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ABSTRACT

The aim of this study was to investigate seed morphology and intra- and inter-population variation of seeds of
Trollius europaeus L. and Trollius altissimus Crantz., two controversial species regarding their taxonomical posi-
tion. We analyzed seed-coat microsculpture and some biometrical traits (length and width, width/length ratio, vo-
lume and projected perimeter). Seed sculpture did not differ between species, but seeds of 7. altissimus were usu-
ally larger than seeds of T. europaeus. Although species differed significantly in seed morphology, it was possible
to show the populations of both species that were similar regarding the analyzed seed traits. We noted a signifi-
cant inter-population differentiation of seeds in both species with respect to seed-coat microornamentation and
biometrical traits. We conclude that T. europaeus and T. altissimus are probably not two distinct species, but 7.
europaeus should be divided into two lower taxa in the rank of variety or subspecies.
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INTRODUCTION

Trollius L. (Ranunculaceae) (globeflower) consists of
arctic-alpine perennial herbs, native to the cool, temperate
regions of the northern hemisphere. The greatest diversity
of Trollius species has been noted in Asia, especially wi-
thin southern China (Després et al. 2003). They usually
grow in moist meadows and in heavy and clay soils. Thirty
globeflower species have been described, but the systema-
tic position of some is still controversial due to the highly
variable intrageneric morphological characters of Trollius.
Additionally, some species are not strictly differentiated,
their ranges at least partly overlap and there exist interme-
diate forms between them (Doroszewska 1974).

Among three European species of this genus, T. europa-
eus L. has the widest distributional range. It occupies

extensive areas of northern and central lowland areas of
Europe, having large and generally continuously distribu-
ted populations. Towards the south of the continent, its po-
pulations appear to be more scattered, growing only in the
mountains. As with other Trollius species, it is also charac-
terized by substantial morphological variation, especially
in its foliage and generative organs, even within a given
population (Doroszewska 1974). Similarly, high genetic
variability of T. europaeus has been also documented (De-
sprés et al. 2002). As Doroszewska (1974) pointed out, all
these factors have resulted in challenges in its intraspecific
classification; numerous taxa have been described as
forms, varieties, subspecies or even separate species. We
believe that only two varieties of this species should be re-
cognized, T. europaeus var. europaeus (grows within the
whole range of species in Europe) and T. europaeus var.
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TABLE 1. The origin of analyzed populations of Trollius species and the number of seeds, of which the morphology was investigated.

No Species Origin in Poland Longitiude Altitude No
of population and latitude (ma.s.l) of measured seeds

1 T. europaeus  Kujawsko-Pomorskie Province — Sitowiec 53°22°N 141 337
17°46’E

2 T. europaeus ~ Wielkopolska Province — Ferdynandowo 53°15°’N 118 112
17°22’E

3 T. europaeus ~ Wielkopolska Province — Liszkowo 53°14°’N 119 153
17°19°E

4 T. europaeus ~ Wielkopolska Province — Popowek 53°17°N 112 158
17°18’E

5 T. europaeus ~ Wielkopolska Province — Lobzenica 53°16°’N 113 94
17°16’E

6 T. europaeus ~ Wielkopolska Province — Mnichy I 52°33’N 72 168
15°58’E

7 T. europaeus ~ Wielkopolska Province — Mnichy II 52°33’N 72 132
15°58’E

8 T. europaeus ~ Wielkopolska Province — Mnichy Mtyn 52°32°N 71 804
15°59’E

9 T. europaeus ~ Wielkopolska Province — Usciskowo 52°37°N 75 153
16°45’E

10 T. europaeus ~ Wielkopolska Province — Dziewicza Géra 52°28’N 76 163
17°0I’E

11 T. europaeus ~ Wielkopolska Province — Trzcielifiskie Bagno I 52°18’N 71 149
16°42’E

12 T. europaeus ~ Wielkopolska Province — Trzcieliniskie Bagno I1 52°18’N 71 145
16°42’E

13 T. altissimus ~ Matopolska Province — Tatra Mts — Bobrowiec 49°15°N 2246 144
19°47°E

14 T. altissimus ~ Podkarpackie Province — Bieszczady Mts — Potonina Wetlinska 49°09°’N 1255 108
22°33’E

15 T. altissimus ~ Podkarpackie Province — Bieszczady Mts — Potonina Bukowska 49°03’N 1253 185
22°46’E

16 T. altissimus ~ Dolnoslaskie Province — Bystrzyckie Mts — Zieleniec 50°21°’N 760 464
16°25’E

17 T. altissimus ~ Dolnoslaskie Province — Stolowe Mts — Rogowa Kopa 50°28’N 770 384
16°20’E

transsilvanicus (Schur) Bt. (occurs in Central Europe). Tu-
tin (1993) and Pankhurst (2006) identified two subspecies
of European globeflower: T. europaeus subsp. europaeus,
which corresponds to Doroszewska’s var. europaeus, and
T. europaeus subsp. transsilvanicus (Schur) Domin, which
is basically equivalent of Doroszewska’s var. transsilvani-
cus and naturally occurs from the Southern Alps to the
Carpathians. Chrtek and Chrtkova (1979) recognized the
above-mentioned subspecies as a separate species, 1. euro-
paeus and Trollius altissimus Crantz. This view is shared
by other botanists in Central and Eastern Europe (Mosya-
kin and Fedoronchuk 1999; Mirek et al. 2002; Pigkos-Mir-
kowa and Mirek 2003; Zicha 2009). Both taxa have diffe-

rent geographical habitats, particularly in mountain ranges.
Trollius europaeus s.s. appears only in lowlands and in the
lower mountain levels whereas T. altissimus is a plant of
the mountain regions, above forest zone. Morphological di-
stinction between both species is based on the shape and si-
ze of the stigma and the size of follicle beaks.

The seeds of the Trollius genus, as with most of Ranun-
culaceae, develop from anatropous, bitegmic and crassinu-
cellate ovules (Corner 1976; Briickner 1994; Endress and
Igersheim 1999). The inner structure is also typical of Ra-
nunculaceae. While in dormancy, the seeds consist of
small, rudimentary embryos, surrounded by a living endo-
sperm containing lipids and protein bodies. The testa is de-



Vol. 79, No. 2: 117-123, 2010

eply pigmented, multi-layered and incomplete at the micro-
pylar end of the seed (Hepher and Roberts 1985a, b). The
seeds are small, not more than 2 mm long, but relatively
heavy, without any apparent adaptations for vector disper-
sal (Hitchmough 2003). A portion of the seeds are general-
ly eaten by larvae of Chiastocheta Pokorny species, of
which the imago pollinate Trollius flowers (e.g. Yu and Ri-
dley 2003; Després et al. 2007 and others).

The details of seed morphology of species within the
Trollius genus have not been documented. In recent years,
however, seed traits, especially seed-coat micromorpholo-
gy, have proven to be a useful taxonomic criterion within
many different taxonomic groups at species level, inclu-
ding the species of Ranunculaceae (e.g. Cappelletti and Po-
Idini 1984; Feng-Xia 2003).

The goal of this study was to investigate seed morpholo-
gy of T. europaeus and T. altissimus, especially seed-coat
microsculpture, as well as intra- and inter-population varia-
tion of both species. Additionally, we wanted to investigate
the utility of seed morphology in differentiating the two
species.

METHODS

We collected samples of ripe seeds of T. europaeus of 12
populations and T. altissimus of five populations from na-
tural localities in Poland in the years 1999-2001 (Table 1).
Every gathered sample consisted of seeds originated from
at least 30 specimens. The samples were kept separate at
room temperature and were analyzed at the same time.
They were not dissected, but only cleaned. The using of
a scanning electron microscope (LEO 435 VP, Leo Elec-
tron Microscopy Ltd., Cambridge, U.K.) enabled us to in-
vestigate seed ultrastructure of both species. The termino-
logy of Barthlott (1981), which is based on SEM observa-
tions of epidermal and seed coat surface of 5000 vascular
species, is used in our study.

The biometrical traits of seeds of both species were ana-
lyzed using the computer programme WinSeedle™
2003a (Régent Instruments Inc., Quebec, Canada). The
number of seeds investigated varied among locations due
to their availability. We analyzed ca. 2600 seeds of T. euro-
paeus and ca. 1300 seeds of T. altissimus. We analyzed se-
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ed morphology variation both at the species and population
level. The following seed traits were measured: length
(mm), width (mm), width/length ratio, volume (mm?®) and
projected perimeter (mm). The arithmetical mean, standard
deviation and coefficient of variation for each mentioned
trait were calculated at the population level. In addition,
multivariate analysis of variance in one-way classification
was used (Morrison 1976). Our null hypothesis was that
there were no differences among the mean values of the
traits of investigated populations with regard to the mean
values of biometrical traits. It was rejected at the 4=0.05 le-
vel of significance.

Mean values of traits of particular populations were com-
pared with the overall mean values of all populations.
Using T02,i- and TOZ’,j statistics, populations and traits were
determined to be responsible for rejection of general hypo-
thesis (Lejeune and Calinski 2000). Our analysis allowed
us to position the Trollius populations in canonical coordi-
nates.

Multivariate differences among the means of the studied
seed traits were investigated to estimate similarities of the
populations within species. The Mahalanobis distance was
assumed as a measure of those differences; it was tested
using the Laweley-Hotelling statistic. In addition, the si-
gnificance of contrast between 7. europaeus and T. altissi-
mus was investigated (Lejeune and Calinski 2000).

RESULTS

The seeds of T. europaeus and T. altissimus are superfi-
cially very similar. Seeds of both species are elliptical or
ovate. The transversal sections of seeds of each species are
triangular. Seeds of both species are also slightly narrower
toward the micropylar apex. The micropylum of both spe-
cies is situated in the middle, on the edge of the apex. The
apex and the base are also obtusely curved.

Closer examination of the seed-coat of both species sho-
wed considerable variation in its texture even at the popu-
lation level. It did not reveal any important distinctions be-
tween T. europaeus and T altissimus. The testa cells were
pentagonal or hexagonal, rarely tetragonal, more or less
isodiametric or slightly elongate parallel to the seed axis.
Their anticlinal walls were straight to rounded, thickened

TABLE 2. Comparison of mean values of the analyzed seed features (x SE) of Trollius europaeus and T. altissimus. ANOV As were performed to show the

differences among both species.

Seed feature Mean value Mean value ANOVA Tendency
for T. europaeus for T. altissimus P>F (+/- %)

Length [mm] 1.615 <0.0001 +2.8
(0.003) (0.006)

Width [mm] 1.099 <0.0001 +6.2
(0.004) (0.006)

W/L ratio 0.682 <0.0001 +3.4
(0.002) (0.003)

Volume [mm?] 0.279 <0.0001 +21.1
(0.003) (0.004)

Perimeter [mm] 4.466 <0.0001 +10.3

(0.011)

(0.024)
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with the margins clearly visible. The outer periclinal walls
of testa cells were also variously formed: flat, concave, co-
nvex or with domed-like swell in the center (Fig. 1).
Analysis of variance showed that there exist significant
differences in seed morphological traits among Trollius al-
tissimus and T. europaeus (p<0.0001; Table 2). The seeds
are small and are on average 1.6 (1.4-1.9) mm long and 1.1
(0.9-1.4) mm wide. However, the seeds of T. altissimus are

30 pm

Fig. 1. Scanning electron micrographs of seed-coat surface of Trollius europaeus (A — Sitowiec; B — Ferdynandowo; C — Liszkowo; D — Popowek; E —
Lobzenica; F — Mnichy I; G — Usciskowo; H — Trzcieliniskie Bagno I; I — Dziewicza Géra) and T. altissimus (J — Bobrowiec; K — Potonina Wetlifiska; L —
Potonina Bukowska) populations.

a little bigger; on average 2.8% longer and 6.2% wider
than the seeds of T. europaeus.

Analyzing the descriptive statistics at the population le-
vel of both species, we noticed that samples 1, 8, 10, 13, 15
and 16 consisted of seeds of which the trait values signifi-
cantly differed from the mean of parameters of all popula-
tions (Table 3). Furthermore, the values of all seed traits of
populations 13, 8, 15, 1, 14 and 17 (population sequence



Vol. 79, No. 2: 117-123, 2010

ACTA SOCIETATIS BOTANICORUM POLONIAE 121

TABLE 3. Estimates of population effects on Trollius seed traits and values of test statistics: TOZJ.. and Tozy.,' (critical values at «=0.05 are in brackets).

Trait
ati 2
Noofpopuation Length Width Width/length Volume Projected o (D
Ratio perimeter
1 0.023%** 0.161%* 0.092 0.074%* 0.191%* 439.9
2 -0.071%* -0.069%* -0.009%%* -0.054%** -0.269%* 494
3 -0.038** -0.072%%* -0.026%* -0.046%* -0.203%* 42.7
4 -0.032%* -0.112%* -0.055%* -0.073%* -0.266%* 102.9
5 -0.109%* -0.110%%* -0.024* -0.072%* -0.398** 87.5
6 0.012%%* -0.119%%* -0.078%%* -0.063%* -0.185%* 126.6
7 -0.041%* -0.084%%* -0.033** -0.055%* -0.228%#* 472
8 0.0927%%* 0.172%%* 0.065%* 0.095%%* 0.362%%* 924.0
9 -0.063%* -0.150%%* -0.067%* -0.086%* -0.3827%* 163.3
10 -0.179%* -0.160%* -0.026%* -0.104%* -0.545%%* 340.2
11 -0.114%* -0.107%%* -0.018* -0.074%** -0.421%* 130.8
12 0.003 -0.110%%* -0.065%%* -0.057%%* -0.164%* 97.2
13 0.282%* 0.314%* 0.067** 0.226%* 0.914%%* 969.9
14 0.086%* 0.195%%* 0.0827#%* 0.106%* 0.3347%%* 197.7
15 0.208%%* 0.263%#%* 0.072%%* 0.179%%* 0.704%*%* 752.5
16 -0.119%* -0.083** 0.001 -0.040%* 0.476%* 2142.1
17 0.058%%* 0.072%%* 0.0227#%* 0.046%* 0.0837%%* 159.0
TUZ,,,. (26.3) 1862.8 34139 1131.2 3164.3 1551.8

* significant difference at level 0=0.05
** significant difference at level 0=0.01

with respect to seed size) were significantly larger than the
means of all populations, while the seed traits of the remai-
ning populations were significantly smaller than this mean.
This indicated that the largest seeds were from 7. altissi-
mus populations (13, 15 and 14) and two populations of 7.
europaeus (8 and 1). The smallest seeds, however, were
from T. europaeus populations 10 and 9. The seeds of T.
altissimus population 16 were dissimilar to all other Trol-
lius populations (without distinction of species; Fig. 1). It
was a result of the small value of length and the large value
of projected perimeter of seeds. All investigated popula-
tions of globeflower differed most by width and volume
and the least by width/length ratio.

The dispersion of investigated populations of globeflo-
wer in the coordinate system given by the first two canoni-
cal variates adequately illustrate the results of multivariate
analysis of variance. The first and second variates transfor-

med 67.7 and 24.1% of the data, respectively (Fig. 2). This
result is satisfactory with respect to use only the first two
canonical variates. We analyzed the Mahalanobis distances
to point out the pairs of Trollius populations, differing from
each other. Four populations of T. altissimus (13, 15, 16,
17) significantly differed from all populations of T. europa-
eus. However, population 14 of T. altissimus did not signi-
ficantly differ with 7. europaeus population 8. All investi-
gated populations of T. altissimus were significantly diffe-
rent from each other. We observed significant differences
between some pairs of T. europaeus populations (Table 4).
Populations 1 and 8 varied from the other populations of 7.
europaeus, while populations 3 and 7 and 5 and 11 were si-
milar (Fig. 2).

The contrast analysis between the means of T. altissimus
and T. europaeus parameters, revealed significant differen-
ces between the seed traits of both species; the value of the
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Fig. 2. The distribution of Trollius popula-
tions given by the first two canonical varia-
bles.
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TABLE 4. Mahalanobis distances between pairs of means of seed traits of Trollius populations.

2.24%*

2
3
4
5
6
7
8
9
10
11

2.31%:*

0.17*
0.39%*
0.337%*

0.297%*

3.30%*

0.35%:*

0.35%%:#

3.60%*

0.737%*

0.14

0.65%*

3.69%*

0.02 0.08 0.29%+ 0.25%+
3445

2.67%%*

0.10
2.89%:*

2.61%*

3.51%* 2.897#

3.997%*

0.41%*

0.37:%:* 0.14 0.23: 0.24: 0.24% 4.48%*
1.05%%*

0.51 %%

4,330k

1.61%* 1.00%* 6.077* 0.647#*

0.27%%*

1.16%*

0.97%%*

5.36%*

0.287%:* 0.33:%:%

0.04 0.77%:* 0.23:%: 3,94

0.85%*

0.34%#:*

0.19% 0.30%:*

0.45%

3,330k

0.76%*

1.72%%
14.59%%*

0.41%*

3.42%*

0.22%:

0.14
9.25%*

0.25%%*

0.21%:*

3.25%%*

12
13
14
15
16
17

9.30%*

11.41%*

2.47%* 11.39%*

9.26%:
3.35%*

8.89%* 10.027%* 11.23:%:%

311

9.74%:
3.27%*
6.49%%*

4.3k
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0.04 5.06%* 6.597%% 4.37%* 3.997#* 2.43%%
1.01%* 8.36%*

4.1 1%*

44475

3.97%#*

0.37%%*

8.08%* 6.39%* 0.47%* 0.98#*

10.98%*

5.92%* 7.087%:* 8.09%: 6.62°%:* 6.3 1%

4.77%*

2.06%:*

4.70%* 5.69%* 4.85%%* 8.36%* 5.26%%* 4.37%%* 4.78%* 5.16%* 15.327%% 9.17%%* 11.96%%*

5.42%*

4727+

7.77%%*

1.30%* 1.07%* 1.69%* 2.26%* 1.66%* 1.27%* 0.55%* 2.38%* 3.96%* 2.13%* 1.44%* 4.14%* 0.73%* 2.09%* 7.21%*

0.627%:*

16

15

14

13

12

11

10

=0.01

#* yery significant difference at level o

=0.05;

* significant difference at level a
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test statistics (1567.0) was greater than critical
value (15.1; empirical level of significance is
lower than 0.01).

DISCUSSION AND CONCLUSION

Seed sculpture did not differ between T. eu-
ropaeus and T. altissimus. Statistical analysis
showed that seeds of T. altissimus are larger
than those of T. europaeus. However, both spe-
cies appear to have similar seed morphological
traits. There was a significant inter-population
differentiation of seeds of both species with re-
spect to seed-coat microsculpture and biometri-
cal traits. In our previous study on chemical
composition and morphology of basal leaves of
these two species, we were also not able to se-
parate T. altissimus from T. europaeus (Macie-
jewska-Rutkowska et al. 2007). Basing on our
results, we conclude that 7. europaeus and T.
altissimus are not two distinct species.

The utility of seed morphological traits in di-
stinguishing species for taxonomy has long be-
en recognized (e.g. Martin 1946) and has been
used to solve classification problems or to esta-
blish evolutionary relationships among related
taxa (e.g. Zeng et al. 2004). The seed morpho-
logy, particularly seed-size, is not only of inte-
rest in taxonomy studies, but it is an important
factor for understanding the mechanisms of
species dynamics in plant communities (Jany-
szek et al. 2008). For instance, it is proven that
large seeds are less important in open and di-
sturbed environments than in closed and shady
environments (Jakobsson and Eriksson 2000).
Our investigation showed that T. europaeus
and T. altissimus practically do not differ in se-
ed morphology. We assume, however, that site
conditions of globeflower populations may
cause conspicuous variations of seed-coat
sculpture as well as seed size or shape.
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