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A B S T R A C T
Determination the sex of  the plant shoots without using features of  a separate 
ca pi tulum is important in population-based studies. I tested hypothesis that Anten
naria dioica has statistically significant differences in morphological traits between 
female and male shoots. Eight morphological features and 1907 shoots from the 
three geographically separated regions were studied. Reliable difference was found 
in height of  generative shoots, rosette diameter and number of  cauline leaves. 
However, the traits studied had significant overlap within individual populations 
and did not demonstrate significant differencces within a region. Therefore, none 
of  the traits presented can be used to determine the sex of  an individual.
K e y w o r d s : dioecy, sex dimorphism, Antennaria dioica, morphological traits

Р Е З Ю М Е
Дудова К.В. Проявления полового диморфизма в морфологии по-
бегов Antennaria dioica (L.) Gaertner (Compositae). В популяционных 
исследованиях двудомных растений актуально определение пола побегов 
без использования признаков генеративной сферы. Для Antennaria dioica 
проверена гипотеза о том, что по морфологическим признакам женские 
и мужские побеги этого вида значимо различаются. Для исследования по-
лового ди морфизма выбрано восемь признаков. Изучено 1907 побегов из 
трех гео гра фически удаленных регионов. Найдены достоверные различия 
между полами по признакам: высота генеративного прироста, диаметр при-
корневой розетки и число листьев на генеративном приросте. При этом, по 
всем исследованным признакам выявлено значительное их перекрывание в 
рамках отдельных популяций и отсутствие значимых различий в рамках от-
дельных регионов. Поэтому ни один из представленных признаков не мо-
жет быть использован для определения пола отдельной особи.
Ключевые слова: двудомность, половой диморфизм, Antennaria dioica, морфоло-
гические признаки
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Dioecious plants possess primary and secondary se-
xual traits. Primary sexual traits relate to gynoecium or 
and ro ecium in a flower. Individuals of  opposite sexes may 
differ in morphological (Lloyd & Myall 1975, Thomas & 
LaFrankie 1993, Webb at al. 1999), biochemical (Manoilov 
1924), physiological (Cipollini & Whigham 1994, Dawson 
& Geber 1999), ecological (Meagher 1984, Dawson & Ge-
ber 1999, Barret 2002) and other traits. Secondary traits 
may include differences between the sexes in either flower 
mor pho logy or biology (Godin 2007). 

It is supposed that dimorphism of  secondary sexual 
traits is associated with different strategies of  males and 
females, especially in aspects related to growth and re pro-
duc tive costs (Delph et al. 2003, Barret 2012). For example, 
female plants require more resources to produce seeds 
(Var ga & Kytoeviita 2008). Differences in secondary sexual 
cha racters are directly connected with differences in sex 
chro mo somes in some species (Lloyd & Webb 1977, Delph 
2003, Zluvova et al. 2006). For instance, the flower size of  
both male and female individuals of  Silene latifolia Poir. 
(Ca ryo phyllaceae) is regulated by some changes in DNA like 
accumulation or deletion with repetitive sequences (Meag-

ner & Costich 1994). For species without sex chromosomes, 
the key role in the regulation of  secondary sexual characters 
ma ni festation in individuals is played by the environmental 
fac tors (Rottenberg 1998). Modern molecular methods 
of  determining an individual’s sex can also be used, for 
example, using the specific genetic markers for both sexes 
(Pa ras nis et al. 1999, Shibu et al. 2000, Stehlik & Blattner 
2004). Effectiveness of  such methods as RAPD (random 
amp li fied polymorphic DNA) and BSA (bulked segregant 
ana lysis) was demonstrated for a number of  species (Persson 
& Nybom, 1998). SCAR-markers were successfully used for 
Cannabis sativa L. (Cannabaceae) (Mandolino et al. 1999). 
These methods allow determining the sex of  individual 
plants accurately, but budget-consuming for searching spe-
cies-specific markers. 

Other manifestations of  the sex dimorphism in plants 
like biochemistry are less studied. Manoilov (1924) offered to 
dis tin guish sexes “by a chemical reaction” tested on several 
dio ecious species. Interaction between plant individuals of  
different sexes and mycorrhizae can also indicate sex di-
mor phism, as it was shown for Distichlis stricta (Torr.) Rydb. 
(Gra mi neae). Mycorrhiza biomass in the roots of  female 
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in di viduals of  the species is ×1.62–2.58 higher than in male 
ones (Epley et al. 2009). The same pattern is ob ser ved for 
A. dioi ca (Varga & Kytoeviita 2008). Besides, sex di mor-
phism in plants may be manifested functionally. Female and 
male flowers of  Rubus chamaemorus L. (Rosaceae) have si-
mi lar morphology, but male ones tend to excrete copious 
amounts of  nectar while excretion in female flowers is ex-
tremely low (Korpelainen 1994). Male individuals of  A. dio
i ca are able to produce more ramets than female ones but 
only under specific ecological conditions (Varga 2010). 

Dimorphism of  secondary sexual traits manifested 
through morphology of  plant reproductive structures is 
well studied. For example, corolla tube diameter differs 
bet ween male and female individuals in Melandrium album 
(Mill.) Garcke (Caryophyllaceae) and Chassalia corallioides 
(Cor dem.) Verdc. (Rubiaceae) (Gulenkova & Pyatunina 
1996, Pailler at al. 1998). Male flowers of  Ecballium elaterium 
(L.) A. Rich. (Cucurbitaceae) are larger than female ones 
(Cos tish & Meagner 2001). 

Sex dimorphism occurs more rarely in vegetative parts 
of  shoots (Midgley 2010). For example, different sexes of  
Cannabis sativa plants can be distinguished by shoot height 
and sometimes by number of  metamers (Miller 1970). Ge-
ne rally, traits that allow to distinguish sexes in plants are 
quantitative and applicable only after a number of  mea su-
re ments and subsequent statistical processing (Miller 1970, 
Pailler at al. 1998, Costish & Meagner 2001).

Distinguishing sexes in plants observed during non-
re pro ductive life history stage may be used in practice. In 
po pu lation studies of  dioecious species it is often required 
to know the correct sexes of  plant individuals (Alliende & 
Har per 1989, Gibson 1994, Hultine et al. 2007). Population 
stu dies and monitoring of  endangered species have recently 
been especially relevant; to evaluate the population viability, 
the sex of  every individual should be taken into account 
(Osun koya 1999). Population structure studies, calculating 
male:female ratio, separate mapping of  individual plants of  
dif ferent sexes also require distinguishing plant sexes. In 
most studies, however, it is impossible, so researchers often 
summarize juvenile, virginile and senile life history stages 
for all plant individuals  (Meagner 1984). 

Sex of  blooming individuals can be identified by primary 
sexual traits together with a complex of  secondary ones 
evi dent from flowering shoots. Otherwise, it is necessary to 
know secondary sexual traits for target species. 

Antennaria dioica (Compositae) is a boreal Eurasian dio-
ecious long-rhizome perennial clonal plant (Borisova 1959, 
En gelskjen & Skifte 1995). For some North American 
Antennaria species the differences in male and female plant 
mor phology was described earlier (Chmielewski et al. 1990). 
Such studies were not conducted for A. dioica. Phenomenon 
of  sex dimorphism in this species was described, but con si-
de ring either capitula morphology or only flowers (Borisova 
1959). Traits usable for distinguishing sexes of  individual 
plants without reproductive structures are not mentioned in 
the cited studies.

Our main hypothesis stated that A. dioica has statistically 
sig nificant differences in morphological traits between fe-
male and male shoots.

M A T E R I A L  A N D  M E T H O D S
Aboveground monocarpic shoots of  Antennaria dioica 

were collected in June and July 2012 in three regions:
1) Bulgaria (05.07.2012–07.07.2012; 42.15° N, 23.77° E), in 
communities of  alpine heaths (class Juncetea trifidi Hadač in 
Klika et Hadač 1944).
2) Tver region, Russia (02.06.2012–04.06.2012; 57.63° N, 
35.66°E), on dry meadows (KoelerioCorynephoretea Klika in 
Klika et Novák 1941) and in dry pine forests with Cladonia 
(VaccinioPiceetea Br.-Bl. in Br.-Bl. et al. 1939).
3) Murmansk region, Russia (18.07.2012–25.07.2012; 
66.76°N, 33.75°E), in coastal communities (Loiseleurio pro
cum bentisVaccinietea Eggler ex Schubert 1960) and in pine 
forests (VaccinioPiceetea Br.-Bl. in Br.-Bl. et al. 1939). 

To study sex dimorphism in shoots of  A. dioica, spe-
cific traits easily distinguished during field observations 
were chosen. Monocarpic shoot of  A. dioica consists of  
a rhizome with plagiotropic growth (a rhizome is absent 
if  a rosette was originated from seeds), a vegetative part 
with ortotropic growth and shortened internodes, and, if  
present, a reproductive part with a terminal inflorescence. 

For every flowering shoot the following traits were 
considered:
1) sex (male, female; based on the flower morphology);
2) height of  its ortotropic part;
3) diameter of  a rosette formed by vegetative and generative 
parts of  shoots;
4) number of  cauline leaves;
5) number of  capitula in the inflorescence;
6) shape of  leaf  apex including “pointed”, “slightly poin-
ted” and “round”; fully developed leaves in the middle of  
vegetative rosettes was studied (Fig. 1);
7) hair density on the adaxial surface of  leaves with three 
ca tegories (1) almost naked leaves with solitary light hairs; 
(2) sparsely hairy leaves with grayish lamina; (3) densely 
hairy leaves, silver-shaded in the sunlight; hair density was 
assessed visually;
8) general color of  a capitula; three capitula colors were 
observed: (1) white, (2) light-pink, (3) pink, including dark-
pink variants.

In total, 1 908 shoots were measured, where 968 were 
male and 940 female ones. 

The data were ana ly zed in R-Studio V. 1.1. 456. For the 
basic da ta pre paring I used ‘dplyr’ (Wick ham et al. 2018) and 
‘base’ (R Core Team 2018) packages. Sta tis tics were cal cu la-
ted by ‘stats’ package (R Core Team 2018). Graphs was buil-
ded with the ‘ggplot2’ pac kage (Wick ham et al. 2018). Mean 
trait va lues were cal cu la ted for quan ti ta tive traits (shoot 
height and rosette diameter). To test normality, Sha pi ro-
Wilk test was used. Normally distributed measured traits 
bet ween male and female shoots were compared by Welch 
Two Sample t-test. In other cases, Kruskal-Wallis rank-sum 
test or Wilcoxon Rank Sum and Signed Rank Tests were 
used. Variations of  samples were compared with F test to 
compare two variances. Spearman’s rank cor re la tion method 
was used for сorrelation analysis.

R E S U L T S
The sample by plant height has normal distribution 

(W = 0.94, p-value <2.2e-16). The shoot height varies from 
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1.2 cm to 52 cm, with the 
coefficient of  variation 
35 %. The minimum va-
lues of  the trait are re-
cor ded in alpine heath 
commu ni ties (the Rila 
moun tains, Bul ga ria) and 
in the coas tal com mu ni-
ties (Murmansk re gion). 
The highest va lues were 
re cor ded in pine fo rests 
and mea dows. The ave-
rage height in the sample 
is 15 ± 0.1 cm (12 ± 
0.1 cm for males, 19 ± 
0.2cm for females).

The coefficients of  variation for the height is 37 % for 
female shoots and 15.5 % for male shoots. At the same 
time, height variation for male and female shoots is not sta-
tis tically different (F = 2.4, p-value < 2.2e-16). The height 
of  male and female shoots significantly differ statistically 
(Table 1), but at the level of  specific populations, the height 
va lues for both sexes overlap to a great extent (Fig. 2A). It 
makes this trait useless in distinguishing individual shoots 
sex. In the populations of  Tver region, the sexes do not 
dif fer by this trait (Table 1, Fig. 3C). 

The number of  leaves on the generative shoot ranges 
from 1 to 15, the mode of  sample is 5. At the same time, the 
num ber of  leaves does not correlate linearly with the plant 
height (r<0.5) either in generalized sample or in in specific 
sexes. A small number of  leaves (up to 4) was recorded for 
the plants up to 25 cm high; the largest number of  leaves 
is observed for 17–21 cm shoots; for most trait values, a 
sig ni ficant variation in height (4–52 cm) is typical (Fig. 4A). 

Female individuals, on average, have six leaves, while the 
male ones have four (Table 1). Within the same population, 
both males and females could have the same number of  
leaves. Besides, for the populations of  the Moscow and 

Tver regions, no significant differences between the sexes 
were found.

The number of  capitula in the inflorescence varies from 
1 to 20 (median=4). Most shoots carry 1 to 9 capitula; more 
than 10 capitula is a rare case (Fig. 4B). There are no direct 
cor relation with the plant height (r=0.19, p-value < 2.2e-
16). In the entire sample, no significant difference between 
males and females were found; however, in some regions 
this regularity was recorded (Table 1). 

The color of  capitula in A. dioica is usually white (1 480 
out of  1 908 observations). Female flowers have pink color 
more often than male ones (42.2 % and 10.6 % respective-
ly), but statistically the difference was not reliable anywhere 
except the Tver region (Table 1). The populations from 
Tver region (unlike in other research points) included in di-
vi duals of  all colors: from white to dark pink. 

The sample by rosette diameter has normal distribution 
(W = 0.9, p-value < 2.2e-16) and low coefficient of  varia-
tion (4 %). The smallest rosette diameters (0.5–0.7 cm) are 
re cor ded for individuals in alpine heaths, and the largest 
(9 cm) – in pine forests (Murmansk region). The average 
ro sette diameter is 2.1±0.05 cm.

Rosette diameters in male and female shoots have sta tis-
tically significant difference for the entire sample (Table 1, 
Fig. 5). However, while analyzing this trait within specific 
groups of  populations, we found significant difference only 
for those from Tver region. The trait values for both sexes 
de mon strate strong overlap (Fig. 2B) as well as in the case 
of  plant height. On average, the female rosette diameter is 
2±0.1 cm, the male one is 2.5±0.04 cm.

The most characteristic trait of  the individuals studied 
is the pointed shape of  leaf  apex (№ 2 in Fig. 1).  However, 
both male and female individuals with the same leaf  shape 
coexist in the same population. In the entire sample, the in-
ter mediate leaf  type with slightly pointed tip is represented 
most often. Male and female individuals differ significantly 
by this trait, but not in all regions (Table 1). 

Males and females are not statistically different by hair 
den sity, though the difference is significant for A. dioica po-

Figure 1 Shape of  leaf  apex: 
1 – “slightly pointed”, 2 – 
“pointed”, 3 – “round”

Figure 2 Scatterplots of: А –values of  the generative shoot heights 
in the studied populations of  A. dioica, B – rosette diameter values; 
N – geobotanical releve (population) number; D – rosette diameter, 
cm; H – generative shoot height, cm; 1 – female individuals; 2 – male 
individuals

Figure 3 Boxplots of  the dependence of  A. dioica generative shoot 
height on sex for various regions. A – total sample, B – Murmansk 
region, C – Tver region, D – Moscow region, E – Bulgaria, 1 – 
female individuals, 2 – male individuals, H – height of  shoot
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pu lations in Murmansk and Tver regions (Table 1). In these 
populations, densely hairy leaves, silver-shaded in the sunlight 
prevail in male individuals, while female ones have sparsely 
hairy leaves without “mirror shine” effect. The populations 
also include individuals with all three trait values.

D I S C U S S I O N
Our results demonstrate that A. dioica plants of  different 

sexes differ significantly by some mean values of  several 
mor pho logical traits. However, no distinct qualitative (or 
quan ti tative) traits for identification of  individuals’ sex 
were found. All patterns and correlations were observed 
on statistical level, and using a trait as the attributive one 
re quires measurements of  numerous plants to determine 
the sex. Plant height demonstrated the highest statistical 
sig ni ficance, although deviation from mean values was too 
high to provide accurate information for a single individual. 
How ever, the fact that female plants were averagely higher 
than males is of  certain interest in the light of  reproductive 
cost hypothesis. It states that female individuals tend to be 
lo wer than males because of  reproduction costs, as it was 
de mon strated for Urtica dioica L. (Urticaceae) and Rumex ace
to sa L. (Polygonaceae) (Varga 2010). It is possible to suppose 
that higher female plants is a result of  anemochory and 
there fore could be regarded as an adaptation to improve 
ef fectiveness of  seed dispersal.

The significant difference between the sexes by a spe ci-
fic trait does not mean that male and female individuals will 
be significantly different by this trait within a certain geo-
gra phical area. Therefore, all revealed patterns are pu re ly 
statistical in nature and allow suggesting that the mor pho-
lo gical manifestation of  sex dimorphism in A. dioica is very 
low and depends, among other things, on environmental 
conditions.

Weak manifestation of  sex dimorphism in A. dioica can 
be a result of  either specific features of  sex determination, 
or the fact that dioecy was acquired relatively late in evo lu-
tio na ry history of  the species. Data on sex determination in 
A. dioica is still scarce. It is known that there are no sex chro-
mosomes in its karyotype (Urbanska-Worytkiewicz 1967), 
and sex of  an individual is likely to be determined by the 
ecological factors. Experiments of  Varga & Kytöviita (2011) 
demonstrated instability of  sex determination in a clone: 
its sex can vary, changing between “male-female-male” or 
“female-male-female” during several years. Flo wer mor pho-

Table 1. Values   of  statistical tests for the difference between 
sexes in A. dioica. N – number of  measurements, Type – 
type of  analysis: t – Two Sample t-test, W – Wilcoxon Rank 
Sum and Signed Rank Test, Value – value of  statistics

Trait Region N Type Value P-value
Height All 1907 t 26.81 <0.05

Murmansk 1202 t 23.35 <0.05
Tver 378 t 1.83 0.06
Moscow 141 t 14.16 <0.05
Bulgaria 186 t 6.82 <0.05

Number 
of  cauline 
leaves

All 1905 W 198765 <0.05
Murmansk 1143 W 220440 <0.05
Tver 378 W 17954 0.88
Moscow 141 W 574 0.08
Bulgaria 184 W 5147 0.01

Number of  
capitula

All 1907 W 13436 0.86
Murmansk 1202 W 162720 0.02
Tver 378 W 15116 0.01
Moscow 141 W 465.5 0.53
Bulgaria 186 W 3153 0.03

Color of  
capitula

All 1907 chi 1.35 0.24
Murmansk 1202 chi NaN  NA
Tver 115 chi 28.975 <0.05
Moscow 6 chi 0 1
Bulgaria 186 NA NA NA

Diameter 
of  rosette

All 1335 t 6.01 <0.05
Murmansk 1114 t 0.58 0.56
Tver 0 t NaN NA
Moscow 35 t 1.67 0.10
Bulgaria 186 t 0.003 0.99

Shape of  
leaf  apex

All 1335 chi 13.72 <0.05
Murmansk 1114 chi 3.25 0.35
Tver 28 chi 106.23 <0.05
Moscow 6 chi 0 1
Bulgaria 186 chi 4.003 0.26

Hair densityAll 1335 chi  64.19 1.13
Murmansk 1114 chi 9.41 0.02
Tver 28 chi 131.94 <0.05
Moscow 6 chi 0 1
Bulgaria 186 chi 0.70 0.70

Figure 4 Dependence of  the A. dioica generative shoots height (cm) 
on А – the number of  leaves on the cauline, B – the number of  capitula 
in the inflorescence. 1 – female individuals, 2 – male individuals

Figure 5 Boxplots of  the dependence of  A. dioica rosette 
diameter on sex of  an individual. A – for the entire sample, B – 
Murmansk region, C – Bulgaria. 1 – female, 2 – male individuals
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lo gy also suggests late emergence of  dioecy in evolutionary 
history of  A. dioica besides of  morphologically female or 
in ter sex (functionally male) ones, numerous transitional 
forms were found for the species, including flowers with 
com pletely intersex features without any visible reduction 
(von Ubisch 1936, Dudova 2018).

Sex dimorphism is evident in morphology of  A. dioica 
shoots only on the statistical level. Height of  shoots, rosette 
dia meter, and number of  cauline leaves differ significantly 
bet ween sexes. However, precise identification of  individual 
shoots as male or female without assessing traits of  capitula 
or flowers is difficult.
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