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Abstract: Most alien plant species are usually discovered in new areas either immediately or within a
relatively short period of time after their introduction. However, the introduction, spread, and inva-
sion of some species go unnoticed for a long time. In Lithuania, such an alien plant is Cornus sanguinea
subsp. australis, whose cryptic invasion has gone unnoticed due to its similarity to the native subsp.
sanguinea. Cornus sanguinea subsp. australis is native to southeastern Europe and western Asia and
is considered alien in other parts of Europe. This study, which was carried out between 2018 and
2022 in the territory of Lithuania, aimed to identify the distribution of the subsp. australis, as well as
assess certain reproductive traits and its impact on the species diversity of the invaded communities.
The results showed that the cryptic invasion of subsp. australis in Lithuania has been going on for
several decades and is now well advanced. We found that the alien subspecies grows faster and
that individuals in analogous habitats mature earlier than the native subsp. sanguinea. Furthermore,
subsp. australis, compared to subsp. sanguinea, produces more flowers per inflorescence (84.0 & 25.0
and 49.7 £ 20.9, respectively) and sets and ripens more fruits (25.6 + 9.7 and 18.2 & 7.6, respectively),
which are among the most important factors for its further fast spread and invasion. The results of
the vegetation analysis showed that the increase in abundance of both subspecies has a negative
effect on species diversity in the community. However, the effect of the native subspecies on plant
species diversity was negligible, while the effect of the alien subspecies was moderately negative and
significant (r = —0.47; p < 0.05). Based on the results of the study, we can conclude that the alien subsp.
australis performs better than the native subsp. sanguinea. Considering the current distribution and
the drivers of dispersal, we suppose that subsp. australis will continue to spread rapidly in Lithuania
and may pose a threat to the native subsp. sanguinea populations.

Keywords: dendrochronology; plant communities; reproductive age; reproductive traits; species
diversity; spread

1. Introduction

Most invasions of alien plant species into new areas are detected as soon as they
begin, and the whole process is usually well documented [1-3]. However, there are some
alien plants whose introduction, naturalization, and spread in new areas go unnoticed for
decades because of their similarity to native or widespread alien plants [4]. The invasion
of alien species, taxa of other ranks, races, or genotypes that are morphologically close to
well-known organisms, and therefore go undetected for long periods of time, is known as
cryptic invasion [5-8].

Cryptic plant invasions are often the result of the introduction of alien infraspecific
taxa that closely resemble native taxa, as well as alien races or genotypes that can only be
reliably identified using molecular techniques [7,9]. The spread of some infraspecific taxa
(or races) of Phragmites australis (Cav.) Trin. ex Steud. in different regions of the world can be
considered a cryptic invasion of the largest scale. Some alien infraspecific taxa of this species
have been found to be significantly different from native ones in relation to their rates of
spread, occupied habitats, and impact on ecosystems [8]. Studies on the cryptic invasion
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of Ceratophyllum demersum L. in New Zealand have revealed that its alien populations are
highly invasive and behave differently from native populations [10]. Recently, the alien
Hedera hibernica Poit. has been found to be spreading particularly fast in Belgium, but it is
difficult to distinguish it from the native Hedera helix L. by its morphological characteristics.
Hedera hibernica grows much more vigorously than Hedera helix and occupies habitats
unsuitable for the native species [11]. Thus, because of the cryptic nature of certain invasive
species, they can spread uncontrolled for long periods of time, causing a detrimental impact
on native species and ecosystems. Once an invasion has become apparent, it may already
be too late to control the spread of the invasive species, manage it effectively, or mitigate
the adverse effects of the invasion [7].

The invasiveness of a plant species is determined by many environmental factors and
plant traits [12,13]. The most important factors determining the invasiveness of woody
plants include their fleshy fruits (which contain seeds distributed by birds), short juvenile
periods (less than 10 years), and short intervals (1 to 4 years) between large seed crops [14].
The duration of the juvenile period of woody plants can be determined not only under
experimental conditions but also from annual rings. Dendrochronological methods can
also be used to determine the age structure of woody plant populations with a reasonable
degree of precision, as well as the time of the establishment of individuals in an area,
the age of maturity, and the rate of spread or growth [15-17]. Despite the simplicity
of the dendrochronological method, it is still used relatively rarely in invasive species
studies [18,19].

Forestry, landscape, and ornamental planting are major contributors to the increase,
spread, and invasion of alien woody plant species worldwide [20,21]. Studies have shown
that, the greater the intensity of the introduction, the heavier the propagule pressure, which
facilitates the spread of the alien species and increases the likelihood of its invasion [22].
Elaeagnus angustifolia L. has been planted as an ornamental and sheltering species for a long
time over a large area in Canada and the United States but is now an invasive plant with
a detrimental impact on riparian ecosystems [23]. Recently, there has been an increasing
emphasis on the significance of shelterbelts and hedgerows composed of alien woody
plants along streets, roads, railways, or other infrastructure as a reservoir for invasive and
potentially invasive species [24-26].

One of the most important objectives of research on invasive species is to determine
the consequences of invasion at different scales from the impacts on individual species
and changes in ecosystem functioning [27,28]. Most knowledge has been gained on the
competition of invasive species with native species and the resulting changes in plant
communities [29,30]. Biodiversity is most affected when invasive species dominate commu-
nities, and such communities cover large areas [31]. Native species with strong competitive
characteristics and dominance in communities are also known to reduce species diversity,
but in such cases, the loss of diversity is less pronounced and is usually reversible [30,32].

The introduction of plants of the genus Cornus L. for ornamental purposes began
around the 17th century in Europe and is still ongoing [33,34]. The spread from cultivation
sites and the naturalization of some introduced species started soon after their introduction.
The number of recorded alien species of the genus Cornus in various European countries is
steadily increasing [34-37]. The most widespread and invasive species in Europe are now
Cornus alba L. and Cornus sericea L. [38—40]. During several decades, parts of Europe have
witnessed an intensive spread of the alien Cornus sanguinea subsp. australis (C.A. Mey.) Jav.
ex So¢ into anthropogenic, semi-natural, and even natural habitats [41]. This subspecies
has been and continues to be planted in protective and ornamental plantations [42].

The alien subsp. australis has been growing in Lithuania for at least eight decades
but has only recently been identified. The plant has become fully naturalized during this
time and has become widespread in the country [37]. We, therefore, undertook a study to
assess the extent of the cryptic invasion of subsp. australis, and to compare its biological
and ecological characteristics with the native subsp. sanguinea. In this study, we aimed to
answer the following questions: (i) How widely is subsp. australis distributed in Lithuania
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and what are the factors underlying its cryptic invasion? (ii) Are there differences between
the reproductive characteristics of alien subsp. australis and native subsp. sanguinea?
(iii) Are there differences in the age of maturity of young individuals of the two subspecies?
(iv) What are the effects of both subspecies on the species diversity of plant communities?

2. Materials and Methods
2.1. Study Taxa

Cornus sanguinea subsp. australis (C.A. Mey.) Jav. ex So¢ is distinguished from the
subsp. sanguinea by the type of hairs on the abaxial surface of its leaves. Cornus sanguinea
subsp. australis has medifixed hairs appressed to the leaf surface, whereas the subsp.
sanguinea has simple, curved loose hairs [43]. Discussions on the rank of this taxon have
continued for decades [44,45], and even now some authors treat this taxon differently.
Woznicka et al. (2015) [46] and Morozowska et al. (2021) [47] showed that there are no
significant differences in the morphological features of the external and internal structure
of the endocarp of subsp. sanguinea and subsp. australis. Nevertheless, sometimes this
subspecies is treated at the rank of species, i.e., Cornus australis C.A. Mey. [43]. Following
recent studies [46—48], we accept these two taxa at the rank of subspecies.

Cornus sanguinea subsp. australis is a shrub or small tree native to southeastern Europe
and western Asia [48-50]. In central and western Europe (e.g., Belgium, the Netherlands,
Germany, and Austria), it is treated as an alien [41-43,51,52]. In the northeastern part of
Ukraine, as well as Lithuania and Latvia, subsp. australis is also considered alien [37,53,54].
In its native range, subsp. australis is mostly associated with the woodlands of the forest-
steppe zone, sparse woodlands, forest edges, and slopes of mountain valleys [49,50].

2.2. Distribution

The distribution of subsp. australis in Lithuania was studied from 2018 to 2022. The
search for plants of this taxon was carried out primarily in areas where they were most
likely to be found, i.e., in urbanized areas and along major railways, as well as in natural
and semi-natural habitats at varying distances from the established populations of the
subsp. australis. A revision of all specimens of Cornus sanguinea deposited in the herbaria of
Nature Research Centre (BILAS) and Vilnius University (WI) was performed to establish the
historical records of this subspecies. Herbarium specimens collected during this research
were deposited at the Herbarium of the Nature Research Centre in Vilnius. A total of
48 herbarium specimens were examined and more than 50 specimens were collected during
the research. Plants were identified by morphological characteristics, the most important of
which was the type of hairs on the underside of the leaves [43,48].

The introduction pathways and vectors of spread were defined and classified according
to guidelines for the prioritization and management of invasive species [55].

A distribution map of subsp. australis in Lithuania was compiled, applying a system
of grid cells that were arranged according to the geographical coordinates with sides of 6’
of latitude and 10’ of longitude [56]. Sites recorded in the same grid cell were marked on
the map with a single dot.

2.3. Study of Plant Communities

Phytosociological surveys of the plant communities inhabited by both subspecies
of Cornus sanguinea were carried out throughout Lithuania. In selecting the study areas,
we tried to cover as much habitat diversity as possible, considering the abundance of the
taxa studied. In assessing the presence of communities with a different abundance of
subsp. australis and subsp. sanguinea, we wanted to assess their effect on species richness.
Community composition and species coverage were assessed in 100 m? study plots selected
in a homogeneous part of the habitat [57]. The coverage of each plant species was visually
assessed and expressed as a percentage. The coverage of each plant species in different
layers (trees, shrubs, herbs, and mosses) was assessed separately, in addition to the total
coverage of each layer.
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In total, 60 plots were used for the analysis (30 communities with subsp. australis
and 30 communities with subsp. sanguinea). All communities with plants of each Cornus
sanguinea subspecies were divided into two groups. Communities with more than 40% tree
cover were considered woodlands, and communities with less than 40% tree cover were
considered shrublands.

2.4. Study of Reproductive Traits

Aiming to assess the reproductive traits of subsp. australis and subsp. sanguinea,
studies were performed in three populations of each subspecies in 2020 (Figure 1, Table 1).
For this study, populations of both subspecies were selected from similar habitats. The
Cornus sanguinea subsp. sanguinea reproductive characteristics were studied in the habitats
of shrublands (Piepaliai and Veliuona sites) and Quercus robur woodland (Siliné site), while
subsp. australis populations were selected in anthropogenic woodland (Kaisiadorys site)
and abandoned grassland (Maisiagala and Ginkiinai sites) habitats.
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Figure 1. Position of Lithuania in Europe (left) and location of the Cornus sanguinea subsp. sanguinea
(empty circles) and Cornus sanguinea subsp. australis (black dots) sampling sites for reproductive
traits in Lithuania (right).

Table 1. Locations of Cornus sanguinea subsp. sanguinea and Cornus sanguinea subsp. australis
sampling for the study of reproductive traits in Lithuania.

Subspecies Site Name AdmiS;sittrative Longitude (°E) Latitude (°N)
Cornus sanguinea subsp. sanguinea Piepaliai Kaunas distr. 55.07423 23.78346
Cornus sanguinea subsp. sanguinea Veliuona Jurbarkas distr. 55.08996 23.18326
Cornus sanguinea subsp. sanguinea Siline Jurbarkas distr. 55.08856 22.94780
Cornus sanguinea subsp. australis Ginktinai Siauliai distr. 55.95343 23.37109
Cornus sanguinea subsp. australis Kaisiadorys Kai$iadorys city 54.87099 24.43677

Cornus sanguinea subsp. australis Maisiagala Vilnius distr. 54.86959 25.05138
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In each population, three inflorescences (one inflorescence each from the lower, middle,
and upper branches) were collected from ten tagged individuals during the flowering
period (early June). The number of all normally developed flowers in each inflorescence
was counted. In total, 30 inflorescences were analyzed in each population. At the end of
the summer, three infructescences were collected from the same ten labeled individuals
in each population. The number of all normally developed fruits per infructescence was
counted. In total, 30 infructescences were examined in each population. The sample size
for estimating the number of flowers in an inflorescence was determined according to the
results of the pilot study and following the recommendations by Lenth [58]. The same
sample size was applied to assess the number of fruits per infructescence.

2.5. Age of Maturity

To determine whether there were differences in the age of maturity of subsp. aus-
tralis and subsp. sanguinea, we carried out dendrochronological studies on young but
already fruiting shoots, presumably grown from root suckers. At four sites (two subsp.
australis sites and two subsp. sanguinea sites), 30 of the youngest fruiting shoots were
collected in September 2020. The fruit-bearing shoots were selected if they were 1.0-1.1 m
tall or less. In Vievis (subsp. australis; 54.77093° N; 24.83455° E) and Piepaliai (subsp.
sanguinea; 55.07433° N; 23.78359° E), the samples were collected in xeromesic habitats, and
in KaiSiadorys (subsp. australis; 54.87055° Nj; 24.43644° E) and Veliuona (subsp. sanguinea;
55.08996° N; 23.18326° E), the samples were collected in mesic habitats. All habitats were
open, without shade from other trees and shrubs. All, or at least most, of the shoots sampled
were presumably derived from root suckers.

The shoots were cut with secateurs at the soil surface, a section of the lower part of about
15 cm was taken, and each sample was numbered. In the laboratory, a section of the shoots was
examined, and the age of the shoot was determined by the number of annual rings. The annual
rings were counted by examining the section under a binocular microscope. The diameter of
each shoot was measured with a caliper (accuracy 0.1 mm) at its base.

2.6. Statistical Analyses

The evaluation of the collected research data using the Shapiro-Wilk test showed
that some of the data on the number of flowers per inflorescence, the number of fruits
per infructescence, the age of the young individuals and their stem diameter, as well as
the number of species in the studied plant communities, did not meet the criteria for
normal distribution. Therefore, we compared the datasets using non-parametric statistical
analysis methods. The Kruskal-Wallis H-test to detect differences between datasets from
all study sites, and the Mann-Whitney U-test for post hoc pairwise comparison was
applied. To compare the number of flowers and fruits of the taxa under study, the data
from all study sites were pooled and the resulting datasets were compared with each
other. When presenting the results of the descriptive statistics, we report the mean and the
standard deviation (mean =+ SD), and when considering the age and stem diameter of young
individuals, we also report the minimum, maximum (min-max), and median values. A
nested two-way ANOVA was used to assess the effect of the taxon (fixed effect) and habitat
(random effect) on age at the start of shoot fruiting. The relationships between the cover of
the studied Cornus taxa and plant species diversity in the communities were assessed using
Spearman’s rank correlation (rs). For the comparison of significant differences between
the samples from the literature and our data, we used the t-test from parameters. All the
calculations were performed using the PAST 4.10 software [59].

3. Results
3.1. Distribution
Examination of the herbarium specimens of Cornus sanguinea from Lithuania revealed

that the oldest sample of the subsp. australis was collected by P. Snarskis on 26 July 1940
(BILAS, No. 6549, originally determined as Cornus sanguinea) on the western side of the
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narrow-gauge railway line PanevéZzys—Joniskeélis, ca. 4 km north of Bernatoniai (now in the
Panevézys district) railway station (Figure 2). However, P. Snarskis did not indicate on the
herbarium label whether the specimen represented a cultivated or a self-grown individual.
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Figure 2. The current distribution of Cornus sanguinea subsp. australis in Lithuania. The red dot marks the
first record of this taxon in Lithuania; the black dots mark localities based on the results of this research.

The results of the study showed that the subsp. australis was recorded in 63 grid cells
in Lithuania, with a total area of occurrence of ca. 40,400 km?, comprising about 63% of the
country’s territory (Figure 2). The total number of recorded localities of the subsp. australis
in Lithuania in 2022 was estimated to be more than 200, as one to ten sites were recorded in
individual grid cells.

In the southern, central, and eastern parts of Lithuania, subsp. australis is relatively
concentrated. In the northern and western parts of the country, the occurrence of the
subspecies is more diffuse, and in the southwestern part of the country, the subspecies
has not yet been recorded. In most cases, subsp. australis has spread from road and rail
shelter plantations, and less frequently from ornamental plantations. From shelter and
ornamental plantations, these plants spread under the influence of anthropogenic and
natural vectors. Among the anthropogenic vectors, the disposal of fallen leaves and other
plant waste should be considered the most important, while the most important natural
vector is fruit-feeding birds. The importance of birds for the spread of subsp. australis is
demonstrated by the fact that, in many areas, the subspecies forms thickets of varying size
underneath power lines and around electricity poles, on which flocks of frugivorous birds
often land to take a rest.

Cornus sanguinea subsp. australis was observed in a variety of anthropogenic habitats
(anthropogenic woodlands, roadsides, railways, wastelands, margins of drainage ditches,
abandoned lands, urbanized areas, and their surroundings), but also often occurred in
semi-natural or natural habitats. In natural and semi-natural habitats, subsp. australis was
most frequently found along forest edges and in hillside grasslands, and less frequently
on the banks of water bodies. Assessing the current distribution, extensive stands, and
dispersal vectors, it can be assumed that subsp. australis will continue to spread and invade
anthropogenic, semi-natural, and natural habitats.
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3.2. Comparison of Reproductive Traits of Subspecies
3.2.1. Flowering and Fruiting

Analysis of the number of flowers per inflorescence showed that the mean number
of flowers per inflorescence of subsp. sanguinea (49.7 = 20.9 flowers) was significantly
lower (U = 1134; p < 0.001) than the mean number of flowers per inflorescence of subsp.
australis (84.0 £ 25.0 flowers). The mean number of flowers per inflorescence at individual
subsp. sanguinea sites ranged from 36.1 &= 14.5 to 65.7 £ 21.0, while the mean number
at subsp. australis sites ranged from 78.2 & 23.2 to 87.2 £ 23.5 flowers per inflorescence
(Figure 3). The results of the Kruskal-Wallis test showed that among all studied sites of
subsp. sanguinea and subsp. australis, significant differences (H = 91.88; p < 0.001) in the
number of flowers per inflorescence were found. It should be noted that in terms of the
number of flowers per inflorescence, we found no significant differences between subsp.
sanguinea at the Piepaliai site and subsp. australis at the Ginktnai site (U = 320; p = 0.05).
A comparison of all three subsp. australis sites according to the number of flowers per
inflorescence revealed no significant differences (H = 2.2; p = 0.33), while between all sites
of subsp. sanguinea, significant differences (H = 30.82; p < 0.001) were found. This suggests
that subsp. australis has a low response to environmental conditions, while the native
subsp. sanguinea is only comparable to the alien subspecies in terms of the number of
flowers per inflorescence when it grows under particularly favorable conditions, i.e., in
open xerothermic habitats.
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Figure 3. Comparison of the number of flowers (a) and the number of fruits (b) at the study sites of
Cornus sanguinea subsp. sanguinea (A—Piepaliai; B—Veliuona; C—Siline) and Cornus sanguinea subsp.
australis (D—Maisiagala; E—Ginktinai; F—KaiSiadorys). Different lower-case letters denote statistically
significant differences between the means among the sites, applying the Mann-Whitney U-test.

The results showed that, in subsp. sanguinea, infructescence mean fruit number at the
study sites (18.2 = 7.6 fruits) was significantly lower (U = 2095; p < 0.01) than the mean fruit
number of subsp. australis (25.6 £ 9.7 fruits). The mean number of fruits per infructescence at
individual subsp. sanguinea sites ranged from 36.1 4= 12.8 £ 22.2 to 21.9 £ 8.3, while the mean
number at subsp. australis sites ranged from 23.3 &= 8.9 to 28.1 & 10.8 fruits per infructescence
(Figure 3). The Kruskal-Wallis test revealed that among all sites of subsp. sanguinea and
subsp. australis, there were significant differences in the number of fruits per infructescence
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(H = 57.48; p < 0.001). Pairwise comparisons of sites by the number of fruits per infructescence
showed slightly different patterns than comparisons by the number of flowers per inflorescence
(Figure 3). At the Siliné site, subsp. sanguinea produced significantly fewer fruits than all the
other sites studied. Between the two subsp. sanguinea and two subsp. australis sites, the number
of fruits in the infructescence did not differ significantly (Figure 3). A comparison of all three
subsp. australis sites according to the number of fruits per infructescence revealed no significant
differences (H = 4.4; p = 0.11), while significant differences were found between all sites of
subsp. sanguinea (H = 29.41; p < 0.001).

The analysis of the research data showed that subsp. sanguinea (36.6% of the potential
fecundity) had a higher realized fecundity than that of subsp. australis (30.5% of the po-
tential fecundity). Nevertheless, inflorescences of subsp. australis had significantly more
flowers than inflorescences of subsp. sanguinea (7558 and 4475 flowers in the 90 inflores-
cences of each subspecies analyzed, respectively), and significantly more fruit ripened in
the infructescences (2304 and 1638 fruits, respectively). At individual sites, the realized
fecundity of subsp. sanguinea ranged from 27.0% to 55.0% of the potential fecundity, while
that value of subsp. australis ranged between 26.7% and 35.9%.

3.2.2. Maturation Age

Significant differences were found between sites in terms of the age of shoots starting
to fruit by applying the Kruskal-Wallis H-test (H = 67.64, p < 0.001). A pairwise comparison
showed that there were no significant differences in shoot age between sites of subsp.
australis and sites of subsp. sanguinea (Table 2). However, both sites of subsp. australis were
significantly different from both sites of subsp. sanguinea sites regarding the age of the
shoots. It was found that subsp. australis shoots start fruiting at a significantly younger age
than subsp. sanguinea (U = 254.0, p < 0.001). Analysis of the data by the diameter of the
shoots at the beginning of fruiting (Table 2) showed significant differences between sites
(H = 88.20, p < 0.001). Pairwise comparisons also showed significant differences between
all sites. It was found that subsp. australis shoots start fruiting at a significantly smaller
diameter than subsp. sanguinea (U = 79.0, p < 0.001).

Table 2. Comparison of the age of the youngest fruiting shoots and the diameter of Cornus sanguinea
subsp. australis and Cornus sanguinea subsp. sanguinea at the study sites. Different lowercase
superscript letters indicate significant differences in the mean values between sites and different
capital letters between subspecies relate to the results of the Mann-Whitney U-test.

Taxa and Sites Age (years) Shoot Diameter (mm)
Min-Max Mean Median Min-Max Mean Median
Cornus sanguinea subsp. australis
Kaisiadorys 3-6 39+£07% 4 5.0-8.8 718 +1.28% 7.7
Vievis 3-5 35+£06° 3 49-8.8 6.01 +0.90" 5.7
Pooled 3-6 374074 4 49-8.8 6.60 +1.244 6.5
Cornus sanguinea subsp. sanguinea
Piepaliai 4-6 54+0.7P 5 7.5-13.0 1090 +1.62°¢ 11.3
Veliuona 4-6 524+06° 5 8.0-146  1218+179¢ 125
Pooled 4-6 53+0.18 5 7.5-14.6 11.55+1.80 B 11.9

The results of the two-way nested ANOVA analysis showed that taxon had a significant
effect on the age of the root suckers that had started fruiting, while mesic and xeromesic
habitat types did not have a significant effect on the age of fruiting. Shoot diameter was
significantly influenced by both factors, taxon, and habitat. In mesic habitats, both species
had a larger shoot diameter than in xeromesic habitats, irrespective of age (Table 3).
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Table 3. Results of a two-way nested ANOVA analysis showing the effect of the taxon (fixed effect: f)
and habitat (random effect: r) on the age and diameter of the shoots that had started fruiting.

Factor Sum of Squares df Mean Square F 4
Shoot age
Taxon (f) 76.80 1 76.80 168.30 <0.001
Habitat (r) 2.26 2 1.13 2.48 0.088
Within 52.93 116 0.46
Total 132.00 119
Shoot diameter
Taxon (f) 737.55 1 737.55 357.00 <0.001
Habitat (r) 43.84 2 21.92 10.61 <0.001
Within 239.67 116 2.07
Total 1021.06 119

3.3. Species Diversity in Invaded Communities

A total of 30 study plots were analyzed for each subspecies: subsp. australis and subsp.
sanguinea. These were divided into two groups: woodlands and shrublands. There were
no significant differences between the cover of the taxa studied and the cover of trees,
herbs, and bryophytes between the plots of the two subspecies. Total shrub cover was
significantly higher in the study plots with native subsp. sanguinea (Table 4).

Table 4. Statistical comparison of the characteristics (mean + standard deviation) of the plant
communities in the study plots with Cornus sanguinea subsp. australis and Cornus sanguinea subsp.
sanguinea. Differences between all study plots were determined with a two-sample Mann-Whitney
test (*—p < 0.05; ***—p < 0.001; ns—not significant). Comparisons between habitat groups were
performed applying the Mann-Whitney pairwise comparison and different letters indicate significant
differences between the two samples.

All Plots Woodlands Shrublands Woodlands Shrublands
Parameters Cornus sanguinea Cornus sanguinea Cornus sanguinea
subsp. subsp. subsp. subsp. subsp. subsp.
australis sanguinea australis australis sanguinea sanguinea
Cover of Cornus (%) 56.6 £21.6™ 635£235" 592+2122% 523+£226? 659+2422 60.7+23.02
Cover of trees (%) 372£257"  316£307" 53.7+£149°2 8.6 +10.0° 573 +14.5° 04+£13°€
Cover of shrubs (%) 647 +249* 781+171* 65842612 62742372 765+19.0% 80.0+14.8°
Cover of herbaceous species (%) 385 +£31.87  42.1428.0™ 32042912 49.6+3442 31.7+£2293 546+292P
Cover of bryophytes (%) 13.7£203™ 261+£30.8™ 132+179? 14642492 22242792 30.8+344°
Total number of plant species ~ 22.6 £82"  246+64™  229+76° 222+£952 234+£7172 26.1+£532
Number of native vaseular 15, |, gges 2074 62%% 1594+ 64M 14441217 2154671 24145308
plant species
Total number of woody species ~ 8.2 +£4.3™ 70£27"8 99+41°2 534+29P 83+£252 54+20P
Total number of herbaceous 159 4 cg+ 158458+ 1164507 153489%® 130447  192453D
plant species
Number of alien species 35+15**  0.6+£1.0** 38+1.67 29+14°% 0.54+09P 08+12P
Number of alien woody species 3.1 £1.6** 0.3 & 0.5*** 36+£1.6° 23+1.0° 02+£04¢ 04+£06°
Number Ofs ;légigerbaceous 04+£07™  04£06™  03+£04°2 0.6+1.02 03 +062 0.4+082
Number of bryophyte species 1.5+15" 1.24+1.6M 14+152 1.6 +1.62 1.6 +1.62 07+132

An examination of the composition of the communities with two subspecies of Cornus
sanguinea found that in the study plots with alien subsp. australis, a total of 160 plant species
were recorded, while in the plots with native subsp. sanguinea, 170 plant species were recorded.
In the study plots with subsp. australis, the number of plant species ranged from 8 to 45, while
the number of species in the study plots with subsp. sanguinea ranged from 11 to 36. The
mean number of species in the study plot with subsp. australis was 22.6 + 8.2 (median 21)
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Number of herbaecous species per plot

30

species, while the number of species in plots with subsp. sanguinea was 24.6 £ 6.4 (median 24)
species (Table 4). There were no significant differences in the number of species between the
communities with the subspecies studied (U = 359.0; p = 0.129).

In the communities studied with subsp. australis, a total of 55 woody plant species were
recorded, while in the communities with subsp. sanguinea, 33 such species were recorded. In the
study plot, in the communities with subsp. australis, the mean number of species was 8.2 = 4.3
(median 7), while the communities with subsp. sanguinea contained a mean of 7.0 £ 2.7 (median
7) species. There were no significant differences in the number of woody plant species between
communities with the subspecies studied (U = 397.5; p = 0.331). Somewhat different patterns
were found when examining the communities by herbaceous species composition. In the
communities with alien subsp. australis, a total of 94 herbaceous plant species were recorded,
while with the native subsp. sanguinea, there were 135 herbaceous plant species. In communities
with subsp. australis, the mean number of species recorded in the study plot was 12.9 + 6.8
(median 12), while in the study plot with subsp. sanguinea, the mean number of species was
15.8 & 5.8 (median 16). It was found that in communities with subsp. australis, the diversity of
herbaceous plant species was significantly lower (U = 323.0; p = 0.041) than in communities
with subsp. sanguinea (Figure 4).

25 54
* 38
a
5}
20+ S 44
2
2
&
154 5 34
=
B
10 2 54 i
E
Z
54 14
0 0
subsp. australis ~ subsp. sanguinea b subsp. australis  subsp. sanguinea

Figure 4. Comparison of the number of herb species (a) and the number of alien species (b) between
study plots with Cornus sanguinea subsp. australis and Cornus sanguinea subsp. sanguinea. Asterisks
above the whiskers indicate the differences between all study plots according to the results of the
two-sample Mann-Whitney test (*—p < 0.05; ***—p < 0.001).

Communities with alien subsp. australis were more diverse than communities with native
subsp. sanguinea when considering the number of alien species. In the study plots with subsp.
australis, a total of 27 alien species were recorded, while in the study plots with subsp. sanguinea,
9 alien species were recorded. The mean number of alien species in the study plot was 3.5 + 1.6
(median 3), while the mean number of alien species in the study plot with the native subspecies
was 0.6 £ 1.1 (median 0). It was found that, in communities with subsp. australis, the diversity
of alien plant species was significantly higher (U = 60.5; p < 0.001) than in communities with
subsp. sanguinea (Figure 4). However, the overall frequency of alien species was low, with
most of them being recorded in only one study plot. The most common alien species in
communities with subsp. australis were Physocarpus opulifolius (L.) Maxim. (recorded in 26.7%
of study plots), Acer negundo L. (16.7%), Amelanchier spicata (13.3%), Ligustrum vulgare (13.3%),
and Impatiens parviflora DC. (13.3%). Nevertheless, in the individual study plots, alien species
were quite abundant: Physocarpus opulifolius covered from 0.5% to 30% of the plot surface, Acer
negundo cover ranged from 5% to 15%, and Impatiens parviflora covered from 10% to 25%. In
communities with subsp. sanguinea, the most frequent alien species were Impatiens parviflora
(recorded in 16.7% of study plots) and Ligustrum vulgare (10.0%). Impatiens parviflora cover in



Diversity 2023, 15, 107

11 0f 19

Number of herbaceous species per plot

Number of herbaceous species per plot

these communities ranged from 1% to 10%, and the cover of Ligustrum vulgare ranged from
0.5% to 1%.

The correlation analysis showed that with an increase in the cover of alien subsp. australis,
the diversity of herbaceous plant species decreased significantly (rs = —0.48; p = 0.007; r* = 0.22;
Figure 5a). In contrast, no significant decline in herbaceous plant species diversity was revealed
in plant communities with an increase in cover of the native subsp. sanguinea (rs = —0.10;
p = 0.575; r* = 0.02; Figure 5b). It should be noted that there was no difference in cover between
the two subspecies of Cornus sanguinea in the study plots (Table 4), but the mechanism of the
effect of subsp. australis on herbaceous plant diversity is currently unclear.
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Figure 5. Relationship between the coverage of Cornus sanguinea subsp. australis (a) and Cornus
sanguinea subsp. sanguinea (b) and the number of herbaceous plant species per plot.
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The analysis of the most frequent plant species in communities with alien subsp.
australis and native subsp. sanguinea revealed that both subspecies occupy similar woodland
communities (Table 5). In shrubland communities with alien subsp. australis, species
indifferent to environmental conditions had a higher frequency (e.g., Veronica chamaedrys L.,
Carex hirta L, Taraxacum officinale FH. Wigg., and Equisetum arvense L.), while communities
with native subsp. sanguinea shrubland communities had more species typical of mesic
and xeromesic habitats among the most frequent species (e.g., Poa pratensis L., Agrimonia
eupatoria L., Briza media L., and Medicago falcata L).

The results of the study suggest that the alien subsp. australis occupies habitats
analogous or similar to those of the native subsp. sanguinea. The occupation of analogous
habitats by both subspecies creates conditions for them to form mixed populations, leading
to hybridization.

Table 5. The number of plant species and their frequency (%) in the study plots of plant communities
with Cornus sanguinea subsp. australis and Cornus sanguinea subsp. sanguinea. The table includes
species with a frequency of more than 40% in at least one group of the study plots.

Group of Habitats Woodlands Shrublands

Cornus sanguinea Cornus sanguinea
subsp. australis ~ subsp. sanguinea ~ subsp. australis ~ subsp. sanguinea

Number of study plots 19 16 11 14

Total number of species 160 136 140 170

Total number of woody species 55 33 29 30

Total number of herbaceous species 94 95 90 132
Number of bryophyte species 11 8 11 8
Total number of alien species 27 6 15 9
Number of alien woody species 25 3 10 4
Number of alien herbaceous species 2 3 5 5

Woody species

Cornus sanguinea L. subsp. australis (C.A.Mey.) Jav. 100 0 100 0

Cornus sanguinea L. subsp. sanguinea 0 100 0 100
Acer platanoides L. 90 65 27 21

Rubus caesius L. 53 63 18 36

Prunus padus L. 47 59 18 43

Sorbus aucuparia L. 42 6 27 21

Corylus avelana L. 32 59 0 21
Euonymus europaeus L. 21 12 9 64
Lonicera xylosteum L. 16 41 9 14
Rhamnus cathartica L. 11 29 0 50

Herbaceous species

Veronica chamaedrys L. 58 31 64 36

Geum urbanum A. Gray 53 31 18 21
Galium aparine L. 42 19 18 7
Aegopodium podagraria L. 32 44 9 36
Carex hirta L. 26 19 45 7

Calamagrostis epigejos (L.) Roth. 21 13 55 29
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Table 5. Cont.

Group of Habitats Woodlands Shrublands
Taraxacum officinale FH. Wigg. 21 6 55 14
Vicia cracca L. 21 0 45 36
Equisetum arvense L. 11 31 55 43
Dactylis glomerata L. 11 0 45 21
Poa pratensis L. 11 0 45 43
Agrimonia eupatoria L. 0 6 0 43
Achillea millefolium L. 0 0 27 43
Briza media L. 0 0 0 43
Medicago falcata L. 0 0 9 43

4. Discussion
4.1. Distribution

In Lithuania, the first herbarium specimen of Cornus sanguinea subsp. australis was col-
lected more than eight decades ago, but it was not identified to the level of subspecies [37].
The spread of this subspecies has only recently been noticed, but the current distribution
is the result of a cryptic invasion that has been ongoing for several decades. Based on the
scarce data, we can assume that subsp. australis has been planted in shelter plantations
along railways and roads in Lithuania since the 1940s, and possibly earlier. We have not
been able to find any data on the origin of the seedlings used for planting or the seeds from
which the seedlings were grown. It is reported that, for a long time, subsp. australis was
also planted in other European countries along railways and roads (e.g., in Belgium, Ger-
many, Latvia, and Ukraine), but later naturalized and started to spread into anthropogenic,
semi-natural, and natural habitats [37,42,43,53,54]. We presume that, in Lithuania, subsp.
australis had a lag phase of 40-50 years [60], with intensive spread starting in the 1990s.
Initially, the plants spread close to their growing sites, whereas intensive cryptic spread
over significant distances from the original stands started about two decades ago.

The current wide distribution of subsp. australis in Lithuania is primarily the result
of its long history of large-scale planting along railways, roads, and ornamental planta-
tions [37]. This has led to many seed sources, which in turn have led to high propagule
pressure [61]. The most important vector of dispersal is frugivorous birds which, by feeding
on fleshy fruits, disperse seeds not only around the feeding grounds but also over much
greater distances [62,63]. Plant waste from gardens, which includes not only fallen leaves
but also the seeds and fruits of cultivated plants, is sometimes dumped at the edges of
forests, in shrublands, along roads, in forest clearings, or near water bodies. As the plant
debris rots, some of the seeds germinate and form new dense stands of subsp. australis.
During our investigations, we found several stands of such origin at significant distances
from known sites of cultivation (e.g., in Kaisiadorys, Kaunas, and Kupiskis districts).

In Lithuania, we did not find mixed stands of individuals of both subspecies of Cornus
sanguinea. If the alien subsp. australis continues to spread, the formation of mixed stands is
likely to occur, which could lead to interbreeding with the native subsp. sanguinea. In this
case, there would be a threat, as hybrid populations might respond differently to ecological
conditions (PysSek et al., 2013). Some researchers consider that such hybrids already exist
in Central Europe and are called Cornus sanguinea subsp. hungarica (Karpati) So6 [45,64].
There is no strong support for the hybrid origin of subsp. hungarica yet, but it is assumed
that the plants are representatives of the polymorphic subsp. sanguinea [42]. Nevertheless,
the consequences of possible hybridization between native and alien subspecies are difficult
to predict.

The current area of occurrence of subsp. australis covers about 63% of the territory
of Lithuania, and there are only a few areas of the country where this subspecies has not
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been detected. The current distribution, invaded areas, and high plant abundance in some
habitats suggest that subsp. australis will continue to spread in Lithuania. Some nurseries in
the country still sell saplings of these plants, which are mainly used for hedgerow formation.
This further increases the number of introduction sites and thus propagule pressure. Since
the seeds of Cornus species are efficiently dispersed by frugivorous birds [62,63,65], an
even more rapid spread and invasion of subsp. australis into new areas and habitats can
be anticipated.

4.2. Comparison of Reproductive Traits of Subspecies
4.2.1. Flowering and Fruiting

Propagule pressure and the actual fecundity of individuals are particularly important
determinants of invasiveness [22,61]. Many alien species tend to perform better in an
invasive range than in their native range, or their performance in an invasive range is
not substantially altered [66-68]. There are no data available regarding the potential and
realized fecundity of subsp. australis in its native range; therefore, we can only compare
these characteristics with those of the native subsp. sanguinea.

The results of this study showed that alien subsp. australis inflorescences in Lithuania
have significantly more flowers than those of the native subsp. sanguinea. A comparison
of the results of this study with analogous data from Spain [69] showed that there were
no significant differences between regions in terms of the mean number of flowers per
inflorescence (t = 1.78; p = 0.08) of subsp. sanguinea. The number of flowers per inflorescence
of subsp. australis was also significantly higher in Lithuania compared with subsp. sanguinea
from Spain (t = 31.87; p < 0.001). Since the mean number of flowers of subsp. sanguinea
was similar in Lithuania and Spain, and the mean number of flowers per inflorescence was
significantly lower than the mean number of flowers of subsp. australis, it can be assumed
that different numbers of flowers per inflorescence is a characteristic of the subspecies.
However, this assumption could only be confirmed or rejected by a much larger study
including populations of subsp. australis from its native range.

An analysis of the results of the number of fruits per infructescence showed that, in
Lithuania, the number of fruits was significantly higher for subsp. australis than subsp.
sanguineda. A comparison of the results of our study with the results of an analogous study
in Spain [69] (Guitian et al., 1996) showed that the mean number of fruits per infructescence
was lower than that in Lithuania for both subsp. sanguinea (t = 18.22; p < 0.001) and subsp.
australis (t = 31.87; p < 0.001). However, in Lithuania, the subsp. sanguinea was found
to have a higher realized fecundity (36.6% of the potential fecundity) than that of subsp.
australis (30.5%), and both were higher than the realized fecundity of subsp. sanguinea in
Spain (21.8% of the potential fecundity). These differences in realized fecundity in Lithuania
and Spain could have various causes. It is known that realized fecundity depends on the
individual characteristics of the plant, the habitat conditions, the meteorological conditions
of the flowering period, the fruit ripening period, the abundance of pollinators in the area,
etc. [68,70].

Although the realized fecundity of native subsp. sanguinea was higher than that of the
alien subsp. australis, the real number of ripened fruits per subsp. australis infructescence
was significantly higher. This results in higher pressure of propagules for subsp. australis
than subsp. sanguinea, which is directly related to the rate of spread [22]. The high
propagule pressure of subsp. australis has been confirmed by studies on the composition
of the soil seed bank of Cornus species performed in Lithuania [71]. Thus, the results of
the study on flowering and fruit production confirm that the alien subsp. australis has an
advantage over the native subsp. sanguinea.

4.2.2. Age of Maturity of Subspecies

A short juvenile period of individuals of alien species, especially woody plants, is
one of the characteristics that determine their invasiveness [14]. Comparing the age at
which individuals of the two subspecies of Cornus sanguinea reach the generative stage,



Diversity 2023, 15, 107

15 0f 19

we found that subsp. australis individuals start flowering and fruiting at the age of three
years, while the youngest individuals of subsp. sanguinea reach this stage at the age of four
years. Although the juvenile age of both species is short, subsp. australis begins fruiting at
one year younger than subsp. sanguinea growing in open habitats. Given that the native
subsp. sanguinea usually grows in forests [61], while the alien subsp. australis spreads
primarily into open habitats [53,72], the difference in age of maturity between the two
subspecies may be even greater. In addition, to reach generative maturity, the native subsp.
sanguinea needs to invest more resources for growth [73] and reach a larger stem diameter
than subsp. australis.

A study of the demographic composition of populations of the invasive shrub Cytisus
scoparius (L.) Link in Lithuania has shown that the youngest individuals to reach the
generative stage were three years old [16]. In the Pampas region of Argentina, the age of
individuals of the invasive Prunus mahaleb L. has been studied, and it was found that the
youngest plants producing their first fruits were also three years old [74]. The lifespan
and reproductive age of woody plants are known to vary from a few to several decades,
depending on the species. Thus, a short juvenile period further extends the duration of
an individual’s reproductive stage, and newly established populations increase propagule
pressure and the potential for further spread in a shorter time, as well as the ability of the
population to recover after natural death or the targeted elimination of adult individuals.
The early maturation of young woody plant individuals has a significant impact on the
choice of control or eradication measures for an invasive species [75].

The results of this study show that the dendrochronological method can be easily
applied to assess the development and maturation of woody alien species. The growth and
maturation of individuals can also be assessed under experimental (ex situ) conditions, but
more accurate information on the characteristics of the plant can be obtained when it is
assessed under natural (in situ) conditions [76,77]. In addition, this method allows us to
assess not only the age of individuals and the demographic composition of populations [16]
but also the growth rate of individuals under different habitat conditions and their response
to changes in meteorological or other environmental conditions [15,74].

4.3. Species Diversity in Invaded Communities

Some studies have shown that native dominant species have the same negative impact
on the species diversity of communities as dominant alien species [30]. As we studied two
subspecies of the same species, it might have been expected that their effects on species
diversity would be the same under similar or identical environmental conditions. In this
study, plant communities with alien subsp. australis were similar, in most characteristics, to
native subsp. sanguinea. The only significant difference was that some of the communities
were either abundant or dominated by alien subsp. australis, while others had a similar
abundance of native subsp. sanguinea. Herbaceous plant species diversity was significantly
lower in communities with subsp. australis, and there was a significant negative correlation
between the abundance of subsp. australis and species diversity, while the abundance of
subsp. sanguinea had no significant effect on species diversity in the communities. We
assume that subsp. australis may have a stronger negative effect on species diversity
due to its stronger effect on soil humidity and the availability of nutrients than subsp.
sanguinea [78]. However, the diversity of woody plant species was significantly higher
in communities with subsp. australis than in communities with subsp. sanguinea and the
negative impact on herbaceous species diversity may be caused by the cumulative effect of
all woody plants [79].

The number of alien species in the communities studied with subsp. australis was
significantly higher than in the plots with subsp. sanguinea, but the overall frequency of
alien species was low in all communities studied. A higher proportion of alien species in
the communities with subsp. australis may be explained by the fact that they were surveyed
closer to urbanized areas, where the number of alien species is always higher, compared
with the remote areas [80] where most of the communities with subsp. sanguinea were
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studied. Based on the results of this study, we cannot identify any clear association between
subsp. australis and other alien species.

5. Conclusions

In summary, all available information has revealed that the alien Cornus sanguinea
subsp. australis, which has been planted in shelter and ornamental plantations, has spread
unnoticed throughout most of Lithuania for several decades. The cryptic invasion has
been influenced by a large number of introduction sites, the short juvenile period of the
subspecies, and its high production of seeds, which are mostly dispersed by birds.

An evaluation of reproductive traits confirmed that the root suckers of subsp. australis
reach generative maturity at a younger age, and with a smaller diameter of root suckers,
than Cornus sanguinea subsp. sanguinea. Furthermore, the inflorescences of subsp. australis
had significantly more flowers than the inflorescences of subsp. sanguinea and ripened
significantly more fruit in the infructescences.

The results of the study also demonstrate the importance of using the seeds of trees
and shrubs from local provenance for the establishment of various types of plantations
and afforestation. Even when seeds or seedlings of native tree and shrub species are
introduced from other regions, a high risk of the cryptic invasion of alien subspecies, races,
and genotypes remains.
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