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Abstract: The objective of this study was to investigate the ranges of intra- and interindividual variability on
the example of R. canina. For this purpose, four flowers were collected randomly (72 flowers in total) from 18
wild shrubs of R. canina growing in one population in Poznan (Poland) and then, from each flower, 50 cor-
rectly formed pollen grains (200 pollen grains per each individual) were selected. Inter- and intraindividual
pollen grain variability was characterised based on 3600 pollen grains. They were analysed for seven quantita-
tive features, i.e. length of polar axis (P), equatorial diameter (E), thickness of the exine along the polar axis
(Exp), length of ectocolpi (Le) and P/E, Exp/P, and Le/P ratios. Our study revealed highly significant differ-
ences among flowers of the particular R. canina individuals with respect to all pollen grain biometrical fea-
tures. In addition, it showed that the assessment of the full range of variability in pollen grain biometric fea-
tures within one individual (shrub) was more reliable if we examined several pollen grains from several flow-
ers than for the same number of pollen grains derived from a single flower. We also found statistically signifi-
cant differences among particular individuals in all pollen grain features. This proves that in order to well
characterise a population of a given species from the point of view of palynology, the plant material should de-
rive from a possibly numerous number of individuals (shrubs).
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Introduction

The morphological structure of R. canina pollen
grains has been described by many palynologists. Pol-
len grains of this species are radially symmetric,
isopolar, 3 (4) — colporate monads (e.g. Reitsma
1966; Eide 1981; Hebda and Chinnappa 1990, 1994;
Wronska-Pilarek and Jagodzinski 2009, 2011; Wron-

ska-Pilarek 2011). The pollen size of the studied spe-
cies is medium (25-50 um), very rarely small (10-25
wm). The average length of polar axis (P) amounted to
31.0 (22-42) um and the mean length of equatorial
diameter (E) amounted to 24.9 (16.0-34.0) um
(Wronska-Pilarek and Jagodzinski 2009). Pollen
shape (P/E ratio) equals on average 1.26 (1.00-2.13).
Pollen grain shapes were mostly subprolate and
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prolate, or somewhat rarely prolate spheroidal
(Wronska-Pilarek and Jagodzinski 2011). Outline in
polar view is mostly circular or triangular. In equato-
rial view pollen grains are elliptic. Exine is two-lay-
ered and well marked under the light microscope. The
ectexine is thicker than the endexine. Mean exine
thickness equals 1.9 um and ranges from 1.0 to 2.0
wm (Wronska-Pilarek and Jagodzinski 2009). Exine
sculpturing pattern is striate and sculpture is well-de-
fined. Striae are high, quite wide (on average: 0.18
wm), cylindrical, and running = parallel to the colpus
(Hebda and Chinnappa 1990; Wronska-Pilarek
2011). Grooves are quite deep and usually wider than
the striae (on average: 0.29 um). On their bottom nu-
merous (on the average 73 per 25 um?) elliptic or cir-
cular perforations of varying, relatively substantial di-
ameters are present (Hebda and Chinnappa 1990,
1994; Wronska-Pilarek 2011). Ueda (1992) classified
R. canina into the exine sculpturing pattern type II A.
Wronska-Pilarek (2011) assigned this species to two
types of exine sculpture —II A and III B. Pollen usually
had 3, or very rarely 4 colpori. Colpi are arranged me-
ridionally, regularly, = evenly spaced. They are usu-
ally long, elliptic and ending sharply. Width of colpi
are variable, usually greatest in equatorial region.
Margins of colpi are irregular, reinforced by costae
colpi. Mean length of colpi equals 25.2 um (18-36
wm), or 81.3% of the length of the polar axis (Wron-
ska-Pilarek and Jagodziniski 2009). Sculpturing of the
colpus membranes approaches rugulate. R. canina has
pollen with or without an operculum (Reitsma 1966;
Eide 1981; Wroniska-Pilarek 2011). If the operculum
is present, usually is large (about 1/2-1/4 the colpus
length) and covers the central part of the colpus. An
operculum in R. canina is psilate or more rarely
rugulate in sculpture (Popek 1996; Wronska-Pilarek
2011). In some pollen grains of R. canina an equatorial
bridge is present. Endoapertures are usually located
in the middle of the ectocolpus, and with irregular
margins.

Papers that examine variability of pollen grain
morphological features of the Rosa species are very
scarce. Such investigations were carried out by the au-
thors of this study (Wronska-Pilarek and Jagodzinski
2009) but they had a different range since they com-
prised 16 rose species (including R. canina) and con-
cerned intra- and interspecific variability, i.e. differ-
ences in pollen morphology derived from different
shrubs which were growing in several natural sites.

The choice of R. canina for the investigations done
here was dictated by the fact that it has pollen of
well-recognised structure, characteristic for the Rosa
genus. In the Rosa genus taxonomy, it is considered as
a “good species” with distinct diagnostic features
(Zielinski 1985, 1987; Henker 2000; Kalkman 2004).
In addition, plant material for palynological investiga-
tions in the form of flowers is easily available because

R. canina is a very common and widely distributed
species occurring frequently both in Poland as well as
the entirety of Europe (Klastersky 1968; Henker
2000; Zajac and Zajac 2001).

The objective of this study was to investigate, for
the first time for any member of the entire Rosaceae
family, the range of intraindividual variability of R.
canina pollen (e.g. the variability of pollen grain mor-
phology inside the flower and among flowers of indi-
vidual shrubs) and interindividual variability (e.g. the
pollen grain morphological variability among individ-
uals within a population of this species), based on the
analyses of 7 quantitative features. These investiga-
tions were performed on a large sample of pollen
grains (3600 in total) which allowed reliable determi-
nation of the level of variability with regards to mor-
phological features.

Materials and methods

Flowers were collected from 18 shrubs growing in
the outskirts of Poznan, along a distance of about 3
km on Kobylepole and Sowice streets (geographical
coordinates — GPS: 52°22°59”N, 17°1’13”’E). Shrubs
were growing on both sides of the streets at distances
of several to several dozen meters. All plant material
was collected in the form of shoots with flowers and
deposited in the herbarium of the Department of For-
estry Natural Foundations (POZNF), Poznan Univer-
sity of Life Sciences (Poland).

Four flowers were collected randomly from each of
18 experimental shrubs (72 flowers in total, flowers
were named A, B, C, and D). Only flowers which just
bloomed or are about to bloom were used in the
study. A sample consisted of 50 correctly formed pol-
len grains derived from a single flower. In total, 3600
pollen grains were analysed. All samples were aceto-
lysed according to Erdtman’s method (1952), slightly
modified by Wronska-Pilarek (1998). The acetolysing
mixture was made up of nine parts of acetic acid anhy-
dride and one part of concentrated sulphuric acid and
the process of acetolysis lasted 2.5 minutes. The mor-
phological observations were carried out both with
light microscope (Biolar 2308, Nikon HFX-DX) and
scanning electron microscope (Zeiss 435 VP). Pollen
grains were measured using the eyepiece (ocular)
with scale and then measurement results were recal-
culated into micrometers by multiplying them by 2.

Pollen grains were analysed for seven quantitative
features, i.e. length of polar axis (P), equatorial
diameter (E), thickness of exine along polar axis
(Exp), length of ectocolpi (Le) and P/E, Exp/P, and
Le/P ratios.

The palynological terminology used in our study
follows Punt et al. (2007) and Hesse et al. (2009).

For each pollen grain feature, one-factor analysis of
variance (ANOVA) was used to examine differences
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in the mean values among four flowers harvested
from each of the 18 individuals to assess intraindivi-
dual variability. Based on all pollen grains harvested
for each individual (200 pollen grains) we conducted
one-factor analysis of variance to check differences
among individuals of R. canina (interindividual varia-
blity). When critical differences were noted, multiple
comparisons were carried out using Tukey’s test for
equal sample sizes. Statistical analyses were per-
formed using JMP 8.0 (SAS Institute Inc. Cary, NC.
USA; http:// www.sas.com/).

Results

Intraindividual variability of pollen
grains

We found statistically significant differences
among flowers (4) of the particular individuals (18)
for most of the individuals studied for each pollen
grain morphological feature. For example length of
polar axis (P) was statistically different among flow-
ers for 16 of 18 individuals studied (Table 1). The
range between minimal and maximal P value of indi-
vidual flowers ranged from 4 um (shrubs No. 6A,
14A) to 16 um (shrub No. 7D); the P range equals
9.25 um on average. Differences among minimal and
maximal mean values for each flower of the individu-
als (max to min ratio) ranged from 0.9% (shrub No.
8) t0 8.7% (shrub No. 18). Coefficients of variation of
P values, estimated as mean value for 4 flowers,
ranged from 5.3% (shrub No. 14) to 8.2% (shrub No.
7). Statistically significant differences in length of
equatorial diameter (E) among flowers of the particu-
lar individuals were found for 13 of 18 shrubs (Table
2). The range between minimal and maximal E value
in individual flowers ranged from 6 um (shrubs No.
2C, 3B, 6A, 9B, 16A, 16B, 16C, 17A, 17C, 17D) to 14
wm (shrubs No. 6D, 9A) and the range equals 9.36
um on average. Mean differences among minimal and
maximal mean values calculated for each flower of the
individuals equals 6.2% and ranged from 1.5% (shrub
No. 12) to 15.4% (shrub No. 9). Coefficients of varia-
tion of E values ranged from 5.8% (shrub No. 16) to
10.9% (shrub No. 10). For 12 of 18 Rosa individuals
we found statistically significant differences among
flowers in P/E (Table 3). Mean differences among
minimal and maximal mean values for each flower of
the individuals equals 6.1% and ranged from 1.5%
(shrub No. 8) to 13.8% (shrub No. 6). It was found
that coefficients of variation of P/E ratio, estimated as
mean value for 4 flowers, ranged from 7.4% (shrub
No. 15) to 10.9% (shrub No. 10). Only for 2 shrubs
did we find no statistically significant differences
among flowers on the individual shrub in thickness of
exine along the polar axis (Exp) (Table 4). The range
between minimal and maximal Exp value in individ-

ual flowers ranged from 0 um (shrub No. 8D) to 1.8
wm (shrubs No. 2A, 6D, 8C, 10C, 11C); the mean
range equals 0.98 um. The differences among mean
values for particular flowers within individuals were
very variable. For example the mean differences
among minimal and maximal mean values of Exp for
each flower of the individuals ranged from 10.5%
(shrub No. 10) to 142.9% (shrub No. 8) and equals
on average ca. 54%. The mean coefficients of varia-
tion ranged from 28.9% in shrub No. 18 to 44.7% in
shrub No. 11. Analysis of variance showed statisti-
cally significant differences among flowers with re-
spect to Exp/P ratio for 16 of 18 shrubs (Table 5). The
differences between minimal and maximal values ob-
tained for each shrub were similar to these obtained
for thickness of exine along polar axis — the differ-
ences range from 10% for shrub No. 10 to 142.5% for
shrub No. 8, whereas the mean difference for all
shrubs studied equals 54.7%. It was found that coeffi-
cients of variation of Exp/P ratio, estimated as mean
value for 4 flowers, ranged from 29.6% (shrub No.
15) to 44.9% (shrub No. 6). Length of ectocolpi (Le)
was significantly different among flowers for 14 of 18
shrubs (Table 6). The range between minimal and
maximal Le value in individual flowers ranged from 6
wm (shrubs No. 6A, 15B, 17D) to 14 um (shrubs No.
3D, 6D, 7D, 11C), while the mean range equals 10.19
wm. Differences among minimal and maximal mean
values of Le calculated for each flower of the individu-
als ranged from 1.1% (shrub No. 12) to 10.9% (shrub
No. 16) and equals 6.3% on average. The mean coeffi-
cients of variation of Le values ranged from 7.1%
(shrub No. 1) to 10.9% (shrub No. 5). Le/P ratio was
significantly different among flowers for 5 of 18 indi-
viduals studied (Table 7). The mean differences
among minimal and maximal mean values of Le/P for
each flower of the individuals ranges from 0.6%
(shrub No. 3) to 5.6% (shrub No. 8) and equals on av-
erage ca. 2.5%. The coefficients of variation ranged
from 4.2% in shrub No. 2 to 10.3% in shrub No. 5.
Based on individual flowers, the pollen grain fea-
tures studied may be ordered from least to most vari-
able as follows: Le/P (mean CV = 5.6%), P (CV =
6.6%), E (CV = 8.3%), Le (CV = 8.4%), P/E (CV =
9%), Exp (CV = 36%) and Exp/P (CV = 36.1%).

Interindividual variability of pollen
grains

We found statistically significant differences in all
the pollen grains studied among the particular shrubs
(Table 8; p<0.0001). Based on all the pollen grains
studied mean P equals 31.40 (*+0.04 SE) um, E -
26.62 (+0.04) um, P/E - 1.188 (*=0.02), Exp - 0.699
(+0.006) um, Exp/P - 0.0224 (+0.0002), Le — 28.22
(£0.04) um and mean Le/P - 0.899 (+0.001).
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Table 8. Range (min-max), coefficient of variation (CV) and mean values (+SE) of all pollen grain morphological features of
R. canina studied. One way ANOVA’s were performed separately for individual features to determine the differences
among individual shrubs

Shrub No. of P E P/E Exp Exp/P Le Le/P

No. pol%en Mean CV  Mean CvV Mean CV  Mean cv Mean CvV Mean Ccv Mean CvV

grains  (+SE) (%) (+SE) (%) (£SE) (%) (xSE) (%) (=SE) (%) (£SE) (%) (+SE) (%)

1 200 3199 590 26.25 7.56 1.224 837 0.753 30.59 0.0236 31.17 28.21 7.23 0.882  5.40
(0.13) (0.14) (0.007) (0.016) (0.0005) (0.14) (0.003)

2 200 3392 6.31 28.90 7.01 1.178 820 0.813 46.21 0.0240 45.45 30.59 7.14  0.902 4.29
(0.15) (0.14) (0.007) (0.027) (0.0008) (0.15) (0.003)

3 200 32.06 7.16 27.67 6.83 1.163 879 0.589 39.87 0.0184 38.99 28.94 9.24 0902 5.15
(0.16) (0.13) (0.007) (0.017) (0.0005) (0.19) (0.003)

4 200 3192 7.18 27.25 824 1.178 9.64 0.635 44.48 0.0198 41.42 28.33 8.83 0.887  5.05
(0.16) (0.16) (0.008) (0.020) (0.0006) (0.18) (0.003)

5 200 29.00 8.24 27.51 9.18 1.061 10.23 0.431 34.53 0.0150 35.47 26.08 10.95 0.902 10.83
(0.17) (0.18) (0.008) (0.011) (0.0004) (0.20) (0.007)

6 200 30.77 7.78 25.86 10.65 1.202 12.34 0.575 51.60 0.0187 53.17 27.54 10.31 0.895 6.34
(0.17) (0.19) (0.010) (0.021) (0.0007) (0.20) (0.004)

7 200 31.72 8.62 26.58 10.44 1.203 11.34 0.528 39.83 0.0167 39.38 28.27 9.74 0.892  6.40
(0.19) (0.20) (0.010) (0.015) (0.0005) (0.19) (0.004)

8 200 30.45 6.63 28.69 7.18 1.065 829 0.709 54.53 0.0233 54.53 27.45 826 0902 5.17
(0.14) (0.15) (0.006) (0.027) (0.0009) (0.16) (0.003)

9 200 3091 7.22 2573 11.99 1.214 10.53 0.602 46.27 0.0196 46.42 27.93 9.06 0903  4.87
(0.16) (0.22) (0.009) (0.020) (0.0006) (0.18) (0.003)

10 200 30.55 6.56 25.07 11.70 1.232 11.24 1.246 39.41 0.0409 39.78 27.57 7.93 0.903 5.43
(0.14) (0.21) (0.010) (0.035) (0.0012) (0.15) (0.003)

11 200 3097 7.38 2490 10.55 1.253 9.64 0.956 46.34 0.0310 46.40 27.97 9.76  0.903 5.81
(0.16) (0.19) (0.009) (0.031) (0.0010) (0.19) (0.004)

12 200 31.63 7.03 26.04 10.16 1.224 10.29 0.727 41.66 0.0231 42.05 28.63 8.76  0.906  7.08
(0.16) (0.19) (0.009) (0.021) (0.0007) (0.18) (0.005)

13 200 30.08 5.88 25.18 9.59 1.204 10.18 0.862 36.06 0.0287 35.95 27.13 8.41 0.902  5.59
(0.13) (0.17) (0.009) (0.022) (0.0007) (0.16) (0.004)

14 200 31.12 6.03 26.44 8.28 1.183 8.02 0.802 42.28 0.0257 41.20 27.94 8.24  0.898 5.07
(0.13) (0.15) (0.007) (0.024) (0.0007) (0.16) (0.003)

15 200 3136 6.16 26.81 7.52 1.174 7.63 0.806 29.95 0.0258 30.31 27.92 7.80 0.890  4.89
(0.14) (0.14) (0.006) (0.017) (0.0006) (0.15) (0.003)

16 200 31.92 8.38 27.24 5.87 1.174 9.09 0.71 42.43 0.0226 46.36 28.54 10.12 0.894 6.28
(0.19) (0.11) (0.008) (0.021) (0.0007) (0.20) (0.004)

17 200 31.80 6.40 26.33 6.41 1.212 794 0.421 45.03 0.0132 42.61 28.85 7.53 0.908 5.51
(0.14) (0.12) (0.007) (0.013) (0.0004) (0.15) (0.004)

18 200 33.09 7.73 26.77 6.89 1.240 8.69 0.415 30.15 0.0126 31.43 30.00 8.84 0907 4.64
(0.18) (0.13) (0.008) (0.009) (0.0003) (0.19) (0.003)
ANOVA F 49.6473 46.6268 41.6308 93.6859 98.5657 33.2968 3.5516
P>F P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

The mean length of polar axis (P, calculated for
each individual based on 200 pollen grains) ranged
from 29 um (shrub No. 5) to 33.92 um (shrub No. 2),
thus the highest mean value is ca. 17% higher then
the minimal mean value. The mean length of equato-
rial diameter (E) ranged from 24.9 um (shrub No. 11)
to 28.9 um (shrub No. 2), with the highest 16%

higher than the lowest. The difference among mini-
mal and maximal mean value of P/E ratio for individ-
ual shrubs was 18% and the values ranged from 1.061
(shrub No. 5) to 1.253 (shrub No. 11). The thickness
of exine along polar axis (Exp) ranged among shrubs
from 0.415 um (shrub No. 18) to 1.246 um (shrub
No. 10); the highest mean value of Exp was three
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times the minimal mean value. The range of mean
values of Exp/P ratio was from 0.0126 (shrub No. 18)
to 0.0409 (shrub No. 10), and the difference among
the outermost values obtained for individual shrubs
was ca. threefold. Mean length of ectocolpi (Le) calcu-
lated for particular individuals ranged from 26.08 um
(shrub No. 5) to 30.59 um (shrub No. 2) (difference
among values — 17%), whereas Le/P ranged from
0.882 (shrub No. 1) to 0.908 (shrub No. 17) (differ-
ence among values — 3%).

Based on particular shrub individuals, the pollen
grain features studied may be ordered from less to
most variable as follows: Le/P (mean CV = 5.8%), P
(CV = 7%), E (CV = 8.7%), Le (CV = 8.8%), P/E
(CV = 9.5%), Exp (CV = 41.2%) and Exp/P (CV =
41.2%).

Discussion

In taxonomical studies on the Rosaceae family and
Rosa genus, pollen grains are considered as organism
characterised by very low variability and, conse-
quently, they are often ascribed diagnostic impor-
tance (Hutchinson 1964; Klastersky 1968; Henker
2000; Kalkman 2004; Potter et al. 2007). On the basis
of this assumption, only small numbers of pollen
samples are commonly examined for individual spe-
cies in morphological investigations. In the case of
the Rosaceae family, the sample size ranges from 10
to 20 pollen grains (e.g. Hebda and Chinnappa 1990,
1994; Li et al. 2001; Nazeri Joneghani 2008; Wang et
al. 2009), while in many of the most recent studies, a
sample consists of 30 pollen grains (e.g. Tomlik-Wy-
remblewska et al. 2004; Bednorz et al. 2005; 2008;
Wronska-Pilarek and Jagodzinski 2009, 2011; Wron-
ska-Pilarek 2011) and samples made up of 50 (e.g.
Monasterio-Huelin and Pardo 1995; Wronska-Pilarek
and Boratynska 2005) or 50-100 pollen grains ( and
2008) are much rarer.

In papers cited above concerning pollen grains of
Rosaceae, variability of individual pollen grain fea-
tures was not examined; only mean values or, less fre-
quently, range of values, were presented. These data
refer only to selected features, usually it is length of
polar axis (P), sometimes — length of equatorial diam-
eter (E). Although these data are based on measure-
ments of few pollen grains and are not subjected to
statistical analysis, nevertheless they give a general
picture of variability of a given feature. For instance,
according to some palynologists, the value of R. canina
P feature falls within the following intervals:
15.4-36.9 um (Eide 1981), 26.0-35.0 um (Gonzalez
Romano and Candau 1989), 25.0-32.0 um (Reitsma,
1966), and 27.0-30.5 wum (Stachurska et al.
1974-1975). According to the most recent studies,
the range of this feature ranged from 22-42 um
(Wronska-Pilarek and Jagodzinski 2009), 23.4-28.8

wm (Wronska-Pilarek 2011) and 28.0-38.0 um
(Wronska-Pilarek and Jagodzinski 2011).

The only study which describes size variation of
pollen grains in Rosaceae concerns the genus Rubus.
Naruhashi and Takano (1980) describe size variation
of pollen grains of four Rubus species (R. hirsutus, R.
palmatus, R. parvifolius, R. trifidus) on the basis of mea-
surements of a very large sample (from 780 to 900
pollen grains). They studied pollen grains collected
from 4 natural localities for each species mentioned.
Three species (R. hirsutus, R. parvifolius and R. trifidus)
were similar in mean pollen size and mean coeffi-
cients of variation (from 4.9 to 6.6%). However, R.
palmatus possesses a considerably different trend in
the variability (CV - from 5.7 to 9.0%) of pollen
grains from the remaining species. and (2008) did
not perform a statistical analysis but gave coefficient
of variation (CV) for five quantitative features of pol-
len grains of 12 species of the genus Spirea. For exam-
ple, for length of polar axis (P), they obtained CV
from 6.7% (in S. trilobata) to 18.1% (in S. media).

As demonstrated, the degree of Rosaceae pollen
grain variability at its various levels (i.e. intra- and
interspecific or intra- and interindividual variability)
is poorly assessed. In our opinion, this new trend of
palynological investigations will allow verification of
views regarding the full range of pollen grain variabil-
ity and, consequently, may help determine to what
extent the hypothesis about small variability of these
organisms is justified and indicate how to collect ma-
terial for palynological studies in order to reliably de-
scribe pollen grain morphological structure of a given
species.

The authors began their investigations of pollen
grain variability by analysing intra- and interspecific
variability of 16 Rosa species (including R. canina)
from 107 natural localities on a sample consisting of
3510 pollen grains and based on 8 quantitative fea-
tures (Wronska-Pilarek and Jagodzinski 2009). The
results obtained indicate considerable variability be-
tween individual rose species. Differences in mean
values of coefficients of variability (CV) exceed 11%.
The smallest mean variability was recorded in the
case of R. pendulina (CV=7.4%, n=300), R. villosa
(CV=9.0%, n=30) and R. jundzillii (CV=10.8%,
n=150) pollen grains, while the highest - in R. mollis
(CV=18.6%, n=120), R. kostrakiewiczii (CV=17.1%,
n=30) and R. majalis (CV=16.6%, n=150).

It is evident from investigations carried out so far
that pollen grain features may differ from one another
quite considerably both at inter- as well as intra-
specific levels. For example, the range of length (fea-
ture P) of 510 R. canina pollen grains from 17 natural
localities in Poland ranged from 22 to 42 um, while
for all the rose species examined (16) the range of dif-
ferences of the P feature was greater and ranged from
20 to 50 um (Wronska-Pilarek and Jagodzinski 2009).
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Differences of mean values of the same P feature for
3510 pollen grains of the rose species examined were
smaller and fluctuated from 27 um (in R. majalis) to
35.9 um (in R. gallica). The observed fairly large vari-
ability of pollen grains features may indicate the need
to study greater numbers of pollen grain samples. It
turns out that a large sample size of pollen grains is
not synonymous with greater accuracy of morpholog-
ical results determined. It seems that the optimum
size of pollen grain sample for morphological study is
30 pollen grains, as for example, the range of values of
the P feature for R. canina based on the measurement
of 30 pollen grains is similar to measurement of 510
pollen grains and amounts consecutively to:
28.0-38.0 um; mean — 32.5 um (Wronska-Pilarek and
Jagodzinski 2011) and 22.0-42.0 um; mean 31.0 um
(Wronska-Pilarek and Jagodzinski 2009).

A very interesting result was obtained by Wron-
ska-Pilarek and Jagodzinski (2009), collating all pol-
len grain features collected from shrubs growing in 42
natural localities of R. canina, R. gallica and R. pendu-
lina. Based on agglomeration grouping using Ward’s
hierarchical method for the 42 localities, it was found
that the localities clustered into three groups that
largely represented localities of the particular species.
At the same time, no clear correlations between pol-
len features collected from shrubs growing in the
same regions of the country were observed. For exam-
ple, in the case of R. canina, similar features were
found in pollen grains collected from sites situated in
the lowland, in central Poland as well as in the south
of the country, high in the mountains but, simulta-
neously, pollen grains similar to one another were
collected from areas neighbouring with each other.
Therefore, it seems that for pollen grain biometric
analyses site geographic location of a given shrub is
not very important (this refers, in particular, to apo-
mictic species e.g. species from the genus Rubus;
Wronska-Pilarek et al. 2006, Wronska-Pilarek et al.
2012). Therefore, it is reasonable that for reliable
analysis of pollen grain morphology of the species, it
is more important to collect pollen grains from nu-
merous individuals of the species than from a small
number of individuals, even if the number of pollen
grains analysed is similar.

This study presents a continuation of the
above-described studies, but this time conducted at
the level of a R. canina population. These are the first,
as far as Rosaceae is concerned, investigations in
which variability of pollen grain features were ana-
lysed both at the level of the flower, among flowers
from each shrub and among shrubs of the same spe-
cies.

Variability of pollen grain morphological features
within one flower deriving from one shrub (e.g. shrub
No. 1) was relatively small (e.g. for the P feature for
flower A, CV=5.27%; see: Table 1). Variability of the

same feature in four flowers collected from the same
shrub (shrub No. 1) was slightly higher and, on aver-
age, amounted to CV=5.90% (Table 8). However,
more pronounced differences occurred in some
shrubs, e.g. for shrub No. 6 a single A flower was
characterized by CV = 4.36% and the mean coeffi-
cient for all four flowers from this shrub was higher,
reaching 7.78%. This indicates that biometric analy-
ses should not be based on material from a single
flower but rather on several flowers. Recapitulating,
the determination of the full range of variability of
pollen grain biometric features within one individual
(shrub) is more reliable if several pollen grains from
several flowers are examined rather than for the same
number of pollen grains derived from a single flower.

In the R. canina population examined separately,
significant interindividual variability was found be-
tween individual shrubs with regard to all pollen
grain features examined (Table 8), which proves that
in order to characterize a population of a given species
well palynologically, the plant material examined
should be derived from a reasonably large number of
individuals (shrubs).

On the other hand, when analyzing values of coef-
ficients of variation (CV) of pollen grains derived
from individual shrubs, we can see similar, low or me-
dium CV values for P, E, Le, P/E and Le/P features
(from 4.29 to 11.99 %; Table 8). On the other hand,
the variability of Exp and Exp/P features is very high
(CV value; from 30.15 to 54.53%; Table 8). These
high differences probably resulted from the natural
variability of the exine thickness as well as from the
fact that, from among pollen grain quantitative fea-
tures, this feature is the most difficult one for accu-
rate measurement under the light microscope, and
hence has the highest measurement error (Wron-
ska-Pilarek and Jagodzinski 2009, 2011; Wronska-Pi-
larek 2011).

The research results presented here fully corrobo-
rate suggestions made by Naruhashi and Takano
(1980), who emphasized that in studies on pollen
grain quantitative features, it is not sufficient to pro-
vide only mean values of these features but also to in-
vestigate their variability. It is also very important to
pay attention to the method of collection of pollen
grains intended for biometric analyses, i.e. whether
the analysis of morphological variability of pollen
grains is based on grain measurements derived from a
single flower, several flowers of a single shrub or from
several flowers collected from a few to several shrubs
of the same species. The method of material collec-
tion for biometric analyses may exert a significant im-
pact on obtaining information regarding full pollen
grain morphological variability of the species exami-
ned.
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