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Abstract       The aim of this statistical-morphological study was to compare 
several clustering techniques in order to identify the one that best differentiate 
the three Romanian linden species (Tilia spp., Tiliaceae), i.e. silver lime, 
large-leaved lime and small-leaved lime. Fifty individuals corresponding to 
each of the three species were sampled and eleven morphological twig, bud 
and leaf descriptors were assessed. Three sets of data, each of them being 
composed by a pair of two different species, were used. In all cases, Ward’s 
Method (as amalgamation rule) and Percent disagreement (as distance 
measure) provided the best separation between the three pairs of linden 
species. The best separation, without any overlap, was observed in the case 
of large-leaved linden - silver linden pair. Similar separation pattern was also 
observed when all 150 individuals, corresponding to the three linden species 
were included in the analysis. In this case, silver lime-like individuals were 
clearly differentiated from the pair small-leaved lime and large-leaved lime. In 
conclusion, by using a wide variety of clustering combinations available within 
STATISTICA software, Ward’s Method in combination with Percent 
disagreement proved to be the best choice for discriminating between the 
three linden species. In order to obtain better results, future research should 
include more lime stands across species’ distribution ranges.   
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In the last two-three decades, several 

multivariate statistical analysis were used in order to 

assess the variability of tree species based on 

morphological descriptors, on one hand, or to highlight 

the morphological characters that differentiate species 

within the same genus, section or series, on another 

hand. Among them, cluster analysis is one of the most 

important and easy to use statistical tool. 

Cluster analysis is commonly used in studies 

aimed to discriminate between closely related taxa, 

such as oaks (genus Quercus, Fagaceae) [1; 3; 7] or 

beech species (genus Fagus, Fagaceae) [4], or to group 

populations of the same species in accordance with 

their geographic origin [11]. Due to the fact that 

several clustering techniques were implemented in 

different statistical software packages, choosing the 

most suitable one according to the research goal is 

difficult to be done. If in the case of other species-rich 

genera, such as oaks, many linkage rules, namely 

Single Linkage, Nearest Neighbour, Unweighted Pair 

Group Method with Arithmetic Mean or Ward’s 

Method [6; 8; 10; 20; 24], and distances, such as 

Manhattan, Mahalanobis or Euclidean [1; 11; 14], were 

used, little was done in Europe in the case of linden 

species until present. 

Genus Tilia (Tiliaceae; linden or lime species) 

is of great economic and ecological importance in 

Europe, where it is represented by four species [18]. 

Among them, in Romania, three linden species are 

known to occur, namely T. tomentosa Moench. (silver 

lime), T. platyphyllos Scop. (large-leaved lime) and 

Tilia cordata Mill. (small-leaved lime). All three 

species are important from silvicultural point of view, 

for their wood and non-wood products, but also as 

urban trees, like in the case of street alignments from 

Bucharest [2]. 

Across Europe, a few morphometric studies 

were recently done on linden species [9; 15; 21], and 

according to many findings [12; 16; 22], linden species 

can hybridize, in these cases, species differentiation 

being difficult to assess [23].  

Due to the limited number of statistical 

morphological studies carried out in the case of linden 

species, the aim of this study was to compare different 

clustering techniques in order to identify the one that 

best separates the three autochthonous linden species 

from Romania.  

 

Material and Methods 

 
In the autumn of 2013, the plant material 

(twigs with developed leaves and buds) was collected 

from two well-known forests, namely Babadag Forest 

(Tulcea County) and Cocani Forest (Dâmboviţa 

mailto:mihaienescu@agro-bucuresti.ro


 122 

County). The geographic coordinates of the sampled 

sites are: latitude 44,87982 N, longitude 28,72131 E 

and latitude 44,62182 N, longitude 25,88087 E, 

respectively. In both sampled stands, all three linden 

species were represented. Fifty individuals for each 

species with the most “pure” morphology were 

selected. Morphological descriptions from specialized 

manuals [5; 17; 19] were taken into consideration for 

species identification. Three to five leaves, three or 

four buds and one to three twigs were sampled form 

each linden tree. 

For assessing the morphological variability of 

the limes, eleven descriptors (characters) were used. 

Four dimensional leaf characters were taken into 

consideration, i.e. lamina length, petiole length, 

maximum lamina width and length of lamina from base 

to the widest point. Two observed variables, namely 

basal shape of the lamina and abaxial laminal 

pubescence and were also considered. In the case of the 

latter variable, the evaluations were concentrated at the 

level of leaf vein axils, mainly at leaf’s base. Abaxial 

laminal pubescence was assessed by using the 

following scale: 1 (no hairs), 2 (reddish-brown hairs) 

or 3 (yellow or white hairs). The angle of the base of 

the leaf was taken into consideration for assessing the 

morphological variability of the basal shape of the 

lamina. Thus, the values in the case of this variable 

ranged from 1 to 9, each of them representing a 20 

degrees interval. For example, if the angle of the base 

of the lamina was 15 degrees the value of the variable 

was 1; if the angle was 23 degrees the value was 2, 

a.s.o. In the case of twig morphological assessment, 

two characters were taken into consideration, i.e. twig 

pubescence and twig color. The color of the twig was 

scored as an index: 1 (green), 2 (reddish-brown) or 3 

(grey). For twig pubescence assessment, two possible 

values were considered: 1 (glabrous twigs) or 2 

(pubescent twigs). Buds’ morphology was assessed by 

the aid of three traits: bud pubescence, bud length and 

number of scales. In the case of bud pubescence, the 

same scale as for twig pubescence was taken into 

consideration. 

Naked-eye evaluation was used for leaf, twig 

and bud pubescence assessment. Bud and leaf 

dimensional characters were assessed with a digital 

slide caliper model HW0812-4311 (accuracy of 0.01 

mm).  

STATISTICA software package (version 8.0) 

was used in order to process the data and cluster 

analysis were conducted with all eleven morphological 

characters as variables. All available clustering 

amalgamation rules, i.e. Ward’s Method, Weighted 

pair-group average, Unweighted pair-group average, 

Complete Linkage and Single Linkage and all seven 

available distances were applied to the data sets.  

Four data sets were constructed: (1) 50 T. 

cordata and 50 T. platyphyllos individuals, 

respectively; (2) 50 T. cordata and 50 T. tomentosa 

individuals, respectively; (3) 50 T. platyphyllos and 50 

T. tomentosa individuals, respectively; (4) all 150 

linden individuals. 

 

Results 

 
In all four cases presented above, among the 35 

tested combinations (5 linkage rules and 7 distances), the 

combination between Ward’s Method (as linkage rule) 

and Percent disagreement (as distance measure) 

provided the highest separation power between the 

linden species. 

As revealed by the tree diagram corresponding 

to the first data set (pair T. cordata – T. platyphyllos), 

two distinct groups corresponding to the two linden 

species were observed. Only three large-leaved lime-

like individuals appeared in the cluster of small-leaved 

lime-like individuals (Figure 1). As regards the second 

pair, i.e. T. cordata – T. tomentosa, four T. cordata-like 

individuals appeared in the group of T. tomentosa-like 

individuals. Regarding the third data set (pair T. 

platyphyllos – T. tomentosa), two distinct (homogenous) 

groups corresponding to the two linden species, without 

any overlap, were formed. 
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Fig. 1. Dendrogram of the first data set (P – T. platyphyllos and C – T. cordata) 

 

Two main clusters were observed, one 

corresponding to T. tomentosa-like individuals, on the 

left hand of the graph, and one corresponding to the 

pair T. platyphyllos – T. cordata-like individuals, on 

the right hand of the graph. In the first group 

corresponding to silver lime-like individuals, only four 

small-leaved lime-like individuals and three large-

leaved lime-like individuals were observed in the case 

of data set that included all 150 individuals (Figure 2).
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Fig. 2. Cluster diagram of entire data set (T – T. tomentosa, P – T. platyphyllos and C – T. cordata). 

 

 

Discussions 

 
The combination (Ward’s Method – Percent 

disagreement – the eleven assessed morphological 

descriptors) was the best choice for discriminating 

between T. tomentosa and T. platyphyllos. The 

differences in twig, bud and leaf pubescence between 

the two species may be the explanation of these results. 

By using the above mentioned methodology, it 

seems that T. tomentosa-like individuals are well 

differentiated from the pair T. cordata – T. 

platyphyllos. This could be explain by the differences 

in twig color, bud pubescence and abaxial laminar 

pubescence between silver lime-like individuals and 

the other two linden species, as revealed by the 

Discriminant Analysis done in a similar study, with the 

same data sets [13]. 

 

Conclusions 

 
According to the results of this statistical-

morphological survey, the combination between 

Ward’s Method and Percent disagreement proved to be 

the best choice for discriminating between the three 

autochthons linden species from Romania. 

In order to obtain more accurate results, that 

could be used at a broader scale, more linden stands 

should be sampled across species’ distribution ranges, 

on one hand, and more morphological descriptors 

should be used, on another hand.  
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