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Abstract

The aims of this paper are (i) to obtain an overall variation pattern for the head morphology in Solidago vir-
gaurea plants growing on Mt. Hakusan, Mt. Norikuradake and Mt. Yatsugatake, and (ii) to examine whether any
boundaries can be found between plants growing at lower altitudes and those at higher altitudes as has been
stated. Morphometric studies were performed. Sampling was undertaken at every 100 meters in altitude along
mountain trails. Sample plants were collected from 16 sites on Mt. Hakusan, 11 sites on Mt. Norikuradake, and
12 sites on Mt. Yatsugatake. Ten plants were chosen randomly at each site. Thirteen morphological characters
were measured and uni as well as multivaliate analyses were conducted. For most characters change was con-
tinuously observed site-by-site and there were significant differences among the sites. Two distinct clusters could
be found by Principal Component Analysis, but the two clusters could not be recognized by a single character
alone. They agree with Kitamura’s taxonomic descriptions of subsp. asiatica and subsp. leiocarpa (1937, 1957).

Key words: Mt. Hakusan, Mt. Norikuradake, Mt. Yatsugatake, Principal Component Analysis,

Solidago virgaurea.

Solidago virgaurea L. is a perennial herb
widely distributing in the temperate and subarc-
tic zones from Europe to East Asia and is ex-
ceedingly polymorphic. This species grows widely
throughout Japan in different habitats such as
open riverbeds, forest floors, sunny rocky places,
grasslands, marshes, etc. at various sites from
seashores to the alpine zone. Kitamura (1937,
1957) considered the shape and size of the in-
volucre and involucral bracts the most important
characters taxonomically and consequently rec-
ognized several intraspecific taxa. These have
often been called a S. virgaurea complex because
of the difficulty in taxonomic treatment, and
much attention has been paid to the morphologi-
cal variations and adaptations (Kawano and
Takasu 1972; Kawano 1974; Takasu 1975;
Hayashi 1976, 1977, 1978 ; Takasu et al. 1980 ;
Abe and Takasu 1983; Suzuki and Teranuma
1986). These studies demonstrated that (i) some

characters, such as leaf shape and size, show re-
markably plastic variations under different light
conditions, and (ii) on the contrary, the involucre
and the involucral bracts exhibit little morpho-
logical variability under various ecological condi-
tions.

As for S. virgaurea plants inhabiting the cen-
tral and northern parts of Japan, Kitamura
(1937, 1957) recognized two intraspecific taxa,
subsp. asiatica Kitam. and subsp. leiocarpa
(Benth.) Hultén, on the basis of herbarium
specimens. Some morphometric and ecological
studies support intraspecific differentiation.
Hayashi (1976, 1978) conducted studies based on
both herbarium specimens and mass-collected
samples from several natural populations and
found two morphologically distinguishable types.
The two types differed in several characters of
the involucral bracts. Of those characters, Haya-
shi’s studies gave most emphasis to the validity
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of the inner/outer involucral bracts ratio for dis-
criminating the two types. He reported that on
Mt. Tateyama and the neighboring mountains
one type grew at lower altitudes and the other
type at higher altitudes. In addition, he stated
that intermediate forms between the two types
were found at about 1,500-1,700 m above sea
level, where the montane zone bordered on the
subalpine zone. Consequently, Hayashi con-
cluded that two intraspecific taxa could be recog-
nized, one type corresponding to subsp. asiatica
and the other to subsp. leiocarpa. Nishizawa et
al. (1997) collected sample plants every 100 m
in altitude on Mt. Hakusan, from 1,200 to 2,500
m. They reported morphological changes in sev-
eral head characters at about 1,700 or 1,800 m
in altitude where the subalpine zone replaces
the montane zone. Natori (1964) studied S. vir-
gaurea growing on Mt. Yatsugatake from an eco-
logical point of view. He showed that the dry
weight of the aerial parts and that of the under-
ground parts showed a diphase in an allometric
relationship ; plants growing at lower sites fall
into one allometric growth pattern and those at
higher sites fall into another one.

No evidence for intraspecific differentiation,
however, has been found in studies based on cy-
tological or molecular methods. Abe and Takasu
(1983) collected plants from 13 populations, an
elevational range from 2m to 2,310m in
Toyama Prefecture, and reported that all of the
samples examined had the same chromosome
number, 2n=18, and the same karyotype. Naka-
mura et al. (1997) studied the cytological and ge-
netic polymorphism of plants collected at eight
sites, from 1,260 m to 2,670 m, on Mt. Hakusan.
The chromosome number and the karyotype
were the same for all of the plants examined.
They also found no chromosomal or genetic poly-
morphism based neither on a fluorescence in
situ hybridization method nor on other methods,
RAPD, concluding that no differentiation among
the sites on Mt. Hakusan could be supported.

As mentioned above, the methods and morpho-
logical characters examined in the former stud-
ies were diverse. Lack of the common characters
examined makes it hardly possible to compare
the results among the study sites and to obtain
an overall morphological variation pattern of S.

virgaurea species. Thus, the aim of this paper is
(i) to describe the full extent of morphological
variability of head characters in S. virgaurea
plants growing on Mt. Hakusan, Mt. Nori-
kuradake and Mt. Yatsugatake, and (ii) to exam-
ine whether any boundaries can be found be-
tween plants growing at lower altitudes and
those at higher altitudes as has been stated (Na-
tori 1964 ; Hayashi 1976, 1978).

Materials and methods

Solidago virgaurea grows widely and continu-
ously from the foot to the summit on Mt.
Hakusan, Mt. Norikuradake and Mt. Yatsuga-
take. The locations of the three mountains are
shown in Fig. 1. Mt. Hakusan and Mt. Nori-
kuradake belong to the same climatic region
characterized by heavy snowfall in winter,
whereas Mt. Yatsugatake belongs to another cli-
matic region characterized by low snowfall in
winter (Miyawaki 1985).

Sample collections were carried out in the
flowering seasons, from late August to mid-
October, 1997. Sampling was undertaken every
100 meters in altitude along mountain trails.
Sample plants were collected at 16 sites on Mt.
Hakusan from Bettodeai (1,200 m) to the top of
Ohnanjimine (2,684 m), 11 sites on Mt. Nori-
kuradake from Norikurakogen (1,700 m) to the
top of Kengamine (3,026 m), and 12 sites on Mt.
Yatsugatake from Minoto (1,350 m) to the top of
Amidadake (2,805 m).

Ten plants were randomly chosen at each site

Mt.Norikuradake

Mt. Hakusan Mt.Yatsugatake

0 50  100km
Nt b —}

Fig. 1. Locations of Mt. Hakusan, Mt. Norikuradake
and Mt. Yatsugatake.
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where there was no evidence of artificial activi-
ties such as trampling or mowing. All heads on
the main stem were collected and immediately
put into a plastic bag filled with a 50% mixture
of ethylalcohol and distilled water. The plant
height and stem diameter at the ground level
were measured before sampling. Voucher speci-
mens were also collected from each site and have
been deposited at the Herbarium, Kanazawa
University (KANA).

Thirteen morphological characters were meas-
ured in this study (Table 1, Fig. 2). Since vege-
tative characters, such as the shape and dimen-
sions of leaves, exhibit great plasticity in various
environmental conditions (Kawano and Takasu
1972 ; Kawano 1974 ; Hayashi 1977), they were
excluded. Preliminary statistical examinations
showed no significant within-plant difference
(one-way ANOVA) for any morphological charac-
ters of the head. Thus, the first three heads in
the inflorescence were taken and measured, and
a mean was calculated for each character. Sam-
ple materials were magnified twelve times with
a Profile Projector Nikon V-20 A, and they were
measured and recorded with a Data Processor
Nikon DP-300.

Data analyses were performed by using the
Statistical Analysis System, version 5 (SAS
1985). Analysis of Variance (ANOVA) for bal-
anced data was carried out to compare the
means among the sites on the same mountain
using the GLM Procedure. Differences among

Table 1. Morphologl'cal characters employed

DHA Density of hairs on peduncle
DIN Diameter of involucre

NIB No. of involucral bracts per head
LII Length of inner involucral bracts
LOI Length of outer involucral bracts
WII Width of inner involucral bracts
WOl Width of outer involucral bracts
AlI Area of inner involucral bracts
AOI Area of outer involucral bracts
NTF No. of tubular flowers per head
NLF No. of ligulate flowers per head
PLH Plant height

DIS Diameter of stem at base

(a)

(b) 'Y

(c)

LII

LOI

WII WOI

Fig. 2. Diagrammatic illustrations of (a) capitulum,
(b) inner involucral bract and (c) outer involucral
bract of Solidago virgaurea. For abbreviations, see
Table 1.

means were compared by the Tukey method at a

significant level of 0.05. Principal Components

Analysis (PCA) of the correlation matrix for 13

variables was also performed by using the PRIN-

COMP Procedure. Analyses were executed on

the mainframe computer of the Information

Processing Center, Kanazawa University.

Results

1. Univariate data description

Means and standard deviations of the thirteen
morphological characters are summarized in the
Appendix. For most characters, change was con-
tinuously observed site-by-site, and there were
significant differences among the sites. Multiple
comparison by the Tukey method reveals that
plants growing at lower sites differ significantly
from those growing at higher sites with respect
to many characters (Fig. 3). No significant differ-
ences were found in two characters, NIB on Mt.
Norikuradake and Mt. Yatsugatake and WII on
Mt. Yatsugatake.
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Fig. 3. Multiple comparison by Tukey method. Vertical bars represent the range of means that are not signifi-
cantly different. *, p < 0.001; ** p < 0.0001; NS, not significant.

Table 2. Coefficients of the variable in the principal
components in Solidago virgaurea. The first, sec-
ond and third principal components account for
66.4, 12.7 and 8.3% of the total variation, respec-
tively. Boldface numbers show higher values in the
first principal component. For abbreviations, see
Table 1

Principal components

Variable
First Second Third
DHA 0.234 —0.142 —0.152
DIN 0.328 0.029 —0.105
NIB 0.239 0.346 —0.345
LII 0.307 —0.033 0.037
LOI 0.332 —0.073 0.050
WII 0.292 —0.100 0.341
WOI 0.319 —0.145 0.171
ATl 0.299 —0.170 0.293
AOI 0.309 —0.203 0.213
NTF 0.323 0.143 —0.162
NLF 0.230 0.476 —0.288
PLH —0.188 0.324 0.563
DIS 0.110 0.632 0.373

2. Multivariate analysis

PCA was applied to the data set. The eigen-
vector of the first three principal components,
each element of which represents a coefficient of
the variable in the principal components, are
shown in Table 2. Of those variables, LOI, DIN,
NTF and WOI have a high absolute value in the
first component, indicating that these variables
have more intensive effects on the component
score. The first principal component accounts for
66.4% of the total variation, the second for 12.7%,
and the third for 8.3%. Therefore, about 80% of
the total variation is due to the first two princi-
pal components. A plot of principal component
scores of morphological variables is shown in Fig.
4. This ordination shows that the first principal
component axis can separate two clusters, while
the second axis cannot.

One cluster spreads in the positive quadrants
of the first axis and the other cluster occupies
the negative quadrants. On Mt. Hakusan plants
growing at sites from 1,200 m to 1,800 m in alti-
tude form one cluster and those from 1,900 m to
2,700 m form the other cluster. Similarly, plants
from 1,700 m to 1,900 m form one cluster and
those from 2,000 m to 2,700 m form the other
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cluster on Mt. Norikuradake, and on Mt. Yatsu-
gatake one cluster is from 1,300 m to 2,200 m
and the other is from 2,300 m to 2,700 m.

Discussion

This study reveals an entire spectrum of vari-
ations in head morphology of S. virgaurea plants
growing on Mt. Hakusan, Mt. Norikuradake and
Mt. Yatsugatake. PCA demonstrates that two
clusters are recognizable in the three mountains
(Fig. 4). Each cluster has a close relationship to
the altitude of the sampling sites. Plants grow-
ing below one altitude form one cluster and
those above that altitude form the other cluster.
This is the case for the three mountains, al-
though the altitudes of border lines differ for
each mountain.

Concerning S. virgaurea growing on Mt. Ya-
tsugatake, it has already been demonstrated
that the dry weight of the aerial parts and un-
derground parts show a diphase in an allometric
relationship, in which plants growing above
2,500 m in altitude fall into one allometric rela-
tionship and those growing below 2,400 m into
the other one(Natori 1964). This result suggests
that two different types exist on Mt. Yatsuga-
take in terms of the growth pattern and design

of a plant body. In our results, one cluster is
made up of plants growing below 2,200 m and
the other cluster consists of plants growing
above 2,300 m. The fact that the two independ-
ent studies, each of which is based on an ecologi-
cal and a morphological viewpoint, reach almost
the same conclusion clearly indicates that two
different types exist in S. virgaurea plants grow-
ing on Mt. Yatsugatake.

The three clusters in the negative quadrants
of the first axis, which were recognized inde-
pendently on each mountain, overlap with one
another, indicating that they form one compre-
hensive cluster, and the three in the positive
quadrants likewise form another cluster (Fig. 4).
It is assumed that each cluster, which inhabits
different altitudes on the mountains, the lower
sites and higher sites, corresponds to an actual
biological unit, a taxon. Although Natori (1964)
did not refer to classification, his results clearly
showed the existence of the two taxa character-
ized by differences in gross morphology and/or
life history strategies in terms of the differences
in resource allocation patterns. Thus one conclu-
sion is that two taxa are recognizable in S. vir-
gaurea growing on the three mountains.

This study clearly shows that a single charac-

- 4
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First Principal Component

Fig. 4. Scatter diagram drawn on the first and second principal components. The first and second principal com-
ponents account for 66% and 13% of the total variation, respectively. Squares indicate Mt. Hakusan, circles Mt.
Norikuradake, and triangles Mt. Yatsugatake. The numeral next to each symbol indicates altitude (X100m).
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ter alone is not useful for discriminating the'two
clusters (=taxa) recognized by PCA. PCA shows
that LOI, DIN, NTF and WOI have a higher ab-
solute value of coefficient in the first component
(Table 2), indicating that these variables have
larger influences on the component score. Of
these characters, LOI, which has been used as a
key character in the classification of this species
(Kitamura 1937, 1957), also has the highest
value in this study. Thus, in our results LOI is

also considered the most important one as a di-
agnostic character. LOI alone can discriminate
the given two clusters on Mt. Norikuradake,
while it cannot on Mt. Hakusan and Mt. Yatsu-
gatake (Fig. 5a). This is true of DIN, NTF and
WOI (Figs.5b, ¢, d).

These results indicate that even if the two
in S.
Hakusan and Mt. Yatsugatake, we cannot tell

taxa exist virgaurea growing on Mt.

them apart based on a single character. Hayashi
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Fig. 5. Changes in means (solid circle) with standard deviations (solid line) against altitude : (a) length of outer
involucral bract, (b) diameter of involucre, (¢) no. of tubular flower, (d) width of outer involucral bract, and
(e) ratio of inner/outer involucral bract. H, Mt. Hakusan ; N, Mt. Norikuradake; Y, Mt. Yatsugatake. Broken
line shows the boundary of clusters distinguished in PCA (see Fig. 4).
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(1976, 1978) pointed out the validity of the inner
/outer involucral bracts ratio for discrimination.
In this study, this ratio could not fully delimit
the two taxa (Fig. 5e). On Mt. Norikuradake,
this ratio can delimit the two taxa. On Mt.
Hakusan, two types were recognized by this ra-
tio, but they do not fully agree with the clusters
recognized in PCA. This ratio does not work at
all in discriminating the two taxa on Mt. Ya-
tsugatake. It is noteworthy that NTF, which has
gained little attention, can serve as a diagnostic
character.

According to our results, the two taxa are
characterized as follows: Plants of one taxon
have heads with 5-10 tubular flowers, involucre
2-3 mm across, outer involucral bracts 1-2 mm
long, 0.5-1 mm wide, grow at lower places; and
plants of the other taxon have heads with 15-25
tubular flowers, involucre 3-4 mm across, outer
involucral bracts 2-4 mm long, 0.8-1.5 mm wide,
grow at higher places (Figs. 5a, b, ¢, d; Appen-
dix).

It is most likely that the two taxa (clusters)
recognized in PCA are equivalent to intraspecific
ones, because (i) they cannot be distinguished by
a single character alone but be recognized by a
multivariate method and (ii) no differentiation
can be found between the two in terms of cytol-
ogy and genetics (Abe and Takasu 1983 ; Naka-
mura et al. 1997). The two taxa generally agree
with Kitamura’s diagnosis of S. virgaurea subsp.
asiatica and subsp. leiocarpa (1937, 1957).

Kawano (1974) argued that S. virgaurea occur-
ring in the Japanese Islands originally grew on
floors of deciduous forest and since then had
gained various habitats, such as lowland grass-
lands, maritime pine forests, subalpine conifer-
ous forests, alpine meadows, etc. Considering
present geographical ranges of subsp. asiatica
and subsp. leiocarpa in the Eurasian Continent
and adjacent regions, however, our study indi-
cates that the two taxa, which may have origi-
nated at different areas in the Continent, have
come into contact on mountains in central and
northern parts of Honshu, Japan. The geo-
graphical distribution and elevational habitat
segregation of the two taxa are the outcome of
geohistorical events. As for subsp. leiocarpa, the
present distribution in higher elevations in the

central and northern parts of Honshu may be
the final result of several repetitions of an ad-
vance to the Japanese Islands from northern re-
gions in the cooler periods and a subsequent re-
treat in the warmer periods, while present dis-
tribution in various habitats for subsp. asiatica,
everywhere from seashores to low mountains,
may be the outcome of the latest advance in the
warmer periods.

Subsp. leiocarpa is likely to exhibit larger
morphological variability than subsp. asiatica
within a mountain, and also shows great vari-
ations among mountains (Figs. 3, 4, 5). One of
the reasons for this may be due to the fact that
subsp. leiocarpa is restricted to narrow areas
which are isolated from one another in higher
altitude of mountains in central Honshu, while
subsp. asiatica inhabits various habitats, every-
where from seashore to mountains. Thus, subsp.
leiocarpa may have adapted to the environ-
mental conditions characteristic of each moun-
tain.

As Hayashi (1976) pointed out, intermediate
plants were found at sites where the two taxa
had got in contact. They are found on Mt.
Hakusan and Mt. Yatsugatake (Figs. 3, 5; Ap-
pendix). The intermediate plants, which obscure
the boundary and cause difficulty in classifica-
tion, may be hybrids between the two taxa. How-
ever, this is a mere assumption and requires a
survey of variation patterns for subsp. asiatica
and subsp. leiocarpa growing in the Continent.

In conclusion, we can recognize the two taxa
in S. virgaurea growing on Mt. Hakusan, Mt.
Norikuradake and Mt. Yatsugatake. However,
this result is based on a restricted number of
sample plants from only three mountains in cen-
tral Honshu, Japan. When we consider the dif-
ferentiation of this species, even if the focus is
restricted to the local differentiation around the
Japanese Islands and adjacent regions, we have
to take account of the worldwide variation pat-
terns. Thus further studies should include plants
sampled from wider areas and more mountains
on the Japan Islands and adjacent regions.
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Appendix. Means and standard deviations of the thirteen morphological characters of Solidago virgaurea.

For abbreviations, see Table 1.

Localities Altitude N DHA(/0.25mm’) DIN (mm) NIB LII (mm) LOI (mm)
2684m 10 10.63%=1.70 4.16x0.32 22.35+2.40 5.42+0.28 4.17%0.34
2600m 10 10.67£1.27 4.36%0.38 22.07+1.88 5.42+0.25  3.67%0.50
2500m 10 9.93%+1.69 3.77+0.44 20.37%£2.13 5.13+0.45 3.19%0.38
2400m 10 8.87+1.38 3.53+0.22 18.97%+149 5.03+0.44 3.661+0.51
2300m 10 10.53+2.28 3.68+0.30 20.73+2.81 5.261+0.29 3.09%+0.41
2200m 10 9.77+237 3.80%0.31 19.27%+2.23 5531049 3.68+0.55
2100m 10 8.47+2.09 3.18+0.16 17.83%x1.70 5.15+0.55 3.2110.38

Mt. Hakusan 2000m 10 8.10+1.94 3.25+0.37 20.23%2.34 541+0.34 3.28+0.62
1900m 10 10.13+1.88 3.09+0.34 18.83+1.91 4.80%+0.38 2.8910.47
1800 m 10 11.53%£2.77 2.71+049 17.35%2.17 4.35+0.32 2.5210.34
1700m 10 6.17+2.50 2.55+0.29 16.37+1.55 4.501+0.48 1.911+0.48
1600 m 10 5.73%£3.10 2.65+0.26 1587%2.01 4.171+0.43 1.621+0.40
1500 m 10 3.73+1.19 245+0.26 15.43%+1.71 4.35+0.44 1.55%0.13
1400 m 10 3.97t186 2.55+0.17 17.03+1.72 4.38+0.59 1.54+0.31
1300m 10 3.90%£2.13 2.26%+0.27 1547+2.54 4.24+0.46 1.58+0.28
1200m 10 3.57+2.35 2.331+0.27 16.47+£1.75 4.39%0.46 1.59%0.29
F-value Fi5,144=1891% F15144=4598* F15144=1235" Fi5144=1356™ F15144=49.73"*
2700m 10 13.43+1.93 4121044 1892+3.18 549+0.57 4.6710.55
2600m 10 11.97+1.79 4.161+0.45 17.10+3.81 5.92+0.53 5.2210.74
2500m 10 12.83%1.32 4.05%0.39 19.30%2.17 5.46%0.39 4.191%0.60
2400m 10 11.93+191 4.05£0.55 19.60*1.65 5.56+0.60 4.371£0.64
2300m 10 9.70£1.99 4.09+0.39 19.83%+3.12 5.56+0.58 3.631+0.88
Mt. Norikuradake 2200m 10 8.47+t259 3471055 20.53+4.00 5.20%£0.50 3.17%£0.51
2100m 10 8.37+2.00 3.461+0.24 18.80%t1.66 5.11+0.35 2.96+0.32
2000m 10 863%x1.39 3.61+0.33 1893*150 579+0.64 3.39%0.56
1900m 10 7.23%£1.59 2.45%0.20 17.63+£1.72 4.72+0.59 1.77%0.26
1800m 10 7.47+£252 2.40%+0.32 16.90t1.74 4.68%+0.55 1.95+0.45
1700 m 10 9.53+3.05 2.36%0.13 16.93%+1.37 4.59+0.53 1.641+0.24
F-value F1099=11.37"* F1099=36.65"* F1099=2.47 F1099=7.27** F1099=47.59**
2700m 10 10.07+1.83 3.69*+0.3¢4 18.83*t1.36 5.37+0.37 3.34%0.30
2600m 10 10.66+1.93 3.33+0.37 17.80+2.85 544%0.53 3.15+0.53
2500m 10 9.27+1.72 3.3710.46 18.00+3.30  5.37£0.37 3.46£0.55
2400m 10 8.07+2.30 3.521+0.43 18.67+£1.41 5.1210.31 3.1110.88
2300m 10 8.03£2.67 3.54+0.48 18.37+3.33  5.281+0.49 3.0910.54
Mt. Yatsugatake 2200m 10 11.10%2.45 3.08+0.54 18.87*x2.67 5.051t0.52 2.481+0.44
2100 m 10 8.40%£2.29 3.09%054 18.40%+1.92 5.15+0.49 2.511+0.49
2000m 10 10.47%+2.14 2.52%0.23 18.23+£2.93 4.80%0.40 1.881+0.18
1900 m 10  9.57%252 2.42%0.22 17.57%+1.85 4.73%0.59 1.85+0.23
1800m 10 10.10£2.00 2.56%0.25 20.70%£2.59 4.78%0.47 1.79£0.27
1700 m 10 7.77+2.62 2401018 17.5712.14 4.6510.42 1.85+0.23
1350m 10 12.63*t3.86 2.681t0.29 17.73*2.15 4.4310.42 1.88+0.21
F-value F11,108=3.64% Fi11108=1582"* Fi1,108=1.22 F11108=5.27%* F11,10s=2188**

*p <0.001 , **p <0.0001 .
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WII (mm) WOI (mm) AIl (mm? AOI (mm? NTF NLF PLH (cm) DIS (mm)
0.86+0.09 1.02£0.16 3.74%+0.32 3.46+0.44 23.47+3.53 8.67t1.51 19.6+ 2.37 3.08%+0.33
0.89+0.12 1.12+0.10 4.18+0.54 3.16+0.52 24.17+4.18 10.47+1.30 22.4%* 525 3.05%+0.71
0.88+0.17 1.04%0.19 3.73%+0.60 2.59+0.50 19.58+4.10 8.37%+1.13 27.8+ 549 3.16+0.65
0.87%0.12 1.20%+0.13 3.57%+0.72 3.34+0.67 19.27%£1.40 7.83+1.10 254% 591 2.94%0.59
0.83+0.11 1.02£0.13  346+0.47 2.34+044 20.33+3.58 8.60*t1.22 24.7t 492 2.84%+0.36
0.84%+0.11 1.18+0.13 3.83+0.35 3.21+0.65 17.83+3.95 8.33+1.71 36.0f 3.86 3.45%+0.56
0.84%+0.13 0.99+0.15 3.72+1.40 2.3310.46 14.90*+1.84 740%+1.49 33.1x 7.28 3.02%0.52
0.86+0.06 1.13%+0.13 3.55%0.39 2.52+0.58 17.33+4.46 9.33*+1.44 43.7+ 554 3.22+0.37
0.86+0.08 1.01+0.11 3.08%+0.28 2.13+0.52 16.37+3.23 8.17+1.69 41.3* 6.55 3.18%0.47
0.74%0.06 0.88+0.07 2.31£0.36 1.43+0.33 14.67£3.12 6.83+1.60 37.2+11.28 2.72%0.60
0.69%0.17 0.76%£0.17 2.74+0.68 1.09+0.43 9.43+3.04 5.93+0.98 35.2%+ 8.97 2.18%0.46
0.75%0.12 0.71%+0.12 2.631+0.34 0.95+0.29 7.27+1.36 563+0.91 36.6+ 8.95 2.15+0.44
0.66%0.09 0.68+0.12 2.564+0.37 0.88+0.20 6.63+1.16 5.73+1.04 413+ 879 2.46%0.38
0.721+0.06 0.68+0.10 2.71+0.54 0.87£0.25 7.67%£1.39 5.73%+0.62 45.0£17.37 2.53+0.90
0.74£0.11 0.65+0.14 2.78+0.54 0.86+0.31 6.97%t1.45 5.07+0.97 33.2+ 7.18 2.53%0.59
0.72%0.07 0.66+0.11 2.80+0.39 0.94£0.30 7.00+1.87 5.23+1.07 37.7 7.57 2.40%0.53

F15144=5.02** F15144=2367* F15144=9.62** F15144=484F* F15114=4400" F15,144=164T*

F15,144=9.23**

F13,126=5.54**

1.04+0.08
1.09+0.15
1.00+0.13
1.04+0.10
0.91+0.14
0.81+0.11
0.88+0.08
0.88+0.07
0.82+0.10
0.73%0.11
0.75+0.06

1.51%+0.12
1.65+0.21
1.38+0.15
1.43%0.16
1.19%0.16
1.15%0.13
1.14%0.08
1.23+0.15
0.69+0.12
0.81%+0.16
0.66+0.09

4.80%0.74
5.12%0.86
4.40+0.68
4.54+0.70
4.10+0.92
3.45+0.40
3.57+0.25
3.94%0.68
3.29+0.43
3.99+0.58
3.07£0.41

5.35+0.95
6.23+1.26
4.291+0.99
4.66+1.70
3.09%£1.04
2.69+0.55
2.31+0.38
2.87+0.73
0.96+0.25
341*+1.15
0.93+0.20

21.03£5.19
18.40£5.27
21.27+3.88
21.50+3.82
18.17+4.11
16.77+£4.52
15.30£1.77
16.57£2.97

8.53+1.32

8.20+1.48

8.53+0.82

5.63£1.79
597+1.77
7.07+2.16
7.57£1.56
7.50%£1.00
7.713%£2.24
6.93+1.12
6.60+0.75
5.07+0.41
4.97+0.78
5.07+0.58

F10,99=13.52** F10,99=51.74** F10,99=10.32** F10,99=31.80** F10,99=21.26** F10,99=5.64**

16.5= 4.62
22.5+ 4.99
23.2+ 4.78
28.1+ 4.20
37.6t 5.76
48.7£13.39
34.0+ 5.37
46.8+ 8.12
54.2+ 9.46
42.0% 6.96
75.41+17.98

F10,99=37.21**

1.99+0.52
2.49%+0.50
2.651+0.58
2.621+0.94
2.31+0.49
3.12+0.60
2.33+0.54
2.831+0.45
2.53+0.31
2.341+0.52
3.18+0.47

F10,99=4.09**

0.78+0.11
0.80%+0.16
0.75%0.11
0.73%+0.11
0.82+0.07
0.68+0.07
0.69+0.12
0.72+0.10
0.73%+0.05
0.76+0.13
0.75+0.17
0.80%£0.12

Fi1,108=1.45 F11,108=9.96**

1.02+0.13
0.99+0.23
1.10+0.16
0.97%0.15
1.12£0.15
0.82+0.12
0.88%+0.17
0.75%+0.09
0.80%£0.10
0.691+0.10
0.70%+0.19
0.85+0.14

3.40£0.35
3.69+0.85
3.36+0.55
3.20%0.51
3.69+0.51
3.09+0.44
3.18+0.62
2.89+0.37
2.78+0.45
3.20+0.54
2.85+0.36
3.20%+0.54

F11,108=3.18*

2.661+0.28
2.42+0.80
2.79%+0.75
2.43+0.96
2.671+0.56
1.59+0.42
1.77+£0.52
1.15%0.19
1.23+0.24
1.09%+0.19
1.17+0.22
1.09+0.19

18.83+2.99
15.43+3.34
16.67£4.60
16.23+3.15
14.30£3.80
12.57£3.72
11.73%£2.13
9.27+1.80
8.43+1.32
9.07£1.04
8.03+1.06
9.43+1.46

F11,108=1860%* F11,108=17.78**

6.70+1.04
6.50+1.28
6.43+1.07
7.13%+3.00
6.73+1.00
6.67+1.09
6.67£0.97
5.43%£0.90
5.07%+0.56
5.37+0.95
4.90+0.65
5.37+0.64

F11,108=6.72**

23.60t 6.92
31.80+ 7.19
30.20% 6.83
29.80+ 2.35
30.90t 5.82
31.10t 8.12
27.40% 4.50
33.20% 5.07
28.30t 5.46
41.20£10.85
41.40% 9.26
31.80% 6.39

Fi11,108=7.47**

2.02+0.21
2.391+0.52
1.90+0.38
1.94£0.29
2.14+0.37
2.04+0.40
1.63£0.26
1.93+0.28
1.58+0.19
2.48+0.52
2.24+0.55
1.79£0.31

F11,108=5.81**
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