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Abstract: �e germination capacity is the ability of the seeds of a species to transform into a mature plant under 
favourable conditions. �e paper presents a brief review of the literature regarding germination tests, what they 
represent, which are the reasons why they are performed, which are the methodologies used and which are their 
bene�ts. Germination tests can be a�ected by various environmental factors (temperature, light, oxygen, humidity) 
and are mainly performed to check the viability of seeds or to discover a speci�c protocol for various experiments. 
�us, performing germination tests prior to developing an experiment is essential. 

Keywords: Germination tests, methods, species, role of germination tests, variables
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Introduction

�e seeds represent an important stage in 
the higher life cycle of the plants in terms of 
their survival as species. �e seed is the unit 
of dispersal of the plant, which is able to 
survive the period between seed maturation 
and the establishment of the next generation 
as a seedling after germination. �e seed, 
mainly in the dry state, is well equipped to 
withstand long periods of adverse conditions 
(Bentsinka & Koornneef, 2008). �e two 
most important transitions of the plant life 
cycle are reproduction (from plant to seed) 
and the time of seed germination (from seed 
to plant). �e timing of seed germination is 
the oldest attribute of plant life history and 
sets the context for subsequent traits associ-
ated with �tness, thus inuencing fertility 
and survival (Liu & El-Kassaby, 2015). �e 
seeds contain the embryo as a new minia-
ture plant and have two major functions, 
reproduction and dispersal. Seed formation 
completes the process of plant reproduction 
and, with the germination of seeds, begins 

the next generation of plants (Kranner & 
Colville, 2011). Germination is the most 
important stage in the life cycle of plants that 
determines the e
cient use of nutrients and 
water resources available to plants (Ghaderi-
Far et al., 2010). �e seed might be latent 
but exposed to appropriate environmental 
conditions, it germinates (Stout et al., 1999). 
Soil temperature and humidity are the main 
determinants of viable seed germination 
(Massawe et al., 2003). Each plant species 
in di�erent phases of its life cycle has a base 
temperature below which it will not grow, an 
optimal temperature (or temperature range) 
at which it grows well, and as a �nal point the 
maximum temperature above which growth 
will be stopped altogether (Zarghani et al., 
2014). 

Materials and methods

�e method used to compile this synthesis 
of the literature consisted in using certain key-
words in the Google Academic and Research 
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Gate search such as: germination tests, meth-
ods of performing germination tests, bene�ts 
of using germination tests, etc. Only articles 
with free access or those to which the author 
provided access following a request were used.

Results and Discussions

Rational
Seeds are essential for human society as a 

source of food and serve as a raw material for 
crops. Crop yield depends not only on envi-
ronmental factors but also on seed quality 
(Genze et al., 2020). Seed germination is one 
of the most important and the �rst stage of 
plant growth (Soltani et al., 2015). Seed ger-
mination is an important parameter in seed 
quality, a high germination rate means that the 
seeds are of good quality (Pinar et al., 2021). 
Evaluating seed germination is an essential 
task for seed researchers to measure seed qual-
ity and performance (Genze et al., 2020). Seed 
hibernation has been de�ned as the inability 
of a viable seed to germinate under favour-
able conditions (Bentsinka & Koornneef, 
2008). Studies addressing hibernation (seed) 
and seed germination are important for the 
conservation of endangered species, providing 
knowledge about the appropriate conditions 
for storing seeds in seed banks (De Almeida 
et al., 2009). Germination tests are used by 
the Millennium Seed Bank (MSB, 2021) for 
two reasons: monitoring the viability of seed 
collections and developing protocols for trans-
forming seeds into plants (Davies et al., 2015). 
In addition, another purpose of the MSB is 
to reduce the loss of biodiversity by conserv-
ing the seeds of rare species and reintroducing 
them into the habitats from which they have 
disappeared. MSB chooses in particular: seeds 
that are resistant to drought and frost, plants 
that can contribute to people’s well-being, that 
can provide food for them or endemic plants. 
�e areas mainly a�ected are those threatened 
and vulnerable to climate change: alpine eco-
systems, coastal ecosystems, islands or threat-
ened by drought, oods, etc. 

Methods for performing germination 
tests
Germination tests can be performed in the 

laboratory or in the �eld on experimental plots. 
In the laboratory they are most often made 
in rooms for simulating climatic conditions 
where almost all variables can be controlled. 
�ey can also be made in the laboratory on 
Petri dishes or in pots. �e conditions we can 
control in the laboratory are: temperature, 
humidity, pH, light, substrate used, soil salin-
ity (Santo et al., 2014). Also, depending on the 
scienti�c interest of the experiment, certain 
plant species can be sown. Standard germina-
tion tests have been commonly used on com-
mercial cereal crops such as soybeans, beans, 
rice and corn (de Jesus Souza et al., 2017). �e 
cultures have three temperatures: minimum, 
maximum and optimal. �e germination rate 
increases from the minimum temperature to 
the optimum temperature and then decreases 
to the maximum temperature (Ghaderi-Far et 
al., 2010). When exposed to extreme tempera-
tures, the germination process is inhibited or 
cancelled due to the a�ected enzymatic activ-
ity. �e temperature range is a good indica-
tor of the thermal conditions in which the 
seeds can germinate, and therefore inuence 
the place and season for establishing seedlings, 
having a great importance in the distribution 
of species (Souza Filho et al., 2011). Each spe-
cies has a unique germination temperature 
requirement, which often resembles the con-
ditions in its natural environment (Christian 
et al., 2014). �e timing of seed germina-
tion showed a strong and positive correlation 
with the temperature-based environmental 
condition during seed development (Liu & 
El-Kassaby, 2015). �e e�ect of light on seed 
germination has three main components: the 
amount of light, the duration and the quality. 
�e seeds of di�erent crops manifest three dis-
tinctive germination requirements in terms of 
light: seeds that require light for germination, 
those that require the absence of light, and 
seeds that are indi�erent to light (Christian et 
al., 2014). Salinity is a severe abiotic stress that 
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results in inhibition of germination and seed-
ling growth. Germination performance under 
the inuence of salinity depends on seed 
vigour and genotypic factors (Kaya, 2021).

Germination test bene�ts
Germination tests have various purposes: 

verifying the viability of seeds, drafting an 
experimental protocol to solve ecological or 
agricultural problems, commercial seedling 
production, etc. (Bae et al., 2014). A germi-
nation test determines the percentage of seeds 
that are alive in a batch of seeds. �e level of 
germination associated with seed vigour pro-
vides an estimate of the performance of agri-
cultural land (RKB, 2021). High germination 
percentages and rates are important factors for 
the success of commercial seedling production 
(Muhl   et al., 2011). Creating a stable crop is 
an important management goal in agricul-
ture and reects the successful germination of 
seeds and the emergence of seedlings (Everson, 
1949; Massawe et al., 2003). Another ben-
e�t of the seed germination test is that it is 
an e�ective and economical biological test to 
assess the potential toxicity of the compost 
before it can be used (Luo et al., 2018). Seed 
testing determines the standards of a batch of 
seeds and namely physical purity, moisture, 
germination and thus allows the farming com-
munity to obtain quality seeds. �is prevents 
large sums from being wasted for the sowing 
of unviable or poor quality seeds by farmers or 
people involved in agriculture (TNAU, 2021). 

After completion of germination tests, sev-
eral parameters are evaluated, such as: percent-
age and germination rate and uniformity of 
germination. �e germination rate is de�ned 
as the percentage of seeds that produce a nor-
mal seedling, while the germination rate is the 
rate at which the seeds germinate. �e unifor-
mity of germination represents the distances 
between which the seeds germinate (Muhl   et 
al., 2011).

Conclusions

�e viability of weed seeds will be increas-
ingly important in the coming years, as herbi-
cides adapt more widely.

A high degree of seed germination is an 
important criterion in the seed industry, so the 
discovery of new processing methods that can 
improve the germination rate will be of great 
bene�t to both seed producers and farmers.

With two out of �ve plant species at risk of 
extinction, conserving those endangered spe-
cies is a race against time. �e germination and 
reintroduction of these plants back into their 
habitats or their use for scienti�c research, 
for the identi�cation of new food sources or 
new medicines is imperative. For this reason, 
germination tests to verify the viability of pre-
served seeds are also essential.
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Abstract: In several European cities, industrial areas developed explosively after World War II, leading to popula-
tion growth translated into urban densi�cation and in time to a deterioration of the built environment. In the last 
few decades, many of those former, mostly abandoned industrial areas turned into residual areas. Present research 
aims to �nd areas and methods, which can improve urban green space, extend them by using renaturalized brown-
�eld surface. Possibilities of revitalization and renaturalizations of urban residual areas, their potential once valo-
rized can result in a post-socialist urban structure with a better green infrastructure, and consequently a balance of 
the urban ecosystem, a sustained, an increased biodiversity. Such measures could facilitate a further improvement 
of urban life quality, by creating more green public spaces with greater accessibility, as well as increasing biodiversity 
through protecting local ora and fauna. 

Keywords: renaturalization, residual areas, brown�eld, sustainability, local ora, biodiversity, sustainable 
city, green infrastructure, urban ecosystem, railway

Ildikó LIHĂT, Endre VÁNYOLÓS

1. Introduction

Climate change has accelerated in the last 
few decades, already a�ecting a wide range of 
organisms, from ora and fauna to us, humans. 
Climate anomalies inuence the physiology, 
distribution, and phenology of some plants in 
ways that are consistent with the somber pre-
dictions. Natural climate variation and non-
climatic factors such as land transformation, 
urbanization may also be responsible for some 
of these trends, human-induced climate and 
atmospheric change are the most parsimonious 
explanation for many (�ullier et al., 2005).

As urbanization grows, the urban net-
work becomes denser, gray areas become more 
widespread and elements of the green and 
blue infrastructure shrink, leading to unfa-
vorable microclimatic changes. �ese involve 
unbalancing local ecosystems, diminishing, 

possibly destroying biodiversity in populated 
areas. “In big cities, industrial waste areas form 
the reserve and basis for sustainable local and 
territorial development of settlements. �e 
conversion of these dysfunctional, underused 
areas will also contribute to space-saving urban 
development, limiting the expansion of built 
areas and to the development of green spaces 
with the character of urban rehabilitation 
(Hutter, 2015). Renaturalization of residual 
areas, as an ecological tool can solve problems 
of the green infrastructure though becoming a 
linkage for disparate, fragmented green areas 
within the urban structure.

�e process of renaturalization, as part 
of a land restoration, is de�ned as “the act of 
naturalizing again” (DEF, 2021). It is used in 
most cases for river or stream restoration. �e 
process, as the de�nition indicates means that 
in a designated area some positive changes 
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occur a�ecting natural environment, ora, 
and fauna, and thus enhancing the “supply” 
of ecosystem services, which people bene�t of.

2. Methodology and Analysis

Present research aims to identify the opti-
mal solution for stabilizing and then extend-
ing urban green infrastructure, by renatural-
izing residual areas, by connecting larger green 
spaces in urban and peri-urban areas through 
smaller green elements, so that they contrib-
ute to an increased biodiversity, reduce pollu-
tion and bring multiple- ecological, economi-
cal, social etc.- bene�ts to the city, and to its 
inhabitants. �e pilot project, its proposal, is 
based on a multi-criteria analysis of the exist-
ing situation.

Some goals of the research are: to �nd areas 
and methods to expand urban green space, 
using renaturalized brown�eld areas; creat-
ing urban green infrastructure components; 
to maintain and expand local biodiversity by 
using local wildowers; to create sustainable 
green spaces, at the same time strengthening 
the relationship between city and surrounding 
ecosystem. A particular focus is directed to the 
use of natural landscape through elements of 
the local ora.

Railway areas usually constitute major 
urban corridors, connecting brown�elds to 
several other parts of the city, often to the his-
toric center itself, to suburbs, to larger green 
areas surrounding the city, and the most 
important elements of green and blue linear 
infrastructure in the urban fabric, as they do 
in Târgu Mureş when connecting Mureș River, 
Turbina canal, and major green leisure spaces. 
By renaturalization of gray areas, by integrat-
ing valuable green areas into the broader urban 
context, they can become a key element of the 
city’s green infrastructure, a green corridor set 
to “ventilate” the city.

�ese goals represent an urgency for Târgu 
Mureş to keep the city habitable. �e concen-
tration of population in cities, the increased 

construction activity, and the densi�cation of 
industrial activities are the main characteristics 
of today’s settlements. �ey have a negative 
impact on health indicators, on physical and 
mental health. In the urban structure of Târgu 
Mureş, based on present research, there are 
several unused, abandoned, or polluted indus-
trial areas, which through renaturalization 
and rehabilitation can o�er the experience of 
genuine nature to the inhabitants, and at the 
same time can preserve local biodiversity, sup-
port and improve it. �e renaturalization of 
these brown�eld areas will contribute to the 
creation of new urban green areas similar to 
components of the local natural environment 
and thus contribute to the restoration of the 
urban ecosystem, to the improvement of the 
microclimate. 

Târgu Mureş is located in Eastern Europe, 
in Romania, in a relatively central position 
within the historical region of Transylvania, 
as the administrative center of Mureș County. 
It is located in a wide riverbed formed by the 
Mureș River, surrounded by mild hills. Târgu 
Mureş is located at an altitude of about 320 
meters above sea level. �e current city has 
expanded on both banks of the Mureș River, 
but the center and most of the districts are 
on the left bank of the river (Primăria Târgu 
Mureş, 2010).

In Târgu Mureş, a spectacular develop-
ment took place at the beginning of the 20th 
century, under the administration of György 
Bernády, during the period when the de�ning 
image of today’s center and the current urban 
landscape took place. From that moment, 
Târgu Mureş is mentioned as “the city of ow-
ers” (Sebestyén, 2009). �is process was based 
on an era-appropriate approach and mindset. 
Almost a century later, in the late twentieth 
and early twenty-�rst centuries, prolonged 
socialism, then democracy in which “no one 
takes responsibility”, careless local govern-
ment, and de�ciencies in environmental edu-
cation of the population appear to be major 
problems concerning green space.
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�e urban evolution of the settlement
From a philosophical landscape approach, 

based on historical maps a particular urban 
growth becomes visible. From these it can be 
concluded that, in parallel with the growth of 
built areas and urban densi�cation, the pro-
portion of green areas has decreased while 
most of them becoming isolated green spots 
within the urban fabric. �e process is illus-
trated in �gure 1.

�e evolution of green space
According to current local regulatory 

and urban development acts, the following 
data from 2013 can be underlined: the set-
tlement covers 4930 hectares, of which only 
223.4 hectares are green spaces, which corre-
sponds to 4.53% of the settlement (Fig. 2). 
According to the census from 2011, Târgu 
Mureş has a population of 134,290. Based 
on the data from the description Strategic 
noise map of Târgu Mureş municipality, 9 
square meters of green space is located per 
inhabitant, while according to the envi-
ronmental study this number is 14 square 
meters, but still even this number remains 

below the European Union standard, which 
prescribes 30–40 square meters of green 
space per capita (Primăria Târgu Mureş, 
2013).

Green infrastructure analysis
Green areas in Târgu Mureş can be analyzed 

based on several criteria: their type, size and 
location. In terms of their type, they can be:

• public green spaces with unlimited 
access, such as public parks, residential green 
spaces and planted strips;

• public green spaces with limited access 
for specialized use, such as dendrological gar-
dens, zoo, village museum;

• green spaces for leisure, in the case of 
Târgu Mureş, the Weekend leisure center or 
the Cornești Plateau can be included here;

• green areas for the protection of water-
courses and wetlands;

• protection corridor against technical 
infrastructure, such as the protection zone of 
industrial areas or a tra
c artery;

• recreational forest;
• forests and forest plantations for slope 

protection;

Fig. 1: �e illustration of urban evolution of the settlement of Târgu Mureş (original Lihăt Ildikó).
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• forests and strips planted by health pro-
tection (Primăria Târgu Mureş, 2000).

Considering their size and shape, the green 
areas in the built structure, can be distin-
guished in the following categories: point-like 
green areas, green areas with larger surface and 
the third category, the linear green elements.

Analysis of residual areas, especially  
with regard to railway brown�eld zones
�e formation and presence of industri-

alized sites in the urban fabric is a result of 
a historical process. �eir current presence 
is certainly degrading and destructive, and 
they appear as problem areas. �ey raise pub-
lic health and safety issues. But at the same 
time, we should not forget that they represent 
potential values, they form reserves within the 
urban fabric, so that their transformation, their 
restructuring, rehabilitation, or renaturaliza-
tion processes, could mean complementary 
and useful instruments for the community 

and the urban environment, to protect local 
ora and fauna, to improve biodiversity. 

Most industrial areas in Târgu Mureş, very 
much present as large residual areas in the cur-
rent urban structure, were developed explo-
sively after World War II, leading to population 
growth and urban densi�cation, an extension 
of the built areas. In the chronology of Mihály 
Sebestyén (2009) can be found that in 1955 
the �rst temporary urbanistic study of the post-
war settlement of Târgu Mureş was completed 
by the Central Institute of Urban Planning 
and Urban Development in Bucharest. �is 
study inuenced and determined the location 
and evolution of the brown�eld areas cur-
rently found within the city. �is settlement 
study proposed a decentralization of the mar-
ket, the relocation of industry on the margins 
of the city, and the construction of new resi-
dential areas. Inner urban areas were set to be 
densi�ed, higher buildings, with at least two 
and four oors, promoted. At the same time, 

Fig. 2: Green areas in Târgu Mureş, restructured based on the map of green cadaster from 2000  
(original Lihăt Ildikó).
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attention was paid to the growth of green 
spaces and recreational areas, it was speci�ed 
that the two banks of the Mureș River should 
be forested, the use of recreational areas in the 
Cornești Plateau and the Mureș Riverbank 
facilitated (Sebestyén, 2009).

All these provisions of the 1955 zoning plan 
and study have been proposed to be amended 
the following year, by the State Architecture 
Commission of the Council of Ministers since 
April 1956, as it was perceived that industrial 
development and industrialization would lead 
to consistent population growth. Also, from 
this moment is mentioned the idea of mov-
ing the railway from the inner parts of the city 
(Sebestyén, 2009).

From current local regulatory documents 
and site visits, the following urban residual 
areas, brown�eld zones can be identi�ed, 
marked in �gure 3: the former sugar factory 
area, the former brick factory area and the asso-
ciated lakes, the lower part of the bank of the 
Pocloș canal, vacant military areas, the railway 
route and its protection zone, areas of unused 
depots near the railway, the area of the chemi-
cal factory and the protection zone around it. 

�ose by renaturalization, could improve the 
coe
cient of the city’s green infrastructure. 
�e revitalization and renaturalization of these 
residual areas with local ora would then con-
siderably improve the urban landscape, as well 
as quantity and quality urban coe
cients, the 
conservation, sustaining, and improvement of 
local biodiversity.

�e railway, as can be seen in �gure 4, 
crosses the city with a length of 11 km, divid-
ing it in two, separating the districts from each 
other. �is makes car and pedestrian tra
c 
di
cult, involves many railway crossings and 
unmarked crossings, and at the same time in 
addition to air pollution causes noise pollution 
to. �ese pollutions can be reduced through 
vegetation and green strips.

Many of the green infrastructure elements 
and the residual areas of the railways are closely 
linked. �e railway route that passes through 
the city is connected to the most important 
green and blue areas of the city, such as the 
Mureș River, the Weekend leisure center, the 
municipal park; also, it passes near the city 
center, this latter with scarce green areas. �e 
railway and its protection zones are important 

Fig. 3: Residual areas in Târgu Mureş (original Lihăt Ildikó).
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Fig. 4: Map of the con�icts related to the presence of the railway in the urban area in Târgu Mureş 
(original Lihăt Ildikó).

Fig. 5: Study of the vegetation along the railway in Târgu Mureş (original Lihăt Ildikó).
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links between the residual areas and major 
green areas around the city, connecting larger 
green and agricultural areas located on the 
north side and east of the city.

By visiting and analyzing the examined 
area and its proximity, it is evident that the 
vegetation along the railways on the entire 
course is of poor quality and unplanned, con-
sisting mainly of pioneer and invasive plants 
(Fig. 5) (Sîrbu & Oprea, 2011).

�e SWOT analysis
Among the strengths and opportunities 

of the SWOT analysis, the presence of green 
areas and the possibilities of expanding them 
can be highlighted, as well as the possibili-
ties to increase biodiversity and improve the 
microclimate, and the present of residual areas 
that through renaturalization can become 
valuable green areas.

Among the weaknesses and threats, atten-
tion should be drawn to those with the worst 
consequences: green spaces do not form a 
coherent network and, if they continue to be 
fragmented, this could lead to a decline in bio-
diversity and the loss of natural heritage. 

3. Examples from other cities

From the numerous literature consulted 
on this topic, can be highlighted the following 
case studies, which are related to the renatu-
ralization of brown�eld areas and railway rust 
areas. �ose contain solutions and suggestions 
that can be applied in the case of any city, as 
well as Târgu Mureş.

3.1. Ljubljana-European Green 
Capital 2016
�e �rst case study, that of the city of 

Ljubljana (Slovenia), was chosen because it is 
geographically relatively close to Târgu Mureş, 
it is located in Central Europe, it is close in 
population and size, and in retrospect, its 
development was under the inuence of the 
socialism era. It is a positive example in terms 
of green infrastructure and reuse of wasteland 

areas, in alternative and sustainable transport, 
and also in the mentality and attitude of the 
local management and inhabitants. All these 
are important things that keeps a city habit-
able (Száraz & Nastran, 2015).

Urban resilience is a new term that covers 
the capacity to which a city is able to adapt 
to emerging changes and challenges. Today’s 
challenge is to create innovative and sustain-
able urban systems that are well-balanced in 
terms of economics, environmental protec-
tion and the well-being of the population. 
Ljubljana has achieved all these in terms of 
green infrastructure (Pichler-Milanovič & 
Foški, 2015).

�e protection of biodiversity is enshrined 
in biocultural diversity, more speci�cally, in 
preserving the historical and cultural diver-
sity of the place and the rich biodiversity at 
the same time. A good example of this is the 
four landscape parks that surround the most 
popular areas of the city of Ljubljana. Existing 
green areas are de�ned by urban diversity, bio-
diversity, which often includes exotic species 
and varieties. However, in order to protect 
biodiversity, the use of locally native plants 
is favored in the newly created green areas 
and thus attempts are made to control oods 
(Száraz & Nastran, 2015).

3.2. Budapest’s green infrastructure 
concept
While studying the development concept 

of Budapest’s (Hungary) green infrastructure, 
we �ned strategies for the development of 
green space and industrial lands, the applica-
tions and strategies which can be used uni-
versally. �e importance of linear green infra-
structure elements, the linkages between them 
and the possibility of the renaturalization of 
unused railway infrastructure as green corri-
dors is worth to be mentioned. �e concept 
includes short- and long-term goals, analyzes, 
and strategies which Budapest can become a 
“green city” by. Interdisciplinary, comprehen-
sively analyzes and examines of current condi-
tions, of ecological signi�cance, of green space 
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coverage and the climatological conditions, 
highlights the importance of nature in con-
servation of the biodiversity, as well as societal 
needs and economic considerations (Budapest 
Főváros Önkormányzata, 2017a).

�e concept rests on three pillars, the �rst 
is Green Infrastructure Protection, the sec-
ond is Green Infrastructure Development and 
the third is Green Area Management. Green 
Infrastructure Protection covers the protec-
tion of existing green areas and water surfaces, 
trees and rows of trees, green areas, and the 
protection of biodiversity. At the same time, 
it pays attention on building and developing 
these monitoring systems and improving the 
environmental culture by shaping the change 
of attitude of the residents (Budapest Főváros 
Önkormányzata, 2017a).

�e second pillar, Green Infrastructure 
Development, aims to increase the proportion 
of green space and water surface systems, the 
establishment of new rows of trees and green 
strips by a�orestation programs, the revital-
ization of watercourses and their shores, and 
the green space utilization of brown�eld sites. 
Utilization of transformed areas, brown�eld 
sites, is an excellent opportunity to develop 
green infrastructure, even in temporary green 
space applications such as guerrilla garden-
ing, temporary dog runners or sports grounds, 
or even temporary event venues. �e use of 
brown�eld sites, whether for real estate or o
ce 
space, also indirectly a�ects the proportion of 
green space, as their spread does not extend 
to green areas, agricultural or forest areas. �e 
concept also covers railway brown�elds, which 
would be included in the green infrastructure 
as linear green network elements (Budapest 
Főváros Önkormányzata, 2017b).

3.3. Concept of the High Line –  
New York (USA)
New York High Line is a captivating 

example and a forerunner in the conception 
of modern landscape architecture. Captivating 
is the way in which a residual area has been 
recovered by vegetation and the way in how, 

a landscape architect, can achieve and add a 
plus by applying elements of local ora on 
urban green spaces. �e conceptual plan of the 
former railway, the revitalization of the area 
and the solutions used are example to follow 
(Palletta, 2014).

Prior to the High Line restoration, an 
abandoned industrial facility was densely 
overgrown with wildowers, a spontaneous 
miracle with a peculiar vibration. During the 
restoration, the preservation of this feeling of 
tension and vibration was an important aspect. 
Today, there is a cultural center, a pedestrian 
space, a dynamically and constantly chang-
ing green corridor that attracts thousands of 
visitors on a daily basis as a good example of 
urban landscaping. �anks to Piet Oudolf ’s 
planting plans based on his natural peren-
nial beds, the space has retained its proper 
vibrancy and unique dynamics and it became 
a multi-seasonal garden. �e main goal in the 
selection of the plants was to use the individ-
uals found in the local ora, to select hardy 
perennials that not only dazzle them during 
owering, but also provide a wonderful sight 
during their decline. Passing 2.3 km through 
the city, the High Line is closely connected 
with it, it does not provide visitors with an 
escape from the urban environment, but with 
the vibration and the feeling of immersion in 
it, in a pleasant natural environment (Oudolf 
& Darke, 2017).

4. Case study – Railway 
renaturalization in Târgu Mureş

�e mentioned examples helped examine 
and evaluate the current state of the green 
infrastructure in Târgu Mureş and formed the 
basis for the development of a comprehensive 
concept and renaturalization strategy.

�e concept
�e conceptual scheme illustrated in �gure 

6, has 3 main steps, which describe the e�ect 
of residual areas, zones and green surfaces on 
each other.
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• �e �rst diagram shows the current state, 
the negative impact of brown�eld areas on 
green areas and on the whole city.

• �e second diagram shows the positive 
e�ect of green areas on brown�eld areas. �is 
intermediate stage is the point that triggered 
the idea of transformation. Nature would 
claim back unused and abandoned areas. As a 
result of these processes, the urban green space 
would increase signi�cantly, which would lead 
to the improvement of microclimate condi-
tions and urban life would be moved in a sus-
tainable direction.

• �e third scheme shows that by renatu-
ralizing residual areas, a signi�cant attenu-
ation of the negative e�ects is possible, and 
consequently an improved landscape.

�e main goal of renaturalization is to 
make green space systems and ecosystems 
more natural, which have su�ered as a result 
of human interventions and initiate processes 
that favor nature and lead to a bene�cial 
transformation for nature and urban green 
spaces. “�e e�ect of physiological-biological 
conditioning of vegetation is one of the most 
important and e�ective tools for improv-
ing ecological conditions of our settlements” 
(Jámbor, 2002).

Vegetation has a direct e�ect on ecological 
conditions of our settlements, so that it a�ects 
air movement and wind conditions, radiation 
coe
cients, air composition and pollutant 
content, but also a�ects the propagation of 
vibrations and noise.

5. Pilot project, interventions

�e pilot project, placed an urban area 
next to the city center, at the North Railway 
Station and its surroundings, can highlight the 
concept of the renaturalization of the whole 
section of the railway passing through the city. 
Based on analyzes and observations, it can be 
concluded that it is a valuable and important 
area for urban development, but in the same 
time it can convey the ideas formulated during 
the analysis and can be a more generally valid.

By greening of the neglected area of the 
railway, belonging to the central core of the 
settlement, green connections can be estab-
lished with other green areas of the city, thus it 
can be transformed into a valuable green cor-
ridor. Pre- and post-visual images can be seen 
in �gure 7, illustrate that the current area of 
rust can be transformed into a valuable green 
corridor, which would greatly contribute to 
the development of green infrastructure and 
the improvement of local microclimatological 
conditions, but will also serve as a habitat for 
wildlife as a migration corridor.

�e basic idea of the conceptual landscape 
plan, with minor changes, can be generalized 
in the area of any station or areas of railway 
protection. �e basis of the concept is to cre-
ate harmony, a balance between nature, green 
spaces and human use, so in terms of use, we 
have limited the protection of railways to two 
parts: it is recommended the use of extensive 
and intensive green areas. In this way, the 

Fig. 6: Conceptual scheme of the e�ect of residual areas, zones and green surfaces (original Lihăt Ildikó).
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railway route would be divided into sections 
based on the type of application in the given 
location and the way how it will be used by 
residents. Extensive green space is de�ned as 
areas reserved mainly for nature, the intensive 
green space is designed for comfortable use of 
people, the built-in rate is higher, those are 
used intensively.

5.1. Green area with extensive use
Extensive green areas are mainly reserved 

for nature, which is why landscaping interven-
tions in these areas require nature based solu-
tions. �erefore, in these areas would be used: 
meadows with wild owers, groups of shrubs 
that provide protection and food for birds, 
rows of trees or patches of forests for conserva-
tion. As a side e�ect, these naturalistic green 
zones have a positive impact on the urban eco-
system and inhabitants, microclimate condi-
tions and in rainwater retention management.

5.1.1. Meadows with wild owering plants
In the extensive green areas, which are 

reserved mainly for nature, the idea of a 
meadow with wild owering plants is repro-
duced by meadows with alternative use, which 
promotes the vision of sustainability. �ese 
green areas would also serve as a space for spot 
landscaping interventions that can play an 

important role in maintaining and consolidat-
ing biodiversity.

�e choice of plants for wild meadows was 
made by visiting natural locations, hills and 
meadows around the city, by visual inspection 
and by con�rming these species found 
and identi�ed in the literature, Habitats in 
Romania. �e following plants species from 
the spontaneous ora have been identi�ed and 
suggested for use from the local ora: Dianthus 
deltoides, Anemone ranunculoides, Ficaria verna, 
Linum austriacum, Lythrum salicaria, Calystegia 
sepium, Pulmonaria o�cinalis, Veronica 
orchidea, Knautia arvensis, Campanula patula, 
Achillea setacea, Achillea millefolium, Achillea 
collina, Leucanthemum vulgare, Doronicum 
hungaricum, Centaurea phrygia, Centaurea 
jacea, Centaurea nigrescens, Picris hieracioides, 
Lactuca perennis, Crepis biennis, Polygonum 
arenarium, Silene latifolia ssp. alba, Consolida 
regalis, Papaver rhoeas, Sinapis arvensis, Vicia 
villosa, Cynoglossum o�cinale, Centaurea 
cyanus, Cichorium intybus, �ymus glabrescens, 
�ymus pannonicus (Oroian, 1995; Doniță 
et al., 2005; Sămărghiţan, 2005; Oroian & 
Sămărghiţan, 2006; PNDR, 2015; Domokos 
et al., 2017).

For the collection of wild ower seeds, it 
is important to choose the right donor area, 
regionally and locally, where there is a large 

Fig. 7: Pre- and post-visual images illustrating the inducted transformation (original Lihăt Ildikó).
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number and variety of native plants. �e col-
lection of seeds can be done easily, by gath-
ering the remnant seeds after collecting the 
hay, or collecting them directly from the plant 
after ripe.

�e planting process can take place in two 
ways in the area designated for initiation:

– by uncovering the current vegetation, by 
digging and cleaning the land and spreading 
the seeds or planting the seedling

– or planting seedlings without disturbing 
the existing vegetation.

5.1.2. Shrub vegetation
Shrubs can function not only as decorative 

elements, but also as a natural fence with the 
function of modeling spatial structure. In the 
same time, we cannot forget their role in reduc-
ing noise and air pollution. Approached from 
the point of view of fauna they play an impor-
tant role, as they provide habitat and natural 
food for insects and birds, also indirectly sup-
porting the food chain of the natural cycle.

�e main criteria for selecting shrubs 
were their local character, but it is taken 
into account that they also meet the very 
important criteria for wildlife as well. Another 
major point in choosing the species was their 
toxicity, since their placement takes place in 
urban public areas and is accessible to anyone, 
it is important to avoid the use of very toxic 
species. Of course, and last but not least, 
the aesthetic value was also an important 
aspect. Suggested shrubs: Cornus alba, Cornus 
mas, Cornus sangvinea, Crataegus monogyna, 
Coryllus avellana, Juniperus communis, Rosa 

canina (Doniță et al., 2005; Domokos & 
Cristea, 2013).

5.1.3. Planting trees
�e planting of trees or strips of forest 

for conservation purposes, their extension is 
proposed beyond the city limits, in addition 
to its contribution to increasing biodiversity 
will also serve as a shield for sound and visual 
protection. �e proposed varieties have been 
selected by giving careful attention to typical 
forest associations of local ora, which are 
de�ned in the literature, but at the same time, 
have characteristics such as good tolerance to 
urban climate. Based on these, the planting is 
recommend as well as prepaying trees listed 
below as trees with rows or patches of forest 
along the railway protection area. Such as 
Carpinus betulus, Juglans regia, Quercus petraea, 
Tillia cordata, Tilia tomentosa, Acer platanoides 
(Doniță et al., 2005; Domokos & Cristea, 
2013).

5.2. Green areas with intensive use
A green area with intensive use means a 

green space designed for the comfortable use 
of people. �eir design can be recommended 
for areas where built density is higher, these 
being used intensively. Examples are railway 
stations, railway loading areas, level crossings 
or unmarked crossings used by residents.

In these areas, can be also installed green 
area patches, important for ora and fauna, 
layers or plantations of decorative trees and 
shrubs, green roof of the waiting platform, 
which provides shelter and shade to travelers, 

Fig. 8: Suggested �owering plants from local natural meadows (original Lihăt Ildikó).
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but also serves as a resting place for insects 
and birds, or even insect hotels. Also perennial 
beds, with high aesthetic value, are not only 
useful to captivate people view, but also have 
the function as food and habitat for the micro-
world of the area.

5.2.1. Naturalistic perennial beds
Planting of intensive green areas consists 

mainly of beds with perennials. Well-designed 
perennial beds require lower maintenance 
costs than annual ower beds, but their deco-
rative value is remarkable. From an ecological 
point of view, they support the maintenance 
and enrichment of biodiversity, with a bet-
ter retention and use of rainwater as annual 
ower beds. �e design of perennial beds and 
the selection of plant species, was inuenced 
by the book Dream Plants for the Natural 
Garden, written by Piet Oudolf and Henk 
Gerritsen, looking for plants that match 
local environmental and climatic conditions 
(Oudolf & Gerritsen, 2013).

5.2.2. Multilayered plantings for rainwater 
retention

�e reduction and disappearance of green 
spaces in the interior of the city, and especially 
around the center, involve the problems of 
draining the rainwater. From the gray, imper-
meable areas, rainwater passes quickly into the 
sewer system and is drained to no avail. �is 
is a special problem in suburbs where there is 
a mixed drainage system. While the vegetation 

in the green areas does not have access to the 
water necessary for survival, the sewerage net-
work and the operation of the treatment plant 
are also overloaded (Fig. 9).

A solution for a better use of rainwater can 
be the installation of areas for collecting and 
storing rainwater or parking areas with a per-
meable pavement as shown in �gure 9. �us, 
the captured rainwater is drained through a 
drainage system in a tank, which can be natu-
ral or arti�cial, where the surrounding vegeta-
tion can then be supplied with water from.

5.2.3. Green roofs
In addition to the aesthetic and psycho-

logical bene�ts, green roofs also have eco-
nomic and ecological bene�ts. �e impact of 
the green roof on the railway stations area is 
shown in �gure 10. Such a favorable ecologi-
cal e�ect is on the water cycle in the urban 
fabric, because, unlike the surfaces with classic 
roof, it can retain up to 50–60% of rainwater. 
At the same time, it increases the �ltering and 
binding e�ect of the dust in the air and also 
improves the microclimate due to evaporation. 
In terms of fauna, the plant-covered areas and 
roofs of densely built-up areas function as liv-
ing islands, serving as habitat or resting points 
for insects and bird species.

5.2.4. Alternative tra
c along railway lines
�e development of alternative tra
c 

routes along the railway, inside the city and 
between settlements would be bene�cial from 

 
Fig. 9: Rainwater retention solution based on multilayered planting (original Lihăt Ildikó).
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an urban, technical and ecological point of 
view. In the case of Târgu Mureş, the slope 
conditions are good, it is an almost at land, 
there are also railroad crossings and barriers, 
which would ensure continuity and uninter-
rupted progress of the bicycle lane. Ecological 
delimitation of road tra
c provides additional 
protection.

5.2.5. Planting trees for green connection
From the point of view of the green infra-

structure of the city, it should be mentioned 
the importance and role of green connections, 
which can be created by planting rows of trees 
along the railway and annexed roads. �e 
solution is illustrated on �gure 11. In this way 
green connections between larger or smaller 
green areas will be created.

6. Conclusions

In conclusion, it can be stated that renatu-
ralization of residual areas, such the railway 

can improve green infrastructure, the balance 
between built area and green spaces in the 
urban structure, and with the appropriate and 
careful choice of plants used can sustain and 
increase biodiversity.

Târgu Mureş has a great potential, both 
geographically and urbanistically, which can 
be used for the development of the city’s green 
network, for increasing and improving the 
proportion of its green space. �e bene�cial 
e�ects can be maximized by establishing con-
nections between the Mureș River, the for-
ests surrounding the city and the agricultural 
areas, the built-up areas of the city and the lin-
ear green areas.

�e protection area along the railway line 
passing through the whole city o�ers areas 
where green strips, areas of alternative mead-
ows with wild owers, groups of shrubs, rows 
of trees, forest spots can be established, so it 
is suitable for creating green areas with exten-
sive use. �ese renaturalization interventions, 
in addition to increased biodiversity from the 

Fig.10: Green roof solution in intensive green area (original Lihăt Ildikó).

Fig. 11: Solutions for green connections by planting rows of trees (original Lihăt Ildikó).
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perspective of ora and fauna, have an impact 
on local microclimatic conditions, prevent-
ing the formation of heat islands speci�c to 
dense urban areas, purifying the air and reduc-
ing dust concentrations, bio-retention of the 
rainwater. 

�e applications of given plants in areas of 
the pilot project can become a more general 
solution, used not only to the given railway 
section, but also in the greening of the protec-
tion strip and the residual areas of the national 
railway network. �e use of characteristic local 
species ensures the sustainable and integrated 
nature of green areas and contributes greatly 
to the conservation of the local biodiversity, 
the achievement of a sustainable city, a sus-
tainable urban ecosystem.
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Abstract: �e paper presents a vegetation survey conducted between the years 2012–2019, on some grasslands 
located in the Transylvanian plain, near Oroiu village, Mureș County (Romania). �e study aims to identify and 
analyze the plant associations in this area and to point out the presence of some threatened, rare, and vulnerable 
species. �e study area belongs to Oroiu village, Band commune, located in the Transylvanian plain. �e typical 
vegetation of this area is represented by dry and meso-xerophilous grasslands. Two plant associations were identi�ed 
in this area, belonging to the Festuco-Brometea class. For each association phytosociological tables are presented. 
�ey were coenotaxonomic, phytogeographical, and ecological analyzed. In the oristic composition of these asso-
ciations, several species are listed on the national and international red lists. Among these, we mention Adonis 
vernalis, Crambe tataria, Dictamnus albus, Pontechium maculatum, Gymnadenia conopsea, Orchis coriophora, etc.

Keywords: vegetation, grasslands, plant associations, Mureș County
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Introduction

�e Transylvanian plain (Romania) has 
incited the interest of botanists by the variety 
of plant communities found here, as well as 
by the great oristic diversity. �us, numerous 
studies (Csűrös et al., 1961; Csűrös-Káptalan 
1970; Kovács 2003, 2004, 2008–2009; 
Oroian & Sămărghițan, 2006; Ruprecht et 
al., 2009; Dengler et al., 2012; Sămărghițan, 
2013; Sămărghițan & Oroian, 2017, etc.) 
highlighting the importance of these meadows 
and the impact of changes in their use on bio-
diversity and their evolution.

�e general aim of this study is to present a 
vegetation survey on grasslands located in the 
Transylvanian plain, near Oroiu village (Mureș 
County). In particular, the plant associations 
identi�ed in this area were described in terms 
of oristic composition, coenotaxonomy, phy-
togeographical and ecological preferences, and 
the presence of rare, vulnerable, or endangered 

species was signaled. �e �eld studies were 
conducted between the years 2012–2019.

�e studied territory is represented by 
the surroundings of Oroiu village from the 
Band commune, located in the southeastern 
part of the Transylvanian Plain (Fig. 1). �e 
landscape of this region (Fig. 10) is character-
ized by hills of medium altitudes, with wide 
and gentle undulations, with gentle slopes; in 
some places, the slopes are steep. �e geologi-
cal substratum consists of Sarmatian deposits 
consisting of marls and sands, with intercala-
tions of sandstone and Dacite tu�s, and the 
predominant soils are eroded chernozems.

Due to its geographical location, the area 
has a continental forest-steppe climate, with an 
average annual rainfall of about 600 mm/year 
and average annual temperatures of 8.3  °C. 
�e extreme temperatures recorded in the area 
are considerable -29 °C minimum and +40 °C 
maximum, and periods of prolonged drought 
are frequent.
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Material and methods

Field research on vegetation and data pro-
cessing was carried out using phytosociologi-
cal research methods of the Central European 
school, based on the principles and methodol-
ogy developed by J. Braun-Blanquet (1926), 
adapted by Al. Borza (1934) on the peculiari-
ties of the vegetation in Romania and revised 
by more recent works (Cristea et al., 2004).

�e assignment of relevés to speci�c plant 
associations and the syntaxonomical classi�ca-
tion has been carried out according to Coldea 
(2012) and Mucina et al. (2016).

�e phytocenoses identi�ed in the study 
area have been assigned to two plant associa-
tions classi�ed in the Festuco-Brometea class. 
Each association was characterized taking 
into account: taxonomy, life forms, oristic 
elements, and ecological indices (light, tem-
perature, humidity, soil reaction, and nitrogen 
amount in soil). �e life forms, geoelements, 
and values of ecological indices were established 
using Sârbu et al. (2013). Species nomencla-
ture follows Euro+Med (2006-) and Sârbu et 

al. (2013). �e habitat identi�cation was based 
on the characteristic phytocoenotaxa (Doniță 
et al., 2005; Gafta & Mountford, 2008). �e 
sozological categories follow IUCN (2021) 
and the Romanian national red lists (Boșcaiu 
et al., 1994; Oltean et al., 1994).

Results and discussions

As a result of the �eldwork, the identi�ed 
phytocoenoses were assigned to two plant asso-
ciations belonging to the Festuco-Brometea 
class as in the following syntaxonomic scheme:

FESTUCO-BROMETEA Br.-Bl.et Tx. ex Soó 
1947
Brachypodietalia pinnati Korneck 1974 
(Brometalia erecti Br.-Bl. 1936)
Cirsio-Brachypodion pinnati Hadač et Klika in 
Klika et Hadač 1944

− Carici humilis-Brachypodietum pinnati 

Soó ex Pop et al. 2002
Festucetalia valesiacae Soó 1947
Chrysopogono-Danthonion calycinae Kojić 
1959

Fig. 1: �e location of the study area.
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− Festuco rupicolae-Danthonietum alpinae 

Csürös et al. 1961

Carici humilis-Brachypodietum 
pinnati Soó ex Pop et al. 2002
�e grasslands dominated by Brachypodium 

pinnatum and Carex humilis belong to the 
group of communities of Cirsio-Brachypodion 
pinnati alliance, meso-xerophilic, basiphi-
lous grasslands of subcontinental regions and 
south-eastern Europe (Mucina et al., 2016). 

�e grasslands belonging to this alliance 
are economically important due to their use 
both as pastures and as meadows.

In Romania, the plant communities 
belonging to this alliance occur in the hilly 
belt with 350–850 m elevation; they are sec-
ondary grasslands replacing former oak or 
oak-hornbeam forests (Coldea, 2012).

In the study area, the coenoses of this 
association occur mostly on the southwest 
and west-facing gentle slopes (10–20 degrees 
inclination) but were also found on the at 
surfaces. �e vegetation is compact, with 
90–100% coverage. Coldea (2012), designate 
Phleum montanum and Leontodon crispus as 
characteristic species of this association condi-
tioning a Carpathian-Balkan distribution. In 
addition to the characteristic species of associa-
tion Phleum montanum and Leontodon crispus, 
there stands out some xerothermic, steppe 
species such as Salvia nutans, Adonis vernalis, 
Salvia austriaca, Crambe tataria. Moreover, 

characteristic species of Brachypodietalia pin-
nati order and Cirsio-Brachypodion pinnati 
alliance (Table 1), are present, as well as numer-
ous species belonging to the Festucetalia vale-
siacae order and the Festuco-Brometea class.

Nearly all stands of the association are still 
used as hay�elds or had been used as such 
until recently. �e proximity of agricultural 
land negatively inuences the diversity of 
the studied phytocenoses and their state of 
conservation. In some surveys, the Festuca 
rupicola has a high abundance, indicating the 
evolution of these meadows towards Festuco 
rupicolae – Caricetum humilis association.

�e ecological preferences of the coenoses 
(Fig. 2) show the dominance of the heliophi-
lous species and of species that prefer light or 
partial shade (L

7
  =  45.63%, L

8
  =  35.92%). 

In terms of temperature preferences, euri-
thermophilous species predominate 
(T

x
 = 51.46%) followed by meso-thermophi-

lous plants widespread in the plain areas and 
on hilly oors (T

6
–32.04%). Regarding the 

preferences for humidity and the soil reac-
tion, the species of dry soils to moderately 
humid soils predominate (U

3
  =  30.10%, 

U
4
 = 33.01%), and those spread on neutral 

soils (R
7
 = 39.81%) along with the euryionic 

species (R
x
 = 46.60%). 

Life form analysis for the Carici humilis-
Brachypodietum pinnati association indicates 
the dominance of hemicryptophytes (75%). 
Apart from hemicryptophytes, the geophytes 

Fig. 2: Ecological indexes of Carici humilis-Brachypodietum pinnati association.
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(7.69%) therophytes and chamaephytes 
(4.81%) are frequent (Fig. 3).

Considering the origin of the species 
(Fig.  4), dominant is the Eurasian oristic 
elements (including here Continental and 
sub-Mediterranean Eurasian elements, as 
well) together with the European oristic ele-
ments (including the Central, Southern, and 
Continental European). �e presence with 
notable frequencies of Southern origin ele-
ments (Ponto-Mediterranean, Ponto-Balkan, 

Ponto-Pannonic) suggests a mild climate, with 
a water de�cit in the summertime. We men-
tion some of them: Crambe tataria, Pontechium 
maculatum, Eryngium campestre, Ferulago 
sylvatica, Phleum montanum, Polygala major, 
Rhinanthus rumelicus, Salvia nemorosa, Salvia 
nutans, Stachys recta, �ymus pannonicus, 
Trifolium pannonicum.

Traditional management of these grass-
lands in the study area is the low-intensity 
grazing and occasional mowing. 

Fig. 3: Bioforms spectrum of Carici humilis-Brachypodietum pinnati association.

Fig. 4: Floristical elements of Carici humilis-Brachypodietum pinnati association.
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Table 1: �e association Carici humilis-Brachypodietum pinnati Soó ex Pop et al. 2002.

Relevée 1 2 3 4 5 6 K
Altitude 457 480 483 491 429 440
Exposure W W SW - SW SW
Inclination (°) 15 10 15 - 20 10
Surface (m2) 100 100 100 100 100 100
Coverage (%) 100 90 95 80 90 100

Car. association
Brachypodium pinnatum 2 3 4 3 4 4 V
Carex humilis + + 1 + + 1 V
Leontodon crispus + + - - + + IV
Phleum montanum 1 + + + + + V

Cirsio-Brachypodion pinnati & Brachypodietalia pinnati (Brometalia erecti)
Briza media + - + + + + V
Centaurea scabiosa + - - - + + III
Dorycnium pentaphyllum ssp. 
herbaceum

- + + + + + V

Ferulago sylvatica + + - + - + IV
Iris graminea - - - + - - I
Knautia arvensis + + + + + + V
Linum perenne - + - + - + III
Lotus corniculatus + + + + + + V
Onobrychys viciifolia - + - + - + III
Orchis militaris - - - - + - I
Plantago lanceolata + + + + + + V
Ranunculus polyanthemos - + - + - + III
Podospermum purpureum + + - - - - II
Trifolium pannonicum - + + + - + IV
Veronica teucrium + + - - - - II

Festucetalia valesiacae
Adonis vernalis + + + - + + V
Astragalus austriacus + - - - - - I
Astragalus onobrychis + + - + - + IV
Bromus erectus + + 1 + - - IV
Campanula sibirica - + - + + + IV
Cytisus albus + - + - - - II
Pontechium maculatum + + - - - + III
Elytrigia intermedia - - - - + 2 II
Festuca rupicola 3 + + 2 1 + V
Festuca valesiaca - + - - - + II
Inula hirta - - - - + - I
Muscari tenui�orum + + + - - + IV
Nonea pulla + - - + + - III
Polygala major + + - - - + III
Salvia austriaca - - - + + - II
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Salvia nemorosa - + - + - - II
Salvia nutans + + - - - + III
Stipa pulcherrhima - + - - - + II
�ymus pannonicus + + + - - + IV

Festuco-Brometea
Anthericum ramosum - - - - 1 + II
Anthylis vulneraria + + - - - + III
Carex caryophyllea - + - + + + IV
Crambe tataria + + - - - - II
Dianthus carthusianorum + + + + + + V
Eryngium campestre + + + + + - V
Euphorbia cyparissias + + - + + + V
Filipendula vulgaris + + + + + + V
Fragaria viridis + + - + - + IV
Galium verum + + - + - + IV
Plantago media - + - + + + IV
Salvia pratensis - - + + - + III
Stachys recta + + + - - + IV
�alictrum minus + + - - - + III
�ymus pulegioides - - - + + - II
Trifolium campestre + - - + - - II

Molinio-Arrhenatheretea
Achillea millefolium - - + + + + IV
Agrostis capillaris + 2 + + - + V
Ajuga reptans + - - + + + IV
Campanula patula - - - + - + II
Dactylis glomerata - + + + + + V

Eryngium planum + + - - - + III

Festuca pratensis - - + - - - I
Holcus lanatus + + + + + + V
Leucanthemum vulgare - + - + + + IV
Prunella vulgaris - - + + - + III
Rhinanthus rumelicus + - + - - - II
Rumex acetosa - - - + - - I
Stellaria graminea + - + + - + IV
Tragopogon pratensis + + - - + - III
Trifolium pratense - - + + - - II
Trifolium repens - + + + - + IV
Vicia cracca - 1 + + - - III

Trifolio-Geranietea
Clematis recta + - - - - - I
Dictamnus albus + + - - - - II
Geranium sanguineum - + - - - - I
Stachys o�cinalis - - + - - - I
Vincetoxicum hirundinaria + + - - - - II
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Variae syntaxa
Anemone sylvestris + - - - - - I
Anthoxanthum odoratum + - + + + + V
Astragalus glycyphyllos + - - - - - I
Cerastium arvense - - + - - - I
Convolvulus arvensis - + + + + + V
Crataegus monogyna + + - - - + III
Cruciata laevipes + - - + - + III
Cynosurus cristatus - + + + + + V
Euphorbia salicifollia + + - - - - II
Galium album - + + - + + IV
Geranium phaeum + - - - - - I
Inula britannica + - - - - - I
Scorzoneroides autumnalis - - - - + - I
Medicago lupulina - - + - - - I
Dichoropetalum carvifolia + - - - - - I
Peucedanum oreoselinum - + - - - - I
Potentilla recta - - + + - + III
Primula veris - + - - - - I
Prunus spinosa - - - - + - I
Pulsatilla montana + - - - - - I
Robinia pseudacacia + - - - - - I
Rosa canina - + - - - - I
Rumex acetosella - + + - - - II
Salvia verticillata + - - + + - III
Senecio vulgaris - - - - + - I
Trifolium hybridum + - + + + - IV
Trisetum �avescens - - + + - - II

Place and date of relevée: Oroiu R1. 20.05.2012, R2. 23.05.2013, R3. 05.06.2017, R4. 05.06.2017, R5. 
16.07.2018, R6. 05.08.2019.

Festuco rupicolae-Danthonietum 
alpinae Csürös et al. 1961
�e association was �rst described from 

the Transylvanian plain (Csürös et al., 1961), 
occurring on slopes, on the former Quercus 
cerris, Q petraea, and Carpinus betulus forests 
clearings. �e dominant and edifying spe-
cies of the association are Danthonia alpina, 
Brachypodium pinnatum, and Festuca rupicola.

In the study area, phytocoenoses of this 
association are well represented, spread on at 
areas and slopes with a low inclination (5–10 
degrees). 

For this association, 5 surveys have been 
sampled counting 78 species (Table 2). 

In the oristic composition, Danthonia 
alpina is present with 25–30% coverage hav-
ing a dominant character. Festuca rupicola and 
Brachypodium pinnatum are the characteristics 
for this association and dominant species have 
a high coverage (up to 70%). Frequently in the 
Transylvanian Plain, the coenoses of this asso-
ciation get in contact with coenoses belonging 
to Danthonio-Brachypodietum pinnati. In the 
structure of the association, the species char-
acteristic of the Festuco-Brometea class rep-
resents 21.79% of the total, and 11.54% of 
the species are from the Festucetalia valesiacae 
order (Table 2). 
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Considering the preferences of the species  
for ecological features: light, humidity, tem-
perature, and the chemical reaction of the 
soil, the species that grow generally in well-
lit places, but also occur in partial shade 
(L

7
  =  52.56%) and light-loving species 

(L
8
 = 32.05%) prevails. Regarding the temper-

ature, the meso-thermophilous (L
6
 = 21.79%, 

L
5
 = 14.10%) and eurythermal (61.54%) spe-

cies are dominant. �e presence of this asso-
ciation on dry to low moist soils favors the 
meso-xerophilous species which are weighty 
(U

3
  =  24.36%, U

4
  =  39.74%). In terms of 

soil reaction, the most frequent species are the 
euryionic (R

x
  =  52.56%) and neutrophilous 

ones (R
7
 = 32.05%) (Fig. 5).

�e most frequent species concerning bio-
forms are hemicryptophytes (73.08%) fol-
lowed by therophytes and geophytes (7.69% 
each) (Fig. 6).

In the geoelements spectrum, 48.72% of 
species are Eurasian (including the Eurasian 
continental element). With remarkable pres-
ence, the European species (26.92%) are 
found. �e Mediterranean, Pontic and Balkan 
species sum up 14.10% (Fig. 7).

Fig. 5: Ecological indexes of Festuco rupicolae-Danthonietum alpinae association.

Fig. 6: Bioforms spectrum of Festuco rupicolae-Danthonietum alpinae association.



New contributions to the study of vegetation in Oroiu village area, Mureș County (Romania) 

37

Fig. 7: Floristical elements of Festuco rupicolae-Danthonietum alpinae association.

Table 2: �e association Festuco rupicolae-Danthonietum alpinae Csürös et al. 1961

Relevée 1 2 3 4 5 K
Altitude 457 450 445 450 435
Exposure W - SW -
Inclination (°) 5 - 10 -
Surface (m2) 100 100 100 100 100
Coverage (%) 90 100 100 100 90

Cart. Association
Danthonia alpina 1 + 2 3 2 V
Festuca rupicola 3 5 4 3 3 V
Brachypodium pinnatum 2 + + 1 1 V

Chrysopogono-Danthonion
Rhinanthus rumelicus + + - + + IV

Festucetalia valesiacae
Adonis vernalis + + + - + IV
Pontechium maculatum - + + - - II
Elytrigia intermedia - - - 1 + II
Muscari tenui�orum + - - - + II
Nonea pulla + + - - - II
Polygala major + + + + + V
Salvia nemorosa + + + + + V
Scabiosa ochroleuca + + + + + V
Scorzonera hispanica + + - - - II
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Festuco-Brometea
Ajuga genevensis - - - + - I
Anthericum ramosum + - - + + III
Asperula cynanchica - - + + + III
Campanula glomerata - + - + - II
Carex humilis + + - - + III
Carlina vulgaris - + - + + II
Eryngium campestre + + - - + III
Euphorbia cyparissias - + + - + III
Filipendula vulgaris + + + + + V
Galium verum + + + - + IV
Plantago media + + - - + III
Polygala comosa + - - - + II
Salvia pratensis - + - + + III
Stachys germanica - + - + + III
Stachys recta + + + - - III
Teucrium chamaedrys - + + - + III
�alictrum minus - + - - - I
�ymus pulegioides - + + - + III

Molinio-Arrhenatheretea
Achillea millefolium + - + + + IV
Agrostis capillaris + - + + + IV
Ajuga reptans + + - - + III
Campanula patula + + + - + IV
Cardamine pratensis + - - - - I
Dactylis glomerata + + + + + V
Eryngium planum + - + + + IV
Leucanthemum vulgare + - + + + IV
Linum catharticum - + + - + III
Lotus corniculatus + - + + + IV
Plantago lanceolata - - - + + II
Prunella vulgaris + + + - + IV
Stellaria graminea + - + + + IV
Tragopogon pratensis + - - + + III
Trifolium repens - + + - + III
Vicia cracca 1 + + 1 + V

Variae syntaxa
Agrimonia eupatoria - - - + + II
Anagallis arvensis + - - - - I
Anthoxanthum odoratum - - + + II
Arrhenatherum elatius - + - + - II
Briza media - + + + + IV
Cichorium intybus - - - + + II
Crataegus monogyna + + + - + IV
Cruciata glabra + + + - + IV
Cynosurus cristatus - + + + + IV
Daucus carota + - - + + III
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Ferulago sylvatica + - + + + IV
Galium album + + - - + III
Gymnadenia conopsea - + - + - II
Hieracium umbellatum - + - - - I
Knautia arvensis + + + - + IV
Lathyrus pratensis + + - - + III
Linaria vulgaris - + - - - I
Linum perenne + + - + + IV
Luzula campestris + - + - + III
Onobrychis viciifolia + + + + + V
Anacamptis morio + - + - + III
Ornithogalum umbellatum + - + - + III
Peucedanum oreoselinum - + - + + IV
Primula veris + + + - + IV
Ranunculus polyanthemos + + + + + V
Rosa canina + + - - - II
�alictrum aquilegifolium + - - - - I
�laspi arvense - + - - - I
Trifolium arvense + - - - - I
Trifolium hybridum + + + - + IV
Trifolium pannonicum + - + + + IV
Veronica teucrium + - - + - II

Place and date of relevée: Oroiu R1. 20.05.2012, R2. 23.05.2013, R3. 05.06.2017, R4. 05.06.2017, R5. 
16.07.2018.

�e associations identi�ed in the study area 
belong to 6210* – Semi-natural dry grasslands 
and scrubland facies on calcareous substrates 
(Festuco-Brometea) (*important orchid sites) 
Natura 2000 habitat type. �e habitat in this 
area is well represented, sheltering populations 
of Anacamptis morio and Gymnadenia conopsea. 
�e conservation status of the habitat is UI 
unfavorable inadequate, the proximity of 
crops, and the intensive grazing in the area 
being the main threat/pressure.

In the oristic composition of the stud-
ied grasslands, we identi�ed some species 
with varied threatened degrees, protected 
by international agreements (https://eunis.
eea.europa.eu). Among these, we mention: 
Pontechium maculatum (LC – EU Habitats 
Directive, Annex II and Bern Convention) 
(Fig.  8), Crambe tataria (LC – EU Habitats 
Directive, Annex II and Bern Convention), 
Adonis vernalis (LC – IUCN Red List, 
CITES) (Fig.  11), Gymnadenia conopsea 
(LC – IUCN Red List, CITES), Anacamptis 

morio (R – Olteanu et al., 1994; CITES), 
Orchis coriophora (R – Olteanu et al., 1994; 
CITES), Orchis militaris (LC – IUCN Red 
List, CITES), Dictamnus albus (LC – IUCN 
Red List; V/R – Olteanu et al., 1994) (Fig. 9).

Conclusions 

�is paper is a contribution to the vegeta-
tion study in the area. Two plant associations 
classi�ed in the Festuco-Brometea class were 
analyzed. �e identi�ed phytocoenoses were 
framed in 6210 Semi-natural dry grasslands 
and scrubland facies on calcareous substrates 
(Festuco-Brometea) (*important orchid sites) 
Natura 2000 habitat type. In the area, this 
habitat is well represented but the pressure 
and threats a�ect the area and functions of the 
habitat so this is in unfavorable inadequate 
conservation status. �e diversity and rich-
ness of these grasslands should be preserved, 
because they shelter some great populations of 
rare, vulnerable plants.
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Fig. 8: Pontechium maculatum Fig. 9: Dictamnus albus

 

Fig. 10: �e study area (landscape). Fig. 11: Adonis vernalis
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Abstract: We tried to capture in this paper a snapshot of the dynamics of the birds that winter on the dam 
basins from ROSPA0062 – �e Dam Basins of the Argeş River (Romania) and, consequently, some considerations 
about the relations established between species and orders, at the moment of observation, are made.   
Like a few decades ago, Anas platyrhynchos was the most representative species, although its impor-
tance decreased. Also, Aythya ferina and Larus ridibundus had consistent strengths, and, as a result, 
Anseriformes and Charadriiformes were the most important orders. It was stated that the ecological rela-
tions between species changed over time, and local or external factors can be brought into question.   
�e development of the habitats of the reservoirs from the Argeş and other major rivers from vicinity, the anthro-
pogenic pressure, the climate change, the degree of security from the breeding and migration grounds can be 
implicated. �e dam basins continue to be attractive to the birds, and their relevance grows the more so as they are 
host for many protected species, some of them of prime signi�cance. 

Keywords: conservation, birds, dam basins, wintering

Adrian MESTECĂNEANU, Radu GAVA

Introduction

�e ornithofauna of the dam basins from 
the upper and middle course of the Argeş 
River (Romania) started to be studied imme-
diately after the construction of the Vidraru 
Dam Basin (Mătieş, 1969). While their avi-
fauna continued to be studied, papers on the 
theme sporadically appeared (Munteanu & 
Mătieş, 1983; Munteanu et al., 1989; Gava, 
1997) until 2000, when the researches began 
to be focused mainly on the birds from the 
dam basins between Vâlcele and Goleşti 
(Mestecăneanu et al., 2003; Gava et al., 2004a; 
Petrescu, 2005; Gava et al., 2007; Conete, 
2011; Conete et al., 2012; Mestecăneanu 
& Gava, 2016, 2018; Mestecăneanu & 
Mestecăneanu, 2018–2019; Mestecăneanu, 
2019 etc.). Some papers envisaged the birds 
from the winter period (Gava et al., 2004b; 

Mestecăneanu et al., 2013; Mestecăneanu & 
Gava, 2015, 2019 etc.).

�e aim of this paper is to present the situ-
ation of the birds in the winter of 2021, in 
the context which their dynamics continu-
ously change under the action of the reservoirs 
silting process, anthropogenic pressure, global 
warming etc.

Materials and methods

From upstream to downstream, the 
researches on the birds were performed on the 
Vâlcele (408 ha), Budeasa (412 ha), Bascov 
(162 ha), Piteşti (122 ha), and Goleşti (649 
ha) dam basins (Fig. 1), included in the pro-
tected area ROSPA0062 Lacurile de acumu-
lare de pe Argeş (in English, �e Dam Basins 
of the Argeş River), component of the Nature 
2000 network. After their building, which 
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began after 1960, the avifauna su�ered impor-
tant qualitative and quantitative changes. All 
of them are provided with cement taluses 
and are surrounded by belt roads. A highway 
passes near Goleşti, Piteşti and Bascov. �e 
settlements are in the vicinity and Piteşti city 
is practically on the bank of the homonymous 
lake. Bascov is a nautical base for the athletes 
of kayak-canoe. 

�e Argeş River springs from the Făgăraş 
Group of Mountains and ows to the Danube 
River. In the envisaged area, before reaching 
the Romanian Plain, at Piteşti, it borders the 
Cotmeana Platform, in the West, the Argeş 
Platform, in the North, and the Cândeşti 
Platform, in the East, parts of the Gethic 
Piedmont. As result, the Goleşti Dam basin is 
already in the Piteşti High Plain.

�e vegetation of the dam reservoirs is 
relatively poor. It is typical for the wetlands 
from the southern parts of Romania and it 
is encountered mainly towards the end. �e 
ongoing process of silting was bene�cial for 
the reedbeds (Phragmites, Typha) and for other 
wetland plants (Carex, Juncus, Salix, Alnus, 
Populus etc.).

�e climate of the area is temperate-con-
tinental with hilly inuence in the North and 
plain features in the South, because of the 
major forms of relief. �e average of the annual 
temperature, at Piteşti, is 9 oC. �e annual 
temperature of water is similar, although, in 
the harsh winters, a bridge of ice can form 
(Barco & Nedelcu, 1974). 

�e observations were made during the 
Midwinter Census, on January 13, 2021, 
between 8:00 and 16:00. �is is better known 
as the International Waterbird Census, and 
it is organised, on international level, by the 
Wetlands International and, on the national 
level, by the Romanian Ornithological Society 
and the Milvus Group. It is a synchronous 
event that takes place every year between 10 
and 20 January, with the main aim to identify 
the changes in the strengths of the waterbirds 
species at the continental scale. �e tempera-
ture of the air during the period of observa-
tions varied between 0 and 4 oC, the sky was 
covered with clouds in a proportion that var-
ied between 70 and 100% and the wind was 
weak. �e itinerary method and the method 
of �xed points of observations, where the �rst 

N

Vâlcele  Basin

Budeasa  Basin

Bascov  Basin

Piteşti  Basin

Goleşti Basin

Fig. 1: �e map of the area (by http://biodiversitate.mmediu.ro, modi�ed).
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method was inapplicable, were used. All indi-
viduals of birds were registered, with accent 
on the ones belonged to the dependent of 
wetlands species. Binoculars and a terrestrial 
scope were used and the birds were identi�ed 
by Swensson et al. (2017). 

�e data were computed using the meth-
ods described in Gomoiu & Skolka (2001) 
and Gache (2002).

Results and discussions

During the census, 53 species of birds were 
observed and 9,117 individuals (Table 1). 
Among them, 26 species (49%) represented 
by 8,163 individuals (90%) are dependent 
on the water. We excluded from here, Anthus 
spinoletta, a species of high mountain mead-
ows, which can be seen on some lower wet-
lands from Romania in the winter. By compar-
ison with 1970–1980 (Munteanu & Mătieş, 
1983), the density of individuals decreased 
from 1,500 individuals/km2 to 466 individu-
als/km2 and multiple local and external causes 
can be invoked. However, there are huge uc-
tuations from one year to another, the max-
imum density for the last 10 years being of 
about 1,350 individuals/km2, in 2012 and 
2016. Related to the stage 2010–2020, the 
number of species was higher than the aver-
age (44.54 species/year) and the number of 

individuals lower than the average (15,371 
individuals/year). �e number of species var-
ied between 39 (in 2018) and 54 (in 2020) 
and the number of individuals, between 6,200 
(in 2017) and 23,693 (in 2012) depending on 
local and external causes (the weather condi-
tion, the anthropogenic pressure, the silting, 
the rate of breeding success, the safety pro-
vided by the routes of migration, etc.). As a 
result, while the tendency of the number of 
species is to grow, the tendency of the number 
of individuals is to decrease (Fig. 2).

Regarding the distribution on the basins 
(Fig. 3), the lowest number of species and the 
lowest number of individuals were recorded 
on the Bascov Dam Basin. Although the 
method of the �xed point of observation was 
preponderantly used here by comparison with 
other dam basins, a fact that did not permit to 
particularly count some non aquatic birds and 
individuals, the main reason of its poor avifauna 
is the human pressure, mainly represented by 
the sport facilities. It should be noted that the 
Bascov Basin surface is relatively similar to 
the one of the Piteşti Dam Basin, where the 
number of species was signi�cantly higher (27) 
and where the number of individuals was the 
highest (3,173). Goleşti, the largest reservoir 
of all, over 5 times wider than Piteşti, was the 
richest as the number of species (34) and the 
second as the number of individuals (3,082).
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Fig. 2: �e variation of the number of species and of the number of individuals during 2010–2020.
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Most species (27, representing 51% of 
all species) were met only in one place, and 
they appertain to the occasional category of 
constancy (Table 1). Gavia stellata, Buteo 
buteo, Tringa ochropus, Dendrocopos major and 
Turdus merula were found only on the Vâlcele 
Dam Basin, Netta ru�na, Columba palumbus, 
Turdus viscivorus, only on the Budeasa 
Dam Basin, Tadorna tadorna, Streptopelia 
decaocto, Picus viridis, Corvus monedula, 
Aegithalos caudatus, Sitta europaea, Passer 
domesticus only on the Piteşti Dam Basin, 
and Cygnus cygnus, Anser albifrons, Accipiter 
nisus, Falco columbarius, Falco tinnunculus, 
Larus cachinnans, Anthus spinoletta, Motacilla 
cinerea, Troglodytes troglodytes, Passer montanus, 
and Fringilla coelebs only on the Goleşti Dam 
Basin, while no species was encountered only 
on the Bascov Dam Basin. Maybe, some 
species of Passeriformes were present in more 
than one place and escaped uncounted. Gavia 
stellata, Cygnus cygnus, Anser albifrons, Tadorna 
tadorna, Netta ru�na, Tringa ochropus, Larus 
cachinnans, Larus canus and Motacilla cinerea 
are worth to be mentioned because they are 
dependent on wetlands, but, truly, only Gavia 
stellata and Netta ru�na are the rarest on the 
studied basins, with a few records over the 
years. �e accessory species were represented 

by 8 species (15%): Aythya fuligula and Aythya 
ferina, dependent species on wetlands, and 
Garrulus glandarius, Corvus frugilegus, Turdus 
pilaris, Cyanistes caeruleus, Parus major, 
Carduelis carduelis and Emberiza citrinella, 
non-dependent species on wetlands. �e 
constant species summed 9 taxons (17%): 
Podiceps cristatus, Tachybaptus ru�collis, 
Phalacrocorax pygmeus, Ardea alba, Ardea 
cinerea, Mareca penelope, Bucephala clangula, 
species dependent on wetlands, and Pica pica, 
non-dependent species on wetlands. Finally, 
the euconstant species were equally numerous 
(9 species, 17%): Phalacrocorax carbo, Cygnus 
olor, Anas platyrhynchos, Anas crecca, Fulica 
atra, Larus michahellis, Larus ridibundus, and 
Emberiza schoeniclus, dependent species on 
wetlands, and Spinus spinus, non-dependent 
species on wetlands. �e prevalence of the 
dependent species on wetlands is obvious for 
the constant and euconstant categories. 

Regarding the dominance (Table 1), most 
species (40, representing 75% of all spe-
cies) were subrecedent and, among them, 
16 (38%, Gavia stellata, Podiceps cristatus, 
Tachybaptus ru�collis, Phalacrocorax carbo, 
Phalacrocorax pygmeus, Ardea alba, Ardea 
cinerea, Cygnus olor, Anser albifrons, Tadorna 
tadorna, Netta ru�na, Bucephala clangula, 
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Fig. 3: �e distribution of the number of species and individuals on the studied dam basins.



Observations regarding the avifauna from some dam basins of the Argeș River (Romania) in the winter 2020–2021 

49

Tringa ochropus, Larus cachinnans, Motacilla 
cinerea, and Emberiza schoeniclus) were 
dependent on wetlands. Two species (4% of 
all species, Cygnus cygnus and Turdus pilaris) 
were recedent, 5 species (9% of all species, 
Aythya fuligula, Fulica atra, Larus micha-
hellis, Columba palumbus and Spinus spinus) 
were subdominant, 3 species (6% of all spe-
cies, Mareca penelope, Anas crecca and Larus 
canus) were dominant and 3 species (6% of 
all species, Anas platyrhynchos, Aythya ferina 
and Larus ridibundus) were eudominant. 
All dominant and eudominant species were 
dependent on wetlands. About 40 years ago, 
on all upper and middle dam basins from the 
Argeş River, Anas platyrhynchos reached in the 
optimal season 13,000 individuals and Anas 

crecca, 5,000 individuals, while, currently, 
their strengths were lower: 1,975, respec-
tively 782 individuals. �e eutrophication 
of the reservoirs built on the Olt River that 
attract a part of the migratory birds from the 
Gethic Piedmont was an explanation for this 
decreasing (Munteanu & Mătieş, 1983).

By the Dzuba ecological index of sig-
ni�cance, that takes into consideration both 
constancy and dominance, the subrecedent 
species were prevalent. �ey were followed 
by the recedent, subdominant, dominant, 
and the eudominant species (Table 1, Fig. 4). 
Anas platyrhynchos and Larus ridibundus were 
the eudominant species and Anas crecca and 
Aythya ferina were the dominant species; all of 
them are species dependent on wetlands.

Table 1: �e occurrence on the dam basins, the strengths and the distribution of the species by the 
constancy, dominance and the Dzuba ecological index of signi�cance.
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1 Gavia stellata* +     1 C1 D1 W1
2 Podiceps cristatus* + +   + 33 C3 D1 W2
3 Tachybaptus ru�collis*  + + +  11 C3 D1 W1
4 Phalacrocorax carbo*  + + + + 39 C4 D1 W2

32; 60%11; 21%
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2; 4% 2; 4%

W1 W2 W3 W4 W5

Fig. 4: �e distribution of the species according to the categories of Dzuba ecological index of signi�cance 
(W1 – subrecedent species, W2 – recedent species, W3 – subdominant species, W4 – dominant species, 

W5 – eudominant species).
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5 Phalacrocorax pygmeus*  +  + + 70 C3 D1 W2
6 Ardea alba*  +  + + 5 C3 D1 W1
7 Ardea cinerea*  +  + + 7 C3 D1 W1
8 Cygnus olor*  + + + + 87 C4 D1 W2
9 Cygnus cygnus*     + 145 C1 D2 W2
10 Anser albifrons*     + 12 C1 D1 W1
11 Anas platyrhynchos* + + + + + 1,975 C4 D5 W5
12 Mareca penelope*  + +  + 550 C3 D4 W3
13 Anas crecca* + +  + + 782 C4 D4 W4
14 Tadorna tadorna*    +  29 C1 D1 W1
15 Netta ru�na*  +    6 C1 D1 W1
16 Aythya fuligula*    + + 407 C2 D3 W3
17 Aythya ferina*  +  + + 999 C3 D5 W4
18 Bucephala clangula* + +   + 12 C3 D1 W1
19 Buteo buteo +     1 C1 D1 W1
20 Accipiter nisus     + 1 C1 D1 W1
21 Falco columbarius     + 1 C1 D1 W1
22 Falco tinnunculus     + 1 C1 D1 W1
23 Fulica atra* + +  + + 432 C4 D3 W3
24 Tringa ochropus* +     1 C1 D1 W1
25 Larus cachinnans*     + 3 C1 D1 W1
26 Larus michahellis* + + + + + 244 C4 D3 W3
27 Larus canus*    +  760 C1 D4 W3
28 Larus ridibundus*  + + + + 1,558 C4 D5 W5
29 Columba palumbus  +    250 C1 D3 W2
30 Streptopelia decaocto    +  1 C1 D1 W1
31 Picus viridis    +  1 C1 D1 W1
32 Dendrocopos major +     1 C1 D1 W1
33 Anthus spinoletta     + 5 C1 D1 W1
34 Motacilla cinerea*     + 1 C1 D1 W1
35 Garrulus glandarius +    + 4 C2 D1 W1
36 Pica pica + +   + 39 C3 D1 W2
37 Corvus monedula    +  30 C1 D1 W1
38 Corvus frugilegus    + + 62 C2 D1 W2
39 Troglodytes troglodytes     + 1 C1 D1 W1
40 Turdus merula +     1 C1 D1 W1
41 Turdus viscivorus  +    6 C1 D1 W1
42 Turdus pilaris + +    158 C2 D2 W2
43 Cyanistes caeruleus    + + 11 C2 D1 W1
44 Parus major +   +  3 C2 D1 W1
45 Aegithalos caudatus    +  7 C1 D1 W1
46 Sitta europaea    +  1 C1 D1 W1
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47 Passer domesticus    +  16 C1 D1 W1
48 Passer montanus     + 25 C1 D1 W1
49 Fringilla coelebs     + 57 C1 D1 W2
50 Spinus spinus  + + + + 243 C4 D3 W3
51 Carduelis carduelis    + + 4 C2 D1 W1
52 Emberiza schoeniclus* + +  + + 14 C4 D1 W2
53 Emberiza citrinella  +   + 4 C2 D1 W1

Legend: * – birds dependent on wetlands; + – presence; C1 – occasional species, C2 – accessory species, C3 
– constant species, C4 – euconstant species; D1, W1 – subrecedent species, D2, W2 – recedent species, D3, 
W3 – subdominant species, D4, W4 – dominant species, D5, W5 – eudominant species.

Anas platyrhynchos was present on all the 
basins and Larus ridibundus as well, except 
the Vâlcele Dam Basin, the �rst one from 
upstream to downstream. Anas platyrhynchos 
has a large ecological valence, while Larus 
ridibundus preferred the more silted basins, 
with large portions covered with shallow 
waters, from the lower areas. Anas platyrhyn-
chos had the largest number of specimens on 
Goleşti, but a considerable strength was also 
registered on Budeasa and Vâlcele, exactly in 
the order of their size. Piteşti and Bascov, i. e. 
the smallest ones, had the smallest number 
of individuals, Piteşti being the last on this 

list. Most of them are migratory individuals 
(Munteanu et al., 1989). Instead, the over-
whelming majority of individuals of Larus 
ridibundus were met on the Piteşti Dam 
Basin, the reason for this being the propi-
tious habitats for resting and feeding and the 
relatively low human derange. It reached in 
the optimal season 1,500 individuals on all 
upper and middle dam basins of the Argeş 
River, 40 years ago (Munteanu & Mătieş, 
1983), while, currently, the number is simi-
lar, but only on a part of these reservoirs, that 
means that the condition of life got better for 
the species during the time. 
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Fig. 5: �e variation of the eudominant species strengths, by the Dzuba ecological index of signi�cance.
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Because of the dominant and eudominant 
component species, by the index of relation, 
the Anseriformes and the Charadriiformes 
orders were overdominant. �ey summed 
more than 83% of all birds amount, so that 
the other orders, separately counted, were 
complementary and no order was dominant 
(Fig. 6).

Within the Anseriformes order, Anas 
platyrhynchos, Aythya ferina (eudominant spe-
cies at general level) and Anas crecca (dominant 
species) were overdominant, totalising 75% of 
all strengths. Aythya ferina was very rare on 
the waters from the Romanian rivers 30 years 
ago, while Anas platyrhynchos and Anas crecca 
were numerous then, too (Munteanu et al., 

1989). Mareca penelope and Aythya fuligula 
were dominant (with a total of 19% of all spe-
cies) and the other species were complemen-
tary (Fig. 7). 

Within the Charadriiformes order, Larus 
ridibundus, which was the eudominant species 
at the general level, and Larus canus, dominant 
species at a general level, were overdominant, 
and the other species were complementary 
(Fig. 8). 

By the Hunting Law 407/2006, actualised, 
16 species (30%) among the observed ones – 
Anser albifrons, Anas platyrhynchos, Anas crecca, 
Mareca penelope, Aythya fuligula, Aythya ferina, 
Bucephala clangula, Fulica atra, Columba 
palumbus, Streptopelia decaocto, Garrulus 
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glandarius, Pica pica, Corvus monedula, Corvus 
frugilegus, Turdus viscivorus, Turdus pilaris can 
be hunted in Romania, and, by Emergency 
Ordinance 57/2007, 4 species (7.5%, Gavia 
stellata Phalacrocorax pygmeus, Ardea alba, and 
Cygnus cygnus) are included in Appendix 1 – 
species of plants and animals that need special 
areas of conservations and special protection 
areas for their conservation, cf. Birds Directive 
2009/147/CE.

Conclusions

During the Census of the Water Birds from 
January 2021, 53 species of birds and 9,117 
individuals were counted; 26 species (49%) 
among them, represented by 8,163 individu-
als (90%), were dependent on the wetlands. 

Related to the 2010–2020 period, the 
number of species observed now was higher 
than the multiannual average (44.54 species/
year) while the number of individuals was 
lower (15,371 individuals/year).

�e lowest number of species and the low-
est number of individuals were registered on 
the Bascov Dam Basin. �e richest as the num-
ber of species was Goleşti, whereas the richest 
as the number of individuals was Piteşti.

Most species were occasional, but only 
Gavia stellata and Netta ru�na among them are 
truly rare in the envisaged area. �e majority 

of the constant and euconstant species were 
dependent on wetlands.

Most species were subrecedent and all 
dominant and eudominant species were 
dependent on wetlands, too.

Anas platyrhynchos was present on all dam 
basins and Larus ridibundus only on Budeasa 
– Goleşti sequence, avoiding the most upper 
basin of them.

�e Anseriformes and the Charadriiformes 
orders were overdominant, and, within them, 
Anas platyrhynchos, Aythya ferina and Anas 
crecca, respectively Larus ridibundus and Larus 
canus were overdominant species.

Four species (Gavia stellata, Phalacrocorax 
pygmeus, Ardea alba, and Cygnus cygnus) have 
a high status of conservation, because they are 
included in Appendix 1 of the Birds Directive 
2009/147/CE, while 16 species of the reg-
istered ones can be hunted according to the 
Romanian Hunting Law 407/2006, actualised.

�e winter avifauna of the basins is inu-
enced by the inside and outside factors and 
among them the most important are the 
changing climatic conditions, the silting 
process, the anthropogenic pressure and the 
breeding success from the nidi�cation quar-
ters. �e study of birds of these dam basins 
must continue to see in what extent the orni-
thofauna from the protected area responds in 
time to these elements.
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Abstract: �e paper includes new data about the species diversity of Collembola from the Dobruşa Landscape 
Reserve, Republic of Moldova carried out in 2017. As a result of investigation, 48 species of Collembola belong-
ing to 34 genera and 14 families were identi�ed in the reserve. �e list of species, distribution and some ecological 
preferences are included.

Keywords: new data, microarthropod, reserve, list of species

Galina BUŞMACHIU

Introduction

Dobruşa Landscape Reserve is one of the 
41 landscape reserves from the Republic of 
Moldova, that have the purpose to preserve 
the geographic landscapes of national impor-
tance. �e reserve includes several types of 
forests located near the villages Drobuşa Mică, 
Rădi and Drobuşa Mare, and are managed 
by the forestry enterprise Şoldăneşti, district 
Olişcani (Fig. 1).

�e core area of the reserve is located in the 
northeastern part of the Republic of Moldova 
70 km east of Bălți municipality within the 
limits of the Dniester plateaus. �e land-
scape consists of waters, slopes and the valleys 
between Dobruşa and Cerna rivers (Andreev 
et al., 2012).

In 2019 the species diversity of insects 
and vertebrate animals from the Dobruşa 
Landscape Reserve were published by 
Nistreanu et al., 2019. According this previ-
ous study, the terrestrial fauna of the reserve 
includes 37 rare species of insects, amphib-
ians, reptiles, birds and mammals listed in the 
Red Book of the Republic of Moldova (2015).

�e goal of this paper is to identify the spe-
cies diversity of Collembola, pointing on the 
rare species, present in the Dobruşa Landscape 
Reserve.

Material and methods

Dobruşa Landscape Reserve is located 
in Şoldăneşti district, between the villages 
Dobruşa and Olişcani and extends on an 
area of 2736.6 ha. �e main types of forest 
ecosystems, from where the faunistic material 
was collected, are represented by the following 
plant associations: Tilieto (tomentosa)-fraxineto 
(excelsior)-Quercetum (petraea), Carpineto 
(betulus)-querceta (petraea), Tilieto (tomentosa)-
carpinetum (betulus), Querceto (robur)-
carpinetum (betulus), Quercetum (robur, 
petraea) (Sfeclă, 2013; Nistreanu et al., 2019).

Several types of habitats and microhabi-
tats of the Dobruşa Landscape Reserve were 
sampled for the study. �e samples were col-
lected randomly in 2017, in August (6 sam-
ples) and October (7 samples). Litter and soil 
were sampled by a metallic square frame of 
25 cm2 for 5 cm depth, each sample including 
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4 subsamples. Additionally, decaying wood, 
moss and lichens were taken by hand. �e 
microarthropods were extracted from the soil 
using a modi�ed otation method (Bușmachiu 
et al., 2015). Specimens were stored in 96% 
ethyl alcohol and counted. �ey were cleared 
in lactic acid and KOH and mounted on slides 
using Marc Andre II medium. Identi�cation 
was mainly done with a phase contrast micro-
scope LEICA 2500 equipped with camera 
Lucida, using the standard determination keys 
and recently published Synopses on Palaearctic 
Collembola (Fjellberg, 1998; Bretfeld, 1999; 
�ibaud et al., 2004).

Result and discussion

Altogether, 873 specimens of Collembola, 
belonging to 48 species, 34 genera and 14
families were found in the soil, litter, moss 
and decaying wood of the studied forest 
microhabitats.

�e families Entomobryidae and 
Isotomidae were represented respectively by 
11 and 10 species each, followed by the fami-
lies Hypogastruridae – 6 species, Neanuridae 

– 5, Tullberigae and Onuchyuridae with 3 
species each, Tomoceridae and Neelidae with 
2 species each. Six of the 14 identi�ed fami-
lies, namely Odontellidae, Cyphoderidae, 
Katiannidae, Sminthuridae, Dycirtomidae 
and Arrhopalitidae were present in the col-
lected samples with only 1 species each and in 
a small number of individuals (Table 1).

�e representatives of the family Isotomidae 
dominated numerically in the studied habi-
tats with 31.61% of the total number of col-
lected individuals, followed by the families 
Onychiuridae with 26.7% and Tullbergiidae 
with 24.05%, both with a very small number 
of identi�ed species. Despite of the high spe-
cies diversity the family Entomobryidae was 
represented only by 6.2% of the total number 
of collected individuals, followed by the fami-
lies Neanuridae – 5.2% and Hypogastruridae 
– 3.1%. �e remaining 8 families are repre-
sented by few individuals that constituted less 
than 4% from the total number of specimens 
analysed.

�e common species, which were present 
in all analyzed samples, were Protaphorura 
sakatoi, Mesaphorura critica and Parisotoma

 
Fig. 1: Map of Dobruşa Landscape Reserve.
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Table 1: �e list of Collembola species revealed in the Dobrușa Landscape Reserve, 
with number of specimens, ecological traits and biogeographic occurrence.

N. Taxon
Num. 

of spec.
Ecological traits

Biogeographic 
occurrence

Family Hypogastruridae

1. Ceratophysella denticulata (Bagnall, 1941) 5
Hemiedaphic, silvicolous, 
mesophilous

cosmopolitan

2. Ceratophysella engadinensis (Gisin, 1949) 3
Hemiedaphic, silvicolous, 
xerophilous

cosmopolitan

3. Ceratophysella silvatica Rusek, 1964 11 Hemiedaphic, silvicolous European

4. Xenylla borneri Axelson, 1905 2
Hemiedaphic, silvicolous,  
corticicolous, briophilous

Palaearctic

5. Xenylla brevicauda Tullberg, 1869 1
Hemiedaphic, silvicolous,  
littiericolous, briophilous

Palaearctic

6. Willemia scandinavica Stach, 1949 5
Hemiedaphic, euribiont,  
troglophilous

Holarctic

Family Neanuridae

7. Deutonura albella (Stach, 1920) 15
Hemiedaphic,
mesophilous, silvicolous

European

8. �aumanura carolii (Stach, 1920) 2 Hemiedaphic, silvicolous
European,  
Carpatic

9. Pseudachorutes pratensis Rusek, 1973 5
Eurytopic, hemiedaphic, 
mesophilous

European

10. Pseudachorutes parvulus Börner 1901 13
Hemiedaphic,
silvicolous, acidophilous

European

11. Micranurida pygmaea Börner, 1901 11 Eurytopic, hemiedaphic cosmopolitan
Family Odantellidae

12. Superodontella lamellifera (Axelson, 1903) 1
Hemiedaphic, silvicolous,  
saproxilicolous

cosmopolitan

Family Onychiuridae

13. 
Micraphorura uralica (Khanislamova, 
1986)

17 Euedaphic, littiericolous Holarctic

14. Oligaphorura absoloni (Börner, 1901) 5 Euedaphic, littiericolous Holarctic
15. Protaphorura sakatoi (Yosii, 1966) 210 Euedaphic, xerotermophilous European
Family Tullbergiidae
16. Doutnacia xerophila Rusek, 1974 41 Euedaphic, xerotermophilous European
17. Mesaphorura critica Ellis, 1976 127 Euedaphic, xerotermophilous European
18. Mesaphorura hylophila Rusek, 1982 42 Euedaphic, eurytopic cosmopolitan
Family Isotomidae

19. 
Desoria germanica (Hüther & Winter, 
1961)

38 Hemiedaphic, mesophilous European

20. Folsomia quadrioculata (Tullberg, 1871) 21 Hemiedaphic, eurytopic Holarctic
21. Folsomia manolachei Bagnall, 1939 13 Hemiedaphic, eurytopic Palaearctic
22. Folsomides angularis (Axelson, 1905) 1 Hemiedaphic, xerophiulous Holarctic

23. Isotoma viridis Bourlet, 1839 2
Hemiedaphic, ubicvist,  
mesophilous

Holarctic

24. Isotomiella minor (Schä�er, 1896) 26
Euedaphic, ubicvist,  
mesophilous, litiericolous

Holarctic

25. Parisotoma bipunctata (Axelson, 1903) 50
Hemiedaphic, xerotolerant, 
ruderal

Palaearctic
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N. Taxon
Num. 

of spec.
Ecological traits

Biogeographic 
occurrence

26. Parisotoma notabilis (Scha�er, 1896) 118
Hemiedaphic, ubicvist, 
mesophilous, alcalophilous

cosmopolitan 

27. Proisotoma minima (Absolon, 1901) 1
Hemiedaphic, eurytopic, 
mesophilous

Holarctic

28. Vertagopus arboreus (Linnaeus, 1758) 6
Hemiedaphic, corticicolous, 
brio�l

Palaearctic

Family Entomobryidae

29. Entomobrya marginata (Tullberg, 1871) 3
Hemiedaphic, mesophilous, 
xero�lous, eurytopic

cosmopolitan

30. Entomobrya muscorum (Nicolet, 1842) 1 Hemiedaphic, briophilous Holarctic

31. Heteromurus nitidus (Templeton, 1835) 4
Hemiedaphic, mesophilous 
eurytopic, sinantrop

cosmopolitan

32. Lepidocyrtus gr. lignorum (Fabricius, 1775) 6
Hemiedaphic, eurytopic,  
meso- higrophilous

Holarctic

33. Lepidocyrtus violaceus Geo�roy, 1762 1 Hemiedaphic, silvicolous Holarctic
34. Orchesella albofasciata Stach, 1960 1 Hemiedaphic, xerophilous European

35. 
Orchesella multifasciata
Stscherbakow, 1898

13 Hemiedaphic, xerophilous European

36. Orchesella pseudobifasciata Stach, 1960 9
Hemiedaphic, silvicolous,  
briophilous

European

37. Orchesella spectabilis Tullberg, 1871 2
Hemiedaphic,  
xerotermophilous

Palaearctic

38. Pseudosinella horaki Rusek, 1985 9 Hemiedaphic, litiericolous European

39. 
Pseudosinella moldavica

Gama & Buşmachiu, 2002
5 Hemiedaphic, litiericolous European

Family Cyphoderidae

40. Cyphoderus albinus Nicolet, 1842 1
Euedaphic, mirmecophil, 
mesophilous

Palaearctic

Family Tomoceridae

41. Tomocerus vulgaris (Tullberg, 1871) 9
Hemiedaphic, mesophilous 
silvicolous, litiericolous

Holarctic

42. Tomocerus minor (Lubbock, 1862) 2
Hemiedaphic, meso- higrophi-
lous, silvicolous, briophilous

cosmopolitan

Family Neelidae

43. Megalothoras minimus Willem, 1900 1
Euedaphic, mesophilous  
eurytopic

cosmopolitan

44. Neelus murinus Folsom, 1896 5 Euedaphic, mesophilous cosmopolitan
Family Arrhopalitidae
45. Arrhopalites sp. 1 Euedaphic, mesophilous
Family Katiannidae
46. Sminthurinus juv. 5 Hemiedaphic
Family Sminthuridae

47. Lipothriix lubbocki (Tullberg, 1872) 2
Hemiedaphic, mesophilous  
macrophitobiont, silvicolous

Palaearctic 

Family Dicyrtomidae

48. Dicyrtoma fusca (Lubbock, 1873) 1
Hemiedaphic, mesophilous  
macrophitobiont

Holarctic
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notabilis. �e �rst was present with 210 
individuals (24.05%), the second with 127 
(14.5%) and the third with 118 (13.5%) of 
the total number of collected individuals. 
�e other species were represented by a small 
number of individuals, ranging from 1 to 50.

�e distribution and ecology of the most 
interesting taxa through the country is com-
mented below.

In the Dobruşa Landscape Reserve rare 
collembolan species such as �aumanura 
carolii was found. Till now this species was 
identi�ed in the Reserves Plaiul Fagului and 
Codrii, in the Protected Area Vila Nisporeni 
and Donici locality from Orhei National Park. 
All the above listed forests are deciduous, 
where the main species of edifying trees are 
Quercus petraea, Q. robur and Fagus sylvatica, 
located in the Central Region of the Republic 
of Moldova. �e species occurs in the Central 
European type of forests of Austria, Bulgaria, 
Poland, Romania, Slovakia, Ukraine, Hungary, 
mainly in the mountain areas. �aumanura 
carolii inhabits only the natural forest, actively 
participating in the wood decomposition 
(Bușmachiu, 2016).

Another equally rare species found in a 
small number of individuals in the natural for-
ests of Republic of Moldova is Superodontella 
lamellifera, attested so far in the Reserves Plaiul 
Fagului, Codrii and Landscape Rezerve Rudi-
Arionești (Bușmachiu, 2017). �e species is 
wide distributed in Europe, preferring forest 
ecosystems and being often found in decom-
posed wood.

Among other species of Collembola char-
acteristic for natural forests and present in the 
Dobruşa Landscape Reserve are Ceratophysella 
silvatica, cited before only from the natural 
forest of Rudi locality (Bușmachiu & Weiner, 
2017). �e species is characteristic for forests 
from the mountain areas of Europe.

�e most part of identi�ed species in 
the Dobrușa Landscape Reserve have a wide 
occurrence. Between them 14 species have 
European, 13 – Holarctic, 11 – cosmopoli-
tan and 8 – Palaearctic distribution. Species 
with Mediterranean distribution, that prefer 
especially forests from the southern regions of 
Republic of Moldova, were not found during 
this study.

�e 3 classical morpho-functional groups 
of epiedaphic, hemiedaphic and euedaphic 
were  represented by a di�erent number of spe-
cies, i.e. 14 epiedaphic,  12 euedaphic and  22 
hemiedaphic groups. �ese groups di�er in 
their dispersal ability and other life traits such as 
reproduction, mobility, metabolic activity and 
feeding behavior (Hopkin, 1997).

�is paper includes the �rst results of the 
study of collembolan diversity carried out in 
the Dobruşa Landscape Reserve.

Conclusions

�e preliminary study of the species 
diversity of Collembola from the Dobruşa 
Landscape Reserve allowed to identify 48 
species belonging to 34 genera and 14 fami-
lies. �e majorities of identi�ed species have 
a wide occurrence: 14 species have European, 
13 – Holarctic 11 – cosmopolitan and 8 – 
Palaearctic distribution. 

�e identi�cation of rare collembolan spe-
cies during the study in the Dobruşa Landscape 
Reserve demonstrates a great importance of 
this protected area în the conservation of large 
spectrum of animals, especially Collembola.

Acknowledgments. I’m warmly grate-
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lecting of faunistic materials. �e present 
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Abstract: Pliocene formations are cropping out in Romania on extended areas that can be found mainly in the 
Dacian basin, but also in the Bârsei sedimentary basin, from the inner Carpathian region. Several other mastodon 
discoveries in the same region, such as the �ndings in the Pannonian basin and the related sub-basins can also be 
presumed to be related to Pliocene deposits, but more obvious evidence is needed for these localities. In this kind 
of deposits numerous mastodon discoveries are recorded. As in other European regions, in Romania the usual �nd-
ings refer to two mastodon species the Auvergne mastodon Anancus arvernensis and Borson’s mastodon Mammut 
borsoni. �e �rst one occurred earlier, in the latest Miocene (unit MN 13) at Derșida, in Sălaj County, while for the 
second such early occurrence is missing in Romania. Both species co-existed in the Pliocene, this being an evidence 
for speci�c diets of each of the two, thus they had non-competitive behaviors for access to food. Seemingly, both 
taxa became extinct at the end of the Pliocene. A third taxon could be Mammut praetypicum, but more consistent 
evidence on the stratigraphy of the localities where this species is recorded in Romania is still needed. 

Keywords: late Neogene, Pliocene, mastodons, biostratigraphy, geology, Romania

V. A. CODREA, M. VENCZEL, Al. A. SOLOMON, I. SABĂU, M. BORDEIANU, C. FĂRCAȘ

Introduction

Pliocene formations are cropping out 
in Romania on extended areas mainly in 
the Dacian basin – inside which southern 
Moldavia and Oltenia are by far the most 
illustrative –, but also in the Bârsei sedimen-
tary basin from the inner-Carpathian region. 
Some other mastodon �ndings from the same 
region, such as the small number of discover-
ies from the Pannonian basin and its related 
sub-basins can be also presumed to be related 
to Pliocene deposits, but more consistent 
evidence for these localities is still needed 

(Jurcsák, 1973, 1983a, b; Jurcsák & Popa, 
1977a, b; Codrea et al., 2005; Codrea & Iuga, 
2006). Some assignations were even subject to 
confusions (e.g., Iuga, 2002).

�e majority of the Pliocene localities 
from the Dacian basin are of uvial origin, as 
a result of the sedimentary �ll of the sedimen-
tary basin which started ca. 4 Ma years ago, 
when the Paleo-Danube started to ow in the 
western side of this unit (Krézsek & Olariu, 
2021). In southern Moldavia, the emerged 
land occurred probably since the (?)Pontian. 
In any case, in the Dacian (early Pliocene) 
the lake in which this area has once been 
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immerged, vanished. �erefore, the areas still 
covered by water in the Pliocene were located 
towards the east, at the interference with the 
Euxinian basin – i.e., the Danube delta sec-
tor of the Scythian Platform (Săndulescu, 
1984) where low brackish water mollusks 
(Stylodacna, Prosodacna etc.) are mentioned 
in the early Pliocene (Dacian; Ionesi, 1994). 
�e biostratigraphy of these deposits is based 
on mollusks – many of them endemic for the 
Dacian basin – but, also on mammals (Feru 
et al., 1979, 1983; Rădulescu & Samson, 
1990, 1995a, 2001; Rădulescu et al., 2003; 
Andreescu et al., 2011, 2013). 

�e biostratigraphy of the Pliocene for-
mations of the Bârsei basin is based primar-
ily on mammals (Rădulescu & Samson, 1985; 
Codrea et al., 2018a), although mollusks 
were described from these formations as well 
(Jekelius, 1932), part of them being considered 
Pontian relicts (Lubenescu, 2005). However, 
in this basin, the Pliocene/Pleistocene bound-
ary is poorly documented and part of the bio-
stratigraphy needs revision as long as some of 
the late Pliocene (Romanian) deposits are in 
fact, early Pliocene (Dacian; Andreescu et al., 
1987). 

In these Pliocene communities the largest 
herbivores were the mastodons. Due to their 
sizes and peculiar teeth replacements, the num-
ber of their fossils is relatively high. A lot of 
these �nds are fortuitous ones. Unfortunately, 
for the old discoveries data is poor, being often 
restricted to a locality name. �erefore, their 
related stratigraphy is also poor, although 
a geological age can be presumed however, 
either based on the geological maps published 
by the Geological Institute of Romania, or 
based on the data included in di�erent profes-
sional studies that are published or housed as 
documents in the archives of some institutes, 
museums, universities or enterprises (PhD 
theses, geological regional reports etc.). A 
focus on the Pliocene mastodon diversity from 
Romania is the subject of this report.

Material and methods

�is study points out the main mastodon 
�nds from the Pliocene of Romania. It was based 
on materials unearthed in di�erent areas of the 
country. �e majority were directly studied by 
one or another of the authors, being housed 
in the various museums listed below. For the 
cheek teeth, „m” refers to lower molars, while 
„M” to upper molars and the accompanying 
number to their position inside the teeth row. 
Systematics follows Shoshani & Tassy (1997) 
and Kubiak (1972). �e Pliocene is considered 
the geological time speci�ed by the Geological 
Time Scale (Gradstein et al., 2020).

Institutional abbreviations: ACM – Arad 
County Museum, Romania; AICU – “Al. I. 
Cuza” University of Iași, Romania; BBM 
– Museum of the Baraolt Basin, Romania; 
BBUPSM – Babeș-Bolyai University, 
Paleontology-Stratigraphy Museum, Cluj-
Napoca, Romania; BUPM – Bucharest 
University, Paleontological Museum, 
Romania; GCMAlȘ – Gorj County Museum 
“Alexandru Ștefulescu” Târgu Jiu, Romania; 
CMNSC – Câmpulung Muscel Municipal 
Museum, Natural Sciences, Romania; DM 
– Déri Museum Debrecen, Hungary; ERSM 
– “Emil Racoviță” Speleological Institute, 
Bucharest, Romania; GIMB – Geological 
Institute Museum, Bucharest, Romania; 
OM –Museum of Oltenia Craiova, Romania; 
RPFM – Iron Gates Region (Regiunii Porților 
de Fier) Museum Turnu-Severin, Romania; 
SNM – Székely National Museum Târgu 
Secuiesc, Romania; TCM – Țării Crișurilor 
Museum Oradea, Romania. 

Pliocene mastodons of Romania
�e Auvergne mastodon

Order Proboscidea ILLIGER, 1811
Family Anancidae HAY, 1922
Genus Anancus AYMARD, 1855
Anancus arvernensis CROIZET & JOBERT, 
1828
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�e most usual discoveries of Pliocene 
mastodon fossils in Romania concern the 
Auvergne mastodon, the “tetralophodont 
gomphothere” Anancus arvernensis. �is mast-
odon was ca. 3 meters tall and had a rather 
short cranium, with a brevirostrine symphysis 
and almost straight (“anancus” means “curve 
less”) upper tusks of ca. 3 meters length, the 
lower tusks are either usually missing or are 
relict; this mammal might have weighted up 
to ca. 5 tons (Göhlich, 1999; Agustí & Antón, 
2002; Mol & Lacombat, 2010). �e cheek 
teeth (without premolars) are typical buno-
dont, being marked by anancoid features.

In Europe, this mastodon occurred in the 
late Miocene (Göhlich, 1999) and survived 
until the early Pleistocene, 1.7–1.9 Ma in the 
North Sea region (Mol & Lacombat, 2010). 

In Romania, the earliest occurrence comes 
from the locality Derșida, in Sălaj County 
(Jurcsák 1973, 1983a; Codrea et al., 2002). 
�e geology of this locality concerns the 
�nal episodes of the sedimentary �ll of the 
Șimleu sub-basin, episodes that occurred in 
the Pontian (latest Miocene). �is sub-basin is 
largely connected to the Pannonian basin. �e 
Pontian deposits are of uvial origin (Codrea 
& Margin, 2009), with lignite strata, but also 
with arenite strata that are laterally largely 
expanded, forming heights that dominate the 
region, such as the Balotă Hill (Fig. 1). 

�e vertebrates collected on Peșterii Creek 
are indicative for a latest Pontian fauna (late 
Miocene, MN 13). �e majority of the medium 
and small mammal remains (documenting 
hipparions, hyenas, small artiodactyls and 
beavers) were collected from a basal sedimentary 
�lling of a uvial channel (Fig. 2), while the 
large herbivores were unearthed from an upper 
distinct level. Two mastodon cheek teeth were 
recovered (left and right M3; Jurcsák, 1973: 
�gs. 8 and 9), together with remains of the 
very large dinothere Deinotherium proavum 
(Eichwald, 1831;   =  D. gigantisssimum 
Ștefănescu, 1892) (Apostol, 1968; Jurcsák, 
1983a; Codrea et al., 2002). Unfortunately, the 
mastodon teeth are too damaged to be useful 

for distinguishing enough morphologic details. 
Regarding these mastodon teeth, Jurcsák 
(1973: p. 317) �rst mentioned the two M3 as 
originating from Balotă Hill, found in 1964, 
in a “weak cemented sandstone with Viviparus 
bifarcinatus (Bielz)”, for which the age is 
“upper Pontian”. He clearly mentioned that 
“�e mastodons occur in the Silvaniei Gulf in 
an association similar to the one from Pikermi 
marking common features with the faunas 
of Dacian age from the Moldavian plateau: 
Deinotherium gigantissimum Ștefănescu, 
Hipparion stavropolensis Macarovici” (Jurcsák, 
1973: p.  319). Surprisingly, later (Jurcsák, 
1983a) he briey mentioned just a single right 
M3 (TCM inv. no. 4207/6), found by a native 
from Derșida, I. Gorgan, on Peșterei Creek, in 
“sandstone of Pontian age”. Since in his �rst 
paper he didn’t mention the inventory number 
of the two mastodon upper molars and in his 
subsequent one he mentioned only a single 
mastodon tooth, some confusion about this 
�nding remains still. �erefore, we think that 
Peșterei Creek and Balotă Hill refer in fact to 
the same section, respectively both indicate 
the location from Peșterei Creek, since Jurcsák 
pointed out the association of the mastodon 
with the large dinothere.

From the same Peșterei Creek, Jurcsák 
(1973: p. 314) reported an apical tusk fragment 
found in 1964 in “weak cemented sandstone 
and greenish sandy clay with Unio Wetzleri 
�abellatiformis MKH” of “lower Pontian age” 
(sic!), related to “Mastodon (Bunolophodon) 
longirostris Kaup”. A decade later (Jurcsák, 
1983a: p.  69) he changed part of his data, 
mentioning that he was the discoverer of the 
tusk, but in 1967. Concerning the hosting 
rocks, this time he refers only to sandstone 
of “Pannonian age”. Anyhow, this tusk frag-
ment is far from being a diagnostic fossil for 
the mastodon Tetralophodon longirostris Kaup, 
1832 and its community with A. arvernensis 
at Derșida would be di
cult to be upheld. 
Probably Jurcsák was tempted to assign this 
small (164 mm in length) tusk fragment based 
only on its association with the dinothere. 
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Fig. 1: View of the Balotă Hill at Derșida; arrows show the detrital “complexes” interlayered with  
�ne-grained clastic deposits (photo courtesy of V. Codrea).

Regarding the dinothere, it is worth 
mentioning that a half right mandible with 
associated cheek teeth was reconstructed 
by T.  Jurcsák from numerous small pieces 
which were collected by I. Gorgan in 1954 
(Jurcsák, 1983a), the piece is housed in TCM 
collections (inv. no. 892). An atlas was col-
lected by I. Al. Maxim, former professor at 
Cluj-Napoca University, on Peșterii Creek 
(from claystone that was cropping out in an 
upper level compared to the one illustrated in 
Fig. 2) which is housed in BBUPSM collec-
tions (Codrea et al., 2002: Plate VI, �g. 1). 
Apart from this vertebra, a whole posterior 
skull fragment collected from the same level 
was completely damaged during the recon-
struction works carried out by Maxim, at 
Cluj. Years ago, one of us (VAC) saw some of 
these skull fragments inside a damaged plas-
ter jacket. 

Derșida is a unique locality in Romania, 

being the only one that documents the coexis-
tence of the Auvergne mastodon with the large 
dinothere D. proavum. 

We consider discoveries of complete or 
fragmentary skeletons essential for knowl-
edge about this mastodon. Such discoveries 
are rather rare, not only in Romania, but all 
over Europe. Although one could presume 
the presence of A. arvernensis skeletons in 
some localities, only in three of these locali-
ties such evidence is clearly documented. A 
good example can be found in Firiteaz locality 
in Arad County (Iuga, 2002; Codrea & Iuga, 
2006) where a mandible fragment and a long 
limb bone (Fig. 3) were unearthed, and where 
a larger systematic digging could possibly 
lead to a better �nality, with a larger sample 
of the mastodon skeleton if it is present; the 
bones are housed in ACM collections, how-
ever the geological age of the hosting rocks 
remains unclear. 
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Fig. 2: �e sedimentary �lling of the �uvial channel at Derșida on Peșterei Creek that yielded small and 
medium vertebrate representatives; at right, close to the geological hammer used as scale, one can notice 

a hipparion tooth (photo courtesy of V. Codrea).

Fig. 3: Limb bone of A. arvernensis unearthed from the former pebble and sand “Cap de Bou” (“Ox 
Head”) open pit from Firiteaz, Arad County, by G. Iuga (photo courtesy of G. Iuga).
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From a historical viewpoint, the �rst record 
of mastodons comes from Stoina locality, in 
Gorj County, on Nanului Creek, in a place 
named “Teiul din Față”. A native from this vil-
lage named Ion Pașol was the �rst to �nd some 
mastodon bones there, in 1927. As a result of 
the systematic diggings carried out �rstly by 
M. Demetrescu, then by C.S. Nicolaescu-
Plopșor (Plopșor, 1927) the cheek teeth M3 
(right and left) and m3 (left) were recovered, 
as well as the tusks (total length of the right 
tusk: 3.710 m, the left tusk: 3.555 m), cranial 
bones (the cranium measured 1.50  m) and 
postcranial bones: several vertebrae of the spine 
(which measured 2.20 m), right humerus, left 
femur (length: 1 m) and tibia (length: 0.63 m) 
(Demetrescu & Plopșor, 1929). Surprisingly, 
the authors considered the postcranial bones 
valueless from a paleontological viewpoint. As 
only the last molars were in use, it means that 
the Stoina mastodon was an adult bull. 

Plopșor (1927) interpreted the taphonomy 
of this mastodon as follows: torrents trended 
from North to South carried the mastodon 

carcass in the “Levantine” lake. �e carcass 
sunk and laid on the bottom of the lake, then 
it was covered by detrital sediments. �is inter-
pretation is credible, but we wonder if other 
bones of the skeleton were present as well in 
the sandstone from Stoina, as it would be logi-
cal. Otherwise, one could presume that the 
carcass decayed during its oating and parts of 
it detached and fell on the bottom.

�e geological map 1:200000 folio Târgu 
Jiu (Codarcea et al., 1967) shows early 
Pleistocene deposits cropping out in the Stoina 
area; however, in our opinion it is possible that 
late Pliocene rocks would be in fact present 
there, as presumed by Plopșor. Nevertheless, 
if Lower Pleistocene rocks are really cropping 
out in Stoina as is indicated on the geologi-
cal map, it means that we have a representa-
tive of the ultimate mastodons that lived in 
Romania. However, in our opinion this is a 
weak possibility. 

Although the authors mentioned that the 
published results were only the beginning of a 
series of issues with this mastodon, they never 

Fig. 4: �e Stoina mastodon exposed in the exhibition of Museum of Oltenia Craiova, Natural 
Sciences branch (photo courtesy of V. Codrea).
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continued their work. �erefore, data about 
this partial mastodon skeleton was only subject 
to reports issued in poorly known and scarcely 
spread reviews (Plopșor, 1927; Demetrescu, 
1928). �e teeth and bones remained unpre-
pared, nowadays being still covered by sand-
stone. For years, these fossils were deposited in 
an inadequate space (T. Jurcsák, personal com-
munication to VAC). �e Stoina mastodon is 
presently housed in the permanent exhibition 
of OM (Fig. 4).

�e most outstanding discovery from 
Romania is by far that of the Auvergne mast-
odon skeleton from Racoșul de Sus, in Covasna 
County. From a geological viewpoint, the mast-
odon remains have occurred in the Baraolt sub-
basin of the Bârsei sedimentary basin, in the 
inner Carpathian region. �e sedimentary �ll-
ing of this basin is Pliocene and Pleistocene in 
age, involving lake and uvial detrital material, 
but also substantial volcanic input. A recent 
detailed discussion about the local geology and 
geological ages of the rocks from this basin can 
be found in Codrea et al. (2018a). 

Coal mining in the Baraolt area was an old 
activity, which concerned both underground 
and surface works. �e main coal level that has 
been mined was the so-called “coal bed III” 
(Petrescu et al., 1987b). �e mastodon skele-
ton was found on 26 May 2008, in the former 
coal open-pit from Racoșul de Sus (Fig.  5), 
now deserted, in clays located ca. 40 m above 
the coal bed III. �ese rocks belong to the 
“Formation with Limnocardium” for which the 
geological age can be considered Dacian (early 
Pliocene, MN 15: either the �nal MN 15a, 
or MN 15b; Codrea et al., 2018a). However, 
if we consider the faunas from Debren–2 and 
Iarăș-Cariera Nouă that show very discreet dif-
ferences from the ones of Căpeni or Vârghiș 
[i.e., the hypsodont degree of the rhinoceros’ 
teeth (Rădulescu & Samson, 1985)], a basal-
most MN 16a (lowermost Romanian) that 
correlates with Weze type locality could also 
be presumed for the fossils from Racoșul de 
Sus. �erefore, the age of this vertebrate local-
ity is around 3.6–4 Ma. 

Apart from the A. arvernensis skeleton, 
other vertebrates that were collected from this 
locality refer to the large antelope “Parabos” cf. 
athanasiui, a rhinoceros (probably Dihoplus 
megarhinus (de Christol)) and a small sized 
otter. 

�e Racoș mastodon refers to an adult 
bull, having had an age of around 40 years 
at his death, and had a high of ca. 2.4 m at 
shoulder level. �e skeleton is nearly complete 
(Fig. 6). Some missing bones concern only the 
limb extremities, mainly phalanxes (Fig.  7). 
�e most damaged portion is the skull, as its 
bones and the basal portions of the tusks col-
lapsed over the mandible. �e third molars 
were in function when the mastodon died. 

�e hosting sedimentary rocks are indica-
tive for a coastal area of the Baraolt Pliocene 
lake. In some levels, mood cracks are indica-
tive for emerging episodes. �e scenario for 
the mastodon carcass embedment could be 
presumed to be di�erent from the one from 
Stoina. Probably the animal died in the water, 
somewhere nearby the shore. Firstly, its carcass 
swelled then collapsed and decayed. �e burial 
was presumed to be fast, but there is evidence 
that this process was slower than assumed at 
�rst glance, since close to the pelvis bones, 
some pike remains have accumulated (Codrea 
et al., 2018a), obviously when the bones were 
already eshless. Anyhow, one may also sup-
pose that scavengers had either limited access 
to this carcass, or none at all. It could be pos-
sible as well, that the mastodon died elsewhere 
and its carcass oated of the lake surface, until 
the waves carried it nearby the shore, where it 
was buried. Due to this taphonomy we have 
an exceptionally preserved mastodon skeleton, 
the most complete of entire Europe. 

In spite of its exceptional value, the Racoș 
mastodon su�ered a reverse of fortune, as even 
after a decade over from its discovery detailed 
published data are missing. Only very gen-
eral data were published by Mol & Lacombat 
(2010), and a rather brief notice belongs to 
Toth et al. (2010). �e fossils are hosted in 
BBM collections. 
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Fig. 5: View of the former coal open-pit from Racoșul de Sus where the A. arvernensis skeleton  
was unearthed (photo courtesy of V. Codrea).

Fig. 6: �e Racoșul de Sus skeleton in situ (photo courtesy of V. Codrea).
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A third relevant discovery concerns a skel-
eton fragment unearthed in Huta locality, 
Boianu Mare commune, in Bihor County, by 
T. Jurcsák and E. Popa in 1974 (Jurcsák & 
Popa, 1977a, b). Huta is located on the south-
western side of the Șimleu Neogene sedimen-
tary sub-basin. �e Huta landscape refers to a 
hilly area, incised by creeks. Savage deforesta-
tion on the hill’s slopes, resulted in the occur-
rence of landslides. One of these was on Costii 
Creek and the subsequent erosion has brought 
to the surface the mastodon bone fragments. 
�e authors refer to 1200 fragments of 65 
bones and teeth, as follows: skull and teeth 
fragments (including a tusk fragment), man-
dible (nearly complete; Fig.  8), thoracic and 
caudal vertebrae, 26 ribs, left shoulder blade 
and fragments of the right one, right humerus 
and fragments of the left one, right cubitus, 
distal portion of the radius, 9 carpals and a 
pelvis fragment (Jurcsák & Popa, 1977a).

�e hosting rocks are represented by 
brownish-blackish clays interbedded in sand-
stones. �e geological age of these rocks 
remains rather general, the authors reporting 
“panonian deposits” (Jurcsák & Popa, 1977a: 
p.  92). At present it is hard to know which 
Pannonian they referred to, and whether 
or not it included the Pontian, anyway they 
clearly considered the Baraolt sub-basin and 
Oradea �nds to be older than Pliocene. On the 
other hand, they speci�ed the “evolved form 
of Anancus (Mastodon) arvernensis Croizet et 
Jobert, a cow, with numerous pathological 
deformations” (Jurcsák & Popa, 1977a: p. 92), 
having short tusks and being close to the spec-
imen from Val d’Arno exposed at Bologna. 
Obviously, either the mastodon from Huta is 
not an evolved form and the age of the depos-
its is certainly Pannonian, or rather, there is an 
evolved specimen, but the age of the deposits 
is Pliocene. 

Fig. 7: Detail of the hindlimb and pelvis bones  of the Racoşul de Sus skeleton in situ (photo courtesy 
of V. Codrea).
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Fig. 8: �e mandible of the Huta mastodon (TCM inv. no. 8927/7), with both m3 and left m2; length 
of the left m2: 136 mm (photo courtesy of V. Codrea).

�e dig layout (Fig. 9) shows that the skull 
collapsed and shattered in lots of pieces. Apart 
from the unearthed bones, numerous oth-
ers were recovered from the creek’s riverbed. 
In such circumstances, the taphonomy can-
not o�er too many interpretations. No other 
fossils belonging either to invertebrates or to 

vertebrates were associated to the mastodon 
bones, hence burdening the geological age 
dating. �erefore, although we deal with a rel-
evant discovery, consideration of the rich sam-
ple of bones and teeth remains of little interest 
while the geological age is of concern.

Fig. 9: Layout of the mastodon bones from Huta, Bihor County (from Jurcsák & Popa, 1977a).
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Last but not least, we make reference to the 
old discoveries from Oradea, capital of Bihor 
County, on Viilor Hill (Schlesinger, 1922; 
Apostol, 1968). Jurcsák (1973, 1983b) gave lots 
of details about them. �e �rst one dates back 
to the end of 19th century. Tóth (1895) who 
described these fossils speci�ed that they were 
found in the former vineyard “Sonnenwirth & 
Korbucz”, on the Crișul Repede river terrace, 
at 80–100 meters height. During Jurcsák’s 
research, this place was located between Piatra 
Craiului and Făgetului ways. 

In a coarse arenite mixed with small peb-
bles, there was a fragmentary skull (unfor-
tunately, heavily damaged before Tóth’s dig-
ging works), as well as both tusks which were 
separated from the skull, a fragmentary M2, 
both M3’s, the mandible (Fig.  10), two left 
ribs and three other distal rib fragments and 
pelvis bones (Jurcsák, 1973). Recovering the 
mastodon bones, which were scattered dur-
ing the 20th century in di�erent collections of 

local schools, Jurcsák reconstructed these teeth 
and bones, and gave detailed descriptions and 
measurements. It is possible that other post-
cranial bones would have also existed in the 
site, but seemingly Tóth did not make an 
extended digging. However, one may presume 
that there was a mastodon (?partial) skeleton, 
but the recovered pieces are scarce and the dig-
ging inventory remains poor. 

We retain the correct geological age speci-
�ed by Tóth for these fossils and their hosting 
rocks, as late Pliocene. Jurcsák (1973: p. 322) 
agreed with this viewpoint, mentioning these 
deposits as lower Villafranchian. However, 
a decade later (Jurcsák, 1983b) he consid-
ered these deposits to be “Upper Pontian-
Villafranchian”. �e fossils are housed in 
TCM collections.

�e other discovery concerns only a few 
cheek teeth and tusk fragments found in 1942 
on the Oradea Hills, to be more speci�c on 
10 Calea Izvorului Str. by a native of the town 

Fig. 10: A. arvernensis mandible with right m2-m3 unearthed by Tóth in 1894 on Dealul Viilor, Oradea; 
length of m3: 235 mm (TCM inv. no. 5290; photo courtesy of V. Codrea).
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whose name was Jelics. �e fossils were found 
nearby the tuberculosis sanatorium, at Negruț 
vineyard (former Jelics vineyard), during dig-
gings for a wine cellar. �e hosting rocks were 
�ne grayish-yellowish sands with concretions 
and Unio atavus. Jurcsák (1973: p.321) inter-
preted the geological age of these rocks as 
Romanian (“Levantine”) and, curiously, he 
changed his mind afterwards (Jurcsák & Popa, 
1977; Jurcsák, 1983b), when he reassessed the 
age as “Lower Pontian”. Part of the fossil sam-
ples are hosted in TCM (inv. no. 11381), but 
a tusk fragment was sent during the wartime 
to Debrecen, Hungary and probably can be 
found in DM collections.

It is important to underline the coexistence 
of A. arvernensis with M. borsoni in some 
Romanian localities. In Transylvania, such 
cases are reported from the Bârsei basin, from 
the Dacian localities Căpeni and Vârghiș 
(MN 15b), and the Romanian localities Iarăș-
Cariera Nouă (MN 15/16   =  Iarăși I, ICN 
– 1) and Araci-Fântâna Fagului (MN 16a; 
Rădulescu & Samson, 1985; Rădulescu et al., 
2003). In Eastern Romania (Moldavia), similar 
assemblages including the two mastodons are 
known from the Dacian locality Mălușteni 
(MN15a; a fossil from this locality is hosted in 
AICU collections: inv. no. SM 45). While in 
the Romanian locality Tulucești (MN 16a) the 
mastodons are in association with the oldest 
European mammoth, Mammuthus rumanus 
Ștefănescu, 1924 (Rădulescu et al., 2003), 
in Oltenia, these two mastodon species are 
recorded in the Romanian localities Covrigi 
and Groșerea (MN 16a), and an assemblage 
with the mentioned mammoth is known 
from Cernărtești (MN 16a; Rădulescu et al., 
2003), a locality somewhat younger than 
Tulucești (Andreescu et al., 2013). It means 
that M.  rumanus reached the Dacian basin 
ca.  3.2  Ma ago, while in Transylvania this 
species was never recorded. Possibly, the 
Carpathian belt was an odd in his migration? 

Other remains related to A. arvernensis 
concern mainly teeth and isolated bones 
collected in various localities of the country 

(e.g., Macarovici, 1978; Petrescu et al., 1987a; 
Codrea, 2008; Codrea & Diaconu, 2011; 
Codrea & Venczel, 2018; Codrea et al., 
2018b). �is work is not targeting to repertory 
all these localities and the related fossils, but we 
can mention several lists concerning Romania, 
some of them including also descriptions and 
illustrations. Among the oldest, Koch’s (1876, 
1891, 1900) works concerning Transylvania 
are worth to be underlined. In the former 
Romanian Kingdom, Athanasiu (1907, 
1908) was the �rst to pay special attention to 
mastodons and dinotheres, reporting several 
localities where such fossils originated from. 
In his paper issued in 1908, the subject is 
“Mastodon arvernensis”, based on fossils housed 
in various schools, museums, institutes and 
mainly in BUPM collections. A list of localities 
including those of mastodons belongs to Barbu 
(1930), while including lots of omissions and 
frequently, erroneous localities. Nearly four 
decades later, Apostol (1968) drew up a list 
and a map of fossil proboscidean localities 
from Romania. Jurcsák & Popa (1977a) 
mentioned 46 localities with A. arvernensis in 
Romania. Jurcsák (1973, 1983a, b) created a 
lists concerning this species, but restricted it 
only to the western region of Romania (i.e., 
the easternmost side of the Pannonian basin, 
and the related Neogene sedimentary sub-
basins of Romania).

When Jurcsák & Popa (1977a) redacted 
their paper about the A. arvernensis specimen 
from Huta, the list with this mastodon spe-
cies included 46 localities in Romania. Since 
then, only a few others were added, such as 
Strâmba-Jiu (Petrescu et al., 1987a), Firiteaz 
(Codrea & Iuga, 2006), Fântâna Domnească 
(Codrea & Diaconu, 2011), Capu Piscului 
(Codrea et al., 2018b). 

�e Borson’s mastodon

Order Proboscidea ILLIGER, 1811
Family Mammutidae HAYS, 1922 
Genus Mammut BLUMENBACH, 1799 
Mammut borsoni HAYS, 1834
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In Romania, the discoveries concerning the 
Borson’s mastodon M. borsoni are by far rarer. 
Hays gave the species’ name to honor Etienne 
Borson, the �rst who noticed the peculiar large 
size of this mastodon cheek tooth M3 (Mol & 
Lacombat, 2010). 

Compared with the previous species it 
was by far larger. It reached over 4 meters 
height at shoulder level, it had a cranium with 
short lower tusks, but with long – in some 
cases extremely long, as in Millia, Greece 
(Tsoukala, 2000) – and recurved upper tusks, 
that could exceed 5 meters in length (Mol & 
van Logchem, 2009; Tsoukala & Mol, 2014). 
Larramendi (2016) estimated the weight of 
this mastodon species to reach even ca. 18 
tons. �e cheek teeth are zygodont, with 
prominent transverse crests. 

�e stratigraphic distribution of this mast-
odon is rather similar to the previous spe-
cies: its earliest occurrence was in the latest 
Miocene at Pikermi, Greece (Göhlich, 1999) 
and survived until 3–2.5 Ma in Europe (Mol 
& Lacombat, 2010), becoming extinct before 
A. arvernensis. 

In Romania there is not any known skel-
eton or partial skeleton documenting this spe-
cies, but a �nd from the Peșteana Sud former 
coal open-pit, in Gorj County could con�rm 
its presence. Peșteana area is part of the Getic 
Depression, which is part of the Carpathian 
Foredeep. �ere, a mandible with associ-
ated teeth and an upper tusk fragment were 
recovered during mining works, a decade ago. 
During a �eld visit by two of us (VAC, AAS) 
some bone fragments were located, but a sys-
tematic digging was not possible at that time, 
due to the mining works that were in absolute 
priority for the operating company, vs. the sci-
enti�c ones. As a consequence, the potential 
mastodon skeleton was de�nitively lost and 
probably reached the sterile dump. �e geo-
logical age of the strata from Peșteana Sud is 
probably early Pliocene (Dacian) and belongs 
to the Jiu-Motru Formation. �ese fossils are 
hosted in GCMAlȘ collection and will be 
published elsewhere. 

From the Dacian basin, a tooth from 
Mălușteni – the locality where the coexistence 
with the Auvergne mastodon was remarked – 
is hosted in AICU collections (inv. no. SM 29), 
which was collected by Simionescu (1930).

Apart from Peșteana, an open debate con-
cerns the �nds from Dealul Viilor, Oradea. 
Jurcsák (1983b) reported an “Archidiskodon 
meridionalis” partial skeleton (fossils hosted 
in TCM collections: 76 bones and bone frag-
ments), associated with the turtle Testudo 
kalksburgensis, cf. Machairodus sp., Capreolus 
cusanus and Dipoides sp. As we already men-
tioned, in Dealul Viilor was formerly found 
A. arvernensis aswell. Jurcsák considered the 
deposits where the mammoth originated from 
to belong to the Villafranchian. A clear stra-
tigraphy of these �nds is quite di
cult to 
frame, as long as the presence of the beaver 
Dipoides could be interpreted as indicative for 
an older age. On this basis Terzea (1983) con-
sidered the Dacian age for certain elements, 
which is correct in our view. Over a decade 
later Rădulescu & Samson (1995b) consid-
ered Terzea’s approach as being “far from being 
conclusive” (Rădulescu & Samson, 1995b: 
p. 516). In such circumstances, one may won-
der if the mammoth from Dealul Viilor is truly 
a Mammuthus meridionalis specimen. If this 
assignation is correct, one should accept that 
there could be a mixture of faunas originating 
from di�erent levels. �erefore, the mammoth 
partial skeleton would need a revision, as long 
as Jurcsák himself underlined that he had dif-
�culties with the species’ assignation due to 
the poor sample of fossils used for comparison 
(Jurcsák, 1983b: p. 88). Unfortunately, there 
wasn’t any tooth or tooth fragment associated 
with this fragmentary mammoth skeleton 
that could facilitate the assignation. �e tooth 
fragment found by Jurcsák (1970) in a school 
collection from Oradea, with “marking char-
acters of meridionalis but devoid of clear label” 
(Jurcsák, 1983b: p. 87) is di
cult to be related 
to this �nd, although some vertebrate fossils 
found on Dealul Viilor were scattered in vari-
ous local school collections. 
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Apart from these �ndings, all the others 
refer either to isolated teeth, or to fragments 
of upper or lower jaws with associated teeth 
(e.g., Athanasiu, 1907). To Apostol’s (1968) 
list of localities, Jurcsák & Popa (1977a, b) 
added their own data and reported 23 locali-
ties where this mastodon was reported from, 
that represents less than half of the Auvergne 
mastodon number. Very few others were sub-
sequently added, such as: Husnicioara (Codrea 
& Diaconu, 2007) and Hurducești (Codrea & 
Diaconu, 2010), both in Mehedinți County 
(hosted in RPFM collections), or Aninoasa, in 
Argeș County (Codrea et al., 2018b; hosted in 
CMNSC collections). 

Schlesinger’s Mammut praetypicum 

A rather problematic species in Romania 
is Mammut praetypicum (Schlesinger, 1919). 
According to Kubiak (1972 and related ref-
erences), Schlesinger �rstly reported the spe-
cies M. borsoni, then assigned it to “Mastodon 
(Mammut) americanus Pennant forma 
praetypica”. �e type localities of this spe-
cies are Szabadka and Batta-Érd in Hungary, 
and the geological age is “Middle and Lower 

Pliocene” (Kubiak, 1972). At that time how-
ever, Pliocene was by far more largely extended, 
including also a part of the actual Miocene. 

�e skull with associated mandible that 
Kubiak described – based on this fossil he 
made an emended diagnosis – originated from 
the “Balta region” in Podolia, where the “Balta 
Sand” was noticed. �ere is no clear indication 
about a locality and therefore, the geological 
age remains rather confusing (see discussion in 
Kubiak’s work). 

For Romania, Kubiak considered the �nd-
ings from Budești, Bărbătești and Amaradia 
described by Athanasiu (1907) as M. borsoni, 
as well as the one from Arad (M. borsoni in 
Toula, 1911) as belonging in fact to this dis-
tinct species. If all of the mentioned localities 
from Oltenia are considered clearly Pliocene, 
regarding Arad there is an extremely scarce 
number of data. Toula (1911) described and 
illustrated the mastodon’s M2 based on a fossil 
once housed in a collection from Brașov, a fos-
sil that is now lost (in spite of the insistence of 
one of us – VAC – the fossil was not found).

Some time ago, some isolated teeth (one of 
them, in Fig. 11) from Păgaia in Bihor County 
(hosted in TCM collections) were described 

Fig. 11: Mammut praetypicum, left m3, Păgaia, Bihor County (photo courtesy of M. Venczel).
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by two of us as belonging to M. praetypicum 
(Codrea et al., 2005). �e same species was 
reported from the same locality by Schlesinger 
(1922), which assigned the isolated teeth 
and a mandible fragment with associated 
teeth to “Mastodon (Zygolophodon) tapiroides/ 
(Mammut) americanus”. 

Unfortunately, the stratigraphy of Păgaia 
remains poorly known, since no other fossil 
taxa were collected from this locality. �e pres-
ence of this mastodon in Păgaia could support 
a Pliocene age for the hosting rocks, but also 
an Upper Miocene geological age could not be 
excluded. �e geological map 1:200000 folio 
Satu Mare (Bleahu et al., 1966) of this region 
is of weak utility in this approach as it is based 
on old data: the map illustrates Pannonian 
deposits covered by Pleistocene sediments in 
the area. 

�erefore, as underlined by Kubiak, the 
status of this species apparently restricted to 
Central and Eastern Europe remains rather 
unclear. It could either be considered to be an 
ancestor of M. borsoni (Göhlich, 1999) or the 
opposite, an advanced stage of M. borsoni as 
Fejfar (1964) tried to argue. In our opinion, 
the forerunner status would be more credible, 
if this species is nothing but a morphotype of 
M. borsoni. Clearer data could be provided in 
the future only by more complete �ndings, 
which could shed light on this mastodon. 

Conclusions

Two Pliocene mastodon species are 
documented in Romania, from various 
localities situated either in the inner 
Carpathian region, but also in the outer one, 
in the Dacian basin: the Auvergne mastodon 
Anancus arvernensis and Borson’s mastodon 
Mammut borsoni. In this manner, the data 
from Romania doesn’t break the European 
rule, having similar participants. Both species 
coexisted in Pliocene, being the largest 
herbivores of their communities. 

�e �rst one occurred during the latest 
Miocene (MN 13), as documented in Derșida, 

in northwestern Romania. In this locality, 
the presence of the largest known species of 
dinothere D. proavum was also recorded. One 
may presume that M. borsoni or its ances-
tor M.  praetypicum could be present too in 
this locality, but for instance the number of 
vertebrate fossils collected from Derșida is 
rather low. 

None of these species crossed the Pliocene/
Pleistocene boundary in Romania, although 
such a situation was mentioned in other regions 
of Europe. �ey became extinct probably due 
to the climate changes which inuenced the 
ora, when large areas with herbs replaced the 
ancient forests, but also due to their concur-
rence with mammoths. At the beginning they 
coexisted with the Romanian mammoth M. 
rumanus, but afterwards there is no evidence 
that they survived in M. meridionalis’s time.

A regional speci�city could be brought by 
the species M. praetypicum, if it may be con-
sidered a distinct species and not just a form of 
M. borsoni. In our opinion, it could be a fore-
runner of the Borson’s mastodon. Localities 
where this species is reported in Romania are 
not numerous at all and their stratigraphy is 
poorly known. �erefore, a richer sample of 
fossils is needed and for such a target, more 
supported research should be done. 
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