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Sex ratio in dioecious Rumex tuberosus populations was studied in the Ropotamo National Park,
Bulgaria, on sixteen plots, differing in their successional stage. Females prevailed in all populations
(P<0.05). except one with equal ratio. which colonizes an early successional stage. The
female-biased sex ratio increased in closed-canopy vegetation reaching its maximum in the woods
Possible causes of female dominance are discussed.

Introduction

The genus Rumex includes about 150 species distributed in all climatic zones except
the wet tropics. Most Rumex species are monoecious. However, some dozens of species
belonging to the subgenera of Acetosa Mill. and Acetosella (Meisner) Rech. f. are dioecious
or polygamous.

The expected equal sex ratio (Fisher 1930) has been found in germinating seeds of
Rumex acetosa (Rychlewski et Zarzycki 1975); in adults it is quite rare.

Ramet sex ratios (based on number of intlorescences) have been studied in five species
of \Rumex: R. arifolius All. (Zuk 1963), R. hastatulus Baldw. (Smith 1963, Conn 1981),
R. thyrsiflorus Fingerh. (Zuk 1963, Zarzycki et Rychlewski 1972, 1982), R. acetosella L.
(Love 1944, Harris 1968, Putwain et Harper 1972, Lovett Doust et Lovett Doust 1985,
1987, Escarré et al. 1987, Escarré et Houssard 1991) and R. acetosa L. (Sprecher 1913,
Raunkiaer 1918, Correns 1922, 1928, Love 1940, 1944, Zuk 1963, Zarzycki et Rychlewski
1972, Korpelainen 1991); female ramets prevail in most populations. Their proportion in
R. acetosella decreased during a succession (Escarré et Houssard 1991). In contrast, the
proportion of females increased in time during a period of 7 years in a population of R.
thyrsiflorus (Zarzycki et Rychlewski 1982).

Sex ratio of distinct individuals (genets) was studied in R. acetosella, R. acetosa
(Korpelainen 1991) and R. thyrsiflorus (Zarzycki et Rychlewski 1972) only. Females
prevailed in most populations. The correlation between ramet and genet sex ratios in 15
populations of R. thyrsiflorus is highly significant (" = 0.665, P<0.0005, n = 15; based
on data in Table 11l by Zarzycki et Rychlewski 1972).

In spite of the extensive research, the cause of the prevalence of female genets in the
field is still unclear. Pollination with a large amount of pollen results in an increased



percentage of seeds later developing into females in R. acetosa (Zarzycki et Rychlewski
1972). It seems, however. that this factor is hardly responsible for the extreme variation
in the sex ratios found in natural populations. Higher mortality of males is another possible
cause of female-biased sex ratio in R. acetosa (Korpelainen 1991). In other genera niche
partitioning among sexes was responsible for variation in the sex ratio (Cox 1981).

The aim of the present study was to compare populations of the dioecious R. tuberosus
along a successional gradient, in order to detect the trend in the genet sex ratio.

Material and methods

Sixteen populations of R. tuverosus, a perennial dioecious herb with south-European
distribution, were studied in the Ropotamo National Park, E. Bulgaria (42°22’N, 27°44° W),
in five natural habitats differing in their successional status (Table 1). The earliest stage,
with sparse R. tuberosus, is represented by an open plant assemblage on sandy dunes. It
is dominated by Artemisia campestris L. var. sericea (Nos. 1-3). If the stand is not much
disturbed, scattered Paliurus spina-christi L. shrubs establish there step by step (Nos.
7-12). They buffer microclimatic conditions and enable establishment of several Viciaceae
species which enhance nitrogen availability. Many meadow species colonize the stand at

Table 1. Sex ratio of genets of sixteen Rumex ruberosus populations and some characteristics of vegetation
studied in the Ropotamo National Park, E. Bulgaria. Plant density classes are defined as follows: 'very low’
- <001, 'low’ - 0.01 to 0.1, *high’ - 0.1 to 1 individuals/m”.

No. Habitat R. tuberosus  Succes- Fema- Total Chi? Heteroge;
density sional les/ number (Ho: females : neity Chi”
status males of plants males = 1:1) (DF)
1 Artemisia low early 1.26 52 0.69n.s. 10.58 (5) n.s.
2 dunes low stage 1.57 90 4.44*
3 low 1.58 116 5.83*
4 Wood high medium 1.35 195 4.30%
margin high stage 2.57 150 29.04%4*
6 high 226 124 18.58%+*
7 Paliurus high medium 4.00 85 30.60%** 5.19 (5) n.s.
8  shrub high stage 2.85 104 24.04%**
9 high 277 49 10.79***
10 high 3.59 78 24.82%**
11 high 1.94 94 9.57**
12 high 2439 199 31.36***
13 Quercus very late 8.22 83 5031 rxx 2.34 (3) n.s.
wood low stage
14 Meadow low late 8.90 307 194.89***
15 steppe low stage 8.42 113 69.49*%**
16 high 7.87 337 201.54***

* - P<0.05, ** - P<0.005, *** - P<0.001, n.s. - non-significant
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that stage and the density of R. tuberosus increases rapidly. R. tuberosus plants remain
abundant also on the wood margins (Nos. 4-0). Paliurus shrubs are followed in succession
by Crataegus sp., Fraxinus ornus L. and several Quercus species (e.g. Q. cerris L., Q.
frainetto Ten.). Trees and shrubs are suppressed on exposed windward slopes (Nos. 14-16)
resulting in predominance of steppe grasses. In close woods, the dense Ruscus aculeatus
L. populations outcompete most herbs, including R. ruberosus (No. 13).

The pairwise population distances ranged from 50 m to 1000 m. Meadow and wood
populations were well isolated by hedges and/or woods, the studied wood margin populations
were situated along the Ropotamo river, far from the other populations. Individual populations
of R. tuberosus in dunes and shrubs were at least 100 m apart in each case. Nevertheless, they
were not so well isolated since those sites were located in an open dune area.

The R. tuberosus populations were examined in May 1991, when the flowering periods,
which takes about 2 weeks, was nearly over. The area of the individual populations was
200 m” to ca. 3 ha. All individuals found in the area were examined. Genets, which were
usually identical with clumps, were used as basic units (individuals). If more than one
inflorescence was found per clump, underground connections between ramets were traced
to distinguish genets. Separation of individual clumps was possible without examining
underground organs in most cases because the large distance between individual clumps
ruled out the underground integration.

Departures of female/male genet ratio from unity in each of the 16 populations were
chi-square tested.

Results

The proportion of females in the R. tuberosus populations varied between 56 and 90 %. If
the population were grouped according to their habitats (Table 1), five groups of populations
were found: (1) Artemisia dunes (females : males = 1.47), (2) Wood margins (1.61), (3)
Paliurus shrub (2.67), (4) Quercus wood (8.22), and Meadow steppe (8.40). Splitting of the
habitats (1) and (2), and (4) and (5) is possible as the test value for heterogeneity between
groups of habitats remains non-significant. However, the difference in the sex ratios among
the first two groups is only slight in contrast to the third group. The order of the groups of
habitats corresponds with successional status of the surrounding vegetation (see Olson 1958,
Syers et Walker 1969a, b, Walker et al. 1980 for vegetation analyses of dune series).

The proportion of temales showed a great variation among and a little variation within
habitats (Table 1).

Discussion

It seems that the growth habit of R. ruberosus makes this species a convenient model
for studies of sex ratio. (R. tuberosus is closely related to R. acetosa and R. thyrsiflorus;
it belongs to the same subsection Acetosa - Love et Kapoor 1967). It was easy to distinguish
mdmdual genets of R. tuberosus within the stands because, first, the density of the species
was much lower (ca 0. ()()l to I/m’ ) than in other species which have been studied (usually
10 to 50 individuals/m” - Putwain et Harper 1972, Zarzycki et Rychlewski 1972) and,
second, vegetative multiplication results in clearly defined clumps which are easily
separable and it occurs much less frequently than in R. acetosella, for instance. Thus, it
is possible to count genets instead of ramets in R. tuberosus.
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Sex ratio in R. tberosus was slightly female-biased in the early successional stages.
In the habitats with later stages of vegetation, populations of R. tuberosus were markedly
female-biased.

Female-biased ramet and genet sex ratios in dioecious Rumex species have been found
repeatedly by numerous investigators. Even more extreme values were found by Zarzycki
et Rychlewski (1972) (R. acetosa: 13.6 and R. thyrsiflorus: 12.2) and by Korpelainen
(1991) (R. acetosella: 9.1 but also all males). Nevertheless, it is still difficult to interpret
these observations because it was often impossible to distinguish individual genets within
a stand since vegetative multiplication and fragmentation of old rhizomes are very
common. In R. acetosella, for instance, vegetative multiplication is sometimes the only
mode of reproduction (Putwain et al. 1968).

Abundant pollination may result in high female proportion (Correns 1922, Rychlewski
et Zarzycki 1975). It has been reported from related species that fertilization by
male-determining gametes is diminished because pollen tubes with Y-chromosome
determining male sex are outcompeted in style by pollen tubes determining female which
grow faster (Correns 1922, Zuk 1970, Rychlewski et Zarzycki 1975, Zarzycki et
Rychlewski 1982). Because Rumex species are wind-pollinated it is likely that stigmatic
pollen loads increase with density. As density is always low abundant pollination may be
uncommon in R. tuberosus. Female preponderance was found both in populations with
high (No. 16) and low (No. 13) densities.

Putwain et Harper (1972) suggested that an important factor causing shifts in the sex
ratio is intraspecific competition. In R. acetosa they found that competition between the
sexes resulted in female-biased sex ratio of about 2 which is similar to that found frequently
in the field. However, density of R. tuberosus is usually very low and thus intraspecific
competition can be ruled out.

Escarré et al. (1987) and Escarré et Houssard (1991) found that male ramets of R.
acetosella show greater clonal growth than female ramets because of lower energetic cost
of sexual reproduction. In R. tuberosus and other Rumex species with generative
reproduction prevailing, other factors should be considered.

Putwain et Harper (1972) and Korpelainen (1991, 1992) suggested that the major factor
causing the shift in the sex ratio from young to old populations is differential mortality
of the sexes. The decreasing stem heigth and the increasing proportion of male genets
with a single inflorescence in the late successional stages are more apparent in males than
in females of R. tuberosus (Klime§, unpubl.). If mortality is higher in small plants than
in tall plants, it could account for the observed pattern in the sex ratios. Differences in
the competitive abilities and survival of the R. tuberosus sexes should be examined to test
this hypothesis.
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Souhrn
Pomér poctu samicich a samcich rostlin byl studovan v 16 populacich dvoudomého

druhu §toviku Rumex tuberosus L. v ndrodnim parku Ropotamo v Bulharsku. Ve viech
populacich prevlddaly prikazné samici rostliny s vyjimkou jedné populace, v ¢asném
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sukcesnim stadiu, kde byl pomér vyrovnany. Pfevaha samicich rostlin nartstala podél
sukcesniho gradientu. Nejvy3si pomér samici:sam¢i rostliny byl zjistén v lese.
Pravdépodobné priciny pievahy samicich rostlin v pozdéjsich sukcesnich stddiich jsou
diskutoviny.
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Urbanska K. M.
Populationsbiologie der Pflanzen

Uni Taschen Biicher 1631, Gustav Fischer Verlag, Stuttgart, Jena 1992, 374 str., 105 obr., 57 tab. Cena 39,80
DEM.

Populacni biologie rostlin se da bez pochyby oznadit za disciplinu s nejvétsim rozvojem v uplynulych 15
letech. Tento rozvoj byl zahdjen v roce 1977 vydanim Harperova dila ,,Population biology of plants“. Cely
rozvoj se odehrdval predeviim v anglosaskych stdtech, tedy tam, kde je pravidlem mezi ekology spiSe niZsi
stupen taxonomickych znalosti. Proto také v dosavadnich pfiruckach populaéni biologie jsou zanedbdny
taxonomické relace. Nov€ publikovand piirucka prof. Urbanské alespori ¢dstecné (je psdna némecky) vypliuje
tento nedostatek.

Krystyna M. Urbanska je profesorkou na Cury3ské technické université a v minulych letech se vénovala
biosystematickému studiu (zndmé jsou napf. jeji price o skupiné Cardamine pratensis ¢i o rodu Antennaria).
Jeji biosystematicky pfistup se v této nové piirucce odrazi predevsim v pomérné vyvazeném uvadéni prikladi
z riznych taxonomickych skupin. Autorka ukazuje, jakd je skuteéné vysokd rozmanitost v Zivotnich cyklech
jednotlivych rostlin a jak je obtizné délat generalizace zaloZené na nékolika malo znimych piikladech.
Recenzovand kniha ma jesté dva klady: prvnim z nich je propojeni na populacni genetiku (nikoliv pouze
v teoretické rovin€); druhym kladem je to, Ze autorka diky svému polskému pivodu a diky jazykové oblasti,
kde pracuje, dokézala vyuZit podstatné $irsi soubor literdrnich zdroji, neZ je obvyklé v knihach anglosaskych
autord.

Prednosti recenzované piirucky je i jeji didakticka hodnota: vhodné voleny graficky doprovod (ilustrace,
fotografie) je kombinovdn s ¢etnymi tabulkami, dileZité teze jsou zvyraznény v rameccich. Z hlediska anglicky
psanych piirucek se kniha mize zdat vice popisna a stati¢téjsi. Uvedené piednosti viak bohaté pievysuji tento
nedostatek. Abych ukdzal blize obsah knihy, uvadim dale ndzvy jednotlivych kapitol:

1. Uvod. 2. Rozsifovéni rostlin. 3. Biologie diaspor v padé. 4. Kli¢enf a ecese semenacki a mladych rostlin.
5. Rist a vyvoj. 6. Biologie klondlné rostoucich rostlin. 7. Regenerace. 8. RozmnoZoviani: koncepce, typy,
chdpéni. 9. Semenné rozmnoZovani. 10. Vegetativni rozmnoZovani. | 1. Populacni biologie a populacni genetika
rostlin. 12. Popula¢ni genetika a demografie rostlin.

Price je zakon¢ena bohatym seznamem citované literatury (37 stran!) a rejstitkem. Z hlediska naSich ¢tendra,
zejména mladsi generace, je urCitym zaporem knihy skutec¢nost, Ze je psiana némecky; v nékterych piipadech,
ne viak disledné, je anglicky termin uveden v zavorce. Knihu doporucuji k prostudovani vétsiné€ nasich ¢tendri
se zdjmem o populacni biologii zejména kvili jinému pohledu, nez ktery je vlastni pro anglicky psané piirucky.
Svou knihou prof. Urbanska dokazala, Ze v soucasné dobé jiz prakticky neexistuje Zidna hranice mezi populacni
ekologii, evolucni biologii a biosystematikou. Recensovanou knihu je mozno doporucit jako zakladni piirucku
pro vyuku uvedenych smérti na vysokych skolach.

F. Krahulec
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