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Two non-native Solidago L. species of North-American origin are aggressive plant invaders in
most of Europe. Solidago canadensis occurs frequently in most of temperate Europe, while S. gi-
gantea lags behind in north and east Europe. For the first time the distribution and history of ex-
pansion of both Solidago species in Latvia were studied and reviewed in maps. The distribution
data were gathered mainly in field surveys (2004—-2007); other data sources include herbarium
materials, literature and unpublished data. Both the widespread S. canadensis and rare S. gigan-
tea are well adapted to a wide range of habitats mostly occurring in human-disturbed habitats in
the vicinity of settlements and transportation routes. Over the last century, the dispersal success
of goldenrods had been greatly facilitated by land use changes, human alteration of ecosystems,

and development of transportation networks.
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INTRODUCTION

The spread of non-native invasive species is a significant
part of today’s changing biota facilitated by human altera-
tions in most of ecosystems. Deliberate and accidental spe-
cies introductions into other continents have greatly bene-
fited from increased human mobility and development of
transportation networks (Hodkinson and Thompson, 1997;
Weber, 1998; Henderson et al., 2006). The interdisciplinary
field of invasion biology concentrates on many aspects
of invasion process, including studies of range expansions
that helps to understand the reasons of success and failures
of invaders and potential for their future spread (Weber,
1998).

Canadian goldenrod Solidago canadensis L. and late gold-
enrod S. gigantea Ait. are considered as “black list” inva-
sive species in most of temperate Europe. Both goldenrod
species are native to North America and introduced into
Europe as garden ornamentals in the 17th century (Harnett
and Bazzaz, 1983; Weber, 1998; 2000). In its native range,
S. canadensis occur in tall grass prairies and light forest
edges. Often it is a weedy component of vegetation on
abandoned pastures and unmanaged roadsides as well as in
human-disturbed habitats in urban areas and settlements
(Walck et al., 1999). It develops relatively stable secondary
communities in old fields (Harnett and Bazzaz, 1983). S. gi-
gantea is more common on wetlands, river banks, fens and
wet depressions (Jakobs et al., 2004; Weber and Jakobs,
2005).
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Both S. canadensis and S. gigantea are perennial herbs.
They are considered as highly variable species, and their
taxonomic status is not unambiguous. Both species belong
to the genus Solidago which comprises about 130 taxa
(mostly native to North America). In their native range in
North America several different taxonomic subunits have
been recognized within the S. canadensis complex which
are granted species status by some authors (Weber, 2000).
In a strict sense, the complex species S. canadensis in
Europe is called S. altissima (Harnet and Bazzaz, 1983;
Gassman and Weber, 2005). In Europe, S. gigantea refers to
a whole complex of various S. gigantea species (Weber and
Jakobs, 2005). S. gigantea can be easily distinguished from
the congener species S. canadensis by its longer rhizomes,
brownish white pappus, glabrous stems and the denser in-
florescence architecture (Weber and Jakobs, 2005).

Both goldenrods spread both by vegetative and sexual re-
production. In short distances, usually within the popula-
tions and in the vicinity of established stands, they spread
by rhizomes and shoots (Dancza and Botta-Dukat, 2001;
Gassman and Weber, 2005). Due to human alteration rhi-
zomes can be transported far from the initial source by natu-
ral (flowing water, animals) or human created agents (e.g.
road reconstruction, removing soil or garden throw-outs).
Despite the high regeneration ability by rhizomes, the spe-
cies spreads mainly by seeds, which can be disseminated by
wind in long distances. Seeds are small, produced in large
numbers (an individual shoot produces up to 10 000 seeds)
and have long pappi which facilitates wind dispersion.
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(Dancza and Botta-Dukat, 2001; Gassman and Weber,
2005).

Several comprehensive studies on the introduced goldenrod
species and their expansion in Europe were published by
Weber (1998; 2000; 2001), Weber and Schmid (1998),
Jakobs et al. (2004) and Weber and Jakobs (2005). They
mentioned a continuous increase in number of species rec-
ords and expansion of the geographical range. Guzikowa
and Maycock (1986) studied the spread of three introduced
goldenrod species in Poland. Similarly to other studies, their
results show an exponential expansion of both non-native
goldenrods in Europe.

S. canadensis was brought into the territory of Latvia in the
beginning of 19th century when the Baltic German mer-
chants established the first plant nurseries in the Baltic re-
gion, the former part of the Russian Empire. Initially, the
seed material was obtained from Western Europe. Plant
nurseries in Riga began to distribute seedlings of golden-
rods at the beginning of the 19th century. In 1805 and 1817,
the first plant catalogues were issued by J. H. Zigra, the
owner of the first ornamental plant nursery in Riga, where
17 Solidago species and/or varieties were mentioned, in-
cluding S. canadensis (Ievina, 1964). Later, seeds and plant-
ing material were distributed and sold to other regions of
the Russian Empire. Within the territory of Latvia, the old-
est known herbarium materials of S. canadensis were col-
lected in 1906 by K. R. Kupffer and P. Lakschewitz (RIG).
By the middle of the 20th century, there were still little data
on the species distribution. In 1946, the species was men-
tioned by Bickis and RasinS (1946) and in 1959 by
Petersone (1959) as a naturalised garden ornamental in sev-
eral localities throughout Latvia. In 1988, Tabaka (Ta6aka u
ap., 1988) noted that S. canadensis occurred occasionally in
weed-laden sites, in ruderal habitats, on road and railway
verges and in various urban habitats.

Although S. canadensis is widely recognized as one of the
most aggressive invasive species, there is little knowledge
on its actual distribution in Latvia. Evidently, S. gigantea
lags behind with lower invasion rates and scanty distribu-
tion. Up to now, no comprehensive reviews and distribution
maps of non-native goldenrods in Latvia had been pub-
lished. This study for the first time summarises all data
available on the distribution and dynamics of S. canadensis
and S. gigantea in Latvia. The results are aimed to fill the
gaps in the knowledge on the distribution and ecology of S.
canadensis and S. gigantea in a part of Eastern Europe.

DATA AND METHODS

All known records of S. canadensis and S. gigantean, in-
cluding herbarium materials, literature sources (Bickis un
Rasins, 1946); Petersone, 1959; Anonims, 2004; 2006; 2007),
floristic data obtained from personal communication were
used. Herbarium data from the collections of the Institute of
Biology, University of Latvia (LATV) and the Faculty of
Biology, University of Latvia (RIG) were summarised.
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In 2004-2007, most of the territory of Latvia was systemati-
cally surveyed by the author of this paper. The field survey
method was based on a regular quadrate grid of 10 x 10 km
covering mostly potentially invaded areas. Most of locali-
ties were detected by moving along roads and surroundings
of settlements in various types of habitats. All noticed local-
ities of both Solidago species were recorded with their geo-
graphical coordinates and in a data base. Invaded habitat
types and visual assessment of abundance in each locality
were noted. In data analysis, habitat types were generalised
and unified into groups such as ruderal habitats (e.g. waste
grounds, disturbed sites, and weed-laden sites), grass-
lands/meadows, fallows, roadsides, railways etc.

GIS software ESRI ArcGis 9.0 was used in mapping. A dis-
tribution data base containing north and east coordinates
(LKS-92 coordinate system) for each locality were trans-
formed into shapefiles storing all localities as point features.
Maps of the current distribution of both Solidago species
were prepared in a regular 5 x 5 km quadrate grid. All
points falling into a cell were selected and enclosed into the
quadrate. Presence of species (one or more localities) within
a quadrate was marked by a black square.

Chronologies based on herbarium records and grid-based
mapping is a widely used biogeographical approach (PySek
and Prach, 1995; Mack, 2000) mainly used for areas such as
countries and regions, where a certain generalisation is ac-
ceptable. It is suitable also in cases when the data are ap-
proximate, namely, taken from sources with different de-
gree accuracy or not obtained using the same method.
Quadrate maps showing presence and absence are an appro-
priate tool in monitoring the change in distribution. After a
repeated field survey the number of cells invaded can be
easily compared with the previous results.

RESULTS

Inventory of herbarium materials shows that there are very
few data on the species in the early 20th century and two
decades after World War II. Up to 1950, only two herbar-
ium specimens of S. canadensis were collected, both in
Koknese (RIG). In the 1970s, systematic floristic surveys
began throughout Latvia, nevertheless, very few herbarium
specimen were obtained (five in the period from 1950 to
1970, and 24 from 1971 to 1990). Most of localities (347)
were recorded during the last few years after 2005. In spite
of the insufficient data over the last decades, it is likely that
there was a lag phase between the arrival of the species and
its naturalisation. It is likely that the initial phase of expan-
sion over the boundaries of cultivation throughout Latvia
began around 1950, while S. gigantea became naturalised
considerably later by the end of the 1980s. For the first time
in Latvia, S. gigantea specimens were collected in 1989 in
Riga (LATV), in 1995 in Kemeri and Riga, and the others
after 2002 (LATV). Currently 17 localities are known in
various locations in Riga and in a few sites in Jirmala and
Jelgava.
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Recent data and field study clearly show that nowadays S.
canadensis is a common non-native species in Latvia (Fig.
1). Apparently, the distribution pattern of S. canadensis is
related to the road network, certain land use types and den-
sity of human-settlements. The majority of the localities oc-
cur in cities and adjacent areas, and along arterial roads and
railways. Often the species invades vast areas in the vicinity
of cities and towns, while there are considerably fewer re-
cords from sparsely inhabited remote areas. Comparatively
few records of the species were collected in forest-domi-
nated and on less intensive farmland-dominated areas, e.g.
the Vidzeme Upland and northern part of Kurzeme.
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Fig. 1. Distribution of S. canadensis in Latvia in a regular 5 x 5 km grid.
Presence is marked by a black square.

There is no information on the arrival of S. gigantea in Lat-
via that might have been earlier than the first collected her-
barium records. Its current distribution is confined to a
small territory within the capital and surrounding towns
(Fig. 2). In a few sites, it has invaded large areas, where it
forms large monodominant patches or mixed stands with
other tall herbs and grasses such as S. canadensis, Artemisia
vulgaris, Phragmites australis and Calamagrostis epigeios.
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Fig. 2. Distribution of S. gigantea in Latvia in a regular 5 x 5 km grid.

Invaded habitat complexes. S. canadensis occurs on
roadsides, fallows, railway verges, in grasslands, ruderal
sites (weed-laden sites, waste dumps, and urban areas). The
other localities were found in quarries, shrubs, reed commu-
nities and moist depressions dominated by ruderal tall
herbs, river banks, forest edges, or in the vicinity of ceme-
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Fig. 3. Habitats invaded by S. canadensis in Latvia.

teries (Fig. 3). It has been rarely found in semi-natural and
natural meadows (on wet riverine floodland meadow, sev-
eral localities in abandoned calcareous Molinia caerulea
dominated and Sesleria caerulea dominated meadows). Of-
ten it is not possible to distinguish a certain habitat type on
the same location, since S. canadensis is well adapted to rel-
atively wide range of ecological conditions and is found in
various habitats within the same locality.

Similar to S. canadensis, the congener S. gigantea seems to
be a successful invader of various environmental conditions
from dry sandy dunes to drained peat soils and wet habitats.
Recently it was recorded in Jelgava on the floodland of the
River Lielupe

In Latvia, both species occur in ruderal Artemisietea com-
munities in disturbed ruderal habitats, in Molionio-
Arrhenatheretea communities in grasslands and Phragmiti-
Magnocaricetea communities in wetlands. The species com-
position is variable. Both species can grow in species-poor
communities on nutrient-poor soils, moderately rich plant
communities in grasslands and fallows, ruderal tall herb
communities on roadsides and waste dumps and humid reed
communities in disturbed wet habitats.

DISCUSSION

It is likely that the simultaneous introduction in a large part
of Europe in the middle of the 19th century was the main
factor for the rapid spread of goldenrods outside cultivation.
Due to easy cultivation and adaptability to local climate
conditions goldenrod became popular as garden orna-
mentals, initially cultivated mainly in botanical gardens,
later in manors, parks, city greeneries and private gardens.
Its popularity in gardens and parks and easy dispersal ability
ensured rapid naturalisation, successful establishment and
spreading outside cultivation.

Evidently, cities and towns served as the main dispersal
centres for radial spread of S. canadensis. Similarly in rural
areas, manors and adjacent parks could have been the dis-
persal centres, while later the ornamentals were introduced
in the farm gardens.

The results of the study show that often roads and railways
are important migration corridors. Thus, it is not surprising
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that most of localities occur along transportation routes as
secondary establishment sites. Later the species can spread
across the adjacent habitats. Generally, development of
transportation and construction of roads greatly facilitated
the spreading of the species. To a great extent, the success
of goldenrods was based on its seed dispersal qualities (dis-
seminated by wind, seeds are equipped with pappus), ger-
mination characteristics and capacity to establish persistent
seed bank. It can survive competitive pressure of other spe-
cies by means of its clonal growth (Cornelius 1990). Seed
dissemination by wind helps to establish into new localities
further away from parent plants. Seeds may be attached to
vehicles, transported by air movements caused by transpor-
tation. The situation in Latvia shows that semi-natural open
land use types such as fallows and grasslands are often suit-
able for quick establishment of vast goldenrod populations,
not only in the vicinity of cities and towns, but also in re-
mote areas several kilometres away from any human settle-
ments. Abandoned lands, poorly managed areas in the vi-
cinity of roads and railways, and heavily disturbed habitats
are the most susceptible to Solidago invasion.

Similarly to many other introduced non-natives, distribution
and spread of both Solidago species are closely related to
historical and socio-economic aspects. From the point of
view of land use history in Latvia over the last 50-60 years,
we can assume that there had been aspects facilitating, and,
on the other hand, confining the 2nd part of 20th century
did not allow the spread of the species in grasslands and
fallows. Most of the fields were abandoned in the 1990s,
thus providing suitable habitats for vast goldenrod popula-
tions. During the last two decades most of the lots in cities
and towns were abandoned, allowing uncontrolled spread of
recently cultivated and managed species into the neighbour-
ing semi-natural habitats. Many other factors including un-
controlled waste dumping, expansion of ruderalised urban
and suburban areas, presence of unmown road and railway
verges promoted invasion of non-native invasive species.
Processes of both land use intensification, e.g. establish-
ment of allotments in the vicinity of cities, towns and rail-
way verges and the following recent land abandonment
have significantly facilitated the spread of non-native gold-
enrods, particularly S. canadensis.

There are considerable potential sources of error and recon-
structing the spread of non-native Solidago species in Lat-
via. The early phases of spread are based more on assump-
tions and guesses than historical records. Similar to other
invasive escaped garden ornamentals, it is difficult to draw
a distinction between the early records and herbarium mate-
rials taken from gardens and those from naturalised popula-
tions. The early records often lack any information on habi-
tat types. Over the last century, the botanical field surveys
did not cover the whole territory of Latvia with regular fre-
quency. After World War II, little attention was paid to
non-native species and they were rarely included in the flora
lists of particular areas, thus the distribution maps presented
in this paper show the current situation but do not allow
tracking the history of spread over the last century. In Eu-
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rope several studies concerning the dynamics of non-native
plant species have been performed by analysing the herbar-
ium records. For example, Lacey (1957) studied the spread
of the agricultural Galinsoga species; PySek and Prach
(1995) studied the spread of Impatiens glandulifera in the
Czech Republic, Mandak et al. (2004) studied the history of
the invasion of Reynoutria species in the Czech Republic;
B. Tokarska-Guzik (2003) analysed the expansion of neo-
phyte species in Poland using a similar approach. Similarly
to other invasive species in Central Europe, the spread of
Solidago species in Latvia might have been gradual and per-
haps exponential in a certain phase. However, due to data
limitations it is not possible to estimate the invasion phases
quantitatively as it has been done in some other European
countries.

Similar to several other North-American species in Europe,
being a weedy component in the native range is a prerequi-
site for becoming invasive also in the introduced range
(Forman, 2003). Similar to its native range, in Europe
S. canadensis invades mainly dry, disturbed habitats, while
S. gigantea prefers mainly wet habitats, although in the in-
troduced range it has adapted to a wider range of conditions
than in the native range by occurring also on drier soils
(Weber and Jakobs, 2005; Giisewell et al., 2006) and in
some countries being a more successful invader than S.
canadensis (Dancza and Botta-Dukat, 2001). In Latvia, the
distribution and habitat preferences of S. canadensis suggest
that the species tolerates both dry and moist soil conditions
in disturbed and semi-natural habitats. Currently, it is far
more widespread than S. gigantea. Nevertheless, .
gigantea is tending to expand its range and increase the
competitive pressure on S. canadensis in moist and wet hab-
itats (Jakobs et al., 2004). Observations in several sites in-
vaded by S. gigantea in Latvia, e.g. Zakusala and Lucavsala
in Riga suggest that S. gigantea is likely to outcompete the
comparatively earlier introduced S. canadensis.

Field observations in Latvia prove that, similar to Central
Europe (e.g. Weber and Jakobs, 2005), both species can
form monodominant stands and grow in mixed tall herb
stands with other invasive species such as Impatiens
glandulifera and Helianthus tuberosus. In Latvia, com-
monly S. canadensis grows in scattered patches, while
dense monodominant stands are rarely observed (Riga,
Koknese) suggesting that in some cases S. gigantea may
benefit from the ability to build dense monospecific stands.
Both in their native and introduced ranges, non-native
Solidago species occur mainly in ruderal plant communi-
ties; in Europe they occur in Artemisietea, Molionio-
Arrhenatheretea and Agropyretea communities in ruderal
habitats and Convolvulion and Salicion communities in ri-
parian communities in the inundation areas (Lohmeyer and
Sukopp, 1992; Miiller and Okuda, 1998). The main threats
for local plant communities may occur if S. canadensis es-
tablishes in natural or semi-natural meadows, wetlands or
nutrient-poor natural grasslands. The expansion of non-na-
tive goldenrods and ongoing overgrowing by both native
and non-native tall herbs causes homogenisation of local
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plant communities, extinction of typical species composi-
tions of various grassland types and perhaps rare, ecologi-
cally narrow, rare plant species. Overgrowing of grasslands
and fallows by tall herbs also visually changes the tradi-
tional landscape.

Although the results based on the grid mapping approach
presented in this study might be related to some limitations
and perhaps do not reveal the entire spatial distribution of
both non-native goldenrods, this was the first attempt to de-
termine the current status and distribution of the species
showing abundantly invaded areas and main expansion
routes. Due to limitations of time and human resources in
performing the field survey, blank squares within the grid
cannot be implicitly interpreted as absence; to some extent
it might mean that species was not detected. Early herbar-
ium and literature records lack assessment of abundance,
thus they were excluded from the maps. Nevertheless, the
maps presented in this paper can be used as basis for future
studies and monitoring of the spread of both species.

In conclusion, similarly to many other European countries,
in Latvia S. canadensis is one of the most aggressive plant
invaders, rapidly spreading throughout the country and ex-
tending its distribution area, while S. gigantea still remains
a rare invader most probably due to its confined introduc-
tion range; however, knowing its success in Central Europe
it is perhaps a potentially widespread species that may reach
the same invasiveness status as S. canadensis.
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INVAZIVAS Solidago SUGAS LATVIJA: IZPLATIBAS VESTURE UN IZPLATIBA MUSDIENAS

Arpus izcelsmes aredla introducétas Ziemelamerikas zeltgalviSu sugas introducétas un plasi pargajusas savvala lielakaja dala Eiropas.
Kanadas zeltgalvite Solidago canadensis ir gan lielakaja dala Eiropas, gan Latvija bieZi sastopama invaziva augu suga, turpreti
Centraleiropa plasi izplatita milzu zeltgalvite S. gigantea ir reta liela dala Ziemelu un Austrumu Eiropas, ieskaitot Latviju. Sis pétijums
pirmoreiz apkopo zipas par abu zeltgalviSu izplatibu un dinamiku Latvija, rezultati atspoguloti kartes. Izplatibas dati ievakti galvenokart
lauka pétijumos (2004-2007). Izmantoti ari herbariju materiali, literatiiras un nepublicéti dati. Abas zeltgalviSu sugas pieder pie plasas
ekologiskas amplitidas sugam, tas visbiezak sastopamas parveidotos biotopos apdzivotu vietu un celu tuvuma. Abu sugu veiksmigu
izplatibu pédeéja gadsimta laika veicinajuSas galvenokart zemes lietojumveidu izmainas, antropogénas ietekmes palielinasanas uz
ekosisttmam un transporta tiklu attistiba.

Proc. Latvian Acad. Sci., Section B, Vol. 62 (2008), No. 1/2. 83
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