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Abstract: Alongside the direct destruction of natural habitats and changes in land use, invasive
species are considered one of the greatest threats to global biodiversity. Daisy fleabane Erigeron
annuus (L.) Pers. is among the most widespread invasive plants in Croatia. Invasions of E. annuus
may be aided by morphological variability, which this study investigates. The variability of life traits
(stem height, fresh and dry leaf mass, length, width and leaf area, specific leaf area, and leaf dry
matter content) was examined among 18 locations throughout Zagreb and Medvednica Mt. Overall,
87 plant specimens and 435 leaves were measured and analysed using univariate and multivariate
statistics. Viable populations were recorded in diverse habitat types, mostly with marked human
impact. We determined Grime’s CR plant life strategies for all, except for two localities with C/CR
plant strategies. Two populations with a more pronounced competitive strategy had high leaf dry
matter content, with smaller leaves and medium height stems. Significant differences between the
localities were found, with the specific leaf area (SLA) and plant height being the most diverse.
Despite its high morphological variability, daisy fleabane had a consistent CSR strategy, which likely
enables its widespread invasions across variable habitats.

Keywords: invasive species; neophyta; Grime strategies; life traits; specific leaf area (SLA); leaf dry
matter content (LDMC)

1. Introduction

Urban and industrial areas, along with intensively used agricultural land, suffer
strong anthropogenic impacts and are highly exposed to colonization by invasive alien
species (IASs) [1–4]. They threaten ecosystems, habitats, and biodiversity, as well as the
economy and human health [5,6]. Common characteristics of IASs are hyperproduction
and pronounced expansion of diaspores, long-lived seeds, wide ecological amplitude,
pronounced phenotypic plasticity, and short and fast life cycles [7]. Ecological factors
important for the invasive potential of species are adaptability, the sensitivity of specific
habitats to invasions, and propagule pressure [8]. IASs are usually considered to not be
better competitors than natives but make more efficient use of the conditions provided
by disturbed habitats [9]; however, it seems that their competitive abilities have been
underestimated. Nevertheless, a universal explanation for the invasion of individual alien
plants has been elusive [10].

A list of IASs in Croatia is gathered in the Flora Croatica Database [11], within the
module "Allochthonous plants", and currently counts 77 invasive foreign taxa (accessed on
25 June 2021). One of the most common species, Erigeron annuus (L.) Pers. is an annual,
biennial, or perennial plant species from North America belonging to the Asteraceae family,
with erect stems reaching heights of 40–150 cm [12]. The leaves are softly hairy, ovate at
the base to linear-lanceolate at the top of the stem, and morphologically quite variable.
The outer unisexual female ligulate and inner bisexual tubular flowers are collected in
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medium-sized heads and united in a racemose compound inflorescence that blooms from
May (June) to September (October) [7,12]. Seeds usually germinate in late summer, creating
a rosette in autumn in which form it overwinters. The following spring it grows, matures,
and blooms [9,13]. Plants of this species sometimes surpass annuality by retaining the
shape of a rosette until the second or third summer [13] or germinating only the following
spring [14].

The species is triploid (2n = 3× = 27) and primarily apomictic, which produces large
amounts of genetically identical seeds. Occasional sexual reproduction is a source of
recombination and relatively large genotypic variability of populations [8,9,14,15]. Within
the species, three subspecies are present in Croatia—Erigeron annuus (L.) Pers. ssp. annuus,
Erigeron annuus (L.) Pers. ssp. septentrionalis (Fernald et Wiegand) Wagenitz, and Erigeron
annuus (L.) Pers. ssp. strigosus (Mühlenb. Ex Willd.) Wagenitz [11].

Daisy fleabane is a common weed of early successional stages [13] spreading over all
types of habitats, mostly disturbed, from lowland to hilly terrains. Populations are less
common (about 50%) at altitudes above 700 m, although the record at the highest altitude
was in the Swiss Alps at 1762 m above sea level [8,16]. As a strong competitor across
variable environmental conditions, it negatively affects native species by forming dense
and numerous stands. It also has significant negative economic impacts on vineyards and
orchards by reducing yields [7,17,18].

As the phenotype of an organism is the result of the interaction between its genotype
and environmental conditions, the same genotype may exhibit different phenotypes, which
allows for adaptation to a wide range of habitats [19]. Altitude gradients of mountain
systems (e.g., Medvednica Mt. in Croatia) are often used when testing stress gradient
responses, with the assumption that stress increases with altitude because of, for example,
lower temperatures and air pressure, shallow soil, and low nutrient availability. In contrast,
conditions of low precipitation and high air temperatures in summer prevail at lower
altitudes and in urban areas, harden the physiological regulation of water, and limit
plant production [20]. In addition to high resource-use efficiency, pronounced phenotypic
plasticity is one of the features that allows IASs to be successful in new habitats, especially
in the early stages of development when the ability to adapt allows them to survive within a
wide range of environmental factors [8,21]. Numerous species, such as E. annuus, are often
characterized by high phenotypic plasticity within their natural range, which contributes to
their invasiveness and supports their spread to higher altitudes in non-native ranges [16].

By measuring and monitoring a plant’s morphology, it is partially possible to interpret
its ecology. The variability of each trait is important in a particular ecological context,
but plant size, seed size, and leaf tissue structure are at the very core of the life cycle and
are significant almost universally for their functional variability [22]. By knowing certain
functional characteristics, we can determine Grime’s CSR strategies for plants [23], which
describe how species adapt to environmental conditions.

Grime’s CSR classification [24] is a method of categorizing plants based on a triangular
model of plant strategy theory [25–27], which ascribes functional types to plant species
according to their responses to stress and disturbance gradients. According to Grime
et al. [27], species adapt to three of the four combinations of environmental extremes.
Thus, three basic functional types have been identified — competitors (C) dominant in low
stress and disturbance conditions, stress tolerators (S) adapted to high stress levels and
low disturbances, and ruderal species (R) prevalent in conditions of high disturbance and
low stress.

Typical competitors are fast-growing, clonal, tall perennials with large leaves and
dense biomass, with a medium-early onset and a medium-long flowering period and that
thrive in conditions of high productivity [1,25,28,29]. Stress tolerators are slow growing,
often evergreen perennials of small, firm, and unpalatable leaves, with short reproduction
stages and relatively sustainable yields in nutrient-poor conditions [1,27,29]. Ruderal
species are fast growing with short lifespans, and early-onset and extended reproductive
periods [1,24,29,30]. Previous studies of IASs in Croatia noted that E. annuus is dominated
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by the CR strategy [31] with the emergence of the C/CR, R/CR and SR strategies depending
on the levels of disturbances within the environment in which the population occurs [18].

The specific leaf area (SLA) is one of the characteristics suitable for determining the
C-, S-, and R-components of plant strategies, and it is proportional to the leaf growth rate.
High values are achieved by well-lit, photosynthetically active leaves with high water and
nitrogen contents, while low values are associated with longer-lasting leaves with a higher
input of carbon compounds and secondary metabolites, such as lignins and tannins [22,28].
Plants living in permanently or occasionally nutrient-rich habitats have higher SLA values
by rapidly forming new leaves during early life. A faster organ replacement cycle increases
plants’ adaptability to an uneven spatial distribution of light and soil [28].

The leaf dry matter content (LDMC) is a measure of tissue density that is crucial
in the utilization of nutrients and their incorporation into biomass. Low-density leaves
are associated with rapid growth and productive habitats, while high-density ones are
usually firmer and more resistant to physical damage. LDMC is proportional to leaf life
and inversely proportional to its potential growth rate [22,32,33]. Stem height, which
expresses the growth rate between disturbances, and specific leaf area as an indicator of
leaf longevity and chemical composition, strongly influence plants’ placements within the
C–S axis [24,28].

The aim of this study was to determine whether and to what extent morphological
variability, which can contribute to invasiveness, occurs in daisy fleabane Erigeron annuus
(L.) Pers. on Medvednica Mt. and in Zagreb across different environmental conditions.
Furthermore, the intention was to test whether the morphological variability, if present,
would contribute to different daisy fleabane CSR strategies.

2. Materials and Methods
2.1. Population Sampling

The sampling area was in the temperate zone, stretching from the alluvial floodplains
of the Sava River (mean annual temperature of 10.8 ◦C, 880 mm of annual precipitation) to
near the peak of Medvednica Mt. (mean annual temperature of 6.9 ◦C, 1350 mm of annual
precipitation). The elevation gradient includes several climatogenic forest vegetation com-
munities (e.g., pedunculated oak—common hornbeam; beech; beech—silver fir). Unlike
Medvednica Mt., which is a nature park and mostly covered with forest vegetation, the city
of Zagreb sustains significant anthropogenic impacts, with mostly human-altered habitats,
including ruderal and semi-natural grasslands (http://www.bioportal.hr/gis/, acessed on
21 July 2021).

Individuals of daisy fleabane Erigeron annuus (L.) Pers. were collected during the
2019 flowering season (5 June–20 September). Five to eight flowering and well-developed
individuals were harvested from 18 localities throughout Zagreb and Medvednica Mt.,
labelled, and transferred to the laboratory. Sample locations were identified through
active searches for daisy fleabane during 11 field workdays, with the dates of field work
determined by weather conditions and logistical constraints. Coordinates of the sampling
locations were recorded along with their altitudes using a GPS device. Locations were
photographed and briefly described in the field log. Since individuals lost turgor very
quickly after excavation, they were rehydrated in the laboratory before further analysis. A
total of 87 individuals and their 435 leaves at 18 sites were sampled (Figure 1, Table 1).

http://www.bioportal.hr/gis/
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Figure 1. Sampling locations of E. annuus populations in the area of Zagreb and Medvednica Mt.
Croatia.

Table 1. Basic information on dates (during 2019) and sampling locations (with WGS84 coordinates)
of E. annuus populations, along with short habitat descriptions and altitudes.

Site No. Date Location Habitat Altitude (MASL)

T1 5 June 15.9702◦ E, 45.8017◦ N Open, ruderal, by the road. Several dozens of
individuals on 30-m long strip of soil and gravel. 118

T2 6 June 15.9714◦ E, 45.8043◦ N
Semi-open, SE part of the botanical garden, near

fence adjacent to the railway. Approximately
10–15 individuals.

118

T3 7 June 15.9662◦ E, 45.8088◦ N Shady, ruderal, adjacent to school playground and
garbage containers. 5–10 individuals. 120

T4 11 June 15.9764◦ E, 45.7716◦ N
Partial shade, adjacent to urban gardens with

vegetables and surrounded by trees.
20–30 individuals.

116

T5 13 June 15.9797◦ E, 45.7936◦ N Partly open/closed, ruderal, next to bushes. 111

T6 17 June 16.0354◦ E, 45.7657◦ N
Open, within grasslands on, at a time of sampling,
dry flood channel of a levee. Present with locally

dense stands with numerous individuals.
107

T7 18 June 15.9637◦ E, 45.7788◦ N
Open, partly ruderal partly in secondary succession

towards shrubs and trees. Few dozens of
individuals scattered across an area of 200–300 m2.

116
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Table 1. Cont.

Site No. Date Location Habitat Altitude (MASL)

T8 19 June 15. 9829◦ E, 45.8644◦ N Semi-open along the road and stream, ruderal.
20–30 individuals on an area of 100 m2. 264

T9 19 June 16.0853◦ E, 45.9641◦ N
Open on a slope, surrounded by grasslands and
other agricultural areas (on the other side of the

road is forest). Very dense stand on 1000 m2.
351

T10 19 June 15.9733◦ E, 45.9320◦ N Semi-open and moist, by the road through forest.
10–20 individuals. 569

T11 19 June 15.9544◦ E, 45.8994◦ N Semi-open on a slope, by the road through forest.
5–10 individuals. 908

T12 19 June 15.9420◦ E, 45.8843◦ N Semi-open on a slope, by the road through forest.
10–20 individuals 617

T13 19 June 15.9445◦ E, 45.8680◦ N
Open, by the road through forest. Several hundreds

of individuals in dense stand on area adjacent to
connection of main road with dirty road.

443

T14 4 September 15.9427◦ E, 45.8700◦ N Semi-open on a slope by the road. Several
individuals. 496

T15 4 September 15.9408◦ E, 45.8691◦ N Semi-open, overgrown, beneath the remnants of a
medieval fortress. Several individuals. 554

T16 4 September 16.0072◦ E, 45.8325◦ N Open, ruderal/grasslands, several dozen
individuals scattered across an area of 200 m2. 152

T17 19 September 16.0554◦ E, 45.8843◦ N
Semi-shaded on a slope, by the road through the

settlement. Abandoned grassland. Several dozens
of individuals scattered across an area of 500 m2.

107

T18 20 September 16.0469◦ E, 45.8007◦ N Semi-open, ruderal, adjacent to shopping mall.
10–20 individuals. 211

2.2. Measuring Life Traits

From each population, five individuals were selected, and their stem heights were
measured. In accordance with Pérez-Harguindeguy et al. [22], five relatively young but
fully developed and undamaged leaves from each individual were chosen for further
measurements. As the oldest leaves of daisy fleabane are at the stem bottom and the
youngest at the top, leaves from the middle part of the stem were selected, and their fresh
mass was measured. Weighed leaves were marked and scanned with an HP Scanjet G3110
scanner. Next, they were dried in a Memmert UFB500 universal oven at 80 ◦C for 24 h and
weighed again for dry mass. Subsequently, the areas, lengths, and widths of the leaves
were measured from the scanned pictures using computer software ImageJ 1.42q.

For the purpose of determining CSR strategies and further analysis, specific leaf area
(SLA) and leaf dry matter content (LDMC) were calculated according to the following
formulas:

SLA (mm2/mg) = (leaf area (mm2))/(dry leaf mass (mg)),

LDMC (mg/g) = (dry leaf mass (mg))/(fresh leaf mass (g)).

2.3. Determining CSR Strategies

The CSR strategies of individual populations were assigned using the methods and
algorithms proposed by Hodgson et al. [24], which are based on seven life traits. For CSR
determination, macros in Microsoft Excel that were developed by Hodgson et al. [24] were
used by entering the stem height, leaf dry weight, dry matter content, and specific leaf
area. Three life traits that we did not collect, including the beginning and ending flowering
period and the lateral spread, were collected from the literature [7,11,17]. Based on the
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values for the plants from each locality, the corresponding CSR strategy was assigned. For
more information on the complex background calculation, see the original paper [24].

2.4. Statistical Analyses

Statistical analysis was conducted in Statistica 13.5.0.17. (TIBCO Software Inc. (2020).
Data Science Workbench, http://tibco.com. 3307 Hillview Avenue Palo Alto, CA 94304,
USA), except for the principal component analysis (PCA), which was done using CANOCO
4.5 software (Microcomputer Power). In addition, descriptive statistics of measured traits
were calculated for each locality.

The measured parameters were tested for normality using the Kolmogorov–Smirnov
test and non-normal values were logarithm-transformed to achieve normality. Life traits
between sampling sites were compared with ANOVA and Tukey post-hoc tests were used
to determine statistical differences of the traits between sites.

Additionally, we tested for the Pearson correlation between the mean values of the
measured parameters by localities with 11 environmental variables—altitude, easterly and
northerly aspect, that is, eastness and northness, respectively, slope, mean temperature and
precipitation in summer, mean temperature and precipitation in spring, total precipitation,
and mean and minimum annual temperature (see Supplementary Material, Table S1).

To further examine the relationships between the sampled populations, a principal
components analysis (PCA) was conducted in which the square of the Jaccard similarity
index, based on the measured trait values, was used as a distance measure.

3. Results
3.1. Measurements of Life Traits

Table 2 shows the results of the overall descriptive statistics of the measured character-
istics for 87 stems and 435 leaves. Table S2 in the Supplementary Materials contains the
individual results of the descriptive statistics by sampling site, while all the measurements
are in the Supplementary Materials, Table S3. On average, specimens with the highest
average values of fresh and dry mass, area, and leaf length and width were recorded at
site T5. The highest average LDMC value was recorded for site T18. The second-highest
average LDMC and the lowest average SLA values were recorded at site T4. On average,
the smallest individuals were measured at site T15. The lowest mean values of fresh leaf
mass and leaf length were recorded at site T18, dry leaf mass at site T14, and leaf area and
width at site T6. The highest mean SLA and lowest LDMC were recorded for locality T8.

Table 2. Descriptive statistics of eight life traits for E. annuus for 87 individuals and 435 leaves
sampled from 18 sites (SLA—specific leaf area, LDMC—leaf dry matter content).

Life Trait Mean Median Minimum Maximum Lower Quartile Upper Quartile Standard Error

Stem height (mm) 1107.82 1090 600 1660 960 1270 10.89

Fresh leaf mass (mg) 211.08 207 38 552 129 265 4.59

Dry leaf mass (mg) 43.96 41 11 120 29 53 0.93

Leaf area (mm2) 1137.83 1105.40 231.54 2883.26 717.50 1453.25 24.04

Leaf length (mm) 79.48 79.74 10.28 129.25 64.73 91.66 0.89

Leaf width (mm) 22.79 22.23 10.30 47.61 16.19 28.15 0.36

SLA (mm2 mg−1) 26.35 25.51 15.39 46.24 22.02 30.66 0.29

LDMC (mg g−1) 215.07 209.30 135.22 440.00 191.67 228.81 2.04

3.2. Determining CSR Strategies

By determining the CSR strategies of the sampled populations, it was found that
competitiveness (C component) and ruderality (R component) dominated almost all
of them. A total of two subtypes of CSR strategies were recorded, among which CR

http://tibco.com
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(16 populations) predominated, while C/CR was recorded for two populations (T4 and
T18). Four characteristics shown in Table 3 were calculated for each population using the
data we collected, while the other three were species-specific and obtained from the litera-
ture [7,11,17] (beginning of flowering—June, flowering period—June–September, ability
to spread laterally—plant short-lived, corresponding to value 1 according to the classifi-
cation [24]). Populations with the C/CR strategy had the highest leaf dry matter content,
with relatively low dry leaf mass and low SLA values.

Table 3. Determined CSR types for populations of E. annuus across 18 sites.

Site No. Stem Height
(mm)

Dry Matter
Content

(%)

Dry Leaf Mass
(mg)

SLA
(mm2 mg−1) CSR Type

T1 1230 21 62 21 CR

T2 1280 22 61 25 CR

T3 1080 20 36 33 CR

T4 1050 28 38 19 C/CR

T5 1660 20 69 31 CR

T6 1000 24 27 20 CR

T7 1270 22 50 22 CR

T8 1190 16 42 37 CR

T9 1390 19 43 28 CR

T10 1360 19 46 30 CR

T11 1390 18 34 33 CR

T12 1470 22 62 27 CR

T13 1420 21 35 25 CR

T14 1520 22 24 34 CR

T15 1070 21 34 26 CR

T16 1070 19 45 25 CR

T17 1070 23 44 21 CR

T18 1180 32 30 21 C/CR

3.3. Comparison of Life Traits Variability between Sampled Populations

The ANOVA test showed that there were statistically significant differences in the
measured characteristics of the stems and leaves among the localities (Table 4).

Table 4. Results of ANOVA for eight life traits at 18 localities throughout Zagreb and Medvednica Mt.,
with five individuals and five leaves per individual of E. annuus. Statistically significant differences
are in bold (p < 0.05).

Effect Test Name Value F Degree of
Connection

Connectivity
Degree Error p

Intercept Wilks 0.000052 1,127,896 7 411 0.00

Locality Wilks 0.006365 26 119 2689.78064 0.00

Among the sites, populations differed the most by stem height (Figure 2a) and SLA
(Figure 2g), and the least by dry leaf mass (Figure 2c). Locality T5 had individuals with the
largest fresh leaf mass and area, and with the longest and widest leaves. Locality T6 had the
smallest leaf area, lengths and widths, while locality T4 had the smallest SLA (Figure 2g),
and locality T18 had the largest LDMC (Figure 2h).
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specific leaf area (SLA), (h) leaf dry matter content (LDMC). 
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Figure 2. Plots of life trait mean values for populations of E. annuus distributed throughout 18 lo-
calities (T1-T18) showing standard error (SE) and standard deviation (SD). Presented life traits are
(a) stem height, (b) fresh leaf mass, (c) dry leaf mass, (d) leaf area, (e) leaf length, (f) leaf width,
(g) specific leaf area (SLA), (h) leaf dry matter content (LDMC).

Based on the Tukey post-hoc tests (Supplementary Materials, Tables S8 and S9) of the
length and width of leaves, populations recorded more statistically significant differences in
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leaf length than in leaf width. It was determined that SLA was one of the two measured life
traits by which populations differed most (Supplementary Materials, Table S10), although
the parameters by which it was calculated, that is, dry leaf mass and leaf area, showed a
smaller number of statistically significant differences among the localities (Supplementary
Materials Tables S6 and S7, respectively) than SLA itself.

The ordination biplot of the first two ordination axes of the PCAs is shown in Figure 3.
The first axis explains 88.41% of the variability, while the second axis provides an additional
11.24%, which is cumulatively 99.65% for the first two axes. On the left side of the ordination
biplot, the populations have higher LDMC values compared to those on the right side.
Among them, the populations sampled in the open habitat along the river embankment (T6)
and in the semi-open habitat (T18) had the highest values. In addition to having the lowest
LDMC values, the populations on the right part of the biplot have the highest recorded
values for all other measured life traits. Populations whose individuals had the largest,
longest, and widest leaves were also the ones with the heaviest leaves. The ratio of fresh
to dry leaf mass was almost equal among populations. Four out of the five populations
sampled in September are placed in the third quadrant because they were the shortest,
with smaller and lighter leaves. Almost all populations at altitudes higher than 300 m were
placed in the upper part of the diagram due to their high growth. Populations with a more
pronounced competitive strategy (T4 and T18) had a high dry matter content of leaves,
which were both small and light, while their stems were of medium height.
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Figure 3. Ordination biplot of the first two axes of PCA analysis (1st axis horizontal, 2nd axis vertical).
Distance measure is the square of the Jaccard similarity index. The arrows indicate measured life traits
(SLA-specific leaf area, LDMC-leaf dry matter content), and the circles indicate sampled population
(labels correspond to those in Table 1).

3.4. Correlations of Life Traits with Environmental Variables

Pearson correlations of the measured life traits of E. annuus and environmental vari-
ables are expressed by correlation coefficients and corresponding “p” in Table 5. Two
characteristics for which statistically significant correlations were recorded are dry leaf
mass and SLA. The dry mass of the leaves was positively correlated with the minimum
annual temperature. For SLA, there were positive correlations with the altitude, mean
summer precipitation, and total precipitation, and a negative correlation with the mean
summer, spring, and annual temperatures.
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Table 5. Pearson correlation coefficients of E. annuus life traits with environmental variables: altitude, eastness, northness, slope, mean summer temperature, mean
summer precipitation, mean spring precipitation, mean spring temperature, total annual precipitation, mean annual temperature, and minimum annual temperature.
Bold values with asterisks indicate statistically significant correlations (p < 0.05).

Life Trait Altitude Eastness Northness Slope Mean Temp.
in Summer

Mean Prec.
in Summer

Mean Temp.
in Spring

Mean Prec.
in Spring

Total Precip-
itation

Mean Annual
Temperature

Min. Annual
Temperature

Stem height (mm) 0.2274 0.2119 0.2120 0.2192 −0.2334 0.2662 0.2595 −0.2321 0.2671 −0.2308 0.0754
Fresh leaf mass (mg) −0.0416 0.1005 −0.1498 −0.0908 0.0195 0.0007 0.0107 0.0206 0.0038 0.0221 0.3985
Dry leaf mass (mg) −0.2139 0.2108 −0.2470 −0.2201 0.2089 −0.1670 −0.1379 0.2073 −0.1466 0.2117 0.4937 *

Leaf area (mm2) 0.0511 0.1404 −0.1757 0.0022 −0.0800 0.1034 0.1109 −0.0793 0.1079 −0.0771 0.3482
Leaf length (mm) 0.1891 0.1824 −0.0349 0.0430 −0.1889 0.2251 0.2622 −0.1937 0.2476 −0.1859 0.2793
Leaf width (mm) 0.1162 0.1641 −0.2132 0.1110 −0.1503 0.1681 0.1642 −0.1482 0.1666 −0.1475 0.3022
SLA (mm2 mg) 0.4741 * −0.0698 0.0948 0.4101 −0.5228 * 0.4932 * 0.4608 −0.5197 * 0.4708 * −0.5220 * −0.1282

LDMC (mg g−1) −0.3855 0.1967 −0.2053 −0.3287 0.4278 −0.3944 −0.3514 0.4212 −0.3614 0.4263 −0.0160
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4. Discussion

Our results confirm the hypothesis that there is morphological variability among
the populations of E. annuus. During the sampling, macroscopic differences of stems
and leaves for individuals of different populations were noticeable, which was confirmed
by further analysis. Significant differences among the populations were recorded for all
measured parameters.

Although primarily apomictic and triploid, this species exhibits high genetic diversity
with numerous phenotypes due to occasional sexual reproduction [8,9,14,15]. A greater di-
versity of phenotypes is present within its natural range in North America, while in Europe,
it is somewhat less diverse, indicating the importance of apomixis during invasion [34].

During field research, populations of E. annuus species were recorded in a variety of
habitat types with pronounced human influence. Lambdon et al. [35] discussed that the
species shows the ability to naturalize among a wide range of niches, while its ideal niches
are related to human activity. In open and sunny habitats, such as abandoned fields and
meadows, the species often creates monocultures, but it is less common in marginal and
forest habitats and higher altitudes [18]. Generally, the consequences of invasive species
are more significant with increasing cover [36].

Roads are ideal for the spread and establishment of invasive populations [16], so it can
be assumed that this is the path of invasion through Medvednica Mt. Stress gradients often
increase with altitude and reduce species richness and abundance [37]. Possible reasons for
the lack of populations at higher altitudes are less intensive land use due to poorer nutrient
availability and a harsher climate, as well as fewer reproductive individuals and high
winter germ mortality [8,16]. However, according to the research of Tritikova et al. [8], high
altitudes do not limit plant growth or seed production. The reason for fewer populations
and individuals within populations of E. annuus on Medvednica Mt. is most likely dense
forest vegetation.

The taxonomic position, nomenclature, and determination of polymorphic taxon
E. annuus has long been a challenge for scientists [38], which is supported by our research.
The affiliation of E. annuus to subspecies bearing the epithets “annuus”, “septentrionalis”,
and “strigosus”, according to Halliday [15], is determined based on the hairiness of the
stem, the serration of the leaves, and the length and colour of the inflorescence. According
to these criteria, all populations included in this study can, conditionally, be defined as
Erigeron annuus ssp. septentrionalis. The determination of the subspecies level is hampered
by unclear and insufficiently precise entries of the determination keys, as well as previously
incorrectly determined individuals stored in herbariums. The first known individuals
of this species to be introduced into Europe have so far been classified as E. annuus ssp.
septentrionalis, but according to Sennikov and Kurtto [38], this subspecies should have been
called E. annuus ssp. annuus. The same authors claim that a subspecies previously known
as E. annuus ssp. annuus with purple petals and deeply incised leaves should be called
E. annuus ssp. lilacinus Sennikov and Kurtto, subsp. Nov. For the subspecies E. annuus ssp.
Strigosus, such revisions have not yet been proposed.

The results of the analysis of the CSR strategies indicate a pronounced competitiveness
and ruderality of E. annuus, like many other invasive species [35,39]. The competitive strat-
egy indicates the ability for rapid growth in favourable conditions and gains importance
during the occupation of more isolated, colder, wetter, and less anthropogenic habitats,
while for the occupation of more open and arid habitats, ruderality and adaptation to
disturbances are important [1,28]. Populations (T4 and T18) with C/CR strategies grew
in semi-open habitats of low altitudes. Their C component was more pronounced due to
their more conservative leaf economy, possibly caused by growth in partial shade. In other
populations with a CR strategy, ruderality is somewhat more pronounced because of the
more wasteful leaf economy [29], although they were spread among habitats of varying
openness. After the completion of the field research, populations of this species in bloom
were observed in Zagreb for significantly longer than four months, June–September, which
are often mentioned as blooming months in the literature. The last flowering populations
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were observed in December, which would extend the flowering period of this species to
seven months (June–December). Adding an extended flowering period to the analysis of the
CSR strategies changes the populations T4 and T18 from the assigned strategy C/CR to CR.
The prolonged flowering period strengthens the ruderal component of the invasive species.
However, the extended flowering period did not affect the strategies in populations with
previously designated CR strategies. The latter was done solely for the discussion, while
the determined CSR strategies presented in Table 3 are based on published data [7,11,17].

Stem height strongly indicates the assignment of a plant species to the C or S strat-
egy [28], so the obtained strategies indicate that E. annuus has relatively tall stems, which
the measurements confirm. Stems reached heights of 60–166 cm, which is similar to previ-
ous reports from the literature. Croatian flora [7] for this species states that the stem height
ranges between 30–150 cm, Flora Europaea [15] between 80–150 cm, and Flora of North
America [40] between 10–150 cm, while its height in Macedonia is between 30–150 cm [41].

The T5 population stood out as the one with the tallest stems and largest leaves,
which could be partly explained by the environmental conditions to which it was exposed.
Its habitat was open enough to allow light to reach individuals most days, and partially
enclosed by a bush, which may have protected it from mowing. Presumably, the soil in
which it grew was rich in nutrients, given that the site was located along a road [32].

Adaptations to the local conditions are necessary for species that spread to habitats of
limited resources and/or shorter vegetation seasons, such as habitats of higher altitudes [8].
Tritikova [9] claims that plants can, to some extent, adapt to higher altitudes, that is, higher
rates of UV radiation, using morphological and physiological plasticity. By calculating
the specific leaf area (SLA) at different altitudes, they recorded values 19% lower on
average at 1000 m above sea level compared to the values at the altitude of 400 m. In
contrast, the SLA and stem height measured in this study were about 14% and 12% higher
in populations growing at altitudes above 300 m compared to those growing at lower
altitudes. The lowest stems were recorded in the population from Medvedgrad (T15)
sampled in September. Due to the presence of a rosette, it is assumed that the stems of
individuals of this population grew late and that at the time of sampling, although they
were in bloom, they had not yet reached their full height. By overwintering in the form of
a rosette capable of photosynthesis, individuals may store energy reserves that provide a
competitive advantage over plants that germinate in the spring [9].

Trait differences in E. annuus among sampled sites were significant, with the spe-
cific leaf area and plant height being the most diverse. The observed high morphological
variability of daisy fleabane points to its adaptability to various habitat conditions. Mor-
phological plasticity might explain the wide distribution of E. annuus in different habitats
and may underly the fact that it is among the most widespread IAS in Croatia. Despite its
high morphological variability, daisy fleabane showed a consistent CSR strategy, which
enables the successful expression of its invasive potential, and emphasizes the need to
further investigate CSR strategies to determine the success of invasive plants.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/d14010045/s1, Table S1: Environmental variables measured at 18 sampled sites: altitude,
eastness, northness, slope, mean summer temperature, mean summer precipitation, mean spring
precipitation, mean spring temperature, total annual precipitation, mean annual temperature and
minimum annual temperature, Table S2: Mean values and standard errors of measured life traits
of E. annuus by sampling sites (SLA—specific leaf area, LDMC—leaf dry matter content). N for all
sample sites were 25 (5 leaves per 5 individuals) except for T14, with 3 individuals (15 leaves), and
T15, with 4 individuals (20 leaves)., Table S3: Measured and calculated values of eight life traits of
E. annuus from 18 sampled sites throughout Zagreb and Medvednica Mt., Table S4: Tukey post-hoc
test for comparison of stem height of E. annuus sampled at 18 localities (statistically significant values
for p < 0.05 are printed in red), Table S5: Tukey post-hoc test for comparison of fresh leaf mass of
E. annuus sampled at 18 localities (statistically significant values for p < 0.05 are printed in red),
Table S6: Tukey post-hoc test for comparison of dry leaf mass of E. annuus sampled at 18 localities
(statistically significant values for p < 0.05 are printed in red), Table S7: Tukey post-hoc test for
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comparison of leaf area of E. annuus sampled at 18 localities (statistically significant values for p < 0.05
are printed in red), Table S8: Tukey post-hoc test for comparison of leaf length of E. annuus sampled
at 18 localities (statistically significant values for p < 0.05 are printed in red), Table S9: Tukey post-hoc
test for comparison of leaf width of E. annuus sampled at 18 localities (statistically significant values
for p < 0.05 are printed in red), Table S10: Tukey post-hoc test for comparison of specific leaf area
(SLA) of E. annuus sampled at 18 localities (statistically significant values for p < 0.05 are printed in
red), Table S11: Tukey post-hoc test for comparison of leaf dry matter content (LDMC) of E. annuus
sampled at 18 localities (statistically significant values for p < 0.05 are printed in red).
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