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Abstract. The morphological features of plants, which were the basis of taxonomic solu-
tions in the past, are now sometimes less appreciated due to the intensive development of
genetic methods. The present review looks at the results of the research on the taxonomy of
plants carried out by the team led by A. Boratynski. The team characterized the taxonomic
and geographical differentiation of some species of the genera Abies, Juniperus, Pinus,
Cupressus, Cedrus, as well as several others. Many of these studies were carried out in the
Mediterranean area due to its importance for biodiversity. The results allowed unravelling
taxonomic ambiguities, emphasizing the importance of geographic barriers in shaping vari-
ability, e.g., the Strait of Gibraltar or the Aegean Sea, and highlighting the role of mountain
ranges as refuges, e.g., the Taurus and Anti-Taurus Mountains. All of the results obtained
with biometrics were confirmed by genetic methods by different authors. Detailed research
allowed the publication of a new name, Juniperus thurifera subsp. africana (Maire) Romo
& Boratynski, stat. nov., and restoration of species status for the dubious taxon Juniperus
canariensis. The review shows that relying on the research of a large number of correctly
sampled populations and correctly selected differentiated characteristics of plants allows
the generation of reliable results.
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Introduction

The authors of one of the popular books on biometry,
Sokal and Rohlf (2003), refer to this field as ‘the appli-
cation of statistical methods to the solution of biological
problems’. Undoubtedly, the systematics of plants con-
stantly provides many problems to be solved. This branch
of science, one of the goals of which is to create a common
language for researchers, is evolving dynamically owing
to the development of new research methods, like AFLP
analysis, DNA fingerprinting, cpDNA and ITS sequenc-
ing. Taxonomic research using these methods often leads
to taxonomic revisions, changing the previously known
classifications, i.e., in the case of Malpighiales (Wurdack
& Davis 2009), Pinaceae (Ran et al. 2018), and many
others. In the past, plant morphology was the basis for
classification, as other traits had not yet been observed
and studied (Stace 1993). Recently, their role has been
decreasing because of rapid development of molecular
biology and modern methods of DNA analysis, treated as
more reliable and more sensitive, especially for reflecting
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the intra-specific diversity (Levin 2001; Culham 2006).
Still, despite cases of basing species diagnoses only on
DNA characters (Renner 2016), it is hard to imagine
identifying plants based on DNA as a common practice.

In this review, a selection of works based on plant
biometrics, the results of which have been useful for
taxonomic research of some Gymnosperm species, was
discussed. The review was based on publications made
by a group of researchers gathered around Professor
Adam Boratynski. This review aimed to show that reli-
able research methods developed over the years by his
team have brought significant results that were important
the modern world of genetic analyses and constituted
their necessary supplementation, as well as helping in
taxonomic decisions.

Systematic structure of closely related taxa

Determining the systematic position of taxa is especially
important for complex species, which occupy large or
separated ranges, and show great variability. Dwarf moun-
tain pine Pinus mugo Turra sensu Christensen (1987) is
one such case. This taxon is treated as the complex spe-
cies with P. mugo s.str. occurring in Eastern and Central

© 2021 W. Szafer Institute of Botany, Polish Academy of Sciences.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License CC BY 4.0 (http://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0001-6162-6232

134

Plant and Fungal Systematics 66(2): 133-140, 2021

European, and P. uncinata, occurring in Western Europe.
Both species grow in the mountains, forming their own vast
communities, and although their acreage has decreased as
a result of human activity, they play a key environmental
role (Amaral Franco 1986; Boguni¢ et al. 2011; Svajda
etal. 2011). Systematics of these taxa were more complex
due to the possible hybridizing between them in the area
where their ranges overlap. Sometimes the closely related
P, uliginosa (Amaral Franco 1986; Businsky 1999) has
been included into P. mugo s.lat. The research conducted
on the basis of a large amount of material collected from
the entire range of the taxa mentioned and with the use of
morphological features of both the vegetative (needles)
and generative (cones) organs allowedto reaching strong
conclusions. Results obtained did not justify including
P. ucinata as a Western-European subspecies into the
complex species P. mugo, juxtaposed with the typical
dwarf mountain pine covering the mountains of Central
and Eastern Europe (Boratynska & Boratynski 2007,
Marcysiak & Boratynski 2007; Boratynska et al. 2015a).
The systematic position of bog pine, P. uliginosa, was
more difficult to interpret due to the high inter-popula-
tion variability and not fully consistent results obtained
for different sets of traits, nevertheless the combination
of vegetative and generative characteristics allowed dis-
tinguishing it from closely related P. mugo, P.uncinata
and P. sylvestris (Boratynska et al. 2011; Boratynska
et al. 2015a). Problems with delimiting a clear system-
atic structure based on morphological features could be
explained by the relatively young history of speciation
of the analyzed taxa (Wachowiak et al. 2011). Recent
genetic studies confirmed the results obtained on the basis
of morphological features, including the variability of the
P, uliginosa populations, due to probable hybridization
with related species (Labiszak et al. 2019).

Problems with determining the systematic position
often concern taxa of small ranges, e.g., of a relict nature,
separated from the most closely related taxa by various
types of geographic barriers. In a few cases, such taxa
are designated either as separate species or as collective
species comprising several subspecies or varieties. Deter-
mining the taxonomic level of differentiation (interspecies
or intraspecific) is difficult and requires a lot of research
into multiple traits. The genus Abies (firs) in the Central
European and Mediterranean part of the range consists
of 11 taxa (EUFORGEN 2021), and systematic position
of some of them is constantly discussed (Linares 2011;
Litkowiec et al. 2021). Several Mediterranean fir species
have distributions confined to very limited areas, and
Abies alba is the only species with a widespread Euro-
pean range (Dering et al. 2014). A. pinsapo s.lat. grows
only in the most western part of the Mediterranean on
both sides of the Strait of Gibraltar (Farjon 2010). This
taxon includes three varieties: var. pinsapo (growing in
three areas of the Baetic Mountains in southern Spain),
var. maroccana (Trab.) Ceballos et Martin Bol. (a few
stands in the Rif Mountains) and var. tazaotana (Cdzar
ex Villar) Pourtet (one population in the Tazaot Moun-
tains) (Liu 1971; Farjon 2010). However, more authors
considered these taxa as separate species: A. pinsapo,

A. maroccana and A. tazaotana (e.g., Terrab et al. 2007),
while others believe there are only two species here
(Maire & Weiller 1952), or one species with two varie-
ties (Farjon 2010). The examination of 33 morphological
and anatomical traits confirmed the recognition of the two
species: 4. pinsapo and A. marrocana, and the lack of
evidence for distinguishing A. tazaotana (Sgkiewicz et al.
2013). This result was consistent with previous genetic
findings (Terrab et al. 2007) and stressed the role of the
Strait of Gibraltar as a significant barrier. Another fir spe-
cies, A. cilicica (Antoine & Kotschy) Carriére, is found
mainly in the Taurus and Anti-Taurus Mountains in Tur-
key, and in Syria and Lebanon (Linares 2011). The arid-
ification of climate and the consequent spatial isolation
of populations of this species in the mentioned massifs
led to differentiation of the species into two subspecies:
eastern A. cilicica subsp. cilicica and western A. cilicica
subsp. isaurica Cullen & Coode. This differentiation was
supported by analyses of nuclear microsatellites (S¢kie-
wicz et al. 2015). Morphometric studies using a specially
developed set of features allowed the determination of the
exact morphological differences between these subspecies
and showed further geographic differentiation of A. cili-
cica subsp. cilicica (Boratyniska et al. 2015b). Only 27
trees grow in the natural stand of 4. nebrodensis in the
Madonie Mountains of Sicily (Conte et al. 2004), thus
it is one of the most endangered conifer species in the
world [IUCN: CR (D)]. The taxonomic distinctiveness of
this species was verified and confirmed with biometric
analyses of morphological and anatomical needle traits
(Jasinska et. al. 2017). A summary work based on a large
amount of material from 38 fir populations of species
from Europe and West Asia confirmed the correctness of
the previous findings (Litkowiec et al. 2021). The genetic
and morphological results were consistent, which allows
for the morphological identification of fir species in the
future, as well as the examination of fossils. The results
of the studies carried out with these two methods together
allowed for the following conclusions: 4. alba was geneti-
cally distant from other taxa and internally geographically
differentiated; A. pinsapo, A. marrocana, A. nebrodensis,
A. cephalonica and A. cilicica were also taxonomically
different from other taxa, and A4.cilicica was divided into
two subspecies; 4. equitrojani, A. bornmuelleriana and
A. nordmanniana were closely related and should be
treated as a subspecies of 4. nordmanniana (Litkowiec
et al. 2021).

The Mediterranean cedars (Cedrus) are another taxa
with ranges that have shrunk due to the cooling of the cli-
mate towards the end of the Tertiary, and the widespread
use of its precious wood contributed significantly to the
current threat to the species (Postigo-Mijarra et al. 2010).
The progressive isolation of individual sites has led to
differentiation and speciation, but the taxonomy of the
distinguished units is controversial (Jasinska et al. 2013).
Cedrus libani is a commonly recognized species, and two
other species, C. brevifolia (Hook. f.) Henry and C. atlan-
tica (Endl.) G.Manetti ex Carriére, are sometimes con-
sidered subspecies of C. libani. The examination of these
taxa based on the morphological and anatomical features
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of needles indicated that they provide valuable tools in
discrimination of the taxa, and the detected differentiation
confirms the distinction of three separate species of cedar
(Jasinska et al. 2013). Importantly, the differences among
the populations from the West Taurus, the Anti-Taurus and
the Lebanon Mountainswere found, similarly as in the
case of Abies cilicica (Boratynska et al. 2015b).

There are three species of Mediterranean cypress trees
(Cupressus), and their natural ranges have shrunk due to
the drying and cooling of the climate, as in the case of
the previously discussed species. Their systematics is also
controversial. Different authors distinguished either three
separate species: C. sempervirens, C. atlantica Gaussen
and C. dupreziana, or one-two species and a different
number of subspecies (S¢kiewicz et al. 2016). Thanks
to the study of the populations of C. sempervirens and
C. atlantica from the entire range of their occurrence, their
accurate morphological characteristics were obtained for
the first time and their taxonomic distinctiveness was con-
firmed. Cupressus sempervirens was found to be further
differentiated, which was related to the different regions
of origin of populations (S¢kiewicz et al. 2016). It should
be noted that differentiation between the populations from
the Taurus Mountains and Lebanon was discovered, sim-
ilar to the species discussed above (Jasinska et al. 2013;
Boratynska et al. 2015b).

Junipers are keystone species in arid and semi-arid
areas of the Mediterranean basin, therefore studies of
the variability and interrelationships between species of
this genus are important, also for the protection of gene
pools of these species. The study of three such species:
J. thurifera, J. excelsa subsp. excelsa and J. foetidissima,
proved morphological vicinity of the first two species and
their difference from J. foetidissima, despite the sympatry
of ranges of J. excelsa and J. foetidissima, which might
suggest their close relation (Marcysiak et al. 2007). These
results confirmed the hypothesis about a common ancestor
of these three species and their early divergence resulting
from the cooling of the climate at the end of the Tertiary
(Barbero et al. 1994; Jiménez et al. 2003).

Taxonomy of the Mediterranean prickly juniper J. oxy-
cedrus is not yet definitively resolved, and a group of
related taxa comprises J. navicularis, J. macrocarpa and
J. deltoides (cryptic species), J. brevifolia (Seub.) Antoine,
J. cedrus, J. maderensis (Menezes) R. P. Adams and two
subspecies: J. oxycedrus subsp. oxycedrus and J. oxy-
cedrus subsp. badia (H.Gay) (Adams 2011). The thorough
morphological examination of these taxa, combined with
nuclear microsatellite markers analyses, helped to dis-
entangle complicated relationships. The analyses indicated
the distinctiveness of J. macrocarpa, J. navicularis and
J. deltoides, and the lack of justification for distinguishing
subspecies of J. oxycedrus, which should be treated as
a homogeneous species (Boratynski et al. 2014).

Intra-specific differentiation: new taxa

Longstanding research on the intra-species diversity of
Spanish juniper, J. thurifera, gave important results. This
juniper grows in the mountains in the western part of

the Mediterranean zone, in Europe and Africa; hence, its
stands are strongly isolated. The significant morpholog-
ical differences between parts of its range distant from
one another were proved, and the level of differences
between the European and African populations allowed
for treating them as belonging to separate taxa at the
level of a subspecies: subsp. thurifera and subsp. africana
(Mazur et al. 2005; Romo & Boratynski 2007; Bora-
tynski et al. 2013). These results were in accordance with
the findings of earlier biochemical and genetic analyses
(Jiménez et al. 2003; Terrab et al. 2008). As the African
subspecies did not have a valid nomenclatural status, the
new subspecific name was published: Juniperus thurifera
subsp. africana (Maire) Romo & Boratynski, stat. nov.
(Romo & Boratynski 2007).

A similar problem was discussed in research con-
cerning Phoenicean juniper J. phoenicea, mainly occupy-
ing coasts of the Mediterranean Sea and growing inland
mostly in the Iberian Peninsula and Northwest Africa
(Jalas & Suominen 1973; Farjon 2005). Based on the
morphological diversification of this juniper, the exist-
ence of two subspecies, subsp. phoenicea and subsp.
turbinata., was definite (Mazur et al. 2003, 2010, 2016),
although these taxa were treated sometimes as varie-
tes or separate species. Confirmation of the significant
division of J. phoenicea into two taxa using isoenzymes
allowed treating them as separate species: J. phoenicea
s.lat. and J. turbinata. The addition of research material
from the Canary Islands to the analyses confirmed the
outstanding distinctiveness of the species J. canariensis,
proposed earlier by some researchers (Mazur et al. 2018).
It was proposed to distinguish a taxon from the Canary
Islands as a separate species, previously published by
Mathou & Guyot (1942), as Juniperus canariensis (Romo
et al. 2019).

Geographical structure of morphological
differentiation

Some plant species, in spite of occupying wide ranges,
do not show any evidence of internal taxonomic differ-
entiation. Scots pine, Pinus sylvestris, with its extensive
Eurasian range shows predominantly clonal variability,
and the inter-specific taxa proposed by various authors
are rarely generally accepted (Boratynski 1993). The
greatest variability occurs in populations at the southern
and western extremities of the range, where the species
faces unfavorable climate conditions. Knowledge of the
intra-species diversity in these parts of the range, espe-
cially if they have been long-term isolated from the rest
of the range, is essential for the protection of the species’
entire diversity, preservation of its gene pool and for iden-
tifying endangered populations.The study of phenotypic
differentiation of relic P sylvestris in southern Europe
and southwestern Asia showed the highest differentiation
between the Iberian and Anatolian populations and gen-
erally the geographical structure of variability (Jasinska
et al. 2014). Distinguishing P. sylvestris subsp. hamata,
which was supposed to occur in Crimea and Anatolia
(Molotkov & Patlaj 1991), was not justified.
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Juniperus drupacea has a less extensive range, but it
is divided between Europe (the Peloponnese) and Asia
(the Taurus and Lebanon Mountains) (Boratynski & Bro-
wicz 1982; Browicz 1982). The biometric investigations,
in accordance with genetic analysis, indicated a high level
of morphological divergence between the European and
Asian populations of the species, with further differenti-
ation between the populations from the Taurus and Leb-
anon Mountains (Sobierajska et al. 2016). These results
confirmed the general trend of decreasing genetic diversity
noted in the eastern to western Mediterranean regions
(Fady & Conord 2010; Conord et al. 2012).

The taxonomic problems mentioned in the previous
section were also analyzed in the bio-geographical con-
text. Discussing the reasons for geographic differentiation
of plant variability led to conclusions concerning the rela-
tions of this differentiation with the history of species and
populations. The analysis of the Pinus mugo complex, in
addition to taxonomic conclusions, also provided informa-
tion on the geographical differentiation of the taxon and
the role of isolation in shaping the variability. The largest
distance between marginal populations in the west-cast
direction caused large differences between the Pyrenean
and Carpathian populations (Boratynska et al. 2015a).
Disparities between the East and West Carpathians were
also fund, what is consistent with the biography of the
massif (Ronikier 2011).

Research on Mediterranean species, especially juni-
pers, has made it possible to learn about the biogeo-
graphical features of this region and the plants of arid
environments. The geographical structure of morpho-
logical differentiation of Mediterranean juniper species
resulted from migration of these plants and the divergence
of populations isolated by different periods. The find-
ings concerning the taxonomies of J. thurifera, J. excelsa
and J. foetidissima confirmed hypotheses suggesting two
routes of migration of this species: eastward and west-
ward, from the northern Alpine foreland, which led to the
breakdown of the range (Marcysiak et al. 2007). The dif-
ferentiation of J. thurifera into two subspecies was closely
related to the biogeography of the species and could be
treated as an example of allopatric speciation (Mazur
et al. 2005; Boratynski et al. 2013). The breakdown of
the species can be interpreted as an effect of migration of
the species or its ancestor caused by the Miocene cooling
of the climate. The Gibraltar Straight appeared to be the
most important barrier in shaping the differentiation of
the taxon (Boratynski et al. 2013).

The analyses of another juniper, J. excelsa subsp.
excelsa, proved a much smaller intra-specific differen-
tiation and only weak geographical structure (Mazur
et al. 2004; Douaihy et al. 2012). However, the most
differentiated populations of this taxon corresponded to
old, isolated populations in the high altitudes of Lebanon
(Douaihy et al. 2012). Similar interrelations were found in
the case of J. oxycedrus. Samples of J. oxycedrus subsp.
macrocarpa from Italy did not show big differentiation
(Klimko et al. 2004), whereas the analysis of a large
amount of material of J. oxycedrus subsp. oxycedrus from
the Mediterranean area proved morphological differences

between eastern and western parts of the range (Klimko
et al. 2007). Analyses results managed to link the varia-
bility of J. oxycedrus subsp. oxycedrus with the migration
history. This taxon has a very wide range comprising the
whole of the Mediterranean area and populations from
its eastern and western parts differ from one other. This
proves the origin of these two range parts from different
Pleistocene refugia, located also in the eastern and western
parts of the area, where the populations might have been
in isolation even since the Tertiary (Klimko et al. 2007).
In the case of the aggregate Juniperus phoenicea, the
situation is more complex. Although the main habitat
difference between J. phoenicea s.str and J. turbinata
was choice of different ecological niches, with the for-
mer prefering the meso- or supramediterranean belt of
western Spain, France and northwestern Italy, and the
latter prefering the thermomediterranean belt (Mazur
et al. 2016), the geographical structure also was evident
here. Recognizing J. canarienis as a separate species con-
firmed the role of the Macaronesian islands as refugia
of the ancestral lincages, as well as the importance of
isolation in shaping differentiation (Mazur et al. 2018).
Further geographical differentiation of J. turbinata was
found with the Gibraltar Strait and Aegean Sea acting as
the bariers, which confirmed the phenomenon found for
other species, e.g., J. thurifera (Boratynski et al. 2013)
and J. drupacea (Sobierajska et al. 2016), respectively.

Review of the biometrical methods

In the works discussed, the biometric characteristics of
both generative organs, i.e., in the case of Gymnosperms
cones and seeds, and vegetative ones, i.e., leaves and pos-
sibly fragments of shoots, were analyzed. In both groups
of characteristics, features were measured or counted, and
synthetic features were usually also calculated on their
basis. The qualitative features sometimes were also used,
but as they were difficult to apply in calculations, they
were often transformed, for example, into the percentage
of occurrences of a given feature state. The selection of
features was based on previous research and characteris-
tics tested for other species were also used and sometimes
new features were developed.

The features of the cones differed depending on the
cone structure. They were analyzed for the genus Juni-
perus, Cupressus and Pinus. In each case, the length and
diameter of the cone, as well as the length and width
of the seeds, were measured. These traits were usually
unimodal and they characterized and differentiated the
taxa well. In particular, the length of the cone and the
length and/or width of the seed have proven useful for
distinguishing between populations, intra-specific taxa
and closely related species in the cases of J. phoenicea
aggr. (Mazur et al. 2003, 2010, 2016, 2018), J. excelsa
(Douaihy et al. 2012), J. oxycedrus (Klimko et al. 2007;
Boratynski et al. 2014), genus Cupressus (S¢kiewicz
et al. 2016) and genus Pinus (cone characteristics only)
(Marcysiak 2005; Marcysiak & Boratynski 2007). The
limitations in the use of these features were their mutual
correlations, as well as correlations with other features
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measuring the size of cones, and sometimes also with the
synthetic characters, i.e., the correlation of cone length
with ratio of cone length/diameter. The number of rows
of cone scales, the number of cone scales and the number
of seeds were discontinuous features used in research
on junipers. Sometimes they required transformation
to be subjected to statistical analyses. The number of
scales rows was significant in the differentiation of the
taxa of the J. phoenicea complex (Mazur et al. 2018),
while the number of seeds clearly differentiated individ-
ual juniper species (Marcysiak et al. 2007. The number
of cone scales was less applicable, because the method
of its calculation seemed ambiguous due to the presence
of very small, falling off scales at the base of the cone,
although this trait turned out to be useful in the case of
J. drupacea (Sobierajska et al. 2016). In the case of pine
species, the number of cone scales was counted and their
apophyses were also measured. These features were uni-
modal and distinguished different species well, although
the dimensions of the apophyses had several correlations
with other features of the cones, especially strong with
their width.

Due to the structure of leaves and shoots of the
genus Cupressus and junipers from the Sabina section,
i.e., J. phoenicea, J. excelsa and J. thurifera, only two
features of vegetative organs were examined: the num-
ber of needles per 5 mm apical section of ultimate lat-
eral branchlet and the thickness of the ultimate lateral

branchlet with leaves. The values of both features usually
had a normal distribution. The features were not corre-
lated with each other and weakly, if at all, correlated
with the features of cones. The branchlet thickness was
especially useful in differentiating taxa. The studies of
most characteristics of needles in the Pinaceae family
(Pinus, Abies and Cedrus genera) were carried out on
preserved material, under a microscope. The characteris-
tics recorded included the dimensions of the needles, the
number of stomata rows and number of stomata, as well
as several additional anatomical features. Two descrip-
tive features of sclerenchyma cells were also taken into
account, and their states were expressed as a percentage
of occurrences, which allowed including these features
in statistical analyses (Boratynska & Boratynski 2007).
Despite this, the distribution of the values of the latter
features was often biased and their coefficient of variation
was very high (Boratynska et al. 2015a). Nevertheless, the
characteristics of the sclerenchyma cells proved useful in
the taxonomic study of pines, especially for distinguishing
between related two-needle pine species. However, the
characteristics of epidermal cells and the distance between
the vascular bundles were more important, as well as the
length of the needles, although this feature was correlated
with other needle traits (Boratynska et al. 2014, 2015a).
The number of stomata, counted on the fragment of both
the abaxial and the adaxial side of the needle, was of
less importance in the study of pines, but turned out to

Table 1. Number of analyzed populations, individuals and characters in studies of taxa cited.

Taxon Sources

Total number analyzed

populations individuals characters

Abies (C. Europe, Mediterranean)

Sekiewicz et al. (2013)
Boratynska et al. (2015b)
Sekiewicz et al. (2015)
Jasinska et al. (2017)
Litkowiec et al. (2021)

38 1218 33

Cedrus libani, C. brevifolia, C. atlantica

Jasinska et al. (2013) 9

259 25

Cupressus sempervirens, C. atlantica

Sekiewicz et al. (2016, 2018)

18 446 17

Juniperus drupacea

Sobierajska et al. (2016)

12 1100 17

Juniperus excelsa subsp. excelsa

Mazur et al. (2004)
Douaihy et al. (2012)

14 394

Juniperus oxycedrus

Klimko et al. (2004)
Klimko et al. (2007)
Boratynski et al. (2014)

41

1100

16

Juniperus phoenicea s.lat. (including
J. turbinata, J. canariensis)

Mazur et al. (2003)
Mazur et al. (2010)
Mazur et al. (2016)
Mazur et al. (2018)
Romo et al. (2019)

41

1156

15

Juniperus thurifera

Romo & Boratynski (2007)
Boratynski et al. (2013)

17

441

Pinus mugo s.lat. (including P. uncinata,
P, uliginosa)

Marcysiak et al. (2003)
Boratynska (2004)
Boratynska et al. (2005)
Marcysiak (2005)
Marcysiak et al. (2007)
Boratynska et al. (2011)
Boratynska et al. (2014)
Boratynska et al. (2015a)

24

766

24

Pinus sylvestris

Jasinska et al. (2014)

32

951

39
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be important in taxonomic analyses of cedars and firs
(Jasinska et al. 2013; Litkowiec et al. 2021).

It is obvious that the choice of morphological or
anatomical features to be examined should always be
matched to the analyzed taxa. Characteristics used in the
analysis of related species or species with a similar organ
structure can sometimes be used, although this requires
pilot studies.

Reliability of biometric analyses

The main criticism of morphological characters is con-
nected with their dependence on changing environmental
factors, such as precipitation, temperature, and insolation
(Huber & Wiggerman 1997; Noda et al. 2004; Marchand
et al. 2006; Baquedano et al. 2008; Fletcher et al. 2010).
The proposed solution is to use synthetic characters,
describing the shape of the plant structures rather than
their size, that are regarded as much more stable (Kremer
et al. 2002; Marcysiak 2012). On the other hand, the var-
iability of the size of plants and plant organs is valuable
information. An effective method of avoiding the effects
of the environmental impact on the examined objects
is a careful selection of populations and individuals for
study. In the studies analyzed above, a lot of attention
was paid to the selection of individuals (e.g., Boratynska
et al. 2014: “Material ... was collected from ... individu-
als ... at distances of about 3040 m from each other to
avoid possible duplicate sampling from the same genet’),
as well as of collection of plant organs from an individual
(e.g., Mazur et al. 2010: ‘The samples ... were gathered
... from the southern parts of individuals, at a height of
about 1.0-2.5 m above ground level.’), thanks to which
similar environmental conditions of the collected material
were maintained. The reliability and objectivity of mor-
phological research is also ensured by the application of
the principles of numerical taxonomy, i.e., primarily the
use of a large number of different characters in research,
treated as equivalent, and basing the research on a large
number of units analysed, which were usually individuals
(e.i. trees) of taxa (Sneath & Sokal 1973). These require-
ments were fulfilled by the studies cited above (Table 1).

Conclusions

The cited examples of taxonomic studies show that prop-
erly selected morphological features are very important
in systematic decisions. In combination with molecular
or genetic features, they can be the basis for a reliable
description of species variability, as well as for taxo-
nomic diagnoses. In the discussed studies, the genetic
and morphological results were consistent, which justifies
the use of biometrics in future analyses. In particular, the
following traits were useful in taxonomic studies: a set of
needle characters for the taxonomy of genus Abies and
Cedrus, characters of cones, seeds and shoots for the tax-
onomy of Cupressus sp., Juniperus excelsa, J. phoenicea
and J. thurifera, features of cones, seeds and needles for
J. drupacea and J. oxycedrus, and characters of cones
and needles for the taxonomy of Pinus sp.
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