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Abstract
The aim of the study was to emphasize the taxonomic utility of the central leaflet shape variation in Fragaria
vesca and F. viridis considering the factors that may influence it. The image analysis and principal component analysis
of elliptic Fourier descriptors of leaflet contours as well as leaflet area, perimeter and shape index, all derived from
image outline, were employed. Simultaneously, the identification of diversity patterns of the species was pursued. 100
leaflets from each of six populations of each species were sampled across Lithuania. For F. viridis a significantly larger
leaflet area and more circular leaflet shape, as estimated by shape index, are typical. The analysis of variance of principal
component (PC) scores showed that for both species symmetrical shape variation is much more typical than asymmetrical.
If estimated by the first five PC, the symmetrical variation accounts for about 60% of total variation in F. vesca and
67% in F. viridis, while the asymmetrical variation is up to 22% and 18%, respectively. Hierarchical cluster analysis
revealed that PC7 and PC8 are good indicators of species-wise grouping of populations. Cluster analysis of shape index
provided informative clustering results of populations within and between species.
Key words: Fragaria vesca, Fragaria viridis , population, shape index, leaflet shape, elliptic Fourier descriptors,
image analysis

Introduction
Two strawberry species, the woodland strawberry (Fragaria vesca L.) and the green strawberry (F.
viridis Weston) are the most distributed species of the
genus Fragaria L. (Rosaceae L.) in the spontaneous
floras of much of Europe and Northern Asia. In Europe at least, the distributions of F. vesca and F.
viridis appear quite similar to that of musk strawberry, F. moschata, although the latter does not range so
far to the east (Staudt 1989) and in the Baltic countries occurs as neophyte in specific habitats, like old
parks, former estates, etc. Both of the most distributed Fragaria species are light-demanding species and
much similar to each other by habit. The main distinctive property of F. vesca is its bright red fruit (pseudocarp) with a strong distinct aroma and reflexed sepals. The fruit of F. viridis is greenish white with pink
top and an apple-like aroma, clasped by sepals from
which it poorly separates. Flowering periods for both
species coincide in May through June as well as fruiting does in June through July. The species are important for wild berry pickers as they produce ripe fruit
first in the season as well as attract much by the strong
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aroma, particularly, F. vesca. There are references indicating that both species were cultivated in home
gardens several centuries ago (Natkevièaitë-Ivanauskienë 1971) until they were replaced by the large-fruited American strawberries. Nevertheless, F. vesca and
F. viridis remain unique wild relatives of the cultivated strawberries in Europe. Our previous study showed
that in the field collection the two species could be
distinguished by the length of inflorescence, which in
F. viridis is significantly shorter than that in F. vesca
and, in contrast to the latter, often hides under the
leaves (Labokas and Bagdonaite 2005). However, in the
wild the between-species distinguishing is not always
easy, particularly at no flowering and no fruiting time
and when habitats of both species overlap, let alone
the within-species diversity. Therefore, the main aim
of the current study was to test the taxonomic utility
of leaflet shape variation considering the factors that
may influence it. Simultaneously, the identification of
diversity patterns within both species was pursued.
Although the quantitative morphological features, such
as leaflet area and perimeter were used for the characterisation of the populations, emphasis was placed
on the analysis of shape, which is less dependent on
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environmental effects and therefore could be used as
a morphological marker to recognize different genotypes within the same species (Furuta et al. 1995,
Hiraoka and Kuramoto 2004). One of the most appropriate methods for the accurate shape evaluation is
based on Fourier expansions and called elliptic Fourier method. The elliptic Fourier method is particularly
suitable for evaluating closed contour shapes (Kuhl
and Giardina 1982, Rohlf and Archie 1984, White et al.
1988). This method has been applied in studies of different organs of various plant species. For example,
birch leaf (White et al. 1988), soybean leaflet (Furuta
et al. 1995), soybean pod (Truong et al. 2005), buckwheat kernel (Ohsawa et al. 1998), Japanese radish root
(Iwata et al., 1998, 2000), citrus leaf (Iwata et al. 2002a,
2002b), corolla and petal of lisianthus (Kawabata et al.
2009) and petal of primula (Yoshioka et al. 2004; 2005).
My recent study on Corylus avellana (Labokas 2009)
also proved good results of the application of the elliptic Fourier method. In addition, as observed by
Jensen et al. (2002) the outline analysis provides a tool
for taxonomic analysis.

J. LABOKAS

database of useful plants (Table 1). In order to ensure
right classification of the species and avoid inclusion
of possible interspecific hybrids of Fragaria×biferta,
only those populations were selected which had been
carefully pre-observed during flowering/fruiting time,
when the between-species segregation is the most feasible by inflorescence, flower and fruit properties as well
as position of sepals on fruit as described by Staudt et
al. (2003). Samples of leaves, 100 per population, were
collected in June through September 2009, from fully
developed plants. The sampling sites were exposed to
the similar light conditions, not shaded or only slightly shaded by trees. The geographical coordinates (WGS84) were recorded for each population with the Garmin
eTrex Vista GPS receiver (Table 1).
From the collected trifoliate leaves, the central
leaflets were plucked off and dried in a herbarium press
at an ambient room temperature. The air-dried leaflets
were scanned with Microtek ScanMaker 3600 scanner
on a white background to obtain full colour (24-bit)
bitmap images. All leaflets were placed on the scanner glass abaxial (underside) side up.
The images were processed with the SHAPE ver.
1.3, a software package for quantitative evaluation of
biological shapes based on elliptic Fourier descriptors
(Iwata and Ukai 2002). In brief, closed contours were
obtained from the images and were chain-coded (Freeman 1974). The coefficients of the elliptic Fourier de-

Material and methods
Six populations of each species, Fragaria vesca
and F. viridis were selected for leaf sampling across
Lithuania and documented in the Institutes of Botany
1

Population

Population

Habitat

Latitude N

Nearest

Date of

No.

designation

characteristics

Longitude E

population (km)

sampling

Braziûkai 73

20.VI.2009

Table 1. Sampling data of Fragaria
vesca and F. viridis leaves

.. vAsca
1

1

Barèiai

2

Braziûkai

3

Juodkrantë

4

Palûðë

5

Rokantiðkës

6

Verkiai

.. viridis
1

Aukðtadvaris

2

Betygala

3

Merkinë

4

Rambynas

5

Veliuona

6

Þ. Panemunë

Lakeside meadow,

54°1621"

sandy loam

23°4041"

Pinewood glade,
sand
Seaside pinewood
glade, sand
Lakeside meadow,
sandy loam
Birchwood glade,
sandy loam
Mixed forest
glade, sandy loam

54°5451"
23°2607"
55°3242"
21°0640"
55°1943"
26°0622"
54°4139"
25°2039"
54°4506"
25°1831"

Barèiai 73

16.IX.2009

Braziûkai 163

14.VII.2009

Verkiai 82

23.VI.2009

Verkiai 7

17.VI.2009

Rokantiðkës 7

15.VI.2009

Hillside meadow,
sandy loam
Riverside slope
meadow, sandy loam
Riverside floodplain
meadow, sand
Riverside floodplain
meadow, sand
Riverside slope
meadow, sandy loam
Riverside slope
meadow, sandy loam

54°3519"
24°3132"
55°2107"
23°2213"
54°0842"
24°1222"
55°0343"
22°0241"
55°0430"
23°1756"
55°0234"
23°2926"

Merkinë 53

11.VII.2009

Veliuona 31

12.IX.2009

Aukðtadvaris 53

03.IX.2009

Veliuona 80

09.VI.2009

Þ. Panemunë 13

16.IX.2009

Veliuona 13

16.IX.2009

Distance calculation based on http://www.csgnetwork.com/longlatdistance.html
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scriptors (EFDs) were calculated from the chain-code
data and normalized to be invariant with respect to the
size, rotation and starting point of tracing leaflet contour with the procedure based on the ellipse of the
first harmonic, the method presented by Kuhl and
Giardina (1982). The normalized coefficients of the
EFDs (20 harmonics were used) were subjected to the
principal component analysis in order to obtain summarized information of the variations contained in the
coefficients. The 77 coefficients calculated were classiûed into two groups related to symmetrical (a and
d, total 39 coefficients) and asymmetrical (b and c,
total 38 coefficients) variations (Iwata et al. 1998) and
used for the subsequent analyses. The variation of
leaflet shape as represented by a particular principal
component was illustrated by reconstructing its contour using the coefficients of the EFDs calculated for
mean ± 2 S. D. (standard deviation) of a particular
principal component scores, letting the rest of principal component scores be equal to zero, a method called
inverse Fourier transformation.
Leaflet area in square millimetres, or half-surface
area of a leaflet, was estimated by multiplying the total number of pixels per leaflet image to the pixel size
in square millimetres provided by the ChainCoder program of the SHAPE package. Leaflet perimeter was
calculated by the following procedures. First calculated
length of a chain element (CE) by the formula: CE = 1
+ 0.5 (Ö2 - 1) (1 - (-1) c), where c is the code of the
chain element (from 0 to 8). Then calculated perimeter
in pixels by summing up all chain element values of
the contour, and finally calculated perimeter in millimetres as a product of perimeter in pixels multiplied
by a square root of a pixel size in square millimetres.
Population
No.



.. vAsca
leaflet
perimeter
(mm)

leaflet
Area
2
(mm )

1

673.67 bc

2

443.10 a

1

correlation
coefficient
r

leaflet
area
2
(mm )
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Shape index (SI) of a leaflet was calculated using
the formula proposed by Keefe and Draper (1986): SI
= 4p (area) / (perimeter) 2 . The shape index calculated
in this way indicates how close the shape of a given
contour is to that of a circle, the shape index of which
is equal to 1.
For the calculations of leaflet perimeter the MS
Excel 2007, supporting large number of columns (2830
needed in this study), was used. For the statistical
procedures, the analysis of variance, correlation and
cluster analyses were employed with the statistical
package PASW Statistics. Cophenetic correlation coefficients were computed with the MultiDendrograms
2.1.0 software (Fernández and Gómez 2008).

Results and discussion
First, an attempt was made to analyse the area and
perimeter of the central leaflet of Fragaria vesca and
F. viridis. The obtained results show that these quantitative features vary within species significantly as
indicated by high F ratios at 1% significance level (Table 2). All the studied populations of F. vesca fall into
four groups (homogeneous subsets) (a, b, c and d) and
F. viridis  into three groups (a, b and c) by the leaflet
area at a 5 % significance level. The analysis of leaflet
variation in perimeter in F. vesca also produced four
groups, while in F. viridis  five groups of populations.
The intervals between maximum and minimum values
indicate that F. vesca exhibits a wider morphological
variation than F. viridis in both leaflet area (830.85 443.10 = 387.75 mm2 versus 960.07 - 635.59 = 324.48 mm2
) and leaflet perimeter (172.33 -114.06 = 58.27 mm versus 168.75 - 127.53 = 41.22 mm). The coefficients of

.. viridis
leaflet
perimeter
(mm)

correlation
coefficient
r

150.94 b

0.921

844.13 b

163.84 de

0.944

114.06 a

0.911

960.07 c

168.75 e

0.967

3

611.80 b

157.42 bc

0.952

659.53 a

140.54 b

0.914

4

752.62 cd

166.38 cd

0.946

833.31 b

157.79 cd

0.962

5

722.87 c

164.38 cd

0.930

635.59 a

127.53 a

0.948

6

830.85 d

172.33 d

0.920

792.90 b

149.21 bc

0.957

Pooled

672.49

154.25

0.926

0.944

SD

248.65

33.96

Min-Max

443.10-

114.06-

830.85

172.33

787.59

151.28

257.03

27.96

0.911-0.952

635.59-960.07

127.53-168.75

Table 2. Variations of leaflet area and
perimeter and correlation between
them in Fragaria vesca and F. viridis

0.914-0.967

CV (%)

37.0

22.0

32.6

18.5

. ratio

38.33**

56.02**

3591.93**

27.58**

40.43**

4882.95**

D.

599

599

599

599

599

599



Values within columns followed by different letters differ significantly (Tukey HSD
test, <0.05); **  significant at the 1 % level; SD  standard deviation; CV  coefficient of variation; DF  degrees of freedom
1
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variation also confirm this (37.0 versus 32.6% and 22.0
versus 18.5%, correspondingly). This pattern of variation is caused mainly by the population No. 2 of F.
vesca, which produced the absolutely smallest leaves,
probably due to the environmental effects  poorest
sand soil and late season collecting time. The coefficients of correlation (r) between leaflet area and perimeter indicate strong linear relationships in all populations. In F. vesca r varies from 0.911 to 0.952 (pooled r
= 0.926, F = 3591.9) and in F. viridis  from 0.914 to
0.967 (pooled r = 0.944, F = 4882.9).
However, as the area and perimeter are quantitative morphological features, they are subject to change
under the influence of environmental conditions. This
is noted by many researchers with different species
and was indirectly proved by our previous study on
Fragaria species (Labokas and Bagdonaite 2005).
Therefore, relative values were calculated to obtain a

qualitative feature, shape index of leaflet (Table 3).
Although there are suggestions reported (Iwata et al.
2002) that in case of highly correlated values of area
and perimeter, shape index becomes synonymous with
the reciprocal of the perimeter or area and cannot give
additional information about shape characteristics, an
attempt was made to check if this is true on Fragaria
species. Thus, analysis of variance indicates that
shape index varies in both species significantly with
the F ratios of 78.67 in F. vesca and 63.46 in F. viridis,
significant at 1% level, creating four homogeneous
subsets in each species. These subsets do not coincide in most cases with those of the area and perimeter. However, the variation of shape index if judged by
its Max/Min ratio (1.374 in F. vesca and 1.251 in F.
viridis) (Table 3) is lower than that of area (1.875 in F.
vesca and 1.511 in F. viridis) and perimeter (1.511 in
F. vesca and 1.323 in F. viridis) (Table 2). Also it is
interesting to note, that the smallest leaflets (both by
area and perimeter) are relatively most circular, shape
indices of which are 0.426 in F. vesca population No.
2 (Braziûkai) and 0.488 in F. viridis population No. 5
(Veliuona). In general, F. viridis produces more circular shape of leaflets than F. vesca as indicated by
pooled shape indices 0.428 and 0.354, respectively. The
only exception is F. vesca population No. 2, which by
shape index is much closer to F. viridis.
Correlation analyses of leaflet area, perimeter and
shape index with latitude and longitude of sampling
sites of leaves were performed in order to test the
influence of a geographic factor. As the climate in
Lithuania gets more continental going eastwards from
the Baltic Sea, i.e. deeper into the continent, it may
influence the size and shape of leaflets. However, the
correlations computed revealed weak or no relationships between the morphological properties of straw2013, Vol. 19, No. 1 (36)

Table 3. Variation of leaflet shape index in Fragaria vesca
and F. viridis
Population
No.

.. vAsca
leaflet shape
index2

1

0.368 c

2

0.426 d

3

0.310 a

4
5

0.336 b
0.336 b

6
Pooled 

0.349 b
0.354
0.310-0.426
1.374
78.67**
599

Min-Max
Max/Min
. ratio
D.

1

.. viridis
interpretation
of shape
index

most circular
leaflets
least circular
leaflets

leaflet
shape
index

interpretation
of shape
index

0.390 a

least circular
leaflets

0.421 bc
0.420 b
0.416 b
0.488 d

most circular
leaflets

0.436 c
0.428
0.390-0.488
1.251
63.46**
599

Values within columns followed by different letters differ significantly (Tukey HSD test, <0.05);
**  significant at the 1 % level; DF  degrees of freedom.
2
shape index = 4p(area)/(perimeter) 2
1

berries and sampling site coordinates. The only medium correlation (r = 0.302) was observed between the
area of leaflet and the longitude of sampling site in F.
vesca (Table 4) which could be attributed to the continentality of the climate. However, more observations
are needed to prove this.
The shape index is a kind of one-dimensional de-

Table 4. Correlations between leaflet area, perimeter and
shape index and geographical coordinates of sampling sites
of Fragaria vesca and F. viridis leaves
Leaflet
descriptor

F. vesca
Latitude N

Longitude E

F. viridis
Latitude N

Longitude E

Area
Perimeter
Shape index

-0.068
0.047
-0.272**

0.302**
0.229**
0.025

0.227**
0.131**
0.204**

-0.075
-0.012
-0.162** 

**  significant at the 1 % level

scriptor which does not allow to judge about a particular shape pattern of the object. In other words,
objects with the same shape index values could be
of different shape. On the other hand, the elliptic
Fourier method allows a much deeper insight in variation of this qualitative morphological feature. In order to better elucidate shape variation, Fourier coefficients were analysed separately for symmetrical and
asymmetrical variations, as recommended primarily for
the objects, having no clear top and bottom sides
(Iwata et al. 1998). After the principal component
analysis of the coefficients, for the initial evaluation,
ten principal components (PC1 through PC10) were
taken. They represent 93.61 % of symmetrical and
ISSN 2029-9230
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88.90 % of asymmetrical leaflet shape variation in F.
vesca as well as 95.18 % and 88.38 % in F. viridis,
respectively (Table 5). In F. vesca, the symmetrical
variation revealed by the first ten principal components makes up 66.30 % of total variation, while that
in F. viridis amounts to 72.34 %. The variation percentage revealed by the asymmetrical dataset is several times lower, 25.94 and 21.20 %, respectively. In
general, this shows that the symmetrical variation of
leaflet shape is much more typical of the studied
Fragaria species, particularly, for F. viridis. In symmetrical dataset of each species, more than ¾ of variation is covered by the first three PCs, while in asymmetrical dataset five PCs are employed in covering
of approximately the same degree of variation. For
this reason, and in order to simplify the data processing, it was concentrated with further analyses into
the highest level PCs, taking into account the effective PCs (those which contribute >1/39 and >1/38 in
group A and group B, respectively) (Table 6).
Table 5. Eigenvalues and contributions of the first ten principal
components of elliptic Fourier
descriptors estimated for symmetrical (Group A) and asymmetrical (Group B) variation of leaflet shape in F. vesca and F. viridis

Principal
component

F. vesca
Eigenvalue

Proportion

Eigenvalue

(×10 )

(%) of
group

(%) of total

PC1

3810.4

49.46

PC2

1426.9

18.52

PC3

565.3

7.34

-6

Proportion

Proportion

(×10 )

(%) of group

(%) of total

35.03

2871.3

46.44

35.30

13.12

1418.8

22.95

17.44

5.20

805.2

13.02

9.90

-6

Group A

PC4

347.7

4.51

3.20

230.2

3.72

2.83

PC5

336.2

4.36

3.09

130.0

2.10

1.60

PC6

214.7

2.79

1.97

122.8

1.99

1.51

PC7

158.8

2.06

1.46

99.5

1.61

1.22

PC8

144.9

1.88

1.33

82.0

1.33

1.01

PC9

116.5

1.51

1.07

74.0

1.20

0.91

PC10

90.7

1.18

0.83

50.8

0.82

0.62

93.61

66.30

95.18

72.34

Total
1
variance

7704.6

PC1

1058.4

33.36

9.73

762.2

39.06

9.37

PC2

402.0

12.67

3.70

336.4

17.24

4.14



6182.9
Group B

PC3

372.4

11.74

3.42

144.2

7.39

1.77

PC4

346.7

10.93

3.19

136.5

7.00

1.68

PC5

178.2

5.62

1.64

113.0

5.79

1.39

PC6

145.3

4.58

1.34

73.1

3.75

0.90

PC7

131.0

4.13

1.20

55.5

2.84

0.68

PC8

76.6

2.41

0.70

38.6

1.98

0.47

PC9

61.7

1.95

0.58

34.2

1.76

0.42

PC10

48.0

1.51

0.44

30.6

1.57

0.38

88.90

25.94

88.38

21.20

Total

26

F. viridis

Proportion

Total

2013, Vol. 19, No. 1 (36)

It must be noted that no PC should be considered an important marker of morphological variation
based on its contribution percentage only. The analysis of variance shows that some PCs with lower contribution percentage differ significantly between populations and are more reliable morphological markers
because of their high F ratio (Table 6). Therefore, the
PC6 with the contribution of 2.79 % (Table 5) is more
important than PC5 with 4.36 % or even PC4 with 4.51
% contribution in symmetrical variation and PC3 with
11.74 % is more important than PC2 with 12.67 % contribution in asymmetrical variation of F. vesca leaflet
shape. Similarly, in F. viridis the PC7 takes over the
PC6 and the PC4 over the PC3 in symmetrical and
asymmetrical variations, respectively.
The reconstructed contours of leaflet shape variation based on symmetrical and asymmetrical datasets
can be easier explained visually, particularly those
approximated by a higher level PCs (Figure 1 and Figure 2).

Total
1
variance

3172.2

1951.1

Total variance is the sum of eigenvalues of all 39 and all 38 principal components in
group A and group B, respectively
1
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Table 6. F ratios for the source of variation "Population" in
the analysis of variance of each principal component for the
symmetrical (group A) and asymmetrical (group B) variation
Principal

F. vesca

component

Group A

Group B

Group A

Group B

PC1

27.642**

10.886**

53.784**

12.911**

PC2
PC3

38.687**
12.282**

1.028
15.257**

148.657**
116.733**

8.345**
1.134

PC4

0.501

6.509**

22.502**

7.022**

PC5

1.714

2.516*

15.812**

5.123**

PC6

12.193**

8,897**

0.922

3.642*

PC7

0.944

12,790**

4.501**

4,225**

PC8

3.815*

2.574*

43.419**

8.925**

PC9

1.425

3.037*

28.100**

3.341*

PC10

3.087*

12.582**

11.322**

2.939*

PC1-PC6
599

PC1-PC7
599

PC1-PC4
599

PC1-PC7
599

1

Effective
DF

F. viridis

 Effective PCs are those, which contribute >1/39 in group A
and >1/38 in group B.
**  significant at the 1 % level; *  significant at the 5%
level; DF  degrees of freedom
1

Figure 1. Reconstructed leaflet contours for the visualization of symmetrical shape variation using elliptic Fourier
descriptors estimated under three principal component scores
(PC1, PC2 and PC3) in Fragaria vesca and F. viridis. Each
column shows that the score takes either mean + 2 S.D., mean
or mean  2 S.D. The leftmost column shows the overlaid
drawings of the three cases

The multiple comparisons performed as the post
hoc tests of ANOVA indicated that considering the
symmetrical variation, the six populations of F. vesca
could be subdivided into five homogeneous subsets
(a = 0.05) by the PC1 including a subset with the only
population No. 3 from Juodkrantë, the Curonian Spit.
2013, Vol. 19, No. 1 (36)

Figure 2. Reconstructed leaflet contours for the visualization of symmetrical (column A) and asymmetrical (column
B) shape variation using elliptic Fourier descriptors estimated
under the first principal component scores (PC1) in each of
the six populations (1-6) of each Fragaria vesca and F.
viridis. Solid, dashed and dotted lines represent mean, mean
+ 2 S.D. and mean - 2 S.D., respectively. For population
numbers see Table 1

This is the westernmost and remotest population if
compared to the rest of the populations studied (see
Table 1). The comparisons by the PC2 produced three
homogeneous subsets with the population No. 3 distinguishing as a separate subset as well. This means
that the population No. 3 singularly takes the marginal positions if analyzed by the PC1 and PC2, which
stand for the length to width ratio and bluntness of
the distal part of the leaflet, respectively (Figure 1).
The PC3, which represents the centroid of the leaflet
along its midrib, and PC6 also produced three subsets
each. The PC6 is the last effective PC in the symmetrical variation of F. vesca contributing to it by 2.79%,
i.e., still more than 1/39.
In asymmetrical variation the PC1, PC3 and PC4
are the most important and, particularly, the latter as
it generates four homogeneous subsets, although representing less than 11% of the whole asymmetrical
variation (Table 5). The rest of the components produce two to three subsets each, except for the PC2,
which shows no significant differences between the
populations of F. vesca, although its contribution is
second highest and amounts to 12.67% (Table 5).
The multiple comparisons of the six populations
of F. viridis show significantly different pattern of
shape variations. In symmetrical variation, there are
five principal components, the PC1, PC2, PC3, PC8 and
PC9, which produce homogeneous subsets with one
ISSN 2029-9230
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population each. Just to mention that marginal positions singularly are taken by the following populations: No. 2 by PC2, No. 5 by PC3, No. 1 by PC8 and
No. 3 by PC9. The subsets produced also indicate that
these four populations could be distinguished by the
first three principal components.
The analysis of the asymmetrical variation of F.
viridis shows that another population, No. 4 distinguishes best of all the rest. Moreover, this can be done
by the PC1 alone, representing more than 35% of the
total asymmetrical variation of the species.
To better illustrate and summarize the above stated a hierarchical cluster analysis was carried out of
all PCs based on squared Euclidean distances between
populations, using Between-groups linkage method
(Figure 3). This shows clearly that F. vesca population No. 3 from Juodkrantë is the most distinct not only
within the species but also among the all 12 populations of Fragaria studied. The next most distinct is
F. viridis population No. 4 from Rambynas. The cophenetic correlation coefficient for the dendrogram is 0.866
(with normalized mean squared error 0.0126). If the
cluster analysis of all principal component scores does
not produce grouping of the populations strictly by
species, that of PC7 and PC8 provides a much clearer
ordering of the populations (Figure 4). The cophenetic correlation coefficient for this dendrogram is 0.947
(with normalized mean squared error 0.0125). Although
contributing to the total variation not significantly, i.e.,
by 6.33% in F. vesca and 3.51% in F. viridis, the PC7
and PC8 are one of those few principal components
which allow species-wise segregation of Fragaria

Figure 3. Dendrogram using average linkage between populations of Fragaria vesca and F. viridis by all principal components (PC1-PC77) of all elliptic Fourier coefficients (a,
b, c, d) of leaflet shape. For population numbers, which
follow species names, see Table 1
2013, Vol. 19, No. 1 (36)
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populations. The clustering of all populations by leaflet shape index provides nearly perfect within-species
differentiation, except for the population No. 2 of F.
vesca (Figure 5), which, as mentioned above, is much
closer to those of F. viridis. The cophenetic correlation coefficient for the dendrogram is 0.633 (with normalized mean squared error 0.1951).

Figure 4. Dendrogram using average linkage between populations of Fragaria vesca and F. viridis by seventh and eighth
principal components (PC7 and PC8) of all elliptic Fourier
coefficients (a, b, c, d) of leaflet shape. For population numbers, which follow species names, see Table 1

Figure 5. Dendrogram using average linkage between populations of Fragaria vesca and F. viridis by shape index of
central leaflet. For population numbers, which follow species names, see Table 1

Finally, it is worth to observe that shape index
values are quite closely related to the percentages of
shape variation estimated by the first principal comISSN 2029-9230
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ponent, particularly, on account of asymmetrical variation. The average numbers respectively are 0.354
(= 35.4%) and 33.79% for F. vesca and 0.428 (= 42.8%)
and 40.68 for F. viridis (Table 7).
Table 7. Comparison of leaflet shape index with shape variation percentages revealed by the first principal component
(PC1) on account of symmetrical (A) and asymmetrical (B)
variations in F. vesca and F. viridis
Population
No.

1
2
3
4
5
6
Pooled

leaflet
shape
index

.. vAsca
shape
variation
(%), A

shape
variation
(%), B

leaflet
shape
index

..viridis
shape
variation
(%), A

shape
variation
(%), B

0.368
0.426
0.310
0.336
0.336
0.349
0.354

55.58
44.05
43.39
50.53
49.41
56.29
49.88

37.20
24.45
35.81
30.56
39.53
35.17
33.79 

0.390
0.421
0.420
0.416
0.488
0.436
0.428

63.34
39.48
47.55
50.31
49.37
55.02
50.85

43.53
44.18
39.87
46.85
39.52
30.15
40.68 



Conclusions
The current study revealed that both Fragaria
vesca and F. viridis possess high within species and
between species variation as estimated by shape and
size characteristics of the central leaflet. However, the
between species variation is higher. For the most of F.
viridis populations the bigger leaflet area and more
circular leaflet shape are typical as estimated by shape
index. The analysis of variance of principal component
scores derived from elliptic Fourier coefficients of leaflet shape is a good means for the detailed shape analysis. It showed that for the both species of Fragaria a
symmetrical shape variation is much more typical than
asymmetrical. If estimated by the first five principal
components, the symmetrical variation accounts for
about 60% of the total variation in F. vesca and 67% in
F. viridis, while asymmetrical variation 22% and 18%,
respectively. Here it is important to observe that the
contribution of the principal components to the total
variation should be estimated based not only on their
percentage input but also with regard to the F ratio
indicating whether the variation of a particular PC scores
is consistent between populations. The hierarchical
cluster analysis of PC scores revealed that PC7 and PC8
are good indicators of species-wise grouping of populations if pooled populations of both F. vesca and F.
viridis are analysed. The cluster analysis also indicated that the population No. 3 of F. vesca (from Juodkrantë, Curonian Spit, western Lithuania) falls into a
separate cluster by most of the principal components
analysed. This is the most distinctive population not
only within the species but also between them and
presumably is an example of geographically isolated
2013, Vol. 19, No. 1 (36)
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genotypic variation of the species. The study also
showed that the direct observation characteristics, such
as leaflet area and leaflet perimeter, should not be ignored, as the cluster analysis of shape index derived
of leaflet area and perimeter provided good clustering
results of populations between species.
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ÊÎËÈ×ÅÑÒÂÅÍÍÀß ÎÖÅÍÊÀ ÔÎÐÌÛ ËÈÑÒÊÀ ÇÅÌËßÍÈÊ FRAGARIA VESCA È F.
VIRIDIS Ñ ÈÑÏÎËÜÇÎÂÀÍÈÅÌ ÀÍÀËÈÇÀ ÊÎÌÏÜÞÒÅÐÍÎÃÎ ÈÇÎÁÐÀÆÅÍÈß È
ÝËËÈÏÒÈ×ÅÑÊÈÕ ÄÅÑÊÐÈÏÒÎÐÎÂ ÔÓÐÜÅ
Þ. Ëàáîêàñ
Ðåçþìå
Öåëü äàííîãî èññëåäîâàíèÿ  îïðåäåëèòü òàêñîíîìè÷åñêóþ ïîëåçíîñòü âàðüèðîâàíèÿ ôîðìû öåíòðàëüíîãî ëèñòà
çåìëÿíèêè Fragaria vesca è F. viridis, ó÷èòûâàÿ âëèÿíèå ðàçíûõ ôàêòîðîâ.
Â ðàáîòå ïðèìåíÿëèñü òàêèå ìåòîäû êàê àíàëèç îñíîâíûõ êîìïîíåíòîâ ýëëèïòè÷åñêèõ äåñêðèïòîðîâ Ôóðüå
êîíòóðîâ ëèñòüåâ, îïðåäåëåíèå ïëîùàäè, ïåðèìåòðà è èíäåêñà ôîðìû ëèñòà, ïîëó÷åííûõ ïóòåì àíàëèçà êîìïüþòåðíûõ
èçîáðàæåíèèé ëèñòüåâ. Äëÿ àíàëèçà áðàëè ïî 100 ëèñòüåâ ñ êàæäîé èç 12 ïîïóëÿöèé (ïî 6 â êàæäîì âèäå),
ðàñïðîñòðàíåííûõ ïî âñåé òåððèòîðèè Ëèòâû.
Ðåçóëüòàòû èññëåäîâàíèÿ ïîêàçàëè, ÷òî äëÿ F. viridis õàðàêòåðíà çíà÷èòåëüíî áîëüøàÿ ïëîùàäü ëèñòà è áîëåå
êðóãëàÿ ôîðìà åãî êîíòóðà. Äèñïåðñèîííûé àíàëèç ÷èñåë îñíîâíûõ êîìïîíåíòîâ ïîêàçàë, ÷òî ñèììåòðè÷åñêîå
âàðüèðîâàíèå ôîðìû ëèñòà â îáîèõ âèäàõ çíà÷èòåëüíî áîëåå õàðàêòåðíî, ÷åì àñèììåòðè÷åñêîå. Ñóäÿ ïî ïåðâûì ïÿòè
îñíîâíûì êîìïîíåíòàì (PC1PC5), ñèììåòðè÷åñêîå âàðüèðîâàíèå ôîðìû â F. vesca ñîñòàâëÿåò îêîëî 60%, à â F. viridis
 îêîëî 67% îò ñóììàðíîãî, òåì âðåìåíåì êàê àñèììåòðè÷åñêîå  ñîîòâåòñòâåííî 22 % è 18 %. Èåðàðõè÷åñêèé
êëàñòåðíûé àíàëèç ÷èñåë îñíîâíûõ êîìïîíåíòîâ ïîêàçàë, ÷òî PC7 è PC8 ÿâëÿþòñÿ õîðîøèìè èäèêàòîðàìè
âèäîîòëè÷àþùåé ãðóïïèðîâêè ïîïóëÿöèé. Êëàñòåðíûé àíàëèç èíäåêñîâ ôîðìû äàë íàèáîëåå èíôîðìàòèâíûé
ðåçóëüòàò êàê âíóòðèâèäîâîé, òàê è ìåæâèäîâîé ãðóïïèðîâêè ïîïóëÿöèé.
Êëþ÷åâûå ñëîâà: Fragaria vesca, Fragaria viridis, ïîïóëÿöèÿ, ôîðìà ëèñòêà, èíäåêñ ôîðìû, ýëëèïòè÷åñêèå
äåñêðèïòîðû Ôóðüå, àíàëèç èçîáðàæåíèÿ.
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