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Abstract. Karakose M, Terzioglu S. 2023. Classification of forest vegetation in Yaraligoz Education and Observation Forest, Kastamonu,
Tlrkiye. Nusantara Bioscience 15: 161-171. Forest ecosystems, which contain approximately half of the 12,975 plant taxa known to be
distributed in Turkiye, are very important in terms of biological diversity. The fact that forests are seen as wood-producing ecosystems
and have been planned for these purposes for many years has resulted in forests being kept away from being evaluated in terms of
ecosystem and socio-economic aspects. Today, forest management plans have begun to be prepared in which all components of the
forest are considered, and biological diversity is reflected. Based on this understanding, this investigation was performed during 2011-
2012 to analyze the forest vegetation of Yaraligoz Education and Observation Forest. The study area is located in the north-western part
of Turkiye within the Euro-Siberian phytogeographic region. Phytosociological studies were carried out using the classical Braun-
Blanquet approach, and 51 relevés were collected from the research area. The database contains 184 vascular plant taxa, dominated by
the Euro-Siberian elements and Hemicryptophytes. The relevés were classified using the Modified TWINSPAN, and the forest
vegetation types' distribution was analyzed using non-metric multi-dimensional scaling. A comprehensive comparison among all
described syntaxa within the study area and other closely related forests was provided. Topographic factors and mean Ellenberg
indicator values were evaluated to interpret the ecological relationships among forest plant associations. Four associations, two (Daphno
pontica-Pinetum hamatae and Galio rotundifolii-Abietum equi-trojani) of which are new syntaxa to science, were defined as belonging
to the Euxine Province within Erico-Pinetea, Carpino-Fagetea sylvaticae, Quercetea pubescentis, and Vaccinio-Piceetea. The
distribution of these four forest associations was mostly affected by light intensity, nutrients, moisture content, and altitude. The results
of this vegetation study provided precious knowledge for monitoring vegetation change and nature conservation projects in the
Yaraligoz.

Keywords: Euro-Siberian, Euxine, JUICE, syntaxonomy, TURBOVEG

Abbreviations: Education and Observation Forest (EOF), Ellenberg indicator values (EIVs), Forest Planning Unit (FPU), International
Code of Phytosociological Nomenclature (ICPN), Non-metric Multi-Dimensional Scaling (NMDS), PAleontological STatistics (PAST)

INTRODUCTION

Forests are not just made up of trees; they are large and
complex ecosystems where shrubs and herbaceous species
are supported by soil structure and the abiotic environment.
The vegetation types that make up the forests exhibit a
dynamic structure and can change as spatiotemporal.
Vegetation relevés or plots are used extensively by
researchers to study vegetation types. Relevés allow us to
have a wealth of basic information to help us understand
the vegetation change that has occurred over time, the
restoration of a piece of forest that has been destroyed as a
result of any disturbance (fire, clear cutting, etc.), or
classification of habitats (Chytry et al. 2020).

Biodiversity is under great threat globally. Incorrect
land uses, increased demand for natural resources, and
excessive pressure on ecosystems can cause fragmentation
of habitats. It also decreased the goods and services
obtained from ecosystems. The settlement of alien plants in
new ecosystems and global warming make this situation
even more dangerous (Karakdse 2019). Therefore, by

allowing researchers to access these databases, it will be
easier to detect biodiversity on a global scale, and it will
provide important contributions to decision-makers and
nature conservationists to create necessary conservation
projects, monitor vegetation change, and evaluation studies
to identify and to reduce existing threats (Sabatini et al.
2021).

Turkiye is located entirely within the Holarctic realm
and has around 12,975 taxa of ferns and seed plants and
around 4,157 endemic plant taxa (Giner et al. 2012) and
thus, is one of the countries with extraordinarily rich
floristic diversity in the world. In Turkiye, the presence of
three floristic regions (Euro-Siberian, the Mediterranean,
and Irano-Turanian) has been one of the main reasons for
the formation of this richness. Each floristic region also has
various vegetation types depending on their internal
dynamics. In Tirkiye, the Euro-Siberian phytogeographic
region is represented by the Euxine Province (Quézel et al.
1980). It is floristically closely related to the Central
European, Balkans (lllyrian), and the Hyrcanian (South
Caspian) provinces (Loidi et al. 2021).
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Forests are the climatic vegetation type of the Euxine
Province and occur throughout the Black Sea, Istranca
Mountains of Thrace, and in Marmara Regions. Humid-
temperate broad-leaved forests exist in the northern
exposures at low altitudes, and humid/sub-humid and
winter-tolerating coniferous forests at higher altitudes
(Karakdse 2019). The mountainous vegetation structures of
Turkiye, with their enormous and unique diversity, have
aroused much interest from many vegetation researchers.
Foreign researchers conducted the first vegetation studies
in the western Black Sea region. Later, many vegetation
studies were conducted by Turkish researchers in various
regions of Turkiye (Karakdse 2019). Specifically, the
research conducted by Akman (1995) and Quézel et al.
(1980) is readily accepted as the touchstone of Tirkiye's
forest vegetation. However, since all of these studies were
conducted before (Theurillat et al. 2021), they have some
mistakes and deficiencies (Karakdse 2019). But, some of
them were typified. The syntaxonomy of the Turkish forest
vegetation has not yet been resolved (Akman 1995).
However, with new numeric and digital technologies, some
of them have been eliminated with the vegetation studies
carried out in recent years (Kavgaci et al. 2012; Kenar and
Ketenoglu 2016; Hiiseyinova and Yalgin 2018; Coban and
Willner 2019; Karakése 2019; Yildirim et al. 2019; Kenar
et al. 2020; Tunckol et al. 2020; Bonari et al. 2021; Coban
et al. 2021; Karakdse and Terzioglu 2021; Kavgaci et al.
2021; Eminagaoglu et al. 2022; Yildirim et al. 2022).
However, there are still some scientific gaps in the forest
vegetation of Turkiye. For example, although distribution
mapping of phytosociological units based on alliance in
Europe was made by Preislerova et al. (2022), only the
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Figure 1. Location of the study area in Yaraligoz EOF, Turkiye
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Thrace (European part) section of Turkiye has been
mapped.

The Regional Directorate of Forestry of Kastamonu has
created an area (Yaraligdz Education and Observation
Forest) for ecotourism purposes in Yaraligéz Mountain and
its vicinity (Karakose and Terzioglu 2019). With this
present study, we aimed to study the forest vegetation of
Yaraligoz EOF, and thus the western part of northern
Anatolia, and contribute new knowledge to Tiirkiye’s
Forest Vegetation Database. Moreover, as a result of this
study, the relevés to be obtained about vegetation types will
provide valuable information to the forest planners and
managers for nature conservation activities.

MATERIALS AND METHODS

Study area

Yaraligoz EOF (in Turkiye), affiliated with the
Kastamonu Regional Directorate of Forestry, is located
within the boundaries of Devrekani FPU, Seyhsaban FPU,
Tezcan FPU, and Karacakaya FPU. Yaraligoz EOF, found
in the eastern of the important plant area of the Kiire
Mountains as a geographical location, ends at Koru
Mountain in the east. Yaraligbz EOF consists of 11,548.2
ha, of which 7,862.8 ha is forested, and 3,685.4 ha is non-
forested.  Yaraligbz EOF is  geomorphologically
mountainous and steep terrain; furthermore, the area's
elevation varies between 773 and 2,019 meters above sea
level/masl (Figure 1).
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Yaraligoz EOF is located along the A5 square
according to the western Black Sea region's grid system
(Davis 1965). The research area has no ready weather
network to ensure that climate characteristics are examined
according to elevation and aspect variations. Closest to the
study area are Devrekani (1,050 m), Turkeli (50 m), and
Bozkurt meteorological stations (167 m), where long-term
observations and measurements were made (Karakdse and
Terzioglu 2019). The average annual temperature for the
research area is 7.6°C in Devrekani, 13.5°C in Turkeli, and
12.9°C in Bozkurt. Devrekani, Turkeli, and Bozkurt's mean
annual precipitation values are 533.1 mm, 743.4 mm, and
1,259.1 mm, respectively. According to Devrekani,
Turkeli, and Bozkurt meteorological data, precipitation
regimes in the study area are identified as Spring-Summer-
Fall-Winter ~ (semi-continental),  Fall-Winter-Summer-
Spring (oceanic type 1), and Fall-Winter-Spring-Summer
(west Mediterranean). Considering the meteorological data
close to the study area, there is a transition climate where
Mediterranean, oceanic, and continental climates are felt in
Yaraligéz EOF (Karakose and Terzioglu 2019).

Field sampling and data assessment

Relevés were taken between 2011 and 2012 to
determine the vegetation structures in the study area. The
relevés were sampled using the Braun-Blanquet method
(Guarino et al. 2018). For vegetation studies, 51 relevés
were applied in Yaraligéz EOF from areas homogeneous
enough in floristic composition and structure. Minimum
area sizes have been determined as 20x20 m (Akman
1995). Flora of Turkey and the East Aegean Islands (Davis
1965) and Turkish Plant List (Glner et al. 2012) were used
to identify, nomenclature, and determine the
phytogeographic regions of plant taxa. In addition, life
forms of plant taxa were determined according to the
system of Raunkiaer (Raunkiaer 1934). Field data for the
vegetation analyses were first stored to TURBOVEG
vegetation database management program (Hennekens and
Schaminée 2001). The data set was later exported and
uploaded to the JUICE program for hierarchical
classification and ordination analysis. For the hierarchical
classification and for the analysis of heterogeneity of

vegetation types, the Modified TWINSPAN package
program integrated into the JUICE program was used.
Pseudospecies cut levels were set to five (0, 2, 5, 10, and
20) and with Whittaker’s beta diversity. Diagnostic and
character species were determined by taking into account
the fidelity values of vegetation types based on the cluster
dendrogram created using the JUICE program. The
diagnostic species for particular vegetation types were
calculated with the help of presence/absence data using the
phi-coefficient (threshold value of phi=0.40).

The hierarchical classification result was transferred to
an ordination plane using NMDS. Ordination was
calculated using the R program (version 3.6.1) and vegan
package (version 2.5-6) integrated into the JUICE program.
Original EIVs were assigned to the species data in the
JUICE program. Mean EIVs of vegetation types were
compared using the Modified Permutation Test script using
the JUICE-R function (Zeleny and Schaffers 2012).
Ellenberg Indicator Values (EIVs) were used to determine
the ecological differences of the identified vegetation types.
Similarities between the newly detected vegetation types in
terms of floristic composition were compared with the help
of Sorensen’s similarity index. Upper syntaxonomic groups
of the identified vegetation types and their character
species were mainly determined according to the following
articles (Akman 1995; Mucina et al. 2016; Coban and
Willner 2019; Kavgact et al. 2021). The nomenclature of
vegetation types newly detected in Yaraligoz EOF was
made according to the ICPN (Theurillat et al. 2021).

RESULTS AND DISCUSSION

Within the scope of this vegetation study, 51 relevés
consisting of 184 vascular plant taxa were sampled from
the woodlands in the study area (supplementary material).
Using cluster analysis, TWINSPAN distinguished four
vegetation types into three generally interpretable main
groups. Classification analysis results are summarized in
the dendrogram (Figure 2).

Figure 2. Dendrogram of the clusters in Yaraligz EOF, Turkiye. Cluster 1. Juniperus oxycedrus subsp. oxycedrus-Pinus nigra subsp.
pallasiana vegetation type; Cluster 2. Daphne pontica-Pinus sylvestris var. hamata vegetation type; Cluster 3. Galium odoratum-Fagus
orientalis vegetation type; Cluster 4. Galium rotundifolium-Abies nordmanniana subsp. equi-trojani vegetation type
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It is possible to read the dendrogram in 2 parts. The first
cluster on the left is the Pinus nigra subsp. pallasiana
(Lamb.) Holmboe, and the three clusters on the right
represent the Pinus sylvestris var. hamata Steven (2.
cluster), Fagus orientalis Lipsky (3. cluster), and Abies
nordmanniana subsp. equi-trojani (Asc. & Sint. ex Boiss.)
Coode & Cullen (4. cluster) vegetation types, respectively.
The NMDS ordination also reflects this division (Figure 3).
The NMDS diagram indicates that the four clusters have a
minimum overlap (stress 0.18).

Furthermore, Figure 3 shows that the changes in
vegetation types among the related ones are mainly on the
second axis, and the effect of ecological and topographic
factors corresponds to the second axis. The order of
influence of the topographic factors affecting the plant
composition and spatial distribution of the spreading forest
vegetation types in the Yaraligiz EOF is altitude,
inclination, and aspect. When ecological factors (EIVs) are
examined, the impact of temperature and soil reaction is
low. However, light intensity, nutrient content, moisture
content, and continentality have significant effects (Figure
3).

The P. nigra subsp. pallasiana vegetation type is
markedly separated from the other three vegetation types in
the study area regarding floristic composition. This
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vegetation type is built of plant taxa with heliophilous,
nutrient-poor, xerophilous, and partly continental and
thermophilous species such as Quercus pubescens,
Clinopodium nepeta subsp. glandulosum, Teucrium polium,
Salvia tomentosa, and Crataegus orientalis var. orientalis.
The P. sylvestris var. hamata vegetation type is positively
associated with light intensity, altitude, and continentality.
It consists of more moisture and nutrient-rich taxa such as
Rosa canina, Pyrus elaeagnifolia, Filipendula vulgare, Poa
trivialis, Dactylis glomerata subsp. glomerata, Galium
verum, and Helianthemum  nummularium  subsp.
nummularium than the P. nigra subsp. pallasiana
vegetation type. The F. orientalis vegetation type consists
of nutrient-poor, heliophilous but thermophilous plant taxa
such as Quercus petraea subsp. iberica, Galium odoratum,
Crataegus monogyna subsp. monogyna, Rhododendron
luteum,  Veronica chamaedrys, and Cardamine
quinquefolia at low altitudes. The A. nordmanniana subsp.
equi-trojani vegetation type is positively associated with
moisture and nutrients-rich plant taxa such as Mespilus
germanica, Lonicera orientalis, Helleborus orientalis, Ilex
colchica, Laurocerasus officinalis, Lathyrus laxiflorus and
spreads in the northern-facing aspect at the altitude
between the P. sylvestris var. hamata and F. orientalis
vegetation types (Figure 3).
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Figure 3. NMDS diagram of clusters. Cluster 1. Juniperus oxycedrus subsp. oxycedrus-Pinus nigra subsp. pallasiana vegetation type;
Cluster 2. Daphne pontica-Pinus sylvestris var. hamata vegetation type; Cluster 3. Galium odoratum-Fagus orientalis vegetation type;
Cluster 4. Galium rotundifolium-Abies nordmanniana subsp. equi-trojani vegetation type
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Cluster 1: Juniperus oxycedrus subsp. oxycedrus-Pinus
nigra subsp. pallasiana vegetation type

This vegetation type consists of five relevés and 61
vascular plant taxa.

Diagnostic species: Asyneuma limoniifolium subsp.
pestalozzae, Berberis crataegina, C. nepeta subsp.
glandulosum, Campanula rapunculus subsp. lambertiana,
Centaurea urvillei subsp. stepposa, Clematis vitalba,
Daphne oleoides subsp. oleoides, Digitalis lamarckii,
Globularia trichosantha subsp. trichosantha, Juniperus
oxycedrus subsp. oxycedrus, Laser trilobum, Leontodon
hispidus subsp. hispidus, Medicago lupulina, Onosma
bornmuelleri, Pilosella hoppeana subsp. troica, P. nigra
subsp. pallasiana, Q. pubescens, Salvia sclarea, S.
tomentosa, Sorbus umbellata, Tanacetum poteriifolium,
Taraxacum buttleri, Teucrium chamaedrys subsp.
chamaedrys, T. polium, Thesium arvense, Thymus sipyleus.

Constant species: Galium paschale, L. orientalis,
Sorbus torminalis var. torminalis.

Dominant species: P. nigra subsp. pallasiana.

The P. nigra vegetation type shows semi-arid semi-
continental climate characteristics. This vegetation type has
a fragmented distribution with an average inclination of 60-
70%, between approximately 1,150 and 1,500 masl
altitudes on limestone bedrock in the south-facing slopes in
the study area. This vegetation type is partly located in
Tezcan FPU, mostly in Devrekani FPU, on the foothills of
Yaraligoz EOF, and around Elmacikkalesi Hill. The
vegetation type comprises tree, shrub, and herb layers. The
tree layer is represented by P. nigra subsp. pallasiana has a
total coverage of between 70 and 90% and 11-18 m in tall.
The shrub layer is 150-300 cm tall, and average cover
values vary between 20% and 55%. The overall appearance
of the shrub layer is made up of J. oxycedrus subsp.

Table 1. The dispersion of taxa, according to Raunkiaer's life forms
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oxycedrus, B. crataegina, Q. pubescens, L. orientalis,
Pyracantha coccinea, and Rubus hirtus. The herb layer is
30-100 cm tall and covers 10-65%. The dominant species
in the herb layer are T. poteriifolium, T. chamaedrys subsp.
chamaedrys, S. tomentosa, Campanula rapunculus. subsp.
lambertiana, T. polium, M. lupulina, and T. sipyleus. The
vegetation type looks highly affected by anthropogenic
effects. The abundance of low-frequency, cosmopolitan /
widely distributed plant taxa in the vegetation type supports
these anthropogenic effects (Table 1). Although the
Hemicryptophytes dominate the wvegetation type,
Phanerophytes and Chamaephytes indicate that the
vegetation type is also rich in woody flora (Table 2).

Cluster 2. Daphne pontica-Pinus sylvestris var. hamata
vegetation type

This vegetation type contains eight relevés and 83
vascular plant taxa.

Diagnostic  species:  Alchemilla  mollis, Bromus
tomentellus, D. glomerata subsp. glomerata, Daphne
pontica, Filipendula vulgaris, G. verum subsp. verum,
Geranium asphodeloides subsp. asphodeloides, H.
nummularium subsp. nummularium, Juniperus communis
var. saxatilis, Myosotis arvensis subsp. arvensis, P.
sylvestris var. hamata, P. trivialis, Polygala major, Rumex
tuberosus subsp. horizontalis, Trifolium pratense var.
pratense.

Constant species: A. nordmanniana subsp. equi-trojani,
Digitalis ferruginea subsp. ferruginea, Fragaria vesca, G.
paschale, H. orientalis, Knautia involucrata, Lapsana
communis subsp. intermedia, R. canina, T. chamaedrys
subsp. Chamaedrys.

Dominant species: P. sylvestris var. hamata.

Vegetation type

Life forms (number / (%))

Ph Ch H Cr Th
Juniperus oxycedrus subsp. oxycedrus-Pinus nigra subsp. pallasiana 15 (24.5) 9 (14.8) 35 (57.4) 0(0.0) 2(3.3)
Daphne pontica-Pinus sylvestris var. hamata 14 (17.0) 10 (12.0) 47 (56.6) 3(3.6) 9(10.8)
Galium odoratum-Fagus orientalis 14 (22.6) 4 (6.5) 32 (51.6) 9(145) 3(4.8)
Galium rotundifolium-Abies nordmanniana subsp. equi-trojani 25 (21.7) 3(2.6) 63 (54.8) 17(14.8) 7(6.1)
Table 2. Chorological dispersion of the clusters in the Yaraligz EOF, Tirkiye
Phytogeographical regions (Number / (%))
Vegetation type Circumboreal Mediterranean Irano- _W|_dely
Turanian _ distributed
Juniperus oxycedrus subsp. oxycedrus-Pinus nigra subsp. pallasiana 19 (31.1) 3(4.9) 7 (11.5) 32 (52.5)
Daphne pontica-Pinus sylvestris var. hamata 40 (48.2) 3(3.6) 2(2.4) 38 (45.8)
Galium odoratum-Fagus orientalis 37 (59.7) 1(1.6) 2(3.2) 22 (35.5)
Galium rotundifolium-Abies nordmanniana subsp. equi-trojani 67 (58.3) 1(0.9) 1(0.9) 46 (40.0)
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The P. sylvestris var. hamata vegetation type shows
semi-humid, semi-arid, and cold climate characteristics. In
the study area, it spreads well on conglomerate and
limestone bedrock, especially in Karacakaya FPU, around
Koru Mountain and imamugtugu Hill and its surroundings
on the south-facing slopes with an average inclination of
15-65% between the altitudes of approximately 1,250 and
1,600 m asl. The vegetation type physiologically shows a
three-layered structure consisting of tree, shrub, and herb
layers. The tree layer of the vegetation type has an average
tall of 10-20 m and covering degrees of 75-95%. The
dominant species of the tree layer is P. sylvestris var.
hamata, accompanied by the youth of A. nordmanniana
subsp. equi-trojani. The shrub layer has a 50-200 cm tall,
and average cover values range from 15 to 50%. The J.
communis var. saxatilis is dominant on the shrub layer and
is accompanied by D. pontica, R. hirtus, Rubus idaeus, L.
orientalis, P. coccinea, and R. canina. The herb layer has a
30-50 cm tall and a 15-75% cover. The most common
species are H. orientalis, K. involucrata, Sanicula
europaea, and Carex sylvatica in this layer (supplementary
material). The abundance of low-frequency taxa belonging
to the vegetation type indicates that the vegetation type is
open to human intervention. This disturbance can also
explain the high cover-abundance value of J. communis
var. saxatilis within the vegetation type. Most of the taxa
that spread in the vegetation type are parallel with the study
area in the Euro-Siberian region. In addition, most of the
taxa in the vegetation type show the Hemicryptophyte
character, and the taxa with Phanerophyte and
Chamaephyte characters are also noteworthy (Table 2).

Cluster 3. Galium odoratum-Fagus orientalis vegetation
type

This vegetation type occurs with 10 relevés and 62
vascular plant taxa.

Diagnostic species: Cardamine impatiens subsp.
pectinata, Carpinus betulus, F. orientalis, G. odoratum,
Pteridium aquilinum, Q. petraea subsp. iberica, Silene
vulgaris var. vulgaris.

Constant species: A. nordmanniana subsp. equi-trojani,
Argyrolobium  biebersteinii, Campanula latifolia, C.
sylvatica subsp. sylvatica, Cirsium hypoleucum, D.
ferruginea subsp. ferruginea, Dorycnium graecum,
Euphorbia amygdaloides var. amygdaloides, L. laxiflorus
subsp. laxiflorus, R. idaeus, Salvia forskahlei.

Dominant species: F. orientalis, Q. petraea subsp.
ibérica.

The F. orientalis vegetation type is perhumid to humid
and has cold winter climate characteristics. It is well
represented in the vegetation type in the study area between
approximately 850 and 1,400 masl, on sandstone,
limestone, and rarely serpentine bedrocks on the north-
facing slopes with an average inclination of 45-75%, within
Seyhsaban and Tezcan FPUs. This vegetation type also has
a three-layered structure. The total coverage of the tree
layer ranges from 90 to 100%, and the mean tall is 10-30 m
(supplementary material). The dominant taxa of the tree
layer are F. orientalis and Q. petraea subsp. iberica,
accompanied by A. nordmanniana subsp. equi-trojani, and
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C. betulus. The shrub layer has a 0-400 cm tall, and
average cover values range between 0 and 30%. The shrub
layer generally consists of R. hirtus, R. idaeus, D. pontica,
and R. luteum. The total coverage and tall of the herb layer
are 10-65% and 30-40 cm, respectively. The G. odoratum,
C. impatiens subsp. pectinata, E. amygdaloides var.
amygdaloides, L. laxiflorus subsp. laxiflorus, and D.
ferruginea subsp. ferruginea can be seen commonly in the
herb layer. The 60.3% of the taxa determined within the
vegetation type belong to the Euro-Siberian
phytogeographical region (Table 1). However, within the
vegetation type, Hemicryptophytes are predominant, and it
is a rich vegetation type in terms of woody flora.
Cryptophytes are also significant in this F. orientalis
vegetation type (Table 2).

Cluster 4: Galium rotundifolium-Abies nordmanniana
subsp. equi-trojani vegetation type

It is the most widely distributed forest vegetation type
in Yaraligdz EOF. This vegetation type consists of 28
relevés and 115 vascular plant taxa.

Diagnostic species: A. nordmanniana subsp. equi-
trojani, Astragalus glycyphylloides, C. sylvatica subsp.
sylvatica, C. hypoleucum, Euonymus latifolius subsp.
latifolius, Galium rotundifolium, Lilium martagon, S.
europaea, Valeriana alliariifolia, Viola sieheana.

Constant species: Clinopodium grandiflorum, C.
latifolia, D. pontica, E. amygdaloides var. amygdaloides,
F. vesca, G. odoratum, H. orientalis, L. orientalis, P.
sylvestris var. hamata, R. hirtus, S. forskahlei.

Dominant species: A. nordmanniana subsp. equi-trojani

The A. nordmanniana subsp. equi-trojani vegetation
type shows perhumid to humid and very rainy-cool climate
characteristics. It develops optimally on sandstone and
conglomerate bedrocks on humid north-facing slopes with
an average inclination of 10-75% between 1,050 and 1,750
masl (supplementary material). A good formation of this
forest vegetation type is observed around Yaraligz EOF
and its vicinity. However, this vegetation type is well
represented in the vicinity of Koru Mountain, Mamatlar
Village, and Giimiis Hill. The vegetation type
physiologically shows a three vertical-layered structure
consisting of tree, shrub, and herb layers. The tree layer of
this vegetation type has a coverage of 85-100 m, and the
tall of the tree layer varies from 12 to 25 m. The A.
nordmanniana subsp. equi-trojani is the dominant species
of the tree layer and, depending on the altitude, forms
mixed forests with P. sylvestris var. hamata and F.
orientalis. The scrub layer has a 30-400 cm tall, and
coverage values range from 5 to 45%. Physiognomically,
the shrub layer comprises L. orientalis, R. hirtus, D.
pontica, and R. idaeus, but some shrub species are also
included in the vegetation type with a low frequency. The
herb layer is quite rich and has a 30-150 cm tall and a 40-
80% coverage. The G. rotundifolium, S. europaea, C.
sylvatica, G. odoratum, C. grandiflorum, C. hypoleucum,
V. sieheana, H. orientalis, E. amygdaloides, and F. vesca
are commonly found on the herb layer. The vast majority
(57.4%) of the taxa that make up the vegetation type are in
the Euro-Siberian floristic region (Table 1). Although
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Hemicryptophytes are observed as the majority in this
vegetation type, it is rich in woody flora as in the P. nigra
vegetation type. Cryptophytes also have found the
opportunity to spread within the vegetation type (Table 2).

Discussion

According to Quézel et al. (1980), Yaraligz EOF has
located within mountain pre-pontic and Euxinian hilly
belts; these are also affected by the pre-pontic supra-
Mediterranean belt. In this study, four forest vegetation
types were defined in the Yaraligoz EOF with their effect
on the climate condition depending on the altitude. This
definition is compatible with some studies conducted in
Turkiye (Kurt et al. 2015; Sezer et al. 2015; Korkmaz et al.
2016; Kavgaci et al. 2017; Ozdeniz et al. 2017). In the
Yarahgoz EOF, the sub-Euxine dry J. oxycedrus-P. nigra
subsp. pallasiana vegetation type spreads between the
elevation of about 1,150 and 1,500 masl. The J. oxycedrus-
P. nigra subsp. pallasiana association was first identified
from Kunduz forests in Samsun-Vezirképrii (Ozen and
Kiling 2002), and the floristic similarity with the
association was found to be 23.1% in this study. This low
similarity rate is because the research conducted in the
Kunduz forests was conducted in a different climate type in
the lower elevation zone. In Tirkiye, P. nigra associations
in terms of phytosociology are linked with the orders of
Querco cerridis-Carpinetalia orientalis Akman, Quézel
and Barbéro 1980 and Querco pseudocerridis-Cedretalia
libani Barbéro, Loisel and Quézel 1974 within the class of
Quercetea pubescentis Doing-Kraft ex Scamoni et Passarge
1959 (Akman 1995). Indeed, when phytosociological
studies on P. nigra in the west and central Black Sea
regions were examined, Querco-Carpinetalia orientalis
was mostly preferred under the Q. pubescentis class. In
addition, in a study conducted in Koéroglu Mountain,
Quercetalia pubescentis and Q. pubescentis order and class
were found appropriate (Akman 1995). In all studies in the
west and central Black Sea regions, P. nigra associations
were assigned to the Carpino betuli-Acerion hyrcani
Quézel, Barbéro and Akman 1978, Cisto laurifolii-Pinion
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pallasianae Akman et al. ex Quézel et al. 1992, and
Quercion anatolicae Akman, Barbéro et Quézel 1979.
Unfortunately, there are some mistakes and deficiencies in
these phytosociological studies conducted in the past
(Karakdse 2019). However, with studies conducted in
recent years (Kavgaci et al. 2012; Mucina et al. 2016;
Coban and Willner 2019), mistakes in syntaxonomic
groups have been corrected. Indeed, it was reported by
Coban and Willner (2019) that the order of Q. cerridis-C.
orientalis and the C. betuli-A. hyrcani were incorrectly
named. Within the scope of the same study, the order of Q.
cerridis-C. orientalis and the alliance of C. betuli-A.
hyrcani were placed as synonyms of Quercetalia
pubescenti-petracae Klika 1933 and Trachystemono
orientalis-Carpinion betuli Coban and Willner 2019,
respectively.

Therefore, due to some taxa (in addition to P. nigra
subsp. pallasiana and J. oxycedrus subsp. oxycedrus)
belonging to C. laurifolii-P. pallasianae such as B.
crataegina, T. chamaedrys, Asyneuma limonifolium subsp.
pestalozzae, G. trichosantha subsp. trichosantha, L.
trilobum, S. tomentosa, T. poteriifolium, and S. tomentosa
to coordinate with Coban and Willner (2019) and Kavgaci
et al. (2021), the P. nigra association determined in the
study was linked to the C. laurifolii-P. pallasianae and
Erico-Pinetalia Horvat 1959.

Sub-Euxine D. pontica-P. sylvestris var. hamata
association distributes between 1,250 and 1,600 masl at the
supra-Mediterranean and mountain pre-pontic belts in
Yaraligoz EOF. The association was first mentioned
around the Devrez stream and its vicinity (Kiling 1985).
This association was later determined in Bafra-Nebyan
Mountain (Kutbay and Kiling 1995), Samsun-Kunduz
forests (Ozen and Kiling 2002), and Bilecik (Tire et al.
2005). Sorensen similarity rates between D. pontica-P.
sylvestris var. hamata associations were calculated as
24.1% (Kiling 1985), 26.3% (Ozen and Kiling 2002),
29.4% (Kutbay and Kiling 1995), and 22% (Tire et al.
2005) (Table 3).

Table 3. The comparison of the vegetation types with similar associations by Sorensen similarities

Defined associations in the study area

Daphno ponticae-

Galio-Fagetum Galio rotundifolii-

Pinetum hamatae orientali Abietum equi-trojani
Related previous studies Sorensen similarity rates (%)
Devrez stream and its vicinity (Kiling 1985) 24.1% 27.9%
Bafra-Nebyan Mountain (Kutbay and Kilic 1995) 29.4%
Samsun-Kunduz forests (Ozen and Kilic 2002) 26.3% 28.3%
Bilecik (Ture et al. 2005) 22%
Samsun-Kastamonu, llgaz Mountain, Tokat (Quézel et al. 1980) 35.7%-32.7%-22.4%
Tavsan Mountain (Yildirim et al. 2019) 22.4%
Ayryaka-Diizce (Coban and Ozalp 2012) 31.9%
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Furthermore, the similarity rates show very low
similarities with the associations reported from different
areas. The study areas are located at different altitudes, and
local edaphic and climatic factors vary even at short
distances. However, this association was invalidly
published (Art. 5) by Kiling (1985). It was decided to
accept the P. sylvestris var. hamata vegetation type
detected in Yaraligbz EOF as a new association (Dahpno
ponticae-Pinetum hamatae ass. nova holotypus hoc loco
description in appendix). In Tirkiye, P. sylvestris var.
hamata distributes due to different ecological conditions in
wide areas, making its syntaxonomy quite difficult
(Karakose 2019). But it has a limited distribution at semi-
continental or Mediterranean-tending transition zones in
north-western Anatolia (Akman 1995). Previous D.
pontica-P. sylvestris var. hamata vegetation types were
evaluated within two different classes, namely Querco-
Fagetea sylvaticae Br.-Bl. et Vlieger in Vlieger 1937 and
Q. pubescentis. From this point of view, other plant
associations identified except for the Kunduz (Ozen and
Kiling 2002) region (the order of Rhododendro pontici-
Fagetalia orientalis within the class of Q.-F. sylvaticae)
are included in the order of Q. cerridis-C. orientalis within
the class of Q. pubescentis. In all studies except those in
Yaraligoz EOF, D. pontica-P. sylvestris var. hamata
vegetation types were associated with the C. betuli-A.
hyrcani. However, as mentioned earlier, Q. cerridis-C.
orientalis and C. betuli-A. hyrcani have been incorrectly
published (Coban and Willner 2019). In the P. sylvestris
var. hamata vegetation type, the floristic composition of
the understory is richer than that in the P. nigra, and the
number of species with continental characteristics is
increasing. As a result of the decrease in the impact of the
oceanic climate, the P. sylvestris var. hamata vegetation
type, compared to A. nordmanniana subsp. equi-trojani
vegetation type has acquired a more arid character in which
the semi-continental climate is felt. Accordingly, the
influence of the mesophilous Carpino-Fagetea sylvatica
has also decreased significantly. When the association
detected in Yaraligbz EOF is examined from a floristic
point of view, the representation of taxa belonging to the
Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939, and Q.
pubescentis remains low. On the contrary, within the
vegetation type, taxa of heliophilous and continental
characteristics belonging to Erico-Pinetea due to being
located near the transition zone to the lrano-Turanian
phytogeographical region and also the sub-alpine region
are quite well represented together with the C. laurifolii-P.
pallasianae. For that reason, the association of P. sylvestris
var. hamata has been linked to C. laurifolii-P. pallasianae
and Erico-Pinetalia.

On the mountain pre-pontic and the pre-pontic supra-
Mediterranean belts of the eu-Euxine and sub-Euxine zones
in the Yaralgoz EOF, F. orientalis is represented by the
forest vegetation type, thermo to mesophilous, formed with
G. odoratum at an altitude of 850-1,400 masl. The G.
odoratum-F. orientalis association was first identified in
Kunduz forests in Samsun-Vezirkoprii (Ozen and Kiling
2002), and the floristic similarity with the association was
found to be 28.3% in this study. This oriental beech

association was later determined by Kavgaci et al. (2013)
from the Aladaglar region, and the floristic similarity with
this vegetation type was calculated as 12.5%. In previous
studies in TUrkiye, F. orientalis associations are included in
the Querco-Fagetea and Q. pubescentis classes. The F.
orientalis associations are linked to the Pino-Piceetalia in
the eastern Black Sea region (Quézel et al. 1980). It has
been evaluated under the order of Rhododendro-Fagetalia
orientalis and Q.-C. orientalis in central and western Black
Sea, south Marmara, and Mount Ida (Akman 1995). At the
alliance level, there is no representation of the Querco-
Fagetea class, while the Carpino-Acerion and Quercion
frainetto were used in the Q. pubescentis. On the other
hand, in a comprehensive study by Kavgaci et al. (2012),
oriental beech associations in the Black Sea region were
interpreted under four alliances (Fa. orientalis, Staphyleo-
Buxion, Violo-Fa. orientalis, and Carpinio-Fagion
orientalis). However, the two alliances (V.-Fa. orientalis
and C.-Fa. orientalis) described by Kavgaci et al. (2012)
were accepted as synonyms of the Fa. orientalis So6 1964
by Mucina et al. (2016). Kavgact et al. (2012) suggested
that the F. orientalis associations on the basic bedrock in
the montane Euxine zone be linked to the Euxinian Fa.
orientalis. The F. orientalis associations spreading in
Bulgaria were first included in the Fa. orientalis Quezel et
al. 1992, and later the V.-Fa. orientalis and C.-Fa.
orientalis (Kavgaci et al. 2012). However, F. orientalis
associations were transferred to Fa. orientalis So6 1964 by
Willner et al. (2017). When the vegetation type determined
in Yaraligoz EOF is examined in terms of floristic
composition, the mesophilous and nutrient-demanding taxa
belonging to the Fa. orientalis and R. pontici-Fag.
orientalis Passarge 1981 such as G. odoratum, C. sylvatica
subsp. sylvatica, Dryopteris filix-mas, C. impatiens subsp.
pectinata, Cardamine bulbifera, and  Geranium
robertianum are represented well. Similarly, under the
Carpino-Fagetea sylvaticae, there are representations of
the D. pontica, S. forskahlei, and V. sieheana belonging to
the T. orientalis-C. betuli. Although there are several taxa
belonging to the Q. pubescentis, their representation has
remained low in the association. Therefore, this vegetation
type determined here was connected to the Fa. orientalis
and R. pontici-Fag. orientalis under C.-F. sylvaticae.

The forest vegetation type formed by A. nordmanniana
subsp. equi-trojani with G. rotundifolium spreads between
1,050 and 1,750 masl at the mountain pre-pontic and
Euxinian hilly belts of the sub-Euxine zone in Yaraligoz
EOF. Numerous forest associations belonging to A.
nordmanniana subsp. equi-trojani (Syn.: A. nordmanniana
subsp. bornmuelleriana (Mattf.) Coode & Cullen) have
been previously identified from the western Black Sea and
southern Marmara in Tirkiye. Floristic similarities between
the A. nordmanniana subsp. equi-trojani vegetation type is
defined within the scope of this study, and the other
associations vary between 22.4% and 52.7% (Table 3).
Forest associations formed by A. nordmanniana subsp.
equi-trojani are mostly very homogeneous in terms of
floristic diversity, and the similarity rates have, therefore,
been close. The highest similarity rate was calculated with
the association (A. nordmanniana subsp. bornmuelleriana-
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Mercurialis perennis) recorded by (Yurdakulol et al. 2002).
However, the nomenclature of this association was made
inappropriately (ICPN-Art. 5) (Theurillat et al. 2021),
according to the rules. Similarly, an association (Saniculo-
Abietetum bornmuellerianae), recorded around Gerze-
Boyabat (Ozen and Kiling 1995) close to Yaraligoz EOF, is
also published invalidly (ICPN arts. 4 and 5). In addition,
some studies conducted in north-western Anatolia were
also published as invalid according to the ICPN (Art. 5)
rules (Akman 1995; Coban and Willner 2019). Based on
this information, it was decided to define the A.
nordmanniana subsp. equi-trojani  vegetation type
identified in Yaraligoz EOF as a new association (Galio
rotundifolii-Abietum equi-trojanii ass. nova holotypus hoc
loco description in appendix). There are lots of research in
the regions where A. nordmanniana subsp. equi-trojani
taxa spread. The A. nordmanniana subsp. equi-trojani
associations were included in the mostly Querco-Fagetea
and Q. pubescentis in these previous studies. The A.
nordmanniana subsp equi-trojani associations were
interpreted under R.-Fag. orientalis, Vaccinio-Piceetalia
orientalis, Fagetalia sylvaticae, and Q.-C. orientalis
orders. Akman (1995) drew attention to the difficulty in the
phytosociological interpretation of A. nordmanniana subsp.
equi-trojani associations. Akman (1995) stated that, based
on local conditions, climate, and bedrock factors in the
study areas, A. nordmanniana subsp. equi-trojani was
assigned to the order of R.-Fag. orientalis on siliceous
bedrock and to the order of Q.-C. orientalis on limestone
bedrock. Although the connection at the alliance level was
low, Carpino-Acerion, Staphyleo-Buxion Quézel et al.
1992, and Quercion frainetto alliances were preferred in
some studies (Akman 1995). However, Coban and Willner
(2019) stated that it is not appropriate to classify mesic fir
forests within deciduous forests. Mucina et al. (2016)
evaluated mesic Abies associations on nutrient-rich soils
(as in Yaraligbz EOF) in Europe within the Vaccinio-
Piceetea. For that reason, within the Vaccinio-Piceeta, the
order of Abieti nordmannianae-Piceetalia orientalis and
the Lonicero caucasicae-Piceion orientalis, which cover all
A. nordmanniana associations, were formed by Coban and
Willner (2019). In this direction, when we examine the A.
nordmanniana vegetation type, the representation of the
species belonging to the L. caucasicae-P. orientalis
alliance and the order of A. nordmannianae-Pi. orientalis
such as G. rotundifolium, L. orientalis, V. alliariifolia,
Phedimus stoloniferus (S.G.Gmel.) t Hart, R. luteum, and
Vaccinium arctostaphylos is quite well. Similarly, C.
sylvatica subsp. sylvatica, S. europaea, E. amygdaloides
var. amygdaloides, G. odoratum, and C. grandiflorum
belonging to the Vaccinio-Piceetea class are also
distributed in this wvegetation type. Although the Fa.
orientalis and the R.-Fag. orientalis were also found in the
vegetation type, their representation remained low. Taxa
belonging to the Q. pubescentis, Erico-Pinetea, Festuco-
Brometea Br.-Bl. et Tx. ex Soé 1947, and Astragalo
microcephali-Brometea tomentelli Quézel 1973 em Parolly
also spread throughout the vegetation type. As a result, the
A. nordmanniana subsp. equi-trojani vegetation type
determined in Yaraligbz EOF was linked to the L.
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caucasicae-P. orientalis and the A. nordmannianae-Pi.
orientalis.

Based on this knowledge, the syntaxonomic info
summarizes given below:

Erico-Pinetea Horvat 1959
Erico-Pinetalia Horvat 1959
C. laurifolii-P. pallasianae Akman et al. ex Quézel et
al. 1992
i. Junipero-Pinetum nigrae Ozen et Kiling 2002
ii. Daphno ponticae-Pinetum hamatae Kiling ex
Karakdse et Terzioglu ass. nova
Syn. Daphno-Pinetum sylvestris Kiling 1985 nom.
inval. (ICPN Art. 5)
Type: Karakose et Terzioglu 2023 (Description in
appendix), holotypus hoc loco.

Carpino-Fagetea sylvaticae Jakucs ex Passarge 1968
Rhododendro pontici-Fagetalia orientalis Passarge 1981
Fagion orientalis So6 1964
iii. Galio-Fagetum orientalis Ozen & Kiling 2002

Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939
Abieti nordmannianae-Piceetalia orientalis Coban &
Willner 2019
Lonicero caucasicae-Piceion orientalis Coban &
Willner 2019
iv. Galio rotundifolii-Abietum equi-trojani
Karakose et Terzioglu ass. nova
Syn. Mercurialo-Abietetum bornmuellerianae Yurdakulol,
Demirérs & Yildiz 2002 nom. inval. (ICPN Art. 5)
Type: Karakose et Terzioglu 2023 (Description in
appendix), holotypus hoc loco.

Appendix

The nomenclature type of the association. Daphno
ponticae-Pinetum hamatae ass. nov. holotypus: M.Karakdse
(21.07.2012), Relevé no: 48, Plot size: 400 m,
Altitude:1,538 m asl, Aspect: NE, Inclination: 21°,
bedrock: limestone, N: 34°204562" N, 41°744143" E,
Cover tree layer: 90%, Cover shrub layer: 35%, Cover herb
layer: 40%.

Tree layer: P. sylvestris var. hamata: 4.

Shrub layer: J. communis var. saxatilis: 2, R. idaeus: 1,
R. canina: +, D. pontica: +.

Herb layer: A. limonifolium subsp. pestalozzae: 1, P.
trivialis: 1, G. robertianum: +, A. biebersteinii: +, Vicia
cracca subsp. tenuifolia: +, Trifolium repens var. repens: +,
T. pratense var. pratense: +, Onobrychis armena: +, F.
vulgaris: +, Microthlaspi perfoliatum: +, F. vesca: +,
Carduus nutans subsp. falcato-incurvus: +, L. communis
subsp. intermedia: +, H. nummularium subsp.
nummularium: +, Cynoglossum officinale: +, T.
chamaedrys subsp. chamaedrys: +, Clinopodium vulgare
subsp. arundanum: +, T. sipyleus: +, G. odoratum: +, G.
verum subsp. verum: +, G. paschale: +, Milium vernale
subsp. vernale: +, V. sieheana: +, Dactylis glomerata
subsp. glomerata: +.

The nomenclature type of the association. Galio
rotundifolii-Abietum equi-trojani ass. nov. holotypus:
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M.Karakdse (08.07.2011), Relevé no: 29, Plot size: 400 m,
Altitude:1,134 m asl, Aspect: W, Inclination: 35°, bedrock:
sandstone+limestone, N: 34°077448" N, 41°777181" E,
Cover tree layer: 100%, Cover shrub layer: 20%, Cover
herb layer: 55%.

Tree layer: A. nordmanniana subsp. equi-trojani: 4, P.
sylvestris var. hamata: 1, F. orientalis: +, Acer heldreichii
subsp. trautvetteri: +, Acer campestre subsp. campestre: +.

Shrub layer: L. orientalis: 1, D. pontica: 1, E. latifolius
subsp. latifolius: +.

Herb layer: H. orientalis: 1, S. europaea: 1, Trachystemon
orientalis: 1, G. rotundifolium: 1, L. martagon: 1, C.
sylvatica subsp. sylvatica: 1, C. hypoleucum: +, C. latifolia:
+, Atropa belladonna: +, E. amygdaloides var.
amygdaloides: +, A. glycyphylloides: +, G. odoratum: +, V.
sieheana: +.
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