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Abstract. Variability characteristics of the Arctic bramble Rubus arcticus L. morpho-
logical structure were studied in different habitats within the Vyatka-Kama (Kirov
region, Russia) interfluve area. As a result, a high level of variability of the stud-
ied parameters was defined. Furthermore, reliable differences and correlations
between morphological parameters of the species were marked in plant commu-
nities of the investigated area.
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1. Introduction

It is common knowledge that any plant is a multifeatured biological system, and varia-
bility and contingency of its morphometric parameters demonstrate the potential abi-
lities of the species and its reaction norms toward phytocoenotic surroundings, which

allows one to define the species’ vital conditions. The variability of linear parameters,
along with the variability of productivity and polyvariety of vital states, is a result

of the relations between the organism and the environment [1, 2]. Thus, the studies

of the variability of structural parameters of rare plant species or those living in limita-
tive environmental conditions become essential, as these plants are the most sensitive

to their surroundings. Complex analyses and studies of the mechanisms of species’
resistance in natural biotopes help one develop valid methods of rational use, con-
servation, and sustenance of populations. One of these species is the Arctic bramble

Rubus arcticus L. spread in Northern and Eastern Europe, North-Eastern and Eastern

Asia, and Northern America [3, 4]. R. arcticus is included in the lists of rare and thre-
atened species of certain regions, namely the [IUCN Red List of Threatened Species [5]

and the Nature Serve Explorer database.
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In the Kirov region, R. arcticus inhabits the southern border of its range [6]
and is rarely found, mostly in small-leaved and coniferous marshy forests, mixed
forests, afforested wood edges, and wet openings [7, 8, 9], edges of mesotrophic
and upland bogs, on wet meadows overgrowing with a brush.

The study aimed to estimate the level of variability of morphometric parameters
of the Arctic bramble in different conditions of the habitats.

2. Materials and methods

The study area is located in the subzone of the Kirov region’s medium and southern
taiga forests, included in the Vyatka-Kama interfluve. To estimate the essential
and relatively stable characteristics of plant communities (moisture level, soil richness,
disturbance limitations), we used the methods suggested by the researchers [10-13].
Community disturbance limitation is an important factor that affects the character
of phytocoenoses and is widely used by researchers in ecological dynamic approa-
ches to the classification of plant communities [10, 12]. The studied communities
were grouped according to the restoration stages after disturbance. The communi-
ties with disturbance limitation of less than ten years on initiate stages of succession
(meadows and openings), where the Arctic bramble was registered, were usually cha-
racterized by poor drainage, a relatively high moisture level (the communities were
wet) as well as high (mixed-herbs-Comarum meadow, Deschampsia-mixed-herbs-
sphagnum opening, Deschampsia-mixed-herbs meadow) and medium (Deschampsia-
mixed-herbs opening, Deschampsia-Comarum meadow, Deschampsia-mixed-herbs
meadow) level of soil richness.

The communities with intermediate stages of succession (10-60 years) were pre-
sented by Deschampsia-mixed-herbs aspen forests on the wet, poorly drained areas
with relatively rich soils.

The majority of studied communities in the region are characterized by more bela-
ted stages of secondary succession (disturbance limitation of more than sixty years).
These habitats are presented by wet and poorly drained medium rich (bilberry-moss
birch forest) and rich communities (Deschampsia-mixed-herb sphagnum birch forest,
Filipendula-mixed-herb birch forest); medium rich normally drained (mixed herb-

-green moss birch forest, bilberry-green moss pine forest) and medium rich marshy
(marshy-herb birch forest, marshy-herb pine forest) habitats. The tree stand of the com-
munities with disturbance limitation of more than sixty years is composed of Betula
pubescens Ehrh., Picea abies (L.) H. Karst, Picea xfennica (Regel) Kom. and Pinus syl-
vestris L., with P. abies and P. Xfennica dominating in the understory.

During the flowering stage in the plant communities, the following morpho-
logical parameters of generative above-ground partial sprouts (generative APS)
of R. arcticus were measured (Fig. 1): height of the generative APS (H) (cm), number
of internodes (I, ,) (pcs), length (Lpet) and width (Whpet) of the central lobe of the leaf
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of the 3¢ internode from the base of the sprout (cm), length of leaf’s petiole (Nfol'pet)
of the 3vd internode from the base (cm), length of the pedicle (N,) (cm), number
of flowers (NI) (pcs).

FIGURE 1. Morphological parameters of generative APS of R. arcticus. Legend: 1 - length of gene-
rative APS (cm); 2 - number of internodes (pcs); 3, 4, 5 - length and width of the central lobe,
length of the leaf’s petiole of the 3" internode from the base (cm); 6 - length of the pedicle
(cm); 7 - number of flowers (pcs)

The significance of differences in mean values (M+m) of the studied parame-
ters of R. arcticus generative APS was tested with single-factor analyses of variance.
For paired comparisons of group mean values in the samples, the HPCO05 and Tukey’s
HSD tests were used. In addition, correlation analyses were used to estimate the con-
nection between the morphometric parameters of generative APS. Correlation coef-
ficients (r-Pearson) were considered reliable at P<0.05.

The studied parameters were estimated with the coefficient of variability (CV)
according to the scale of variability for dwarf subshrubs life forms: CV < 7% - very low,
CV =7-15% - low, CV = 16-25% — medium, CV = 26-35% - elevated, CV = 36-50% - high,
CV > 50% - very high level [13].

3. Results

In the plant communities with initial stages of succession (disturbance limitation up
to ten years), the generative APS were reliably higher in wet habitats with medium-
-rich soils (average 13.42+0.29 cm) than in the eutrophic ones (the APS height reaches
12.38+0.27 cm) (table 1). Furthermore, variability of the parameter is higher on rich
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and medium-rich soils - 34% and 26%, correspondingly. Usually, two to eight inter-
nodes (Fig. 2B) were formed on the generative APS, average - 5; variability of the para-
meter in the studied communities was medium (22-25%).

Parameters of the central lobe of the leaf of the 3¢ internode from the base
of the sprout are characterized by very high and high levels of variability (CV = 37-63%),
except for the width of the central lobe of the leaf of the 3¢ internode from
the base of the sprout in medium-rich wet habitats, which variability is medium
and reaches 25%.

The height of the central lobe of the leaf of the 3v¢ internode from the base
of the sprout in medium-rich communities (2.86+0.11 cm) is slightly lower than
the one in the eutrophic habitats (2.90+0.07 cm). The width of the central lobe
of the leaf of the 3¢ internode from the base of the sprout is insignificantly higher
in the medium-rich communities (3.07+0.07 cm) compared to the eutrophic ones
(2.44%0.06 cm) (Fig. 2A). The length of the petiole of the central lobe of the leaf of the 3¢
internode from the base of the sprout is reliably higher (2.54+0.08 cm) in rich habi-
tats compared to the medium-rich ones (2.08+0.11 cm).
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FIGURE 2. The width of the central lobe (A) of the leaf of the 3 internode from the base
of the sprout and a number of internodes (B) of the generative APS R. arcticus in communities
with different levels of soil richness and moisture in initial stages of secondary succession (H).
Legend: B, C - rich, wet; CB, C - medium-rich, wet

In the studied communities of initial stages of succession, up to four flowers
were formed on the generative APS (average - 1); the parameter is highly variable
(CV = 43-48%). The length of the pedicle in the eutrophic habitats is reliably higher
(2.3940.07 cm) than in the medium-rich ones (2.09+£0.08 cm, CV = 22-25%)).

Morphometric parameters of plants inhabiting areas with initial stages of secon-
dary succession are characterized by a low number of correlations compared with other
studied communities. In wet and eutrophic habitats, the height of the generative APS
shows different levels of correlation with the other studied parameters (r = 0.18-0.52;
P < 0.05), except for the petiole length of the leaf of the 3¢ internode from the base
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of the sprout (Fig. 2). A medium correlation (r = 0.23-0.39; P < 0.05) is marked between
the length and width of the central lobe of the leaf of the 34 internode from the base
of the sprout, a number of internodes, between the length of the central lobe of the leaf
of the 374 internode from the base of the APS and a number of flowers on the APS,
number of internodes. A weak correlation (r = 0.17-0.18; P < 0.05) is marked between
the length of the central lobe of the leaf of the 37¢ internode from the base of the APS
and a number of flowers between a number of internodes and the length of the pedicle.

In wet and medium-rich communities, the parameters show different levels of cor-
relation (r = 0.18-0.47; P < 0.05). Almost all studied parameters correlate with the height
of the generative APS, except for the length of the central lobe of the leaf of the 34
internode from the base of the APS and a number of flowers. A negative correlation
was marked between the length and the width of the leaf of the 3¢ internode from
the base of the sprout (r = -0.17; P < 0.05). On the other hand, the length of the central
lobe of the leaf of the 374 internode from the base of the sprout shows a positive corre-
lation with the length of the pedicle, a number of flowers, and internodes; a number
of internodes correlate with the length of the pedicle and a number of flowers.
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FIGURE 3. Correlation between the height of the generative APS (H), the width (A),
and the length (B) of the central lobe of the leaf of the 3 internode from the base of the sprout
in wet and eutrophic habitats with initial stages of secondary succession.
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Plant communities with the Arctic bramble with intermediate stages of succession
(10-60 years) are presented by Deschampsia-mixed-herb aspen forests with relatively
rich soils and poor drainage. The height of the generative APS in this type of com-
munity is characterized by an elevated level of variability (CV = 27%), and varies
from 6.9 to 24.20 cm, with an average of 16.90+0.4 cm. The generative APS forms
5+0.17 internodes on average, varying from 3 to 7 (CV = 21%).

Parameters of the leaf of the 3*¢ internode from the base of APS and generative fea-
tures of the plant in the communities show a medium variability level (CV = 21-24%),
except for the length of the pedicle, which varies significantly from 0.23 to 3.96 cm
(CV = 62%). The length of the central lobe of the leaf of the 3¢ internode from the base
of APS reaches 2.65+0.4 cm on average, and varies from 1.36 to 4.10 cm, the width -
an average of 4.04+0.4 cm, varies from 2.13 to 5.60 cm, the petiole length — an average
of 2.19+0.4 cm, varies from 1.39 to 3.69 cm. One flower is usually formed on the sprout.

A medium positive correlation is marked between the length of the petiole
and the length of the central lobe of the leaf of the 3r¢ internode from the base
of the sprout (r = 0.41; P < 0.05), and between a number of flowers and the pedicle
length (r = 0.41; P < 0.05).

On belated stages of secondary succession (disturbance limitation of more than
sixty years), the average height of the generative APS is significantly higher in wet
habitats of medium richness, compared to medium-rich wet and normally drained,
and reaches 19.46+0.4 cm. The variation coefficient of the APS height varies from
19% to 34%, the leaf width — varies from 22% to 43%. No reliable difference between
the values of the width of the leaf of the 3¢ internode from the base of APS was mar-
ked in the conditions of medium-rich normally drained and medium-rich marshy
habitats (Fig. 4A). It was defined that an average number of internodes in medium-

-rich habitats on normally drained and wet soils was equal (Fig. 4B).

In the studied plant communities, the generative APS form 2 to 10 internodes,
and the variability is medium to elevated (CV = 20-31%).

Parameters of the leaf of the 3¢ internode from the base of the APS show medium
to high variability levels (CV = 17-43%). The length of the central lobe of the leaf
of the 3v¢ internode from the base of APS in medium-rich and wet habitats varied from
0.98 to 2.50 cm and is relatively stable (CV = 17%). The maximum variability levels
(CV = 43%) were marked for the width of the central lobe of the leaf of the 34 inter-
node from the base of APS in marshy and rich habitats - 0.51 to 5.77 cm.

The maximum average length of the central lobe of the leaf of the 374 inter-
node from the base of APS was marked for plants from medium-rich and nor-
mally drained areas (3.97+0.06 cm), the minimum - for medium-rich and wet
(2.54+0.13 cm). The minimum mean values were defined for the width of the cen-
tral lobe of the leaf of the 3v¢ internode from the base of APS in rich and wet habitats
(2.54£0.04 cm), the maximum - for plants in medium-rich normally drained areas
(3.31+0.2 cm).
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FIGURE 4. The width of the leaf of the 3 internode from the base of APS (A) and a number
of internodes (B) in different conditions of moisture and soil richness on belated stages of sec-
ondary succession ()

The variation of the generative parameters is medium to high (CV = 27-66%).
1 to 4 flowers are formed on generative APS; variability level elevated to high
(CV =27 - 49%). The pedicle length varies from 0.1 to 4.30 cm, with the variation
level being very high (CV = 53-66%).

The correlation analyses showed that in eutrophic and wet habitats, morphological
parameters of the plants demonstrate a low integration degree (r = 0.20-0.29; P < 0.05):
the length of the central lobe of the leaf of the 3¢ internode from the base of APS
shows correlation with its width; the width of the central lobe of the leaf of the 3¢
internode from the base of APS - with length of the petiole of the leaf of the 3¢ inter-
node from the APS base. Furthermore, a number of internodes are positively connec-
ted with the length of the petiole of the leaf of the 3¢ internode from the APS base
and a number of flowers; negatively — with the pedicle length (r = -0.25; P < 0.05).

Among the parameters of plants inhabiting medium-rich and normally drained
areas, a negative correlation between the height of the generative APS and the length
of the petiole of the leaf of the 374 internode from the APS base was marked
(r = -0.40, P < 0.05), between the width of the central lobe of the leaf of the 34 inter-
node from the base of APS and the pedicle length (r = -0.50, P < 0.05); a positive cor-
relation — between the length and the width of the central lobe of the leaf of the 3+¢
internode from the base of APS (r = 0.36, P < 0.05).

Analyses of the morphometric parameters of the species in marshy habitats
of medium richness showed that the length of the central lobe of the leaf of the 3¢ inter-
node from the base of APS demonstrates a strong negative correlation with the pedicle
length (r = -0.71, P < 0.05) and positive — with the width of the central lobe of the leaf
of the 3¢ internode from the base of APS (r = 0.57, P < 0.05). The height of the gene-
rative APS correlates with the width of the central lobe of the leaf of the 3v¢ internode
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from the base of APS and a number of internodes (r = 0.39-0.42, P < 0.05). A nega-
tive correlation was marked between the width of the central lobe of the leaf of the 34
internode from the base of APS and the pedicle length (r = -0.44, P < 0.05).

A medium positive correlation was marked between a number of internodes
and the length of the leaf of the 3¢ internode from the base of APS (r = 0.47; P < 0.05).

4. Conclusions

The studied morphometric parameters of R. arcticus are characterized by a wide total
variation - from medium to very high (CV 17 to 63%). No parameters showed a low
level of variation. TUsing Fischer’s ratio test, the single-factor analyses of variance
showed significant differences between the studied parameters in various habitat
types in the Kirov region. The variation estimation in paired comparison of mean
values between the morphological parameters using HPCO05 and Tukey’s HSD test
demonstrated a statistically reliable influence of the habitats’ conditions on the spe-
cies’ morphostructure, except for a number of internodes (the parameter showed
no reliable differences within the studied coeno range).
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