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Abstract 

In the Czech Republic, an alien species Atriplex sagittata has been spreading rapidly recently. The pa- 
per analyses the rate of its spread and pattern of habitat preferences in the course of more than 150 
years. The ancient distribution is inferred from archaeological records and compared with recent situa- 
tion. The oldest record from the study area comes from the Bronze Age. The first recent report is dated 
1810. A. sagittata is known from 64.6 % of the map squares of the European phytogeographical grid. 
An exponential regression fits the increase in the cumulative number of localities. The curve obtained 
can be divided into four parts corresponding to periods in which the number of localities increased abruptly. 
The most remarkable increase follows the Second World War, and can be explained by species auto- 
ecology and creation of suitable habitats. The species is closely confined to ruderal sites and habitats 
facilitating transport. It prefers warm and moderately warm climatic regions. The main determinants of 
success of Atriplex sagittata in Central Europe are probably a combination of (a) special adaptation 
mechanisms, such as heterocarpy and salt-tolerance which favour the species survival in disturbed hab- 
itats, and (b) increasing frequency of suitable habitats, related to frequent disturbances of the landscape 
and human-related transport activities. These habitats are similar, in terms of temporal and spatial vari- 
ability, to those in which the species occurs in the native distribution area (i.e. salt steppe and riparian 
habitats). 

Introduction 

The Chenopodiaceae is known as a family containing many extremely specialized 
species, adapted to dry (deserts and semideserts) and saline (temperate salt marshes 
and sea shore) situations, often occupying habitats disturbed by human activities and/ 
or stressed (McArthur and Sanderson 1984). The occurrence in extreme ecological 
situations is made possible by a number of adaptive modifications such as the pres- 
ence of different photosynthetic pathways, seed dormancy mechanisms, heterocarpy, 
xeromorphy, and leaf area reduction. The distribution of Chenopodiaceae is largely 
conditioned by another very important factor, their ability to grow in saline habitats 
(see e.g. Osmond et al. 1980; Flowers et al. 1986; Breckle 1995). The species of Atri- 
plex are often facultative halophytes (Kelley et al. 1982). It is generally suggested that 
majority of halophytes are restricted to salt habitats because of their limited ability to 
compete with other species in other habitats (Kelley et al. 1982). Atriplex is a very 
heteromorphic genus, including various life forms. 

Globally, the Chenopodiaceae is amongst the most invasive plant families. Possible 
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clues to the success of the family could be high reproductive rate, long viability of 
seeds, salt tolerance, heterocarpy, and C4 photosynthetic pathway (PySek 1998). 

Within the Chenopodiaceae, it seems useful to distinguish between two main ways 
of translocations, between-continents and within-continent. The former way is deter- 
mined by the fact that semi-arid regions in Australia, Central Asia and North America 
dominated by endemic species have been used for sheep grazing. Consequently, in the 
last 100 years species were introduced, particularly into Europe, by to the wool trade. 
For example Probst (1949) reported 15 Australasian species of Atriplex in the "Wol- 
ladventiv" flora of Europe and a few South American and Central Asian species have 
found their way into Europe in the same way (Aellen 1960; Aellen and Akeroyd 1993). 
These species are usually classified as neophytes (i.e. introduced after 1500 A. D., 
see e.g. Holub and Jirisek 1967 and PySek 1995a for terminology); the Australian species 
A. semilunaris Aellen is an example in the Czech Republic. Relatively large number 
of Atriplex species, now in Central Europe, were involved in the within-continent 
movements. They are not native to this region and their introduction happened during 
the ancient colonization of Europe. These species are archeophytes, i.e. introduced before 
1500: A. oblongifolia, A. patula, A. rosea, A. sagittata or A. tatarica. Others in the 
genus are, from the geographical point of view, native to the region; from their natu- 
ral habitats, i.e. small-scale salt marshes, expanded into other habitats; A. prostrata 
subsp. latifolia is an example. These species probably occurred in warmer regions of 
the Czech Republic and now have expanded and increased their distribution due to 
the human activities creating suitable habitats beyond the limits of their native distri- 
bution. Hence, in case of this group of Atriplex species, the native distribution is some- 
times rather obscure and very difficult to identify. 

The present paper aims at describing the invasion history of an alien species Atri- 
plex sagittata in the Czech Republic, demonstrating changes in habitat preferences in 
the course of the invasion process and characterizing the main community types in which 
it occurs. This alien species was chosen for the study because of the following rea- 
sons: (i) it is remarkably successful in the present landscape, (ii) it produces three dif- 
ferent types of fruit which makes it very special not only among its congeners but among 
heterocarpic species in general, and this fact (iii) makes it possible to infer on the 
role of heterocarpy in the process of invasion. 

Study species 

Description and ecological characteristics 

Atriplex sagittata Borkh. (syn. A. acuminata W. et K., A. hortensis L. subsp. nitens 
(Schkuhr) Pons, A. nitens Schkuhr, see Kirschner 1984 for notes on nomenclature) 
belongs to the section Dichosperma Dumort. of the Chenopodiaceae. This section 
contains three annual species each possessing three types of dimorphic achenes (Iljin 
1936; Aellen 1960). The species of this section bear on the same plant female flowers 
subtended in bracts and ebracteolate flowers with perianth. The latter flowers are very 
similar to the perfect flowers of Chenopoditim and most other chenopods (Stutz et al. 
1990, 1993). Phylogenetically, these species seem to be an intermediate evolutionary 
link between types with perianth flowers and "true" Atriplex lacking perianth and having 
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its successional position (e.g. annual life cycle, vigorous growth, high production of 
biomass, high fecundity). 

A remarkable biological feature of the species, heterocarpy, is one of the typical 
attributes of plants in arid and semiarid regions (Mandak 1997). The species which 
produce two or more fruit types represent groups where divergent strategies usually 
found in different taxa are combined by one individual. In such groups, there is a ten- 
dency for fruit functions to diverge, each type specializing on some aspect of environ- 
mental variation to which it is predisposed while being buffered by the other seed type 
(Venable et al. 1987, 1995). Variation in dispersal and dormancy strategies of diaspores 
have been suggested to represent an adaptive response to desert conditions (Venable 
and Lawlor 1980). Species with special mechanisms such as heterocarpy are at an 
advantage under high levels of disturbance and unpredictable occurrence of suitable 
habitats, and their chance of survival is increased. A high level of disturbance is typ- 
ical of habitats harbouring A .  sagittata. In spite of this, the species can persist in a site 
for more than three years (B. Mandak and P. PySek, personal observation). The suc- 
cess of A .  sagittata in Central Europe can be thus explained as an adaptation to such 
habitats that are similar, in terms of temporal and spatial variability, to those in which 
it occurs in the native distribution area (i.e. salt steppe and riparian habitats). 

In A. sagittata, the particular fruit types differ in their ecological functions (Mandhk 
and PySek, in preparation). The A type is undispersed, deeply dormant, with low ger- 
minability, forming a Type IV seed bank (Thompson and Grime 1979). The B type is 
easily dispersed, dormant, with germinability intermediate between the A and C types. 
It forms a Type IV seed bank. The fruit type C is easily dispersed, non-dormant and 
with Type I1 seed bank. In general, A-type fruits represent behaviour which favours 
later germination and restricted dispersal with less survival risk, in contrast to the C 
type which favours earlier germination and more efficient dispersal with associated 
survival risk. The intermediate ecological position of the B type helps create an eco- 
logical continuum between the two contrasting strategies. 

The role of salt tolerance in the species spread probably increased in the last three 
decades. The winter treatment of roads by salt (mainly NaCl and KC1) favours species 
with physiological predisposition to growth in such habitats, consequently keeping them 
free from competition of native plants the majority of which are not salt tolerant. This 
phenomenon is well documented by the massive spread of the halophytic grass Puc- 
cinelia distans (B. Mandak and P. PySek, personal observation), which is common along 
roads exposed to winter salt treatment and does not occur in other habitats. Human 
activities thus created a very specialized niche which may be used for the spread and 
persistence of species with specific ecology in modern countryside which was rela- 
tively poor in salt affected habitats in the past. Salinity-tolerance with an increase of 
human-induced transport activity have been probably important determinants of the 
fast spread of the study species. 

Heterocarpy and salt tolerance are ecological properties which, along with others 
(such as annual life cycle, vigorous growth, high production of biomass, high fecun- 
dity fruits) determine the species early successional position (Harper 1977). Most of 
the habitats occupied by A.  sagittata are in human settlements and the occurence of 
the species is therefore associated with building activities, creating specific "urban" 
niches broadly characterized by mechanical perturbation of soil. The establishment of 
A.  sagittata in these habitats is enabled by creating open space and reduced competi- 
tion from other species (Kowarik 1995). 










