent of 
protected areas comprising well-conserved forest relicts 
is less than 1,100 km2 and the figures are even more crit-
ical when the whole extent of the Espinal in Argentina is 
considered (i.e. less than 0.03%; Brown et al. 2006). We 
should note that these low values are in line with the fact 
that natural areas developed on flat productive lands have 
traditionally been excluded from conservation strategies, 

both at the global (Pressey et al. 2002) and at the regional 
level (Baldi et al. 2018).

Conclusion
In this study we provide baseline information concern-
ing the floristic heterogeneity and diversity of native 
forest types of the Espinal forest region in central Ar-
gentina. We report four native woody vegetation types 
segregated along gradients of temperature, precipita-
tion, altitude and soil. Despite the dramatic changes 
that have taken place since the 19th century, we consider 
the four vegetation types identified here as representa-
tive of the seasonally dry subtropical-warm temperate 
forests that covered the study area a few centuries ago. 
Nonetheless, our findings highlight the dramatic reduc-
tion in extent and quality of these ecosystems and the 
need to adopt urgent conservation measures that may 
stop the conversion of these forests and shrublands to 
agriculture and grazing lands, as well as the need to take 
appropriate management actions against invasive exotic 
species. Recently, the local authorities have established 
an Agroforestry Plan (Provincial Law 10,467) that com-
pels land owners to plant tree species in at least 2% of 
their properties in a term of ten years. However, the list 
of species suggested by the authorities includes exotic 
trees; whereas, the plan should be restricted to native 
trees in order to avoid further promoting invasive exotic 
tree species. The conservation status of the Espinal for-
ests is uncertain and, at this time, its survival depends 
almost entirely on the good will of private owners. The 
establishment of new protected areas including the last 
relicts of these forests should be an essential further step 
for their conservation.
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Abstract
Biodiversity data based on standardised sampling designs are key to ecosystem conservation. Data of this sort have been 
lacking for the Kenyan coastal forests despite being biodiversity hotspots. Here, we introduce the Kenyan Coastal Forests 
Vegetation-Plot Database (GIVD ID: AF-KE-001), consisting of data from 158 plots, subdivided into 3,160 subplots, 
across 25 forests. All plots include data on tree identity, diameter and height. Abundance of shrubs is presented for 316 
subplots. We recorded 600 taxa belonging to 80 families, 549 of which identified to species and 51 to genus level. Species 
richness per forest site varied between 43 and 195 species; mean diameter between 13.0 ± 9.8 and 30.7 ± 20.7 cm; and 
mean tree height between 5.49 ± 3.99 and 12.29 ± 10.61 m. This is the first plot-level database of plant communities 
across Kenyan coastal forests. It will be highly valuable for analysing biodiversity patterns and assessing future changes 
in this ecosystem.

Taxonomic reference: African Plant Database (African Plant Database version 3.4.0).

Abbreviations: DBH = diameter at breast height; GIVD = Global Index of Vegetation-Plot Databases; KECF-VPD = Ken-
yan Coastal Forests Vegetation Plot Database.
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GIVD Fact Sheet: Kenya Coastal Forests Vegetation-Plot 
Database (KECF-VPD)

Introduction
Eastern African coastal forests are tropical forests known 
for their rich biodiversity and high levels of endemism, 
including a concentration of rare and threatened taxa and 
high diversity of endemic plant and animal species (Wass 
1995; Burgess et al. 1998; Lovett 1998; Burgess and Clarke 
2000; Myers et al. 2000; Luke 2005; Azeria et al. 2007). Ac-
cording to Burgess and Clarke (2000), this vegetation type 
hosts more than 4,500 plant species and 1,050 plant gen-
era, the majority of which are woody. This rich biodiver-
sity has been largely attributed to favourable climatic con-
ditions and a wide range of ecological niches (Moomaw 
1960; Lovett 1998; Burgess and Clarke 2000; Montagnini 
and Jordan 2010). Overall, these forests extend along the 
coastal edge of Eastern Africa along the Indian Ocean 
stretching from Somalia in the north, through coastal 
Kenya and Tanzania, and all the way to Mozambique in 
the south. They have been defined as the “Swahilian centre 
of endemism”, which constitutes a hotspot of endemism in 
Africa (Burgess et al. 1998; Luke 2005).

For millennia, Eastern African coastal forests have sup-
ported livelihoods both locally and regionally and played 
a major role as high conservation value ecosystems (Wass 
1995). However, they are increasingly facing a number of 
threats which include a growing population and increased 
anthropogenic activities such as illegal logging, poaching, 
charcoal burning and agriculture expansion, all activities 
leading to increased deforestation (Burgess et al. 1998; Bur-
gess and Clarke 2000; Habel et al. 2017). According to Wass 

(1995) and Burgess et al. (1998), these threats have had se-
vere impacts and resulted in the heavy fragmentation of 
once connected forests. Some 10% of the original forest 
cover is estimated to remain, of which only 17% are under 
some kind of protection (Wass 1995; Burgess and Clarke 
2000). Conserving and sustainably managing the remain-
ing forests of the region requires a developed and enhanced 
biodiversity monitoring system, which is currently lacking. 
Developing such a system requires baseline biodiversity 
data, which are currently scant, limited and outdated.

The Kenyan coastal forests fall within the Eastern Afri-
can coastal forests. Despite their global significance as bi-
odiversity hotspots (Burgess et al. 1998; Myers et al. 2000; 
Hobohm et al. 2019), systematic biodiversity data survey 
based on a standard design are still lacking. The first-ever 
vegetation survey of the coastal forests of Kenya was car-
ried out in 1987 without using a vegetation plot design 
(Robertson and Luke 1993), with the aim to create a list of 
species found in these forests (Robertson and Luke 1993; 
Luke 2005). A standardised dataset based on vegetation 
plots and suitable for analysing spatial and temporal pat-
terns across the whole area does still not exist. Filling this 
knowledge gap is even more urgent given the continuing 
deforestation and the uncertainty of future climate change 
projections. There is need to undertake ecological studies 
that can provide baseline data required for sound ecologi-
cal monitoring and evaluation.

This paper provides a basic description of a new vegeta-
tion-plot database, developed as part of a collaboration be-
tween the University of Bologna and the National Museums 
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of Kenya. The database contains data of 25 different forest 
patches and was developed with the goal to produce a solid 
sample-based (Chiarucci 2007) overview of the plant com-
munities in the Kenyan coastal forests. The resulting vege-
tation-plot database represents the first standardised plant 
data set for these forests and a fundamental tool for future 
assessments and monitoring of a key biodiversity hotspot.

Study Area: the coastal forests 
of Kenya in the context of 
Eastern African forests
The coastal forests of Kenya are part of the Eastern African 
coastal forests ecoregion and are isolated patches of ever-
green to semi-evergreen closed canopy forests. They pres-
ent unique remnants of indigenous ecosystems and are 
part of the North Zanzibar-Inhambane Regional Mosaic, 
which extends from southern Somalia through coastal 
Kenya to southern Tanzania, including the islands of Zan-
zibar and Pemba (Burgess et al. 1998, Burgess and Clarke 
2000; Githitho 2004; Peltorinne 2004; Luke 2005), and part 
of the biodiversity hotspot known as the Eastern Arc and 
Coastal Forests of Kenya and Tanzania (Myers et. al. 2000). 
They stretch from the north to south along the Kenyan 
coast, and are mostly found on ancient coral reef bed rocks 
formed as a result of sea level drops. Therefore, they span 
over a variety of altitudinal gradients and climatic zones.

The climatic range of the Kenyan coastal forests is 
tropical with coastal high humidity (Burgess and Clarke 
2000). The annual rainfall follows distinctive rainy sea-

sons and generally increases towards the southern coast 
and at higher altitudes. The rainfall pattern differs from 
the north to the south. In the northern region, there are 
two rainy seasons made of long rains (April to June) and 
short rains (November to December), while in the south, 
there is only one long rain season between April and June. 
However, both south and north regions have an annual 
rainfall variability where the seasons may vary from year 
to year. Overall, the mean annual rainfall ranges from 
900 mm to 1200 mm (Glover et al. 1954; Moomaw 1960; 
Burgess et al. 1998; Burgess and Clarke 2000). The mean 
temperature ranges between 30°C during the dry season 
(December-March) to 25°C during the long rain season 
(April-September), with relatively cooler temperatures in 
the southern coast.

It is estimated that approximately 3,170 km2 of Eastern 
African coastal forests remains in Somalia, Kenya, Tanza-
nia, Mozambique, Zimbabwe and Malawi. Approximate-
ly 20% of these forests are found in Kenya (Burgess et al. 
1998; Burgess and Clarke 2000; Azeria et al. 2007). The 
number of Kenyan coastal forests patches was estimated 
to be 107 patches in early 1990s (Robertson and Luke 
1993; Wass 1995; Burgess et al. 1998; Burgess and Clarke 
2000; Githitho 2004; Luke 2005; Azeria et al. 2007).

The size and protection status of the Kenyan coastal 
forests is highly variable. The two largest remaining for-
ests are Arabuko Sokoke (42,000 ha) and Shimba Hills 
(25,300 ha), which are government protected forest re-
serves (Table 1). Other government protected forest re-
serves include Marenje (1,480 ha), Gogoni (832 ha), Buda 
(670 ha), Dzombo (650 ha) and Mrima (377 ha). The oth-
er forest remnants spread over small patches (10 to 75 ha) 

Table 1. Overview of the forest sites included in the Kenyan coastal forest vegetation-plot database, with an indication of 
their protection status, geographical coordinates, area, number of plots and recorded total species richness per forest site.

Forest ID Forest name Protection status Latitude decimal 
degree

Longitude decimal 
degree

Area (ha) Number of 
plots

Species 
richness

Arabuko Arabuko Sokoke forest Forest reserve -3.32138 39.92917 42,000 26 178
Bomu Kaya Bomu Sacred forest -3.93354 39.59635 409 8 154
Buda Buda forest Forest reserve -4.45812 39.39683 670 6 121
Chivara Kaya Chivara Sacred forest -3.69452 39.69132 150 8 140
Chonyi Kaya Chonyi Sacred forest -4.06953 39.53038 200 4 62
Diani Kaya Diani Sacred forest -4.27523 39.58520 20 3 66
Dzombo Dzombo forest Forest reserve -4.42945 39.21545 650 6 90
Fungo Kaya Fungo Sacred forest -3.80068 39.51047 204 4 60
Gandini Gandini forest Sacred forest -4.03443 39.50988 150 5 80
Gogoni Gogoni forest Forest reserve -4.41013 39.47628 832 6 123
Jibana Kaya Jibana Sacred forest -3.84048 39.67382 140 8 195
Kambe Kaya Kambe Sacred forest -3.86766 39.65363 75 6 109
Kauma Kaya Kauma Sacred forest -3.62968 39.73778 75 7 77
Kinondo Kaya Kinondo Sacred forest -4.39427 39.54703 30 3 56
Marenje Marenje forest Forest reserve -4.48458 39.25906 1,480 6 76
Mrima Mrima forest Forest reserve -4.48573 39.26883 377 6 101
Mtswakara Kaya Mtswakara Sacred forest -4.00017 39.51997 248 4 64
Muhaka Kaya Muhaka Sacred forest -4.32568 39.52328 150 5 90
Muvya Kaya Mudzimuvya Sacred forest -3.94175 39.58190 171 4 85
Mwiru Kaya Mudzimwiru Sacred forest -3.95913 39.57372 147 4 70
Ribe Kaya Ribe Sacred forest -3.89922 39.63363 36 5 95
Shimba Shimba Hills forest Forest reserve -4.26940 39.37208 25,300 12 190
Teleza Kaya Teleza Sacred forest -4.14147 39.50342 67 6 91
Tiwi Kaya Tiwi Sacred forest -4.25704 39.59817 10 3 53
Waa Kaya waa Sacred forest -4.19970 39.61565 30 3 43
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many of which are considered sacred forests and are man-
aged traditionally and culturally by the local communi-
ties (Table 1). These forest patches are locally referred to 
as ‘Kaya’ (Robertson and Luke 1993; Wass 1995; Burgess 
and Clarke 2000; Githitho 2004; Luke 2005; Metcalfe et al. 
2010; Githitho 2016; Luke and Githitho 2016).

Data collection
Sampling was based on a nested plot design consisting 
of 158 rectangular plots located in 25 forests sites of the 
Kenyan coastal forests spanning along the coastline, 
from north to south (Figure 1). The sampling was carried 
out from November 2018 to June 2019. The forests are a 
mixture of evergreen to semi-deciduous forests. During 
field work, we experienced a mix of wet and semi-dry 
season while in the field with a lot of light rains. Hence 
performing part of the fieldwork during the dry season 
did not affect plants identification, as most plants re-
mained leafy and some flowering while the few decidu-
ous were commonly locally known by botanist and could 
be easily identified.

To standardise sampling intensity, the number of 
plots per forest site was approximately proportional to 
the forest site area, although with some variation due to 
site accessibility and fragmentation. The location of the 
plots within each forest site was randomised with minor 
adaptations due to accessibility. A minimum distance of 
200 m between plots per site was maintained to maximise 
spatial variation. The plots were laid with a north-south 
orientation, had a standard size of 10 m × 100 m and were 
further sub-divided into twenty 10 m × 5 m subplots for a 
total of 3,160 subplots across the entire study system. We 
sampled and identified at the species level all woody plant 
individuals with diameter at breast height (DBH) ≥ 5 cm 
(mostly trees) rooted within each subplot. For each tree, 
besides DBH, we also measured the height with a hand 
held clinometer (Suunto PM-5), or a calibrated measur-
ing pole (50 m) in areas with dense forests where clinom-
eter was difficult to use. Woody plant individuals with 
DBH < 5 cm, mostly shrubs, were sampled and identified 
in two of the twenty subplots within a plot, where one was 
randomly selected in the northern half (subplots 1–10) 
and the second in the southern half (subplots 11–20) of 
the plot. The abundance of shrub species was assessed by 
counting the number of individual shoots rooted within 
the subplot.

Plants were identified on-site to the species or at least 
genus level by local botanists and with the use of botani-
cal manuals using standard references for the area (Noad 
and Birnie 1990; Beentje 1994; Luke 2005). When on-site 
identification was not possible, voucher specimens were 
collected for subsequent identification on the lab with the 
help of herbarium specimens. Finally, Global Positioning 
Systems (GPS) devices were used for recording the geo-
graphical coordinates and altitude of forest sites and plots 
(start and end points), and shrub subplots.

Database content
The Kenyan coastal forests vegetation-plot database (KE-
CF-VPD) is registered at the Global Index of Vegetation 
Database (http://www.givd.info/ID/AF-KE-001). It con-
sists of vegetation data collected in 158 nested plots across 
25 forests sites (Table 1). The total subplots were 3,160. 
The sampled forest sites are characterised by different area 
sizes and protection status, with seven government state 
forest reserves (377 to 42,000 ha) and 18 sacred sites (10 to 
409 ha). Overall, the database includes 40,913 occurrence 
records relative to a total of 600 distinct taxa belonging to 
80 families. 549 species were identified at the specific level 
and 51 at the genus level belonging to 43 genera. For tax-
onomy consistency and to avoid misspelt names, plant spe-
cies names were standardised using the TAXONSTAND 
package in R statistical software (Cayuela et al. 2017).

In total, 19 families had more than 10 species (Table 
2) with Rubiaceae presenting the highest number of spe-

Figure 1. A Map of Eastern Africa area highlighting the 
coastal area of Kenya. B Coastal forests of Kenya span-
ning from North to South (all forests identified by green 
colour with and without numbers), the numbered are the 
sampled sites with their protection status. 1 = Arabuko, 2 
= Bomu, 3 = Buda, 4 = Chivara, 5 = Chonyi, 6 = Diani, 7 = 
Dzombo, 8 = Fungo, 9 = Gandini, 10 = Gogoni, 11 = Jibana, 
12 = Kambe, 13 = Kauma, 14 = Kinondo, 15 = Marenje, 16 = 
Mrima, 17 = Mtswaka, 18 = Muhaka, 19 = Muvya, 20 = Mwi-
ru, 21 = Ribe, 22 = Shimba, 23 = Teleza, 24 = Tiwi, 25 = Waa.
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cies  (63), followed by Leguminosae (61), Malvaceae (34) 
and Euphorbiaceae (30). Species richness per site varied 
between 43 species at Waa sacred forest to 195 species at Ji-
bana sacred forest (Table 1). The Shimba Hills and Arabuko 
forest reserves, the largest forest sites, were the richest after 
Jibana. The number of species increased relative to the area, 
as expected given the species-area relationship perspective. 
Some small forest areas, like Jibana, also exhibited high spe-
cies richness, likely because other factors different from area 
may have a strong impact in driving local species richness.

The frequency distribution of species richness per plot 
showed a slightly right-skewed distribution (Figure  2), 
with the highest number of plots harbouring between 
35–40 species. The most frequent trees in plots across all 
sites were Uvaria acuminata and Haplocoelum inoploeum 
(Table 3). Hymenaea verrucosa exhibited the highest mean 

DBH and height. The shrubs Monanthotaxis fornicata 
and Synaptolepis kirkii were among the 20 most frequent 
woody species in plots (Table 3).

Basic forest structure varied across sites (Table 4). The 
highest mean DBH was recorded at Mtswaka sacred forest 
while the lowest at Chivara sacred forest. Kambe sacred 
forest exhibited the highest mean height, while Diani sa-
cred forest the lowest. There was a high variation in tree 
heights from the small to tallest within sites, creating mean 
heights that would depict a bush rather than a forest, but 
this is not the case given the large mean DBH recorded. 
The largest number of tree individuals was sampled at 
Arabuko and Shimba forest reserves, the largest ones, and 
where more plots were sampled, while the lowest at Mu-
vya sacred forest.

Conclusion
The KECF-VPD database represents the first vegetation 
dataset collected according to a standardised plot-based 
design across Kenyan coastal forests. This database rep-
resents a snapshot of the vegetation in a relevant fraction 
of the existing forest patches in the region. As such, the 
database provides the best available picture of the cur-
rent patterns of woody plant biodiversity of these forests. 
Since the sampling design was based on different scale 
levels (forest sites, plots and subplots), the database also 
offers a unique opportunity for exploring the patterns 
and determinants of plant diversity in the Kenyan Coast-
al forests across spatial scales. These data will provide 
a tool and baseline for assessing future changes in the 
study system.

Future perspectives
The current KECF-VPD database covers 25 Kenyan coast-
al forests. There is potential to extend the survey to the 
remaining coastal forests not covered by this research. The 
database is presently being explored for analysing species 
diversity data, in terms of species-area relationships, beta 
diversity and species composition. A successive phase will 
also be to develop a biodiversity monitoring platform for 
these forests. Such a platform could be shared with the 
institutions, organisations and communities working and 
living around these forests to promote their conservation 
and sustainable management. Furthermore, integrating 
socio-economic aspects into the research would be essen-
tial to capture local level forest use by adjacent commu-
nities and their attitude towards forest management and 
conservation.

Data availability
The database is presently stored at the University of Bolo-
gna. Its availability is currently restricted to the PhD pro-

Table 2. List of the most diverse families in the Kenyan 
coastal forests vegetation-plot database, defined as 
those having at least 10 different recorded species.

Family Number of species
Rubiaceae 63
Leguminosae 61
Malvaceae 34
Euphorbiaceae 30
Annonaceae 24
Moraceae 23
Sapindaceae 22
Apocynaceae 20
Sapotaceae 18
Rutaceae 17
Celastraceae 16
Combretaceae 16
Lamiaceae 16
Capparaceae 15
Ebenaceae 14
Acanthaceae 12
Phyllanthaceae 12
Salicaceae 11
Anacardiaceae 10

Figure 2. Distribution of species richness per plot in the 
Kenyan coastal forests vegetation-plot database (n = 
158 plots).
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Table 3. List of the 20 most frequent species per plot (n = 158 plots), including family, habit, number of plots in which they 
have been recorded, and DBH and height (mean ± standard deviation) for species with DBH ≥ 5cm.

Species Family Habit Number of plots DBH (mean ± sd) (cm) Height (mean ± sd) (m)
Uvaria acuminata Annonaceae tree 95 7.4 ± 2.13 7.54 ± 7.08
Haplocoelum inoploeum Sapindaceae tree 94 11.9 ± 7.46 5.51 ± 2.71
Polysphaeria parvifolia Rubiaceae tree 69 5.6 ± 0.57 2.75 ± 0.67
Salacia elegans Celastraceae liana 69 7.3 ± 1.87 7.14 ± 2.78
Combretum schumannii Combretaceae tree 66 18.5 ± 16.97 9.24 ± 5.74
Hymenaea verrucosa Leguminosae tree 66 33.9 ± 21.36 15.73 ± 8.50
Landolphia kirkii Apocynaceae liana 66 9.5 ± 3.79 8.21 ± 3.33
Monanthotaxis fornicata Annonaceae shrub 66 – –
Synaptolepis kirkii Thymelaeaceae shrub 64 – –
Cassipourea euryoides Rhizophoraceae tree 63 14.7 ± 8.64 8.21 ± 4.02
Asteranthe asterias Annonaceae tree 57 6.2 ± 1.60 3.09 ± 1.03
Manilkara sansibarensis Sapotaceae tree 57 18.2 ± 11.43 9.41 ± 5.06
Cola minor Malvaceae tree 56 12.8 ± 7.79 5.75 ± 3.18
Grewia plagiophylla Malvaceae tree 56 12.2 ± 5.71 5.15 ± 2.30
Pyrostria bibracteata Rubiaceae tree 56 8.6 ± 5.38 4.25 ± 2.46
Combretum illairii Combretaceae liana 54 11.1 ± 13.82 6.00 ± 5.51
Lecaniodiscus fraxinifolius Sapindaceae tree 54 20.4 ± 15.06 8.29 ± 5.15
Deinbollia borbonica Sapindaceae tree 52 6.7 ± 1.75 2.90 ± 0.66
Allophylus pervillei Sapindaceae tree 51 7.0 ± 1.92 3.36 ± 0.83
Suregada zanzibariensis Euphorbiaceae tree 51 7.0 ± 2.23 3.83 ± 1.42

Table 4. Basic structural data of the Kenyan coastal for-
est sites expressed as mean (± standard deviation) of the 
DBH and height, and number of measured trees (n).

Site DBH (mean ± sd) 
(cm)

Height (mean ± sd) 
(m)

n

Arabuko 15.3 ± 12.55 7.73 ± 4.74 2163
Bomu 25.2 ± 22.28 9.99 ± 8.07 275
Buda 16.6 ± 15.14 7.94 ± 6.28 658
Chivara 13.0 ± 9.80 7.26 ± 4.78 539
Chonyi 17.3 ± 15.91 6.79 ± 5.10 216
Diani 16.0 ± 23.26 5.49 ± 3.99 412
Dzombo 18.9 ± 20.84 7.71 ± 5.77 470
Fungo 17.0 ± 14.80 8.74 ± 5.74 208
Gandini 17.3 ± 12.02 7.39 ± 4.45 270
Gogoni 17.5 ± 16.80 7.50 ± 6.10 709
Jibana 18.6 ± 19.45 9.71 ± 7.95 972
Kambe 24.5 ± 25.37 12.29 ± 10.61 274
Kauma 13.4 ± 28.18 7.29 ± 4.67 253
Kinondo 19.5 ± 17.83 9.56 ± 6.92 468
Marenje 16.3 ± 14.18 7.81 ± 5.91 579
Mrima 15.7 ± 15.56 7.12 ± 5.72 485
Mtswaka 30.7 ± 20.71 11.76 ± 7.42 176
Muhaka 24.1 ± 20.97 10.52 ± 8.39 414
Muvya 24.8 ± 20.57 10.69 ± 8.90 110
Mwiru 24.6 ± 20.19 10.64 ± 6.79 153
Ribe 15.5 ± 17.67 7.62 ± 5.74 299
Shimba 15.6 ± 17.16 7.51 ± 6.04 1345
Teleza 17.9 ± 11.03 8.83 ± 5.03 556
Tiwi 14.3 ± 17.73 5.59 ± 3.93 464
Waa 15.8 ± 11.84 6.47 ± 4.10 410

ject within which it was developed. Possible uses by other 
interested researchers are presently limited on the bases 
of specific agreement to be discussed with the database 
administrators. After an embargo period, the data will be 
contributed to sPlot – the global vegetation plot database 
(Bruelheide et al. 2019).
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Abstract
Aims: To use unsupervised techniques to produce a hierarchical classification of grasslands on coastal headlands of 
New South Wales in eastern Australia. Methods: A dataset of 520 vegetation plots scored on cover and placed across 
grasslands on coastal headlands (ca. 2000 km of coastline). Vegetation assemblages were identified with the aid of a 
clustering method based on group averaging and tested using similarity profile analysis (SIMPROF) using Bray-Curtis 
similarity. A hierarchical schema was developed based on EcoVeg hierarchy and was circumscribed using positive and 
negative diagnostic taxa via similarity percentage analysis (SIMPER) and importance based on summed cover scores 
and frequency. Mapping the occurrences grasslands was initially constructed using remote sensing which was verified 
and modified with on ground observations. Results: One group Themeda – Pultenaea – Zoysia – Cynodon grasslands 
and heathy grasslands was defined to include all coastal headland grassland vegetation of the New South Wales, and 
within this, three alliances and ten associations. Only one of the circumscribed associations is represented within the 
current state classification schema. In total 107 ha were mapped of which 68 ha occurred within secure conservation 
tenure. Conclusions: A number of unique and rare grassland assemblages on coastal headlands have to date gone unde-
scribed. The most common alliance constitutes approximately 87% of extant grassland occurrences but is currently the 
only type listed as endangered and afforded protection. Although Poa spp. are listed as a threat to Themeda dominated 
assemblages on headlands data from this study suggest that this is unlikely to be the case. 

Taxonomic reference: PlantNET (http://plantnet/10rbgsyd.nsw.gov.au/; accessed June 2019).

Abbreviations: BC Act = Biodiversity Conservation Act; NMDS = non-metric multidimensional scaling; NSW = New 
South Wales; PCT = Plant Community Type; SIMPER = similarity percentage analysis; SIMPROF = Similarity profile 
analysis.
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Australia, EcoVeg, Grassland, Headlands, New South Wales

Introduction
Natural temperate grasslands cover 7% of continental 
landmasses with approximately 4% within protected 
areas (Henwood 2010). In the Australian context and 
in particular in NSW temperate grasslands are a highly 
threatened and restricted vegetation type of which less 
than 3% remains in good condition with patches often 

under 10  ha in size (Baines and Dunford 2008; Hunt-
er and Hunter 2016). Grasslands are some of the best 
studied vegetation types within Australia (Williams et 
al. 2015). Even so little is known about the dynamics of 
most species and well-known species are likely to have 
more nuanced responses to disturbance and competi-
tion that currently is portrayed (Moore et al. 2019; Price 
et al. 2019).
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(CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
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Potentially the most restricted grassland type within 
Australia are those found on coastal headlands and sea 
cliffs. These closed tussock and sod tussock grasslands 
have been recognised as unique by a number of authors 
(Beadle 1981; Kirkpatrick 1981; Opie et al. 1984; Myer-
scough and Carolin 1986; Adam et al. 1990; Griffith et al. 
2003; Keith 2004; Tozer et al. 2010; Hunter and Hunter 
2017a). Generally, such grasslands occur on more nu-
trient rich soils with a higher proportion of clay con-
tent than comparable areas containing heaths in simi-
lar landscape positions (Kirkpatrick 1977; Beadle 1981; 
Adam et al. 1990).

Grasslands on headlands are thought by some authors 
to be a dis-climax community created by Aboriginal burn-
ing which were subsequently then kept open by European 
management (Morris et al. 1990). Others, however, have 
argued that the grasslands are natural and a product of 
nutrient rich soils, exposure and salt spray (Beadle 1981; 
Adam et al. 1990). Furthermore, the often-protected na-
ture of headlands, steepness of slopes, prevailing onshore 
winds during summer months and salt spray are likely 
to retard fire spread suggesting areas of grassland would 
have occurred and persisted even without fire (Adam et al. 
1990). The presence of long-lived obligate seeding pros-
trate shrubs endemic to these grasslands suggest that the 
community is not a dis-climax created by regular burning 
(Hunter and Hunter 2017b; Hunter 2018).

The most comprehensive survey and analysis of the 
vegetation of coastal headlands in south eastern Austral-
ia was conducted by Adam et al. (1990) who surveyed 
613 plots (1×1, 2×2 or 4×4 m plots along transects). This 
survey was restricted to the southern half of the New 
South Wales (NSW) coastline and sampled all vegetation 
assemblages including rushlands and heaths. The sub-
sequent analyses derived one purely grassland and two 
broadly ‘grassland’ like assemblages, one circumscribed 
by Themeda triandra (syn. T. australis), one by Lomandra 
longifolia and the other by Ficinia nodosa (syn. Isolepis 
nodosa) and the introduced grass Stenotaphrum secun-
dum. The description of the Themeda triandra commu-
nity by Adam et al. (1990) was used as a basis for the 
listing of the endangered ecological community Them-
eda grassland on sea cliffs and coastal headlands in the 
NSW North Coast, Sydney Basin and South East Corner 
Bioregions on the NSW Biodiversity Conservation Act 
2016 (https://www.environment.nsw.gov.au/). The veg-
etation types of Adam et al. (1990) were considered to 
be provisional and were not given an official designation 
but are likely fall within the level of alliance or above. A 
subsequent floristic analysis was performed on 117 (2×2 
m) plots placed only within grasslands on headlands in 
the northern half of the NSW coastline by Hunter and 
Hunter (2017b). This additional analysis described three 
Themeda triandra dominated assemblages and an addi-
tional four others. As Adam et al. (1990) and Hunter and 
Hunter (2017b) were describing northern and southern 
parts of the NSW coast some overlap between types oc-
curs but geographical and thematic differences make 

direct comparison less clear. A further analysis of 352 
(2×2 m) plots sampling only grassland on headlands was 
performed by Hunter (2018). These later analyses high-
lighted a number of factors that influenced composition 
and dominance such as distance from seaward edge, al-
titude, wind shear, grazing, fire and direct and indirect 
facilitation by adjacent taller shrubs (Hunter and Hunter 
2017a, b, 2019; Hunter 2018).

A number of threats have been listed as potentially 
affecting the survival of these unique vegetation types 
which include; weed invasion, too frequent or infre-
quent fires, invasion from native shrubs, mowing, tram-
pling, lack of tenure security, overgrazing by abundant 
macropods, competition from native Poa (particularly 
Poa poiformis), coastal development and pasture im-
provement. Many of these threats are still current in 
urban and semi-urban localities (e.g. weed invasion, 
trampling, coastal development, pasture improvement), 
however, others have been shown to be non-critical 
threats and even important to the diversity and persis-
tence of these systems. For example, tall shrub occur-
rence and grazing by abundant macropods have been 
positively implicated for the maintenance and per-
sistence of biodiversity (Hunter and Hunter 2017a, b, 
2019) and low frequency fire may also not be a critical 
threat (Hunter and Hunter 2017b, Hunter 2018).

Thus far no fully comprehensive investigation across 
the entire range of these unique, and in part legally pro-
tected endangered grasslands, has occurred within NSW 
(Adam et al. 1990; Hunter and Hunter 2017a). Manage-
ment decisions are currently being made without full 
comprehension of their full floristic components, dis-
tribution and natural variation across their range. It is 
essential, especially for communities considered threat-
ened, that a fundamental understanding of their distri-
bution, rarity and floristic interrelationships with co-oc-
curring types be gained (Franklin et al. 2016; Jensen et 
al. 2016). Even within areas considered relatively well 
surveyed, many highly restricted systems are likely to be 
poorly sampled and incompletely treated within current 
classifications, leading to misunderstandings of their 
placement, function, importance and rarity (Hunter and 
Lechner 2017; Hunter and Hunter 2017a). Even though 
these grasslands occur in the most highly populated ju-
risdictions in Australia they have up until recently been 
very poorly sampled. Currently the NSW Plant Com-
munity Type (PCT) classification schema describes four 
coastal headland grasslands all collectively described as 
Themeda australis Sod Tussock Grasslands within the hi-
erarchy of Maritime Grasslands (Class) and Temperate 
Grasslands (Formation) (https://www.environment.nsw.
gov.au/). The designations of Class and Formation have 
been developed in isolation from that of association and 
no divisions occur between Class and Association thus 
the links between these hierarchical levels is not fully re-
solved (Gellie et al. 2017).

Within this investigation an attempt is made to pro-
vide a more comprehensive plot-based assessment of the 
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floristic relationships between grass dominated com-
munities on coastal headlands along the entire NSW 
coastline. Hierarchical classification systems facilitate 
integrated understanding of relationships between veg-
etation assemblages and also allow conceptualisations 
at different ranks to match scales at which management 
and investigations may be applied, from local to global 
(Gellie et al. 2017; De Cáceres et al. 2018; Faber-Langen-
doen et al. 2018). Here I provide a hierarchical classifica-
tion based on unsupervised analysis of plot data produc-
ing a consistent classification section (CCS) for a unified 
vegetation type (De Cáceres et al. 2015). Mapping of nat-
ural remnants is also undertaken using on ground and 
remote sensing techniques in order to better understand 
the distribution, area of occupancy and reservation sta-
tus of these grasslands.

Methods
Study region

The study region encompasses the NSW coastal head-
lands and sea cliffs (ca. 2,000 km of coastline; Figure 1) in 
eastern Australia. Headlands occur as isolated island like 
rocky protrusions separated by long distances of beach-
es and dunal landscapes (Figure 2). Field investigations 
were carried out from northern and eastern Tasmania 
to south eastern Queensland. Although headlands also 
occur within south eastern Queensland, eastern Victoria 
and north and eastern Tasmania no sampling was un-
dertaken in these areas due to the comparative paucity 
of grassland assemblages. Though largely rainfall is asea-
sonal the region has slightly higher rainfall in summer in 
the northern locations becoming more winter dominant 
in the southern parts of the study area. Rainfall varies 
from 816 to 1711 mm per year with average annual tem-
peratures from 14 to 21°C. Winds tend to be offshore 
during winter months and onshore during summer 
(Adam et al. 1990).

Field sampling

Survey plots of a 2 × 2 m dimension were placed random-
ly within vegetation in which Poaceae taxa was visually 
assessed to cover a minimum of 50% of the patch to be 
surveyed. Where possible a minimum of three plots were 
placed in a random stratified way (to ensure coverage of 
aspect and distance from seaward edge) on each headland 
with a minimum distance of 10 m between plots. Larger 
headlands with larger grass dominated patches received 
more plots. All plots were surveyed by the author. The 
survey was conducted over a period of four years from 
2015–2019 during Spring to Summer (November and 
February) of each year. Most accessible headlands were 
visited at least once. Species nomenclature follows that of 
PlantNET (http://plantnet.rbgsyd.nsw.gov.au/; accessed 
January 2019). Vascular plant taxa were scored using 
overlapping percent cover and frequency. Frequency was 
determined by dividing the plot into 16 subplots (50 cm 
× 50 cm) where the rooted presence and absence of each 
species was scored in each subplot. The majority of plot 
data has been submitted for hosting in version 3 of sPlot 
(https://www.idiv.de/?id=176&L=0) (Bruelheide et al. 
2019) and is listed on GIVD as AU-AU-003 (https://www.
givd.info/databases.xhtml).

Mapping

Imagery including ADS40 (Coffs Harbour 2009 – 50 cm 
resolution) and World Imagery (WGS84 1 m resolution 
supplied by ESRI) was used within ArcGIS 10.6 (ESRI 
Inc) to map potential grasslands on headlands on the 
mainland and nearby off shore islands. The majority of 
accessible headlands were visited between 2015 and 2019 
and mapping re-adjusted based on on-ground observa-
tions of extent. In some cases, exact boundaries of grass-
lands were mapped with a hand held GPS. Mapping was 
conducted over all land tenures but restricted to within 
the NSW jurisdiction. Mapping was conducted for the 
purpose of understanding how much grassland in total 
occurs within protected lands. Based on the resolution of 
the imagery available it is not possible to map to individ-
ual community type.

Statistical analysis

Primer E (ver. 7.0.11; Quest Research Limited; Ivybridge, 
Devon, UK) was used for data exploration, whereby an in-
itial triangular resemblance matrix using Bray-Curtis sim-
ilarity co-efficient was created after dispersion weighting 
and square root transformation. Clustering was achieved 
through group averaging and the similarity profile tested 
using similarity profile analysis (SIMPROF) permutation 
tests (9999 iterations). SIMPROF tests the statistical signif-
icance of every node within a dendrogram starting from 
the top and (all points within a single group) and high-

Figure 1. Location of 520 plots placed on coastal head-
lands in New South Wales, Australia.
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Figure 2. Bare Bluff, an example of the island like headlands and grassland sampling plot locations from the North 
Coast Bioregion of NSW.

lighting only those groups which show within group mul-
tivariate structure. The EcoVeg (Faber-Langendoen et al. 
2014) approach was used to define hierarchical levels and 
guide nomenclature. The type and density of data available 
allowed for the circumscription of vegetation types from 
medial Group down to alliance and associations.

Similarity percentage analysis (SIMPER) identifies the 
species driving differences between selected types. SIM-
PER uses the Bray-Curtis similarity measure (Primer E 
ver. 7.0.11; Quest Research Limited; Ivybridge, Devon, 
UK) to identify positively and negatively diagnostic taxa 
across vegetation types. Taxa with combined high fideli-
ty and cover were also identified and listed for diagnostic 
purposes and type delineation. Attempts to place current 
eastern Australian state based noncultural units was de-
rived by comparing diagnostic and non-diagnostic taxa 
from SIMPER results. The results of the analyses were used 
to define mid to lower level classification levels (Macro-
group, Group and Alliance) based on EcoVeg terminology. 
It should be noted that although EcoVeg uses the alliance 
and association as does the Braun-Blanquet approach, the 
nomenclatural and procedural roles are distinct.

Results
A total of 520 plots were placed with approximately across 
90 headlands. 326 vascular plant taxa from within 75 

families were found within plots. An average of 15 and a 
maximum of 27 taxa were recorded per plot. The current 
survey is the first to encompass the entirety of the NSW 
coastline and also the first unified hierarchical classifica-
tion for this vegetation type. Association was defined at 
a Bray-Curtis similarity of 23% (Figure 3). Splicing the 
dendrogram at 23% similarity allowed all associations to 
be delineated at a level which shows statistical evidence of 
multivariate structure and enabled the circumscription of 
ten associations within three alliances (Figures 4–6) and a 
single group (Table 1). The Alliances separate assemblages 
found in areas with a higher water table, with Alliances 
2 and 3 largely separating northern and southern floris-
tic elements with the dominant grasses in general pos-
sessing different photosynthetic pathways (Table 1). All 
described vegetation units would be included within the 
defined Class – Maritime Grasslands. Three associations 
appear to have no equivalent in any published resources 
(Tables 2, 3). The other seven associations have broadly or 
more directly synonymous types described from disparate 
literature sources (Table 2). Association 3.5 constitutes 
the most widely distributed vegetation type found along 
much of the NSW coastline and is the type most com-
monly described within previous analyses and literature 
(Tables 1–3).

A total of 604 ‘grassland’ mapping polygons were cre-
ated constituting 107 ha of which 72 ha were within the 
National Reserve system or other forms of registered con-
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Figure 3. SIMPROF cluster analysis of the full dataset from grasslands of coastal headlands NSW in south eastern 
Australia showing association level recognition.

Figure 4. Alliance 1 Hemarthria uncinata – Pteridium esculentum NSW North Coast Bioregion Sod Tussock Grass-
lands (Broughton Island National Park).
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Figure 5. Alliance 2 Cynodon dactylon – Microlaena stipoides North Coast and South East Coast Bioregion Grassy 
Shrublands & Grasslands (Eurobodalla National Park).

Table 2. Comparison with existing classifications within eastern Australia. Plant Community Types (PCT), class and for-
mation are part of the current New South Wales vegetation classification schema; Regional Ecosystems comprise the 
Queensland equivalent of associations.

Hierarchy Previous published classification units
Group: Contained within Class - Maritime Grasslands (Keith 2004).
Scientific Name: Themeda – Pultenaea – Zoysia - Cynodon 
grasslands & heathy grasslands
Colloquial: Grasslands of South East Australian Coastal 
Headlands
Association 1–1: Not previously circumscribed.
Hemarthria uncinata – Pteridium esculentum Sod Tussock 
Grasslands
Association 2–1: Not previously circumscribed.
Scientific Name: Cynodon dactylon – Viola banksii Grassland
Association 2–2: Contained within 3: Isolepis nodosa – Stenotaphrum subsecundum Community (Adam et al. 

1990).Scientific Name: Zoysia macrantha – Ficinia nodosa Grassy 
Shrublands and Grassland
Association 2–3: Contained within Poa poiformis Alliance (Beadle 1981); 3: Isolepis nodosa – Stenotaphrum 

subsecundum Community (Adam et al. 1990).Scientific Name: – Poa poiformis - Microlaena stipoides 
Grassland
Association 3–1: In part Assemblage 5: Cynodon dactylon – Viola banksii – Zoysia macrantha and 6: Viola 

banksii – Schoenus apogon – Zoysia macrantha (Hunter and Hunter 2017a).Scientific Name: Cynodon dactylon – Viola banksii – 
Micromyrtus ciliata Shrubby Grassland & Grassland
Association 3–2: Not previously circumscribed.
Scientific Name: Zoysia macrantha – Aotus ericoides 
Grassland
Association 3–3: Equivalent to Assemblage 4: Zoysia macrantha – Melanthera biflora – Viola banksii (Hunter 

and Hunter 2017a).Scientific Name: Zoysia macrantha – Themeda triandra 
Shrubby Grassland & Sod Tussock Grassland
Association 3–4: Equivalent to 5.1.5 Themeda australis on Headlands Alliance (Beadle 1981); Possibly 

contained within 5: Monotoca elliptica – Banksia integrifolia Community (Adam et al. 1990). Scientific Name: Themeda triandra – Microlaena stipoides 
Shrubby Grassland & Sod Tussock Grassland
Association 3–5: Equivalent to 5.1.5 Themeda australis on Headlands Alliance (Beadle 1981); Headland Thicket 

(Myerscough and Carolin 1986); 2: Themeda australis Community and in part 7: Westringia 
fruticosa Community (Adam et al. 1990); Community No. 14: Themeda australis Sod 

Grassland (Griffith et al. 2003); PCT 897 & 898: Kangaroo Grass Sod Tussock Grassland 
of Coastal areas of the Sydney Basin, PCT 1272: Themeda australis Sod Tussock Grassland 

of the NSW North Coast Bioregion, PCT 1513: Kangaroo Grass Sod Tussock Grassland 
of Coastal Areas of the North Coast (Benson 2006); GL: Headland Grassland of South 
East NSW (Tozer et al. 2010); Assemblage 1–3: 1 Themeda triandra – Polymeria calycina 

– Pultenaea maritima, 2 Themeda triandra – Viola banksii – Cynodon dactylon, 3 Themeda 
triandra – Viola banksii – Cynodon dactylon (Hunter and Hunter 2017). 

Scientific Name: Themeda triandra – Pultenaea maritima 
Prostrate Heathy Grassland & Sod Tussock Grassland

Association 3–6: Equivalent to 5.1.5 Themeda australis on Headlands Alliance (Beadle 1981); Assemblage 1–3: 
1 Themeda triandra – Polymeria calycina – Pultenaea maritima (Hunter and Hunter 2017).Scientific Name: Themeda triandra – Zieria prostrata 

Prostrate Heathy Grassland, Shrubby Grassland & Sod 
Tussock Grassland
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Figure 6. Alliance 3 Themeda – Hibbertia – Pultenaea South East Qld to South East Coast Bioregions Shrubby Grass-
land, Prostrate Heathy Grasslands & Sod Tussock Grasslands (Moonee Beach Nature Reserve).

Table 3. Comparison of species density and general environmental data and average percent cover synoptic table of 
Grasslands of South East Australian Coastal Headlands. 1–1 Hemarthria uncinata – Pteridium esculentum, 2–1 Cynodon 
dactylon – Viola banksii, 2–2 Zoysia macrantha – Ficinia nodosa, 2–3 Poa poiformis – Microlaena stipoides, 3–1 Cynodon 
dactylon – Viola banksii – Micromyrtus ciliata, 3–2 Zoysia macrantha – Aotus ericoides, 3–3 Zoysia macrantha – Themeda 
triandra, 3–4 Themeda triandra – Microlaena stipoides, 3–5 Themeda triandra – Pultenaea maritima, 3–6 Themeda tri-
andra – Zieria prostrata. Climatic data was derived from ANUCLIM 6.1.1 (Xu and Hutchinson 2011) modelled using the 
variables easting, northing and altitude.

Association 1–1 2–1 2–2 2–3 3–1 3–2 3–3 3–4 3–5 3–6
Number of plots 2 2 2 8 7 7 3 15 463 12
Species density (4 m2) 5–6 (6) 5–17 (12) 11–11 (11) 13–21 (16) 4–20 (13) 9–12 (11) 4–19 (13) 13–19 (16) 2–27 (11) 13–25 (18)
Average sward height 55 11 34 24 30 30 17 40 23 15
Mean Annual 
Temperature (oC)

18.1 20.8–21.2 14.4 17.5–19.3 19.1–20.6 21.1–21.4 17.9–21.4 18.4–18.9 17.8–22.1 20.4–21.7

Annual Precipitation (mm) 1488–1490 1583–1711 862–863 817–1074 1179–1671 1390–1646 988–1711 891–978 941–1875 1559–1730
Association 1–1
Hemarthria uncinata 100 0 0 0 0 0 0.5 0 0 0
Pteridium esculentum 29 0 0 0 0 0 0.2 0 0.1 0
Imperata cylindrica 16 0 0 0.1 0 14.3 0.5 0 0.9 0
Association 2–1
Cynodon dactylon 0 85 0 15.4 29.1 0 0 15 2.3 4
Viola banksii 0 30 0 0.8 7.9 0 6 1.5 3.4 8.2
Schoenus nitens 0 12.5 0 0 0 0 0 0 0.3 0
Bothriochloa decipiens 0 7.5 0 0 0 0 0 0 0 0
Association 2–2
Westringia fruticosa 0 0 35 0 0 0 0 1 0.5 0
Zieria cytisoides 0 0 15 0 0 0 0 0 0 0
Paspalum dilatatum 0 0 8.5 0.1 0 0 0.1 1 0.2 0.8
Association 2–3
Microlaena stipoides 0 0 0 40.9 0 0 0.5 25 0.1 1.8
Poa poiformis 0 0 0 31 0 0 4.9 0 0.4 0
Eragrostis leptostachya 0 0 0 20.6 0 0 0.1 0.5 0 0
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Association 1–1 2–1 2–2 2–3 3–1 3–2 3–3 3–4 3–5 3–6
Association 3–1
Stenotaphrum 
secundatum

0 0 5 0.8 71.7 0 0.1 0 0.4 0

Hydrocotyle hirta 0.5 1.5 0 0 7.9 0 0.1 0 1 0.2
Micromyrtus ciliata 0 0 0 0 7.1 0 0 0 0 0
Association 3–2
Zoysia macrantha 0 4 25 0 0 86.7 56.3 0 4.6 7.3
Aotus ericoides 0 0 0 0 0 50 0 0 0.3 0
Centella asiatica 0 0 0 0 0 4.7 0 0 0.1 0
Dianella congesta 0 0 0 0.1 0 4 0 0.5 0.3 0
Actinotus helianthi 0 0 0 0 0 4 0 0 0.3 0
Association 3–3
Wollastonia uniflora 0 0 0 0 0 0 15 0 0.1 0
Plectranthus cremnus 0 0 0 0 0 0 8 0 0 0
Podolobium scandens 0 0 0 0 0 0 4.5 0 0.6 1.6
Lomandra longifolia 0 0.5 0 0.5 0 0 4.3 0 0.9 0
Senecio spathulatus 0 0 0 0 0 0 3.6 0 0.4 0
Association 3–4
Commelina cyanea 0 0 0 0.3 0.4 3.3 0 25 0.3 0
Sporobolus fertilis 0 0 0 0 0 0 0 25 0 0
Plantago lanceolata 0 0 0.5 0.1 0 0 0 2 0 0.1
Bulbine bulbosa 0 0 0 0 0 0 0 2 0 0
Goodenia bellidifolia 0 0 0 0 0 0 0 2 0 0
Melaleuca armillaris 0 0 0 0 0 0 0 2 0 0
Association 3–5
Themeda triandra 0 1.5 0.5 0 0.6 8.3 22.8 29 88.5 29.1
Pultenaea maritima 0 0 0 0 0 0 0.7 0 7.9 4.8
Hibbertia vestita 0 0.5 0 0 1 0 7.9 0 7.8 16.6
Lobelia anceps 0 3 2 2.5 0 0 0.5 0 1.3 0.4
Association 3–6
Zieria prostrata 0 0 0 0 0 0 4.8 0 1.4 26
Acacia sophorae 0 0 0 0.3 0 0 0 0 0.2 8.8
Banksia integrifolia 0 0 0 0.1 0 0 0.1 0 0.1 8.3
Polymeria calycina 0 1 0 0 3.7 1.3 2.1 0 6 7.8
Hypochaeris radicata 0 2.5 2.5 1.5 0.1 0 1.6 0 0.5 5.2
Pimelea linifolia 0 2 0 0 0.1 2.7 3.5 0 2.5 4.8
Schoenus apogon 0 3 0 0.1 0 0 1.3 2 1 4.4
Gonocarpus humilis 0 0 0 0 0 0 0.5 0 1.3 3.8
Entolasia stricta 0 0 0 1.5 0 0 1.1 0 0.9 3.5
Dichondra repens 0 0 0 1.5 1.6 0 1.1 1.5 0.8 2.8
Leptospermum liversidgei 0 0 0 0 0 0 0 0 0 2.5
Goodenia rotundifolia 0 0 0 0 0 0 0.1 0 1.3 2.4
Lomandra multiflora 0 0 0 0 0 0 0.3 0 0.1 2.4
Baumea juncea 0 0 0 0 0 2 0 0 0.1 2.1
Viola betonicifolia 0 0 0 0.3 0 0 0 0 0.1 2.1

servation tenure. Ninety-three (87%) mapped hectares 
(68 ha within reserves) was found to conform to the listed 
endangered ecological community based on plot data and 
on-ground assessment. Inclusion within the endangered 
community was easily assessed as the main criterion is a 
dominance of Themeda triandra. Only 24 mapped stands 
were over one hectare in size with the largest being 5.3 ha.

Discussion
Previously, no comprehensive vegetation survey and clas-
sification has been attempted on coastal grassland veg-
etation on coastal headlands along their whole range of 
occurrence in NSW. This study has derived ten distinct 
associations. At least three of the assemblages have no 
synonymous descriptions one of these is considered to 

be at the group level within this analysis (Table 2). A fur-
ther three assemblages were only recently circumscribed 
during an earlier analysis of a subset of this same dataset 
(Hunter and Hunter 2017b). Although four Plant Com-
munity Types (PCT) are currently recognised on coastal 
headlands within the NSW classification system, all of 
these types would fall within a single association in the 
analysis presented here (Association 3.5; Table 2). Thus, 
currently only one of the associations described here is 
included within the state-based classification schema. 
Association 3.5 Themeda triandra – Pultenaea maritima 
Prostrate Heathy Grassland and Sod Tussock Grassland 
is the most widespread, has been described by numerous 
authors (Table 2) and constitutes what is circumscribed 
by the endangered community listing. The other nine as-
sociations herewith are more restricted and rarer but have 
no protection under current legislation (Table 1).
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The ten associations were found to fall within three dis-
tinct alliances. Alliance 1 was only found as isolated exam-
ples where the water table was found close to the surface 
and was found to have no shrubby elements distinguish-
ing it from the other two alliances. Alliance 2 and 3 
though they overlap in distribution likely due to exposure 
and local site conditions largely represent northern and 
southern floristic elements. Within Alliance 2 the domi-
nant grasses were largely of the C3 photosynthetic pathway 
(Table 1). The diversity of shrubs was lower within Alli-
ance 2 with Micromyrtus ciliata being the most common 
associated low shrub (Table 1). Alliance 3 in contrast is 
largely dominated by C4 grasses and a high diversity of as-
sociated prostrate or low growing shrubs.

Collectively these grasslands on headlands are highly 
restricted with the extant distribution being approximate-
ly 107 ha along more than 2,000 km of coastline. Though 
they are restricted they appear to be well reserved with at 
least 64% (73% of the listed endangered Themeda type) of 
the known area of occurrence falling with public reserves. 
Although these grasslands are highly disjunct and small in 
area, they are better reserved than almost any other veg-
etation type within NSW. Despite previous suggestions, 
lack of tenure security is likely not a threat for the Theme-
da dominated grasslands.

Currently invasion and competition by native Poa 
spp., in particular Poa poiformis, is listed as threat to the 
more common Themeda triandra dominated assemblag-
es. Management actions have been enacted to counteract 
the threat of Poa invasion. Poa spp. were rare on coast-
al headlands and Poa poiformis was only sampled in 26 
plots (0.05%) and only dominated four and is described 
here within its own association Poa poiformis – Microlae-
na stipoides Grassland which is highly restricted in south-
ern NSW. Observations made during this survey would 
suggest that Poa spp. are not a threat to Themeda trian-
dra assemblages. In context Poa poiformis assemblages 
are significantly rarer and more threatened in NSW and 
have a general distribution along the cooler and more 
temperate southern coasts of Australia. Themeda trian-
dra is more common and dominant in northern locales. 
Themeda triandra has a C4 and Poa poiformis a C3 photo-
synthetic pathway and it is suggested that Themeda trian-

dra is naturally less dominant in southern locations with 
Poa poiformis becoming more naturally abundant further 
south. Southern NSW is the expected location for floris-
tic turnover between Poa poiformis and Themeda triandra 
dominated assemblages which has been misinterpret-
ed as invasion. It is suggested here that Poa poiformis is 
therefore not a threat to the endangered listed Themeda 
triandra-dominated assemblages and is more likely a rare 
occurrence that warrants protection within NSW rather 
than eradication from headlands within the state.

Conclusion
This comprehensive analysis of the full distribution of 
grassland occurrences on headlands within NSW has 
highlighted significant gaps in our knowledge. Three as-
sociations have not previously been described but more 
importantly nine associations have no corresponding type 
within the NSW state-wide classification. All of these nine 
previously uncharacterised types are much more restrict-
ed and threatened than the more common Themeda trian-
dra-dominated association and remain unprotected. This 
fuller survey has also allowed a better interpretation of flo-
ristic distribution and dominance and cast doubt on Poa 
spp. invasion as a listed threatening process. Even areas 
considered to be generally well surveyed may have under-
valued and under protected vegetation types.

Data availability
Data is contained within Version 3 of sPlot (https://www.
idiv.de/?id=176&L=0) (Bruelheide et al. 2019) and is list-
ed on GIVD as AU-AU-003 (https://www.givd.info/data-
bases.xhtml).
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Abstract
Aims: Vegetation classifications are useful for a variety of management purposes as well as scientific exploration. Local 
classifications are common throughout the United States but only recently have been integrated into a national classifi-
cation system, which is now expected for local classifications. Study Area: The Pawnee National Grasslands (PNG) in 
northeastern Colorado, USA, has not been classified using plot data, and is thus a gap on the baseline knowledge of the 
PNG plant communities that hinders impact assessment of various anthropogenic activities. Methods: Here, we use 128 
plots to classify the vegetation of the PNG using a two-step process: first, classifying the PNG plots alone to characterize 
local uniqueness, and then employing a semi-supervised classification with an additional 64 plots from areas to the 
north and east of the PNG, using standard classification procedures. Results: We document on the PNG the occurrence 
of two Classes, three Subclasses, four Formations, five Divisions, six Macrogroups, seven Groups and eight Alliances and 
Associations already described in the USNVC. Conclusions: The PNG is dominated by the Bouteloua gracilis-Buchloe 
dactyloides Grassland Association, which we further subdivide and describe as three local subassociations. The mixed-
grass concepts in the USNVC do not exist in the PNG.

Taxonomic reference: Hazlett (1998).

Syntaxonomic reference: USNVC (2016).

Abbreviations: BLM = Bureau of Land Management; CPER = Central Plains Experimental Range; ESA = Ecological 
Society of America; EST = Ecological Site Type; GPS UTM = Global Positioning System Universal Transverse Merca-
tor; NEON = National Ecological Observatory Network; PNG = Pawnee National Grasslands; USNVC = United States 
Vegetation Classification.

Keywords
Colorado, Pawnee, semi-supervised classification, shortgrass, steppe, USNVC, vegetation

Introduction

Classification of vegetation provides a common language 
to compare communities among regions, an inventory 
to assess change, and a baseline for land stewardship 
decisions (ESA Panel 2015). Vegetation classifications 

are useful for: (1) documenting complex vegetation 
patterns, (2) developing hypotheses about processes 
shaping such patterns, (3) mapping vegetation and 
related ecosystem properties, (4) surveying, monitoring 
and reporting plant and animal communities, and (5) 
developing management and conservation strategies 
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(De Cáceres et al. 2015). While several initial efforts 
toward mapping and vegetation data collection are 
available for the Pawnee National Grasslands, there is no 
plot-based classification, despite the area including the 
Central Range Experiment Station of the United States 
Agricultural Research Service and a National Ecological 
Observatory Network (NEON) site. Here we present a 
plot-based classification that follows recent standards of 
the United States (Jennings et al. 2009; Faber-Langendoen 
et al. 2014) as well as international standards (De Cáceres 
and Wiser 2012; De Cáceres et al. 2015).

Baker (1984) provided a preliminary list of the natural 
vegetation communities for the entire state of Colorado, 
but gave no descriptions of the communities themselves. 
Johnson (1987) described 13 potential natural associa-
tions (in this case, cover types) based on previous litera-
ture. Hazlett (1998) described habitats based on vegetation 
occurrences integrated with site abiotic characteristics, 
but did not use plot data and thus performed no analyses. 
With the multiple uses of the PNG, from grazing to mis-
sile silos to the recent oil and natural gas boom, a consist-
ent and standards-conforming classification of vegetation 
communities is needed for land stewardship decisions. 
The Colorado Vegetation Classification Project, an effort 
of the Bureau of Land Management (BLM) and the Col-
orado Department of Wildlife (http://www.arcgis.com/
home/item.html?id=893739745fcd4e05af8168b7448c-
da0c), produced a classification using 1993–1997 Land-
sat Thematic Mapper imagery that was processed using 
an unsupervised classification procedure. Field-gathered 
GPS data were used to label and group the final classes. 
Based on that classification on broad-based life forms, 
the PNG lies in the Herbaceous Riparian (only one sub-
class, Sedge) or Grass/Forb Rangeland, including several 
subclasses pertinent to the PNG: Grass Dominated Her-
baceous Rangeland, Forb Dominated Herbaceous Range-
land, Grass/Forb Mix Herbaceous Rangeland, Tall-grass 
Prairie, Mid-grass Prairie, Short-grass Prairie, Disturbed 
Rangeland and Sparse Grass/Blowouts. These are general 
names for large-scale vegetation communities and, thus, 
are likely not specific enough for local land stewards.

The Vegetation Subcommittee of the Federal Geographic 
Data Committee has developed a standard for vegetation 
classification in the United States (FGDC 2008), as well as de-
scriptions of the approach (Jennings et al. 2009; Faber-Lan-
gendoen et al. 2009; Franklin et al. 2012; Faber-Langendoen 
et al. 2014), and the resulting United States National Vege-
tation Classification (USNVC) was released in February of 
2016 (http://usnvc.org/website-launch/). The USNVC has 
already been successfully used to develop state-and-tran-
sition models of landscape change (Kudray and Cooper 
2005) by standardizing the definition of states, develop 
habitat suitability maps and high-quality vegetation maps 
essential for biodiversity stewardship and research (Evens 
and Keeler-Wolf 2014), and improve the sharing of vegeta-
tion information among agencies for intra- and interagency 
management, such as mapping of vegetation and fuels in 
the LandFire program (https://my.usgs.gov/eerma/data/in-
dex/4f4e486ee4b07f02db50bea7). 

Classification systems around the world are being 
developed and used for such purposes (Bruelheide and 
Chytrý 2000; Rodwell 2006), but small-scale, uncon-
nected classifications within and among countries, and 
in the United States, within and among governmental 
units, have been the bane of developing regional classi-
fications and the identification of community concepts 
over the range of their occurrence. Such is the problem 
in many areas of the United States and a standardized 
effort is needed to both corroborate USNVC concept 
descriptions and fill in the holes of the USNVC. Peet 
and Roberts (2013) define nine primary components of 
vegetation classification: 1) project planning, 2) data ac-
quisition, 3) data preparation, 4) community entitation, 
5) cluster assessment, 6) community characterization, 
7) community determination, 8) classification integra-
tion, and 9) classification documentation. The advent of 
the USNVC has changed how researchers in the US ap-
proach these components; specifically, regarding classifi-
cation integration recognizing that integration may also 
affect the iterative process of entitation and assessment. 
Because the USNVC concept descriptions are meant 
to cover the range of characteristics of a community 
concept, while collected data are potentially from a re-
stricted area such as a park (as is the case in this study), 
documenting variations on that concept that are specific 
to the location may be beneficial to local stewards. How-
ever, that does not suggest the community concept itself 
be changed, as currently accepted concepts should only 
be modified after careful reflection (Jennings et al 2009; 
Peet and Roberts 2013).

An important element of any classification is the het-
erogeneity of the landscape, such that many different 
vegetation types may be found in a small geographic 
area. Further, one of the main uses of such classifications 
is mapping that provides information to stakeholders to 
make stewardship decisions (ESA Panel 2015), and this 
mapping level tends to be at the Macrogroup scale of 
the USNVC (combinations of moderate sets of diagnos-
tic plant species and diagnostic growth forms that reflect 
biogeographic differences; FGDC 2008). While we fully 
expect the Great Plains Shortgrass Prairie to dominate 
the PNG landscape, we also expect to find more arid (e.g., 
Arid West Interior Freshwater Marsh) and more mesic 
types (e.g., Great Plains Flooded Forest).

The objective of this research was to develop a plot-
based vegetation classification of the natural and semi-nat-
ural vegetation communities in the Pawnee National 
Grasslands in accordance with the USNVC. We followed 
standard procedures for data acquisition, used a variety of 
multivariate analyses for community entitation and deter-
mination, and integrated our community concepts with 
those of the USNVC, following the standards of Peet and 
Roberts (2013) and De Cáceres et al. (2015). We predicted 
that vegetation would be strongly affected by topography, 
especially slope positions that affect moisture levels, and 
that repeating patterns of vegetation communities would 
be found throughout the PNG landscape (i.e., community 
concepts would be recognizable).
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Study area
The Pawnee National Grasslands (PNG), administered 
by the USDA Forest Service, covers 79,876 ha in Weld 
County, Colorado, between 40°36’ and 41°00’ N latitude 
and between 103°34’ and 104°48’ W longitude (Figure 1). 
The grasslands are a mosaic pattern of private and public 
lands; both are used for grazing, oil and gas extraction, and 
house below-ground nuclear missiles. Included within the 
PNG are the Central Plains Experimental Range (CPER; 
6057 ha), a research area administered by the Agricultural 
Research Service (now also part of the National Ecological 
Observation Network, NEON) and the Shortgrass Steppe 
Long-term Ecological Research site (now maintained by 
Colorado State University).

Climate is continental, but large air masses from mari-
time areas may move across the area. Crabb (1981) report-
ed an average air temperature of -2°C during the winter 
with an average daily minimum temperature of -10°C; 
during summer months, average air temperature is 21°C 
with an average daily maximum temperature of 31°C.

The Pawnee National Grasslands also lie in the 
rainshadow of the Rocky Mountains to the west. Mean 
annual precipitation for the study area is 305–380 mm; 
average annual snowfall is 102 mm (Crabb 1981). Wind-

driven snow often accumulates on leeward sides of hills 
(typically southeastern sides), around shrubs, and near 
roads; meltdown, especially in rocky or sandy soil, results 
in water penetration to greater depths at these locations 
(Hazlett 1998). The PNG lies within Kuchler’s (1964) 
Shortgrass Steppe, dominated by C4 grasses, and two of his 
four potential natural vegetation types may occur on the 
PNG: the overwhelmingly dominant Bouteloua-Buchloe 
Type and the Artemisia-Schizachyrium Type on deep sandy 
soils. The Shortgrass Steppe is typically dominated by 
graminoids (> 60%) with less than 20% cover of succulents, 
dwarf shrubs, and herbaceous dicots (Laurenroth 2008). 
Classifications of portions of the PNG, e.g. the Central 
Plains Experimental Range, suggest only a handful of 
vegetation community types (Moir and Trlica 1976). 
The PNG falls in the Loamy Plains (Atriplex canescens/
Bouteloua gracilis-Pascopyrum smithii) Ecological Site 
Type (EST), part of the Central High Plains (https://esis.
sc.egov.usda.gov/Welcome/pgESDWelcome.aspx). The 
EST classification includes discrete biological and physical 
factors that denote specific vegetation/soil/physical 
characteristics that respond similarly to management and 
disturbance. In addition, Hazlett (1998) differentiated six 
habitat types on the Pawnee: (1) open steppe (> 80% of 
study area), (2) sandy soils (~5%), (3) breaks and barrens 

Figure 1. Location of Pawnee National Grasslands (PNG). Inset includes NatureServe Ecoregions of study area and 
additional plot data locations and studies: Classification of Natural Riparian/Wetland Plant Associations for Colo-
rado (CWRC, throughout CO), Fort Laramie National Historic Site (FLNHS), Agate Fossil Beds National Monument 
(AFBNM), and Devil’s Tower national Monument (DTNM).
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(<2%), (4) cliffs and ravines (<2%), (5) riparian (~5%), 
and (6) roadsides and disturbed soils (< 5 %).

In general, the elevation of the Colorado Piedmont, an 
uplifted Cretaceous shale physiography that includes the 
PNG, declines from the mountain foothills toward the east 
at a rate of about 2 m km-1; the highest elevation is 1,935 
m in the northwestern portion near the “Chalk Bluffs” and 
the lowest elevation is 1,310 m in the southeastern portion 
around South Pawnee Creek. Most of the soils on the Paw-
nee National Grassland are shallow to deep loams that are 
well drained (Crabb 1981). Over most of the area is a loamy, 
wind-mixed veneer layer of soil of varying depths. These 
soils are underlain by a variable pattern of shale and sand-
stone bedrock materials. Barren rock or gravel areas of shale 
and sandstone can be exposed when erosive wind removes 
upper layers of soil. In addition, past tectonics and water ero-
sion have exposed ravine “break” areas with rock exposed 
on the sides of the ravine. Sandy soils occur along stream 
terraces and on leeward sides of some hills (Hazlett 1998).

Swale areas often have finer textured soils than ridge-
tops, as mobile soil particles, such as silt and clay, have 
eroded from higher topographic positions and have been 
deposited in lower areas. This difference in soil texture is 
sometimes reflected by a greater abundance of Buchloe 
dactyloides in swales. In addition, some drainages, playas, 
and riparian areas have an accumulation of salts on or 
near the surface and thus host alkaline-tolerant plant spe-
cies. Maps and detailed descriptions of the soil series types 
that occur in this study area can be found in Crabb (1981).

GIS techniques have been shown to be useful in de-
termining distribution of plant and animal communities 
(Rotenberry et al 2006; Sangermano and Eastman 2006). 
The initial phase of this project used GIS map layers to 
develop an ecological land type classification that was sub-
sequently used to stratify field plots (Kupfer and Franklin 
2000). Map layers included elevation, bedrock geology, 
and soil classification obtained from the State of Colorado 
(http://coloradogeologicalsurvey.org/geologic-mapping/
gis-data/). Plots (see below) were positioned within all 
100 m elevation zones (1300–1800 m, which also was es-
sentially an east to west gradient) and on all major parent 
materials (dune sand, gravel, sandstone, shale). We exam-
ined geology, soils, and topographic factors in an attempt 
to place plots in all environments (i.e., land types) of the 
Pawnee National Grasslands. Some noticeable trends are 
important (Figure 2). The western portion of the Pawnee 
is dominated by Cretaceous shales and the eastern portion 
by Tertiary sandstone; the eastern portion also contains 
some quaternary gravel and sand. There is also a general 
gradient in elevation, decreasing from west to east.

Methods
Field Data Collection

We obtained plots from all respective land types, but we 
purposefully did not set plots near roads, and the num-

ber of plots was fewer from habitats of lesser extent (e.g., 
riparian areas). Finally, discussion with Vernon Kohler 
(USFS, pers. comm.) and Don Hazlett (Denver Botanic 
Garden, pers. comm.) suggested vegetatively unique are-
as for plot locations. A posi-plot (positioned plot; Weaver 
and Robertson 1981) method was used to locate plots, 
first based on ecological land types and habitat types, and 
subsequently on visual vegetation communities. The GPS 
points for each of the community types were imported 
into ArcGIS and physical characteristics for each of these 
points were identified. In ArcGIS, plot locations were 
used to determine topographic characteristics (slope, 
aspect, elevation), soil type and rock type. Aspect was 
transformed following Beers et al. (1966).

101 plots were located based on visual homogeneity of 
vegetation (both dominant taxa and structure) and site 
characteristics, then randomly located within that area. 
Plot sampling followed the Carolina Vegetation Survey 
method (Peet et al. 1998). Plots were 0.1 ha; 20 m × 50 m 
made up of ten 10 m × 10 m modules unless vegetation 
heterogeneity constricted the size. If the area was small, 
modules were essentially ‘fit’ to the area to maintain ho-
mogenous vegetation within the plot. Within four inten-
sive modules, subplots of 5 m × 5 m, 2 m × 2 m, 1 m × 
1 m, and 0.3 m × 0.3 m were established in two corners 
(these corners were marked with GPS UTM coordinates; 
Peet et al. 1998). Presence of all taxa was described for 
each plot scale; cover of taxa was recorded for the 1 m × 
1 m plots using the following cover scale (0–1%, 1–2%, 
2–5%, 5–10%, 10–15%, 15–25%, 25–50%, 50–75%, 75–
90%, >90%). Cover data were transformed to median val-
ues and averaged for all intensive modules for each plot 
prior to analyses. Both cover (estimated by module and 
averaged for the plot) and diameter at breast height (dbh) 
were recorded by species for all individual woody stems > 
2.5 cm dbh. Cover values were used in all analyses.

In addition to the above data set, plots taken for a moun-
tain plover study (Derner et al. 2009) with areas under 
heavy grazing were included in the analysis to determine 
the extent of differences among those communities and 
other steppe communities. These data were acquired with 
the permission of Paul Stapp, who had produced that can-
opy cover data in 27 fields; cover values for each field were 
derived from 30 1 m2 quadrats spaced every 10 m along 
three 100 m transects. Data were transformed to median 
cover class values (Scale used for data collection: 0–5%, 
6–15%, 16–25%, 26–40%, 41–60%, >60%) and averaged by 
pasture. These 27 plots along with the 101 plots make up 
the Pawnee-only data set (n=128).

Classification Protocol

Pawnee-Only Community Classification Analyses

We classified the data into ‘plot-groups’ using a hierar-
chical cluster analysis using the Sorenson dissimilarity 
measure and the Flexible Beta group linkage method 
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(Beta = -0.25): data were square-root transformed prior 
to analysis using PCORD (McCune and Mefford 1999). 
We determined the number of plot-groups using Optim-
Class Type 1 (Tichý et al. 2009) using the Juice 7.0.102 
Program (http://www.sci.muni.cz/botany/juice/); the 
method compares clustering results obtained with differ-
ent methods and numbers of clusters to determine which 

solution is optimal in terms of the number of diagnostic 
species. Given an optimal number of clusters we deter-
mined diagnostic species by analysis of frequency and 
fidelity (phi coefficient) using the Juice program. The phi 
coefficient is a measure of fidelity independent of sample 
size. Values range from -1 to 1 and positive values indicate 
species occur within groups more often than expected by 

Figure 2. GIS maps of aspect, elevation, slope, soil type and vegetation type of the Pawnee National Grasslands (PNG). 
The two polygons represent the east and west sections of the PNG. Beers et al. (1966) transformation was used for 
aspect, ranging from 0 (SW) to 2 (NE); elevation ranges from 1309–1800 in 100 m intervals; slope ranges from low 
(0–10%) to medium (10–30%) to steep (>30%); vegetation and soild are based on previous classifications (see text).
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chance; higher values mean a greater degree of joint fidel-
ity (Chytrý et al. 2002). Diagnostic species were those one 
to six species with the highest frequency and phi coeffi-
cient, chosen subjectively as meaningful.

We expected a gradient-driven distribution of veg-
etation related to a complex of environmental factors, 
including geological characteristics (soil type, rock type, 
% bare ground) and topographic characteristics (lati-
tude, longitude, slope position, aspect). We promoted an 
ordinal scale to an interval scale for soil type, rock type, 
slope position, and site type, essentially from poor to less 
poor environmental conditions based on our knowledge 
of the area. We did not have data to assess scale so chose 
a simple linear scale and interpret the results conserva-
tively. Soil Type included badland (1), Aridisol (2), Mol-
lisol (3), mixed soil (4), Alfisol (5), and Entisol (6). Rock 
type included dune sand (1), sandstone (2), gravel (3) and 
shale (4). Slope position was coded 1 for convex ridgetop, 
2 for flat slope, and 3 for concave ravine. Site Types were 
numbered from driest to most mesic: (1) blowout, (2) 
steppe hilltop, (3) steppe, (4) steppe buffalo wallow, (5) 
rock outcrop, (6) ridgetop, (7) draw slope, (8) ravine, (9) 
playa, and (10) riparian. Environmental data were related 
to vegetation groups through Canonical Correspondence 
Analysis and Nonmetric Multidimensional Scaling (using 
the Sorenson Index), species-environment correlations 
using 999 Monte-Carlo simulations, and descriptive sta-
tistics; all in PCORD. As a check on how strongly classi-
fied groups were tied to particular environments, we used 
a forward stepwise discriminant analysis (using SAS) to 
test if classified plot-groups could be predicted with site 
data, using the same promoted interval scale.

Semi-supervised Classification Analysis
Initial classification analyses showed eight plot-groups 
with four very small ones (including less than four plots), 
albeit these groupings were very different from other 
classified groups. After initial interpretation, we con-
cluded these plots were all from rare mesic areas of the 
Pawnee National Grasslands. Accordingly, we compared 
PNG plots that made up the four small plot-groups with 
plots that had been previously classified elsewhere, a sort 
of semi-supervised classification (Tichý et al. 2014). For 
this, we retrieved an additional 64 plots from four other 
research projects within VegBank (Peet et al. 2013) with 
a query for plots containing the dominant and potentially 
diagnostic species of our small groups Pascopyrum smith-
ii, Carex nebrascensis, Eleocharis species, and restricted 
to plots in the Great Plains (not foothills or mountains). 
These included the Agate Fossil Beds National Monument 
(AGFO; n=3) National Park Service Mapping Project in 
Nebraska (Project Contributer Jim Drake) and Devils 
Tower National Monument (DETO; n=6) National Park 
Service Mapping Project in Wyoming (Project Contrib-
uter Jim Drake), Fort Laramie National Historic Site 
(FOLA; n=34) National Park Service Mapping Project in 
Wyoming (Project Contributer Jim Drake), and the Clas-
sification of Natural Riparian/Wetland Plant Associations 

for Colorado (CWRC; n=21; Project Contributer Anony-
mous; Kittel et al. 1999).

Because all data were in VegBank there were relatively 
few taxonomy issues and these were vetted accordingly 
(e.g., Arabis = Boechera, Agropyron smithii = Pascopyrum 
smithii). However, several taxa were merged or deleted 
either due to questionable identification (unknown spe-
cies) or too few individuals from the different study loca-
tions. For Carex or Juncus only, if species were unknown, 
those individual species observations were deleted, leav-
ing only identified species data. We chose to merge taxa 
which were ecologically similar in their environment and 
when several plots did not identify them to species level 
(Suppl. material 1); most of these species also had very 
few individuals of one or more of the merged taxa. Such 
groupings of species make the results more conservative 
by increasing similarity among locations.

As with the Pawnee-only data set, we classified the full 
data set (all 128 Pawnee plots and 64 additional plots; 
n=192) using a hierarchical cluster analysis using the So-
renson distance measure and Flexible Beta (Beta = -0.25) 
group linkage method: data were square-root transformed 
prior to analysis. We determined the number of groups 
using OptimClass Type 1 (Tichý et al. 2009). Although we 
lacked sufficient data for a true semi-supervised analysis, 
we used the previously classified plot data (already pub-
lished and in VegBank) to compare to our data within the 
cluster analysis.

Classification Integration with the USNVC 
Classification System

Classification integration was mostly a comparison of our 
plot-groups with those described in the USNVC version 
2.01 and known to occur in Colorado. The regional anal-
ysis provided several previously-classified plots and those 
concepts were compared to the plots from the PNG and 
integrated when possible. For those plots not clearly linked 
with previously classified plots, i.e., most of the steppe 
plots, our classified plot-group characteristic species were 
compared with described concepts and integrated; that is, 
we used characteristic species to compare our plot-groups 
to the USNVC classification and placed our plot-groups 
into the USNVC entities to which they matched most 
closely. Thus, the integration was non-quantitative.

Results
Pawnee National Grasslands Analysis

Analysis identified either 4 (Figure 3A) or 10 (Figure 3B) 
plot-groups (based on top two results that were not very 
different in their species fidelities) for the Pawnee-only 
plots. The main division was between the Bouteloua gra-
cilis-Buchloe dactyloides Grassland Association (Groups 
2, 3 and 4; Figure 3A) and mesic vegetation communi-



Vegetation Classification and Survey 129

ties (Group 1; Figure 3A). The initial interpretation of the 
10-group dendrogram yielded two plot-groups that com-
pletely lacked indicator flora. Thus, we merged two sets 
of plot-groups (5 and 6) as shown in Figure 3B. Interpre-
tation is thus based on these eight plot-groups with clear 
indicator species. The eight-group dendrogram essentially 
splits those two major groups into four plot-groups each 
(Figure 3B), but there is some difficulty in that there were 
so few plots of the mesic plot-groups; total plots = 20, each 
plot-group ranged from 3 to 7 plots. Thus, we discuss the 
mesic plot-groups only briefly here and more substantially 
in the regional analysis section. The eight plot-groups were 
also distinguished in an NMDS analysis (two dimensions, 
stress=20.517, p = 0.001; Figure 4A). Mesic sites were scat-
tered throughout the bottom and left of the ordination plot 
and steppe sites were at the top and to the right, generally.

Albeit small in numbers of plots, and indeed limited 
in geographic distribution in the Pawnee National Grass-
lands (PNG), the diversity of vegetation in more mesic 
areas is high. Group 1, which contains mesic sites in scarp 
areas, had the second highest number of species despite 
having only three plots (Table 1). The highest diversity 
occurred in the other group that included scarp and out-
crop plots, suggesting these sites have high heterogeneity 
and high diversity. The lowest diversity was found in the 
plots from the mountain plover studies (Table 1), typical-
ly prairie dog colonies, although one of our plots taken in 
a prairie dog colony was associated with Group 6, and we 
ended up combining plot-groups 6 and 8 based on their 
similarity of dominant and diagnostic species (especially 
Bouteloua gracilis and Opuntia polyacantha, Tables 1, 2). 
We attribute the lower diversity in the plover plots to 
smaller plot sizes from that study (30 m2 compared to 
100 m2 for our plots).

Because the USNVC nomenclature is based on both 
dominant and diagnostic species, we examined domi-
nance based on cover and fidelity of species in relation to 
the eight plot-groups (Table 2). However, the first four me-
sic plot-groups are heterogeneous in their dominant spe-
cies; for example, Plot-Group 1 has Juniperus scopulorum 
and Carex nebrascensis dominating, but J. scopulorum was 
only found in one of the three plots. Thus, we do not sug-
gest the average values or indicator species are correct for 
these plot-groups and instead discuss them further in the 
regional analysis section below.

Species- and Community-Environment Rela-
tionships

Canonical Correspondence Analysis showed a significant 
species-environment correlation (0.839; p=0.001) for axis 
1 only (the first axis had the only significant relationship 
with environment as well, 0.533, p=0.001; axis 2 = 0.352; 
Figure  4B). The first axis was correlated with site types, 

Figure 3. Dendrogram of Pawnee National Grassland 
plots showing the two peaks suggested by OptimClass. 
A) four groups suggested by OptimClass; B) 10 groups 
suggested by OptimClass with coalition of two sets 
based on the lack of indicator species.

Figure 4. Non-metric multidimensional scaling (A) and canonical correspondence (B) analyses of 128 plots from 
Pawnee National Grasslands, CO. DomTyp refers to the plot-groups delineated from the analyses.
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suggesting vegetation was structured by a moisture gra-
dient. Averages by plot-group also show a clear pattern in 
site type for the mesic communities compared to the steppe 
communities (Table 3). Axis 2 was correlated (albeit insig-
nificantly) positively with elevation and negatively with 
easterly longitude since the Pawnee decreases in elevation 
from west to east; however, the gradient was not so evident 

by plot-group since many of these plot-groups are found 
throughout the PNG. There are apparently subtle changes 
in the flora from west to east. Since there is also a general 
increase in moisture from west to east, we examined floral 
changes along this longitudinal gradient. Of 213 species, 
42 showed a significant positive correlation with easting 
and two showed a negative correlation. Correspondingly, 

Table 1. Dominant species (average cover values > 1%) of the eight plot-groups found in the Pawnee National Grasslands, 
CO. Bold indicates highest average cover values.

1 2 3 4 5 6 7 8
Taxa n = 3 n = 6 n = 4 n = 7 n = 26 n = 43 n = 11 n = 28

Carex nebrascensis 20.7
Junipurus scopulorum 12.7 0.8
Rhus trilobata 8.0 2.3
Toxicodendron rydbergii 7.4 0.1
Nassella viridula 6.2 1.0
Agropyron cristatum 6.0 0.1 1.5 0.7 0.1
Symphoricarpus occidentalis 2.7
Rosa woodsii 1.5 0.7
Prunus virginiana 1.4 0.1
Solidago canadensis 1.3
Sporobolus airoides 19.8 1.0 0.2
Poa sp. 0.3 7.7 2.3 0.1 0.2
Glycyrrhiza lepidota 0.8 6.4
Populus deltoides 6.3
Distichlis spicata 5.0 0.4 0.3
Rosa woodsii 4.0
Elymus canadensis 0.2 3.7
Juncus balticus 3.3
Thermopsis rhombifolia 1.3
Eleocharis acicularis 4.5
Erigeron sp. 4.0
Schoenoplectus pungens 2.3
Phalaris canariensis 2.0
Lemna minor 2.0
Eleocharis palustris 5.1 8.6 0.9
Polygonum sp. 0.2 5.7
Thlaspi arvense 5.4
Hordeum jubatum 5.2 1.0 0.2
Rorippa curvipes 0.3 4.0 0.6
Rumex crispis 4.0
Ambrosia psilostachya 0.2 0.1 3.3 0.1
Bassia scoparium 2.8 0.1
Potentilla sp. 1.2
Heliantus annuus 1.2
Ribes aurea 0.7 3.0
Schizachyrium scoparium 0.2 1.8
Cercocarpus montanus 1.5
Hesperostipa comata 0.3 1.3 0.9 0.2 2.0
Bouteloua gracilis 0.1 1.9 0.3 0.1 6.8 23.4 2.3 17.5
Buchloe dacyloides 0.7 4.3 21.6 28.7 1.6
Opuntia polyacantha 0.7 8.3 4.8 0.8
Atriplex canescens 3.5
Yucca glauca 0.9 2.9 3.3
Aristida purpurea 0.6 2.7 0.4 0.4
Atriplex canescens 0.1 2.2
Pascopyrum smithii 0.1 6.1 3.1 0.2 4.4 2.7 10.4 0.9
Sporobolus cryptandrus 0.3 0.9 1.9 0.2
Carex duriuscula 0.7 0.8 0.1 0.4 1.9
Artemisia frigida 0.1 0.7 0.2 1.8 0.5
Community Diversity
Richness 32 25 19 13 40 24 16 11
Pielou Evenness 0.47 0.49 0.71 0.60 0.72 0.53 0.55 0.45
Shannon Diversity 1.56 1.56 2.07 1.45 2.58 1.64 1.44 1.06
Simpson Diversity 0.64 0.66 0.77 0.65 0.82 0.69 0.63 0.47
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Table 2. Diagnostic species frequencies and fidelity values (phi coefficient × 100 superscripted) for the eight plot-groups 
found in the Pawnee National Grasslands, CO.

Plot-group 1 2 3 4 5 6 7 8
Number of plots n = 3 n = 6 n = 4 n = 7 n = 26 n = 43 n = 11 n = 28

Carex nebrascensis 67 49 17 14
Toxicodendron rydbergii 100 38 19 3

Solidago canadensis 33 25 14
Prunus virginiana 100 23 15 5
Rosa woodsii 100 22 17 8
Rhus trilobata 100 23 17 54 21 5
Nassella viridula 67 20 38 14 2 9
Parthenocissus quinquefolia 67 19 4
Celtis laevigata 67 18

Sporobolus airoides 33 83 47 25 8 9
Distichlis spicata 83 30 75 5 4 5
Juncus balticus 33 30

Elymus canadensis 67 0.0 33 28 4
Glycyrrhiza lepidota 67 11 33 24 4
Thermopsis rhombifolia 17 21

Equisetum laevigata 50 17 25 14 4
Eleocharis acicularis 25 32

Lemna minor 50 28

Schoenoplectus pungens 75 27 10
Ranunculus cymbalaria 75 27

Phalaris canariensis 25 24

Circium floodmanii 100 20

Polygonum sp.  50 4 100 30 8
Eleocharis palustris 17 75 18 57 29 27 4
Rorippa curvipes 17 50 71 28 4 27
Bassia scoparia 86 25 8 5 4
Ambrosia psilostachya 67 3 50 86 25 23
Hordeum jubatum 86 20 8 5
Schizachyrium scoparium 33 17 54 25 5
Buchloe dactyloides 50 65 100 34 100 19 57
Opuntia polyacantha 33 17  73 100 25 55 100
Bouteloua gracilis 67 83 50 29 96 100 24 91 100
Lichen 19 58 45 89 14

Table 3. Average (and standard deviations) environmental values by plot-group: bold values are the highest and lowest 
values among plot-groups. Plot-group 8 is not shown as only one plot had environmental data. We developed ordinal 
scales for soil type, rock type, slope position, and site type, essentially from poor to less poor environmental conditions. 
Soil Type included badland (1), Aridisol (2), Mollisol (3), mixed soil (4), Alfisol (5), and Entisol (6). Rock type included dune 
sand (1), sandstone (2), gravel (3) and shale (4). Slope position included 1 for convex ridgetop, 2 for flat slope, and 3 for 
concave ravine. Site Types were numbered from driest to most mesic: (1) blowout, (2) steppe hilltop, (3) steppe, (4) 
steppe buffalo wallow, (5) rock outcrop, (6) ridgetop, (7) draw slope, (8) ravine, (9) playa, and (10) riparian.

Plot-group 1 2 3 4 5 6 7
Number of plots n = 3 n = 6 n = 4 n = 7 n = 26 n = 43 n = 11

Easting 604978 527119 535261 566184 585591 556341 559331
(20316) (6260) (14063) (25462) (28906) (28821) (28001)

Northing 4521855 4516970 4520876 4519157 4512413 4515685 4516816
(14049) (6867) (2379) (12819) (11184) (9643) (9601)

Elevation (m) 1483 1633 1600 1533 1514 1573 1565
(58) (41) (58) (41) (112) (87) (116)

Soil 4.0 3.5 4.3 4.2 3.8 3.4 2.9
(0) (1.4) (2.1) (1.5) (0.9) (1.1) (0.3)

Rock 2.0 1.0 1.5 1.8 1.9 1.5 1.6
(0) (0) (0.6) (0.8) (0.6) (0.6) (0.5)

Aspect 1.3 0.5 1.0 0.7 0.9 1.3 0.4
(1.2) (0.8) (1.2) (1.0) (0.9) (0.9) (0.7)

Slope 2.0 1.0 1.0 1.0 1.3 1.1 1.0
(1.0) (0) (0) (0) (0.5) (0.3) (0)

% Bare Ground 18 9.2 24.3 47.5 35.2 19.2 43.0
(31.8) (11.0) (35.0) (37.1) (24.1) (9.8) (33.0)

Site Type 8.7 7.3 9.5 7.8 5.4 3.6 3.1
(3.2) (3.4) (1.0) (2.6) (2.5) (1.8) (0.9)
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38 showed a negative correlation with elevation and one 
showed a positive correlation. A total of 19 species showed 
a negative correlation with northing and only two a posi-
tive relationship. Taken together, there is a strong sugges-
tion of a longitudinal gradient (most likely moisture-driv-
en) to which species are responding, but the gradient does 
not render distinct vegetation types.

We examined the ability to classify plot-groups with 
environmental data through stepwise discriminant anal-
ysis (Table 4); sitetype, longitude, percent bare ground 
and slope together significantly discriminated vegetation 
types. While some plot-groups seem to have distinct abi-
otic requirements (e.g., Groups 1, 3, 6 and 7), others were 
much less distinct.

Semi-supervised Regional Analysis

The regional analysis clearly separated more mesic com-
munities from mixed grass and short grass steppe (Fig-
ure 5). The rather striking difference of flora affirms the 
classification on the Pawnee sites as shortgrass steppe and 
generally negates the occurrence of mixed grass commu-
nities in the Pawnee National Grasslands; only two plots 
from outside of the Pawnee were classified with Pawnee 
plots (Groups 3 and 4; Figure 5) and only one Pawnee plot 
was classified with the mixed grass macrogroup (Groups 
1 and 2; Figure 5). The bottom line is that while elements 
of the mixed grass are present in PNG (e.g., Hesperostipa 
comata and Pascopyrum smithii), they never reach suffi-
cient cover to be called mixed grass. The one plot from 
the Pawnee situated with Plot-Group 1 of the regional 
analysis (Figure 5) and Plot-Group 5 of the Pawnee anal-
ysis (Figure  3) was closely related to the Hesperostipa 
comata-Bouteloua gracilis-Carex filifolia Grassland Asso-

ciation, but it is evident how different this association is 
from those typical of the Pawnee. In addition, the Boute-
loua gracilis-Buchloe dactyloides Great Plains Shortgrass 
Prairie Macrogroup was separated from the Hesperostipa 
comata-Pascopyrum smithii-Festuca hallii Grassland Mac-
rogroup to the north and east.

This semi-supervised classification allowed us to char-
acterize our few plots of mesic sites with known classified 
plots of similar flora from outside the PNG because mesic 
sites tend to be less zonal than drier sites. For example, 
the one plot from the Pawnee situated with Plot-Group 
5 of the regional analysis linked that plot to the Populus 
deltoides/Panicum virgatum-Schizachyrium scoparium 
Floodplain Woodland Association.

Seven PNG plots were located in Group 6 of the re-
gional analysis, which included a mix of Pascopyrum 
smithii and Hesperastipa comata USNVC associations, but 
also included the Carex nebrascensis Wet Meadow Asso-
ciation and the Juncus balticus Wet Meadow Association. 
We interpret this as an ‘in-between’ concept, with more 
mesic than usual mixed grass associations and drier than 
usual wet meadow associations. Supporting this conjec-
ture, four of the seven plots, including three relic buffalo 
wallows, were classified with other shortgrass steppe plots 
(Group 6) in the Pawnee-only classification. In addition, 
one plot was situated in Plot-Group 5 with other scarp 
plots, and only two plots in Plot-Group 2 with other ri-
parian sites (see below).

All three plots from PNG in Plot-Group 8 of the re-
gional analysis resulted in their own Plot-Group 1 of 
the Pawnee-only analysis. The three plots previously 
classified included the Populus deltoides/Panicum virga-
tum-Schizachyrium scoparium Woodland Association, the 
Juniperus scopulorum/Cornus sericea Woodland Associ-

Table 4. Number of observations and percent of plots (in 
parentheses) classified correctly based on environmental 
data. Model results from discriminant analysis given at the 
bottom of table. Group 8 was excluded due to low num-
bers and variability within group.

Plot-group 1 2 3 4 5 6 7
1 2 1

(66.7) (33.3)
2 1 3 2

(16.7) (50.0) (33.3)
3 1 3

(25.0) (75.0)
4 1 2 2 1

(16.7) (33.3) (33.3) (16.7)
5 7 1 2 9 3 4

(26.9) (3.9) (7.7) (34.6) (11.5) (15.4)
6 3 1 1 3 29 4

(7.3) (2.4) (2.4) (7.3) (70.7) (9.8)
7 6 4

(60.0) (40.0)
Discriminant Analysis Results
Variable Partial R2 F p>F
Sitetype 0.44 10.13 <0.0001
Easting 0.36 6.93 <0.0001
% Bare Ground 0.25 4.17 0.0005
Slope 0.18 2.73 0.0132

Figure 5. Regional analysis (right-side up) including all 
Pawnee National Grassland plots and plots from other 
local studies. The figure also depicts the relationship of 
plots in the Regional analysis to the Pawnee-only den-
drogram (upside down).
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ation, and the Rhus trilobata/Pascopyrum smithii Shrub 
Association. However, perhaps the closest USNVC con-
cept is the Juniperus scopulorum/Cornus sericea Wood-
land Association that is supposed to occur here, except 
that none of our plots had >40% Juniperus cover. The plot-
group actually shows the heterogeneity of scarp locations 
(although the plots were not located together), with one 
plot a seep dominated by Carex nebrascensis (and seems to 
fit the Carex nebrascensis Wet Meadow concept), another 
a riparian zone dominated by Juniperus scopulorum and 
Rhus trilobata, and the third near the scarp itself dominat-
ed by Rhus trilobata and Rosa woodsii. We suggest these 
belong to a new Rhus trilobata Alliance, but more data are 
needed for description of the concept. The difference be-
tween this concept and Plot-Group 5 of the Pawnee-only 
analysis is the presence of Bouteloua gracilis and Buchloe 
dactyloides in Plot-Group 5, while they are essentially ab-
sent from Plot-Group 1 of the regional analysis.

Plot-Group 7 of the regional analysis was also a mix of 
mesic communities based on previous designations. In-
deed, PNG plots from this regional plot-group were split 
into Plot-Groups 2, 3, and 4 in the Pawnee-only analysis. 
Plot-Group 4 of the Pawnee-only analysis was most close-
ly associated with the Eleocharis palustris Marsh Associa-
tion and the Hordeum jubatum Marsh Association, with a 
couple of plots fitting each of those descriptions.

Plot-Groups 2 and 3 of the Pawnee-only analysis were 
not closely associated with any previously-classified 

plots. Plot-Group 2 occurs in riparian, ravine, and mesic 
steppe areas that, based on the dominance and fidelity 
of Sporobolus airoides and Distichilis spicata, have finer-
textured, saline soils. This plot-group is most similar to 
the Sporobolus airoides-Distichilis spicata Wet Meadow 
Association, but the current USNVC description is mainly 
from New Mexico and should be updated to include the 
larger geographic area to which the type is found. Plot-
Group 3 may indeed be from the mixed grass area, as it 
seems to fit best the Pascopyrum smithii-Eleocharis species 
Wet Meadow Association, typical of playa and periodically 
flooded grasslands mainly north of PNG. However, since 
this association does not generally have Schoenoplectus 
pungens, we suggest that at least one of the plots within this 
plot-group belongs to the Schoenoplectus pungens Marsh 
Association; plots more typical of permanent rather than 
periodic wetlands such as margins of ponds.

USNVC Concepts in the Pawnee National 
Grasslands

While we do not have enough plot data to characterize 
all of these concepts, we provide a list of those USNVC 
concepts that we have evidence for in the Pawnee National 
Grasslands (Table 5). We document plots from two 
Classes, three Subclasses, four Formations, five Divisions, 
six Macrogroups, seven Groups and eight Alliances and 

Table 5. USNVC concepts evidenced by plots within the Pawnee National Grasslands, CO.

Class Mesomorphic Shrub and Herb Vegetation Mesomorphic Tree 
Vegetation

Subclass Shrub & Herb Wetland Temperate & Boreal Grassland 
& Shrubland

Temperate & Boreal 
Forest & Woodland

Formation Temperate to Polar Freshwater Marsh, Wet 
Meadows & Shrubland

Salt Marsh Temperate Grassland & 
Shrubland

Temperate Flooded & 
Swamp Forest

Division Western North American Temperate 
and Freshwater Marsh, Wet Meadows & 

Shrubland

Great Plains Saline Marsh Central North 
American 

Grassland & 
Shrubland

Western North 
American 

Grassland & 
Shrubland

Eastern North American 
– Great Plains Flooded & 

Swamp Forest

Macrogroup Arid West 
Interior 

Freshwater 
Marsh

Western North American 
Montane-Subalpine-Boreal 
Marsh, Wet Meadow and 

Shrubland

Great Plains Saline Wet 
Meadow & Marsh

Great Plains 
Shortgrass 

Prairie

Southern Rocky 
Mountain 
Montane 

Shrubland 

Great Plains Flooded 
Forest

Group Arid West 
Interior 

Freshwater 
Marsh

Vacouverian-Rocky 
Mountain Montane Wet 

Meadow & Marsh 

Great Plains 
Saline Wet 
Meadow & 

Marsh

Western 
Great Plains 

Saline 
Meadow

Bouteloua 
gracilis-
Buchloe 

dactyloides-
Pleuraphis 

jamsii Great 
Plains Prairie

Southern Rocky 
Mountain 
Mountain-

mahogony – 
Mixed Foothill 

Shrubland

Great Plains 
Cottonwood – Green 
Ash Floodplain Forest

Alliance Schoenoplectus 
americanus-

Schoenoplectus 
acutus-

Schoenoplectus 
californicus 

Marsh

Carex 
nebrascensis-

Carex 
vesicaria-

Carex pellita 
Wet Meadow

Juncus 
balticus-
Juncus 

mexicanus 
Wet 

Meadow

Pascopyrum 
smithii – 
Distichlis 
spicata – 
Hordeum 

jubatum Wet 
Meadow

Sporobolus 
airoides Great 
Plains Marsh

Bouteloua 
gracilis-
Buchloe 

dactyloides 
Shortgrass 

Prairie

Fallugia 
paradoxa-

Rhus trilobata 
Shrubland

Populus deltoides 
Floodplain Woodland

Association Schoenoplectus 
pungens Marsh 

n=1

Carex 
nebrascensis 
Wet Meadow 

n=1

Juncus 
balticus Wet 

Meadow 
n=1

Pascopyrum 
smithii – 

Eleocharis spp. 
Wet Meadow 

N=3

Sporobolus 
airoides 

Northern 
Plains Marsh 

n=6

Bouteloua 
gracilis-
Buchloe 

dactyloides 
Grassland 

N=54

Rhus trilobata-
Ribes cerneum 

Shrubland n=26

Populus deltoides/
Panicum virgatum-

Schizachyrium scoparium 
Floodplain Woodland 

n=1

Pawnee 
Plot-Group

2/3/4 5/6/7 5/6/7 3 2 5/6/7 1 2

Regional 
Plot-Group

7 6 6 6 6 3/4 8 5
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Associations. Abridged descriptions of these USNVC 
associations are in Suppl. material 2.

We have substantial data to characterize the Bouteloua 
gracilis-Buchloe dactyloides Grassland Association dom-
inating the PNG. Because these data are from a limited 
area within the entire range of the Association, we simply 
document here the characteristics typical for the PNG. 
In addition, we present characteristics of three local sub-
associations that may be helpful for local management 
(Table  6; Suppl. material 3). One subassociation occurs 
on rocky outcrops that harbor more moisture at least het-
erogeneously. Thus, species such as Rhus trilobata and 
Schizachirium scoparium are common, while Pascopyrum 
smithii maintains more cover in this type than other types 
we describe here. These areas are quite diverse and proba-
bly deserve some attention for conservation. Another local 
subassociation appears to be dominated by Buchloe dacty-
loides while Pascopyrum smithii is again higher in cover, at 
least compared to other types. These communities appear 
to be related to shallow swales and likely finer-textured 
soils within the steppe complex. While we did not find a 
diagnostic species for the plots from the mountain plover 
study, except perhaps lichen, the dominance of Bouteloua 
gracilis and the lack of diversity, along with overall low 
total vegetation cover (averaged 27.8% cover; 72.2% bare 
ground) suggests these sites differ due to grazing. How-
ever, we consider these disturbed communities simply a 
subset of the Bouteloua gracilis-Buchloe dactyloides Steppe 
local subassociation (Suppl. material 3).

Discussion
We used plot data to document the occurrence of two 
USNVC Classes, three Subclasses, four Formations, five 
Divisions, six Macrogroups, seven Groups and eight Alli-

ances and Associations on the PNG, ranging from meso-
morphic tree vegetation (i.e., Populus woodlands along ri-
parian zones) to mesomorphic shrub and herb vegetation 
dominated by the wide-ranging shortgrass steppe species 
Bouteloua gracilis and Buchloe dactyloides. The latter is the 
matrix of the landscape with fragments of more mesic con-
ditions nested within, ranging from standing water loca-
tions (e.g.. farm ponds) dominated by Schoenoplectus pun-
gens or Sporobolus airoides under greater salinity, to Carex, 
Juncus, Eleocharis, and Pascopyrum smithii dominance in 
swales with varying levels of periodic moisture during the 
growing season.

Our plot-groups relate to those outlined by Hazlett 
(1998). Our Buchloe dactyloides-Pascopyrum smithii Steppe 
and Bouteloua gracilis-Buchloe dactyloides Steppe local sub-
associations together match his Open Steppe and Sandy 
Soils habitats, and our Rhus trilobata-Ribes cernuum Shrub-
land association matches his Cliffs and Ravines habitat. We 
suggest that his Breaks and Barrens habitat relates to our 
Rhus trilobata/Schizachirium scoparium-Bouteloua spp. 
Outcrop local subassociation, and that the remainder of our 
vegetation concepts relate to his Riparian habitat. For the 
latter, we clearly defined a number of different vegetation 
types within his one habitat, which is not surprising due 
to the azonal nature of more mesic locations (Faber-Lan-
gendoen et al. 2014). Baker (1984) appeared to take a 
strong splitter approach with grasslands and developed 
several associations from the many possible dominants at 
small scales (< 10 m2). For Bouteloua-dominated types, he 
recognizes two, similar to our two local subassociations; 
Bouteloua gracilis Shortgrass Prairie and Bouteloua gra-
cilis-Buchloe dactyloides Shortgrass Prairie, but also types 
like the Hordeum jubatum Plains Grassland. The unique 
barrens and outctrops are noted by associations such as the 
Arenaria hookeri Barrens and Rhus trilobata-Ribes cereum 
/Schizachyrium scoparium Shrub Association, but also at 

Table 6. Local subassociations of the Bouteloua gracilis-Buchloe dactyloides Grassland Association of the Pawnee Na-
tional Grasslands, CO.

Bouteloua gracilis-Buchloe dactyloides Grassland Association
Local Subassociation Name
Pawnee-Only Plot-Group 5 Pawnee-Only Plot-Groups 6,8 Pawnee-Only Plot-Group 7
Rhus trilobata/Schizachirium scoparium-
Bouteloua spp. Outcrop

Bouteloua gracilis-Buchloe dactyloides Steppe Buchloe dactyloides-Pascopyrum smithii Steppe

Local Subassociation Diagnostic Species
Diagnostic Constant Dominant Diagnostic Constant Dominant Diagnostic Constant Dominant
Schizachirium 
Scoparium;

Pascopyrum 
smithii;

Bouteloua 
gracilis; 

Buchloe 
dactyloides;

Buchloe 
dactyloides

Buchloe 
dactyloides; 

Rhus trilobata Yucca glauca; Opuntia 
polyacantha;

Bouteloua 
gracilis;

Pascopyrum 
smithii

Schizachyrium 
scoparium;

Buchloe 
dactyloides;

Opuntia 
polyacantha;

Cercocarpus 
montanus;

Hordeum 
jubatum

Bouteloua 
gracilis;
Buchloe 

dactyloides;
Agropyron 
cristatum

Local Subassociation Environmental Description
Rock outcrops on ridgetops, scarps and draws 
resulting in heterogeneously-mesic conditions

Typical steppe concept Swales and lower areas with finer-textured soils



Vegetation Classification and Survey 135

least two mixed prairie associations; Stipa comata Mixed 
Prairie and Schizachyrium scoparium Mixed Prairie. As 
did we, he also recognized several mesic types, including 
Juncus balticus Wetland, Carex nebrascensis-Juncus balti-
cus Wetland, Carex nebrascensis-Catabrosa aquatica-Jun-
cus balticus Spring Wetland, Eleocharis palustris Wetland, 
Sporobolus airoides Salt Meadow, and Distichlis spicata var. 
stricta Salt Meadow, as well as several Populus deltoides For-
est/Woodland associations that are not clearly related to 
those on the PNG. There are two considerations with these 
comparisons. First, the previous studies are expert-based 
classifications and not plot-based. Further, at least for Baker 
(1984), that classification was for the entire state of Colo-
rado, although we still believe he split concepts too finely 
compared to the current USNVC. Regardless, direct com-
parisons are difficult.

We propose local subassociations that may be helpful 
for land stewardship, but not as a change to the Boute-
loua gracilis-Buchloe dactyloides Grassland Association 
concept. Our limited geographic reference for this con-
cept does not allow any major changes, but that same 
geographic size suggests local subassociations may exist 
(Jennings et al. 2009). These groups have clear character-
istic species and environments that may be of interest for 
conservation management.

Our ‘semi-supervised’ classification was successful in 
that it let us classify several rarer (in our dataset) plots. 
The ability to compare previously-classified plots with 
unknown plots (Tichý et al. 2014) in the same analysis 
allowed for a much better entitation and cleared up nearly 
all of our questions from the Pawnee-only analysis, and 
such analyses are needed to improve all future local clas-
sification efforts. One major conclusion from this analysis 
is that the mixed-grass concepts in the USNVC do not ex-
ist in the PNG. While the Colorado vegetation map sug-
gests these communities are part of the PNG landscape, 
we argue that the vegetation composition and structure as 
a whole are different and should be considered so as the 
lines demarking the Shortgrass Steppe Ecoregion suggest 
(Sayre et al. 2009).

There are of course limitations to our study and this 
classification exercise. First, while the plot data are solid, 
the low number of plots (n=101+27) for the area of the 
PNG is a concern. Especially for the types where we have 
little data, additional plots are warranted. Further, while 
we thoroughly traversed the PNG looking for different 
vegetation associations, we may have missed certain as-
sociations that occur in the PNG, notably the four-wing 
saltbush (Atriplex canescens) lowlands as well as pur-
posefully ignoring ruderal communities that are general-

ly restricted to roadsides and highly disturbed sites in the 
PNG (Kotanen et al. 1998). The occurrence of the four-
wing saltbush type seems to be rare, mainly on low-lying 
areas of private lands in the northeastern corner of the 
PNG (pers. obs.) and perhaps due to coarser soils (Dodd 
et al. 2002) or grazing intensity (Cibils et al. 2000; Hart 
2001), or simply previous disturbance (Coffin et al. 1996; 
Augustine et al. 2017).

Finally, a thorough assessment of the abiotic character-
istics of these sites is warranted, since soil texture (Dodd 
and Lauenroth 1997; Dodd et al. 2002) and moisture 
(Boutton et al. 1980) are known to affect vegetation com-
munity composition and structure on the PNG but were 
not examined on a site-specific basis here. While abiotic 
factors would not affect our plot-based vegetation classifi-
cation, environmental data would be useful for interpret-
ing the vegetation patterns.

Finally, we make a plea here that all vegetation scien-
tists with full-species plot data place those data into Veg-
Bank or another public database. While we were able to 
relate some of our more mesic concepts to plots from oth-
er studies, little plot data existed for the typical shortgrass 
steppe communities dominated by Bouteloua species. Our 
data represent a small geographic fraction of the area this 
concept covers and a regional analysis would be beneficial 
for the PNG and the USNVC (Palmquist et al. 2016).
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Abstract
The alliance is the basic unit of the EuroVegChecklist, and it often serves as the lowest rank in broad-scale vegetation 
surveys. However, there is hardly any literature about the concept and definition of this syntaxonomic rank, leading to 
uncertainty in its application. Here, I explore the original association concept of Braun-Blanquet, which was based on 
absolute character species, and I show that this concept is more or less identical with the units that we now call alliances. 
By also incorporating the concept of central syntaxa, I propose the following definition: “An alliance is a moderately 
broad vegetation unit that either has one or several absolute character taxa or that can be interpreted as the central 
alliance of an order.” The one-to-one relationship between character taxa and vegetation units gives the latter a clear 
biogeographical and evolutionary meaning. Restrictions to the validity of character taxa – either to certain geographical 
areas or to physiognomic types – cause theoretical and practical problems and should be avoided. Possible exceptions 
are species with similar frequency in two formations or species introduced to other continents.

Taxonomic reference: Euro+Med PlantBase (http://ww2.bgbm.org/EuroPlusMed/) [accessed 1 July 2020].
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Introduction
The alliance is the basic unit of the EuroVegChecklist 
(EVC; Mucina et al. 2016), and it is frequently used as the 
smallest unit in supra-regional phytosociological revisions 
(e.g., Čarni et al. 2009; Peterka et al. 2017). However, there 
is very little literature about the concept and definition of 
this syntaxonomic rank.

The alliance (in German: Verband) was introduced by 
Braun-Blanquet (1921) as a synonym to “association group” 
(Assoziationsgruppe), meaning a group of floristically 
related associations. The effective start of the alliance 
concept was 1926, when several important monographs 
were published (and many of those alliance names are 
still in use) (Braun-Blanquet 1926; Braun-Blanquet and 
Jenny 1926; Koch 1926; Luquet 1926). None of those 
monographs, or subsequent works provided an explicit 

definition for the units above the rank of association, but 
the general agreement was that an alliance should have 
supra-regional character species that are shared by some 
or all of its associations. Textbooks of phytosociology (e.g., 
Pavillard 1935; Braun-Blanquet 1964; Westhoff and van der 
Maarel 1978) did not much elaborate on the topic. Unlike 
the association concept, which has been the subject of 
heated debates in the phytosociological literature (Dengler 
2003; Willner 2006; Guarino et al. 2018), the evolution of 
the alliances was much smoother, although their number 
has steadily grown over the last century. In recent years, the 
alliance has also been adopted in classification systems not 
using the traditional Braun-Blanquet approach (Jennings 
et al. 2009; Faber-Langendoen et al. 2014).

In the absence of a commonly agreed definition for the 
alliance (at least in Europe), recent decades have witnessed 
an increasing tendency of splitting long-established alli-
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ances and describing new ones lacking supra-regional or 
absolute character species. The EuroVegChecklist (Muci-
na et al. 2016) lists 1108 alliances (excluding those of veg-
etation dominated by non-vascular plants), which is an 
increase of ca. 20% compared to the overview of Rodwell 
et al. (2002). To enable the evaluation of all proposed alli-
ances, we need objective criteria. Therefore, I propose to 
revisit Braun-Blanquet’s original association concept and 
transform it into a definition of the alliance which is both 
operational and theoretically founded.

Braun-Blanquet’s original 
association concept – more like 
the modern alliances
After preliminary considerations on the subject (Braun 
1913; Braun and Furrer 1913), Braun-Blanquet presented 
a first, fully developed association concept in his thesis 
(Braun 1915). Based on the definition given by Flahault 
and Schröter (1910), he emphasised that the associa-
tion is primarily a floristic unit. He then identified three 
components of the floristic composition of a vegetation 
unit: dominant, constant and characteristic species. The 
third category (called “character species” hereafter) was 
defined as those species which were either restricted to 
a certain association (character species of first order) or 
had at least their optimum therein (character species of 
second order). Braun-Blanquet argued that the character 
species should have the highest weight in the delimitation 
of the associations, as they represented the ecology and 
evolution of the vegetation unit better than the dominant 
and constant species. Thus, he defined the association as 
“a vegetation unit of definite floristic composition which, 
by the presence of character species, exhibits an ecological 
independence” (translated from French and German).

The only higher rank used by Braun (1915) was the 
“association group” (“groupe d’associations”). Like the 
association, the association group had its own character 
species, i.e. species with broader ecological amplitude, 
common to several or all associations of the group while 
being rare or absent outside the group. Braun-Blanquet 
argued that, unlike the formations, which are defined by 
physiognomic criteria, vegetation units defined by char-
acter species contain not only ecological but also biogeo-
graphical and evolutionary information.

Despite the fact that the “association group” was syn-
onymised with the alliance in Braun-Blanquet (1921), the 
groups of Braun (1915) basically correspond to classes in 
the modern phytosociological system. The associations, 
on the other hand, are more or less identical to units that 
we now call alliances (see Suppl. material 1). This was 
not because most alliances were represented by only one 
association in his study area (the Cévennes in southern 
France). Instead the extensive discussion of the variabili-
ty and distribution of each association proves that Braun 
(1915) indeed perceived the associations as much broader 

units than in his later works. For example, under the “As-
sociation à Potentilla caulescens et Saxifraga cebennensis”, 
he wrote (translated from French): “The Pyrenees on one 
side and the Alps on the other, present not only races but 
also different altitudinal forms.” About the “Association du 
hêtre”, he noted: “Wherever we encountered beech forests, 
from the Baltic Sea to the Alps and the Pyrenees, nearly 
the same phanerogamous species formed the understo-
rey. We can hardly recognize them as distinct regional 
variants. […] The distinction of two main races of the 
association seems possible today, however. Several beech 
companions have a clearly southern distribution and do 
not exceed north of the latitude of Paris and Central Ger-
many. […] The variant of northern Europe contrasts with 
the southern race by its poverty in special elements.”

Braun-Blanquet’s second 
association concept

The original definition of character species did not 
include any geographical restriction. Indeed, the whole 
idea of associations as biogeographical-evolutionary 
units relies on the one-to-one relationship between the 
species and the vegetation unit. However, while being a 
brilliant theoretical concept, the associations defined in 
this way turned out to be too broad for detailed vegetation 
studies. In the years following Braun-Blanquet’s thesis, 
the original association concept was gradually and almost 
surreptitiously transformed by using “regional character 
species” instead of absolute ones. The new concept was 
made official in a footnote in volume 5 of the “Prodrome 
of plant communities” (Braun-Blanquet and Moor 
1938): “In the progress of phytosociological studies it has 
become evident that the associations are individualised 
by regional and even more or less local character species 
rather than by absolute ones. The character species of 
the alliances and orders, in contrast, have a much more 
general validity. They only occur in other alliances and 
orders in a constitutive manner if they are distributed over 
two or more big circles of vegetation (eurosiberian circle, 
mediterranean circle etc.)” (translated from German).

Therefore, for the purpose of the association concept, 
the validity of character species was restricted to 
“floristically homogenous regions”, often not larger than a 
particular valley in the Alps. This allowed Braun-Blanquet 
to maintain his original definition of the association, which 
requires at least one character species for each association, 
while in fact they were only defined by differential species. 
The concept is best illustrated in Braun-Blanquet’s 
monograph of the inner-alpine dry valleys (Braun-
Blanquet 1961), where the vicariant associations of an 
alliance mostly have the same regional character species 
that are in fact character species of the alliance. Thus, the 
new associations were basically geographical subdivisions 
of the alliance, whereas the old associations became the 
alliances. This concept worked surprisingly well, despite 
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the fact that nobody could give a clear definition of a 
“floristically homogenous region” (Willner 2006), and the 
original association concept was forgotten.

Back to the roots: towards an 
operational definition of the 
alliance
According to Braun-Blanquet, the character species of 
alliances have a much more general validity than those 
of the association, being geographically constrained 
only by the “circle of vegetation.” The latter, however, 
remained an elusive concept that has not been used in 
the phytosociological literature for many decades. In fact, 
geographical restrictions to the validity of character species 
are very problematic for both practical and theoretical 
reasons. On the one hand, any delimitation of areas of 
validity is arbitrary, circular or based on external criteria 
not derived from the vegetation itself. On the other hand, 
the one-to-one relationship between taxa and vegetation 
units is destroyed, thus weakening the biogeographical 
and evolutionary significance of the syntaxonomic system. 
I therefore suggest that we abandon all geographical 
restrictions and only use absolute character taxa for higher 
syntaxa. The term “character taxa” underlines the fact that 
subspecies may be used to define higher syntaxa as long 
as they are really genetically different. In certain cases, the 
use of supraspecific taxa might also be reasonable, e.g. in 
vegetation types characterised by closely related species 
with narrow geographical ranges (Deil 1994).

An “absolute character taxon” is a taxon which has its 
global optimum in the syntaxon in question. Obviously, 
a taxon can only be an absolute character taxon of exactly 
one syntaxon. Possible exceptions could be cryptic taxa (i.e., 
morphologically indistinguishable, but genetically isolated 
infraspecific entities), and species introduced to other con-
tinents and genetically differentiated from their native range 
(e.g. Robinia pseudoacacia in Europe; Bouteiller et al. 2019). 
Such cases could be seen as “subspecies in statu nascendi” 
and used as character taxa of higher syntaxa, provided that 
the latter are sufficiently different in their overall species 
composition. In contrast, geographically isolated ranges 
without accompanying genetic differentiation would not be 
sufficient to use a character taxon for two different syntaxa.

Building upon these ideas, and incorporating the con-
cept of central syntaxa (see below), I propose the follow-
ing definition:

“An alliance is a moderately broad vegetation unit that 
either has one or several absolute character taxa or that can 
be interpreted as the central alliance of an order.”

There are several aspects in this definition that need fur-
ther explanation. The term “moderately broad vegetation 
unit” refers to the relative position of the alliance in the 
syntaxonomic hierarchy, being intermediate between the 

more narrowly defined association and the broader units 
above. Indeed, analogous definitions should be adopted 
for the order and class level, the latter being broad and very 
broad vegetation units, respectively, though physiognomic 
considerations might come into play at these ranks as well 
(see below). A more precise specification of the range of 
compositional variability covered by an alliance seems 
hardly possible and even undesirable given the extreme 
differences among different types of vegetation.

A “central syntaxon” is a syntaxon which has the 
diagnostic species of the next higher unit but is only 
negatively differentiated from the next similar units of the 
same rank. Per definition, there can be only one central 
syntaxon within each higher unit. The concept was 
introduced by Dierschke (1981) for associations bearing 
the character species of the alliance, but lacking character 
species of their own. Later, Dengler et al. (2005) argued that 
the same logic can be applied to higher syntaxa. Indeed, 
many alliances adopted in the literature are central syntaxa, 
although this fact is often obscured by the enumeration 
of “regional character species.” A prominent example is 
the Galio odorati-Fagion (Central European basiphytic 
beech forests) which is only negatively differentiated 
from their counterparts in southern Europe (Willner et 
al. 2017). It contains most of the character species of the 
order Fagetalia sylvaticae but has no character species of 
its own. A potential argument against central alliances 
could be that in this way the delimitation of the alliances 
becomes dependent on the orders, and therefore the 
system would have to be developed top-down instead of 
bottom-up. However, in reality, syntaxonomy is always a 
combination of top-down and bottom-up perspectives. 
Regional and national monographs often disagree on the 
syntaxonomic rank at which a species is characteristic (e.g., 
the same species is considered as characters species for an 
alliance in one study and for the whole order in another 
study). The appropriate rank for each species can only be 
determined by a broad-scale comparison. Thus, an alliance 
previously considered to have several character species of 
its own might turn out to be the central alliance of the 
order. However, as there can be only one central alliance 
per order, it could also mean that several alliances must be 
merged. The same logic applies to the orders within a class.

It is now widely recognised that floristically defined 
units should be constrained by certain structural types 
or formations, although the exact number and defini-
tion of the latter remains a matter of debate (Theurillat 
et al. 1995; Dengler et al. 2005; Faber-Langendoen et al. 
2014; Willner 2017). Thus, some authors proposed that 
the same species could be character species within two 
different formations or structural types (Dengler et al. 
2005). However, formation-specific character species are 
in fact a special case of shared differential species rather 
than true character species. They should only be used if 
a species is similarly frequent and vital within two for-
mations and therefore would not be suitable as character 
species of a single syntaxon. For instance, the dwarf-shrub 
Erica carnea grows with equally high constancy and cover 
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within dry pine forests and in treeless dwarf-shrub heaths 
of Central Europe. Thus, if pine forests and dwarf-shrub 
heaths are classified in different classes, Erica carnea could 
not be used as unique character species of any syntaxon. 
However, it might be accepted as formation-specific char-
acter species for both a pine-forest and a dwarf-shrub 
syntaxon. On the other hand, species that clearly have 
their optimum outside of forests and only occasionally 
occur under a tree canopy, or just as successional relics, 
should not be used as formation-specific character species 
of forest syntaxa, as they could not survive in the absence 
of their true, treeless habitat. Alliances solely based on 
formation-specific character species should be avoided 
unless there is no other reasonable solution.

Another issue that needs further attention is the fre-
quency of the character species within the alliance. Since 
alliances are usually not only defined by character but also 
by differential species, the absence of character species in 
some associations is not a problem. However, is a single 
character species with restricted geographical range and 
very low constancy sufficient to raise a vegetation unit to 
alliance rank? Without putting forward precise threshold 
values, I suggest as a minimum requirement that at least 
one character species of the alliance should either occur 
in most associations with low (<20%) to moderate (20–
60%) constancy or in some associations with high (>60%) 
constancy. Transgressive character species of associations 
are, by definition, character species of the alliance (West-
hoff and van der Maarel 1978; Dengler et al. 2005). In any 
case, the alliance is not necessarily the lowest syntaxon 
that has a character species.

The biogeographical meaning 
of higher syntaxa

The proposed alliance concept emphasises the impor-
tance of intensive floristic definitions of higher syntaxa 
(De Cáceres et al. 2015), and the special role of charac-
ter species for these definitions. As already indicated by 
Braun (1915), vegetation units based on coherent groups 
of character species are more than arbitrary boxes of 
similar plant communities. The one-to-one relationship 
between character species and vegetation units gives 
the latter a clear biogeographical and even evolutionary 
meaning. Associations, in contrast, often lack true char-
acter species. They are temporally less stable, especially 
in regions strongly affected by the climatic fluctuations 
of the Pleistocene. Therefore, from a global perspective, 
alliances could be perceived as more fundamental units 
than the associations, although the latter are formally 
the basic units of the phytosociological system. However, 
there are cases that may differ, such as vegetation types 
characterised by highly competitive, often monodomi-
nant species (e.g. marsh vegetation). In such vegetation, 
associations are mostly defined by the dominance of a 
single transgressive species, and the alliances by the fre-

quent co-occurrence of these species as well as by differ-
ential species from other classes, while specific alliance 
species are lacking (Landucci et al. 2020). In these cases, 
the associations might be regarded as more fundamental 
than the alliances.

Syntaxa are abstract units, but the patterns behind 
them are real. Well-supported groups of character 
species (i.e., frequently co-occurring species with 
similar habitat requirements and similar geographical 
ranges) could be interpreted, to some degree, as natural 
entities reflecting a common biogeographical history 
of the species. However, despite the recent advances 
in phylogenetics and historical biogeography, the 
evolution of higher syntaxa has gained little attention 
in the scientific literature (but see Deil 1999, 2014 
for some attempts in this direction). There are four 
possible mechanisms of “syntaxon evolution”, which in 
most cases will act simultaneously: (i) speciation, (ii) 
extinction, (iii) adaptation of species to new habitats, 
and (iv) species migration (see Wiens 2012 for a similar 
model). For instance, isolation over long time periods 
might result in a previously wide-spread syntaxon being 
split into two or more syntaxa, each with its own set of 
character species. Alternatively, new habitats or areas 
might become available which are colonised by existing 
species. This colonisation might be accompanied 
by evolutional changes, leading to new species or 
subspecies, which subsequently become character taxa 
of new syntaxa (Figure 1). The alpine plant radiation, 
triggered by the uplift of high mountain systems during 
the late Tertiary (Hughes and Atchison 2015), has 
probably given rise to the numerous classes and orders 
of high-mountain vegetation described from Europe 
and other continents. Alliances might rather reflect the 
migration, extinction and speciation events caused by 
the climatic oscillations of the Pleistocene (Comes and 

Figure 1. Two simple scenarios for the emergence of 
new syntaxa. Blue circle: old syntaxon. Green and or-
ange circles: newly emerging syntaxa. Solid blue ar-
rows: species colonising and adapting to a new habitat 
or area. Dashed arrows: colonisation coupled with evo-
lutionary changes, leading to new species or subspe-
cies, which become character taxa of the new syntaxa.

sit
e 

co
nd

i�
on

s

geographical space

new habitat

new area



Vegetation Classification and Survey 143

Kadereit 1998; Willner et al. 2009, 2017). Adaptation 
to a new habitat might shift the ecological niche of a 
species in such way that its optimum lies no longer 
in its original but in a new syntaxon. For instance, 
Arrhenatherum elatius, now the main character species 
of nutrient-rich mesic grasslands of Europe and 
almost exclusively found in anthropogenic habitats, 
is thought to have originated from nutrient-rich scree 
communities (Ellenberg 2009). Thus, a syntaxon can be 
much younger than its character species, but obviously 
it cannot be older. It is safe to assume that the age of 
alliances, orders and classes varies from a few hundred 
years in case of some types of anthropogenic vegetation 
to millions of years in case of old natural habitats.

Conclusions and outlook
Braun-Blanquet’s original association concept provides a 
promising basis for defining the alliance. Otherwise, any 
grouping of associations could become an alliance, and 
the “inflation of higher syntaxa” (Pignatti 1995) could 
go on forever. However, there is more than just a prac-

tical need for this concept. The one-to-one relationship 
between character species and higher syntaxa offers the 
opportunity for integrating phytosociology and biogeo-
graphical-evolutionary studies, a scientific field that has 
hardly been explored.

The EuroVegChecklist (Mucina et al. 2016) was 
accompanied by expert-derived diagnostic species lists 
for the classes. The task of evaluating these species 
lists using large plot data sets and identifying the 
diagnostic species for the alliances and orders is still in 
the early stages. Optimally, this should be done with a 
simultaneous revision of the syntaxonomic system. The 
alliance concept outlined in this paper could serve as a 
helpful tool for these exercises.
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Abstract
The European Vegetation Classification Committee (EVCC) was established in 2017 by the European Vegetation Survey 
to maintain and update a standard phytosociological classification of European vegetation. Vegetation scientists can 
send proposals for modification of specific parts of the EuroVegChecklist, which is used as a baseline. The proposals 
are accepted or rejected based on recommendations issued by a specialist group and after voting by EVCC members. 
Here we report the results of the first voting, which took place from 4 June to 4 July 2020. EVCC members voted on 
the recommendations issued for three proposals of change concerning spring and dune vegetation, and mediterranean 
grasslands. As a result, EVCC accepted to modify the classes Ammophiletea and Helichryso-Crucianelletea, but rejected 
to include the alliance Philonotidion seriatae and the class Charybdido pancratii-Asphodeletea ramosi. These rejections 
are not final, and similar proposals can be submitted again with new data supporting the proposed changes.

Abbreviations: EVCC = European Vegetation Classification Committee; SG = Specialist Group.

Keywords
Alliance, class, European Vegetation Survey, EuroVegChecklist, EVCC, order, phytosociology, syntaxonomy

Introduction
European phytosociology has traditionally been charac-
terised by a pluralism of national and regional traditions 
(Guarino et al. 2018). The idea to develop a coherent 
overview of vegetation units for the whole of Europe was 
revived by the formation of the IAVS working group ‘Eu-
ropean Vegetation Survey’ in 1992, and a first preliminary 
compilation was published by Rodwell et al. (2002). In the 
following years, these attempts were intensified, culmi-
nating in the publication of the ‘EuroVegChecklist’ (Mu-
cina et al. 2016).

In 2017, the European Vegetation Classification Com-
mittee (hereafter EVCC) was established by the European 
Vegetation Survey to maintain and update a standard phy-
tosociological classification of European vegetation, taking 

the EuroVegChecklist as a baseline. The EVCC involves 
experts whose expertise collectively covers most European 
vegetation types and most European regions. Its tasks are: 
(a) receiving proposals for changes of specific parts of the 
EuroVegChecklist; (b) organising the reviewing of these 
proposals by international expert groups; and (c) deciding 
about acceptance or rejection of the proposals.

Currently, the EVCC has the following 69 members: 
Emiliano Agrillo, Iva Apostolova, Fabio Attorre, Chris-
tian Berg, Erwin Bergmeier, Edoardo Biondi, Idoia Bi-
urrun, Carlo Blasi, Richard Boeuf, Salvatore Brullo, Helga 
Bültmann, Juan Antonio Campos, Jorge Capelo, Andraž 
Čarni, Milan Chytrý, János Csiky, Fred Daniëls, Jürgen 
Dengler, Yakiv Didukh, Panayotis Dimopoulos, Romeo 
Di Pietro, Nikolai Ermakov, Giuliano Fanelli, Federico 
Fernández-González, Dan Gafta, Rosario Gavilán, Dan-
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iela Gigante, Gian Pietro Giusso del Galdo, Valentin Gol-
ub, Riccardo Guarino, Michal Hájek, Rense Haveman, 
Dmytro Iakushenko, Adrian Indreica, Ute Jandt, Monika 
Janišová, Jan Jansen, John Janssen, Borja Jiménez-Alfaro, 
Zygmunt Kącki, Anna Kuzemko, Flavia Landucci, Javier 
Loidi, Zdeňka Lososová, Corrado Marcenò, Vlado Mat-
evski, José Antonio Molina, Ladislav Mucina, Vladimir 
Onipchenko, Sandro Pignatti, Valerijus Rašomavičius, 
John Rodwell, Jan Roleček, Solvita Rūsina, Daniel Sánchez 
Mata, Arnoldo Santos Guerra, Joop Schaminée, Jozef 
Šibík, Urban Šilc, Željko Škvorc, Vladimir Stupar, Kateři-
na Šumberová, Massimo Terzi, Gilles Thébaud, Jean-Paul 
Theurillat, Ioannis Tsiripidis, Rossen Tzonev, Milan Val-
achovič, and Wolfgang Willner.

Any vegetation scientist can send a proposal for mod-
ification of a specific part of the EuroVegChecklist, typ-
ically based on published scientific papers. The EVCC 
establishes a Specialist Group (SG) for each proposal 
received. Each SG consists of at least three members of 
the EVCC whose expertise is close to the topic of the 
proposal, led by a Coordinating Editor assigned by the 
Secretary (or Deputy Secretary) of the EVCC. Based on 
the discussion within the SG, the Coordinating Editor 
prepares a recommendation about the proposal, which 
can be ‘Accept’ or ‘Reject’. Once a year, the EVCC mem-
bers are asked to vote about the recommendations. 
More details about the whole procedure are available 
in the document approved at the EVS Business Meeting 
in Bilbao on 14 September 2017 (available at http://eu-
roveg.org/download/EuroVegChecklist-update-proce-
dures-2017-09-14-APPROVED.pdf).

Here we report the results of the first voting, which took 
place from 4 June to 4 July 2020. In this voting, EVCC 
members were asked to vote on the recommendations is-
sued for three proposals of change.

Report on proposals, 
recommendations and voting

Proposal 001 – Inclusion of the alliance Philo-
notidion seriatae in the EuroVegChecklist

Author of proposal: Dirk Hinterlang
Date of proposal: 5 October 2017

Summary of proposal: The author suggests to include 
the alliance Philonotidion seriatae Hinterlang 1992 in the 
EuroVegChecklist, where it is currently indicated as syn-
taxonomic synonym of the alliance Swertio perennis-Ani-
sothecion squarrosi Hadač 1983.
Supporting publication: Hinterlang (2017).

Specialist Group: Michal Hájek (Coordinating Editor), 
Ladislav Mucina, Jürgen Dengler, José Molina, Christian 
Berg, Milan Valachovič, Jozef Šibík.

Recommendation (23 February 2018): The SG suggest-
ed to reject the proposal, but to reconsider the decision 
if additional material is provided which clearly demon-

strates the floristic independence of Swertio-Anisothecion 
squarrosi and Philonotidion seriatae (i.e., own diagnostic 
species) at a wider geographical scale.

Voting: The recommendation of the Specialist Group 
was confirmed by the EVCC.

Proposal 002 – Inclusion of the class Charyb-
dido pancratii-Asphodeletea ramosi in the Eu-
roVegChecklist

Authors of proposal: Edoardo Biondi, Simona Casavec-
chia, Simone Pesaresi, Roberta Gasparri and Nello Biscotti
Date of proposal: 27 February 2018

Summary of proposal: The authors suggest to include 
the new class Charybdido pancratii-Asphodeletea ramosi 
Biondi et al. 2016 with its two new orders Asphodeleta-
lia ramosi Biondi in Biondi et al. 2016 and Bellido sylves-
tris-Arisaretalia vulgaris Biondi in Biondi et al. 2017 in the 
EuroVegChecklist.

Supporting publications: Biondi et al. (2016), Biondi et 
al. (2017).

Specialist Group: Andraž Čarni (Coordinating Editor), 
Jorge Capelo, Romeo Di Pietro, Giuliano Fanelli, Ladislav 
Mucina, Jozef Šibík.

Recommendation (11 November 2019): The SG noted 
that this proposal goes beyond merely accepting a new 
class into the EuroVegChecklist. It also contains syntax-
onomic changes of concern for the classes Lygeo-Stipetea 
Rivas-Mart. 1978 and Trifolio-Geranietea T. Müller 1962. 
A proposal of a new class should be clearly ecologically 
and floristically argued. The floristic delimitation would 
be unequivocally addressed if a synoptic table was pre-
sented that would document the status of the new class 
in relation to other, floristically similar classes. The SG 
identified at least two classes towards which the Charyb-
dido-Asphodeletea should be delimited, namely towards 
the Lygeo-Stipetea and the Trifolio-Geranietea. Therefore, 
the SG recommended rejection, but encouraged the au-
thors to provide additional evidence for their proposal by 
means of synoptic tables.

Voting: The Recommendation of the Specialist Group 
was confirmed by the EVCC.

Proposal 003 – Modification of the classes Am-
mophiletea and Helichryso-Crucianelletea in the 
EuroVegChecklist

Authors of proposal: Corrado Marcenò and Milan Chytrý
Date of proposal: 18 October 2019

Summary of proposal: The authors suggest to rear-
range the syntaxonomic framework of European dune 
vegetation. They propose to modify the classes Ammo-
philetea Br.-Bl. et Tx. ex Westhoff et al. 1946 and Heli-
chryso-Crucianelletalia maritimae Géhu et al. in Sissingh 
1974. The main change would be the inclusion of the 
Honckenyo-Elymetea arenarii Tx. 1966 and Elymetalia 
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gigantei Vicherek 1971 as separate class and order, re-
spectively.

Supporting publications: Boşcaiu (1975), Sburlino et al. 
(2013), Marcenò et al. (2018).

Specialist Group: Juan Antonio Campos (Coordinating 
Editor), Erwin Bergmeier, Jürgen Dengler, Rense Haveman.

Recommendation (7 February 2020): The SG conclud-
ed that Marcenò et al. (2018) convincingly demonstrated 
that the variation in species composition of European 
and Mediterranean coastal dune vegetation is strongly 
affected by the geographic component (differentiation 
between Atlantic, Mediterranean and Black Sea regions). 
TWINSPAN classification and DCA clearly supported 
the main separation between the Atlantic–Baltic and 
Mediterranean–Black Sea dune vegetation. This vegeta-
tion pattern is also supported by phylogeographic studies 
(Kadereit et al. 2005; Kadereit and Westberg 2007) car-
ried out on some widely distributed dune species such as 
Cakile maritima, Eryngium maritimum, Euphorbia paral-
ias, which point to the importance of the Strait of Gibral-
tar as a barrier in the gene flow of many coastal species. 
Therefore, the SG recommend acceptance of the proposal 
with minor wording adjustments that were accepted by 
the authors of the proposal.

Voting: The recommendation of the Specialist Group was 
confirmed by the EVCC. The proposal is therefore accepted.

Summary and outlook
The modifications as indicated in Proposal 003 will be im-
plemented in the next EuroVegChecklist update. However, 
we would like to emphasise that the rejection of Proposals 
001 and 002 is not final. In both cases, the main reason 
why the expert committees recommended rejection was 
the lack of a pan-European revision with synoptic tables. 
Thus, it is possible that the same or similar proposals are 
submitted again when new data supporting the proposed 
changes have been presented.

Two more proposals are now in the evaluation process. 
We would like to remind vegetation scientists who are 
willing to submit a proposal to follow the abovementioned 
procedures, especially regarding the documentation sup-
porting the proposal, e.g., scientific papers including syn-
optic tables showing the floristic delimitation between the 
target syntaxon/syntaxa and other related ones.

Proposals have to be sent to the acting EVCC Secretary or 
Deputy Secretary (see http://euroveg.org/evc-committee).

Author contributions
W.W. planned the report, I.B. wrote it with important in-
puts from W.W.
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Abstract
The Eastern European Steppe Database (GIVD ID EU-00-030) includes 6961 vegetation plots of dry grassland vege-
tation from Eastern Europe (Steppe and Forest-Steppe zones, mountain regions), mainly from Ukraine (4579 relevés), 
Russia (2403 relevés) and Moldova (203 relevés). 3912 vegetation plots are from different literature sources (66 sources), 
219 are from the phytosociological card-index of the M.G. Kholodny Institute of Botany, NAS of Ukraine, 2830 relevés 
are authors’ relevés. They were established in 1935-2019 years. The database comprises mainly the vegetation of the 
class Festuco-Brometea (around 95% of the dataset), and a small proportion of Koelerio-Corynephoretea canescentis, 
Artemisietea vulgaris, Crataego-Prunetea. The taxonomy of vascular species is given according to Cherepanov (1995) 
for vascular plants, Ignatov and Afonina (1992) for bryophytes and identification guides of the USSR (1971–1978) and 
Russia (1996, 1998) for lichens. The database is part of the European Vegetation Archive.
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Eastern European Steppe Database 

Denys Vynokurov 

GIVD Database ID: EU-00-030 Last update: 2020-11-09 

Eastern European Steppe Database Web address: 

Database manager(s): Denys Vynokurov (denys.vynokurov@gmail.com) 
Owner: Denys Vynokurov 
Scope: The database includes the relevés of different types of grasslands from Ukraine. Criteria for inclusion: plot size from 1 to 100 m2 and clear 
geographic location 
Abstract: The Eastern European Steppe Database (GIVD ID EU-00-030) includes 6961 vegetation plots of dry grassland vegetation from Eastern 
Europe (Steppe and Forest-Steppe zones, mountain regions), mainly from Ukraine (4579 relevés), Russia (2403 relevés) and Moldova (203 
relevés). 3912 vegetation plots are from different literature sources (66 sources), 219 are from the phytosociological card -index of the M.G. 
Kholodny Institute of Botany, NAS of Ukraine, 2830 relevés are authors’ relevés. They were establ ished in 1935-2019 years. The database 
comprises mainly the vegetation of the class Festuco-Brometea (around 95% of the dataset), and a small proportion of Koelerio-Corynephoretea 
canescentis, Artemisietea vulgaris, Crataego-Prunetea. The taxonomy of vascular species is given according to Cherepanov vascular plants 
checklist (1995), bryophytes – M. Ignatov & O. Afonina checklist (1992) and lichens – identification guides of the USSR (1971–1978) and Russia 
(1996, 1998). 
Availability: free upon request Online upload: no Online search: no 
Database format(s): TURBOVEG Export format(s): TURBOVEG, Excel 
Plot type(s): normal plots Plot-size range: 4 to 625 
Non-overlapping plots: 
6961 

Estimate of existing plots: 
6961 

Completeness:  
100% 

Status:  
completed and continuing 

Total no. of plot observations: 
6961 

Number of sources (biblioreferences, data collectors): 
66 

Valid taxa: 
0 

Countries (%): UA: 62.5; RU: 34.1; MD: 2.9 
Formations: Non Forest: 100% = Terrestrial: 100% (Non arctic-alpin: 100% [Natural: 43%; Semi-natural: 57%]) 
Guilds: all vascular plants: 95%; bryophytes (terricolous or aquatic): 1%; lichens (terricolous or aquatic): 1% 
Environmental data (%): altitude: 23; slope aspect: 49; slope inclination: 46; microrelief: 0; surface cover other than plants (open soil, litter, bare 
rock etc.): 0; other soil attributes: 0; soil pH: 0; land use categories: 0; soil depth: 0  
Performance measure(s): presence/absence only: 0%; cover: 100%; number of individuals: 0%; measurements like diameter or height of trees: 
0%; biomass: 0%; other: 0% 
Geographic localisation: GPS coordinates (precision 25 m or less): 20%; point coordinates less precise than GPS, up to 1 km: 75%; small grid 
(not coarser than 10 km): 0%; political units or only on a coarser scale ( above 10 km): 5% 
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4.48%; 1980-1989: 6.51%; 1990-1999: 2.33%; 2000-2009: 22.07%; 2010-2019: 28.65%; unknown: 35.54% 
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Abstract
The Balkan Vegetation Database (BVD; GIVD ID: EU-00-019) is a regional database, which was established in 2014. 
It comprises phytosociological relevés covering various vegetation types from nine countries of the Balkan Peninsula 
(Albania – 153 relevés, Bosnia and Herzegovina – 1715, Bulgaria – 12,282, Greece – 465, Croatia – 69, Kosovo – 493, 
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Montenegro – 440, North Macedonia – 13 and Serbia – 2677). Currently, it contains 18,306 relevés (compared to 9.580 
in 2016), and most of them (82.8%) are geo-referenced. The database includes both digitized relevés from the literature 
(65.6%) and unpublished data (34.5%). Plot size is available for 84.7% of all relevés. During the last four years some 
“header data information” was improved e.g. elevation (now available for 83.4% of all relevés), aspect (67.7%), slope 
(66%), total cover of vegetation (54.3%), cover of tree, shrub, herb, bryophyte and lichen layers (27.1%, 20.1%, 40.2%, 
11.5% and 2.1%), respectively. Data access is either semi-restricted (65.6%) or restricted (34.4%). Most relevés (84.6%) 
are classified to syntaxa of different levels. The database has been used for numerous studies with various objectives 
from floristic, vegetation and habitat-related topics, to macroecological studies at the local, regional, national, conti-
nental and global levels. During the last four years, BVD data were requested from 111 different projects via the EVA 
and sPlot databases.

Keywords
Balkan Peninsula, Balkan vegetation, conservation, TURBOVEG, vegetation plot, vegetation classification
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Abstract
In this paper we describe the historical background and contents of the DUMIRA vegetation plot database (GIVD-code 
EU-NL-003). It contains 13,046 relevés, collected between 1995 and 2018 at military ranges in the Netherlands, and it is 
updated regularly with new data. Historical circumstances led to the placement of military ranges at the most nutrient 
poor, dry, sandy soils, and as a result, the database is built up mainly by plots of Calluno-Ulicetea and Nardetea heath-
lands, Koelerio-Corynephoretea grasslands, and Quercetea robori-petraeae woodlands. These classes account for more 
than 50% of the database. Coastal communities (e.g. from the Juncetea maritimae and the Therosalicornietea) and scrubs 
(e.g. the Lonicero-Rubetea plicati and Salicetea arenariae) are other important sources. Notably, throughout the database, 
Rubus species are identified to species level. Although the DUMIRA database was initially used for management related 
vegetation mapping projects, the data gave rise to several more scientific studies and papers.

Taxonomic reference: Van der Meijden (2005) for vascular plants; Van de Beek et al. (2014) for Rubus; Kleukers et al. 
(2004) for Orthoptera.

Syntaxonomic reference: Mucina et al. (2016).

Abbreviations: DUMIRA = Vegetation plot database of Dutch Military Ranges; GIVD = Global Index of Vegetation-plot 
Databases; MoD = Ministry of Defence.

Keywords
Coastal vegetation, database, DUMIRA, grassland, heathland, management, military ranges, Netherlands, relevé, Rubus, 
scrub, TURBOVEG

Introduction

Vegetation research has a long tradition in the Nether-
lands, as was described in the long database report of The 
Dutch National Vegetation Database (Schaminée et al. 
2012). As is clear from the overview in the Global Index of 
Vegetation-plot Databases (GIVD: www.givd.info/info_
organisation.xhtml), with 600,000 plot records in this da-
tabase, the Netherlands is the most extensively sampled 
country in Europe. From the beginning of the vegetation 
survey in this country, most attention was paid to natural 

and semi-natural systems, but until the 1990’s, military 
training areas and air-fields were hardly sampled, mostly 
due to access restrictions. Sporadically, the vegetation was 
mapped for operational purposes (e.g. the estimation of 
the carrying capacity of the soil for military vehicles) or 
the evaluation of land use changes. These ad hoc mapping 
projects were replaced by a systematic and regular vegeta-
tion mapping project in 1996 after a two-year pilot period. 
This project has a long history though.

Most Dutch military areas were acquired between 1850 
and 1920, when, mainly as a result of ongoing mechanisa-

Copyright Iris de Ronde et al. This is an open access article distributed under the terms of the Creative Commons Attribution License 
(CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 
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tion and the development of larger and heavier equipment, 
the need for larger areas for field exercises for the Dutch 
army increased. For obvious reasons, the most suitable are-
as were extensive and uncultivated common lands, consist-
ing mainly of heath- and woodlands, and open dune areas, 
which coincidentally became available at that time (Gilis-
sen 2013). As a consequence of the Inclosure Act (“Mark-
enwet”) of 1886, common lands were divided and sold, and 
the former Ministry of War claimed the cheapest areas, 
which evidently included the very poor, sandy soils, prac-
tically unsuitable for agriculture. In the twentieth century, 
with ongoing urbanization and the introduction of mineral 
fertilizer, the claim on land became more and more prob-
lematic, but over time the Dutch government was able to 
acquire tens of thousands of hectares of land as military 
training areas and air fields. After World War II, training 
exercises intensified, and increasingly heavier equipment 
was used. The introduction of so-called “free-for-all are-
as” ‒ zones without any restriction for driving ‒ had a very 
destructive influence on the vegetation.

In the nineteen-seventies, growing environmental 
awareness led to the sentiment that the army, with its in-
tensified exercises, was partly responsible for the decline 
of species and ecosystems. This awareness eventually led 
to a more leading role of the national government in en-
vironmental and nature conservational policy. In 1994, a 
collaboration between the former Ministry of Agriculture, 
Nature and Food Quality and the Ministry of Defence 
(MoD) resulted in a project aiming at the survey of nature 
in military areas (Haveman 2012), focussing on breed-

ing birds, butterflies and vegetation. From the start of the 
project, data collection served practical goals, i.e. man-
agement advice, decision making in spatial developments 
of the MoD areas, and the conservation of natural values, 
but not for answering of scientific questions as such. In a 
relatively short period of about 10 years, all larger military 
training areas, airbases and firing ranges were mapped, 
and from 2004 the first areas were revisited for the moni-
toring of the most important values. Nowadays a team of 8 
ecologists is working on the monitoring of natural values 
on military areas, employed by the Central Government 
Real Estate Agency, part of the Ministry of the Interior 
and Kingdom Relations.

The basis for the vegetation monitoring is formed by the 
sequential mapping of the vegetation, in scale ranging most-
ly from 1:2,500 to 1:10,000. The mapped vegetation types 
are based on a set of local vegetation plot data (relevés). 
Practically from the beginning of the project, the relevé 
data is stored in a TURBOVEG-database (Hennekens and 
Schaminée 2001). Although the data from this database is 
used mainly in local typologies and for detailed descriptions 
of plant communities in military areas, the data is also used 
in several other large projects, of which the revision of the 
national classification (Schaminée et al. 2017) might be the 
most important one. The data and maps are also used for 
nature conservation policy, e.g. as a basis for the mapping 
of habitats in the framework of Natura 2000. More than 25 
Dutch military ranges are designated as Natura-2000 sites, 
comprising more than half of the total area of the 25,000 ha 
of training areas, airfields and firing ranges.
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DUMIRA Database

As of November 2020, the vegetation plot database of 
Dutch Military Ranges (DUMIRA, registered in the GIVD 
as EU-NL-003) consists of 13,046 relevés, all from military 
areas in the Netherlands (Figure 1). Data collection started 
in 1995 and new data is added regularly, preferably annu-
ally. Over the years, data collection changed from pure an-
alogue (on paper) to completely digital (tablets). Between 
1995 and 2000, the relevés are lacking coordinates, or the 
coordinates are estimated at square kilometre level. From 
2000 onwards, the coordinates were assessed with a GPS, 
and thus are much more accurate. From 2008, relevés are 
collected with electronic notebooks, using TURBOVEG 

CE, or, recently, TURBOVEG SD (Hennekens 2018). Al-
most two thirds of the number of relevés in the database 
date back to the time period 2000–2009, in which the 
focus was on the first inventory of the ranges. The actual 
number of relevés per year fluctuates considerably (Fig-
ure 2), which is the effect of the method used: relevés are 
collected in years prior to the actual mapping of the vege-
tation. Over the years, ten people contributed to the data 
collection; the authors of this paper contributed almost 
75% of the total number of relevés. Less than 5% of the 
relevés are permanent plots, recorded in the 17-level Bark-
man, Doing and Segal scale (Barkman et al. 1964), which 
is basically a more detailed, modified Braun-Blanquet-
scale. The large bulk of the relevés, however, is recorded 

Figure 1. Distribution of relevés in the DUMIRA database made between 1995 and 2018. Dark yellow = coastal dunes; 
yellow = Pleistocene sands; green = marine and river clays; purple = fen peat; light orange = loess and limestone.
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in a slightly modified 9-scales form of the well-known 
Braun-Blanquet scale (Westhoff et al. 1995). About 18% 
of the relevés are indicated in the database as stratified 
random plots. The location of these relevés is not based 
on a field decision, but randomly chosen beforehand from 
the study area. Subsequently such sets of random plots are 
used to test the change in species composition in relatively 
homogeneous areas, for example in grasslands on airfields 
where reduction of the productivity is the main goal (De 
Ronde and Haveman 2008). Throughout, terrestrial moss-
es and lichens are included in the relevés. Especially in oli-
gotrophic systems poor in vascular plants (like heathlands 
and inland dune communities), and in pioneer ecosystems 
(e.g. in pioneer dune slacks), cryptogams have proved to be 
important for the recognition and delimitation of commu-
nities. In the database, relevés of basal communities and 
transitional stages are well represented, since the relevés 
were intended to be used for mapping purposes from the 
beginning. Each relevé in the database is assigned to a 
phytosociological unit from the check list of Dutch plant 
communities (Schaminée et al. 2017) using the identifica-
tion program ASSOCIA (van Tongeren et al. 2008).

As pointed out in the introduction, the military areas 
are not a reflection of the average Dutch landscape and 
its corresponding vegetation. Most training areas are 
found on dry, nutrient poor, sandy soils, which were not 
suitable for agriculture (see Figure 1 for the distribution 
of the relevés over the soil types). As a result of this un-
balanced representation, relevés from peatlands, brooks, 
ponds, meadows, calcareous grasslands and mesic decid-
uous forests are either completely lacking, or seriously 
underrepresented in the DUMIRA database compared to 
the national database. In contrast, the DUMIRA database 
includes mainly data from dry grasslands on sandy soils 

(Koelerio-Corynephoretea Klika 1941) and more in de-
tail silicicolous tussock grasslands of the Corynephorion 
Klika 1931 and meso-xerophytic closed grasslands of the 
Sedo-Cerastion arvensis Sissingh & Tideman 1960, dry in-
land heathlands (Calluno-Genistion pilosae P. Duvigneaud 
1945), temperate Atlantic acidophilous oak forests of the 
Quercion roboris Malcuit 1929, pastures and meadows of 
the Molinio-Arhenatheretea Tx. 1937, and matgrass-swards 
of the Violion caninae Schwickerath 1944. Figure 3 shows 
the five classes with the highest numbers of relevés in the 
database, with all subordinate alliances represented with 
relevés in the database. As is clear from this figure, over 
two-thirds of the relevés of the Koelerio-Corynephoretea, 
Calluno-Genistion, Quercion roboris and Violion caninae 
can be assigned at alliance-level. Although the Molin-
io-Arrhenatheretea are well represented in the database at 
class level, over 90% of the relevés assigned to this class 
can only be classified at the order level or higher, which 
is a strong indication of the poor and fragmentary devel-
opment of these grasslands at the Dutch military ranges, 
which is in correspondence with the initially nutrient 
poor environment.

Not included in the 5 largest classes in the database are 
the coastal communities of the Therosalicornietea Tx. 1958, 
Juncetea maritimi Br.-Bl. & Tx. 1952, Honckenyo-Elymetea 
arenarii Tx. 1966 (sub nomine Ammophiletea Br.-Bl et Tx. 
ex Westhoff et al. 1946), Saginetea maritimae Westhoff 
et al. 1962 and Caricion viridulo-trinervis Julve ex Hájek 
& Mucina 2015, but summarised these classes are rep-
resented with 1459 relevés. The majority of these relevés 
originate from two large training areas at the Wadden 
islands of Texel and Vlieland, located in highly dynamic 
young coastal landscapes. Another key characteristic 
of the DUMIRA database is the attention paid to shrub 

Figure 2. Number of relevés per year in the DUMIRA vegetation plot database.
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communities of the Salicetea arenariae Weber 1999, Lon-
icero-Rubetea plicati Haveman et al. 1999, Rhamno-Pru-
netea Rivas Goday & Borja Carbonell ex Tüxen1952, and 
Franguletea Doing ex Westhoff 1969 (1294 relevés). Asso-
ciated with this, but not limited to the scrub communities, 
Rubus apomicts are named at species level in the relevés; 
we think this is a unique feature of the DUMIRA database 
in comparison to most other vegetation databases. In the 
DUMIRA database, 1797 relevés contain 96 brambles spe-
cies from Rubus subgen. Rubus; Rubus plicatus (n = 911) 
and Rubus gratus (n = 713) are the most frequently re-
corded species, again affirming the poor nutrient status of 
most soils in Dutch military areas.

Output
From 1995 onward, vegetation maps are made of more 
than 60 military areas, ranging from a few to several thou-
sand hectares, and some of these areas have been mapped 
for the third time already. Most of the maps are published 
as internal reports, but they are also made available for 
external organisations (mostly the provincial administra-
tion) for the monitoring of the area and quality of Natura 
2000 habitats, and the article 17 reporting to the EU. The 

DUMIRA database has further been the basis for many 
broad to very specialised studies, mostly published as in-
ternal reports, e.g. large overviews concerning the contri-
bution of the MoD areas to the nature in the Netherlands, 
recommendations on the management of airfield grass-
lands, the habitat requirements of endangered species in 
Natura 2000 areas, and a landscape ecological analysis of 
the large military range at the Wadden Island of Texel.

Although the DUMIRA database has a very practical 
basis, with its main use in the daily mapping practise of 
military ranges, the data also gave rise to papers on a wide 
range of subjects, some of which we mention here. One 
category of published papers is dealing with rare species 
or species of special (nature conservation) interest, like 
Mibora minima (Haveman and de Ronde 2012). More of-
ten, the mapping of military ranges led to syntaxonomical 
discussions, sometimes urging the need for studies be-
yond the strict borders of the military areas. Two exam-
ples are the Rubetum taxandriae Haveman & De Ronde 
2012 (class Lonicero-Rubetea Haveman et al. 2012), and 
the Senecioni ovati-Rubetum iuvenis Haveman et al. 2014 
(alliance Athyrio filicis-feminae-Rubion idaei Haveman 
et al. 2014, class Crataego-Prunetea Tx. 1962, Haveman 
et al. 2014), two bramble scrub associations, which were 
recognised for the first time on military areas, but both 

Figure 3. Number of relevés in the DUMIRA vegetation plot database for the five most sampled vegetation classes 
in the database per alliance. Dark grey bars represent the number of relevés assigned to the given alliance, light grey 
bars (n.c.= not classified) could not be assigned to one of the alliances.
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have a wider distribution in western Europe. Further in-
vestigations in the mountainous areas of Europe might 
reveal more associations belonging to the later mentioned 
alliance (Haveman et al. 2014). The vegetation mapping 
practice not only led to new insights in the classification 
of bramble scrubs though. In a recently published revision 
of the National Vegetation Classification (Schaminée et al. 
2017), the treatment of several classes (e.g. the Nardetea 
Rivas Goday & Borja Carbonell 1966, Calluno-Ulicetea 
Br.-Bl. et Tx. ex Klika & Hadač 1944, Lonicero-Rubetea pli-
cati, and the Salicetea arenariae) was based on the insights 
gained during the mapping of the vegetation on military 
ranges, and to a considerable extent on relevés from the 
DUMIRA database.

Occasionally, the data in the DUMIRA database is 
used to describe the habitat of rare animal species in the 
Netherlands. An example is given by the description of 
the species composition of the plant communities at the 
Oldebroekse Heide, a large heathland remnant harbour-
ing the westernmost population of Gampsocleis glabra 
(Orthoptera) in Europe (Van der Berg et al. 2000).

Final remarks
The DUMIRA database is an active database which is 
complemented regularly with new relevés from military 
areas. As before, most relevés will be collected for map-
ping purposes, but more specific studies will probably be 
carried out. As is shown in the above, the database was 
built in a period of 25 years in a project aiming at sub-
sequent vegetation mapping of the military ranges in the 
Netherlands. The first goal has never been the scientific 
study of the synsystematics of one or more biomes, for-
mations or classes, but the database merely grew as a 
by-product of the mapping of the vegetation, in service of 
practical conservation questions. Comprising over 13,000 
relevés, it has shown to be of important value however, 

even for more (descriptive) scientific questions. Although 
a rather recent branch on the phytosociological tree, large 
databases can contribute to our understanding of the veg-
etation, especially of large scale patterns (e.g. Wagner et 
al. 2017). But more than 80 years ago, the “Altmeister” of 
phytosociology, Reinhold Tüxen, in the preface of the dis-
sertation of the Dutch forester and phytosociologist W.H. 
Diemont, appointed the value of vegetation mapping as 
an instrument to “sharpen the eye”, as a result of which the 
fine details in the vegetation, below the association and 
subassociation level, are observed, and understood (Tüxen 
1938). This remark still hasn’t lost its value: for the under-
standing of the almost endless variation in the vegetation, 
and its relation to the landscape, vegetation mapping is 
difficult to replace. In the light of the still growing pressure 
on the landscape and its natural inhabitants, the value of 
vegetation mapping can hardly be overestimated. We hope 
and believe that in the future the DUMIRA database will 
serve both these two goals: first of all the understanding 
of small scale variation in the vegetation and its causes, as 
an instrument for the conservation of natural values, and, 
as a good second, also a more synthetic overview of the 
vegetation over larger, regional to continental, areas.
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Abstract
In order to stabilize the defining concepts of the higher rank syntaxonomic units such as class or order, the criteria of 
floristic content and unity of origin are enunciated. This is done with the aim of preventing the fragmentation of the 
large classes and the subsequent typological inflation. For orders, the criterion of specific floristic content is discussed, 
with orders that have been described to encompass seral secondary forests or the separation of forest vegetation from 
that which is dominated by shrubs rejected, due to their weak floristic characterization. These criteria have been applied 
to two forest vegetation classes: the European temperate (Querco-Fagetea) and the Mediterranean (Quercetea ilicis). 
For the first, it is argued in favor of maintaining a single class for all temperate deciduous forests in Europe instead of 
dividing them into four. Within this single class five orders are distinguished: Fagetalia, Quercetalia roboris, Quercetalia 
pubescenti-petraeae, Alno-Fraxinetalia and Populetalia albae, rejecting the orders that have been proposed for secondary 
forests because they have few characteristic taxa. For the sclerophyllous and macchia forests of Mediterranean Europe, 
the Quercetea ilicis class can be split into two or three geographical orders, rejecting the Pistacio-Rhamnetalia alaterni 
as a shrubby physiognomic unit.

Taxonomic reference: Castroviejo S (coord. gen.) (1986–2012) Flora iberica 1–8, 10–15, 17–18, 21. Real Jardín Botáni-
co, CSIC, Madrid, ES.

Syntaxonomic reference: Mucina et al. (2016).

Keywords
Floristic content, Quercetea ilicis, Querco-Fagetea, syntaxonomy, unity of origin, vegetation class, vegetation order

Introduction

The concept of vegetation class needs to be formalized in 
such a way that instability is prevented. The higher rank 
syntaxonomic units, such as classes, as far as they repre-
sent the fundamental parts of the ecological and floristic 
variability in a given territory, should have a well-defined 
ecology and a sufficient biological content (Pignatti et al. 
1995). In terms of phytosociological syntaxonomy, each 
class should have a certain number of characteristic taxa; 
a minimal “floristic content”. As syntaxonomy reflects the 
floristic and ecologic relationships between the subordi-

nate units, the higher rank units should include a signifi-
cant content of a specific flora. This is particularly impor-
tant in the case of classes, but it is also valid for orders. The 
number of taxa required to fulfill these minimal require-
ments are variable and must be estimated in the context 
of the vegetation types involved. Species rich vegetation, 
such as the Querco-Fagetea or Molinio-Arrhenatheretea, 
would need a longer list of characteristic taxa to justify 
the classes and orders, while species poor vegetation, such 
as the Calluno-Ulicetea or Cytisetea scopario-striati, have 
fewer taxa available for this purpose and it is usually dif-
ficult to distinguish more than one or two orders within a 
class in such cases.
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The syntaxonomic scheme structuring a class is the ex-
pression of the ecological and dynamic diversity occur-
ring within it, but, to a certain extent, it can also express 
a certain biogeographical-evolutionary background. The 
floristic set characterizing a class has potentially originat-
ed in a particular evolutionary episode that occurred in a 
particular geographical area under specific environmental 
conditions. We could hypothesize a type of “unity of ori-
gin” in the floristic element characteristic of the class. This 
eco-evolutionary background should prevent us from 
making arbitrary decisions which are not based on real 
patterns in nature.

I will illustrate these ideas with a short discussion on 
the classes Querco-Fagetea and Quercetea ilicis.

The class Querco-Fagetea
The recent publication of the EuroVeg checklist (Mucina 
et al. 2016) has revived the question of the syntaxonom-
ic structuring of temperate deciduous forests in Europe. 
Contrary to the concept of a broad class Querco-Fagetea 
sylvaticae, maintained by several European phytosociolo-
gists (Mucina et al. 1993, Stortelder et al. 1999), Mucina et 
al. (2016) decided to accept the division of this syntaxon 
into four European forest classes: Quercetea robori-petrae-
ae, Carpino-Fagetea sylvaticae, Quercetea pubescentis and 
Alno glutinosae-Populetea albae. A different approach was 
presented by Rivas-Martínez et al. (2011), who proposed 
one class for non-riparian forests and another one for 
riparian forests. Other approaches have included all the 
fen alder and riparian ash forests in a specific class, the 
Alnetea glutinosae (Berg et al. 2004). A solution to this 
controversy requires the application of clear and objective 
criteria. Here, I advocate the recognition of a single class 
that includes most of the deciduous forests of Europe. This 
is supported by three broad arguments that are discussed:

1. Biogeographical-evolutionary criterion: common 
origin and evolution. The current European deciduous 
forests descend from the deciduous forests that occupied 
a wide area in the extratropical latitudes of the Northern 
Hemisphere in the first half of the Tertiary. They encom-
passed the territories of ancient North America and those 
of Eurasia. In that time they were connected by the prox-
imity of the land masses that formed Laurasia (Axelrod 
1983). The separation of North America and Eurasia and 
the subsequent climatic changes that occurred in the late 
Tertiary, gave rise to the fragmentation of that continu-
ous zone into the three current ones: (i) North America 
(basically the eastern half of the USA and the southeast of 
Canada), (ii) Europe (to which are added areas of western 
Asia bordering the Black and Caspian seas), and (iii) East 
Asia (Sino-Japanese region comprising northeast China, 
the Korean peninsula, the south of the Russian Far East 
and the Japanese archipelago). This general context shows 
that the European temperate deciduous forests have a 
common origin followed by a common evolutionary his-
tory up to the present. Since the phytosociological class is 
the highest unit of the system, this unity of origin should 

be reflected in a single class Querco-Fagetea sylvaticae. The 
diversity existing within it can be represented by lower 
syntaxonomic ranks, such as the order and the alliance.

2. Floristic criterion: common set of characteris-
tic species. After being isolated from the American and 
East Asian deciduous forests, the European ones shared 
the climatic oscillations of the Pleistocene. It is generally 
assumed, since Gray (1878) and Reid (1935), that the Eu-
ropean forest flora was impoverished as a result of the ex-
tinctions that occurred during the Pleistocene glaciations, 
whose effects were intensified by the east-west disposition 
of the mountain ranges. Later it was postulated that these 
extinctions must have been more severe in the siliceous 
flora than in the basiphilous one, because the siliceous 
territories, located mainly in the north and in the center 
of Europe, suffered more from the climatic rigors of the 
glaciations than those in the south of the continent where 
base-rich rocks are more abundant, allowing the basiphil-
ous flora to find more refuge areas and suffer fewer ex-
tinctions (Chytrý et al. 2003). In spite of these differences, 
there is a set of specific forest plants occurring throughout 
the European temperate deciduous forests, regardless of 
the substrates on which they are found, from northwest-
ern Iberia to the Hyrcanian region south of the Caspian 
sea. No less than 25 forest species, from herbs such as 
Athyrium filix-femina, Stellaria holostea, Poa nemoralis or 
Brachypodium sylvaticum, to shrubs such as Rubus caesius, 
Daphne laureola or Frangula alnus and trees such as Acer 
campestre, Fraxinus excelsior, Quercus robur, Taxus bac-
cata or Ulmus glabra, are common to most regions where 
these forests exist.

3. Application criterion: coherence in the presenta-
tion. Syntaxonomy has to be presented to non-phytosoci-
ologists in a useful and coherent way. It is very difficult to 
argue, in a teaching context, that forests dominated by the 
same species belong to different classes. This is also valid 
in other fields such as conservation, vegetation mapping 
or land management and planning. If we recognize four 
separate classes, there would be forests of Fagus sylvatica 
and Quercus petraea or Q. robur that would be classified 
into different classes. This would be unusual compared to 
other phytosociological syntaxonomy and further expla-
nation would be required for students, land managers and 
other stakeholders, adding inconsistency and discrediting 
the system.

Riparian and fen forests
Riparian forests are different in several aspects from most 
other deciduous forests. There are three main eco-topo-
graphical positions within them: the lower bed, usually 
occupied by willow scrub, the upper bed, normally pop-
ulated by alder and poplar forests, and the floodplain, 
usually dominated by ashes and elms. The forests belong-
ing to the second and third level can be included in the 
class Querco-Fagetea sylvaticae because they share a high 
number of species with the non-hygrophilous deciduous 
forests. However, due to their floristic and ecological spec-
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ificity, they have been grouped in various ways by different 
authors, e.g. as a class of their own (Alno glutinosae-Pop-
uletea albae; Mucina et al. 2016) or joined together with 
the willow scrub formations of the lower river bed (Salici 
purpureae-Populetea nigrae; Rivas-Martínez et al. 2011). 
Concerning this second option, the nemoral Querco-Fa-
getea species are very rare in the willow scrub of the low-
er river bed. This lower level is subject to very frequent 
flooding episodes which cause strong erosion by the river 
current, preventing the edaphic development of the soil 
horizons and making the establishment of these herba-
ceous nemoral species impossible. Therefore, the low-
er-bed willow scrub vegetation would better be grouped 
in the independent class Salicetea purpureae, leaving the 
rest to be included in the Querco-Fagetea.

The non-willow scrub perifluvial forests separate clear-
ly into two large biogeographic-climatic units which are 
represented by two orders: the eurosiberian Alno-Frax-
inetalia excelsioris, and the mediterranean Populetalia 
albae (Biurrun et al. 2016). The proposal to join riparian 
forests with alder fen forests into one class Alnetea glu-
tinosae (Berg et al. 2004) can be supported using floris-
tic arguments, the dilemma is whether to recognize the 
class Alnetea glutinosae including only the Alnus fen for-
ests, or to add the riparian humid ash forest to that class. 
The decision on how to establish the limit between two 
units, which have a certain number of plants in common, 
should also take account of the biogeographic context, as 
far as there are floristic arguments for either keeping them 
separated or joining them. The Alno-Fraxinetalia occur 
in many areas of southern Europe where the Alnetalia are 
lacking. The areas where both units coexist add weight to 
the argument to consider both as a single class, separated 
from the rest of Querco-Fagetea. However, in areas where 
humid forests all belong to the Alno-Fraxinetalia or to the 
Populetalia albae and the Alnetalia fen forests are absent, 
the recognition of a single class Querco-Fagetea could be 
a better solution. As the Alnetalia forests have peaty soils 
with stagnant anoxic water, there are a number of plants 
specifically adapted to that situation. Overall, I suggest 
maintaining a single class for all European deciduous for-
ests: basiphilous, acidophilous, sub-mediterranean and 
riparian, but excluding the lower-bed willow scrub that 
are grouped in the Salicetea purpureae and the fen alder 
forests grouped in the Alnetea glutinosae.

Secondary forests
Several proposals to classify secondary forests have been 
published. Willner et al. (2016) described the order Lon-
icero periclymeni-Betuletalia pubescentis, which partially 
corresponds to the previously described Betulo pendu-
lae-Populetalia tremulae (Rivas-Martínez et al. 2002). Both 
descriptions encompass secondary forests which have be-
come established after a certain level of disturbance. Both 
are also very poorly defined floristically, with the Betulo 
pendulae-Populetalia tremulae including a few tree species 
of the genus Betula, Populus tremula or Corylus avellana. 

The rest of the flora is unspecific to secondary forests and 
occurs in many other units of the European deciduous for-
est, or even in forest mantles or shrublands. The floristic 
definition of these orders is significantly poorer than that of 
the other orders such as the Fagetalia sylvaticae, Quercetalia 
pubescenti-petraeae, Quercetalia roboris or Alno-Fraxineta-
lia excelsioris. These orders have a clear ecological character 
and they have been long recognized. Secondary forests are 
short-lived, filling a short time window in the succession 
and therefore can hardly develop a specific understory flo-
ra. Before humans started transforming the landscape at 
the beginning of the Neolithic age, the forests of temper-
ate Europe were overwhelmingly primary; the secondary 
forests only occurred after natural disturbance episodes, 
which were much less frequent and less extensive than af-
ter the spread of agriculture and domesticated cattle herds. 
Thus, they temporarily occupied naturally disturbed patch-
es cleared by wildfire, animal herbivory, windfalls, tree dis-
ease, etc. As their floristic differentiation is weak, it would 
be more consistent to frame these secondary forests in as-
sociations and alliances, rather than in one or two orders.

For the reasons stated, I believe that maintaining the 
unity of deciduous forests in the rank of a class would be a 
reflection of their unity of origin and their physiognomic 
and ecological similarity. This argument is also support-
ed by a significant set of species that inhabit all of them. 
Additionally, secondary forests do not deserve the order 
status due to their weak floristic characterization. I pro-
pose that within the Querco-Fagetea class there are five 
European orders: Fagetalia sylvaticae, Quercetalia roboris, 
Quercetalia pubescenti-petraeae, Alno-Fraxinetalia excel-
sioris and Populetalia albae.

The class Quercetea ilicis
This class encompasses the sclerophyllous arboreal and 
shrubby vegetation in the Mediterranean region of Eu-
rope, the Middle East, and north Africa. It is a relative-
ly species-poor unit with few herbaceous elements, due 
to summer drought stress and persistent shading of the 
understory. Distinguishing the different orders within 
this class has always been controversial, particularly in 
the western Mediterranean portion. Many of the genuine 
species of this class have a wide distribution across the 
whole Mediterranean region. In the central and eastern 
portion of the Mediterranean two orders have been rec-
ognized: Quercetalia calliprini and Pinetalia halepensis and 
for the central-western area the Quercetalia ilicis has been 
described. Rivas-Martínez (1975) described the order 
Pistacio lentisci-Rhamnetalia alaterni with representation 
throughout the Mediterranean. This order includes the 
sclerophylle macchia vegetation which can act as a mantle 
for the arboreal communities, i.e. their first seral stage, as 
well as potential vegetation in the areas where climatic or 
edapho-topographic conditions impede the establishment 
of a true forest. In Mucina et al. (2016) the Quercus-domi-
nated forest communities remained in the order Querceta-
lia ilicis or the Quercetalia calliprini. However, it should be 
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noted that some specialists in Mediterranean vegetation 
have published opposing views (Bolòs and Vigo 1984). The 
characteristic species listed by Rivas-Martínez (1975) fre-
quently occur in forests: Asaparagus horridus, Chamaerops 
humilis, Clematis cirrhosa, C. flammula, Daphne gnidium, 
Euphorbia characias, Jasminum fruticans, Myrtus commu-
nis, Osyris alba, O. lanceolata, Pistacia lentiscus, P. terebin-
thus, Rhamnus alaternus, R. lycioides, but the order Pista-
cio-Rhamnetalia was described based on physiognomical 
criterion more than floristic citerion. In our opinion, it is 
more sustainable and consistent to separate the Quercetea 
ilicis into geographic orders, with the orders supported by 
the different endemic species which provide a firm floristic 
basis and confer stability to the syntaxonomy.

The relationship between the Pistacio-Rhamnetalia and 
Quercetalia ilicis seems to parallel that of the order Prune-
talia spinosae and the rest of the Querco-Fagetea. When the 
order Pistacio-Rhamnetalia was described (Rivas-Martín-
ez 1975), the Prunetalia spinosae was still accepted as an 
order of the Querco-Fagetea by most European phytosoci-
ologists, following the original concept of Tüxen (1952). 
The argument for establishing the Pistacio-Rhamnetalia 
was a physiognomic one (shrublands versus forests), fol-
lowing the criterion accepted at that time for the Prune-
talia spinosae. However, more recently the general opin-
ion regarding temperate forests and forest mantles has 
changed, and most authors have started to accept a sepa-
rate class for the spiny hedges: Rhamno-Prunetea, restrict-
ing the Querco-Fagetea to forests. At the same time, with 
increased knowledge of the Quercetea ilicis, particularly 
in northern Africa (Quézel et al. 1988, 1992), a significant 
number of associations with a tree layer (Pinus halepensis, 
Juniperus turbinata, Tetraclinis articulata, etc.) have been 
described and attributed to the Pistacio-Rhamnetalia. 

Thus, the initial separation of forests and shrubland was 
broken and the separation of Pistacio-Rhamnetalia from 
Quercetalia ilicis became inconsistent.

The Rhamno-Prunetea is a relatively well defined class 
because it has few plants in the herb layer, in strong con-
trast to the Querco-Fagetea. Concerning the shrub species, 
it is true that many of them are shared between both class-
es, particularly with the order Quercetalia pubescenti-pe-
traeae, but in the other orders, such as Fagetalia, most of 
these shrub species grow with diminished vitality. They 
hardly produce flowers and fruits and their populations 
are maintained by the constant seed rain provided by birds, 
as they are mostly endozoochorous. The spiny shrubs oc-
curring inside the forests are therefore maintained by a 
metapopulational dynamic as sink populations. These 
shrub species need high light levels to produce a good set 
of fruit and fertile seeds.

The Pistacio lentisci-Rhamnetalia alaterni is quite dif-
ferent from the Prunetalia spinosae in this respect as the 
shrub species exhibit good vitality within most forests. 
It is impossible to recognize truly characteristic shrub or 
tree taxa within the Pistacio lentisci-Rhamnetalia alaterni 
and the herb species are limited and generally unspecific.
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Abstract
“Arable Weeds and Management in Europe” is a collection of weed vegetation records from arable fields in Europe, 
initiated within the Working Group Weeds and Biodiversity of the European Weed Research Society (EWRS). Veg-
etation-plot data from this scientific community was not previously contributed to databases. We aim to prove the 
usefulness of collection for large scale studies through some first analyses. We hope to assure other weed scientists who 
have signalled willingness to share data, and plan to construct a full data base, making the data available for easy shar-
ing. Presently, the collection has over 60,000 records, taken between 1996 and 2015. Many more studies for potential 
inclusion exist. Data originate mostly from studies exploring the effect of agricultural management on weed vegetation. 
The database is accompanied with extensive meta-data on crop and weed management on the surveyed fields. The cri-
teria for inclusion were a minimum amount of information on the cultivated crop, and a georeference. Most fields were 
surveyed repeatedly, i.e. transects, multiple random plots, or repeated visits. All surveys aimed to record the complete 
vegetation on the plots. Sometimes, taxa were identified only to genus level, due to survey dates very early in the vege-
tation period. Plant taxonomy is standardized to the Euro+Med PlantBase.
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Arable Weeds and Management in Europe Web address:

Database manager(s): Jana Bürger (jana.buerger@uni-rostock.de)
Owner: Members of the EWRS Working Group Weeds and Biodiversity
Scope: Weed vegetation survey data, complemented with data on agricultural management of the surveyed fields.
Abstract: Arable Weeds and Management in Europe is a collection of weed vegetation records from arable fields in Europe, collected through an 
initiative within the Working Group Weeds and Biodiversity of the European Weed Research Society (EWRS). Plot-vegetation data from this 
particular scientific community has not previously been collected in a data base. The initiators aim to prove the usefulness of collection for large 
scale studies through some first analyses, to assure other weed scientists who have signaled willingness to share data. Presently, the collection 
has 59839 records, from approx. 5000 fields, starting from the early 1990s. Many more studies for potential inclusion exist. Data originate mostly 
from studies exploring the effect of agricultural management on weed vegetation. It is accompanied with extensive meta-data on crop and weed 
management on the surveyed fields, provided by the farmers. The criteria for inclusion were a minimum requirement of meta data on the 
cultivated crop, and a georeference to the location. Plot sizes range mainly from 1m² to 2000m², but sometimes a larger area of the field was 
surveyed (0.5-1ha). Most fields were surveyed repeatedly, for example with 10 plots per fields, transects from edge to interior, or with multiple 
visits per cropping season. All surveys aimed to record the complete vegetation on the plots. Sometimes, taxa were identified only to genus level, 
due to survey dates very early in the vegetation period. The taxonomy was harmonized according to the Euro+Med database.
Availability: not yet available Online upload: no Online search: no
Database format(s): Excel Export format(s): Excel, CSV file
Plot type(s): normal plots, time series Plot-size range: 0.125 to 20000
Non-overlapping plots:
41850

Estimate of existing plots:
80000

Completeness: 
52%

Status: 
emerging

Total no. of plot observations:
60475

Number of sources (biblioreferences, data collectors):
32

Valid taxa:
1260

Countries (%): CZ: 0.5; DE: 13; ES: 1; FR: 32.5; GB: 40; HU: 5; LV: 1.5; PL: 1; IT: 2.5
Formations: Non Forest: 100% = Terrestrial: 100% (Non arctic-alpin: 100% [Anthropogenic: 100%])
Guilds: all vascular plants: 100%
Environmental data (%): altitude: 9; other soil attributes: 80; soil pH: 32; other attributes: soil type, soil texture, clay/silt/sand content, nitrogen 
content, soil organic matter content
Performance measure(s): cover: 15%; number of individuals: 85%
Geographic localisation: point coordinates less precise than GPS, up to 1 km: 90%; political units or only on a coarser scale ( above 10 km): 
10%
Sampling periods: 1990-1999: 1.5%; 2000-2009: 88%; 2010-2019: 10%
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Abstract
“SIVIM Floodplain Forests“ (GIVD ID: EU-00-024) is a thematic database focused on vegetation plots of riverine for-
ests and scrubs from the Iberian Peninsula and the Pyrenees (Spain, Portugal and southern France). It was registered 
in the GIVD in February 2016. The data are available both from EVA and sPlot in semi-restricted regime. The database 
includes both digitized relevés from the literature and unpublished data. Many digitized relevés were derived from 
SIVIM (GIVD ID EU-00-004) and BIOVEG (GIVD ID EU-00-011), with which SIVIM Floodplain Forests thus partly 
overlaps. Currently it contains 4,736 vegetation plots of floodplain forests, alder carrs, willow scrubs, and tamarisk and 
oleander thickets, 99% of them classified at association level. Plot size is available for 94.6% of the relevés. Plant taxon-
omy is standardized to Flora Iberica. The database has been used for studies on vegetation classification at Iberian and 
European level, as well as studies on plant invasion, fine-grain plant diversity and macroecological analyses, most of 
them via EVA.

Abbreviations: BIOVEG = Vegetation-Plot Database of the University of the Basque Country; EVA = European Vege-
ation Archive; GIVD = Global Index of Vegetation-Plot Databases; SIVIM = Iberian and Macaronesian Vegetation 
Information System.

Keywords
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Pyrenees, relevé, Salicetea purpureae, Spain, vegetation-plot database, willow scrub
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GIVD Database ID: EU-00-024 Last update: 2020-12-04

Iberian and Macaronesian Vegetation 
Information System (SIVIM) – Floodplain 
Forests

Web address:

Database manager(s): Idoia Biurrun (idoia.biurrun@ehu.es); Xavier Font (xfont@ub.edu)
Owner: Idoia Biurrun
Scope: Phytosociological relevés of floodplain forests, alder carrs, willow scrubs and tamarisk and oleander thickets in the Iberian Peninsula
Abstract:
Availability: according to a specific agreement Online upload: no Online search: no
Database format(s): TURBOVEG, MS Access, Excel, other, XML from 
B-VegAna

Export format(s): TURBOVEG, MS Access, Excel, XML from B-VegAna

Plot type(s): normal plots Plot-size range: 4 to 800
Non-overlapping plots:
4736

Estimate of existing plots:
6000

Completeness: 
79%

Status: 
ongoing capture

Total no. of plot observations:
4736

Number of sources (biblioreferences, data collectors):
275

Valid taxa:
2407

Countries (%): ES: 84; PT: 15; FR: 1
Formations: Forest: 75% = Terrestrial: 75% // Non Forest: 25% = Terrestrial: 25% (Non arctic-alpin: 25% [Natural: 25%])
Guilds: all vascular plants: 100%
Environmental data (%): altitude: 97
Performance measure(s): presence/absence only: <1%; cover: >99%
Geographic localisation: GPS coordinates (precision 25 m or less): 10%; point coordinates less precise than GPS, up to 1 km: 76%; small grid 
(not coarser than 10 km): 14%; political units or only on a coarser scale ( above 10 km): 0.2%
Sampling periods: before 1920: 0%; 1920-1929: 0%; 1930-1939: <0.1%; 1940-1949: 0.4%; 1950-1959: 1.6%; 1960-1969: 2.1%; 1970-1979: 
3.7%; 1980-1989: 22.3%; 1990-1999: 34.2%; 2000-2009: 26.0%; 2010-2019: 9.4%; unknown: 0.2%

Information as of 2020-12-04 further details and future updates available from http://www.givd.info/ID/EU-00-024

Acknowledgements: The development of the Iberian and Macaronesian Vegetation Information System 32

(SIVIM) was supported by the Spanish Ministry of Education and Science (Projects CGL2006-13421-C04 and 33

CGL2009-13317-C03). Idoia Biurrun was supported by the Basque Government (IT936‐16).  34

E-mail and ORCID: 35

Idoia Biurrun (Corresponding author, idoia.biurrun@ehu.es), ORCID: https://orcid.org/0000-0002-1454-0433 36

Xavier Font (xfont@ub.edu), ORCID: https://orcid.org/0000-0002-7253-8905 37



SIVIM Deciduous Forests – Database of 
deciduous forests from the Iberian Peninsula
Juan Antonio Campos1, Arnau Mercadé2, Xavier Font2

1	 Department of Plant Biology and Ecology, University of the Basque Country UPV/EHU, Bilbao, Spain
2	 Department of Evolutionary Biology, Ecology and Environmental Sciences, University of Barcelona, Barcelona, Spain

Corresponding author: Juan Antonio Campos (juanan.campos@ehu.eus)

Academic editor: Jürgen Dengler  ♦  Received 7 December 2020  ♦  Accepted 10 December 2020  ♦  Published 21 December 2020

Abstract
“SIVIM Deciduous Forests” is a thematic database established in 2015, focused on forest vegetation from the Iberian 
Peninsula and southern France. It was registered in the Global Index of Vegetation Databases (GIVD ID: EU-00-023) 
in January 2016. All types of temperate and submediterranean non-riparian deciduous forests of the phytosociological 
classes Carpino-Fagetea sylvaticae, Quercetea pubescentis and Quercetea robori-petraeae (formerly combined in the class 
Querco-Fagetea) are represented in the database. Currently, it contains 6,642 published vegetation plots of beech, birch, 
ash, lime and other deciduous mixed forests, as well as forests dominated by different species of deciduous and marces-
cent oaks, 100% of them classified at association level. Data are stored in TURBOVEG format, and are available upon 
request from the international vegetation-plot databases EVA and sPlot in semi-restricted regime. The relevés have also 
been included in SIVIM database, and thus they are freely available online. However, in SIVIM Deciduous Forests ge-
olocation accuracy has been improved and the taxonomy and syntaxonomy unified. Plot size is available for 73% of the 
relevés, of which 82% are between 100 and 400 m2. Plant taxonomy is standardized to Flora iberica. During the last four 
years, data of SIVIM Deciduous Forests were requested via EVA and sPlot for different projects, and have been used for 
several studies with various objectives, from floristic, vegetation and habitat-related topics to macroecological studies, 
and from local to global scales.

Abbreviations: EVA = European Vegetation Archive; GIVD = Global Index of Vegetation-Plot Databases; SIVIM = 
Iberian and Macaronesian Vegetation Information System.

Keywords
Deciduous forest, Iberian Peninsula, Pyrenees, Querco-Fagetea, relevé, secondary forest, submediterranean forest, tem-
perate forest, vegetation-plot database
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Abstract
Aim: The aim of this study is to analyze the mesophilous forests of Albania including Fagus sylvatica and submontane 
Corylus avellana forests. Mesophilous Albanian forests are poorly known and were not included in the recent syntaxonomic 
revisions at the European scale. Study area: Albania. Methods: We used a dataset of 284 published and unpublished 
relevés. They were classified using the Ward’s minimum variance. NMDS ordination was conducted, with over-laying 
of climatic and geological variables, to analyze the ecological gradients along which these forests develop and segregate. 
Random Forest was used to define the potential distribution of the identified forest groups in Albania. Results: The 
study identified seven groups of forests in Albania: Corylus avellana forests, Ostrya carpinifolia-Fagus sylvatica forests, 
lower montane mesophytic Fagus sylvatica forests, middle montane mesophytic Fagus sylvatica forests, middle montane 
basiphytic Fagus sylvatica forests, upper montane basiphytic Fagus sylvatica forests, upper montane acidophytic Fagus 
sylvatica forests. These can be grouped into four main types: Corylus avellana and Ostrya carpinifolia-Fagus sylvatica 
forests, thermo-basiphytic Fagus sylvatica forest, meso-basiphytic Fagus sylvatica forest and acidophytic Fagus sylvatica 
forests. This scheme corresponds to the ecological classification recently proposed in a European revision for Fagus 
sylvatica forests Conclusion: Our study supports an ecological classification of mesophilous forests of Albania at the 
level of suballiance. Analysis is still preliminary at the level of association, but it shows a high diversity of forest types.

Taxonomic reference: Euro+Med PlantBase (http://ww2.bgbm.org/EuroPlusMed/) [accessed 25 Novemeber 2019].

Syntaxonomic references: Mucina et al. (2016) for alliances, orders and classes; Willner et al. (2017) for suballiances.

Keywords
Albania, Corylus avellana, Fagetalia sylvaticae, Fagus sylvatica, Fraxino orni-Ostryion, phytosociology, Random Forest

Introduction

Fagus sylvatica forests are among the most studied veg-
etation types in Europe (Braun-Blanquet 1932; Moor 
1938; Soó 1964; Dierschke 2004). However, notwith-
standing decades of research, the syntaxonomy of Fa-

gus sylvatica forests is still problematic, particularly in 
Southern Europe. Locally, it is possible to encounter spe-
cies which are endemic or with restricted range (Willner 
et al. 2009), which has led to the description of regional 
alliances such as Aremonio-Fagion, Geranio striati-Fa-
gion, etc. (Gentile 1964; Marinček et al. 1992, Mucina et 

Copyright Giuliano Fanelli et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and 
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al. 2016), but the diagnostic species are usually rare and 
do not occur in the whole geographical range of the alli-
ances, which are therefore not easily identifiable floristi-
cally. A recent broad-scale revision of Fagus sylvatica for-
ests (Willner et al. 2017) supported a multidimensional 
classification that recognizes the traditional geographical 
alliances, but also classifies most of the variability of Fa-
gus sylvatica forests at the level of suballiance. This clas-
sification groups Fagus sylvatica forests into three main 
informal groups: acidophytic, meso-basiphytic and ther-
mo-basiphytic Fagus sylvatica forests, which in turn are 
divided into a number of geographical and floristically 
well-defined suballiances. This classification cuts across 
the geographical range of Fagus sylvatica, but the authors 
also proposed an alternative classification into six geo-
graphically defined alliances, e.g. Aremonio-Fagion, Ge-
ranio striati-Fagion and Fagion moesiacae. Even though 
Southern European forests have been extensively studied 
(Bergmeier and Dimopoulos 2001; Di Pietro 2009), they 
are still under-sampled with respect to Central Europe 
or the Dinarides. In Albania, very few vegetation relevés 
have been published (Mersinllari 1989; Kalajnxhiu et al. 
2012; Mahmutaj 2015) and this country is a blank in the 
maps of Willner et al. (2017).

Mesophilous forests, including Fagus sylvatica and Cory-
lus avellana forests, cover a large area in Albania: 171.000 ha, 
about 17% of the total forested area (Albanian Forest Ca-
dastre of 2017, INSTAT 2019). The widespread cloud belt 
at an altitude of 1000–1800 m in most mountain ranges, 
due to the condensation of humidity coming from the sea 
(Markgraf 1927), can explain such a wide distribution.

The aim of this study is to analyze the Albanian mes-
ophilous forests, and contribute to the syntaxonomic 
knowledge of these forests in Southern Europe, in par-
ticular at the higher ranks of the phytosociological system. 
This is particularly important from a conservation point of 
view, as there are many relicts of pristine or ancient Fagus 
sylvatica forests in Albania, that have been declared World 
Heritage sites recently (Knapp et al. 2014; Diku and Shuka 
2018). A better knowledge of the ecological and floristic 
composition of these forests would greatly enhance their 
effective and appropriate management and conservation.

Methods
Study area

Despite its small area (28. 748 km2), Albania is a diverse 
country with a quite distinct and rich flora and vegeta-
tion (Dring et al. 2002; Barina et al. 2018). The geolog-
ical formations are very diverse. They include, ranging 
from Palaeozoic to Quaternary, mainly sedimentary, 
magmatic, metamorphic and ultrabasic rocks (Xhomo et 
al. 2002). Along the coast, Albania has a Mediterranean 
climate (Pumo et al. 1990), with humid winters and dry 
summers, whereas inland the climate becomes temperate 
(Rivas-Martinez et al. 2004).

Mesophilous Fagus sylvatica forests are most widespread 
on the western slopes of the mountain ranges (Figure 1) 
stretching all the way from Shkodër to Nemërçkë (Mersin-
llari 1989). They occur from the northernmost zone of the 
Albanian Alps (Vermosh, Lekbibaj, Valbonë, Fushëzezë, 
Theth), that are dominated by calcareous rocks, south-
wards along the central-eastern part of Albania (Arrën, 
Livadh-Kabash, Lurë, Dejë, Qafështamë, Bizë, Steblevë, 
Shebenik, Stravaj, Zavalinë, Polis, Valamarë, Tomorr), to 
the south-eastern areas (Moravë, Rovje, Gërmenj, and few 
very small stands at Nemërçka mountain). Generally, they 
occur at altitudes of 800–1800 m, between the deciduous 
oak belt and the alpine meadows. They are missing in 
southern Albania, where climate becomes too warm, with 
higher temperatures and longer summer aridity.

Within the Fagus sylvatica distribution area, as seen in 
the Vegetation Map of Europe (Bohn et al. 2000, 2004; Fig-
ure 1), the annual mean temperature is 8.9 °C (minimum: 
7 °C, max: 14.7 °C), with the maximum temperature of 
the warmest month reaching on average 24.2 °C (mini-
mum: 13.8 °C, max: 30.3 °C) and minimum temperature 
of the coldest month -4.1 °C (minimum: -10.1 °C, max: 
1.5 °C) (CHELSA data; Karger et al. 2017). The mean an-
nual precipitation is about 1046.6 mm. The average, mini-
mum, maximum and standard deviation of all bioclimatic 
CHELSA variables are presented in Suppl. material 1. The 
geological substrata are the same for the whole of Albania, 
except for the absence of alluvial sediments (see Suppl. 
material 2 for the complete list).

Dataset

We used 284 relevés of mesophilous forests obtained 
from the “Vegetation database of Albania” (De Sanctis 
et al. 2017), stored in EVA (Chytrý et al. 2016). They 
have been collected by the authors between 2002 and 
2016 within the framework of international projects (see 
Acknowledgments) or during personal field investiga-
tions. All the relevés were carried out according to the 
Braun-Blanquet approach (Braun-Blanquet 1964; Den-
gler et al. 2008). The plot sizes range from 30 to 500 m2, 
with an average of 174 m2 (further details about site and 
layer data of the relevés are presented in Suppl. material 
3). Bryophytes have been collected and identified where 
they were abundant.

To analyze the ecological features of these forests and 
model their potential distribution we selected a set of envi-
ronmental variables we consider ecologically relevant for 
mesophilous forests. Bioclimatic variables were obtained 
from CHELSA (Karger et al. 2017): annual mean temper-
ature (Bio1); temperature seasonality (Bio4); minimum 
temperature of coldest month (Bio6); temperature annual 
range (Bio7); annual precipitation (Bio12); precipitation 
of warmest quarter (Bio18). Geological substrata were ob-
tained by grouping of the geological categories provided 
by the Geological Map of Albania (Xhomo et al. 2002) (see 
Suppl. material 2 for further details). The resulting types 
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Figure 1. Study area. The black dots represent the rele-
vés used in the analysis and the grey polygons represent 
the area of Fagus sylvatica forests according the Vege-
tation Map of Europe (Bohn et al. 2000, 2004).

were limestone, flysch, ophiolite and alluvion. Altitude 
was derived from the GTOPO30 digital elevation mod-
el (https://dds.cr.usgs.gov/ee-data/coveragemaps/shp/ee/
gtopo30/; accessed 20 November 2019).

Data analysis

To identify the mesophilous forest types of Albania, we 
performed a hierarchical clustering using the cluster 
package (Maechler et al. 2019) of R software (http://ww-
w.R-project.org/). The Ward’s minimum variance cluster-
ing (Murtagh and Legendre 2014) was used. It is a spe-
cial case of the objective function approach originally 
presented by Ward (1963), with Euclidean distance as the 
similarity coefficient. The fidelity coefficient of Tichý and 
Chytrý (2006) was used to identify the diagnostic species 
of the resulting clusters (phi coefficient × 100). We per-
formed a simultaneous calculation of Fisher’s exact test in 
the JUICE software (Tichý 2002) to exclude species with 
non-significant fidelity. Group size was standardized to 
the average size of all groups present in the dataset (Tichý 

and Chytrý 2006) to avoid the phi coefficient being de-
pendent on the size of the target group.

Ordination analysis was performed to analyze the eco-
logical gradients underlying the distribution and floristic 
differentiation of the identified clusters. We adopted the 
Non-Metric Multidimensional Scaling (NMDS) analysis 
using the vegan package (Oksanen et al. 2016) of R. The 
NMDS procedure was applied with default options, which 
include use of the Bray-Curtis dissimilarity index and 
a maximum of 20 random starts in search of the stable 
solution. We used the Bray-Curtis dissimilarity, instead of 
the Euclidean distance, for ordination, because we were 
interested in the compositional dissimilarity between the 
sites, rather than in the raw differences in abundance of 
one species or another (Legendre and Legendre 1998; 
Bray and Curtis 1957). To identify the ecological variables 
involved in the identified NMDS gradients, we overlaid 
environmental vectors onto the ordination using the en-
vfit function of the vegan package (Oksanen et al. 2016).

The interpretation of the forest types was supported by 
the construction of a map of their potential distribution. 
The map was obtained by modelling the spatial distribu-
tion of classified relevés and the environmental variables 
(Franklin 1995). Random Forests (RF) (Breiman 2001) was 
used as modeling method (see Suppl. material 4 for proce-
dure and validation details) because of its widely recognized 
efficacy in similar vegetation studies (Brzeziecki et al. 1993; 
Maggini et al. 2006; Scarnati et al. 2009; Attorre et al. 2014).

Results
The dendrogram (Figure 2) splits the dataset into two 
main clusters. The first on the left includes groups A1 
and A2 and represents the vegetation of lower altitudes 
(Corylus avellana and Ostrya carpinifolia-Fagus sylvat-
ica forests). The second cluster was further split into a 
sub-cluster including the groups B and C, characterized 
by thermo-basiphytic Fagus sylvatica forests, and a second 
sub-cluster with groups D, E and F including the meso-
phytic Fagus sylvatica forests. Mesophytic Fagus sylvatica 
forests are finally divided into meso-basiphytic (D, E) and 
acidophytic (F) Fagus sylvatica forests.

The NMDS diagram (Figure 3) shows that the seven 
clusters have minimum overlap (stress 0.24). The first axis 
is correlated with a climatic gradient which includes all 
the climatic variables (precipitation of the driest quarter, 
mean annual temperature, mean temperature of the coldest 
month, temperature seasonality). The second axis separates 
the different lithologies, with acidic lithologies such as ser-
pentines on the negative side and alluvions and limestones, 
with neutral to alkaline reaction, on the positive side.

The seven clusters are ordered mainly according the 
first axis, representing the different altitudinal belts. Al-
though the second axis is strongly correlated with lithol-
ogy, it is probably also in part correlated with summer 
drought since it separates clusters B and C, which show 
some influence of the Mediterranean climate (see Figure 
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Figure 2. Dendrogram of relevés resulting from Ward’s minimum variance clustering, with Euclidean distance as the 
similarity coefficient. Cluster A1 Corylus avellana forests. Cluster A2 Ostrya carpinifolia-Fagus sylvatica forests.Clus-
ter B lower montane thermophytic Fagus sylvatica forests. Cluster C Middle montane, slightly acidic Fagus sylvatica 
forests. Cluster D upper montane basiphytic Fagus sylvatica forests. Cluster E middle montane basiphytic Fagus 
sylvatica forests. Cluster F upper-montane acidophytic Fagus sylvatica forests.

3) and are rich in thermophilous species, from clusters D 
and E, which are rich in mesophilous species.

We also analyzed lower cut levels of the dendrogram to 
see if it was possible to identify floristically and ecological-
ly well-characterized sub-groups. Cutting the dendrogram 
at level 0.16 we obtained 17 sub-groups of Fagus sylvatica 
forests, two of Corylus avellana, while the Ostrya carpini-
folia-Fagus sylvatica cluster remained undivided. This 
seemed to be the level at which the differentiation of the 
plant communities was maximum, as shown in the NMDS 
we performed separately on each of the seven main clus-
ters with the same methods as above (Suppl. material 5).

The geographical distribution of the clusters (Figure 
4) and of the potential vegetation of mesophilous forests 
in Albania (Figure 5; results of the validation analysis are 
presented in Suppl. material 4) showed a main gradient 
from the coast towards inland; along this gradient the 
thermophytic types are substituted by mesophytic types, 
in accordance with decreasing water stress, diminishing 
temperatures and rising altitudes.

Description of clusters and 
communities

We present each cluster together with a list containing 
the species with fidelity values higher than 30 (values are 
given after the species names). The synoptic table of the 
clusters is given in Table 1, and average, minimum and 
maximum of stational data of the relevés of each cluster 

are provided in Suppl. material 6. Within each cluster, we 
describe the included sub-groups (plant communities), 
which are coded by the letter of the cluster and a progres-
sive number. The number corresponds with that given in 
the ordered table of relevés in Suppl. material 7. The syn-
taxonomic scheme is presented in Appendix 1.

Cluster A1: Corylus avellana forests

Diagnostic species: Teucrium polium 67.6, Corylus 
avellana 66.1, Cerastium brachypetalum 55.3, Polyga-
la vulgaris 52.5, Euphorbia helioscopia 52.5, Dorycni-
um pentaphyllum 52.5, Rosa canina 49.1, Helianthe-
mum nummularium 48.6, Bituminaria bituminosa 45.2, 
Capsella bursa-pastoris 45.2, Euphorbia myrsinites 44.5, 
Bellis perennis 43.1, Lotus  corniculatus 42.8, Helleborus 
odorus 41.9, Juglans regia 40.9, Dorycnium hirsutum 
36.9, Stellaria holostea 36.7, Poa annua 36.7, Oenanthe 
pimpinelloides 36.7, Medicago sativa 36.7, Linum usitatis-
simum 36.7, Campanula glomerata 36.7, Blackstonia per-
foliata 36.7, Carpinus orientalis 35.9, Saponaria calabrica 
33.8, Primula vulgaris 33.7, Origanum vulgare 33.7, Juni-
perus oxycedrus subsp. oxycedrus 33.0, Potentilla reptans 
31.3, Thymus longicaulis 30.7

The relevés of this cluster represent a stage of degrada-
tion, as indicated by the great number of grassland species 
and the limited number of nemoral species. Among the 
nemoral species the most remarkable are Anemone ranun-
culoides, Carpinus orientalis and Primula vulgaris, which 
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point to an affinity with forests of the Carpinion orientalis 
(Fanelli et al. 2015; Mucina et al. 2016).

The forests of cluster A1 might be referred to the As-
trantio-Corylion avellanae, an alliance including the Co-
rylus thickets in the Alps and Southern Europe (Mucina 
et al. 2016). This alliance is usually classified in the class 
Crataego-Prunetea.

These forests occur in Southern Albania (Figures 4, 5) 
and in the Korab-Koritnik National Park at an altitude of 
900–1200 m (average altitude: 1034 m), in a narrow belt 
below the Fagus sylvatica forests. Their restricted occur-
rence is probably a relict of a more widespread past distri-
bution, that was largely destroyed by human activity.

Cluster A2: Ostrya carpinifolia–Fagus sylvatica 
forests

Diagnostic species: Carpinus betulus 92.5, Galium syl-
vaticum 83.6, Crataegus monogyna 82.1, Ajuga reptans 
82.1, Juniperus communis 80.0, Melica uniflora 78.3, Os-
trya carpinifolia 73.9, Clinopodium vulgare 72.6, Dactylis 
glomerata 70.2, Brachypodium sylvaticum 66.5, Myosotis 
sylvatica 62.9, Acer campestre 59.4, Pteridium aquilinum 
59.3, Rubus idaeus 59.0, Anemone nemorosa 58.9, Melittis 
melissophyllum 56.9, Daphne mezereum 56.5, Asperula tau-
rina 56.3, Anthoxanthum odoratum 54.8, Ilex aquifolium 
53.5, Teucrium chamaedrys 51.0, Galium odoratum 51.0, 
Lathyrus niger 50.5, Hedera helix 50.2, Euphorbia amygda-

loides 49.7, Cornus mas 48.7, Geranium robertianum 47.6, 
Daphne laureola 47.1, Galium lucidum 44.9, Epilobium 
montanum 43.7, Lathyrus venetus 43.3, Corylus avellana 
43.3, Acer obtusatum 43.2, Sorbus torminalis 43.0, Popu-
lus tremula 42.6, Veronica chamaedrys 42.3, Knautia dry-
meia 40.7, Poa nemoralis 40.4, Fraxinus ornus 38.4, Gali-
um aparine 38.3, Luzula sylvatica 38.2, Silene vulgaris 37.3, 
Viburnum lantana 35.4, Carex sylvatica 35.4, Scilla bifolia 
33.4, Prunella vulgaris 33.4, Pilosella cymosa 33.2, Lonicera 
xylosteum 33.0, Aremonia agrimonoides 32.9, Dryopteris 
filix-mas 32.8, Athyrium filix-femina 32.4, Campanula per-
sicifolia 30.7

These forests can be found at an altitude of 1000–
1400  m (average altitude: 1210 m) in Central Albania 
(Figures 4, 5), mainly in the surroundings of Tirana. 
This cluster includes forests with dominance of Ostrya 
carpinifolia and Fagus sylvatica and is characterized by 
several thermophilous species of the Quercetalia pubes-
centi-petraeae. The species of the Ostryo-Fagenion are 
scarce, and thus this cluster probably represents an ec-
otone between Ostrya carpinifolia forests (referable to 
Fraxino orni-Ostryion), which are widespread near Ti-
rana, and beech forests.

The dendrogram divides A2 into two communities, but 
their floristic differentiation is very poor and based on the 
frequency of common species rather than on diagnostic 
species. The distinction is probably due to a higher level of 
disturbance in one on the two communities.

Figure 3. Non-Metric Multidimensional Scaling (NMDS) of relevés using Bray-Curtis dissimilarity index and a max-
imum of 20 random starts in search of the stable solution. Overlaid vectors represent the following environmental 
variables: Bio1: annual mean temperature; Bio4 Temperature Seasonality (standard deviation *100); Bio7: tempera-
ture annual range; Bio12: annual precipitation; Bio18: precipitation of warmest quarter; geological substrata include 
Ophiolite, Limestone, Flysch, Alluvion. Cluster A1 Corylus avellana forests. Cluster A2 Ostrya carpinifolia-Fagus syl-
vatica forests. Cluster B lower montane thermophytic Fagus sylvatica forests. Cluster C middle montane, slightly 
acidic Fagus sylvatica forests. Cluster D upper montane basiphytic Fagus sylvatica forests. Cluster E Middle mon-
tane basiphytic Fagus sylvatica forests. Cluster F Upper-montane acidophytic Fagus sylvatica forests.
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Table 1. Synoptic table of relevés. The values shown in the table represent the constancy values of the species as percent-
age frequency. Dark grey species with fidelity >15 and frequency >35; light grey species with fidelity >15 and frequency 
<35. Non-diagnostic species with frequency <20 are not shown. Cluster A1: Corylus avellana forests; Cluster A2: Ostrya 
carpinifolia-Fagus sylvatica forests; Cluster B: lower montane thermophytic Fagus sylvatica forests; Cluster C: middle 
montane, slightly acidic Fagus sylvatica forests; Cluster D: upper montane basiphytic Fagus sylvatica forests; Cluster E: 
middle montane basiphytic Fagus sylvatica forests; Cluster F: upper-montane acidophytic Fagus sylvatica forests. The 
syntaxonomic reference (diagnostic value) of species follows Table 1 in Willner et al. (2017).

Cluster code A1 A2 B C D E F Syntaxonomic reference
Number of relevés 13 24 49 48 52 53 45
Salvia glutinosa 8 33 24 2 15 32 2 Aremonio-Fagion
Cardamine enneaphyllos – – – 19 13 4 – Aremonio-Fagion
Knautia drymeia – 25 2 – – 2 2 Ostryo-Fagenion
Polystichum lonchitis – – – 2 15 2 11 Lonicero alpigenae-Fagenion
Lonicera alpigena – – 4 – – 9 7 Lonicero alpigenae-Fagenion
Laburnum alpinum – – 10 – 2 – – Aremonio-Fagion
Epimedium alpinum – – – 10 2 4 – Ostryo-Fagenion
Sesleria autumnalis – – 8 2 – – – Ostryo-Fagenion
Asplenium viride – – – – 4 – – Lonicero alpigenae-Fagenion
Euonymus verrucosus – – 2 – – – – Ostryo-Fagenion
Gentiana asclepiadea – – – – – – 2 Aremonio-Fagion
sum Aremonio-Fagion 8 58 50 35 51 53 24
Lathyrus laxiflorus 8 – – – 4 21 2 Fagion moesiacae
Physospermum cornubiense 15 – 2 13 – 6 4 Fagion moesiacae
Digitalis viridiflora – – – – – 6 7 Fagion moesiacae
Lathyrus alpestris – – – 10 2 – – Fagion moesiacae
Campanula sparsa – – 6 – – 2 – Fagion moesiacae
sum Fagion moesiacae 23 0 8 23 6 35 13
Campanula pichleri – – – 4 4 32 29 Geranio versicoloris-Fagion
Anemone apennina 15 – 20 6 – – – Geranio versicoloris-Fagion
Cyclamen hederifolium – – 2 – – 8 – Geranio versicoloris-Fagion
sum Geranio-Fagion 15 0 22 10 4 40 29
Ostrya carpinifolia 23 100 39 – – 2 – thermo-basiphytic beech forests
Clinopodium vulgare 31 100 16 4 – 17 – thermo-basiphytic beech forests
Crataegus monogyna – 83 6 – – 8 – thermo-basiphytic beech forests
Primula vulgaris 54 50 22 2 2 13 – thermo-basiphytic beech forests
Festuca heterophylla 23 33 51 10 – 4 7 thermo-basiphytic beech forests
Cornus mas 8 50 20 – – 4 – thermo-basiphytic beech forests
Fraxinus ornus 8 50 37 4 – 9 2 thermo-basiphytic beech forests
Acer campestre 8 50 2 – – 2 – thermo-basiphytic beech forests
Cephalanthera rubra – 25 22 8 8 11 – thermo-basiphytic beech forests
Sorbus torminalis – 25 – – – 4 – thermo-basiphytic beech forests
Melittis melissophyllum 8 50 4 – 2 2 – thermo-basiphytic beech forests
Primula veris – – 20 – – 4 – thermo-basiphytic beech forests
Cephalanthera damasonium – – 20 6 8 17 7 thermo-basiphytic beech forests
Viburnum lantana – 17 2 – – – – thermo-basiphytic beech forests
Campanula persicifolia – 17 4 – – – 2 thermo-basiphytic beech forests
Campanula trachelium 8 – 8 2 – – – thermo-basiphytic beech forests
Hippocrepis emerus 8 – 4 – – 6 – thermo-basiphytic beech forests
Rosa arvensis 8 – – 2 – 2 – thermo-basiphytic beech forests
Carex digitata – – – – – – 4 thermo-basiphytic beech forests
Polygonatum odoratum – – 2 – 4 – – thermo-basiphytic beech forests
Galium odoratum 8 100 10 44 75 32 4 meso-basiphytic beech forest
Lamiastrum galeobdolon – 50 8 23 62 38 9 meso-basiphytic beech forest
Geranium robertianum 15 83 14 6 42 42 7 meso-basiphytic beech forest
Cardamine bulbifera 8 33 29 27 46 15 2 meso-basiphytic beech forest
Actaea spicata – – – 8 19 – – meso-basiphytic beech forest
Carex sylvatica – 17 2 – – – – meso-basiphytic beech forest
Polystichum aculeatum – – 2 10 2 25 4 meso-basiphytic beech forest
Urtica dioica 8 – 8 – 2 9 – meso-basiphytic beech forest
Paris quadrifolia – – – 4 4 6 – meso-basiphytic beech forest
Stachys sylvatica – – – – 2 – – meso-basiphytic beech forest
Vaccinium myrtillus – – – 6 4 6 78 acidophytic beech forests
Calamagrostis arundinacea – – – – – – 11 acidophytic beech forests
Fagus sylvatica 15 100 100 100 100 89 100
Lactuca muralis 8 75 65 33 63 75 24
Euphorbia amygdaloides 62 100 24 38 13 34 11
Fragaria vesca 69 42 78 25 17 28 7
Aremonia agrimonoides 23 75 61 23 6 42 24
Helleborus odorus 85 50 78 4 4 28 –
Anemone nemorosa – 100 29 10 60 2 27
Rubus idaeus 23 100 29 25 13 21 16
Pteridium aquilinum 15 100 29 17 19 32 13
Acer pseudoplatanus 31 42 59 10 23 40 9
Veronica chamaedrys 38 75 41 4 13 26 –
Corylus avellana 100 75 14 – 4 – –
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Cluster code A1 A2 B C D E F Syntaxonomic reference
Number of relevés 13 24 49 48 52 53 45
Brachypodium sylvaticum 23 100 24 4 – 26 13
Hedera helix 31 75 47 – 2 8 –
Saxifraga rotundifolia – 42 20 4 27 38 31
Lathyrus venetus 15 67 31 4 15 11 13
Dactylis glomerata 15 92 27 – – 13 2
Melica uniflora 23 100 18 2 2 2 2
Doronicum columnae 8 50 37 8 4 23 18
Abies alba – – 6 38 38 11 53
Juniperus communis 15 100 12 8 – 2 7
Ajuga reptans 31 100 6 – – 2 –
Prenanthes purpurea – – 2 27 46 6 53
Prunella vulgaris 38 50 6 4 – 8 22
Myosotis sylvatica 31 75 2 – 12 – –
Carpinus betulus – 100 12 – – 2 –
Symphytum tuberosum 8 33 35 10 13 6 9
Daphne mezereum – 67 12 2 6 9 16
Luzula sylvatica 8 50 18 13 10 4 9
Calamintha grandiflora – – 18 10 25 47 11
Asplenium trichomanes 8 25 12 2 17 30 11
Sanicula europaea 15 – 12 15 38 17 2
Oxalis acetosella – – – 23 52 21 2
Orthilia secunda – – 2 17 12 13 42
Juniperus oxycedrus s. oxycedrus 38 – 35 2 – 9 –
Viola reichenbachiana – – 20 23 – 32 7
Potentilla micrantha 15 25 12 4 8 2 11
Galium sylvaticum – 75 – – – 2 –
Teucrium chamaedrys 23 50 – – – 4 –
Poa nemoralis – 42 10 – – 13 11
Ceterach officinarum 8 – 24 2 10 25 7
Neottia nidus-avis – – 18 13 27 15 –
Rosa species 8 8 41 2 – 4 7
Dryopteris filix-mas – 33 6 8 10 6 4
Bellis perennis 38 – 22 – – – –
Carex species – – 4 – – 23 31
Festuca species – – 4 – – 23 31
Euphorbia myrsinites 38 – 12 – – 8 –
Teucrium polium 54 – 2 – – 2 –
Carpinus orientalis 31 – 16 – – 6 –
Ilex aquifolium – 42 8 – – 2 –
Rosa canina 38 – 10 2 – – –
Viola species – – – 2 42 4 2
Asperula taurina – 42 2 4 – – –
Acer obtusatum – 33 2 6 – 6 –
Epilobium montanum – 33 – – – 13 –
Geum urbanum – – 14 – 6 26 –
Athyrium filix-femina – 25 2 2 10 4 2
Viola odorata 23 – 12 6 – 2 –
Cerastium brachypetalum 38 – 4 – – – –
Pilosella cymosa – 25 14 – – 2 –
Scilla bifolia – 25 6 – 10 – –
Pinus nigra – – 2 – – – 38
Thymus longicaulis 23 – 2 – – 6 9
Erica carnea – – – 2 – – 36
Lathyrus niger – 33 – – – – 4
Acer platanoides – 8 20 – 6 2 –
Helianthemum nummularium 31 – 2 – – 2 –
Origanum vulgare 23 – 10 – – 2 –
Silene vulgaris – 25 2 – – 4 4
Anthoxanthum odoratum – 33 – – – – –
Dorycnium pentaphyllum 31 – – – – – –
Euphorbia helioscopia 31 – – – – – –
Polygala vulgaris 31 – – – – – –
Pinus peuce – – – 2 – – 29
Dorycnium hirsutum 23 – 6 – – 2 –
Rhamnus alpina s. fallax – – 6 – 2 21 2
Sorbus aucuparia – – 6 – 2 – 22
Populus tremula – 25 – – – 2 2
Galium lucidum – 25 – – – 2 –
Juglans regia 23 – – – – 4 –
Daphne laureola – 25 – – – – –
Lotus corniculatus 23 – 2 – – – –
Capsella bursa-pastoris 23 – – – – – –
Bituminaria bituminosa 23 – – – – – –
Hepatica nobilis – – – 2 – – 20
Milium effusum – – – 21 – – –
Primula elatior – – 20 – – – –
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Figure 4. Distribution maps of the seven clusters of relevés. Symbols in the maps represent the sampling locations. 
Cluster A1 Corylus avellana forests. Cluster A2 Ostrya carpinifolia-Fagus sylvatica forests. Cluster B lower montane 
thermophytic Fagus sylvatica forests. Cluster C middle montane, slightly acidic Fagus sylvatica forests. Cluster D 
upper montane basiphytic Fagus sylvatica forests. Cluster E middle montane basiphytic Fagus sylvatica forests.
Cluster F upper-montane acidophytic Fagus sylvatica forests.
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Cluster B: lower montane thermophytic Fagus 
sylvatica forests

Diagnostic species: Primula elatior 42.4, Rosa species 42.2, 
Primula veris 37.9, Crocus veluchensis 37.9, Helleborus 
odorus 35.9, Festuca heterophylla 34.5, Fragaria vesca 33.3, 
Geranium aristatum 32.9, Polygala nicaeensis 32.7, Eryth-
ronium dens-canis 32.7, Doronicum austriacum 31.1

This cluster is among the best differentiated in the da-
taset, with many important diagnostic species. This for-
est type occurs in a belt with a strong maritime influence 
in Central and Southern Albania, but it is also present in 
the mountains of Northern Albania. The position in the 
NMDS diagram indicates that cluster B occupies the lower 
belt (lower montane; the average altitude of distribution 
is 1187 m).

The cluster includes many species of the suballiance 
Lathyro veneti-Fagenion (Acer obtusatum, Cyclamen hed-
erifolium, Lilium chalcedonicum) although with very low 
frequency; also a few species of Aremonio-Fagion s.l. 
(Laburnum alpinum, Salvia glutinosa) and Geranio stria-
ti-Fagion (Anemone apennina) are present with high fre-
quency. These species suggest that this cluster is related 
to the suballiance Lathyro veneti-Fagenion. The diagnostic 
species of this suballiance are numerous but rare. How-
ever, the geographical position and overall floristic com-
position rather suggests an assignment to the Doronico 
orientalis-Fagenion moesiacae.

Cluster B can be differentiated into two communities: 
B/1 occurs from 900 to 1200 m in the area of Dajti, in 
central Albania. It is well characterized by the presence 
of Cephalanthera rubra, Neottia nidus-avis and Rhamnus 
alpina subsp. fallax. All these species also occur in other 
clusters but show a clear optimum here.

B/2 is characterized by the presence of Ilex aquifoli-
um that is widespread also in the Fagus sylvatica forests of 
Southern Italy. The species is present with low frequency, 
but it was probably more common in the past, having been 
selectively destroyed by humans. Other diagnostic species 
are Doronicum columnae, Hedera helix, Euphorbia amyg-
daloides, Sanicula europaea, Poa nemoralis, Festuca heter-
ophylla, and Erythronium dens-canis. Ostrya carpinifolia is 
also present, but this is probably due to catenal contact with 
O. carpinifolia communities present on steeper slopes. This 
community occurs from 900 to 1500 m in Dajti and Tomorr 
but also in Northern Albania. One of the relevés that was 
previously referred to the Calamintho grandiflorae-Fagetum 
Rizovski & Džekov ex Matevski et al. 2011 (De Sanctis et al. 
2018) belongs here. Another distinction between cluster B/1 
and B/2 is the presence of Pteridium aquilinum and Fragaria 
vesca in B/2, indicating an intense disturbance by fire.

Cluster C: middle montane, slightly acidic Fagus 
sylvatica forests

Diagnostic species: Milium effusum 42.9

Cluster C occurs on average at higher altitudes than 
cluster B (1300–1600 m; average altitude: 1412 m) but oc-
cupies more or less the same Northern-Central sector of 
Albania (Figures 4, 5). The cluster contains some species of 
thermo-basiphytic Fagus sylvatica forests, which, however, 
do not have high frequency (Cephalanthera damasonium, 
Hepatica nobilis, Primula vulgaris etc.). A few species of 
Geranio striati-Fagion and Lathyro veneti-Fagenion are 
present (Lathyrus venetus, Anemone apennina, Laburnum 
anagyroides, Lilium chalcedonicum) but with lower fre-
quency than in cluster B. The most characteristic species 
are diagnostic of the Doronico orientalis-Fagenion moesia-
cae (Physospermum cornubiense, Lathyrus alpestris).

Cluster C can be differentiated into four communities, 
some of which correspond to associations identified in 
the Fagus sylvatica forests of Shebenik-Jabllanice National 
Park by De Sanctis et al. (2018).

Figure 5. Map of the potential distribution of the four 
main groups of relevés resulting from random forest 
procedure. Cluster A1 Corylus avellana forests. Cluster 
A2 Ostrya carpinifolia-Fagus sylvatica forests. Cluster 
B lower montane thermophytic Fagus sylvatica forests. 
Cluster C middle montane, slightly acidic Fagus sylvat-
ica forests. Cluster D upper montane basiphytic Fagus 
sylvatica forests. Cluster E middle montane basiphytic 
Fagus sylvatica forests. Cluster F upper-montane acido-
phytic Fagus sylvatica forests.
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C/1 is characterized by Epimedium alpinum, Allium 
ursinum, Viola odorata, Symphytum tuberosum, and Mili-
um effusum. It was previously described as Epimedio alpi-
ni-Fagetum sylvaticae Fanelli (De Sanctis et al. 2018), and 
it occurs in Shebenik, but also in Korab, at an altitude of 
1100–1300 m We checked the herbarium material and we 
can confirm that Epimedium alpinum belongs to the sub-
sp. alpinum and not to the recently described subspecies 
albanicum (Shuka et al. 2019).

C/2 is characterized by Milium effusum (which is 
shared with the previous cluster), Lathraea squamaria, 
Abies alba and Orthilia secunda. This community was re-
ferred to the Orthilio secundae-Fagetum in De Sanctis et 
al. (2018), but it probably represents a distinct type that 
can be described after more material is collected to assess 
its variability and its relationship with other associations. 
It shows many affinities with cluster D/3. This cluster oc-
curs at 1300–1600 m and only in Shebenik area.

C/3 is well characterized by Cardamine bulbifera, Car-
damine enneaphyllos, Dryopteris carthusiana and Neottia 
nidus-avis. Orthilia secunda is also present. This commu-
nity was identified with the Calamintho grandiflorae-Fa-
getum due to its similarity with a stand of this community 
in Galicicia mountains (Matevski et al. 2011; De Sanctis et 
al. 2018). The community occurs at Shebenik, Korab and 
the Dajtj range at an altitude varying from 1200 to 1900 m, 
but in general in an alti-montane belt.

C/4 is poorly characterized by Lilium martagon. It oc-
curs in Dajtj at an altitude of 1500–1600 m, and probably 
represents only a variant of B/2 at higher altitudes.

Cluster D: upper montane basiphytic Fagus syl-
vatica forests

Diagnostic species: Oxalis acetosella 44.7, Actaea spicata 
32.1, Lamium galeobdolon 31.7, Galium odoratum 30.1

A high number of meso-basiphytic Fagus sylvatica 
forest species is present in cluster D (Actaea spicata, Car-
damine bulbifera, Galium odoratum, Lamium galeobdo-
lon etc.) and a few ferns of Lonicero alpigenae-Fagenion, 
but with low frequency (Polystichum lonchitis, Asplenium 
viridis, Gymnocarpium dryopteris).

This cluster is widespread throughout Albania (Fig-
ures 4, 5). It usually occurs at altitudes from 950 to 1500 m, 
but in general these forests are more common in the range 
1400–1500 m (average altitude: 1447 m).

Cluster D can be differentiated into four communities: 
D/1 is characterized by Luzula sylvatica, Gymnocarpium 
dryopteris, Euphorbia amygdaloides, Calamintha grandiflo-
ra, Epipactis helleborine, Scilla bifolia, Dryopteris filix-mas, 
Daphne mezereum and Salvia glutinosa. It is related to the 
associations usually referred to Aremonio-Fagion or to 
Lonicero alpigenae-Fagenion in the Dinarides (Marincek 
et al. 1992). The forests of this type can be found in the 
Shebenik range at an altitude of 1000–1800 m and in the 
Albanian Alps.

D/2 is diagnosed by Potentilla micrantha, Lathyrus 
venetus, Paris quadrifolia, Cephalanthera damasonium 
and Lathyrus laxiflorus. It is similar to the Lathyro alpes-
tri-Fagetum Bergmeier 1990 (in particular for the pres-
ence of Lathyrus venetus and Cephalanthera damasonium) 
which occurs in Central Eastern Greece in moderately 
warm habitats (Bergmeier and Dimopoulos 2001).

D/3 is mainly characterized by the abundance of Abies 
alba, a species which is present in other clusters but reaches 
its optimum here. Other species such as Orthilia secunda 
and Cardamine enneaphyllos are frequent in this cluster. In 
summary this community represents an “Abieti-Fagetum” 
but is clearly different from the Fagus sylvatica-Abies alba 
forests of the Dinarides and Alps and probably deserves 
recognition as a distinct association. It thrives in all the 
mountains of Albania, but it is particularly well represent-
ed in SE Albania. It generally occurs at an altitude from 
1500 to 1700 m but can extend down to 950 m.

D/4 is characterized by Aremonia agrimonioides, Cala-
mintha grandiflora and Lathyrus venetus. These species are 
present also in other communities and are widespread in 
the southern Balkans (Willner et al. 2017; Dzwonko and 
Loster 2000) but are particularly well represented here. 
The first 3 relevés of this cluster are very well character-
ized by a set of species (Hesperis matronalis, Aquilegia 
vulgaris, Moehringia muscosa, Selaginella helvetica) which 
are typical of ravines and shaded situations and probably 
are transgressive from some other community (perhaps 
related to Tilio-Acerion). This community is present in the 
Albanian Alps and in the Dajtj range in central Albania at 
an altitude varying from 1000 to 1800 m.

Cluster E: middle montane basiphytic Fagus syl-
vatica forests

Diagnostic species: Calamintha grandiflora 34.7, Gerani-
um macrorrhizum 34.0, Rhamnus alpina subsp. fallax 32.4, 
Geum urbanum 32.4, Polystichum aculeatum 31.1, Cam-
panula pichleri 30.4, Allium ursinum 30.0

This cluster clearly belongs to the suballiance Doronico 
columnae-Fagenion. Willner et al. (2017) recognized this 
suballiance in the meso-basiphytic Fagus sylvatica forests, 
but they could not identify any characteristic species for 
it. Marinšek et al. (2013) identified several diagnostic spe-
cies for SE Europe, many of which are present in our plots, 
although with relatively low frequency: Abies borisii-regis, 
Potentilla micrantha, Campanula sparsa. Several species 
of mesophytic forests are also present (Geranium robertia-
num, Cardamine bulbifera, Polystichum aculeatum, Gali-
um odoratum, Lamium galeobdolon etc.). A few species of 
Doronico orientalis-Fagenion moesiacae are present with 
high frequency (Geum urbanum, Lathyrus laxiflorus). The 
suballiance is referred to the Fagion moesiacae in Marinšek 
et al. (2013) and in Willner et al. (2017).

This cluster is mainly distributed in central Albania but 
is also present in the North and South (Figures 4, 5). It 
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spans a wide altitudinal range from 1100 to 1900 m (aver-
age altitude: 1390 m).

In Cluster E four communities can be identified: E/1 
is diagnosed by a set of species (Sorbus graeca, Epipactis 
helleborine, Lilium martagon) that is also present in com-
munity C/4, and by Bromus ramosus, Cardamine enneap-
hyllos, and Brachypodium sylvaticum, which are also pres-
ent in cluster C. The community is therefore relatively well 
characterized but shows some affinities to cluster C that 
possibly represents an altitudinal variant. The community 
occurs usually at 1300–1900 m, but can extend down to 
1100 m. The community occurs near Librazhd and near 
Tirana in central Albania.

E/2 is well characterized among Albanian Fagus syl-
vatica woods by Allium ursinum, Epilobium montanum, 
and Hesperis matronalis (which is also present in a few 
relevés of cluster D/4). Abies alba is also present, but with 
low frequency. The community occurs in a wide altitudi-
nal range from 1100 to 1900 m It occurs in Central Alba-
nia near Tirana.

E/3 is well characterized by Oxalis acetosella, Sanicula 
europaea, Luzula forsteri, Euphorbia amygdaloides, Daph-
ne mezereum, Urtica dioica, and Polystichum aculeatum. 
Cephalanthera rubra is also present, but more typical of 
community B/2. The community is very close and possi-
bly identical to the Lamiastro montani-Fagetum described 
from a limited area in Northern Greece (Bergmeier and 
Dimopoulus 2001) due to the presence of Oxalis acetosel-
la, Hordelymus europaeus, Lathyrus laxiflorus, but a few 
important species of the latter (Anemone ranunculoides, 
Paris quadrifolia) are lacking. The community generally 
grows at an altitude of 1300–1500 m particularly in central 
Albania near Tirana and in the Shebenik range.

E/4 is a poorly characterized community distinct par-
ticularly because of the presence of Euphorbia amygdaloi-
des and Pinus heldreichii. It occurs in Korab and Tomorr 
on limestones at an altitude of about 1800 m.

Cluster F: upper-montane acidophytic Fagus 
sylvatica forests

Diagnostic species: Vaccinium myrtillus 77.3, Pinus nigra 
56.6, Erica carnea 54.6, Pinus peuce 48.6, Hepatica nobilis 
39.3, Orthilia secunda 37.3, Sorbus aucuparia 35.9, Prenan-
thes purpurea 35.4, Buxus sempervirens 34.1, Carex species 
33.9, Abies alba 32.5, Calamagrostis arundinacea 31.1

This cluster includes several species of acidophytic 
Fagus sylvatica forests with high frequency and abundance 
(Calamagrostis arundinacea, Vaccinium myrtillus). At the 
same time, some species of Lonicero alpigenae-Fagenion 
have their optimum in or are restricted to this cluster, even 
though with low frequency (Polystichum lonchitis, Lonicera 
alpigena, Luzula multiflora, Gymnocarpium dryopteris). 
Another interesting acidophilous species is Erica carnea. 
The forests corresponding to this cluster usually develop 
on acidic soils, so we are inclined to refer to the cluster as 

acidophytic beech forests. This cluster occurs at an altitude 
of 1000–1890 m (average altitude: 1470 m) and is restrict-
ed to Northern and Central Albania (Figures 4, 5).

Cluster F can be differentiated into three communities: 
F/1 is characterized by mesophytic species with thermo-
phytic affinity such as Sanicula europaea, Euphorbia amyg-
daloides, Doronicum columnae, Calamintha grandiflora 
and Anemone nemorosa. These species are probably trans-
gressive from other community. This community devel-
ops at an altitude of 800–1100 m and therefore represents 
the lowest forests among the acidophytic ones. The cluster 
occurs mainly in the Shebenik range.

F/2 is differentiated mainly by Pinus peuce, which 
transgresses from communities of the Pinion peucis (De 
Sanctis et al. 2018), whereas F/3 is characterized by the 
presence of Pinus nigra which again transgresses from 
communities of the Erico-Pinetea. F/2 generally occurs at 
altitude of 1500–1800 m and F/3 at 900–1000 m.

All three communities are similar to the Orthilio secun-
dae-Fagetum (Bergmeier and Dimopoulos 2001). Howev-
er, the Albanian communities are also floristically distinct, 
showing some affinities to the communities of the Dinar-
ides, as suggested by the presence of some species of the 
Lonicero alpigenae-Fagenion.

Discussion
Three alliances are traditionally recognized among the 
basiphytic Fagus sylvatica forests of the Balkans: Aremo-
nio-Fagion, Fagion moesiacae and Geranio striati-Fagion 
(Marinšek et al. 2013). The alliances are recognized based 
on regional endemics and of species with narrow ranges. 
Our relevés show some influence from all three alliances, 
with the thermo-basiphytic forests (B, C) having affinities 
to the Geranio striati-Fagion, the meso-basiphytic for-
ests to the Aremonio-Fagion (D, E) and the acidophytic 
(F) forests to the Luzulo-Fagion sylvaticae. However, the 
floristic characterization is poor, with only few species 
from these alliances occurring in our data set. Moreover, 
the delimitation and floristic definition of these alliances 
provided in the revisions covering different geographi-
cal contexts (Marinček et al. 1992; Dzwonko and Loster 
2000; Bergmeier and Dimopoulos 2001) is contradictory 
and therefore difficult to apply to the Albanian forests.

The system of Albanian forests fits better with the eco-
logical classification in Willner et al. (2017). We found two 
main clusters corresponding to thermo-basiphytic and 
mesophytic Fagus sylvatica forests, respectively. Meso-
phytic Fagus sylvatica forests were in turn divided into ac-
idophytic (cluster F) and meso-basiphytic Fagus sylvatica 
forests (clusters E and D). These three main clusters could 
be further divided into seven clusters corresponding to 
narrower ecological groups. The attribution to existing 
suballiances is relatively straightforward using the diag-
nostic species indicated in Willner et al. (2017) and in 
Marinšek et al. (2013) and leads to the classification pre-
sented in the syntaxonomic scheme at the end of the pa-
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per, with meso-basiphytic Fagus sylvatica forests referred 
to as Fagion moesiacae and acidophytic Fagus sylvatica 
forests presumably to Luzulo-Fagion.

Ecologically, the seven units (A–F) are well character-
ized, with each forest type occupying a different section 
of the ecological space with minimal overlap (see Figure 
3). We have a main climatic gradient corresponding to the 
altitudinal belts and a second gradient separating forests 
according to substrata. The system is very similar to that 
of Willner (2002) for Southern Central European forests, 
where also a main division in altitudinal belt and a sec-
ondary division according to substrata has been proposed. 
In our case, however, the second gradient seems to be a 
combination of soil properties and Mediterranean influ-
ence. It separates cluster B and C, which show some Medi-
terranean influence, from D and E, that are not influenced 
by Mediterranean climate.

We identified 17 communities of Fagus sylvatica forest. 
Considering the limited area of the study, this is a very 
high diversity, which is similar to most of the Dinarides 
and Eastern Alps (Horvat et al. 1974; Willner 2002). Fa-
gus sylvatica probably has an ecological optimum in this 
part of Europe, due to high rainfall and suitable soils. 
This results not only in the high number of communities 
but also in a high number of higher syntaxonomic units. 
The variety of mesophilous forests and the local coexist-
ence of many different types is well represented in the 
map (Figure 5) of the four main groups of mesophilous 
forests of Albania.

In contrast to Fagus sylvatica forest, the Corylus avella-
na forests are relatively homogenous and easy to interpret. 
In our opinion the closest relationship can be found to 
the Astrantio-Corylion Passarge 1978. However, there are 
differences with the thickets of Central Europe, since the 
Albanian Corylion occupies a specific ecological position, 
in a belt below the Fagus sylvatica forests in both Central 
and Southern Albania, in relatively oceanic conditions. 
The climate of this belt is probably very similar to the mi-
croclimate of ravines, cool and oceanic, and this climatic 
similarity might explain the apparently contradictory ge-
omorphological context. Nonetheless our relevés are from 
very disturbed (mainly fires) Corylus avellana forests, and 
we defer a more detailed account of this type of forest to 
a future study.

Scrutiny of the map of potential vegetation of meso-
philous forests in Albania (Figure 5) shows a few clear 
patterns. From the coast inwards, thermophytic types are 
substituted by mesophytic types, in accordance with de-
creasing water stress, diminishing temperatures and rising 
altitudes. Nonetheless, since the morphology of the Alba-
nian ranges is quite corrugated, different forest types can 
occur in close proximity to each other.

Another interesting pattern is the absolute domi-
nance of thermophytic types in the south. Southern 
Albania is, in fact, phytogeographically distinct from 
the rest of the country and transitional towards north-
ern Greece as already highlighted in previous studies 
(Markgraf 1932).

Conclusion
The mesophilous vegetation of Albania presents a high 
diversity, with seven groups of forest and many commu-
nities. This diversity is partly related to the variety of cli-
mates and substrates, but also to the optimal conditions 
for mesophilous species in the Western Balkans due to the 
high rainfall and relatively warm climate.

Our material fits nicely in the ecological system of 
Willner et al. (2017), with the suballiances Doronico ori-
entalis-Fagenion moesiacae, Doronico columnae-Fagenion 
and the alliance Luzulo-Fagion.

Although we were able to fit the majority of data ana-
lyzed in this study into existing syntaxa, we must not for-
get that Albanian mesophilous forests present a relevant 
degree of originality. The reason lies most likely in the cli-
mate of Albania, which is a unique combination of features 
belonging to both Central European and Mediterranean 
climate: it is warm like Southern Italy and Greece, but is 
characterized by a relatively high humidity, like the Dinar-
ides. This uniqueness is reflected in the striking percentage 
of endemics of the Albanian flora (Barina et al. 2018).

If the issue of higher units of Albanian Fagus sylvatica 
forests is relatively straightforward, the identification of 
the associations is still in need of further studies. In fact, 
the clusters that we considered at the level of association 
are characterized usually not by character species but by 
combinations of differential species. This is a situation 
that occurs frequently in Fagus sylvatica forests (see for 
instance Willner 2002). Nonetheless, many of our clusters 
are well characterized, and we refrain from a formal de-
scription of undescribed associations only because we de-
fer such a step to further local studies analyzing in depth 
the ecological characterization and the catenal relation-
ships of these forest types.
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Appendix 1

Syntaxonomic scheme. Corresponding clusters are given in brackets.

Crataego-Prunetea Tx. 1962 nom. conserv. propos.
Prunetalia spinosae Tx. 1952

Astrantio-Corylion avellanae Passarge 1978 (A1)

Quercetea pubescentis Doing-Kraft ex Scamoni et Passarge 1959
Quercetalia pubescenti-petraeae Klika 1933

Fraxino orni-Ostryion Tomažič 1940 (A2)

Carpino-Fagetea sylvaticae Jakucs ex Passarge 1968
Fagetalia sylvaticae Pawlowski 1928

Fagion moesiacae Blecic et Lakusic 1970
Doronico orientalis-Fagenion moesiacae Marinšek, Čarni et Šilc 2013 (B)
Doronico columnae-Fagenion moesiacae Dzwonko, Loster, Dubiel et Drenkovski 1999 (C, D, E)

Luzulo-Fagetalia sylvaticae Scamoni et Passarge 1959
Luzulo-Fagion sylvaticae Lohmeyer et Tx. in Tx. 1954 (F)
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Abstract
Aims: To complete the syntaxonomic scheme for tall-forb vegetation of the montane and alpine belts in the Pamir-Alai 
and western Tian Shan Mountains in Tajikistan and Kyrgyzstan with some remarks on its environmental predictors. 
Study area: Middle Asia: Tajikistan and Kyrgyzstan. Methods: A total of 244 relevés were sampled in 2013–2019 using 
the seven-degree cover-abundance scale of the Braun-Blanquet approach. These were classified with a modified TWIN-
SPAN algorithm with pseudospecies cut-levels 0%, 5% and 25%, and total inertia as a measure of cluster heterogeneity. 
Diagnostic species were identified using the phi coefficient as a fidelity measure. NMDS was used to explore the rela-
tionships between the distinguished groups. Results: Our classification revealed 19 clusters of tall-forb vegetation in 
Middle Asia. Among others we found forb communities typical for Tian Shan, western Pamir-Alai, forb-scree vegeta-
tion of Pamir-Alai, dry tall-forbs and typical forbs of the alpine belt. A total of eight new tall-forb associations and five 
communities were distinguished. The forb vegetation of Middle Asia has been assigned to the class Prangetea ulopterae 
Klein. The main factors differentiating the species composition of the researched vegetation are elevation, mean annual 
temperature, sum of annual precipitation and inclination of the slope. Conclusions: The paper presents the first insight 
into the comprehensive classification of the alpine forb vegetation in Middle Asia and fosters progress in explaining 
the relationship of boreo-temperate and Mediterranean-like (Irano-Turanian) vegetation in western Asian and central 
Asian subregions of the Irano-Turanian phytogeographical region.

Taxonomic references: The nomenclature of the vascular plants follows generally Cherepanov (1995) and for Bromus 
spp. The Plant List (2020) Version 1.1. http://www.theplantlist.org/.

Syntaxonomic references: The names of syntaxa are used in accordance with Ermakov (2012), Gadghiev et al. (2002) 
and Nowak et al. (2018).

Abbreviation: NMDS = Non-metric Multidimensional Scaling.
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Introduction
Tall-forb vegetation is known to be one of the most promi-
nent and species-rich communities, particularly in moun-
tainous landscape (Kočí 2001). The communities of the 
class Mulgedio-Aconitetea are natural tall-grass, tall-forb, 
or krummholz (shrubberies) vegetation with a well devel-
oped, often luxuriant herb layer. In the newest classifica-
tion, the shrubby krummholz is excluded and incorporated 
into Betulo carpaticae-Alnetea viridis (Mucina et al. 2016). 
All these prominent vegetation types of the mountainous 
landscapes occur at varying elevations, mainly from lower 
montane to the high alpine belt. Its range covers a vast 
area from western and northern Europe to southern Sibe-
ria (Hilbig 1995; Ermakov et al. 2000). However, towards 
the south such hygrophilous vegetation gradually gives 
way to the more thermophilous and drought-tolerant tall-
forb communities of the Irano-Turanian region. Middle 
Asia, as in the case of chasmophytic, steppe and forest 
vegetation (Nowak et al. 2017a, 2018, 2020a), stretches on 
the borderland of these different, although closely relat-
ed, types of vegetation. Distinct communities are formed 
here, particularly in the relatively moist and nutrient rich 
habitats of the Afghano-Turanian subregion sensu Kame-
lin (2010). This subregion supports a species rich and 
abundant vegetation with a dominance of tall forbs, main-
ly from the Apiaceae (Ferula, Mediasia, Prangos) and Po-
lygonaceae (Aponogeton, Polygonum, Rheum) families. For 
this type of tall-forb vegetation, in the northern Iran, the 
class Prangetea ulopterae was coined (Klein 1987).

In the long history of research on the vegetation of 
Middle Asia, mainly in Tajikistan, vegetation similar to 
the Prangetea class was defined in very different ways. 
Firstly, it was recognized as “forb meadows” (Korovin 
1934), subtropical steppes or semi-savannas (Rubtsov 
1952; Ovchinnikov 1957), communities of Prangos and 
Ferula (Golovkova 1959) or the “ephemeroid” vegeta-
tion (Agakhanyanz and Yusufbekov 1975). Ovchinnikov 
(1971) proposed the name “yuganniki” for Prangos pab-
ularia communities (Prangos in Tajik language is yugan) 
and kamolniki (scree forbs) for Ferula spp. vegetation. 
Additionally, Pavlov (1967, 1980) introduced the term 
“umbeliferniki” for Apiaceae species (alternative name 
Umbelliferae) dominated vegetation.

In the Pamir-Alai, in central Tajikistan, the first 
notes on the composition and distribution of Apiaceae 
dominated communities were published by Goncharov 
(1936). His research was focused on the vegetation of 
Feruleto-Prangosetum, Polygoneto-Prangosetum and Ar-
temisio-Feruletum with prominent contribution of Fer-
ula kokanica, F. jaeschkeana, P. pabularia, Polygonum 
coriarium and Artemisia persica. Additionally, from the 
Hissar Mountains, namely the Varzob River Valley, the 
community of Prangos pabularia-Ferula jeaschkeana 
was mentioned (Ovchinnikov 1971). Less frequently, the 
communities of Prangetea ulopterae were noted from the 
Eastern Pamir, some of which may be scree vegetation. 
It is also worth mentioning the works of Agakhanyanz 

(1966) who reported the vegetation of Ferula grigoriewii 
(as Feruleta grigorjewii) and Prangos pabularia (as Pran-
goseta pabulariae).

Representation of Prangetea ulopterae can be observed 
not only in Pamir-Alai but also in western Tian Shan. 
These areas are in close proximity to juniper groves and 
occur as a forb rich undergrowth dominated by Prangos 
pabularia, Ferula tenuisecta, F. tschimganica, F. pallida, 
F. prangifolia and Rheum maximowiczii. This vegetation 
occurs mainly in upper montane and alpine belts at an 
elevation of 1,500–2,800 m a.s.l. (Pavlov 1980). Recently, 
the work of Wagner (2009) gives some important insights 
and shows nine distinct plant communities belonging to 
meadow-forb vegetation (e.g. Dactylis glomerata-Karat-
avia kultiassovii and Nepeta mariae-Aconogonon coriari-
um) in the Aksu-Jabagly Nature Reserve in the western 
Tian Shan. Other pasture vegetation communities were 
revealed in the research of Borchardt et al. (2011), where 
they proposed a variation of tall-forb communities (Ac-
onogono coriarium-Prangos pabularia-Galium aparine 
and Ligularia thomsoni-Dactylis glomerata communities). 
However, these studies did not aggregate the communi-
ties into higher-level units and rationalise them with the 
known orders and classes. Understandably, the hierarchi-
cal system of all Middle Asian grasslands is challenging 
to the vegetation ecologist, despite being crucial for com-
munication and application in conservation (De Cáceres 
et al. 2018).

This paper presents the first attempt to classify the tall-
forb vegetation in the Pamir-Alai and south-western Tian 
Shan Mountains and to relate it to steppe and alpine mead-
ow communities. We aimed at addressing the following 
questions during our study: (1) What is the diversity of 
tall-forb vegetation of the montane and alpine zones in the 
Pamir-Alai and south-western Tian Shan Mountains? (2) 
What are the environmental and habitat requirenments of 
the described plant communities? (3) What is the species 
composition and structure of the vegetation plots? and (4) 
Which species have important diagnostic value for the de-
scribed communities?

Study area
The vegetation survey was conducted in an area of ca. 
350,000 km2 located in the central part of Middle Asia 
(the Pamir-Alai in Tajikistan, and western and central 
Tian Shan in Kyrgyzstan, Figure 1). Due to the consid-
erable phytogeographical differences between Pamir-Alai 
and Tian Shan Mountains, the research aimed at examin-
ing the tall-forb vegetation of both areas, including Alai, 
Transalaian, Alichurian, Shachdarian, Shugnan, Sarikol, 
Yazgulem and Peter the First Ranges in Pamir-Alai and 
Trans-Ili Alatau, Kyungey Ala-Too, Terskey Ala-Too, 
Songkol, Fergana, Kyrgyz and the Chatkal Mountains in 
Kyrgyzstan. The mountainous character of the highland 
landscapes of Middle Asia makes this territory particu-
larly suitable for different types of tall-forb communities. 
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The vast alpine habitats of Middle Asia extend across a 
long elevational gradient. The studied sites were located 
between 1,300 and 3,500 m a.s.l. (mean 2,270) and within 
habitats that differ in terms of aspect, inclination, bedrock 
and particle size.

The study area is located between two main bioclimat-
ic zones (the Irano-Turanian and Central Asiatic) and is 
additionally influenced by the Indo-Indochinese climate 
from the south and Euro-Siberian from the north. It is 
difficult to characterize the climatic conditions of the 
region, as it stretches across a transition zone between 
the Temperate and Irano-Turanian macrobioclimates. 
The first zone is characterized by a summer precipitation 
peak, whereas a winter precipitation peak and higher con-
tinentality are typical of the latter (Djamali et al. 2012). 
There are four main climatic regions within the research 
area (Latipova 1968; Narzikulov and Stanyukovich 1968; 
Safarov 2003):

(1)	 The warm, continental, Irano-Turanian region that in-
cludes the Fergana Valley. The surroundings of Jalala-
bad and Osh are characterized by winter precipitation 
that in March achieves its peak of 80 mm and an annu-
al average of ca. 200–250 mm. The temperatures reach 
20 °C in April and 34 °C from June to August. During 
these months, the precipitation is scarce, with 0–10 mm 
of rainfall per month. Snow and frost occur from De-
cember to February, with an average no lower than -3 
°C and extreme values reaching -27 °C in some years.

(2)	 The warm, humid, continental region that includes 
the Tian Shan and Pamir-Alai ranges. Average tem-
perature in June in the colline and montane belts 
within this region is around 22 °C. In the alpine belt, 
the temperature drops to 10 °C. Annual precipitation 
ranges from about 500 mm on the northern slopes up 
to ca. 1000 mm on the southern.

(3)	 The cold semi-arid region that includes the Issyk-Kul 
basin, central and western parts of the Alai Valley, and 
foothills and plateaus on the colline, montane and 
subalpine belts. These areas are clearly distinguished 
by lower precipitation, with an average ca. 200–400 
mm per year. The distribution of rainfall during the 
year is similar to that in the temperate climate, with 
a maximum of 70 mm between May and July. The 
temperature exceeds 20 °C only in summer, and the 
annual average temperature is ca. 10 °C.

(4)	 The cold desert climate region that includes the east-
ernmost sections of the Alai Valley and the eastern 
Pamirian Plateau. This area is distinguished by sig-
nificant aridity with less than 100 mm mean annual 
precipitation. Only in May and August does the aver-
age monthly precipitation exceed 20 mm. The yearly 
annual temperature is slightly above 0 °C, with the 
minimum falling below -30 °C in January – February.

It is important to note that a multitude of local anoma-
lies caused by orography, wind conditions and altitudinal 
differences occur within each of these regions (Figure 1).
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Figure 1. Study area and distribution of the vegetation plots (n = 244).
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Methods
Data sampling and data analyses

In total, 244 relevés were collected in tall-forb vegetation 
of Tajikistan and southern Kyrgyzstan in all vertical belts 
of Pamir-Alai and the Tian Shan Ranges during seven 
successive vegetation seasons (2013–2019). The size of 
each sampled vegetation plot ranged from 4 m2 to 50 m2, 
but most were 10 m2. In each plot, all vascular plant and 
cryptogam species were recorded using the seven-degree 
Braun-Blanquet cover-abundance scale (Westhoff and 
van der Maarel 1973). The sampled data represent broad 
ranges of habitats, elevations, aspects, and inclination. For 
each plot, geographical coordinates were measured using 
a GPSMAP 60CSx device with an accuracy of ±5 m and a 
WGS84 reference frame.

In the tables containing plot data (Suppl. material 1), 
both latitude and longitude are given in decimal scale.

Data were stored in the Vegetation of Middle Asia da-
tabase (Nowak et al. 2017b) and analyzed in R (R Core 
Team 2020) and JUICE software (Tichý 2002). A modi-
fied TWlNSPAN analysis (Hill 1979; Roleček et al. 2009) 
provided an initial understanding of the data structure 
and resolution. The cover-abundance scale was trans-
formed using the three-step interval scale with cut-off 
levels at 0%, 5% and 25%. As the plots were selected fairly 
objectively, we downweighted rare species using chord 
distance as a measure of cluster heterogeneity (Roleček 
et al. 2009). Taxa identified only at the genus level were 
omitted during the analysis. Diagnostic species were 
identified using the phi coefficient as a fidelity measure 
(Chytrý and Tichý 2003). Group size was standardised 
and the Fisher exact test (p < 0.05) applied. Species with a 
phi coefficient higher than 0.20 were considered diagnos-
tic for a particular cluster (except that for communities 
of Phlomoides oreophila and Inula macrophylla where we 
show only those with phi >0.30 to shorten the list for the 
first twelve clusters, which seem to have outlier positions 
in the data. Diagnostic taxa for alliances were defined as 
those with a phi coefficient ≥ 0.15 in at least two clusters 
within this alliance (with the exception of one very dis-
tinct cluster). Species with a higher frequency than 40% 
were defined as constant, and those with a maximum cov-
er value exceeding 20% as the dominant species of an in-
dividual cluster (plant community). For translation of the 
TWINSPAN results into phytosociological associations, 
we chose the highest division that still yielded floristi-
cally well-characterized terminal clusters with their own 
diagnostic species (Dengler et al. 2005, Michl et al. 2010). 
These terminal clusters were considered as associations 
or plant communities, depending on the geographical 
range, certainty of taxonomic status of the diagnostic 
species, and recommendations of the International Code 
of Phytosociological Nomenclature (ICPN). The habitat 
profile and authors’ field experience were used during the 
division to find comprehensive and ecologically inter-
pretable results of classification.

To check the floristic-sociological classification and 
highlight the relationships between relevés and species, 
non-metric multidimensional scaling (NMDS) was per-
formed (with downweighting of rare species, response 
data were log-transformed). Species cover values on the 
7-degree Braun-Blanquet scale were transformed to a per-
centage scale (r, +, 1, 2, 3, 4, 5 to 0.1, 1, 5, 15, 37.5, 62.5 and 
87.5 respectively). Differences in environmental factors 
(elevation, temperature, precipitation, inclination) and 
vegetation variables (cover herb and moss layer, species 
richness and Shannon diversity index) between groups 
were assessed using the Kruskal–Wallis rank sum test 
(function kruskal.test) with multiple comparison based on 
Dunn’s test using the dunnTest function in the ‘FSA’ pack-
age (Ogle et al. 2018) in R. Climatic data were extracted 
from the Chelsa database version 1.2 (http://chelsa-cli-
mate.org; Karger et al. 2017).

The shortened synoptic table with the constancy of all 
diagnostic species is presented in Table 1. The full synop-
tic table is given in Supplementary material 2. All men-
tioned plant communities are arranged into an overview 
at the beginning of the description in the results section. 
We considered the spatial structure and environmental 
characteristics – mainly the elevation and precipitation – 
to be the habitats’ most significant attributes.

The species nomenclature mainly followed Cherepanov 
(1995) and, in some exceptional cases (e.g. Bromus spp.), 
according to The Plant List (2020). The plant material col-
lected during field studies was deposited in the Herbarium 
of Middle Asia Mountains, hosted in OPUN (University of 
Opole, Poland) and KRA (Jagiellonian University, Poland).

Results
General floristic features and relations between 
plant communities

The total number of taxa recorded in the whole data set 
(244 relevés) was 810 with only 18 exceeding 5% of con-
stancy. The group of species with the highest frequencies 
includes plants typical of tall-forbs such as Prangos pab-
ularia (99 occurrences), Polygonum coriarium (68), Fer-
ula kuhistanica (65), Scabiosa songarica (60), Ligularia 
thomsonii (58), Elaeosticta hirtula (54), Geranium regelii 
(48), Eremurus comosus (45) and Phlomoides lehmanniana 
(41). However, the most frequent species was Poa bulbo-
sa (132), considered a typical steppe plant, but apparent-
ly having a wider ecological amplitude. Other typically 
grassland species were Carex turkestanica (73), Plantago 
lanceolata (53) and Arenaria serpyllifolia (52). The group 
of most frequent species includes also scree plants like 
Galium spurium subsp. spurium (84) and Hypericum sca-
brum (41). Despite the close similarity between tall-forbs 
and xeric shrubs, the latter group includes only few taxa 
in the data set, such as Ephedra gerardiana, E. glauca, Rosa 
beggeriana, R. corymbifera or R. divina which occur with 
low frequency. Much richer is the flora of screes with fre-
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quent representatives including Rochelia cardiosepala, 
Polygonum paronychioides, P. polycnemoides, Rheum max-
imowiczii or Poterium polygamum. Additionally, a num-
ber of thermophilous shrubs were detected with Lonicera 
nummulariifolia, Cousinia batalinii, Cerasus verrucosa or 
Crataegus remotilobata as the most frequent. There are 
also species originating in juniper woods, such as Junipe-
rus seravschanica or Lonicera olgae. It is worth noticing 
that the species list of the tall-forb vegetation of Middle 
Asia also includes a number of taxa of open, ruderal habi-
tats (e.g. Convolvulus arvensis, Potentilla orientalis), meso-

philous forests (Impatiens parviflora, Asyneuma argutum, 
A. baldshuanicum) or steppes (Gentiana olivierii, Bunium 
persicum or Hordeum bulbosum).

As a result of the TWINSPAN classification, three main 
groups at the alliance level have been distinguished within 
the tall-forb vegetation (Figure 2). Additionally, one group 
was assigned to alpine meadows and left rankless for fur-
ther studies (comm. Phlomoides oreophila). The NMDS 
diagram clearly showed a distinction between three main 
tall-forb types and vegetation classified as alpine mead-
ows (Figure 3). The most diverse alliance includes dry 
tall-forb communities of the subhumid zone of the eastern 
Irano-Turanian region, which occur within the complex 
of vast pasturelands (steppes and pseudosteppes). This 
group (Scabioso songaricae-Phlomoidion lehmannianae) 
includes the highest number of distinct communities with 
typical tall-forbs (e.g. Eremuretum robusti or Phlomoido 
lehmannianae-Onobrychidetum grandis) or communities 
transitional towards grasslands (e.g. Stipetum margelani-
cae or Potentillo orientalis-Eremuretum fusci). A very dis-
tinguishable type of tall-forb vegetation in Middle Asia 
are the communities on scree-like habitats. They inhabit 
gentle slopes with deep, nutrient-rich soil, but are covered 
by rock debris. In this type of tall-forb vegetation, repre-

sentative of the Prangetea ulopterae known from Iran, we 
defined five communities (e.g. Phlomoidetum kaufmanni-
anae and Eremuretum stenophyllido-comosi) and include 
them in the newly coined alliance Rheion maximowiczii. 
The last group, shown on the left part of the TWINSPAN 
diagram, covers the mesophilous tall-forb communities 
of the western Pamir-Alai Mountains with very distinct 
communities such as Feruletum sumbuli, Heracleetum le-
hmannianii, Eremuretum kaufmannii and Anthriscidetum 
glacialis. They are included in the new alliance Ligulario 
thomsonii-Geranion regelii.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Figure 2. Dendrogram illustrating the assigment of relevé groups identified by TWINSPAN to particular syntaxo-
nomic units (see Syntaxonomic synopsis). The different background colors refer to alliances: red – Poion alpinae, blue 
– Ligulario thomsonii-Geranion regelii, orange – Rheion maximowiczii and green – Scabioso songaricae-Phlomoidion 
lehmannianae.

Figure 3. NMDS ordination of tall-forb communities in the 
Pamir-Alai and western Tian-Shan Mountains. The differ-
ent envelopes colors refer to alliances: red – Poion alpinae, 
blue – Ligulario thomsonii-Geranion regelii, orange – Rhe-
ion maximowiczii and green – Scabioso songaricae-Phlo-
moidion lehmannianae. Numbers on ordination refer to 
centroids of clusters (see Syntaxonomic synopsis).
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Classification of the vegetation units

As a result of our classification analysis, 19 well-defined 
plant communities were distinguished according to spe-
cies composition (Figure 2). As our study pioneers re-
search in the area, we chose not to apply any refinements 
in the classification by moving some relevés between 
clusters using iterative relocation methods or deletion of 
any outliers. With insufficient field experience to identify 
atypical or fragmentary stands, we believe that our ap-
proach is the most justified. Distribution maps of all tall-
forb types within the study area are presented in Figure 4. 
Environmental and vegetation parameters are presented 
in Figure 5 and photographs of selected communities are 
presented on Figures 6 and 7.

Syntaxonomic synopsis

Mesic mown and grazed subalpine meadows and pas-
tures on fertile soils

Class: Molinio-Arrhenatheretea Tx. 1937
1. Order: Poo alpinae-Trisetetalia Ellmauer et Mucina 1993

1.1. Alliance: Poion alpinae Gams ex Oberd. 1950
1.1.1. Community of Phlomoides oreophila (cluster 1)

Irano-Turanian thermophilous, mesic tall-forb communi-
ties of the western Pamir-Alai and Tian Shan Mountains

Class: Prangetea ulopterae Klein 1987
2. Order: to be described

Forb rich mesophilious tall-forb communities of the 
western Pamir-Alai Mountains

2.1. Alliance: Ligulario thomsonii-Geranion regelii 
Nowak et al. all. nov. prov.

2.1.1. Community of Allium hymenorhizum (cluster 2)
2.1.2. Feruletum sumbuli Nowak et al. 2015 (cluster 3)
2.1.3. Heracleetum lehmannianii Nowak et al. ass. 
nov. prov. (cluster 4)
2.1.4. Eremuretum kaufmannii Nowak et al. ass. nov. 
prov. (cluster 5)
2.1.5. Anthriscidetum glacialis Nowak et al. 2020 ass. 
nov. prov. (cluster 6)

Scree-like tall-forb communities of the eastern Ira-
no-Turanian region

2.2. Alliance: Rheion maximowiczii Nowak et al. all. 
nov. prov.

2.2.1. Community of Cousinia batalinii and Euphor-
bia pamirica (cluster 7)
2.2.2. Phlomoidetum kaufmannianae Nowak et al. 
ass. nov. prov. (cluster 8)
2.2.3. Eremostachyetum tadshikistanicae Nowak et 
al. 2016 (cluster 9)

2.2.4. Community of Senecio saposhnikovii (cluster 10)
2.2.5. Eremuretum stenophyllido-comosi Nowak et al. 
ass. nov. prov. (cluster 11)

Dry tall-forb communities of the subhumid zone of the 
eastern Irano-Turanian region

2.3. Alliance: Scabioso songaricae-Phlomoidion lehman-
nianae Nowak et al. all. nov. prov.

2.3.1. Community of Inula macrophylla (cluster 12)
2.3.2. Stipetum margelanicae Nowak et al. 2016 
(cluster 13)
2.3.3. Lathyretum mulkaki Nowak et al. ass. nov. 
prov. (cluster 14)
2.3.4. Potentillo orientalis-Eremuretum fusci S. Świ-
erszcz et al. 2020 (cluster 15)
2.3.5. Hordeo bulbosi-Astragaletum retamocarpi S. 
Świerszcz et al. 2020 (cluster 16)
2.3.6. Community of Ferula kuhistanica (cluster 17)
2.3.7. Eremuretum robusti Nowak et al. ass. nov. 
prov. (cluster 18)
2.3.8. Phlomoido lehmannianae-Onobrychidetum 
grandis Nowak et al. ass. nov. prov. (cluster 19)

Mesic mown and grazed subalpine meadows and pas-
tures on fertile soils

1.1.1. Community of Phlomoides oreophila (cluster 1)

Diagnostic species: Alchemilla bungei, Astragalus alpinus, 
Aulacospermum simplex, Caragana jubata, Cerastium tians-
chanicum, Festuca alatavica, Geranium regelii, Myosotis asi-
atica, Pedicularis ludwigii, Phlomoides oreophila, Poa alpina, 
Thalictrum foetidum, Valeriana dubia, Veronica porphyriana
Constant species: Geranium regelii, Phlomoides oreophila
Dominant species: Phlomoides oreophila
Floristic and habitat characteristics: We recorded plots 
of this association in the alpine belt of Kyrgyz and Talas 
Ranges in Kyrgyzstan (Figure 4). It was found between 
2,100 and 3,500 m a.s.l. (mean approx. 2,750, Figure 5a). 
It occupies gently sloping mountains on a vast territory 
making up the sheep pastures. It grows on fertile, deep and 
well hydrated soils, often with a close relationship to mire 
vegetation with Primula auriculata, P. olgae, or the alpine 
windswept matts of Kobresia pamiroalaica. The plots have 
dense cover and a typical forb luxuriance with the average 
vegetation cover over 90% (Figure 5d). The association is 
fairly species rich, with a mean of 26 species per plot (rang-
ing from 13 to 37; Figure 5f). The community is intensively 
grazed by sheep and sporadically goats. Due to scarse sam-
pling we left this community rankless and plan to collect 
supplementary data from pasturelands of Kyrgyzstan.

Irano-Turanian thermophilous, mesic tall-forb commu-
nities of the Pamir-Alai and Tian Shan Mountains

For the eastern territories of the Irano-Turanian region, 
a distinct group of communities within the forb vege-
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Figure 4. Distribution of relevés assigned to the particular vegetation units (n = 244). The name of syntaxon (1–19) 
are written in the Syntaxonomic synopsis.

tation of Prangetea ulopterae Klein 1978 dominated by 
typical Middle Asian species such as Prangos pabularia, 
Ferula kuhistanica, F. kokanica, Aponogeton coriarium and 
A. songaricum should be defined. This type of vegetation 
occurs throughout the Pamiro-Alai and the western and 
southern Tian Shan. It inhabits fertile soils, mainly in the 
alpine belt. They vary according to the type of habitat, in 
particular the inclination of the slope and the presence of 
stones in the substrate. In particular, the forb vegetation of 
the Rheion alliance occupies places with the topsoil cov-
ered with unstable rocks, creating a characteristic “fertile 
scree” vegetation. This tall-forb vegetation is most often 
used extensively as pastures for sheep and goats, less often 
for horses and yaks.

Forb rich mesophilious tall-forb communities of the 
western Pamir-Alai Mountains

2.1. Alliance: Ligulario thomsonii-Geranion regelii 
Nowak et al. all. nov. prov.

These tall-forb communities grow mainly in the alpine 
belt of the western Pamir-Alai ranges on deep and humid 
fertile soils with calcareous bedrock. They form a luxuri-
ant vegetation on slopes and flat lands. Only Heracleetum 
lehmannianii is apparently restricted to river sides and oc-
casionally slope water outflows. The composition of this 
vegetation is clearly determined by large forbs, with the 
high share of Geranium sp., Phlomoides sp., Polygonum 
sp., Eremurus sp., Anthriscus sp. and Nepeta sp.

Diagnostic taxa: Ligularia thomsonii, Centaurea rutheni-
ca, Fritillaria regelii, Geranium regelii, Galium turkestani-
cum, Myosotis alpestris, Potentilla sericea

2.1.1. Community of Allium hymenorhizum (cluster 2)

Diagnostic species: Allium hymenorhizum, Lomatocarpa 
albomarginata, Angelica ternata, Asperula pamirica, As-
tragalus saratagius, A. skorniakowii, Asyneuma argutum, 
Cousinia outichaschensis, C. pannosa, Eremogone griffithii, 
Euphorbia jaxartica, Ferula ovina, Gypsophila cephalotes, 
Nepeta podostachys, Pedicularis grigorjevii, Phlomoides 
seravschanica, Polygonum coriarium, Rosa divina
Constant species: Allium hymenorhizum, Eremogone grif-
fithii, Nepeta podostachys, Pedicularis grigorjevii, Polygo-
num coriarium
Dominant species: Allium hymenorhizum, Linum olgae
Floristic and habitat characteristics: The stands of Alli-
um hymenorhizum occur in different habitats in terms of 
environmental conditions, particularly humidity. It gener-
ally prefers organic, well watered soils, sometimes in con-
tact with typical fens, but generally inhabits slopes with 
typical tall-forb, meadow-like or even grassy vegetation 
across the whole Tajikistan. Due to this uncertainty and 
the small sample number, we leave this community rank-
less. Patches of this vegetation were found in the alpine belt 
at the average elevation of ca. 2,800 m a.s.l. (between 2,700 
– 2,850 m a.s.l., Figure 5a). It inhabits gently slopes with 5° 
to 15° inclination (average 11°) and northern aspects. The 
plots were moderately rich in species with the average of 
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Figure 5. Boxplots showing median (line), quartiles, outliers and the range of (a) elevation, (b) mean annual tem-
perature, (c) sum of annual precipitation, (d) cover of herb layer, (e) cover of moss layer and (f) species richness for 
particular syntaxonomic units. Red line indicates mean values of alliances. The values of χ2 and p for statistical tests 
for vegetation groups are shown. Different letters indicate significant differences among the alliances. The abbre-
viations of the syntaxonomic units are explained in the Syntaxonomic synopsis.

ca. 18 taxa per plot (ranging from 14 to 21; Figure 5f). The 
community has high vegetation cover reaching up to 85% 
(Figure 5d). This tall-forb vegetation is extensively grazed 
by sheep and, sporadically, goats.

2.1.2. Feruletum sumbuli Nowak et al. 2015 (cluster 3)

Diagnostic species: Astragalus kabadianus, Asyneuma 
attenuatum, Ephedra intermedia, Euphorbia transoxa-

na, Ferula sumbul, Hedysarum flavescens, Thalictrum 
kuhistanicum
Constant species: Ferula sumbul, Hedysarum flavescens
Dominant species: Ferula sumbul, Hedysarum flavescens
Floristic and habitat characteristics: Ferula sumbul 
is an endemic plant of the western Pamir-Alai occur-
ring in Tajikistan preferably in the Zeravshan and Funn 
Ranges (Nowak et al. 2020a). Occasionally, it occurs in 
forest openings and alpine meadows, but forms the com-
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munity in the valley bottoms, particularly often in sites 
with coarse blocks of rocks from eroded rock walls (Fig-
ure 6a). The association was described as the forb com-
munity from scree aprons in Fann Mountains (Nowak et 
al. 2015; Figure 4). Its stands are distributed in the alpine 
belt within the range of elevations from 2,050 to 3,300 m 
a.s.l. (Figure 5a). It prefers limestone bedrock and alka-
line soil substrates. Patches of this association were found 
on relatively gentle slopes (foothills of large block screes) 
with a mean inclination of approx. 10°. The association 
inhabits different slopes with northern, southern and 
western aspects. It is characterized by a dense forb cover 
up to 95% (mean close to 80%, Figure 5d) and a negligible 
moss contribution. The richness of vascular plant species 
is moderate, with an average of 15 species and a maxi-
mum of 23 per plot (Figure 5f).

2.1.3. Heracleetum lehmannianii Nowak et al. ass. nov. 
prov. (cluster 4)

Diagnostic species: Allium elatum, Carum carvi, Convol-
vulus arvensis, Cousinia pseudarctium, Cynoglossum virid-
iflorum, Dactylis glomerata, Euphorbia lamprocarpa, Her-
acleum lehmannianum, Lithospermum officinale, Mentha 
asiatica, Nepeta cataria, Poa pratensis, Ranunculus brevi-
rostris, Trifolium pratense
Constant species: Cousinia pseudarctium, Heracleum le-
hmannianum
Dominant species: Cousinia pseudarctium, Heracleum le-
hmannianum
Floristic and habitat characteristics: This distinct asso-
ciation is formed by the endemic Heracleum lehmannia-
num of Middle Asia distributed across all of Pamir-Alai 
and western Tian Shan (Nowak et al. 2020a). Heraclee-
tum lehmannianii mainly occurs along mountain rivers 
and streams, rarely inhabiting water outflows on slopes 
(Figure 6b). The vegetation has been recorded in the Ze-
ravshan, Hissar, Hazratishoh and Western Pamir Rang-
es (Figure 4). The association prefers deep, well watered 
soils with small gravel ingredients. The phytocoenosis has 
a fairly wide altitudinal amplitude across montane and al-
pine belts and inhabits the range between 1,500 and 3,500 
m a.s.l. (mean approx. 2,000; Figure 5a). Patches of this 
vegetation inhabit mainly flat land, but sometimes they 
can be found on relatively steep slopes, up to 30° (mean 
approx. 15°), where it prefers the northern aspects. Total 
cover of the herb layer is very high, often reaching 100% 
(Figure 5d). Only occasionally, whether in Heracleum 
lehmannianum or Cousinia pseudarctium stands, does it 
have sparser cover, but never below 80%. The vegetation 
is moderately rich in species relative to the average of 
22 species per plot. However, some patches can consist 
of up to 33 or have as few as 12 species per plot (Figure 
5f). The moss layer has inconsiderable value, however in 
some sites close to fen vegetation it can reach up to 35% 
(Figure 5e). The association is clearly a vicariant one of 
the Caucasian stands of Heracleum mantegazzianum or 
H. sosnovskyi and Alborz hogweeds like H. persicum.

2.1.4. Eremuretum kaufmannii Nowak et al. ass. nov. 
prov. (cluster 5)

Diagnostic species: Artemisia dracunculus, Astragalus 
nuciferus, Dictamnus angustifolius, Eremurus kaufmannii, 
Iris hoogiana, Lonicera nummulariifolia, Paeonia interme-
dia, Poa urssulensis, Restella albertii
Constant species: Artemisia dracunculus, Ligularia thom-
sonii, Prangos pabularia
Dominant species: Eremurus kaufmannii, Prangos pabu-
laria
Floristic and habitat characteristics: This is typical alpine 
tall-forb vegetation of the Pamir-Alai Range. Eremurus 
kaufmannii occurs in northern Tajikistan and northern 
Afghanistan forming its own association on gentle slopes 
in the alpine pastureland zone (Ovchinnikov 1963). The 
patches of this remarkable vegetation were noted in the 
Zeravshan and Hissar Mountains (Figure 4) at the eleva-
tion of ca. 2,400 m a.s.l. (ranging between 2,100 and 2,850; 
Figure 5a). They occur on gentle slopes from 10° to 40° 
(mean ca. 20°) inclination and preferably at a northern 
aspect. The total cover of the vegetation was approx. 90% 
on average (ranging between 80 and 95%; Figure 5d). This 
tall-forb vegetation is moderately rich in species having 
from 9 to 31 species per plot (mean ca. 19; Figure 5f). 
This type of forb, dominated by the decorative Eremurus 
kaufmannii, is very spectacular in the pasture landscape 
of alpine meadows (the plant itself is poisonous to stock 
animals, Figure 6c). The tall, ornamental Eremurus is a 
prominent feature in the landscape of the high Pamir-Alai 
mountains, especially after the first passage of sheep herds.

2.1.5. Anthriscidetum glacialis Nowak et al. ass. nov. 
prov. (cluster 6)

Diagnostic species: Anemonastrum protractum, Anth-
riscus glacialis, Astragalus aksuensis, Asyneuma baldsh-
uanicum, Crepis darvazica, Draba huetii, Elytrigia repens, 
Euphorbia sarawschanica, Leonurus turkestanicus, Ligular-
ia alpigena, Oberna wallichiana, Pedicularis olgae, Phleum 
pratense, Picris nuristanica, Polygonum hissaricum, Rumex 
nepalensis, Tanacetum pseudachillea
Constant species: Anthriscus glacialis, Ferula kuhistanica, 
Geranium regelii, Ligularia thomsonii
Dominant species: Anthriscus glacialis, Ferula kuhistanica
Floristic and habitat characteristics: Anthriscus glacialis 
is a widely distributed alpine species across the whole Pa-
mir-Alai and western Tian Shan Ranges (Chukavina 1984). 
We recorded the stands of this species mainly in the central 
section of the Darvaz Range around the Hoburobot Pass 
(Figure 4). It grows on nutrient rich, deep, nitrophilous 
soils within a pastureland complex with intensive grazing 
(Figure 6d). Stands of this vegetation were recorded in the 
upper alpine belt between 2,500 and 3,000 m a.s.l. elevation 
(mean ca. 2,800 m; Figure 5a). The association prefers gen-
tle slopes or flat plots in the vast pasturelands, sometimes 
in close vicinity to villages (so called “letovki” – summer 
huts) with mean inclination of approx. 12° (ranging from 
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5° to 25°. It occurs preferably at western and south-western 
aspects. The herb layer is particularly luxuriant and reaches 
on average close to 100% cover (Figure 5d). Anthriscidetum 
glacialis includes from 19 to 37 species, approx. 30 per plot 
(Figure 5f). It is intensively grazed and very sporadically 
mowed (patches in villages neighbourhood).

Scree like tall-forb communities of the eastern Ira-
no-Turanian region

Alliance: Rheion maximowiczii Nowak et al. all. 
nov. prov.

This tall-forb vegetation mainly grows in the montane and 
subalpine belts on gravelly scree-like slopes, with the soil 
often covered by coarse rocky debris. Therefore, apart from 
the typical tall-forb species, there are many scree plants 
such as Tetrataenium olgae or Senecio saposchnikovii. The 
soil profile is relatively deep and nutrient rich, however 
in some cases it is almost completely covered with un-
stable rock debris. In Middle Asia, communities of this 
type occur across the Pamir-Alai and western Tian Shan 
Ranges, and is particularly frequent in Zeravshan, Vanch, 
Rushan, Hissar, Alai and Fergana Mountains. Plots of the 
phytocoenoses were sampled at elevation between 1,500 
and 3,300 m a.s.l. (mean approx. 2,000; Figure 5a). They 
inhabit slopes with an inclination of 3°-45° (average 25°). 
This tall-forb alliance is rich in species with an average of 
27 per plot (ranging from 8 to 44; Figure 5f). The herba-
ceous layer varies from 20% to 100%, with an average of 
ca. 65% (Figure 5d). The vegetation forms luxuriant stands 
(Figures 6e, 7e, f) with a number of dominant species that 
are endemic to Middle Asia (e.g. Rheum maximowiczii, 
Bunium badachschanicum, Phlomoides tadschikistanica). 
As in other Prangetea ulopterae vegetation, large Apiace-
ae species are highly represented (e.g. Ferula kokanica or 
F.  transiliensis). Patches of this vegetation can withstand 
periodic drought of habitats during hot summer.
Diagnostic taxa: Bunium persicum, B. badachschaniucum, 
Eremurus stenophyllus, Ferula kokanica, Plantago lanceo-
lata, Poterium polygamum, Rheum maximowiczii

2.2.1. Community of Cousinia batalinii and Euphorbia 
pamirica (cluster 7)

Diagnostic species: Acantholimon parviflorum, Artemisia 
rutifolia, Astragalus lasiosemius, Bunium badachschani-
cum, Cousinia batalinii, Ephedra gerardiana, Eremopoa 
persica, Euphorbia pamirica, Kudrjaschevia allotricha, 
Lappula badachschanica, Linaria sessilis, Piptatherum sog-
dianum, Rheum maximowiczii, Scariola orientalis, Tetra-
taenium olgae, Tulipa dasystemon
Constant species: Ferula kokanica
Dominant species: Cousinia pseudarctium, Ferula kokanica
Floristic and habitat characteristics: Cousinia batalini is 
an endemic plant of the Hissar and Darvaz Ranges, and 
occurs only sporadically in the Western Pamir (Rasulo-
va 1991). The second of the two main diagnostic species, 

Euphorbia pamirica, is distributed almost across the same 
area. It grows in the Hissaro-Darvaz geobotanical re-
gion, but is also rarely found in the West and East Pamirs 
(Ovchinnikov 1981). The community forms a scree-like 
vegetation, however is rich in species with considerable 
cover in the herb layer. Plots of this vegetation were noted 
in the alpine belt at an elevation of 1,950 to 3,300 (aver-
age approx. 2,850 m a.s.l.; Figure 5a). The patches were 
recorded on slopes with an inclination of 10°-45° (average 
35°), preferably at south-western and southern aspects. 
The total cover of herbs was approx. 55% (ranging from 
30% to 80%; Figure 5d) and the plots consisted of 8 to 29 
species per plot (mean approx. 17; Figure 5f). This is one 
of the most scree-like vegetation types of Prangetea ulop-
terae, and because of its internal heterogeneity we decide 
to leave it rankless.

2.2.2. Phlomoidetum kaufmannianae Nowak et al. ass. 
nov. prov. (cluster 8)

Diagnostic species: Alcea nudiflora, Anisantha tecto-
rum, Boissiera squarrosa, Bromus danthoniae, Bunium 
persicum, Crambe kotschyana, Crepis pulchra, Eremurus 
soogdianus, Erodium cicutarium, Lindelofia macrostyla, 
Nardurus krausei, Neurotropis kotschyana, Papaver pavo-
ninum, Perovskia virgata, Phlomoides kaufmanniana, 
Piptatherum kokanicum, Scandix stellata, Scrophularia 
scabiosifolia, Taeniatherum crinitum, Valerianella ovcz-
innikovii, Bryum caespiticium, Encalypta vulgaris, Pohlia 
nutans, Tortula muralis
Constant species: Perovskia virgata, Phlomoides kaufmanni-
ana; Bryum caespiticium, Encalypta vulgaris, Pohlia nutans
Dominant species: Phlomoides kaufmanniana
Floristic and habitat characteristics: Phlomoides kau-
fmanniana is a narrowly distributed forb species of the 
western Pamir-Alai. Its stands were found only in a few 
valleys in the Zeravshan and Turkestan Mountains in Ta-
jikistan (Kochkareva 1986). It has been noted in the mon-
tane belt at an elevation of approx. 1,500 – 1,800 m a.s.l. 
(average approx. 1,630; Figure 5a). This vegetation prefers 
western aspects with a moderate inclination of about 5°-
35° (average approx. 15°, Figure 7e). The cover of the herb 
layer ranges from 50 to 95%, with a mean of 80% (Fig-
ure 5d). Mosses were observed within plots with a mean 
cover of ca. 12% (Figure 5e). Plots include from 23 to 30 
species, with an average of approx. 26 per plot (Figure 5f).

2.2.3. Eremostachyetum tadshikistanicae Nowak et al. 
2016 (cluster 9)

Diagnostic species: Achillea biebersteinii, Amoria repens, 
Geranium divaricatum, Hedysarum denticulatum, Medica-
go sativa, Phlomoides canescens, P. tadshikistanica (Eremo-
stachys tadshikistanica), Ranunculus muricatus, Trichodes-
ma incanum
Constant species: Amoria repens, Phlomoides tadshikis-
tanica, Plantago lanceolata
Dominant species: Phlomoides tadshikistanica
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Floristic and habitat characteristics: Phlomoides tadshi-
kistanica is an endemic species of the Hissar, Darvaz and 
Ak-tau ranges in the western Pamir-Alai (Kochkareva 
1986). This community has been characterised in our pre-
vious work devoted to scree vegetation on montane and 
colline belts (Nowak et al. 2016b), but it is also presented 
here as we found two additional plots representing this as-
sociation in the Darvaz Mountains (Figure 4). They were 
located at an elevation of 1,500 m a.s.l. (Figure 5a) on a 
steep scree exposed to the south and with an inclination 
of 45° (Figures 5a, 7f). The average herb layer cover was 
approx. 80%. Plots were moderately rich with 19 or 22 
species per plot (Figure 5f).

2.2.4. Community of Senecio saposhnikovii (cluster 10)

Diagnostic species: Anaphalis racemifera, Artemisia 
santolinifolia, Berberis heterobotrys, Cirsium badakhs-
chanicum, Cotoneaster nummularioides, Dracocephalum 
diversifolium, Gentianella turkestanorum, Senecio saposh-
nikovii, Thalictrum isopyroides, Thymus proximus
Constant species: Senecio saposhnikovii
Dominant species: Senecio saposhnikovii
Floristic and habitat characteristics: The only patch of 
vegetation supporting Senecio saposchnikovii was noted 
in the Alai range close to the Uch-tube village (Figure 4). 
It occurs on steep, loose scree at an elevation of approx. 
2,500 m a.s.l. (Figure 5a), with the soil underlying gravel. 
The community grows on the exposed western slopes with 
an inclination of approx. 35°. The vegetation was relative-
ly abundant with 75% cover of the herb layer (Figure 5d) 
and was composed of 20 plant species (Figure 5f). This 
very distinct community is left rankless until additional 
patches are surveyed.

2.2.5. Eremuretum stenophyllido-comosi Nowak et al. 
ass. nov. prov. (cluster 11)

Diagnostic species: Berberis nummularia, Colutea paulse-
nii, Exochorda korolkowii, Rosa ovczinnikovii, R. popovii, 
Eremurus comosus, E. stenophyllus, Ferula transiliensis, 
Poterium polygamum
Constant species: Eremurus comosus
Dominant species: Rosa ovczinnikovii; Eremurus comosus
Floristic and habitat characteristics: This is one of the 
most frequent communities of the scree-like forbs of the 
Eastern Irano-Turanian subregion, however it can also oc-
cur in gentle sloping or flat pastures with negligible rock de-
bris. The association has been recorded mainly in the Hissar 
Mountains (e.g. Mayhura Valey) and Darvaz Mountains 
(e.g. Obikhingou Valley; Figure 4). Eremurus stenophyllus 
is a typical Irano-Turanian element distributed from Iran 
to Central Asia, but E. comosus is considered an endemic 
plant of the western Pamir-Alai Mountains (Ovchinnikov 
1963). The community forms distinct stands on large areas 
within the montane belt (Figure 6e). The association’s plots 
have been found at an elevation between 1,450 and 2,000 
m a.s.l. (average approx. 1,700 m; Figure 5a). They main-

ly inhabit south-eastern and southern slopes, with varying 
inclinations from 5° to 40° (average approx. 23°). The as-
sociation is characterized by a varied herb cover, ranging 
between 20 and 100% (approx. 60% on average, Figure 5d). 
Between 18 and 44 vascular plant species were recorded in 
each relevé, with an average of 32, which positioned this 
tall-forb association as one of the most speciose (Figure 5f).

Tall-forb communities of the subhumid zone of the 
eastern Irano-Turanian region

2.3.2. Alliance: Scabioso songaricae-Phlomoidion leh-
mannianae Nowak et al. all. nov. prov.

This tall-forb vegetation forms luxuriant stands mainly in 
montane and subalpine belts on gentle slopes with nutri-
ent rich soil and negligible rock debris. The only exception 
is the association of Lathyretum mulkaki growing occa-
sionally almost on pure screes, but then creating species 
impoverished stands. Patches of this vegetation are found 
in micromosaic situations with other vegetation, mainly 
thermophilous shrubs (shiblyak) or scree vegetation and 
alpine pastures. In Middle Asia, the communities of this 
type occur across all of Pamir-Alai and western Tian Shan 
Mountains, and are particularly frequent in the Darvaz, 
Hissar, Peter the First, Vanch, Alai and Fergana Moun-
tains. The plots comprising this phytocoenoses were sam-
pled at an elevation between 1,300 and 3,250 m a.s.l. (mean 
approx. 2,200; 5a). They inhabited slopes with an inclina-
tion of up to 55° (average approx. 20°). This tall-forb veg-
etation is rich in species with an average of 23 per plot 
(ranging from 7 to 39; Figure 5f). The cover of herbaceous 
layer is much higher than in the previous alliance (Ligu-
lario thomsonii-Geranion regelii) and differs from 50% to 
100% reaching the average of ca. 85% (Figure 5d). The 
vegetation forms dense stands (Figures 6f, 7a-d, g) with a 
number of distinct, prominent Middle Asian species (e.g. 
Eremurus robustus, E. fuscus, E.  brachystemon, Lathyrus 
mulkak, Phlomoides lehmanniana, P. tadshikistanica). As 
in other Prangetea ulopterae vegetation the large Apiaceae 
species have considerable representation, e.g. Prangos pab-
ularia, Ferula gigantea, F. kuhistanica or F. violacea.
Diagnostic taxa: Gentiana olivieri, Onobrychis baldsh-
uanica, Phlomoides lehmanniana, Poterium lasiocarpum, 
Rumex paulsenianus, Inula macrophylla, Rochelia pedun-
cularis, Soleanthus circinnatus

2.3.1. Community of Inula macrophylla (cluster 12)

Diagnostic species: Artemisia ferganensis, A. glandulig-
era, Astragalus alopecias, A. sieversianus, Bromus oxyo-
don, Carex turkestanica, Convolvulus pseudocantabrica, 
Delphinium biternatum, Eremurus tianschanicus, E. turk-
estanicus, Eulophus ferganensis, Galium pamiroalaicum, 
Inula macrophylla, Microthlaspi perfoliatum, Perovskia 
abrotanoides, Serratula lyratifolia, Spiraea hypericifolia, 
Stipa caucasica, Stubendorffia orientalis
Constant species: Bromus oxyodon, Carex turkestanica, 
Convolvulus pseudocantabrica, Galium pamiroalaicum, 
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Inula macrophylla, Prangos pabularia, Serratula lyratifolia, 
Stubendorffia orientalis
Dominant species: Bromus oxyodon, Carex turkestanica, 
Inula macrophylla, Prangos pabularia, Stubendorffia  ori-
entalis
Floristic and habitat characteristics: Stands of Inula 
macrophylla are relatively common in the Pamir-Alai, 
however it seems that the species is only a contributor to 
other vegetation types. It is widespread in the whole of 
Middle Asia and occurs also in the Tarbagatai Mountains 
in Kazkhstan (Kinzikaeva 1988). We recorded only a few 
plots dominated by this plant in the Fergana and Talas in 
Kyrgyzstan (Figure 4) at the elevation of 1,300 to 1,400 m 
a.s.l. (average 1,350 m, Figure 5a) on deep, nutrient rich 
soil overlying limestone bedrock (Figure 6f). This com-
munity inhabits relatively steeply descending slopes with 
a mean inclination of approx. 30°, with a preference for 
northern aspects. It is characterized by a very dense herb 
cover which often reaches 100% (average close to 90%, 
Figure 5d). The richness of vascular plant species was 
high, with an average of 30 species and a maximum of 36 
per plot (Figure 5f).

2.3.2. Stipetum margelanicae Nowak et al. 2016 (cluster 13)

Diagnostic species: Allium barsczewskii, Astragalus fil-
icaulis, A. krauseanus, A. mucidus, Carex dimorphothe-
ca, Cousinia mulgediifolia, Ferula violacea, Poa bulbosa, 
Scabiosa songarica, Stipa margelanica
Constant species: Artemisia persica, Carex dimorphothe-
ca, Poa bulbosa, Prangos pabularia, Scabiosa songarica, 
Stipa margelanica
Dominant species: Prangos pabularia, Stipa margelanica
Floristic and habitat characteristics: This association 
was previously proposed after field studies conducted in 
the northern Pamir-Alai (Nowak et al. 2016a), but with 
additional data it is presented again here. Stipetum mar-
gelanicae has the intermediate character and is a kind of 
steppe vegetation with a significant share of forb plants. 
It has been found in the alpine belt within an altitudinal 
range between 1,900 and 2,200 m a.s.l. (mean approx. 
2,100; Figure 5a). Patches of this vegetation inhabit gentle 
slopes (average inclination of approx. 15°) and only spo-
radically were found on steeper descents of up to 40°. It 
prefers south-eastern and eastern aspects. The total cov-
er of herb layer is relatively high and ranges from 70% to 
100% (mean approx. 90%; Figure 5d). The vegetation is 
moderately rich, with 13 to 31 species per plot (mean ca. 
20; Figure 5f).

2.3.3. Lathyretum mulkaki Nowak et al. ass. nov. prov. 
(cluster 14)

Diagnostic species: Iris darwasica, Lathyrus mulkak, Lo-
phanthus elegans, Nepeta olgae
Constant species: Cousinia pseudarctium, Ferula kokanica
Dominant species: Cousinia pseudarctium, Ferula kokan-
ica, Lathyrus mulkak

Floristic and habitat characteristics: This tall-forb vege-
tation (Figure 7a) occurs mainly in the Darvaz and Hissar 
Mountains in the alpine belt with relatively high precipita-
tion (up to 1,000 mm yearly). It is closely related to scree 
communities in terms of habitat conditions, however the 
floristic composition positioned it within the Scabioso son-
garicae-Phlomoidion lehmannianae alliance. Documented 
plots occupied steep slopes at the alpine elevations in the 
Western Pamir-Alai Mountains (Figure 4). They were not-
ed at ca. 1,900 to 3,250 m a.s.l. with a mean of ca. 2,600 m 
(Figure 5a), mainly at southern and southwestern aspects 
with an inclination of 10° to 55° (mean approx. 30°). The 
number of vascular plant species ranges from 8 to 35 with 
a mean of 23 (Figure 5f). The average cover of the herb 
layer was moderate when compared to other forb vege-
tation of Middle Asia, ranging from 50 to 100%, average 
approx. 75%. (Figure 5d).

2.3.4. Potentillo orientalis-Eremuretum fusci S. Świ-
erszcz et al. 2020 (cluster 15)

Diagnostic species: Eremurus brachystemon, E. fuscus, 
Gymnospermium albertii, Scorzonera tadshikorum, Veron-
ica arguteserrata
Constant species: Eremurus fuscus
Dominant species: Eremurus brachystemon, E. fuscus, 
Ferula kokanica, Gymnospermium albertii
Floristic and habitat characteristics: This association 
was described from the alpine belt of the western Pa-
mir-Alai as intensively grazed grassland vegetation (Świ-
erszcz et al. 2020). During the current research, additional 
plots of this vegetation were found in Central Tajikistan as 
well as in the Kyrgyz and Talass Mountains in Kyrgyzstan 
(Figure 4). This association prefers vast open habitats in 
the alpine pastureland zone between 1,850 and 2,500 m 
a.s.l. (mean approx. 2,100; Figure 5a). It develops on gentle 
slopes with an average inclination of approx. 20°. Potentil-
lo orientalis-Eremuretum fusci appears indifferent to slope 
or exposure, but often occurs at southern or north-west-
ern aspects (Figure 7d). The total cover of the herb layer 
is high and ranges between 80 and 100% (average approx. 
83%; Figure 5d). The species richness is moderate with 7 
to 25 species per plot (average 17; Figure 5f).

2.3.5. Hordeo bulbosi-Astragaletum retamocarpi S. 
Świerszcz et al. 2020 (cluster 16)

Diagnostic species: Aegilops triuncialis, Astragalus reta-
mocarpus, Buglossoides arvensis, Crupina vulgaris, Echi-
um biebersteinii, Elaeosticta allioides, E. hirtula, Ferula 
gigantea, Hordeum bulbosum, Hypericum perforatum, 
Medicago denticulata, M. orbicularis, M. rigidula, Pseu-
dohandelia umbellifera, Rochelia cardiosepala, Tragopogon 
capitatus, Tulipa subquinquefolia, Vicia angustifolia
Constant species: Astragalus retamocarpus, Carex turkes-
tanica, Ferula kuhistanica, Medicago rigidula, Poa bulbosa
Dominant species: Astragalus retamocarpus, Ferula ku-
histanica, Poa bulbosa
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Floristic and habitat characteristics: This is another as-
sociation that was described from the montane belt of 
south-western Pamir-Alai as the pseudosteppe vegetation 
(Świerszcz et al. 2020). A few additional plots of this vege-
tation were found in Peter the First Range (Figure 4) in the 
alpine pastureland zone between 1,900 and 2,200 m a.s.l. 
(mean approx. 2,050; Figure 5a). It was recorded on gentle 
slopes with an average inclination of approx. 14° at western 
or southern aspects. As in other grasslands or forb-domi-
nated vegetation, the density of vegetation was very high 
and the noted cover of herbs was close to 100% (Figure 5d). 

The average species richness was also one of the highest, 
with 30 species per plot (ranging from 22 to 38, Figure 5f).

2.3.6. Community of Ferula kuhistanica (cluster 17)

Diagnostic species: -
Constant species: Ferula kuhistanica
Dominant species: Cousinia pseudarctium, Ferula kuhis-
tanica, Potentilla orientalis, Rochelia cardiosepala
Floristic and habitat characteristics: Ferula kuhistanica 
is one of the most frequent species in tall-forb vegetation 

Figure 6. Photographs of the tall-forb vegetation belonging to: a – Feruletum sumbuli in the Haf-kul Valley in the 
Funn Mts, Western Pamir-Alai; b – Heracleetum lehmannianii on the slope water outflow in Haf-kul Valley, Western 
Pamir-Alai, approx. 1,850 m a.s.l.; c – Eremuretum kaufmannii in the Kuli-kalon Plateau in Funn Mountains, approx. 
3,400 m a.s.l.; d – Anthriscidetum glacialis near the Hoburobot Pass in Darvaz Mountains, approx. 3,500 m a.s.l.; e 
– Eremuretum stenophyllido-comosi in Mayhura Valley in Hissar Mountains, approx. 2,650 m a.s.l.; f – community of 
Inula macrophylla near Chilishtak Village in Darvaz Mountains, approx. 1,450 m a.s.l.
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Figure 7. Photographs of the tall-forb vegetation belonging to: a – Lathyretum mulkaki near the Anzob Pass in Hissar 
Mountains, approx. 3,100 m a.s.l.; b – community of Ferula kuhistanica near the Hoburobot Pass in Darvaz Moun-
tains, approx. 3,600 m a.s.l.; c – Phlomoido lehmannianae-Onobrychidetum grandis in the Obikhingou River Valley 
near Roha, approx. 3,200 m a.s.l.; d – Potentillo orientalis-Eremuretum fusci in Talas Mts, Kyrgyzstan, approx. 2,700 
m a.s.l.; e – Phlomoidetum kaufmannianae near Mogien in Funn Mountains, approx. 1,600 m a.s.l.; f – Eremostachy-
etum tadshikistanicae in Darvaz Mountains, approx. 1,500 m a.s.l.; g – Eremuretum robusti near Rabot, Darvaz 
Mountains, approx. 2,750 m a.s.l.

in the Pamir-Alai, contributing to almost all communities 
growing on nutrient rich, deep soils of higher montane and 
alpine belts. Cluster 17 was separated by the algorithm as 

probably the central community within the alliance with 
no diagnostic species. A few plots of the community were 
found in the Darvaz and Peter the First ranges (Figure 4) 
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in heavily grazed pasturelands which possibly impover-
ished the community affecting floristic composition (Fig-
ure 7b). Thus, we only mention this group for consistency 
without giving a detailed floristic description.

2.3.7. Eremuretum robusti Nowak et al. ass. nov. prov. 
(cluster 18)

Diagnostic species: Cousinia umbrosa, Eremurus robust-
us, Phlomoides arctifolia, Vicia tenuifolia
Constant species: Eremurus robustus, Ferula kuhistanica, 
Prangos pabularia
Dominant species: Cousinia pseudarctium, Eremurus ro-
bustus, Phlomoides arctifolia, Prangos pabularia
Floristic and habitat characteristics: This is one of the 
most spectacular tall-forb vegetation types in Pamir-Alai 
(Figure 7g), with the main occurrence on the humid slopes 
of the Hissar, Darvaz, Hazratishoh and Peter the First 
Ranges (Figure 4). It forms tall stands in the upper mon-
tane and alpine belts within an altitudinal range between 
1,500 and 2,600 m a.s.l. (average approx. 2,250 m; Figure 
5a). It grows on flat, deep, well-watered soils in wide river 
valleys or occasionally, on gentle slopes with an inclination 
up to 25°. However, it always occurs in a moist, deep and 
fertile soil substrate, at no particular aspect. Eremuretum 
robusti is a luxuriant, rich vegetation with between 14 and 
39 species within the sampled plots (average approx. 25, 
Figure 5f). The association is characterized by a relative-
ly high total cover of herb layer. In many cases it reached 
100%, with the average over 90% (Figure 5d). It is one of 
the most eminent tall-forb vegetation types of Middle Asia.

2.3.8. Phlomoido lehmannianae-Onobrychidetum grandis 
Nowak et al. ass. nov. prov. (cluster 19)

Diagnostic species: Onobrychis grandis, Phlomoides leh-
manniana
Constant species: Ferula kuhistanica, Phlomoides lehman-
niana, Poa bulbosa, Prangos pabularia
Dominant species: Ferula kuhistanica, Phlomoides leh-
manniana, Prangos pabularia
Floristic and habitat characteristics: This association is 
one of the most widespread in Central Tajikistan, main-
ly in the Darvaz, Peter the First and Hissar Ranges (Fig-
ure 4). It also has some outliers in the Zeravshan, Turk-
estan and western Pamirian Mountains. The Pamir-Alai 
is an exclusive occupancy area of Phlomoides lehmanni-
ana, an endemic of these mountains (Figure 7c). The as-
sociation patches inhabit moderately fertile slopes within 
the upper montane and alpine belts, between ca. 1,700–
2,700  m a.s.l. (mean ca. 2,400 m; Figure 5a). Phytocoe-
noses were noticed on flat lands in a wide valley, as well as 
on relatively steep slopes, up to 45° (average approx. 17°) 
and southerly aspects. The particular plot of Phlomoido 
lehmannianae-Onobrychidetum grandis consisted of 14 
to 36 species (average 24, Figure 5f). The total herb cover 
ranged from 50% to 100% (average 84%) (Figure 5d) in a 
particular plot.

Discussion
The origin of the tall-forb vegetation in Middle 
Asia

Because paleoecological and palynological data are limit-
ed and incomplete for Middle Asia, the history of vegeta-
tion is insufficiently explained and due to past misunder-
standings (see Zhilin 1989) can be misleading. However, 
based on palaeoflora data from the Turan (Turgay flora) 
region, the Russian palaeoecologists presented interesting 
hypotheses about the development of vegetation of large 
umbel communities (see Klein 1988). From the lower 
Miocene, significant variations in climate caused the re-
placement of broadleaf turgay forests (ancestor of today’s 
chernoles – Juglans regia and Platanus orientalis stands), 
first by the paleoshiblyak (= preshiblyak) and later by 
steppes and deserts. In vast areas the dense broadleaf for-
ests gave way to sclerophyllous and xerophytic formations 
often with patchy physiognomy. Preshiblyak was a sparse 
tree and shrub “paleoformation”, very xerophilic, con-
sidered to be the ancestral to the current thermophilous 
shiblyak and juniper grooves. Besides numerous woody 
species, there was a luxuriant herb layer that included 
representatives of today’s typical tall-forb taxa such as 
Prangos, Ferula, Rheum and Polygonum. Due to strong 
climatic stress, preshiblyak became a stage of prompt 
radiation for many genera like e.g. Malus, Rosa, Cratae-
gus, Amygdalus, Ficus etc. One prominent taxon that has 
benefited from these changes was Ferula, particularly spe-
cies from the subtribe Ferulinae (Ferula, Dorema, Leutea; 
Panahi 2019). During the Pliocene-Pleistocene transition, 
not only was there a progressive reduction of broad-leaf 
forests, but also further fragmentation of the shiblyak for 
the benefit of ephemeroid formations of umbels. Kamelin 
(1967) suggests that, during the Pleistocene, the complex 
of semi-savannas with high grass (Himalayan-type prai-
ries introduced by Korovin) spread widely and adapted 
perfectly to the post-Pliocene xerothermic period, with 
an ephemeroid-type development rhythm. This complex 
was derived from the preshiblyak, which reduced further 
in the Pleistocene and transformed in its upper limits 
into thermophilic forests of Junipers. The latter, after their 
felling and thinning by man, gave way to communities 
of large umbellifers. The natural species composition of 
this vegetation was poor and the structure sparse, which 
in the gaps allowed room for the development of a rich 
undergrowth. Moreover, it is supposed that the vegetation 
of large umbels evolved after the anthropogenic impact 
of the pastoral culture in Central Asia which replaced ju-
niper groves and shiblyak orchards (Klein 1988). As the 
pastoralism in Tajikistan and Kyrgyzstan has a very long 
tradition (Dakhshleyger 1980; Mirzabaev et al. 2016), 
the species pool and surface of the pastures and mead-
ows is fairly high. The impacted, loose character of both 
descendant vegetation types of preshiblyak harbor in the 
gaps more than 1,300 typical tall-forb species only in the 
territory of Tajikistan, including ca. 30 Ferulas, four Pran-
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gos and many other Apiaceae (Nowak et al. 2020b). Many 
of these are endemic plants of the country (Nowak et al. 
2011) and at the same time due to considerable changes 
in agriculture economy of Tajikistan, are facing serious 
threat (Nowak et al. 2020b).

When analyzing the origin of tall-forb vegetation in 
Middle Asia, it is worth noting the ecological affiliation 
of species that they share with closely related vegetation 
types. It is clearly evident that in terms of floristic simi-
larity, the closest vegetation type is xerophytic shrubs (so 
called Rosaria and Efedrovniki – 185 common species), 
followed by thermophilous shrubland (so called shiblyak 
– 161 species), broad-leaved forests (141), Juniper grooves 
(127) and screes (104). These commonalities imply that 
the most important process for the formation of the spe-
cies composition was aridization and the formation of xe-
ric and thermophilous shrub and thicket vegetation.

It can therefore be summarized that after development 
of the main genera and species in the Eocene, the increase 
in occupancy area during the forest transition into sparse 
forb-forest vegetation of preshiblyak achieved composi-
tional stability and allowed further expansion in shiblyak 
and juniper forest gaps during the Oligocene and Pliocene. 
This, along with progressive aridization and cooling of the 
climate, further developed the tall-forb communities dom-
inated by umbels to reach their probable peak in the Holo-
cene. It was only the intensive pastoral economy in the 20th 
century that initiated the process of degeneration of this 
vegetation and its change into intensively managed pastures 
or pseudosteppes. This should be one of the important con-
cerns in regard to grazed tall-forb vegetation, as the long 
history of pastoralism (reaching 8000 years) and the grass-
land management in the region is no longer beneficial, but 
currently strongly impacting the vegetation cover in Middle 
Asia, including forbs (Mirzabaev et al. 2016). Sheep, goats, 
horses, yaks, cows and camels increase in numbers and 
combined with climate changes are an increasing threat to 
plant cover (Dakhshleyger 1980, Mirzabaev et al. 2016).

Comparisons of the Middle Asian tall-forb vege-
tation to the sourrounding areas

Due to the high rate of Pamir-Alai endemism, the very dis-
tinct and typically Irano-Turanian vegetation of Prangetea 
ulopterae does not share many taxa with the plots docu-
mented in Iran. The only common species occurring in 
Middle Asia that were defined as diagnostic for the class 
are Hypericum scabrum, Ferula ovina, Lappula microcarpa 
and Scariola (=Lactuca) orientalis (Klein 1987, 1988), the 
last being more characteristic for scree vegetation rather 
than tall-forb. However, the list of other species known to 
have the ecological optimum in this vegetation and occur-
ring in both areas (Iran and Middle Asia) is longer. Exam-
ples are e.g.: Cotoneaster nummularia, Berberis integerri-
ma, Lonicera numulariifolia, Thalictrum sultanbadense. 
Additionally, there are many genera common in both re-
gions with the most prominent Cousinia, Geranium, Hel-

ichrysum, Isatis, Eryngium, Crepis, Cephalaria, Onosma, 
Rheum and the richest Astragalus (Klein 1987). Despite 
this, all plant communities that were defined from Iran 
apparently have a different set of species and distinct hab-
itat requirements (Nepetetum fissae, Salvietum hypoleucae 
and Helichrysetum oligocephali).

Furthermore, the ancient Babylon territory lies in a 
former area of ancient Mediterranean vegetation. In the 
mountains of Helgurd-dagh in eastern Iraq, Hadač and 
Agnew (1963) described a number of pasture commu-
nities, including Corydaleto-Prangetum ferulaceae in the 
cones and aprons of rocky walls, Prangeto-Astragaletum 
tragacanthae, Aethionemeto-Astragaletum tragacanthae 
and Rheetum ribis. They were documented only by few 
relevés and sometimes not all taxa were identified at the 
species level. Nevertheless, it is clear that this type of veg-
etation is closely related to its physiognomy and species 
composition of dominating plants of Prangetea known 
from Iran and Middle Asia. However, also in this case 
there are no common species and closer habitat similari-
ties. The same holds true for the vegetation dominated by 
Prangos pabularia found in the mountains of Kopet-Dagh 
in southern Turkmenistan (Herrnstadt and Heyn 1977).

The overlap between Irano-Turanian tall-forb 
and scree vegetation and its relation to Juniper 
grooves

In this dry, semi-arid zone, the distinction between tall-forb 
vegetation dominated by Apiaceae and the scree vegetation, 
which can also be dominated by species of Ferula, Prangos 
or Tetrataenium, is not clear (Nowak et al. 2020a). Despite 
physiognomic similarities, the vegetation with the domi-
nation of Apiaceae species can be significantly different in 
species composition, abundance and habitat preferences. 
Only in Tajikistan do many Apiaceae species inhabit areas 
other than tall-forb habitats. Examples include meadows 
and pastures (e.g. Ferula foetida, F. tadshikorum, F. karata-
vica), screes (e.g. Ferula giorgiewii, F. ovina, F. foetidissima, 
F. koso-polianskyi, Tetrataenium olgae) or rock habitats (e.g. 
Ferula bucharica, F. botschanzevii, F. lithophila, F. tschim-
ganica, F. ugamica, Kafirnighania hissarica, Zeravshania 
regeliana; see Nowak et al. 2020a). Thus, the separation of 
the nutrient poor scree, fertile pasture and meadow and 
nutrient rich habitats of tall-forb vegetation in Middle Asia 
requires thorough analyses, a large data base and fine res-
olution in this complex of phytogeographical boundaries. 
The Miocene aridization did not only influence the nutri-
ent rich woody or shrubby vegetation but also left its mark 
on rock, scree and grassland communities. Species of the 
genus Ferula entered various habitats and are still found 
there today. Therefore, the name “umbeliferniki” for all 
tall-forb vegetation is inappropriate. In our case, out of 19 
communities, only 5 are dominated by large umbels.

The suggested close relationship between tall-forb vege-
tation of Middle Asia to juniper groves also requires a de-
tailed analysis as it is questionable when considering the 
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share of common species. As mentioned above, Klein (1988) 
suggests after Ovchinnikov (1971) that Prangetea ulopterae 
in Middle Asia originated from the Turgay flora and the 
ancient Mediterranean vegetation. At the beginning of the 
lower Miocene, significant variations in climate and grad-
ual aridization caused the replacement of broad-leaf turgay 
forests by the paleoshiblyak. Palaoshiblyak is considered to 
be the ancestor formation for Apiaceae dominated stands as 
well as juniper groves (Kamelin 1967; Ovchinnikov 1967, 
1971; Pavlov 1980). Additionally, Kamelin’s (1967) opin-
ion is that in the upper limits of prashiblyak, due to natural 
(xerophitysation, climate changes in Pleistocene) and an-
thropogenic (pastoral culture) factors, the shrubby forma-
tion was fragmented and in the patchy mosaic the Apiaceae 
began to expand and developed into today’s thermophilous 
tall-forb communities. However, the number of common 
species, which may reveal the relationship of the two plant 
formations, is relatively small. Even typical deciduous for-
ests (Juglans regia and Platanus orientalis stands) share more 
common taxa with tall-forb vegetation, not to mention the 
xerophytic and thermophilous shrubs. It is also worth not-
ing that juniper forests themselves are not a homogenous 
formation. Apart from the typically thermophilic ones dom-
inated by Juniperus seravschanica, there is also a zonal belt 
in the upper montane (sometimes up to 3,500 m a.s.l.) of J. 
turkestanica and J. semiglobosa. These two distinct belts have 
relatively different species composition and supposedly dis-
similar relationship to tall-forb vegetation. It is still question-
able whether the thermophilous J. seravshanica groves are 
more closely related to typical Prangetea ulopterae than they 
are to J. turkestanica stands, which themselves may be closer 
to alpine tall-forbs with Anthriscus glacialis or Eremurus spp.

The vegetation complex of xerotermophilous scrubs and 
Irano-Turanian tall-forbs extends far west, into the moun-
tains of Armenia, the Caucasus and the mountains of Turkey. 
The recognition of links between the Prangetea vegetation 
and other thermophilous vegetation, e.g. the fringe vege-
tation of Geranietea sanguinei known from south-eastern 
Europe and Western Asia needs to be resolved. Particularly 
interesting is the relationship to xerophilous fringe and tall-
forb vegetation of the Illyrian, Dinaric and Balkan Peninsula 
zone, which include a number of Apiaceae species (e.g. Fer-
ulago campestris, Laserpitium siler, Selinum silaifolium) and 
reflects apparent habitat similarities (in Dictamno albi-Fer-
ulagion galbaniferae and Lathyro laxiflori-Trifolion veleno-
vskyi; Mucina et al. 2016). As the tall-forb vegetation of the 
Irano-Turanian region are less hygrophilous and occupy not 
so fertile deep soils (as compared to the Mulgedio-Aconite-
tea vegetation known from the temperate zone), it is likely 
that there are also relationships and similarities to the steppe 
vegetation of Festuco-Brometea (e.g. Stipion korshinskyi To-
man, 1969) and also with Middle Asian steppes (Cleistoge-
netea squarrosae Mirkin et al. ex Korotkov et al. 1991). In 
our data set, several plots were classified into the steppe 
vegetation with a high share of forb species (Stipetum mar-
gelanicae, Hordeo-Astragaletum retamocarpi). Additionally, 
some relationship to mesic mown and grazed meadows and 
pastures on fertile soils supporting Poo alpinae-Trisetetalia 
Ellmauer et Mucina 1993 should be investigated, especial-

ly if we considered the northern territories of Middle and 
particularly Central Asia. Towards the Altay and Siberia, 
the share of boreal species increases and the typical Mul-
gedio-Aconitetea vegetation prevails (Ermakov et al. 2000; 
Zibzeev and Nedovesova 2017; Heim and Chepinoga 2019). 
The definitive classification and characterization of the tall-
forb communities require additional detailed survey in the 
montane and alpine belt of the whole Middle and Central 
Asia, particularly in the Tian Shan and Altay Mountains. 
Additionally, resolution of the Hindukush and Kopet-Dagh 
Mountains in relation to Middle Asian steppes and pseu-
dosteppes (Vulpio persicae-Caricion pachystylidis Świerszcz 
et al. 2020; see Nowak et al. 2017b; Świerszcz et al. 2020), 
alpine swards and hay meadows (Poo alpinae-Trisetalia), 
and boreo-temperate grasslands of Molinio-Arrhenatheretea 
meadows (mainly the steppe meadows of Galietalia veri or 
mesic meadows of the continental forest-steppe zone Carici 
macrourae-Crepidetalia sibiricae), is required.

Environmental features determining the floris-
tic composition of communities

Despite considerable compositional differences between 
communities due to the great phytogeographic distinctive-
ness and high floristic richness of forb vegetation across 
Middle Asia, there are also other factors controlling its di-
versity. The longest gradient (NMDS1, Figure 3) of the tall-
forb variability is apparently related to elevation. It clearly 
distinguishes communities from the highest locations, such 
as patches of Phlomoides oreophila, Allium hymenorhizum 
and Anthriscidetum glacialis, which prefers high-moun-
tain habitats with cold and humid conditions. At the other 
extreme the vegetation of Phlomoidetum kaufmannianae, 
Eremuretum stenophyllido-comosi and community of Inu-
la macrophylla are grouped. They prefer well drained sub-
strates, warm and dry sites at colline and lower montane 
elevations. The pattern of vegetation types along the second 
ordination axis is less obvious. However, looking at its ex-
tremes it can be attributed to the fertility of the habitat. At 
one end (upper part of Figure 3), the communities of Allium 
hymenorhizum, Cousinia batalinii and Euphorbia pamirica 
and the association of Feruletum sumbuli are placed. They 
occupy less fertile, shallow, often stony soil substrates. The 
opposite extreme is occupied by phytocoenoses that prefer 
deep, fertile soils, rich in mineral and organic content. The 
examples of tall-forb associations that thrive in this habitat 
are luxuriant Heracleetum lehmannianii, Hordeo bulbosi-As-
tragaletum retamocarpi, Eremuretum robusti and the com-
munity of Ferula kuhistanica. Although hardly detectable, 
the third gradient is most likely related to the compactness 
and stability of the substrate. Vegetation of Phlomoides ore-
ophila and Ferula kuhistanica as well as Stipetum margelan-
icae and Phlomoido lehmannianae-Onobrychidetum grandis 
grow on the stable, compact soils mainly on flatland or gen-
tle slopes in the high alpine belt. The typical scree habitats 
are mainly occupied by communities such as Phlomoide-
tum tadshikistanicae or Eremuretum stenophyllido-comosi 
that occur in lower elevations mainly on southern slopes 
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with loose, unstable top soil. This vegetation is composed of 
species adapted to frequent disturbances caused by rolling 
stones and landslides, and to periodical drought. Distur-
bances due to land runoff are a critical factor for plant com-
petitiveness and growing abilities and seem to be one of the 
most important drivers of vegetation variability in the stony 
landscapes of Middle Asia (Nowak et al. 2016b).

Conclusions
Our study has expanded the knowledge of the open habi-
tat vegetation in the Pamir-Alai and western Tian Shan 
Mountains and contributed to the consistent hierarchical 
classification of tall-forb communities in the Irano-Turani-
an region (Nowak et al., 2020). The syntaxonomic position 
of some of the distinguished communities is still unclear, 
hence further research into floristic composition and habitat 
requirements for the vegetation of Middle Asia is required, 
especially in the communities originating from preshiblyak, 
i.e. thermophilous shrubs, xeric thickets and juniper woods.

Substantial areas of shrubby vegetation (both shiblyak 
and Rosa-Ephedra stands) in Middle Asia have been al-
ready degraded, and both climate warming and intensifi-
cation of land use are serious threats for the biodiversity 
of grasslands in this region (Mirzabaev et al. 2016). This 
would also include the extremely species rich tall-forb.
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Abstract
SIVIM Alpine (GIVD ID: EU-00-034) is a thematic database focused on vegetation plots from alpine grasslands of the 
Iberian Peninsula. The main aim of the database is to centralize historical and new vegetation plots of grassland-like 
communities above the treeline from Spanish mountains, the Pyrenees (including France and Andorra) and Serra da 
Estrela (Portugal). The database was registered in GIVD in December 2020, and it is currently available in EVA under 
semi-restricted regime. SIVIM Alpine includes both digitized relevés from the literature and unpublished data. Most 
of digitized relevés overlap with SIVIM (GIVD ID EU-00-004) but the header data and the geographical coordinates of 
SIVIM Alpine have been improved when possible. The database is routinely updated with new surveys conducted with 
GPS and detailed ecological data. Nowadays, SIVIM Alpine contains 6,420 vegetation plots corresponding to all phy-
tosociological alliances described in the Iberian Peninsula for high-mountain grassland vegetation, 85% of them also 
classified at the association level. Plot size is available for 80% of the relevés. Plant taxonomy keeps the names provided 
by the original authors of the relevés, with an additional correspondence to Euro+Med and The Plant List, when possi-
ble. The database is continuously updated by revisiting the original sources. Different versions of the database have been 
used to vegetation analysis at national at continental scales.

Abbreviations: EVA = European Vegeation Archive; GIVD = Global Index of Vegetation-Plot Databases; SIVIM = Iberian 
and Macaronesian Vegetation Information System.
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GIVD Database ID: EU-00-034 Last update: 2020-12-18 

SIVIM Alpine Web address: 

Database manager(s): Borja Jiménez-Alfaro (jimenezalfaro.borja@gmail.com); Xavier Font (xfont@ub.edu ) 
Owner: Borja Jiménez-Alfaro 
Scope: SIVIM Alpine focuses on high-mountain (alpine) grassland-like communities of the Iberian Peninsula. All vegetation plots recording the co-
occurrence of vascular plants (as a minimum) in areas typically between 1 and 200 m2 are included.  
Abstract: 
Availability: according to a specific agreement Online upload: no Online search: no 
Database format(s): TURBOVEG, MS Access, Excel Export format(s): TURBOVEG, MS Access, Excel, CSV file 
Plot type(s): normal plots, time series Plot-size range: 1 to 200 
Non-overlapping plots: 
6420 

Estimate of existing plots: 
7000 

Completeness:  
92% 

Status:  
completed and continuing 

Total no. of plot observations: 
6420 

Number of sources (biblioreferences, data collectors): 
100 

Valid taxa: 
2112 

Countries (%): AD: 2; FR: 12; PT: 1; ES: 78 
Formations: Non Forest: 3% = Terrestrial: 3% (Arctic-alpin: 1%; Non arctic-alpin: 2% [Natural: 1%; Semi-natural: 0%]) 
Guilds: all vascular plants: 100%; bryophytes (terricolous or aquatic): 5%; lichens (terricolous or aquatic): 5%  
Environmental data (%): altitude: 96; slope aspect: 69; slope inclination: 63; microrelief: 0; surface cover other than plants (open soil, litter, bare 
rock etc.): 50; other soil attributes: 2; soil pH: 2; land use categories: 2; soil depth: 2 
Performance measure(s): presence/absence only: 0%; cover: 100%; number of individuals: 0%; measurements like diameter or height of trees: 
0%; biomass: 0%; other: 0% 
Geographic localisation: GPS coordinates (precision 25 m or less): 2%; point coordinates less precise than GPS, up to 1 km: 48%; small grid 
(not coarser than 10 km): 43%; political units or only on a coarser scale ( above 10 km): 7%  
Sampling periods: before 1920: 0%; 1920-1929: 0%; 1930-1939: 0%; 1940-1949: 6%; 1950-1959: 2%; 1960-1969: 3%; 1970-1979: 9%; 1980-
1989: 19%; 1990-1999: 24%; 2000-2009: 18%; 2010-2019: 14%; unknown: 5% 

Information as of 2020-12-18 further details and future updates available from http://www.givd.info/ID/EU-00-034 
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