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Abstract

Taura L., Gudzinskas Z., 2020: Life stages and demography of invasive shrub Cytisus scoparius (Fabaceae) in
Lithuania. — Botanica, 26(1): 1-14.

Alien invasive woody plant species, particularly those associated with nitrogen-fixing bacteria, are of special
concern, because they may cause drastic changes in entire ecosystems. Although most of invasive species of Li-
thuania originate from other continents, one of these, Cytisus scoparius, is native to Europe. Fast spread of this
species in Lithuania and its invasion to forest, coastal and continental sand, occasionally grassland habitats, sti-
mulated us to study demographic structure of its populations. The aim of this research was to evaluate density,
life stage and age structure of the populations, and to analyse relationships of the age of individuals with their
life stages, height and stem diameter. Five populations were studied in the western, southern and eastern parts
of Lithuania in July—August 2017. For the study, we selected stands of this species occupying at least 0.1 ha in
a uniform habitat. We applied sampling plot method, and studied at least 100 individuals in each population,
excluding seedlings. The age, life stage, height and stem diameter of 583 individuals were studied. The average
density of individuals ranged between 5.15 individuals/m?and 15.40 individuals/m?. Juvenile individuals reach
the stage of vegetative adults on the second or third growth season, occasionally on the third year they reach
even the stage of generative adults. The average age of juveniles was 1.10 years, of vegetative adults it was 2.99
years and 6.26 years of generative adults. The oldest generative individual was 28 years old. Linear regression
analysis of the relationship between the plant age and the stem diameter revealed that the age predetermined the
stem diameter variance by 81.0% in the studied populations. This study revealed that densities of C. scoparius
individuals of all life stages in disturbed and undisturbed habitats were sufficient to sustain longevity and furt-
her expansion of populations. Therefore, appropriate measures for control and eradication of this species should
be applied, particularly in the habitats of high conservation value.

Keywords: age, dendrochronology, generative adults, juveniles, population density, seedlings, vegetative
adults.

INTRODUCTION

Alien invasive trees and shrubs, particularly those
associated with nitrogen-fixing bacteria, are of spe-
cial concern, because, in many situations, adding an
extra biogeochemical function or a new vegetation
layer may cause drastic changes in entire ecosystems
(REIMANEK, 2014). Besides, during their quite long
life cycle, trees and shrubs tend to produce substan-
tial quantities of propagules and thus may occupy
large areas (DopeT & CoLLET, 2012). In Lithuania, 90

woody alien species have been recorded (GUDZINSKAS
et al., 2017; Gubzinskas, 2018) and six of these have
legally been recognized as invasive (GUDZINSKAS &
ZALNERAVICIUS, 2017). Although most of invasive
species of Lithuania originate from other continents,
one of these, Cytisus scoparius, is native to Europe.
This species, alongside with Robinia pseudoaca-
cia, 1s associated with nitrogen-fixing bacteria and
rises major concern because of its threat to conti-
nental and coastal habitats of the conservation value
(GupzINsKAS & ZALNERAVICIUS, 2016).
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Cytisus scoparius (L.) Link (Fabaceae) is native
to Europe and North Africa. In Europe, the native
range of this species lays within an area bounded to
Spain and Portugal in the south-west, north to the
British Isles, east to southern Sweden and the west-
central Ukraine and south to northern and central Ita-
ly (FropIN & HEYwooD, 1968; POTTER et al., 2009). In
other areas of Europe, C. scoparius is considered as
alien species (FrRopiN & HEYwoob, 1968; GAaVRILOVA
& Surcs, 1999; SARATEANU et al., 2017). This spe-
cies has been introduced and has become invasive in
many regions of the world, including North America
(PARKER et al., 2002; ONETO et al., 2010; MUIR & Va-
MosI, 2015), South America (Isaacson, 2000; LEON
CorpErO et al., 2016), South Africa (MkHizE et al.,
2013; MBATHA, 2016), Asia (Suzuki, 2000; SRINIVA-
sAaN et al., 2011), Australia and New Zealand (WiL-
Liams, 1981; DowNEy & SmitH, 2000; Smith, 2000;
TraN et al., 2016).

In Lithuania, C. scoparius was introduced at the end
ofthe 19th century (ABROMEIT et al., 1903; GUDZINSKAS,
1999). In the second half of the 20th century, it was
recommended for cultivation in fire protection belts
of forests, for erosion control and as fodder plant for
game animals, and then the rapid spread, naturaliza-
tion and invasion of C. scoparius began. Currently,
C. scoparius is a widespread shrub in western, south-
ern and eastern Lithuania, however, it is rare or absent
in the northern part of the country (STaNceviCius, 1971;
Gupzinskas, 1999; Gupzinskas et al., 2014). Consider-
ing the invasiveness and negative effect of C. scoparius
on native species and habitats, it has been included into
the List of Invasive Species of Lithuania (GUDZINSKAS
& ZALNERAVICIUS, 2016, 2017).

Studies on the life history, population structure
and growth rate of invasive plant species provide im-
portant information about mechanisms of invasion
and foresee control, management and eradication
measures (Sakarl et al., 2001; Ramura et al., 2008).
Population structure of C. scoparius has been widely
studied in the regions, where this species is highly in-
vasive (DowNEy & Swmith, 2000; Smith, 2000; PAYN-
TER et al., 2003; SriNIvAsaN et al., 2007) or its spread
has just started, and further invasion is suspected
(Leon Corpero et al., 2016; MBaTHA, 2016). Quite
a few studies on the population have been performed
in Europe, in the native range of this species (PAyN-
TER et al., 2000, 2003).

Analyses of the age of C. scoparius individuals and
its relationships with morphological characters have re-
vealed that stem diameter is a better indicator of a plant
age than its height (PAYNTER et al., 2003; SRINIVASAN et
al., 2007). The oldest generative individual of C. sco-
parius in Australia has been recorded being 28 years old,
in New Zealand it is 17 years old, in India 13 years old,
whereas in the native range in France, the oldest regis-
tered individual is 16 years old (REes & PAYNTER, 1997;
PavNTER et al., 2003; SRiNIvasaN et al., 2007). Reported
densities of individuals in different regions of the world
vary in a broad range (from 0.06 individuals/m?to 21 in-
dividuals/m?) depending on the type of habitat, the size
of population and time of its establishment (DowNEY
& Smith, 2000; PAYNTER et al., 2003; SRINIVASAN et
al., 2007; MBATHA, 2016). PAYNTER et al. (2000) have
found that in European populations beneath established
stands of C. scoparius its recruitment is absent. They
have concluded that C. scoparius is clearly adapted to
exploit disturbances that eliminate native competing
vegetation; however, in Australia, this species invades
new habitats irrespective of large-scale disturbances
(DownEY & SmiTH, 2000).

Fast spread of C. scoparius in Lithuania and its
invasion to forest, coastal and continental sand, oc-
casionally grassland habitats, stimulated us to study
demographic structure of its populations and regular-
ities of their development. The aim of this research
was to answer the following questions: (a) what is
the density of C. scoparius populations in Lithuania?
(b) what is the life stage and the age structure of pop-
ulations? (c¢) what are the relationships between the
age of individuals and their life stages, plant height
and stem diameter? The knowledge about popula-
tion structure, growth rate and life history of invasive
species is important in selecting measures to control
and eradicate the population.

MATERIALS AND METHODS

Study sites

Five populations of C. scoparius were studied in
the western, southern and eastern parts of Lithuania
in July—August 2017 (Table 1, Fig. 1). We selected
stands for the research of this species occupying sub-
stantial areas (at least 0.1 ha) in a uniform habitat.

Habitat types of C. scoparius study sites were
identified and named after EUNIS Habitat Classifi-
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Fig. 1. Location of the study sites of Cytisus scoparius populations in Lithuania. Population numbers correspond with those

presented in Table 1

Table 1. Geographic location of the study sites of Cytisus scoparius populations in Lithuania

Population number Site name Administrative unit Longitude (°N) Latitude (°E)
1 Meteliai Lazdijai district 54.268984 23.752699
2 Didziasalis Ignalina district 55.567031 26.269393
3 Galvydiske Kelmé district 55.786899 22.961950
4 Preila Neringa city 55.378373 21.038132
5 Nagliai Neringa city 55.463899 21.078483

cation (Davies et al., 2004) with later corrections and
amendments (EUROPEAN ENVIRONMENTAL AGENCY,
2017). Three of the sampled populations of C. sco-
parius occurred in the subcontinental Scots pine for-
est (G3.421), one population in the Baltic dune Scots
pine wood (G3.424) and one population in the north-
ern fixed grey dune (B1.41) habitats (Table 2).

Tree layer in the habitats of subcontinental Scots
pine forest (G3.421) was dominated by Pinus syl-
vestris and admixture of solitary Betula pendula.
Similar structure of the tree stand was in the Baltic
dune Scots pine wood (G3.424) habitat, but solitary
individuals of Picea abies and Betula pubescens also
occurred. In the habitat of northern fixed grey dunes
(B1.41), shrub layer was composed of solitary young
individuals of Pinus sylvestris, Juniperus commu-
nis and Salix rosmarinifolia. The herb layer in the

habitat was dominated by Carex arenaria, Festuca
psammophila, Hieracium umbellatum and Jasione
montana.

Sampling procedures

The study on populations of Cytisus scoparius
was conducted applying sampling plot method. At
least 10 sampling plots were studied in each popula-
tion to include at least 100 individuals of the study
species, excluding seedlings. In individual popula-
tions, depending on the density of C. scoparius, from
10 to 20 sampling plots (Table 2) of 1 m? in size and
arranged in one transect were investigated. Sampling
plots were delimited with wooden frame with sides
of 1 m. The first sampling plot of transect was select-
ed at least 3 m from the edge of the stand in uniform
community.
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Table 2. Habitat types, population size, number of sampling plots and cover of vegetation layers at the study sites of Cytisus

scoparius populations

Site name Meteliai Didziasalis Galvydiske Preila Nagliai
Habitat type G3.421 G3.421 G3.421 G3.424 Bl.41
Population size (ha) 0.15 2.00 0.23 0.75 0.35
Cover of Cytisus scoparius (%) 20 30 15 25 10
Cover of tree layer (%) 50 60 50 60 0
Cover of shrub layer (%) 30 40 30 40 15
Cover of herb layer (%) 40 30 40 30 60
Cover of bottom layer (%) 80 80 70 90 50
Bare soil (%) 3 0 20 0 20
Age of dominant trees (years) 70 60 70 80 —

The studied individuals of C. scoparius were di-
vided into four life stage groups basing on their size
and morphological characteristics. Plants grown
from seeds in the study year and still having coty-
ledon leaves were treated as seedlings. Individuals
with single unbranched or few-branched stem (with
1-3 lateral branches), densely hairy leaves and with-
out cotyledon leaves were ascribed to the group of
juveniles. Individuals with several branches and usu-
ally branched from the base of the stem, but without
generative organs, were treated as vegetative adults.
Individuals with at least one flower or fruit were as-
cribed to the group of generative adults.

The height of each C. scoparius individual occur-
ring in sampling plots was measured with measuring
type with accuracy of 1 cm and the diameter of its
stem at the ground level was measured using elec-
tronic digital calliper (WZSL 150) with the accuracy
of 0.01 mm. Then each plant was uprooted and sec-
tion of the stem (ca. 10 cm long) from the root neck
was taken for dendrochronological analysis. All stem
sections were numbered and placed into textile bags
for drying. Stems prior to analysis were dried for at
least two months under ambient conditions in a well
aerated room.

Age of individuals

Age of individuals was assessed applying den-
drochronological methods. Sections of ca. 2 cm were
cut from each dried C. scoparius stem sample with a
hand saw, whereas stems of thin individuals (3 mm
in diameter or less) were cut with scalpel. One sur-
face of the section was polished with sandpaper. The
polished surface of the samples was stained using
vegetable oil boiled with Curcuma rhizome powder.

Prepared cross-sections of the stem were analysed us-
ing the binocular microscope (LEICA AZ4), and the
number of annual rings in the xylem were counted.

Statistical analyses

The normality of data distribution was evaluated
using the Shapiro-Wilk test. The results of descrip-
tive statistics included average values and standard
deviations (average = SD), for plant height, stem
diameter and absolute age of individuals, minimum
and maximum values were given. Because the den-
sity of individuals in the sampling plots were distrib-
uted non-normally or different numbers of individu-
als of certain life stage or age group were recorded
in the studied populations, comparisons of their den-
sities, age structure, height and stem diameter were
analysed by applying the non-parametric Kruskal-
Wallis H-test and the Mann-Whitney post-hoc pair-
wise comparisons. Relationships between the age of
individuals (independent variable) and their height
and stem diameter (dependent variables) were evalu-
ated applying linear regression models. All calcula-
tions were performed using PAST 3.20 (HAMMER et
al., 2001).

RESULTS

Density of individuals

The density of generative adults of Cytisus sco-
parius in the studied populations ranged from 1.75 +
0.91 ind./m? (Didziasalis) to 3.07 + 1.53 ind./m?
(Nagliai) (Table 3). Thus, the highest density of gen-
erative adults was in an open dune habitat, whereas
the lowest density was in undisturbed pine forest.
According to the results of the Kruskal-Wallis test,
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all populations differed significantly (H = 9.71;
p = 0.034), however, the Mann-Whitney pairwise
comparison revealed significant differences only be-
tween Didziasalis and Preila (U = 59.5; p = 0.013)
and Didziasalis and Nagliai (U = 51.0; p = 0.004)
populations.

The density of vegetative adults in the sam-
pled populations was substantially variable and
ranged from 1.88 + 1.54 ind./m?> (Meteliai) to
7.60 £ 8.16 ind./m* (Galvydiské) (Table 3). The
highest densities of vegetative adults were found in
disturbed pine forest habitat and dune woodland hab-
itat. The Kruskal-Wallis test revealed significant dif-
ferences between all studied populations (H = 9.35;
p = 0.048). The Mann-Whitney pairwise comparison
revealed significant differences between Meteliai
and Galvydiské (U = 38.5; p = 0.025), Meteliai and
Preila (U = 69.0; p = 0.041), Meteliai and Nagliai
(U=62.0; p=0.019) and Didziasalis and Galvydiské
(U= 55.5; p=10.049) populations.

The density of juvenile individuals in the studied
populations ranged from 0.06 + 0.26 ind./m* (Nag-
liai) to 5.50 £ 5.79 ind./m? (Galvydiské) (Table 3).
The highest density of juveniles was recorded in dis-
turbed (20% of the bottom layer surface) pine forest
habitat, whereas the lowest density was in dune habi-
tat. According to the results of the Kruskal-Wallis
test, there were significant differences between popu-
lations (H = 13.25; p = 0.001). The Mann-Whitney
pairwise comparison revealed significant differences
between most of populations (Table 3).

The density of all individuals irrespective of their
life stage (seedlings excluded) in the studied popula-
tions ranged from 5.15 £+ 4.57 ind./m? (DidZiasalis) to
15.40 + 13.21 ind./m? (Galvydi§ke). Thus, the highest
density of individuals was in disturbed pine forest hab-
itat, whereas the lowest density was in the same type,
but undisturbed habitat. The results of the Kruskal-

Wallis test revealed significant differences between
the sampled populations according to the density of
individuals of pooled all life stage groups (H = 11.33;
p =0.022). However, by applying the Mann-Whitney
pairwise comparison, significant differences were
found between Didziasalis and Galvydiské (U = 40.0;
p = 0.008), Preila (U = 83.0; p = 0.026) and Nagliai
(U=1817.5; p=0.037) populations.

The number of seedlings in the study plots was
low (17 in Meteliai, two in Didziasalis and one in Na-
gliai) and their density was 1.06 + 2.32 ind./m?* (Me-
teliai), 0.10 £+ 0.30 ind./m? (DidzZiasalis) and 0.06 +
0.26 ind./m? (Nagliai). In Preila and Galvydiské, no
seedlings were recorded in the sampling plots.

Age of individuals

The average age of all studied generative adults
(n = 187) was 6.26 = 2.74 years. At the population
level (Table 4), the average age of generative adults
ranged from 5.11 + 1.62 years (Preila) to 7.67 £ 4.06
years (Nagliai). The results of the Kruskal-Wallis
test revealed statistically significant differences
among populations (H = 21.93; p <0.001). Pairwise
comparison by applying the Mann-Whitney test re-
vealed that the population of Preila according to the
age of individuals was statistically significantly dif-
ferent from those of Meteliai (U = 636.0; p = 0.036),
Didziasalis (U = 485.0; p = 0.006), Galvydiske
(U = 305.5; p = 0.009) and Nagliai (U = 462.5;
p < 0.001). Besides, statistically significant differ-
ence was found between Meteliai and Nagliai popu-
lations (U = 608.5; p = 0.006).

The average age of all vegetative adults stud-
ied (n = 280) was 2.99 + 0.92 years (Table 4). At
the population level, the average age of vegetative
adults ranged from 2.43 £ (0.73 years (Galvydiske)
to 3.37 £ 0.93 years (Meteliai). The Kruskal-Wal-
lis test showed statistically significant differences

Table 3. Density (average + SD) of Cytisus scoparius individuals (individuals/m?) by the life stage groups in the studied popu-
lations (n — the number of studied individuals). The same letter denotes statistically significant differences between populations

by applying the Mann-Whitney pairwise comparison

Site name | Number of sampling plots | n | Generative adults | Vegetative adults Juveniles All groups
Meteliai 16 105 250+ 1.71 1.88 + .54 2.19 £2.28% 6.56 +2.89
Didziasalis 20 103 1.75+0.91® 2.70 + 3.25¢ 0.70 £ 1.69 5.15+4.57%
Galvydiskeé 10 154 2.30+0.95 7.60 £ 8.16% 5.50 & 5.79%" 15.40 +13.212
Preila 15 116 2.87+1.51° 4.33 £4.25° 0.53 +0.83" 7.73 +£4.22°
Nagliai 15 102 3.07 £ 1.53" 3.67 £2.94¢ 0.06 £ 0.26° 6.80 +£2.78°
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among populations (H = 44.07; p < 0.001). Pairwise
comparison by applying the Mann-Whitney test re-
vealed that according to the age of vegetative adults,
only the population of Galvydiské was statistically
significantly different from Meteliai (U = 476.5;
»<0.001), Didziasalis (U= 1136.0; p < 0.001), Prei-
la (U=1008.0; p <0.001) and Nagliai (U = 1314.1;
p<0.001).

The average age of juveniles in all studied popu-
lations pooled (n = 116) was 1.10 + 0.30 years and
variation of the average age among populations was
low (Table 4). The Kruskal-Wallis test (H = 0.15;
p <0.889) and the pairwise comparison revealed no
statistically significant differences among and be-
tween populations according to the age of juveniles.

Analysis of the age of all individuals pooled
(n =583, excluding seedlings) of all studied popula-
tions showed that fractions of one- to three-year-old
plants were almost equal and comprised from 18.0%
to 19.2% (Fig. 2). Fraction of four-year-old and older
individuals gradually decreased and ten-year-old in-
dividuals and older comprised only 2.2%. Thus, the
results suggested that mortality of generative adults
was quite high and population stability was ensured
by constant recruitment.

Analysis of the age of individuals by life stage
groups in pooled data of all studied C. scoparius
populations also revealed important regularities.
Individuals of this species occasionally reached the
generative stage being three years old, though they
comprised a small fraction (six individuals or 3.2%)

of all generative individuals (n = 187) or 5.4% of
all three-year-old individuals (n = 112). The largest
fraction (63.6%) of generative adults comprised indi-
viduals aged four years (35 or 18.7%), five years (49
or 26.2%) and six years (35 or 18.7%). Older indi-
viduals were less frequent in all populations and their
fraction with the age decreased among generative
adults. Individuals aged seven years (19 or 10.2%),
eight years (21 or 11.2%) and nine years (9 or 4.8 %)
altogether comprised 26.2%. Ten and more years
old individuals were quite rare and comprised 7.0%
(13 individuals) of all generative adults. It should be
noted that the oldest C. scoparius individual in the
study plots was 28 years old and it was recorded in
Nagliai population.
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Fig. 2. Distribution of Cytisus scoparius individuals (n = 583),
excluding seedlings, according to the age in all populations

Table 4. The age (years, average = SD, minimum and maximum values) of Cytisus scoparius individuals estimated by life
stages in the studied populations and the number of studied individuals (7). The same letter denotes statistically significant
differences between populations within the same life stage group by applying the Mann-Whitney pairwise comparison

Generative adults Vegetative adults Juveniles
Site name " average +SD N average +SD N average +=SD
min—max (years) min—max (years) min—max (years)

Meteliai 40 5.7844_:111.64“b 30 3.3724_:;),93"‘ 35 l.llld_:20.32
Didsiasalis 35 6.463_113.59° 54 3. 1321_;).97" 14 1.07120.27
Galvydigke 23 6.1 3;;1’ 574 63 2.43 ;&73“"“‘ 53 1 .07520.26
Preila a3 5.11 ;1.062““‘le 65 3.28;_;).72“ 3 1.13120.35
Nagliai 46 7.674ﬁ7:248.06be 55 3.052i7 ;).97d | 1:1
s;i)g:ipulations 187 6.223;.74 230 2.992f70.92 116 1.10130.30
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Cytisus scoparius reach the stage of vegetative
adults being two years old. The largest part of the stud-
ied vegetative adults (n = 280) were from two to four
years old (265 individuals or 94.6%). Two-year-old
individuals (98) comprised 35.0%, three-year-old indi-
viduals (106) comprised 37.9% and four-year-old indi-
viduals (61) comprised 21.8% of all vegetative adults.
A few individuals belonged to the group of vegetative
adults being five years old (14 individuals or 5.0%) and
one individual (0.4%) was seven years old.

Most of individuals attributed to the group of
juveniles were one year old (105 individuals) and
comprised 90.5% of all individuals of this group
(n=116). Two-year-old plants (11 individuals) com-
prised 9.5% of all juveniles.

Height of individuals

Linear regression analysis (Fig. 3) of the relation-
ship between the plant height and its age, including
vegetative and generative adults, revealed that the
age predetermined the height variance by 47.4% in
the studied populations (#> = 0.474; p <0.001).

The height of generative adults of C. scoparius
was a variable character within and among popula-
tions. The smallest generative adult was 32 cm tall
(Didziasalis), whereas the tallest plant was 247 cm
(Preila). The average height of pooled all generative
adults was 102.73 + 43.92 cm (Table 5). The aver-
age height of generative adults in individual studied
populations ranged from 68.40 + 26.89 cm (Meteliai)
to 131.04 + 29.46 cm (Galvydiske).

The Kruskal-Wallis test revealed statistically signifi-
cant differences of the height of generative adults among
populations (H=71.04; p <0.001). The Mann-Whitney
test revealed that according to the height of generative
adults, the population of Meteliai was statistically sig-
nificantly different from all populations (» <0.001), and
Didziasalis was significantly different from Galvydiské
(U=79.5; p<0.001), Preila (U= 345.5; p <0.001) and
Nagliai (U= 403.5; p <0.001).

The height of vegetative adults of C. scoparius in
the studied populations ranged from 12 cm (Nagliai)
to 103 cm (Preila). The average height of all vegeta-
tive adults pooled was 44.18 + 23.30 cm (Table 5).
The average height of vegetative adults in individual
populations studied ranged from 35.43 + 20.29 cm
(Galvydiske) to 66.11 £23.58 cm (Preila).
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Fig. 3. Linear regression analysis of the relationship between

the plant age and its height of the pooled vegetative and gene-

rative adult individuals of Cytisus scoparius (n = 466) of the

studied populations (7> = 0.474; p < 0.001)

Table 5. Height (average + SD, minimum and maximum values) of Cytisus scoparius individuals estimated by the life stage
groups in the studied populations and the number of studied individuals (n). The same letter denotes statistically significant
differences between populations within the same life stage group by applying the Mann-Whitney pairwise comparison

Generative adults Vegetative adults Juveniles

Site name " average +SD " average +SD " average +SD

min—max (cm) min-max (cm) min—-max (cm)
Meteliai 40 6844;0632565.89“ 30 36.7;01_;.15"‘" 35 940(?;:13420“
Didsiasalis 35 83.4;(;:3‘71.71" 54 37.01;5.66“ 14 11.437i:125.14abc
Galvydigke 3 131 g;lj 7239,46‘: 63 35.431ﬂ; 72;)5291’“1“ 53 9.25: 127.481’”I
Preila 3 117 .6Z7ﬂ_: 24417.67ade 65 66.1114f 12033.58‘1“‘ 3 7.3 8; 122.72Cd
Nagliai 46 122.211;;26.915‘ 55 44.0172ﬁi9253.5 If | 10:10
soli)ﬂ(zipulations 187 1023723_;4473.92 230 44.1§_i1 53.30 116 9.3?_3%15.51
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The results of the Kruskal-Wallis test revealed
statistically significant differences between popula-
tions by the height of vegetative adults (H = 67.65;
p <0.001). The Mann-Whitney test showed that ac-
cording to the height of vegetative adults, the popu-
lation of Meteliai was statistically significantly dif-
ferent from Galvydiské (U = 842.0; p = 0.037) and
Preila (U = 289.0; p < 0.001) populations. The popu-
lation of Preila also statistically significantly differed
from Didziasalis (U = 489.5; p <0.001), Galvydiské
(U = 814.0; p < 0.001) and Nagliai (U = 890.0;
p <0.001).

The height of juveniles was quite constant and
ranged from 5 to 17 cm. The average height of all
juveniles pooled was 9.32 + 2.51 cm (Table 5). The
average height of juveniles in individual studied popu-
lations ranged from 7.38 =2.72 cm (Preila) to 11.43 +
2.14 cm (Didziasalis). According to the results of the
Kruskal-Wallis test, statistically significant differenc-
es were found between populations by the height of
juveniles (H = 15.1; p = 0.002). The Mann-Whitney
test revealed statistically significant differences be-
tween Didziasalis and Meteliai (U= 106.0; p = 0.002),
Galvydiskeé (U=184.5; p=0.003) and Preila (U=15.0;
p =0.005) as well as between Galvydiské and Preila
(U=124.0; p = 0.047) populations.

Stem diameter of individuals

We found strong relationship between the plant age
and the stem diameter. Linear regression analysis of
all vegetative and generative adults (n = 466) showed
(Fig. 4) that the age predetermined the stem diameter
variation by 81.0 % (> =0.810; p < 0.001).

30
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Fig. 4. Linear regression analysis of the relationship between

the plant age and its stem diameter of pooled adult vegetative

and generative individuals of Cytisus scoparius (n = 466) of

the populations studied (= 0.810; p <0.001)

The stem diameter of generative adults of C. sco-
parius varied in a broad range between individu-
als. The smallest stem diameter of generative adult
was 1.39 mm (Preila), whereas the largest recorded
stem diameter was 60.07 mm (Nagliai). The average
stem diameter of all generative adults pooled was
12.92 = 7.56 mm (Table 6). The average stem di-
ameter of generative adults in individual populations
studied ranged from 8.77 £ 3.92 mm (Meteliai) to
15.88 + 11.54 mm (Nagliai).

The Kruskal-Wallis test revealed statistically
significant differences of the stem diameter of gen-
erative adults between populations (H = 19.07;
p <0.001). The Mann-Whitney test showed that ac-
cording to the stem diameter of generative adults,
the population of Preila was statistically signifi-
cantly different from all populations, i.e. from Me-
teliai (U =508.5; p =0.001), Didziasalis (U = 482.0;
p = 0.0006), Galvydiske (U = 237.0; p < 0.001) and
Nagliai (U= 560.0; p <0.001).

The stem diameter of vegetative adults ranged
from 0.70 mm (Didziasalis and Preila) to 8.91 mm
(Nagliai). The average stem diameter of all vegeta-
tive adults pooled was 3.11 = 1.92 mm (Table 6). The
average stem diameter of vegetative adults in individ-
ual studied populations ranged from 1.59 = 1.30 mm
(Galvydiské) to 4.07 + 1.68 mm (Meteliai).

The Kruskal-Wallis test revealed statistically
significant differences of the stem diameter of veg-
etative adults between populations (H = 87.78;
»<0.001). The Mann-Whitney pairwise comparison
revealed that the population of Galvydiské was sta-
tistically significantly different from all populations
according to the stem diameter of vegetative adults
(p < 0.001). Besides, statistically significant differ-
ences were found between Didziasalis and Meteliai
(U =571.5; p = 0.026) as well as Didziasalis and
Preila (U= 1301.0; p = 0.016).

The stem diameter of juveniles, like other char-
acters of plants in this life stage group, was quite
constant and ranged from 0.24 mm (Galvydiské) to
1.16 mm (Meteliai). The average stem diameter of
all juveniles pooled was 0.57 = 0.19 mm (Table 6).
The average stem diameter of juveniles in individual
studied populations ranged from 0.52 £ 0.16 mm
(Galvydiske) to 0.69 = 0.20 mm (Didziasalis).

According to the Kruskal-Wallis test, all popu-
lations studied statistically significantly differed by
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Table 6. Stem diameter (mm, average + SD, minimum and maximum values) of Cytisus scoparius individuals estimated by the
life stage groups in the studied populations and the number of studied individuals (). The same letter denotes statistically signi-
ficant differences between populations within the same life stage group by applying the Mann-Whitney pairwise comparison
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the stem diameter of juveniles (H = 8.58; p = 0.035),
however, the Mann-Whitney test revealed that sig-
nificant difference was between Galvydiské and
Didziasalis (U = 199.0; p = 0.006) population.

DISCUSSION

Density of individuals

Studies on the density of C. scoparius individuals
in Europe, Australia, India, New Zealand and South
Africa (PAYNTER et al., 2003; SriNnivasan et al., 2007,
MpBaTHA, 2016) have revealed significant variations
within and between study regions. In South Africa,
the average density of individuals in the popula-
tions studied ranges from 0.06 ind./m’ to 9.5 ind./m?
(MBATHA, 2016). The average density of individuals in
the populations studied in the native range of this spe-
cies, in France and Spain, is 21 ind./m? in Australia
25 ind./m? and in New Zealand 6 ind./m? (PAYNTER et
al., 2003). Thus, in our studied populations, the av-
erage densities of individuals were lower than in in-
vasive range in Australia and in the native range in
Europe, but comparable with invasive populations in
New Zealand and South Africa. The average density
of individuals in GalvydiSké population, occurring in
pine forest with disturbed bottom layer and bare soil
(about 20% of the surface) was significantly higher
than in other populations studied (Table 2). PAYNTER et
al. (2000) have concluded that C. scoparius is clearly
adapted to exploit disturbances that eliminate native
competing plant species; however, our study revealed

that soil disturbances facilitate recruitment. Therefore,
the highest density of juveniles and vegetative adults
in Galvydiské population was found (Table 3). In con-
trast, the studies performed in Australia have revealed
that C. scoparius invades new habitats irrespective of
large-scale disturbances (DowNEY, SmiTH, 2000).

PaynTER et al. (2000) have found that in Europe-
an populations beneath established stands of C. sco-
parius its recruitment is absent. We registered the
recruitment of C. scoparius from seeds in all popu-
lations, although its intensity was different. At undis-
turbed sites, the densities of juveniles were similar,
whereas in populations with disturbed soil (Meteliai
and Galvydiske) it was significantly higher, whereas
differences of the density of generative adults were
insignificant (Table 3). Furthermore, the presence
of undisturbed, naturally bare sand in dune habitat
(Nagliai) had no effect on the recruitment. Thus, we
presume that in Lithuania the spread and intense re-
cruitment of C. scoparius is facilitated by habitat dis-
turbances, particularly by the machinery for tree log-
ging and forest maintenance in pine forest habitats
and recreational activities in dune habitats.

Age of individuals

Dendrochronological analysis is a tool that enables
to establish the age of woody plants precisely (CEDRO
et al., 2013; ReHscHUH et al., 2017). By applying the
methods of dendrochronology, it is possible to reveal
regularities or woody plant radial increment, longevity
of an individual, effect of meteorological conditions
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and, in the case of invasive species, time of population
establishment and intensity of recruitment (PAYNTER et
al., 2003; SRINIVASAN et al., 2007; MESTRE et al., 2014;
Rojas-BabiLra et al., 2017; Gupzinskas et al., 2020).
Maximum reported lifespan of C. scoparius is 28
years in Australia, 21 years in New Zealand, 16 years
in France and 13 years in India (REES & PAYNTER,
1997; PAYNTER et al., 2003; SriNivasan et al., 2007).
The oldest individual of C. scoparius recorded dur-
ing our study was 28 years old occurring in grey dune
habitats at Nagliai site (Curonian Spit).

We analysed the age of individuals in life stage
groups and revealed that juvenile stage of C. scopar-
ius in Lithuania continues one or two growth sea-
sons (Table 4). On the second or third growth season,
the survived individuals reach the stage of vegeta-
tive adults, occasionally on the third year they reach
even the stage of generative adults. The life stage of
vegetative adults, depending on habitat conditions,
density of individuals and other factors, continues
usually until the end of the fourth growth season.
Occasionally, solitary individuals of vegetative adult
stage can be found being five to seven years old. We
suppose that at least some older individuals of veg-
etative adult life stage might be damaged in previous
years and re-sprouted. The largest part of generative
adults in the studied populations comprises plants
aged from four to six years (Table 4).

We found that individuals aged from one to three
years comprise similar percentage and the fraction
of individuals starting with four years gradually de-
creases and individuals of ten or more years com-
prise only small fraction of all individuals in popula-
tions (Fig. 2). This phenomenon could be explained
either by high mortality of adult individuals because
of diseases or meteorological factors (PAYNTER et al.,
2003) or by the age of population establishment. As
we do not know exact time of the studied popula-
tion establishment, we cannot confirm or reject this
presumption. However, existence of 28-year-old in-
dividual in Nagliai population and the absence of in-
dividuals aged from 15 years to 27 years support our
presumption about the high mortality of generative
individuals aged above 10 years.

Height of individuals

Considering the information provided by dif-
ferent sources, the height of generative adults of
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C. scoparius 1s a variable feature and, in most cases,
only maximum values have been reported. To our
knowledge, the tallest individual of C. scoparius
(670 cm) has been recorded in New South Wales,
Australia (DowNEy & SmitH, 2000). The tallest indi-
vidual in Europe has been recorded in Spain, 518 cm
high (PAYNTER et al., 2003). The height of genera-
tive adults in South Africa has been established be-
tween 110 cm and 560 cm (MBATHA, 2016), in India
up to 300 cm (SrinivasaN et al., 2007). The study on
C. scoparius in Brazil has revealed that the average
height of generative adults across populations range
from 220 ¢cm to 260 cm (LEON CorDERO et al., 2016).
However, information on the variation in height of
vegetative adults and juveniles from the native and
invasive range is insufficient.

According to the results of the linear regression
analysis (Fig. 3) of the relationship between the plant
age height and its height, including vegetative and
generative adults, we found that the age predeter-
mined the height variance by 47.4%. The analysis
of relationships between the plant age and height
based on Indian populations (SRINIVASAN et al., 2007)
has revealed that the age predetermined the height
variance by 39.0%. Significantly higher values have
been presented by PaynTER et al. (2003) basing on
the study of populations from Europe, Australia and
New Zealand. They have found that the plant age
predetermined the height variance by 66.0%. Such
results suggest that the increase in height of C. sco-
parius individuals is not always continuous.

We found that generative adults of C. scoparius
in the studied populations were significantly small-
er than maximum values recorded in Australia and
South Africa (DownNey & SmitH, 2000; MBATHA,
2016), but comparable with those recorded in Brazil
(LeoN Corpero et al., 2016). The highest recorded
individual during this study in Lithuania was 247 cm
high. The maximum average plant height at the
population level was registered in pine forest habi-
tat in Galvydiské and in dune habitat in Nagliai. The
population in dune pine wood habitat in Preila oc-
cupied intermediate position, which was statistically
significantly different from all studied populations
(Table 5). Although the cover of all vegetation layers
in Preila was almost the same as in Didziasalis habi-
tat (Table 2), the height of generative adults at the
latter site was statistically significantly lower than in
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Preila (Table 5). Thus, the height of generative adults
in these habitats probably was determined by other
factors than light availability. The smallest recorded
generative adult was 36 cm high.

The height of vegetative adults in the studied pop-
ulations varied in a broad range within and among
populations. The smallest individual ascribed to this
life stage group was 12 cm high, whereas the tallest
individual was 103 cm high (Table 5). The maximum
average height of vegetative adults was in dune pine
wood habitat in Preila, but not in an open dune habi-
tat in Nagliai, as it might be expected. Therefore, we
can presume that C. scoparius, at least in the boreal
biogeographical region of Europe, is a shade tolerant
and is able to invade forest habitats with quite high
(ca. 60%) cover of the tree layers and moderate shrub
layer (Table 2). The height of juveniles varied in a
narrow range and the tallest juvenile was 17 cm high.
Thus, the height of individuals ascribed to the groups
of juvenile, vegetative adult and generative adult life
stage overlap and the height alone cannot be used as
a single criterion for the segregation of C. scoparius
life stages.

Stem diameter of individuals

Information on the variation in stem diameter of
C. scoparius both in the native and invasive ranges is
quite scarce. It has been reported that in South Afti-
can populations stem diameter of generative adults’
ranges between 19 and 157 mm (MBATHA, 2016). Al-
though stem diameter has been studied in the popula-
tions in Europe, Australia, New Zealand and India
(PAYNTER et al., 2003; SrRiNIvASAN et al., 2007), no
results are reported for the determined values.

We found strong relationship between the plant
ages and stem diameter. Linear regression analysis of
all vegetative and generative adults showed (Fig. 4)
that the plant age predetermined the stem diameter
variance by 81.0%. PAyNTER et al. (2003) have found
that the age predetermined the stem diameter vari-
ance by 88.0%. Our findings are comparable with the
results of PAYNTER et al. (2003), but both differ sig-
nificantly from the results of the study on Indian pop-
ulations, where the age of individuals predetermined
the stem diameter variance only by 47.0% (SriNI-
vasaN et al., 2007). Thus, in populations included in
our study as well as those analysed by PAYNTER et al.
(2003), the radial increment of the stem diameter of

C. scoparius 1s quite uniform between vegetative and
generative adults.

Stem diameter of generative adults in the stud-
ied populations in Lithuania varied in a broad range
(Table 6). The largest average stem diameter of this
species was in Nagliai, in dune habitat, whereas the
smallest average diameter of generative adults was in
Preila, in dune pine wood habitat. It should be noted
that in the habitat with very similar cover of all vegeta-
tion layers in DidZiasalis (Table 2), the stem diameter
was statistically significantly larger than in Preila (Ta-
ble 6). However, the average age of generative adults
in DidZziasalis was statistically significantly larger than
in Preila (Table 4). Stem diameter of vegetative adults
was less variable than that of generative adults (Tab-
le 6). Thinnest stems were recorded in Galvydiské
population, which was characterized by soil distur-
bance and high percentage of vegetative adults (Tab-
le 4). Even less variable was stem diameter of juve-
niles (Table 6). Therefore, the stem diameter could be
used as a reliable additional feature for identification
of the juvenile life stage for C. scoparius individuals.

The results of this study revealed that density of
individuals varied at different sites; however, individ-
uals of all life stages and different age were present in
the studied populations. Individuals of C. scoparius
reach generative stage on the third or fourth year of
growth; however, the life span of individual shrubs is
quite short. Nevertheless, considering high seed pro-
duction and persistence of the soil seed-bank (Bos-
SARD, 1990, 1993; DowNEY & SmiTH, 2000; PAYNTER
et al., 2003; TraN et al., 2016), individuals produce
sufficient amounts of seeds during relatively short
life to ensure stability of the established population
and further invasion into neighbour habitats. Control
and eradication of C. scoparius populations should
be implemented first in the protected areas and the
habitats of the highest conservation value.
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INVAZINIO KRUMO CYTISUS SCOPARIUS (FABACEAE) BRANDOS GRUPES IR POPU-
LIACIJU DEMOGRAFINE SUDETIS LIETUVOJE

Laurynas TAURA, Zigmantas GUDZINSKAS
Santrauka

Dauguma Lietuvoje esanciy svetimzemiy invazi-
niy rasiy yra kilusios i$ kity zemyny, taciau Cytisus
scoparius yra kiles i§ Vakary ir Vidurio Europos.
Kadangi riisis sparciai plinta Lietuvoje ir uzima di-
delius misky, pajiirio ir Zemyniniy smélyny plotus,
émeémeés tirti Sio augalo populiacijy sudétj.

Sio tyrimo tikslas buvo jvertinti individy tan-
kuma, amziy, brandos grupes ir nustatyti jy rysj su
augalo auksciu ir stiebo skersmeniu. I§ viso buvo
iStirtos penkios populiacijos. Tyrimai vykdyti 2017
m. liepos ir rugpjti¢io ménesiais Siaurés, piety ir ryty
Lietuvoje. Tyrimui buvo pasirinktos vietos, kuriose
Cytisus scoparius augalai uzémé bent 0,1 ha plota.
Tyrimas buvo atliktas taikant tiriamyjy laukeliy me-
todg. Kiekvienoje tiriamojoje populiacijoje istirta ne
maziau kaip po 100 individy, nejskaic¢iuojant daigy.
I8 viso buvo istirti 583 individai.

Individy tankumo vidurkis tirtose populiacijose
buvo nuo 5,15 individy / m? iki 15,40 individy / m?.
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Juveniliniai augalai pasiekia subrendusiy vegetatyviniy
individy stadijg po antrojo arba treciojo vegetacijos se-
zono. Pasitaiké atvejy, kai juveniliniai augalai genera-
tyviniais individais tapo tre€iaisiais metais. Juveniliniy
individy amziaus vidurkis buvo 1,10 mety, vegetatyvi-
niy — 2,99 mety, o generatyviniy — 6,26 mety. Seniau-
sias generatyvinis individas buvo 28 mety amziaus. Li-
nijinés regresijos analiz¢ tarp augalo aukscio ir amziaus
paaiskina 47,4 % amziaus variacijos, o stiebo skersmuo
paaiSkina 81,0 % individo amziaus variacijos.
Nustatéme, kad Cytisus scoparius jvairiy brandos
grupiy individy tankumas pazeistose ir nepazeisto-
se buveinése yra pakankamai didelis, kad uztikrinty
populiacijy ilgaamziskumga ir tolesnj plitima. Todél
siekiant sumazinti neigiamg invazinés rusies poveikj
biologinei jvairovei, biitina imtis tinkamy populiaci-
ju kontrolés ir naikinimo priemoniy. Pirmiausia jos
turéty biiti taitkomos saugomose teritorijose ir didelg
gamtosauging verte turinciose buveinése.



