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Abstract 

Hyrcanian forests in northern Iran are one of the world's precious deciduous broadleaved forest 

ecosystems but are subjected to increasing disturbances mostly of anthropogenic origin. In this 

context, it is necessary to assess the existing vegetation and its relation to environmental factors in 

order to establish a scientific reference for conservation measures. The purpose of this research is to 

evaluate the quality of the modified and classical TWINSPAN (Two-way indicator species analysis) 

classification based on the environmental factors to identify the plant communities of Taxus baccata 

L. forests of Golestan Province (Northern Iran). Fifty 400-m2 plots were systematically selected along 

an elevation gradient in the Taxus baccata forests. In each plot, the soil was sampled using a 

composite sample of three replicates taken to a depth of 20 cm. All vascular species were recorded 
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on each plot according to Braun-Blanquet’s method. In total, 56 plant species belonging to 48 genera 

and 34 families were recorded in spring 2018. The comparison of the results of modified and classical 

TWINSPAN showed that the modified TWINSPAN did not change the classification logic, but 

introduced more flexibility in the hierarchy of the division. It was also found that the compliance rate 

of the results provided by the classical TWINSPAN method was lower than the modified method. 

Using modified TWINSPAN, Detrended correspondence analysis (DCA), and Redundancy analysis 

(RDA), we determined four floristic groups in the Taxus baccata habitat. The first (Carpinus betulus) 

and second (Taxus baccata) groups were located at low altitudes and soil contents in silt and clay 

were higher than in the other groups. In contrast, the third (Quercus castaneifolia) and the fourth 

(Juniperus communis) groups were located next to each other at higher altitudes and southwestern 

aspects, on steeper slopes and soils that exhibited a high pH and a high sand content. We found close 

relationships between the distribution of vegetation groups of Taxus baccata habitat with edaphic and 

physiographic factors using the RDA method. To conclude, the modified TWINSPAN offers a more 

efficient and flexible method to identify vegetation communities. This is the first step to implementing 

future management and ecological restoration measures in habitats of high ecological value such as 

yew forests. 

Keywords: Environmental filtering, Ecological species group, DCA, Forest 

Introduction 

There is a close relationship between the vegetation composition of the ecosystem and the functioning 

of the different components of this ecosystem (Lavorel and Garnier, 2002; Vilàet al., 2011). 

Therefore, the classification and ordination of forest habitats and the study of the relationship between 

vegetation and environmental factors with different appropriate techniques (Woldewahid et al., 2007; 

Adams et al., 2019) is of major interest to ecologists around the world. In fact, these studies aim at 

providing valuable information for the management, protection, and regeneration of plant species, 

especially rare and endangered species (Adel et al., 2014; Siben et al., 2016; Al Harthy and Grenyer, 

2019). They are especially needed for areas with high ecological importance such as the northern 

forests of Iran. These forests known as Hyrcanian mixed forests, are one of the world's unique 

deciduous broad-leaved forest ecosystems (Pejman, et al., 2018; Kooch et al., 2015) and are similar 

to broad-leaved forests typical of Central Europe (Marvie-Mohadjer, 2006). They are the habitat of 

endemic and rare species, some of which have a global reputation (Naqinezhad et al., 2012) and have 

a prominent place in terms of species diversity, economic, social, soil conservation, and carbon 
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sequestration (Amirnejad et al., 2006; Adel et al., 2013; Moghimian et al., 2013). The yew (Taxus 

baccata L.) occurs throughout the temperate zone of the Northern Hemisp re  and is one of the native 

needle-leaf species, which naturally grows in these forests (Gegechkori et al., 2018). The assessment 

of the Taxus baccata and its habitat is of major importance due to the highly prominent position of 

this species in terms of dendrochronology, long-living, extinction, very low regeneration, and 

extensive geographic distribution in the world (Keunecke et al., 2008; Benham et al., 2016). 

Among all the techniques used to assess plant communities’ classification, the modified TWINSPAN 

method has been proposed in recent years as an efficient tool for the classification of vegetation 

(Roleček et al., 2009). In this method, the separation of homogeneous groups is avoided at higher 

levels of classification. At each level, the group with the highest heterogeneity is divided into two 

groups, and the other groups are transferred to the next level without change (Uğurlu et al., 2012; 

Davydova et al., 2019). Therefore, the number of groups (clusters) in this method, unlike the classical 

TWINSPAN method, does not necessarily increase in powers of two. So, in this method, the 

researcher can create a cluster or group as desired. In other words, the modified TWINSPAN method 

has more flexibility in choosing the groups in the classical method. 

For instance, in Beech forests of northern Iran, Adel et al. (2014) investigated the relationship between 

plant ecological groups and environmental factors using Canonical Correspondence Analysis (CCA), 

Detrended Correspondence Analysis (DCA), and TWINSPAN techniques. They showed that 

elevation, slope, aspect, nitrogen, phosphorus, potassium, salinity, acidity, and soil texture played 

significant roles in the segregation of plant ecological species groups. Similarly, Bazdid Vahdati et 

al. (2014) using the modified TWINSPAN method in a temperate deciduous forest in northern Iran 

showed that slope, aspect, elevation, soil texture, and organic matter were the most effective factors 

in the segregation of ecological species groups. They also showed that the  species diversity of 

ecological groups was decreasing with increasing elevation. Mirzaei et al. (2017), using classical 

TWINSPAN and CCA, segregated four ecological species groups in oak forests in Iran based on plant 

composition and physiographic and soil factors, and indicated that among these groups, regeneration 

of woody species has a different distribution. 

The main objective of this study is to test the modified TWINSPAN method in the classification of 

ecological groups of Taxus baccata stands using environmental factors. More specifically, we have 

compared this method with the classical TWINSPAN method, which is currently the most widely 

used method (Roleček et al., 2009; Kim et al., 2016; Mirzaei et al., 2017). The classification was 

applied to the Taxus baccata forests as so far few studies have been provided on the vegetation 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/temperate-zones
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composition of this valuable habitat submitted to increasing anthropogenic pressure. The objectives 

of this study are 1) identify the ecological species group of the Taxus baccata habitat based on 

physiographic characteristics and physical and chemical properties of the soil, 2) compare the results 

given by the modified TWINSPAN method with the classical method. 

Materials and methods  

Study area  

The studied site (118 ha) is located in Aliabad-e-Katul County in Golestan Province (north of Iran). 

This area is dominated by a mixed deciduous forest but also offers one of the largest collections of 

Taxus baccata in the world (Fig. 1). The elevation ranges from 1200 to 1650 m a.s.l. and the slope 

from 30º to 85º. Slope aspects were mainly north- and south-facing. The dominant species is Taxus 

baccata accompanied by many other woody species such as Carpinus betulus, C. schuschaensis, 

Quercus castaneifolia, Juniperus communis, Prunus avium, Tilia rubra, and Cornus australis. The 

dominant type of humus in these sites is a carbonate and lime-rich humus. Soil pH varies from 7 to 

7.5 in the first upper layer. The average annual temperature is 17.9 ° C and the average annual 

precipitation is 415 mm. According to the long-term climatic data (2007–2018) of the nearest 

meteorological station to the study area (≤4 km, Aliabad-e-Katul station), the driest month is July 

with rainfall of 8 mm. In March, the precipitation peaks at an average of 77 mm. August and January 

are the hottest and coldest months with average temperatures of 28.3 °C and 8.5 °C, respectively.  

 

Figure 1. The study area location in Iran and Golestan Province 
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Experimental design and data collection 

We used nine transects approximately 500–1500 meters long located along the elevation gradient   

(perpendicular to the contour lines). In order to best capture the variation of vegetation and 

environmental factors along the elevation gradient, we sampled a total of 50 square plots (20 m × 20 

m) distributed at intervals of 200 and 400 m from each other along the transects. In each plot, 

environmental properties slope, aspect, elevation, and geographic location were recorded. For the 

aspect, we applied the transformation proposed by Dobrović et al. (2006) and coded it from 0 to 2. 

Abundance and dominance for each species were estimated using the Braun-Blanquet scale (Müller-

Dombois and Ellenberg, 1974) during the period of peak vegetative growth (i.e. spring 2018), and 

each species was identified according to the available literature (Ghahraman, 2000; Rechinger, 

1963-2010). In order to investigate the relationship between soil factors and plant communities of 

the habitat, three soil subsamples were collected in each plot at a depth 0–20 cm using a 5 cm diameter 

auger and mixed to form one composite soil sample. Soil samples were air-dried and sieved to 2 mm. 

For each sample, we measured soil organic carbon (SOC) by dichromate oxidation using the Walkley-

Black method (Nelson and Sommers, 1982), and total N by Kjeldahl digestion (Bremner, 1996). Soil 

pH was measured electrometrically (in H2O, 2:1 v/m) and soil texture was measured using a 

hydrometer (Bouyoucos, 1962). 

Statistical analysis 

In this study, the modified TWINSPAN method (Roleček et al., 2009) was used for the classification 

and identification of the groups of the Taxus baccata vegetation database (using the Juice software 

package (Tichý, 2002). In this study, the degree of heterogeneity in each cluster is calculated using 

the total inertia (Greenacre, 2000). DCA analysis was used to determine the range of species variation 

along with the ordination (Gauch and Hill, 1980). To determine the relationship between vegetation 

composition and environmental factors, a Redundancy Analysis (RDA) was used with regard to the 

DCA axis length . (<3). First, in order to eliminate the bias effect in species or variables with the 

highest variance, standardization of plant composition data and environmental data was performed 

based on the maximum values of the numerical values of the species and each of the environmental 

variables. Multivariate analysis was done using CANOCO for windows software (ter Braak and 

Smilauer, 1998). Indicator species analysis calculates the Indicator Values for each species in each of 

the classified groups by combining the relative abundance (equation 1) and relative frequency 

(equation2) of plant species in each ecological group (Dufrêne and Legendre, 1997). Accordingly, 
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the species’ fidelity to the specific group is determined (Dai et al., 2006). In this analysis, the 

introduction of the indicator species of each group is done based on the Indicator Values Model or 

IVM developed by Dufrene and Legendre in 1997 and obtained by equation (3) (McCune and 

Mefford, 1999). 

 

 

 

equation 1 

 

 

equation 2 

 

 

equation 3 

Where IVjk= Indicator value of J species in the group; Ajk=Abundance of j species in group k; Fjk= 

Frequency of j species in group k; RAjk= Relative abundance of j species in group k; RFjk= Relative 

frequency of j species in group K; nk = number of species in the group k; n= total number of species 

 Composition and structure of plant communities, especially in mountainous areas, are largely 

controlled by topographic and soil characteristics (e.g. Pielech et al., 2015; Dearborn et al., 2017; 

Mirzaei et al., 2017). Therefore, we used cluster analyses based on a large set of various 

environmental factors to evaluate the quality of the modified and classical TWINSPAN (Esmailzadeh 

et al., 2015). In this regard, the Chi-square goodness-of-fit test (χ2) and tests of independence in the 

contingency table were used to evaluate the compliance of each TWINSPAN method with the cluster 

analysis grouping results. Also, the Kappa coefficient was used to evaluate the compliance rate. 

Cluster analysis was performed using the Euclidean distance coefficient and Ward's method in PC-

ORD software version 4. In the cluster analysis, an equivalent level was considered for increasing the 

similarity with the TWINSPAN grouping. Differences in physiographic and soil variables between 

ecological groups were assessed by one-way ANOVA test and Duncan's multiple range post hoc test 

was used for mean comparison. The normality of data was assessed using the Kolmogorov-Smirnov 

test. These analyses were performed using the SPSS version 21 software. 
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Results 

Using the classical TWINSPAN analysis, four clusters were produced based on the percentage cover 

values of 56 plant species transformed using four cut levels (Fig 2 a). Also, in the classification of 

ecological species groups of habitats, four primary ecological groups at the fourth cut-off level were 

identified and separated using the modified TWINSPAN method based on the total variance function 

(Fig. 2 b). The presentation of the plots and ecological groups derived from the modified TWINSPAN 

classification method in the DCA ordination diagram (Fig. 3) showed that the plots of the four groups 

of modified TWINSPAN in DCA analysis have their own margin and are distinct from each other. 

The comparison of compliance rates of the dendrograms produced by the modified and the classical 

TWINSPAN classifications with cluster analysis (based on environmental factors) showed that the 

weighted compliance rates of the former (43.57 %) were higher than that of the later (16.69 %) (Fig 

4 a, b and Table 1). 

 

 

Figure 2. Classification dendrogram of units of habitat by classical TWINSPAN analysis (a) and modified 

TWINSPAN analysis (b); : group 1, : group 2, : group 3, : group 4. 
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Besides, the assessment of compliance rates of the results of the two methods of modified 

TWINSPAN classification and cluster analysis, based on the results of the adaptive table and the Chi-

square goodness-of-fit test (χ2 = 20.77), showed that the results of the two classification methods with 

a probability of 95% were not independent, and coincided with each other. In this regard, the 

compliance rate of the two methods based on the Kappa coefficient was estimated to be 63.8% (Table 

2). However, according to the results of the Chi-square goodness-of-fit test (χ2 = 20.89) and kappa 

agreement criterion (K = 11.80), it was found that the compliance rate of the cluster analysis with the 

classical TWINSPAN method was lower than the modified TWINSPAN method (Table 2). 

 

Figure 3.  Diagram of sample plots of the units derived from the modified TWINSPAN method in 

DCA ordination; : group 1, : group 2, : group 3, : group 4; : margin of groups; Axis 1 

(Percentages of variance= 28; Eigenvalue = 0.67) and Axis 2 (Percentages of variance= 19; Eigenvalue 

= 0.46) 
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Figure 4. Cluster analysis dendrogram based on environmental factors and groups introduced by 

modified TWINSPAN (a) and classical TWINSPAN (b) 

 

 

 

 



66 | Journal of Wildlife and Biodiversity 6(1): 57-78 (2022) 

 

Table 1. Membership of the sample plots, in the classified groups of clustering method based on 

environmental factors and modified TWINSPAN method (weighted average of compliance 

percentage= 43.57 %) and classical TWINSPAN (weighted average of compliance percentage= 16.69 

%) 

 

Table 2. Kappa coefficient and Spearman correlation for determining compliance rate and the 

correlation of cluster analysis (based on environmental factors) and modified and classical 

TWINSPAN methods (compliance and correlation at 95% level) 

Sig SE Kappa coefficient= 0.638 Method 

0.001 ** 0.08 Modified and TWINSPAN 

Spearman rank correlation coefficient= 0.290*  

0.133 NS 0.06 Kappa coefficient= 0.118 Classical TWINSPAN 

Spearman rank correlation coefficient= 0.214  NS 

** Significant at 99% level, * at 95% normal level and NS: non- Significant  

 

Indicator species 

The results showed that there were 15 indicator species based on the segregated groups in modified 

TWINSPAN in the Taxus baccata habitat (Table 3). Accordingly, in groups 1 to 4, we found that 

four, five, two and four species respectively were significant indicators of the site (Table 3). 

In the first group, indicator species were Carpinus betulus L., Ulmus glabra Huds., Prunus avium L. 

and Tilia rubra DC. subsp.; in the second group Polystichum aculeatum L., Rubus hyrcanus Juz., 

Sorbus torminalis (L.) Crantz, Salvia glutinosa L., and Taxus baccata L.; in the third group, Primula 

heterochroma Stapf. and Quercus castaneifolia C.A. Mey., and in the fourth group; Lithospermum 

officinale L., Juniperus communis L., Cornus australis C.A. Mey., and Carpinus schuschaensis H.J.P. 

Percentage of 

compliance 

Groups of cluster analysis Number 

of plots 

Groups  

Methods 
Group 4 Group 3 Group 2 Group 1 

40 3 3 0 4 10 Group 1 

M
o

d
if

ie
d

  

T
W

IN
S

P
A

N
  31.57 11 0 6 2 19 Group 2 

30 4 3 2 1 10 Group 3 

72.72 

Mean= 43.57 % 

8 3 0 0 11 Group 4 

0 9 5 1 0 15 Group 1 

C
la

ss
ic

a
l 

T
W

IN
S

P
A

N
 

11.11 4 3 1 1 9 Group 2 

9 6 1 0 4 11 Group 3 

46.66 

Mean= 16.69 % 

7 0 6 2 15 Group 4 

http://www.theplantlist.org/tpl1.1/record/kew-172010
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Winkl. In contrast, we found only 11 indicator species based on the separated groups in the classical 

TWINSPAN method in the Taxus baccata habitat. Accordingly, in groups 1 to 4, the significant 

species were respectively four, zero, three, and four (Table 3).  

Table 3. Indicator value of species for the segregated groups by classical and modified TWINSPAN. 

Monte Carlo test of significance (P) of observed maximum (max) indicator value in each group for 

each species; P-values underlined are <0.05. 

 

 

Plant species 

TWINSPAN Classical  TWINSPAN Modified 

Max 

in 

group 

 Important 

value 

p * Max 

in 

group 

Important 

value 

p * 

Acer campestre 2 11.1 0.176 1 10 0.371 

Acer cappadocicum 3 28.8 0.239 1 29.9 0.234 

Acer velutinum 3 27.3 0.007 1 14.8 0.213 

Anthriscus sylvestris 1 6.7 1 3 10 0.401 

Asplenim adiantum-nigrum 3 7.1 0.78 3 15.7 0.299 

Asplenium scelo pondrium 4 13.7 0.232 2 21.1 0.083 

Asplenium trichomanes 3 9.1 0.401 1 10 0.421 

Brachypodium sylvaticum 3 8.5 0.507 1 9.5 0.419 

Bupleurum falcatum  1 5.2 0.902 3 8.3 0.595 

Cardamine tenera 3 9.1 0.401 1 10 0.421 

Carex remota 1 35.8 0.205 4 37.2 0.16 

Carpinus betulus 3 50.2 0.001 1 61.4 0.001 

Carpinus schuschaensis 1 43.8 0.001 4 40 0.001 

Centaurea zuvandica 1 6.7 1 4 9.1 0.619 

Clinopodium vulgare 4 6.7 1 2 5.3 1 

Colutea arborescens 2 6.1 0.563 1 5 1 

Cornus australis 1 64.8 0.001 4 81.1 0.001 

Cyclamen coum 3 18.2 0.072 1 20 0.076 

Dannae racemosa 4 48.7 0.028 2 42.1 0.124 

Dipsacus strigosus 4 8.9 0.374 2 5.4 0.626 

Dryopteris caucasica 4 20 0.096 2 15.8 0.291 

Euonymus europaeus  1 37.6 0.15 4 36 0.19 

Euonymus latifolius 4 6.7 1 2 5.3 1 

Euphorbia amygdaloides 1 27.4 0.942 3 53.3 0.293 

Festuca drymeja 1 37.1 0.05 3 15.9 0.07 

Frangula alnus 4 6.7 1 2 5.3 1 

Frangula vesca  3 9.1 0.398 2 5.3 1 

Fraxinus excelsior 3 10.1 0.377 2 9.9 0.486 

Galium odorata 4 30.9 0.07 2 26.5 0.073 

Ilex spinigera 2 39.6 0.087 3 42.8 0.052 

Juniperus communis 1 69.8 0.001 4 58.9 0.001 

Lamium album 3 9.1 0.414 1 10 0.395 

Lathyrus laxiflorus 1 6.7 1 4 9.1 0.639 

Lithospermum officinal  1 20 0.05 4 27.3 0.028 

Parrotia persica 3 14.1 0.303 1 15.8 0.192 

Perriploca gracea 3 9.1 0.414 1 10 0.395 
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Polystichum aculeatum 4 27.8 0.017 2 19.1 0.040 

Primula heterochroma 4 10.5 0.522 3 34.3 0.022 

Prunus avium 1 10.5 0.557 1 27.7 0.033 

Pyrus boissieriana  4 3.3 1 4 18.2 0.126 

Quercus castaneifolia 1 6.7 0.33 3 31 0.041 

Quercus macranthera 1 31 0.106 3 19.3 0.13 

Rubus hyrcanus 1 6.7 1 2 10 0.040 

Salvia glutinosa 4 21.7 0.042 2 36.8 0.004 

Sanicula europea 4 3.2 0.121 2 41.9 0.013 

Sigesbeckia orientalis  4 30 0.139 3 30 0.147 

Solanum kieseritzkii 4 6.7 1 2 5.3 1 

Sorbus torminalis 4 8.9 0.08 2 36.8 0.007 

Stellaria holostea 2 23.1 0.06 3 7.5 0.823 

Stellaria holostea 3 7.9 0.641 2 15.8 0.268 

Taxus baccata 3 9.1 0.375 2 31 0.040 

Tilia rubra 3 28.4 0.04 1 30.3 0.001 

Ulmus glabra 4 34.4 0.005 1 42.4 0.006 

Vicia crocea  4 6.7 0.06 2 21.1 0.087 

Viola alba 2 8.2 0.364 4 18.2 0.116 

Anthriscus sylvestris 4 30.3 0.195 2 22.4 0.704 

 

In the first group, the indicator species were Carpinus schuschaensis H.J.P.Winkl., Cornus australis 

C.A. Mey., Festuca drymeja Mert. & W.D.J. Koch and Juniperus communis L.; in the third group 

Acer velutinum Boiss., Carpinus betulus L. and Tilia rubra DC. and in the fourth group, Danae 

racemosa (L.) Moench, Polystichum aculeatum (L.) Roth ex Mert., Salvia glutinosa L., and Ulmus 

glabra Huds. Therefore, the composition and the number of species in each group dramatically 

changed between the two methods (Table 3). 

Redundancy Analysis (RDA) 

Due to the fact that the DCA gradient length for the first axis is 2.6 and 1.58 (less than 3) for the 

second axis, then the RDA analysis was used (Lepš and Šmilauer, 2003). The results of applying 

RDA based on the cut-off level 2 of vegetation in plots and soil characteristics were shown in figure 

5. According to this analysis (Fig. 5a), the first (Carpinus betulus) and second (Taxus baccata) groups 

were located at low altitudes and their soil contents in silt and clay were higher. In contrast, the third 

(Quercus castaneifolia) groups were located close to each other at higher altitudes and in 

southwestern aspects with a higher soil pH, and on steeper slopes. The Redundancy Analysis (RDA) 

showed a good correlation between the species composition and the environmental factors. In the first 

group, indicator species were Carpinus betulus, Prunus avium, and Tilia rubra; in the second group 

Polystichum aculeatum, Rubus hyrcanus, Salvia  glutinosa, and Taxus baccata; in the third group, 
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Primula heterochroma, Quercus castaneifolia, and in the fourth group; Lithospermum officinalis, 

Juniperus communis, Cornus-australis, and Carpinus schuschaensis (Fig. 5b). 

 

Figure 5. Results of RDA analysis based on vegetation and environmental characteristics: distribution 

of plots across the first and second axes (a) and indicator plant species composition (b) based on 

modified TWINSPAN separated groups ( : group 1, : group 2, : group 3, and : group 4); 

Note: Species in a colored frame are the indicator species of groups 

Comparison of soil properties and physiographic factors between the ecological groups  

Variations of soil properties and physiographic factors significantly differed between the different 

ecological groups. Soil contents in clay and silt were the highest in the first and second groups (23.4 

a) 

b 
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to 22.6 % and 25.5 to 26.1 % respectively)) and the lowest in the third and fourth groups (19.2 to 17.6 

% and 21 to 24.4% respectively). The reverse trend was observed for soil content in the sand (from 

51% in groups 1 and 2 to 59.7-58% in groups 3 and 4). The elevation was also higher in the third 

(1449 m) and fourth (1444 m) groups than in the first (1326 m) and second (1371 m) groups. The 

slope was steepest in the fourth group (80.9 %) while no significant difference was observed in the 

other groups (from 58.5 to 64.5%). The azimuthal directions for the four groups (1 to 4) were south, 

west, southwest, and southeast, respectively (Table 4).  

Table 4. Comparison of physiographic and soil characteristics of the habitat species groups based 

on Duncan test; ** significant at 1% level; * significant at 5% level; non-identical letters indicate 

the difference between the mean values of the investigated 6 factors among the regions.  

Separated groups 

Sig  Juniperus communis  

group (4) 

Quercus castaneifolia 

group (3) 

Taxus baccata 

 group (2) 

Carpinus betulus  

group (1) 

Variables  

 

Mean ± se Mean ± se Mean ± se Mean ± se  

0.296 NS 0.54 ± 0.02 0.51 ± 0.04 0.59 ± 0.03 0.51 ± 0.04  (mg kg-1)Total nitrogen  

0.280 NS 7.68± 0.02 7.76± 0.03 7.72 ± 0.13 7.57± 0.13  (1:1 H2O)pH  

0.416NS 14.57± 0.79 16.46 ± 1.72 16.50 ± 1.05 13.98 ± 1.36  )%(Organic matter   

0.001   **  58.00± 2.30 a 59.70 ± 3.27 a 51.30. ±2.68 b 51.10± 1.24 b Sand )%( 

0.003   **  24.36± 0. 70 ab 21.00 ± 0.28  b 26.10 ± 0.57 a 25.50± 0.80 a Silt   )%(  

0.007   **  17.63 ± 1.60 b 19.20 ± 20.20  b 22.60 ± 0.56 a 23.40± 0.68 a  )%(Clay  

0.000   **  1444.50 ± 19.13 a 1449.18 ± 28.62 a 1371± 8.27  b 1326.13 ± 24.80b  (m )Elevation   

0.03  *  80.90 ± 13.14  a 64.50 ± 9.11 b 61.50 ± 10.32 b 58.50± 12.84 b Slope  )%( 

0.000   **  224.13± .0.02 a 258.23 ± 0.03 a 183.02 ± 0.13 b 270.11 ± 0.13 a (°)Aspect  

** Significant at 1% level, * Significant at 5% level, Non-identical letters indicate the difference 

between the mean values of the investigated factors among the regions. 

 

Discussion 

The results of this study show that the first and second axes of the DCA method represent 

approximately 47% of the variation of vegetation composition in the habitat. This high cumulative 

percentage indicates that the differences or similarities of the groups in terms of floristic composition 
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were accurately described. The modified TWINSPAN method does not change the hierarchical 

classification principles but modifies and improves the order of hierarchy divisions within the final 

classification of the dendrogram (Rolečeket al., 2009). In fact, after applying the modified 

TWINSPAN method in the DCA analysis, the results show that the different ecological groups and 

the indicator species of each of the ecological groups are clearly identified. This distinction not only 

reflects the differences in the floristic composition and in the environmental characteristics but also 

shows that there is an acceptable agreement between the results of the classification and the ordination 

of the ecological groups. The number of groups in this method is not necessarily in binary (i.e. the 

group with the highest heterogeneity will be divided into two groups) and the quality of classification 

and the flexibility of the method are increased (Tichy et al., 2007; Lötteret al., 2013; Świerkoszet al., 

2014). The comparison of classification by TWINSPAN modified based on vegetation composition 

and cluster analysis based on environmental factors (soil and physiography), as well as the 

comparison of TWINSPAN modified with classical TWINSPAN (Adel et al., 2018), show that the 

modified TWINSPAN method has a higher efficiency in ecological species grouping and 

classification of forest habitats. The cluster analysis based on environmental factors can be suitable 

to evaluate the accuracy of the results of the two methods of TWINSPAN. The vegetation features, 

such as composition and structure in different terrestrial ecosystems, especially in mountainous areas, 

are largely controlled by topographic and soil attributes (Kirkpatrick et al., 2014; Pielech et al., 2015; 

Mirzaei et al., 2017). For example, the combination of aspect and slope is related to the amount of 

energy received from the sun. This factor along with other environmental variables such as soil texture 

and soil depth also largely influence soil moisture content (He et al., 2007). All these factors play a 

key role in the distribution of plant communities, plant growth, and vegetation dynamics and are 

always considered of major importance in vegetation ecological studies (Burton et al., 2011; Apaza‐

Quevedo et al., 2015; Chapman et al., 2018). 

The composition and the number of species in each group dramatically changed between the two 

methods. The higher number of indicator species in the groups derived from the modified 

TWINSPAN method still indicates the higher efficiency of this method in the studied habitat. This 

clearly represents an additional asset of this method as the indicator species reflect environmental 

conditions and have therefore high values in the assessment of habitats (Heydari et al., 2016).  

Based on the redundancy analysis, the composition of vegetation in the Taxus baccata habitat can be 

divided into four groups based on environmental factors. The first (Carpinus betulus, Prunus avium, 

and Tilia rubra) and second (Taxus baccata) groups are located at low elevation and their soil contents 
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in silt and clay are higher than the other groups (see Table 4). The first and second groups only differ 

in the aspect as the former is southwest-oriented whereas the later is south-oriented. Esmailzadeh et 

al. (2007) also pointed to the presence of Taxus baccata and Carpinus betulus in the same sites and 

explained that this community is found on areas with a slope of less than 70 percent. In fact, Taxus 

baccata grows in various soil conditions (Thomas and Polwart, 2003), but its growth is enhanced in 

clay-silt sedimentary soils. In contrast, growth is reduced in poor acidicand waterloggingg soils as 

this species is quite nutrient-demanding in potassium, phosphorus, and calcium (Vidaković, 1991). 

In line with our results Gegechkori (2018) indicated that, although Taxus baccata tolerates a wide 

range of soils, it is most likely found in calcareous soils with a high lime content. In fact, we found 

that Taxus baccata trees are dominant in the second ecological group i.e. in south-facing sites 

benefiting of a warmer climate and on on soils with a high percentage of clay and silt-clay that have 

the potential to store more moisture and nutrients. Consistent with our results Gegechkori (2018) 

stated yew's dispersal ability is limited by low temperatures in the north.  The presence of Taxus 

baccata has been recorded a with long a wide altitudinal range in different countries of temperate 

Eurasia (from 660–1000 m a.s.l. in South Slovakia to 2000–2500 m a.s.l. in Northern Africa and 

Okhachkue, W. Georgia) but mostly around 1400 m a.s.l. in Iran (Thomas and Polwart, 2003) as also 

found in this study. Borji et al. (2018) also noted that southwestern slopes (mean slope 41%) on soils 

with a high percentage of silt are conditions favorable to the habitat of Carpinus betulus, and this 

finding is consistent with our results. In contrast, the third and fourth groups are located at higher 

altitudes on steeper southwestern slopes and on soils with a higher pH and sand content (Table 4). In 

these groups, the main indicator species are Juniperus communis, Festuca drymeja, Quercus 

castaneifolia, and Cornus australis. The presence of these species is correlated to the main habitat 

characteristics in particular the environmental conditions as well as past and present biotic factors 

(Muller-Dombois and Ellenberg, 1974; Grabherr et al., 2003). More precisely, the presence of 

Juniperus communis in high and sloping highlands, as well as in sandy and shallow soil conditions, 

has also been confirmed in other studies (García et al., 2000; García and Zamora, 2003; Thomas et 

al., 2007). The presence of Quercus castaneifolia is also reported in highlands (Sagheb-Talebi et al., 

2014) which is consistent with the results of this research. The perennial grass Festuca drymeja found 

in this study, is known to tolerate harsh conditions such as steep slopes and shallow soils (Tomaselli 

et al., 2000). For instance, Esmailzadeh et al. (2007) also noted the presence of Festuca drymeja and 

Juniperus communis in high-altitude communities on steep slopes in the Taxus baccata habitat. The 

https://www.sciencedirect.com/science/article/pii/S1512188718300836#!
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/calcareous-soils
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/limes
https://www.sciencedirect.com/science/article/pii/S1512188718300836#!
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/dispersal
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first and second groups are located close to each other at low elevation and their indicator species are 

representative of heavy soils with high clay and silt contents. 

Conclusion 

The habitat vegetation assessment by the modified TWINSPAN method not only does not change the 

logic of classification but also makes it more flexible in the division hierarchy than the other methods. 

Besides, the compliance rate of the results of the cluster analysis produced by the classical 

TWINSPAN method was lower than the modified TWINSPAN method. The representation of sample 

plots and ecological groups derived from the modified TWINSPAN classification method in DCA-

ordination shows that the plots of the four groups of modified TWINSPAN in DCA- ordination are 

more clearly separated. This indicates a more homogenous composition among each group whereas 

the differences in floristic composition between groups are maximized. Redundancy Analysis (RDA) 

also shows that there is high compliance between the distribution of indicator species and segregated 

groups of modified TWINSPAN. Besides, the results of the RDA integrating the environmental 

factors show that the differences between groups are more linked to the physiographic factors (in 

particular, altitude, slope and exposure) than to the soil properties. Applying the TWINSPAN 

modified method to the classification of the yew habitats enabled us to identify four ecological groups 

which are closely related to some key environmental conditions. In particular, variations in aspects 

(from southwest to southeast), slope steepness and soil texture are major factors shaping the 

vegetation composition of these habitats. Classification of plant communities with efficient methods 

reflecting vegetation composition and abiotic factors is a first step to implementing future 

management measures of such habitats of high ecological value.    
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