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Research Article

Inter- and intraspecific morphometric variability in Juniperus L. seeds
(Cupressaceae)
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In this study, a statistical classifier for Mediterranean taxa of Juniperus, based on 98 seed morphometric parameters, was
tested at interspecific, specific and intraspecific levels. Ripe cones of 10 taxa were collected in different regions of the
Mediterranean Basin to compare and discuss their taxonomic treatments according to two different sources. High
percentages of correct identification were reached for both taxonomic treatments at the specific and intraspecific level and
from the comparison among taxa of the J. oxycedrus, J. communis and J. phoenicea complexes. Moreover, ripe cones of J.
macrocarpa were collected from four Sardinian populations, in two seasons, and from plant and soil, in order to analyse
inter-population, seasonal and source variability in seed morphology. This statistical classifier discriminated J. macrocarpa
seeds collected in spring more accurately than those collected in autumn, but it failed to distinguish between the seeds
collected from plants and soil, or between those collected from different populations of the same geographic region.
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Introduction
The family Cupressaceae shows great ecological diversity

among its species (Farjon, 1999). They are more scattered

in southern temperate regions and in northern and eastern

Africa, with single genera present from either hemi-

spheres (Stevens, 2001). The genus Juniperus L. includes

about 75 species (Adams & Schwarzbach, 2013), most of

them growing in the northern hemisphere, except Junipe-

rus procera Hochst. ex Endl., which inhabits the Great

Rift Valley and East African Mountains (Adams et al.,

1993). This genus can be divided into three monophyletic

sections (Adams, 2011; Adams & Schwarzbach, 2013):

Caryocedrus Endlicher, with only one species for the

Mediterranean region (J. drupacea Labill.); Juniperus L.

(syn: Oxycedrus Spach), consisting of 14 species (12 only

in the eastern hemisphere, one endemic to North America

and plus the circumboreal J. communis L.); and Sabina

(Mill.) Spach, consisting of approximately 60 species dis-

tributed in south-western regions of North America, Asia

and the Mediterranean Basin (e.g. Adams & Turuspekov,

1998; Mao et al., 2010; Silva et al., 2011; Adams &

Schwarzbach, 2013).

The entire genus was genetically investigated at the

interspecific (Mao et al., 2010; Adams, 2011) and intra-

specific (Opgenoorth et al., 2010; Douaihy et al., 2011;

Adams et al., 2013) level, revealing high genetic diver-

sity. Moreover, numerous genetic studies analysed spe-

cific taxa or groups. In particular, Jim�enez et al. (2003)

analysed genetic diversity and differentiation in Moroc-

can and Spanish J. thurifera L.; Douaihy et al. (2011)

revealed a high level of genetic diversity within J.

excelsa M. Bieb. subsp. excelsa; Adams et al. (2005),

using DNA sequencing and leaf terpenoids and morphol-

ogy, proved that J. oxycedrus L. var. oxycedrus and J.

deltoids R.P. Adams, are about as different from each

other as J. navicularis and J. macrocarpa are from J.
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oxycedrus var. oxycedrus. High levels of inter-popula-

tion (Meloni et al., 2006) and genetic variability (Bora-

ty�nski et al., 2009) were also detected for J. phoenicea

L. populations, as well as for J. communis sampled in

Britain (Van Der Merwe et al., 2000) and throughout

Europe (Michalczyk et al., 2010). Inter-population dif-

ferences within the various species of this genus have

been studied. Thus, Mazur et al. (2004) biometrically

analysed (number, length, width of cones and seeds, and

features of shoots and leaves) the inter-population varia-

tion on J. excelsa from Crimea and from Balkan Penin-

sula, which was lower than that of J. phoenicea from

the Iberian Peninsula (Mazur et al., 2003) and more in

general from the western Mediterranean region (Mazur

et al., 2010), analysed on the same characters. On the

basis of length and width of cones, seeds and needles,

and seed number per cone, Klimko et al. (2007) found

intra- and inter-population variation between J. oxyced-

rus subsp. oxycedrus western Mediterranean populations

and eastern ones.

The potential of biometric indices for seed studies is

well known and demonstrated by many authors, partic-

ularly regarding morpho-colorimetric evaluations (e.g.

Granitto et al., 2003; Shahin & Symons, 2003; Kiliç

et al., 2007; Venora et al., 2007, 2009a; Wiesnerov�a &

Wiesner, 2008; Grillo et al., 2011; Smykalova et al.,

2013). In particular, Bacchetta et al. (2008) character-

ized seeds of wild vascular plants of the Mediterranean

Basin, using digital images and implementing statistical

classifiers able to discriminate seeds belonging to dif-

ferent genera and species. Grillo et al. (2010) devel-

oped 10 specific statistical classifiers at the family level

for Angiosperms and tested the system on the genus

Juniperus, demonstrating that the method is also reli-

able for Gymnosperms. Recently, Orr�u et al. (2012b)

confirmed the effectiveness of this identification

method, studying seeds of Vitis vinifera L. varieties.

Afterwards, many authors have successfully used ellip-

tic Fourier descriptors (EFDs) in seed studies (e.g. Ter-

ral et al., 2010; Mebatsion et al., 2012; Orr�u et al.,

2012a).

Given the taxonomic controversies and different sys-

tematic treatments on Juniperus genus such as those pro-

posed by Flora Europaea (Amaral Franco do, 1980) and

The Plant List (2012) (FE and PL, hereafter), the aims of

this study were: (1) to validate and improve the statistical

classifier, based on seed morphometric parameters, at the

specific and intraspecific level, previously implemented

by Grillo et al. (2010) for the Mediterranean Juniperus

taxa; (2) to compare the results with the taxonomic treat-

ments proposed by FE and PL; and (3) to test the capabil-

ity of the classification system in the discrimination of

seed lots of the same species (J. macrocarpa Sm.) col-

lected in different populations, seasons and sources

(plants or soil).

Materials and methods

Seed-lot details

Ripe cones of 10 selected Juniperus taxa were collected

from natural populations in Algeria (Ag), Balearic Islands

(Bl), Corsica (Co), Italy (It), Sardinia (Sa) and Spain (Hs),

for a total of 43 seed lots and then stored at the Sardinian

Germplasm Bank (BG-SAR) in Cagliari (Table 1). Seeds

were manually removed out from the cones and washed

by stirring them in water for 90 min. Among these seed

lots, 18 accessions of J. macrocarpa were collected in

Sardinia in 2010 in order to analyse inter-population and

seasonal variability in seed morphology (Table 1).

Seed-size and -shape analysis

Digital images of seed samples were acquired using a flat-

bed scanner (Epson Perfection V600 Photo), with a digital

resolution of 400 dpi and a scanning area not exceeding

2048�2048 pixels. Image acquisition was performed

before drying the seeds at 15 �C to 15% of RH to avoid

spurious variation in dimension and shape. Sub-samples

consisting of 100 seeds were randomly chosen from the

original seed lots and arrayed on the flatbed tray for scan-

ning. When the original accession was numerically lower

than 100 units, the analysis was executed on the whole

seed lot. The images were processed and analysed using

the software package KS-400 V.3.0 (Carl Zeiss, Vision,

Oberkochen, Germany). A macro specifically developed

for characterizing wild seeds (Bacchetta et al., 2008)

was later modified to further measure 20 seed features

(Mattana et al., 2008) and afterwards was improved to

automatically perform all the analysis procedures, simul-

taneously reducing the execution time and mistakes in the

analysis process (Grillo et al., 2010). This macro, used to

analyse seed images, was further enhanced adding algo-

rithms able to compute the EFDs for each analysed seed,

increasing the number of discriminant parameters (Orr�u
et al., 2012a).

A total of 98 morphometric features (Table 2) were

measured on 2343 seeds (Table 1).

Statistical analysis

Morphometric and EFDs data were analysed applying the

stepwise linear discriminant analysis (LDA) method, in

order to compare the Juniperus seeds at the section level

(Adams, 2011), as well as at the specific and intraspecific

level, according to the taxonomic treatments proposed by

PL and FE (Table 1). In particular, intraspecific analyses

were performed for three species complexes (J. commu-

nis, J. oxycedrus, J. phoenicea). LDA was also used to

assess seed morphological variability of J. macrocarpa

collected in different populations, seasons and sources

(plants and soil). To avoid the influence of the production

212 M. S. Pinna et al.
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Table 1. Location of the Juniperus taxa and populations studied (1 ¼ cones collected in spring; 2 ¼ cones collected in autumn; � ¼
cones collected from plant; �� ¼ cones collected from soil). Ag: Algeria; Bl: Balearic Islands; Co: Corsica; It: Italy; Sa: Sardinia; Hs:
Spain.

Taxon according to

Section
(Adams,
2011)

The Plant List
(http://www.theplantlist.org/)

Flora Europaea
(Amaral Franco do, 1980) Locality Region

Number
of sampled

seeds

J. communis var. saxatilis Pall. J. communis subsp. nana Syme Desulo Sa 1813
Albertacce-Evisa Co 412
Desulo Sa 760

J. communis L. J. communis L. subsp. communis Laconi Sa 1221
J. communis L. subsp.

hemisphaerica (J.Presl & C.
Presl) Nyman

Santiago de la Espada,
Andalusia

Caba~nas, Andalusia

Hs

Hs

1728

273

J. oxycedrus var. badia H.Gay not reported Buggerru Sa 836
Huescar, Andalusia Hs 244
Domus de Maria Sa 266

J. oxycedrus L. J. oxycedrus L. subsp. oxycedrus Cuesta Carrascal, Andalusia Hs 1129
Capoterra Sa 380

Juniperus

J. macrocarpa Sm. J. oxycedrus L. subsp. macrocarpa
(Sibth. & Sm.) Neilr.

Domus de Maria
Narbolia

Sa
Sa

3522
1409

Cecina, Tuscany It 147
Domus de Maria Sa 445
Arbus Sa 46 1�

Arbus Sa 137 1��

Arbus Sa 2477 1��

Arbus Sa 220 2�

Arbus Sa 1010 2��

Buggerru Sa 213 1�

Buggerru Sa 273 1��

Buggerru Sa 2414 1��

Buggerru Sa 2465 2�

Buggerru Sa 1984 2��

Domus de Maria Sa 100 1�

Domus de Maria Sa 430 1��

Domus de Maria Sa 3527 2�

Domus de Maria Sa 2087 2��

Villasimius Sa 543 1�

Villasimius Sa 269 1��

Villasimius Sa 2210 2�

Villasimius Sa 1763 2��

Sabina

J. phoenicea L.

J. phoenicea L.

Lula Sa 1200
A€ın Sefra, wilaya de Naâma Ag 392

J. phoenicea var. turbinata
(Guss.) Parl.

Montagne des Lions, Oran
Villasimius

Ag
Sa

317
897

Almerimar, Andalusia Hs 338
Mallorca, Balearic Islands Bl ND

J. sabina L. J. sabina L. Comunidad Valenciana Hs 1023
Jerez del Marquesado,

Andalusia
Hs 843

J. thurifera L. J. thurifera L. Comunidad Valenciana Hs 1005
Pedro Martinez, Andalusia Hs 554

Total amount of measured seeds 2343

Morphometry of Juniperus L. seeds 213
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year, only J. macrocarpa seed lots collected in 2010 were

considered.

LDA is commonly used to classify/identify unknown

groups characterized by quantitative and qualitative varia-

bles (Fisher, 1936, 1940), finding the combination of vari-

ables able to minimize the within-class distance while

simultaneously maximizing the between-class distance,

thus achieving maximum class discrimination (Hastie

et al., 2001; Holden et al., 2011). The stepwise method

identifies and selects the most statistically significant fea-

tures among the 98 measured on each seed, using three

statistical variables: Tolerance, F-to-enter and F-to-

remove. The Tolerance value indicates the proportion of a

variable variance not accounted for by other independent

variables in the equation. F-to-enter and F-to-remove val-

ues define the power of each variable in the model and are

useful to describe what happens if a variable is inserted

and removed, respectively, from the current model. This

method starts with a model that does not include any of

the variables. At each step, the variable with the largest F-

to-enter value that exceeds the entry criterion chosen (F �
3.84) is added to the model. The variables left out of the

analysis at the last step have F-to-enter values smaller

than 3.84, and therefore no more are added. The process

was automatically stopped when no remaining variables

increased the discrimination ability (Venora et al., 2009b;

Grillo et al., 2012). Finally, a cross-validation procedure

was applied to verify the performance of the identification

system, testing individual unknown cases and classifying

them on the basis of all others (SPSS, 2007). Analyses

were performed using the SPSS software package release

16.0 (SPSS, 2007).

All the raw data were standardized before starting any

statistical elaboration. Moreover, in order to evaluate the

quality of the discriminant functions achieved for each

statistical comparison, the Wilks’ Lambda, the percentage

of explained variance and the canonical correlation

between the discriminant functions and the group mem-

bership, were computed. The Box’s M tests was executed

to assess the homogeneity of covariance matrices of the

features chosen by the stepwise LDA; while the analysis

of the standardized residuals was performed to verify the

homoscedasticity of the variance of the dependent varia-

bles used to discriminate among the groups’ membership.

The differences among groups (species and popula-

tions) were graphically highlighted by drawing box plots

using the Mahalanobis’ square distance values. This mea-

sure of distance, defined by two or more discriminant

functions, ranges from 0 to infinity. Samples are increas-

ingly similar at values closer to zero. Higher values indi-

cate that a particular case includes extreme values for one

or more independent variables, and can be considered sig-

nificantly different from other cases of the same group

(Bacchetta et al., 2008).

Results

Juniperus genus

In comparisons of the seed lots belonging to two of the

three Juniperus sections proposed by Adams (2011), an

overall cross-validation percentage of correct identifica-

tion of 86.8% was reached, with performance values of

81.6% and 73.4% for Juniperus and Sabina sections,

respectively.

Following the PL taxonomic treatment at the species

level, an overall performance of correct identification of

73.8% was found, ranging between 63.6% (J. thurifera)

Table 2. List of 18 morphometric features measured on seeds, excluding the 80 Elliptic Fourier Descriptors (EFDs) calculated according
to Hâruta (2011).

Feature Description

A Area Seed area (mm2)
P Perimeter Seed perimeter (mm)
Pconv Convex Perimeter Convex perimeter of the seed (mm)
PCrof Crofton Perimeter Crofton perimeter of the seed (mm)
Pconv /PCrof Perimeter ratio Ratio between Pconv and PCrof

Dmax Max diameter Maximum diameter of the seed (mm)
Dmin Min diameter Minimum diameter of the seed (mm)
Dmin /Dmax Feret ratio Ratio between Dmin and Dmax

EAmax Maximum ellipse axis Maximum axis of an ellipse with equivalent area (mm)
EAmin Minimum ellipse axis Minimum axis of an ellipse with equivalent area (mm)
Sf Shape Factor Seed shape descriptor ¼ (4p A)/ P2 (normalized value)
Rf Roundness Factor Seed roundness descriptor ¼ (4 A)/(p Dmax

2) (normalized value)
Ecd Eq. circular diameter Diameter of a circle with equivalent area (mm)
F Fiberlength Seed length along the fibre axis
C Curl degree Ratio between Dmax and F
Conv Convessity degree Ratio between PCrof and P
Sol Solidity degree Ratio between A and convex area
Com Compactness degree Seed compactness descriptor ¼ [

p
(4/ p) A]/ Dmax

214 M. S. Pinna et al.
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and 81.5% (J. sabina L.) (Table 3). Table 3 also summa-

rizes the performance of correct identification for the

comparison according to the FE taxonomic treatment. An

overall percentage of correct identification of 81.0%

resulted, ranging between 63.6% (J. thurifera) and 88.0%

(J. oxycedrus).

At the intraspecific level, on the basis of the PL taxo-

nomic treatment, percentages of correct identification

ranged between 13.5% (J. phoenicea var. phoenicea) and

81.5% (J. sabina), with an overall performance of 60.6%

(Table 4). Regarding the performance according to FE

(where J. oxycedrus subsp. oxycedrus includes also J. oxy-

cedrus var. badia H. Gay seed lots), the overall percentage

of correct identification was 67.6%, ranging between

33.0% (J. communis subsp. communis) and 83.5% (J.

sabina).

Juniperus communis, J. oxycedrus and

J. phoenicea complexes

According to PL, the two varieties belonging to the J.

communis complex were compared, giving percentages of

correct identification of 76.2% and 86.5% for J. communis

var. saxatilis and J. communis var. communis, respec-

tively, with an overall performance of 80.0%. In Fig. 1,

the scores of the only discriminant function implemented

are reported as box plots for both J. communis varieties.

Juniperus communis complex was also analysed on the

basis of the FE taxonomic treatment, registering an overall

identification performance of 71.8%, but correctly identi-

fying only 33.0% of J. communis subsp. communis. That

is, 51.0% of the cases were misattributed to J. communis

subsp. nana Syme, which reached 81.2% of correct identi-

fication, and in 16.0% of the cases were misattributed to J.

communis subsp. hemisphaerica (J.Presl & C.Presl)

Nyman, which reached 78.2% of correct identification.

According to PL, the two varieties belonging to the J.

oxycedrus complex (J. oxycedrus var. badia, J. oxycedrus

var. oxycedrus) were also compared with J. macrocarpa

(Fig. 2A), achieving an overall percentage of correct iden-

tification of 69.2%, with misattributions evenly distrib-

uted among the three taxa. The histogram of the

standardized residuals (Fig. 2B), the normal probability

plot (Fig. 2C) and the dispersion plot of the standardized

residuals (Fig. 2D) were also included to better understand

the normal distribution of the data.

Discriminant analysis between the two varieties

belonging to J. phoenicea, according to PL, showed an

overall performance of 70.8%, with percentages of correct

identification of 25.0% and 93.1% for J. phoenicea var.

phoenicea and J. phoenicea var. turbinata (Guss.) Parl.,

respectively (Fig. 3).

Juniperus macrocarpa seed lots

The four J. macrocarpa populations showed percentages

of correct identification between 22.3% (Domus de Maria)

and 54.5% (Buggerru), with an overall performance of

37.9% (Table 5). From the comparison between the J.

macrocarpa seed lots collected in spring and autumn

2010, overall percentages for the population ranged

between 66.6% (Villasimius) and 70.1% (Domus de

Maria), with a global identification performance of

63.5%. Similarly, the discriminant analyses conducted

between the seed collected from plants and those collected

from the soil, showed overall percentages of correct iden-

tification, distinguished by population, ranging from

61.5% (Buggerru) to 70.2% (Villasimius), with a global

identification performance of 59.2%.

Table 3. Percentage of correct identification at species level according to ‘The Plant List’ (PL; http://www.theplantlist.org/, accessed 20
Dec 2013) and ‘Flora Europaea’(FE; Amaral Franco do, 1980) where J. macrocarpa is included in J. oxycedrus. The number of analysed
seeds is in parentheses.

Taxon according to PL J. communis J. oxycedrus J. macrocarpa J. phoenicea J. sabina J. thurifera Total

J. communis 77.2 (447) 1.2 (7) 0.0 (0) 14.2 (82) 4.3 (25) 3.1 (18) 100 (579)
J. oxycedrus 1.0 (5) 66.7 (323) 15.9 (77) 10.7 (52) 0.0 (0) 6.0 (27) 100 (484)
J. macrocarpa 0.0 (0) 29.8 (89) 66.9 (200) 2.0 (6) 0.0 (0) 1.3 (4) 100 (299)
J. phoenicea 10.6 (62) 7.0 (41) 0.5 (3) 80.4 (471) 0.2 (1) 1.4 (8) 100 (586)
J. sabina 13.0 (26) 0.0 (0) 0.0 (0) 0.0 (0) 81.5 (163) 5.5 (11) 100 (200)
J. thurifera 11.8 (23) 4.1 (8) 0.0 (0) 15.4 (30) 5.1 (10) 63.6 (124) 100 (195)
Overall 73.8 (2343)

Taxon according to FE J. communis J. oxycedrus J. phoenicea J. sabina J. thurifera Total

J. communis 76.9 (445) 1.2 (7) 14.5 (84) 4.3 (25) 3.1 (18) 100 (579)
J. oxycedrus 0.8 (6) 88.0 (689) 7.0 (55) 0.0 (0) 4.2 (33) 100 (783)
J. phoenicea 9.6 (56) 7.3 (43) 81.4 (477) 0.2 (1) 1.5 (9) 100 (586)
J. sabina 12.5 (25) 0.0 (0) 0.0 (0) 82.0 (164) 5.5 (11) 100 (200)
J. thurifera 12.3 (24) 3.6 (7) 14.9 (29) 5.6 (11) 63.6 (124) 100 (195)
Overall 81.0 (2343)

Morphometry of Juniperus L. seeds 215
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The best five key parameters

In the evaluation of the parameters influencing the dis-

crimination process in the comparison between the two

Juniperus sections, the shape-descriptive features proved

more powerful than the dimensional ones, showing high

F-to-remove values, although many steps were necessary

in the discrimination process. At the specific and intra-

specific level, both according to the PL and to the FE

Fig. 1. Graphic representation of the discriminant function scores for both the J. communis varieties, according to ‘The Plant List’ (PL;
http://www.theplantlist.org/, accessed 20 Dec 2013).

Fig. 2. (A) Discriminating analysis of the varieties belonging to the J. oxycedrus complex, according to ‘The Plant List’ (PL; http://
www.theplantlist.org/, accessed 20 Dec 2013), with J. macrocarpa; (B) histogram of the standardized residuals; (C) Normal Probability
Plot (P-P) tested with the Kolmogorov-Smirnov test (K-S); (D) dispersion plot of the standardized residuals.
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taxonomic treatments, parameters related to seed size

proved to be more discriminant than the shape-descrip-

tive ones; in particular, mainly seed area (A) and convex

perimeter (Pconv) were powerful. Also in these cases,

among 19 and 26 steps were necessary for the taxon

identification. The four comparisons among species

aggregates at the subspecies and varietal level showed

various useful size- and shape-descriptive features, with

emphasis on the seed-perimeter features (P, Pconv, Pconv/

PCroft). Finally, regarding the comparison among the pop-

ulations of J. macrocarpa, mainly size-descriptive fea-

tures were used. In all these discriminant analyses, the

EFDs were found to be particularly powerful among the

best five key parameters despite the reduced relative F-

to-remove values both at section level and the J. commu-

nis and J. phoenicea aggregates, according to PL

(Table 6).

Discussion

Section level: the consistency with current

taxonomy

The satisfactory discrimination achieved by the comparison

between the seed morphometric data belonging to the Juni-

perus and Sabina sections agrees with the results reported

by Mao et al. (2010) and Adams (2011) on the basis of

cpDNA, nrITS and nrITS⁄cpDNA analysis, confirming the

current taxonomic treatment at the section level. These

results illustrate that this method is effective also when the

morphometric variability within each group is high.

Species level: J. oxycedrus and J. macrocarpa

The results at the species level reached good percentages

of correct identification for both of the taxonomic

Fig. 3. Graphic representation of the discriminant function scores for the two varieties belonging to J. phoenicea, according to ‘The
Plant List’ (PL; http://www.theplantlist.org/, accessed 20 Dec 2013).

Table 5. Percentage of correct identification among Sardinian populations of J. macrocarpa. The number of seeds analysed is in
parentheses.

Locality Arbus Buggerru Domus de Maria Villasimius Total

Arbus 40.2 (194) 30.2 (146) 12.8 (62) 16.8 (81) 100 (483)
Buggerru 21.8 (106) 54.5 (265) 14.8 (72) 8.8 (43) 100 (486)
Domus de Maria 29.9 (117) 38.1 (149) 22.3 (87) 9.7 (38) 100 (391)
Villasimius 36.5 (142) 23.4 (91) 10.3 (40) 29.8 (116) 100 (389)
Overall 37.9 (1749)
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treatments (PL and FE). Juniperus macrocarpa reached

almost 70% correct identification according to PL, thereby

demonstrating a clear differentiation with respect to J.

oxycedrus, which received almost all the misattributions,

according to FE, in which J. macrocarpa does not appear

as a species. However, the performance of J. oxycedrus

reaches 88.0% following the FE classification, indicating

a certain similarity between the two species as reported by

Adams (2000).

Intraspecific level: J. oxycedrus and

J. macrocarpa

The two varieties of J. oxycedrus proposed by the PL reg-

istered lower identification percentages than the two sub-

species proposed by FE. Nevertheless, it is important to

note that FE does not report J. oxycedrus var. badia, and

does not list J. macrocarpa as an independent species but

as a subspecies of J. oxycedrus. Juniperus macrocarpa

seems to be fairly well identifiable in both cases, although

in view of the misidentifications, a certain similarity to

the J. oxycedrus taxa is doubtless (Farjon, 1998; Adams,

2000).

Regarding the J. oxycedrus species complex according

to the PL taxonomic treatment, also considering J. macro-

carpa, a clear correlation among the three entities is evi-

dent, casting legitimate doubt on the most appropriate

taxonomic treatment. In any case, the result from the com-

parison between J. oxycedrus var. badia and J. oxycedrus

var. oxycedrus points to a relationship at the varietal level

between these two taxa, as confirmed by several authors

(e.g. Pignatti, 1982; Amaral Franco do, 1986; Farjon,

1998; Adams, 2000; Jeanmonod & Gamisans, 2013).

Intraspecific level: the J. communis complex

According to our results, the J. communis taxa are more

distinguishable following the taxonomic treatment pro-

posed by the PL rather than the one by FE, although in

both cases higher percentages of misattributions have

been detected in relation to J. phoenicea species.

The results of the interactions between the taxa of the J.

communis complex, according to the PL, confirmed the

taxonomic distance between these taxa, although a varie-

tal taxonomic rank is proposed (Adams & Pandey, 2003).

The performance following FE showed that the three sub-

species considered (J. communis subsp. communis, J.

communis subsp. nana and J. communis subsp. hemi-

sphaerica) are not consistent on the basis of seed morpho-

metric data. In a recent work, Grillo et al. (2010),

registering rather high percentages of correct identifica-

tion, confirmed the taxonomic distance between J. com-

munis subsp. communis and J. communis subsp. nana,

identified by several authors as two distinct subspecies

(Amaral Franco do, 1980, 1986; Jeanmonod & Gamisans,

2013) or species (Pignatti, 1982; Lebreton et al., 2000),

but recently considered to be a single taxon by Farjon

(2001) and Adams (2011). The different percentages of

correct identification and the distribution of the misclassi-

fied cases reached in this work, in respect to the achieve-

ments reported by Grillo et al. (2010), are certainly to be

attributed to the greater amount of seeds analysed and

compared, to the larger number of measured parameters

and to the effect of J. communis subsp. hemisphaerica, as

third taxon of the complex, that was not considered by

Grillo et al. (2010).

Intraspecific level: the J. phoenicea complex

The results of correct classification for the J. phoenicea

complex indicate that, according to the PL classification,

the two taxa J. phoenicea var. phoenicea and J. phoenicea

var. turbinata are sufficiently distinguished, considering

the taxonomic rank of variety as proposed by Adams

et al. (1996, 2002, 2013), Farjon (2005) and Adams

(2010). However, this result disagrees with the findings of

Grillo et al. (2010) who, considering these taxa to be two

different subspecies, instead reached very high percen-

tages of correct classification, according to many other

authors (e.g. Lebreton, 1983; Amaral Franco do, 1986;

Vald�es et al., 1987; Mazur et al., 2003; Conti et al., 2005;

Farjon, 2005; Jeanmonod & Gamisans, 2013). In this

case, considering the similar amount of studied seeds and

the analogous numerical proportion between the two com-

pared taxa, it is evident that the non-compliance with the

results reached by Grillo et al. (2010) derives from the

increase in the morphometric features measured on each

seed.

The Sardinian J. macrocarpa

meta-population

The comparison among the four Sardinian populations of

J. macrocarpa gave low performance of correct identifica-

tion with misattributions evenly distributed, suggesting

that seed morphometry is not able to discriminate among

different populations from the same geographical region

due to the low intra-population variability. These achieve-

ments are consistent with the results reported by Juan

et al. (2012), who investigated the genetic structure of J.

macrocarpa in three regions of Spain and found only one

meta-population without geographical structure. Klimko

et al. (2004) also found low genetic differentiation of Ital-

ian J. macrocarpa populations for most of the morpholog-

ical features studied. However, some morphological

variability for J. macrocarpa was found in south-western

Spanish populations (Juan et al., 2003). Furthermore, the

absence of geographic structure was also observed by
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Brus et al. (2011) in J. oxycedrus subsp. oxycedrus from

the Balkan Peninsula. According to the results found in

this study and the literature, the presence of a single popu-

lation of J. macrocarpa, lacking geographic differences,

is feasible in the southern sector of Sardinia. Other works

on different species of the genus Juniperus showed con-

tradictory and different results (e.g. Jim�enez et al., 2003;

Meloni et al., 2006; Boraty�nski et al., 2009; Michalczyk

et al., 2010; Douaihy et al., 2011, 2012; Sertse et al.,

2011; Y€uceda�g & Gailing, 2013). In addition, the classifi-

cation system identified J. macrocarpa seeds collected in

spring but did not discriminate between collection sources

(plant and soil).

The predominance of seed-size features

At the specific and intraspecific level, parameters related to

the seed size (i.e. morphometric) proved to be more discrim-

inant than the shape-descriptive ones. Grillo et al. (2010)

found that for the families Apiaceae, Brassicaceae and

Fabaceae, morphometric features were the first discriminant

parameters. Also in Bacchetta et al. (2011a), regarding the

Lavatera triloba aggregate, the first three parameters with

the highest discriminatory power were of morphological

type, although colour evaluation was very important in this

work for correct seed identification. By contrast, in a previ-

ous study regarding Astragalus sect. Melanocercis, the only

morphometric parameters taken into account were related

to seed length (Bacchetta et al., 2011b).

Conclusions
The present results confirmed the validity of the proposed

method for the taxonomic differentiation of Juniperus,

both at specific and intraspecific levels, and its identifica-

tion capability after adding the EFDs among the features

measured, increasing the accession number of the data-

base implemented by Grillo et al. (2010). Moreover, mor-

phometric seed analysis did not discriminate among

different populations, which could mean the presence of a

single meta-population in southern Sardinia. Finally, the

classification system was able to discriminate seeds of J.

macrocarpa collected in different seasons, while those

collected in spring being more identifiable, but could not

identify seeds collected from different sources (plants and

soil). The latter results represent the first application of

statistical classifier based on seed morphometric parame-

ters to discriminate seed lots of the same species at the

season and source level.
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KILIÇ, K., BOYACI, I.H., KOKSEL, H. & KUSMENOGLU, U.I. 2007. A
classification system for beans using computer vision system
and artificial neural networks. Journal of Food Engineering
78, 897–904.

KLIMKO, M., BORATY�NSKA, K., BORATY�NSKI, A. & MARCYSIAK, K.
2004. Morphological variation of Juniperus oxycedrus
subsp. macrocarpa (Cupressaceae) in three Italian localities.
Acta Societatis Botanicorum Poloniae 73, 113–119.

KLIMKO, M., BORATY�NSKA, K., MONTSERRAT, J.M., DIDUKH, Y.,
ROMO, A., G�OMEZ, D., KLUZA-WIELOCH, M., MARCYSIAK, K.
& BORATY�NSKI, A. 2007. Morphological variation of Junipe-
rus oxycedrus subsp. oxycedrus (Cupressaceae) in the Medi-
terranean region. Flora 202, 133–147.

LEBRETON, P. 1983. Nouvelles donn�ees sur la distribution au Por-
tugal et en Espagne des sous-espec�es du gen�evrier de Ph�eni-
cie (Juniperus phoenicea L.). Agronomia Lusitania 42, 55–
62.

LEBRETON, P., MOSSA, L. & GALLET, C. 2000. A propos d’une
entit�e corso-sarde du gen�evrier nain. Bulletin mensuel de la
Soci�et�e linn�eenne de Paris 69, 133–141.

MAO, K., HAO, G., LIU, J., ADAMS, R.P. & MILNE, R.I. 2010.
Diversification and biogeography of Juniperus (Cupressa-
ceae): variable diversification rates and multiple interconti-
nental dispersals. New Phytologist 188, 254–272.

MATTANA, E., GRILLO, O., VENORA, G. & BACCHETTA, G. 2008.
Germplasm image analysis of Astragalus maritimus and A.
verrucosus of Sardinia (subgen. Trimeniaeus, Fabaceae).
Anales del Jard�ın Bot�anico de Madrid 65, 149–155.

MAZUR, M., BORATY�NSKA, K., MARCYSIAK, K., GOMEZ, D., TOMAS-

ZEWSKI, D., DIDUKH, J. & BORATY�NSKI, A. 2003. Morphologi-
cal variability of Juniperus phoenicea (Cupressaceae) from
three distant localities on Iberian Peninsula. Acta Societatis
Botanicorum Poloniae 72, 71–78.

MAZUR, M., BORATY�NSKA, K., MARCYSIAK, K., DIDUKH, Y., ROMO,
A., KOSI�NSKI, P. & BORATY�NSKI, A. 2004. Low level of inter-
populational differentiation in Juniperus excelsa M. Bieb.
(Cupressaceae). Dendrobiology 52, 39–46.

MAZUR, M., KLAJBOR, K., KIELICH, M., SOWI�NSKA, M., ROMO, A.,
MONSERRAT, J.M. & BORATY�NSKI, A. 2010. Intra-specific dif-
ferentiation of Juniperus phoenicea in the western Mediter-
ranean region revealed in morphological multivariate
analysis. Dendrobiology 63, 21–31.

MEBATSION, H.K., PALIWAL, J. & JAYAS, D.S. 2012. Evaluation of
variations in the shape of grain types using principal compo-
nents analysis of the elliptic Fourier descriptors. Computers
and Electronics in Agriculture 80, 63–70.

MELONI, M., PERINI, D., FILIGHEDDU, R. & BINELLI, G. 2006.
Genetic variation in five Mediterranean populations of

222 M. S. Pinna et al.

D
ow

nl
oa

de
d 

by
 [

U
G

R
-B

T
C

A
 G

ra
l U

ni
ve

rs
ita

ri
a]

 a
t 0

3:
20

 2
8 

M
ay

 2
01

4 



Juniperus phoenicea as revealed by inter-simple sequence
repeat (ISSR) markers. Annals of Botany 97, 299–304.

MICHALCZYK, I.M., OPGENOORTH, L., LUECKE, Y., HUCK, S. &
ZIEGENHAGEN, B. 2010. Genetic support for perglacial sur-
vival of Juniperus communis L. in Central Europe. Holocene
20, 887–894.

OPGENOORTH, L., VENDRAMIN, G.G., MAO, K., MIEHE, G., MIEHE,
S., LIEPELT, S., LIU, J. & ZIEGENHAGEN, B. 2010. Tree endur-
ance on the Tibetan Plateau marks the world’s highest
known tree line of the Last Glacial Maximum. New Phytolo-
gist 185, 332–342.

ORR�U, M., GRILLO, O., LOVICU, G., VENORA, G. & BACCHETTA, G.
2012a. Morphological identification of archaeological
remains of Vitis L. by image analysis. Vegetation History
and Archaeobotany 22, 231–242.

ORR�U, M., GRILLO, O., VENORA, G. & BACCHETTA, G. 2012b.
Computer vision as a complementary to molecular analysis:
grapevines cultivars case study. Comptes Rendus Biologies
335, 602–615.

PIGNATTI, S. 1982. Flora d’Italia. Edagricole, Bologna, Italy.
SERTSE, D., GAILING, O., ELIADES, N.G. & FINKELDEY, R. 2011.

Anthropogenic and natural causes influencing population
genetic structure of Juniperus procera Hochst. ex Endl. in
the Ethiopian highlands. Genetic Resources and Crop Evolu-
tion 58, 849–859.

SHAHIN, M.A. & SYMONS, S.J. 2003. Lentil type identification
using machine vision. Canadian Biosystem Engineering 45,
3.5–3.11.

SILVA, L., ELIAS, R.B., MOURA, M., MEIMBERG, H. & DIAS, E.
2011. Genetic variability and differentiation among popula-
tions of the Azorean endemic Gymnosperm Juniperus brevi-
folia: Baseline information for a conservation and
restoration perspective. Biochemical Genetics 49, 715–
734.

SMYKALOVA, I., GRILLO, O., BJELKOVA, M., PAVELEK, M. &
VENORA, G. 2013. Phenotypic evaluation of flax seeds by
image analysis. Industrial Crops and Products 47, 232–238.

SPSS. 2007. Application Guide, SPSS version 16.0. SPSS Inc.,
Chicago, IL, USA.

STEVENS, P.F. 2001. Angiosperm Phylogeny Website, version 12
[updated at http://www.mobot.org/MOBOT/research/APweb/].

TERRAL, J.F., TABARD, E., BOUBY, L., IVORRA, S., PASTOR, T.,
FIGUEIRAL, I., PICQ, S., CHEVANCE, J.B., JUNG, C., FABRE, L.,
TARDY, C., COMPAN, M., BACILIERI, R., LACOMBE, T. & THIS,
P. 2010. Evolution and history of grapevine (Vitis vinifera
L.) under domestication: new morphometric perspectives to
understand seed domestication syndrome and reveal origins
of ancient European cultivars. Annals of Botany 105, 443–
455.

THE PLANT LIST. 2012. Vers. 1. [updated at http://www.
theplantlist.org, accessed 24 July 2013].

VALD�ES, B., TALAVERA, S. & FERN�ANDEZ-GALIANO, E. 1987. Flora
Vascular de Andalucia Occidental. Ketres, Barcelona,
Spain.

VAN DER MERWE, M., WINFIELD, M.O., ARNOLD, G.M. & PARKER,
J.S. 2000. Spatial and temporal aspects of the genetic struc-
ture of Juniperus communis populations. Molecular Ecology
9, 379–386.

VENORA, G., GRILLO, O., RAVALLI, C. & CREMONINI, R. 2007. Tus-
cany beans landraces, on-line identifications from seeds
inspection by image analysis and Linear Discriminant Anal-
ysis. Agrochimica LI 4-5, 254–268.

VENORA, G., GRILLO, O., RAVALLI, C. & CREMONINI, R. 2009a.
Identification of Italian landraces of bean (Phaseolus vulga-
ris L.) using an image analysis system. Scientia Horticul-
turae 121, 410–418.

VENORA, G., GRILLO, O. & SACCONE, R. 2009b. Quality assess-
ment of durum wheat storage centres in Sicily: evaluation of
vitreous, starchy and shrunken kernels using an image analy-
sis system. Journal of Cereal Science 49, 429–440.

WIESNEROV�A, D. & WIESNER, I. 2008. Computer image analysis of
seed shape and seed color for flax cultivar description. Com-
puters and Electronics in Agriculture 61, 126–135.

Y€UCEDA�G, C. & GAILING, O. 2013. Genetic variation and differen-
tiation in Juniperus excelsa M. Bieb. populations in Turkey.
Trees 27, 547–554.

Associate Editor: Nadia Bystriakova

Morphometry of Juniperus L. seeds 223

D
ow

nl
oa

de
d 

by
 [

U
G

R
-B

T
C

A
 G

ra
l U

ni
ve

rs
ita

ri
a]

 a
t 0

3:
20

 2
8 

M
ay

 2
01

4 

http://www.mobot.org/MOBOT/research/APweb/
http://www.theplantlist.org/
http://www.theplantlist.org/

	Abstract
	Introduction
	Materials and methods
	Seed-lot details
	Seed-size and -shape analysis
	Statistical analysis

	Results
	Juniperus genus
	Juniperus communis, J. oxycedrus and J. phoenicea complexes
	Juniperus macrocarpa seed lots
	The best five key parameters

	Discussion
	Section level: the consistency with current taxonomy
	Species level: J. oxycedrus and J. macrocarpa
	Intraspecific level: J. oxycedrus and J. macrocarpa
	Intraspecific level: the J. communis complex
	Intraspecific level: the J. phoenicea complex
	The Sardinian J. macrocarpa meta-population
	The predominance of seed-size features

	Conclusions
	Acknowledgements
	References



