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Preface 

Forty-three years ago Hugo Sjors published his book on 
Nordic plant geography ('Nordisk vaxtgeografi'; 1956, 
2nd ed. 1 967). Ever since, this book has served as an 
introductory textbook to the vegetation ecology of north
em Europe, and has inspired both teachers and students in 
plant ecology. The book has now been out of print for a 
long time. 

The idea of publishing a modem treatment of Swedish 
plant geography, was born at the coffee table in 'Vaxtbio' 
- our Department which is the home of plant geography in 
Sweden. Now, as the Department enters the 21st century 
under the new name 'Avdelningen fOr vaxtekologi' (De
partment of Plant Ecology), this seems a suitable occasion 
to summarize a century of vegetation studies in Sweden. 

This book is intended to be an introductory text, not a 
comprehensive treatment of the Swedish vegetation. We 
hope that students, teachers, nature conservationists and 
ecologists will find it a useful introduction as well as a 
source book and an inspiration for further reading. To 
make the contents accessible to scientists from abroad and 
to the increasing number of foreign biology students in 
Sweden we decided to write the book in English. Rather 
than having a purely phytosociological approach with 
exhaustive descriptions of different vegetation types we 
have tried to focus on causal relationships: what are the 
main abiotic gradients and biotic interactions that govern 
species composition in our vegetation? We have allowed 
the chapters to reflect the authors' view of what is impor
tant, and the emphasis is therefore on slightly different 
issues in each chapter. The lists of cited literature have 
been kept short, but there are references to the classical 
studies as well as to a few relevant modern case studies. 
To make life easier for the Swedish reader, especially the 
inexperienced botanist,. we have indexed Swedish names 
of vascular plant species, and we have also included some 
useful Swedish terms in the texts. 

The first two chapters give an introduction to the 
physical features of land and climate, the vegetation zones 
and the vegetation history of the country. Chapter 3 deals 
with the specific problems that plants encounter in habi
tats with very thin soils and their response to acidic versus 
calcareous bedrock. Chapters 4-8 describe the main types 
of terrestrial vegetation, followed by two chapters dealing 
with the freshwater vegetation of rivers and lakes. The last 
two chapters give a survey of the sea shores and marine 
and brackish waters. 

As far as possible we have followed the nomenclature 
of the most recent check-lists for Sweden (listed below). 
In a few cases we have retained well-known names, or 
given commonly used synonyms. This is to make it easier 
for the reader as some of the names used in the check-lists 
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have not yet entered the commonly used floras. Following 
the tradition in plant geography we have used the old 
Swedish province names rather than the current adminis
trative counties - the former are stable units whereas the 
borders of the latter change repeatedly as a consequence 
of political decisions. Maps on the inside covers show the 
provinces and the division of Sweden into Gotaland, 
Svealand and Norrland, as well as the major lakes and sea 
areas. 

We are grateful to a large number of people for their 
contributions to this book. First of all to the authors who 
wrote their contributions to almost impossible deadlines. 
Several people contributed with photographs. Many re
viewers in Sweden and abroad have suggested numerous 
improvements. Ingvar Backeus and Ejvind Rosen have 
joined us on the editorial committee. We thank the Sykes 
family for correcting the English, and Marijke van der 
Maarel, J oost van der Maarel and Erik Sjogren for techni
cal editing. The project was financed by 'Svenska vaxt
geografiska sallskapet' and the Department of Plant Ecol
ogy, Uppsala University. 

On behalf of his many colleagues, students and friends 
we dedicate this volume to Professor Eddy van der Maarel 
on his 65th birthday in grateful and affectionate acknowl
edgement of his enthusiastic support as teacher, friend 
and colleague, and as homage to his achievements in 
making the Department an internationally renowned sci
entific centre. 

Hakan Rydin, Pauli Snoeijs & Martin Diekrnann 
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1. The background: Geology, climate and zonation 

Hugo Sjors 

Department of Plant Ecology, Evolutionary Biology Centre, Uppsala University, Villaviigen 14, SE-752 36 Uppsala, Sweden 

Bedrock 

Most of Sweden rests on the Fennoscandian Shield, com
prising chiefly siliceous rocks of great but variable age. 
Most of the rocks consist of gneisses, granites and other 
hard siliceous stone material of early Precambrian 
(Archaean) origin. Some parts, e.g. the Jothnian sandstones, 
are late Precambrian. Only very locally are found less acid 
Archaean rocks, such as marble. 

However, in early Palaeozoic (Cambrian, Ordovician 
and to a lesser extent Silurian) times much of the Shield 
was under sea level and became overlain by sediments, 
ranging from sandstone to slate and limestone. During the 
long period afterwards the Shield was above water and the 
sediments were largely eroded away. They remain, how
ever, in several areas in Vastergotland, Gstergotland, 
Narke, Dalarna and Jamtland, as well as outside the Shield 
proper, in the Baltic islands of Gotland and Gland and to 
the south in part of Skane. In the latter province, there are 
in addition some areas with Mesozoic sediments, e.g. 
chalk. 

The Scandinavian mountains (the Scandes), which are 
part of the Caledonides, were created in Devonian time 
mainly by a great rise due to pressure from the west. This 
resulted in the formation of large overthrust nappes which 
covered much of the basal bedrock beneath them. Many 
of the rocks also became strongly metamorphic. They 
appear as hard or soft schists, but locally also as sandstones, 
granites, porphyrites, slates, dolomites and limestones, 
only to a small extent as ultrabasic peridotites and 
serpentines .  With many exceptions, the Caledonide rocks 
form a richer substrate to plant life than the bedrocks of 
the unbroken Shield to the east of the mountains, but the 
influence of the richer material of the former reaches a 
good way east of the bedrock boundary. 

From a botanist's point of view the most important 
properties of the bedrock as such are its degree of disposi
tion to weathering and its calcium content (Fig. 1) ,  both 
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highly variable. Usually, however, the bedrock is hidden 
under a cover of unconsolidated glacial deposits or water 
sediments, often only partly derived from the subjacent 
rock. 

Glacial deposits, crusta! uplift and water 
sediments 

During the Pleistocene, all of Sweden was repeatedly 
buried under thick inland ice. The most prevalent kind of 
glacial drift is morainic till, mostly rather coarse, contain
ing boulders, stones and gravel embedded in sand or silt. 
On the mainland, in south-western Skane and central 
Jamtland, and to a lesser extent in Vastergotland, Gster
gotland and Narke, there are relatively large areas where 
the tills are more clayey and calcareous. On Gland and 
Gotland they are similar but mostly very thin, partly of 

glaciofluvial origin and overlaying the flat limestone, in 
the so-called alvar areas. Also in the mountains, the tills 
are mostly very shallow. 

All over Sweden, but most prominent in the lowlands, 
are eskers, formed at the outlets of sub-glacial rivers carry
ing gravel and sand. The larger eskers were formed under 
water, but there are also many which were deposited on 
land. In addition, large amounts of sand were spread out in 
deltas, mostly near the formerly highest coastlines. For 
post-glacial history, especially of the vegetation and flora, 
see Chapter 2. 

Directly after ice-melt, but of course not synchronously, 
the coast reached its highest level (see Chapter 2), for 
northern Sweden formed by the Ancylus Lake. More than 
one third of present Sweden was water-covered immedi
ately after the deglaciation. During the retreat of the water, 
much of the deposits were wave-washed to a great degree. 
As a result some exposed former shores and islands became 
almost devoid of soil, but gradually each part of the reced
ing former coast became more sheltered and its soils could 
retain more of their finer material. 

The outwashed material was re-deposited in deeper 
waters. First, the fine material from the glacial rivers 
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Fig. 1 .  Calcareous rocks and soils, including areas with dispersal 
ofdisintegrated limestone by glacial drift. Based on Magnusson 
et al. ( 1963). 

formed glacial clays and silts, often varved, with annual 
layers of different clay content. The glacial sediments 
were usually covered by new sediments, largely re-depos
ited from the previously mentioned wave erosion or from 
rivers cutting down into their own earlier sediments dur
ing the process of land-rise. These post-glacial sediments 
range from sands to fine sands, silts and clays. In much of 
Sweden there is now a marked contrast between the low
lying plains and valleys with water sediments, more or 
less used for agriculture, and slightly more elevated low 
hills or 'islands' with coarser soils (tills or glaciofluvial 
material) carrying forest. Only in some districts have the 
latter also been farmed, after the laborious removal of 
numerous boulders. 

The making of Sweden's lowlands can still be seen in 
the extensive archipelagos especially off the eastern coasts. 
During this process new bodies of fresh water are slowly 
formed when thresholds are lifted high enough to prevent 
inflow of sea water. The large Lake Millaren, which is still 
less than one m above mean sea level, very gradually 
became exclusively freshwater only a few centuries ago. 
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In the west, Lake Vanern was originally salty and much 
more extensive, when some of its fjords even reached 
almost to the Norwegian border. Since the uplift was 
greater in this northern part, the north shore continued to 
retreat even after the connection with the sea in the south 
was broken, so that the marine sediments became covered 
with freshwater sediments especially in the province of 
Varmland. 

Whatever their origin, the fresh mineral soils were 
exposed to weathering and leaching. In most of Sweden, 
notably under coniferous forests, this resulted in acidifi
cation and podzolisation. Only on calcareous or highly 
clayey tills, or under continuous cover of rich deciduous 
forests or man-made meadows, was the result brown earth 
rather than podzol. The young age of part of the lowlands 
and the low precipitation in some of them also reduce the 
tendency to podzolization. Frost upheaval of the soil, 
particularly on the alvars and in the mountains, and inun
dation along the watercourses, also counteract pod
zolisation and thus contribute to higher biodiversity than 
in the coniferous forests. 

Sweden abounds in lakes, both fairly deep and shal
low. There are also hundreds of thousands of mires, most 
of them quite small, but with large expanses in the flatter 
parts of the more elevated areas. A road-bound traveller is 
likely to underestimate the areal extent of fresh water and 
especially of peatland, and perhaps overestimate the area 
of arable land. 

Thermal climatic gradients 

Northwestern Europe, in particular Scandinavia, is fa
voured during the cooler seasons by the inflow of mild air 
from the Atlantic Ocean. This is evident by comparison 
with other parts of the globe situated at similar latitudes, 
where the winter is much harsher. The situation among 
Atlantic, Polar and continental influences leads to insta
bility of the weather but also frequently to long continu
ous periods of comparatively warm or cool temperatures, 
different in different years. 

Usually the Swedish summer is quite agreeable, since 
the low angle of sunshine is more or less counteracted by 
the very long days, north of the Arctic Circle even by a 
period of continuous daylight. This causes the cooling at 
night to be moderate. 

One remarkable feature of the thermal summer in the 
lowlands around the Baltic Sea is equity, with hardly any 
decrease northwards during the warmest month, July 
(15-17 °C).  On the other hand, the summer temperatures 
decrease inland according to altitude (Fig. 2). A critical 
summer mean temperature of about 10-11 °C prevails at 
the forest limit which in the southernmost Swedish moun
tains in Dalarna and Harjedalen is at about 900 m, in 
Jamtland and southern Lappland at about 700-800 m and 



in the extreme north of Sweden at about 600 m a.s.l. 
Mainly because of stronger south to north temperature 

differences in spring and autumn than in summer and, in 
consequence, a difference in the length of the climatic 
growing season (Fig. 3), the zonation of the temperature 
climate as it affects the vegetation is quite distinct. 

The winter temperatures decrease strongly and more 
regularly northwards but (counted as averages) are less 
dependent on elevation. This is to some extent exagger
ated by the freezing-over of the lakes and parts of the sea, 
notably the Gulf of Bothnia, which increases the areal 
percentage of treeless white surfaces. 'Green winters' (in 
reality grey) are almost unknown in the northern two
thirds of the country but are not uncommon in the south
em and south-western coastal areas. Most wild plants in 
Sweden (excepting Viscum album, Hedera helix, Taxus 
baccata and some others) are winter-hardy in the sites 
where they grow (at least when snow-covered) although 
some, like Vaccinium myrtillus, sometimes suffer from 

• 

, 

>16 
15 .. 16 
13 ... 15 
11-13 
< 11 

Fig. 2. Mean July temperature (°C). Small differences in south
ern Sweden and in the Bothnian coastal area, but a distinct 
decrease towards higher altitudes. National Atlas of Sweden 
(simplified). 
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partial damage if exposed. Thus the vicissitudes of the 
winter are probably of subordinate importance with re
gard to vegetation zonation in most of Sweden (unlike 
conditions in Norway). For instance, southern trees such 
as Fagus sylvatica and Carpinus betulus can grow suc
cessfully and even reproduce a good distance north of 
their distribution limit as wild. 

Distribution of precipitation 

Precipitation in Sweden (Fig. 4) is, to a great extent but far 
from exclusively, dependent on frequent ingressions of 
moist Atlantic airmasses, which are strongest in the south
west, where precipitation increases markedly with the rise 
of the land towards the east. However, it decreases again 
in the eastern parts of southern Sweden. On our high 
latitudes, there is a general but moderate decrease in 
precipitation towards the north. The types of relief and 

Fig. 3. Length of the climatic growing season (days, threshold 
+5 °C) in Sweden. In the mountains, however, the true growing 
season is almost totally dependent on local snow conditions. 
(Redrawn from Tuhkanen 1980.) 
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Fig. 4. Real annual precipitation (mm) according to the National 
Atlas of S weden (simplified). Local differences are in reality 
more marked. The figures were corrected for probable measur
ing errors, and thus considerably higher than on older maps. 

plant cover also influence the inland rise of airmasses and 
consequently the orographic component of the precipita
tion. Thus coastal areas and large lakes tend to have lower 
precipitation than upland terrain, especially when forested. 
In much of northern inland Sweden the river valleys are 
markedly drier than the interjacent higher country, even 
though the altitudinal differences are mostly only 200-
300 m. The Swedish mountains are generally very wet 
(less so in the extreme north-east) and most markedly so 
near the Norwegian border, leading to formation of small 
glaciers at high levels. 

Degree of oceanity 

Unlike Norway, for example, where the differences in 
general climatic oceanity are very marked, Sweden does 

Acta Phytogeogr. Suec. 84 

not show a clear picture in this respect, eventhough the 
coastal areas are more oceanic with regard to evenness of 
temperatures. It shows the opposite with regard to rain
fall, however, which is usually higher some distance 
inland. Thus the Baltic islands, notably bland, appear dry 
in most years but are relatively oceanic with regard to 
temperatures. On the other hand, in central and northern 
Sweden, higher country between the rivers has both slightly 
more even mean temperatures during the year, and, as just 
mentioned, more precipitation. As to yearly temperature 
differences (Fig. 5), a certain local sub-continentality 
prevails in two districts, viz. in a west-central area centered 
in Norway but reaching the north-western part of the 
province of Dalarna and adjacent south-western Harje
dalen, and in a larger area in the extreme north-east near 
the Finnish border, both areas with low winter tempera
tures and relatively low precipitation. In the northern of 
these areas, precipitation falls as snow during about half 
of the year, and local permafrost occurs in the form of 
high palsas on the mires, found only very locally else
where in the mountains. 

Seasonality, run-off and groundwater 

Sweden's climate is highly seasonal. In southern Sweden, 
snowfall is often erratic. Although occasionally occurring 
as early as October and as late as May, snow can also be 
absent or replaced by rain in any part of the winter, 
without the usual formation of a lasting snow cover. In 
central Sweden (e.g. central Dalarna) the snow cover lasts 
on an average 4-5 months; only half the days in a normal 
year being frost-free. In the north, winter snowfall is more 
regular, in most winters occurring from October (occa
sionally even September) to April. A snow cover will then 
usually last until May, at least in more elevated country
side. In the mountains the period of thaw is extended and 
dependent on local relief, because a great deal of snow is 
wind-transported to the depressions. Except at very high 
altitudes, the amount of water contained in the snow is 
however less than that in the rains. 

Ice is formed on small or shallow lakes usually in 
November but on large or deep lakes and on shallow parts 
of the sea about, or after Christmas; later much of the Gulf 
of Bothnia often freezes over. The ice usually melts in 
April or early May, as does the seasonal ground frost 
which in most winters occurs all over Sweden. 

Rainfall is often, but not always, low in spring and 
early summer but increases in July and August and often 
also in the autumn. It is rather irregular and differs greatly 
from year to year. Long dry periods often occur. 

Evapotranspiration is of course greater in the summer 
and is dependent not only on summer heat but also on the 
length of the warm period which is short in the north and 
at higher levels. The remaining surplus of water (Fig. 6) 
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Fig. 5. Thermal continentality as difference between mean tem
peratures in July and January-February (°C). In Scandinavia the 
degree of oceanic influence dominates, but there is a small but 
global increase in continentality towards the north. (Redrawn 
from the Atlas over Sverige.) 

varies more than the precipitation itself, leading to differ
ences in run-off and ground water conditions. On the other 
hand, there is hardly any decrease in run-off northwards, 
and even the north-east has a substantial surplus of water. 

With the exception of the southernmost parts, Sweden 
has a nival water regime, with very high water levels after 
snowmelt but very low run-off in most winters, when 
almost all lakes are ice-covered and the soils more or less 
frozen. This is a great contrast to conditions in western 
Europe where waters are high in winter and low in late 
spring, a difference not always taken into account by 
western ecologists. When not strictly regulated for hydro
electricity, northern and central Swedish lakes and rivers 
tend to overflow quite seriously in late spring or early 
summer, with inundation of their shores up to several 
vertical metres. 

On average, groundwater levels are relatively high 
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Fig. 6. Run-off in mm as measure of soil humidity, for forested 
areas. In the mountains, run-off is very local but often much 
higher than 400 mm. From Tamm ( 1959, simplified). 

but dependent on local conditions. Where the surplus of 
water is great this has led to considerable paludification 
of slopes. Peat-forming mires on slopes are thus com
mon in the western and northern parts of Sweden. In 
some areas even quite steep slopes have become 
paludified, e.g. in the most elevated parts of west-central 
Sweden and in the foothills of the mountains. In some 
parts of Sweden the eskers are important aquifers, often 
accompanied by prominent springs, of value especially 
for the bryophyte flora. 

Vegetation zonation 

Sweden fits well into the zonal vegetational pattern first 
developed by Wahlenberg (1824-26) and later espe
cially by Russian, Canadian, Finnish and Norwegian 
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Fig. 7. Vegetational zonation, new version. N = nemoral (tem
perate) zone, B N  = boreo-nemoral (hemi-boreal) zone, SB = 
southern boreal sub-zone, MB = middle boreal sub-zone, NB = 
northern boreal sub-zone (excluding the 'subalpine' birch belt), 
'SA' = 'subalpine belt' (now considered a part of the northern 
boreal lacking coniferous trees), A= alpine belts. 

authors (see Ahti et al. 1968; Tuhkanen 1984; Moen 
1998). However, even the moderate differences in alti
tude outside the mountains complicate the zonal pattern 
in central and northern Sweden (Fig. 7). This causes the 
zonation to be as much or more dependent on elevation 
than on latitude. 

Drawing boundaries between zones and subzones is 
obviously dependent on the criteria used. Vegetational 
zonation schemes have chiefly been developed from con
ditions in forests on mineral soils. For instance the zona
tion of mires could be partly different, as they are more 
dependent on hydrology and local topography. In reality 
there are no sharp borderlines, only diffuse differences 
with much overlap, in particular when floristic criteria are 
taken into account (see e.g. Fransson 1965; Malmgren 
1982). 
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The terminology used here deviates slightly from that 
in Ahti et al. (1968) and Tuhkanen (1984, see Fig. 8), for 
reasons discussed separately at the end of this chapter: 
'Remarks on zonal nomenclature' . 

The nemoral zone - the southern deciduous forest 
region - comprises most of Skane and the coastal parts of 
Blekinge, Hall and and southern BohusUin, but probably not 
southern bland. Norway spruce (Picea abies) was origi
nally absent or nearly so, having stopped on its southward 
march about 100 years ago, partly due to human land-use. 
So the boundary is hardly natural, even though the zone as 
such is a reality. Today conifers, including Picea abies, 
have been extensively planted and also reproduce naturally 
within the nemoral zone. This is also the case with Scots 
pine (Pinus sylvestris) which may have been present origi
nally in some parts. In most of the zone, beech (Fagus 
sylvatica) is one of the dominant trees; others are two 
species of oak (Quercus robur and Q. petraea, the latter 
mainly on acid soils), ash (Fraxinus excelsior), wych elm 
(Ulmus glabra), small-leaved linden (Tilia cordata), maple 
(Acer platanoides) and hornbeam (Carpinus betulus, only 
in the south, not in the west). Of course, there are also more 
trivial deciduous trees such as silver birch (Betula pendula ) , 
aspen (Populus tremula), black alder (Alnus glutinosa, 
mainly on wetlands ), etc., and shrubs such as hazel ( Corylus 
avellana). 

This region harbours the richest flora of Sweden with 
regard both to remnants of semi-natural vegetation in 
forests, woodlands and former grazing grounds,. and to the 
fringes of agricultural fields. The diversity of habitats is 
usually great, except for those areas where arable soil is 
almost continuous. The richest forests are those of elm 
and ash but mixed deciduous forests may, for several 
reasons, harbour more species (less so in pure beech 

Fig. 8. The global zonal division in the Finnish system (Hfunet
Ahti according to Tuhkanen 1984). T =temperate, HB = hemi
boreal, SB = southern boreal, MB = middle boreal, NB = 
northern boreal, A = arctic zone. Modified for Norway accord
ing to Moen (1998), and slightly for Sweden (Fig. 7). 



forest). The sea-shore vegetation is also often well devel
oped. There are, in addition, some different, very interest
ing types of vegetation on sand. 

The boreo-nemoral (hemi-boreal) zone - sometimes 
referred to as the southern coniferous forest region - is 
much more extensive, comprising most of Gotaland except 

the parts where the nemoral zone is found, and the south
ern, lowland parts of Svealand north of the lower Daliilven 
lake land and the vicinity of the town of Giivle. It is custom
ary to use the natural northern limit of pedunculate oak 
(Que reus robur) as its northern boundary, often referred to 
as the limes norrlandicus (see e.g. Fransson 1 965). Al
though dominance is usually of either pine or spruce, 
deciduous trees are widespread and often form groves or 
small forests, notably near the east coast and Lake Miilaren, 
in parts ofViistergotland, and on the Baltic islands of Oland 
and parts of Gotland. The most common deciduous stands 
are those of pedunculate oak, silver birch and aspen, on 

medium fertile soils, but on richer soils, besides oak, small
leaved linden and Norway maple are often found, together 
with hazel and a few other shrubs. The most demanding 
stands (as to soils) are again those of elm and ash. Corre
spondingly, the field layer vegetation varies (see, e.g. 
Diekmann 1994), also due to land-use in historical times. 
On Gotland pine woods with an understorey of calcicoles 
are found. The prevailing ldnds of coniferous forests else
where do not differ appreciably from those of the boreal 
zone, but in the richer stands herbaceous species are more 
frequent, including a semi-cultural element established dur
ing the time when most of these forests were used for 

grazing and were often more open than today. Such species 
as Pteridium aquilinum and Calamagrostis arundinacea 
are common. Remnants of the former cultural landscape 
still exist but are disappearing at an alarming rate. With 
them many semi-cultural elements in the flora become 
restricted to the fringes between fields and forest in the rural 
landscape, which earlier included meadows where wild hay 
was mown, and many wooded enclosures which were used 
for grazing. 

There are some differences within the zone, not only 
due to altitude and latitude, but also to a west-to-east 
gradient. Thus a small number of suboceanic species are 
common in the south-west, including the wetland species 
Erica tetralix and Narthecium ossifragum and some spe
cies at home in moist, infertile grassland (Galium saxatile, 
]uncus squarrosus). In contrast, the distinctly eastern 
Rhododendron tomentosum (syn. Ledum palustre) occurs 
on pine-covered peatland mainly in the eastern parts. In 
the east and near the large lakes, in particular on more or 
less calcareous soils, south-eastern species are numerous. 
Even more are found on the calcareous Baltic islands, 
where the peculiar alvar vegetation and also other sites 
contain elements of the south-east European more or less 
steppe-like vegetation, and even a few endemics. 

Some of the many southern species are chiefly found 
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not too far from the coasts, e.g. ivy (Hedera helix), yew 
(Taxus baccata) and sloe (Prunus spinosa). Many plants 
grow in, or close to, the extensive fresh waters of this zone. 
Northern species occur locally, such as dwarf birch (Betula 
nana) and grey alder (Alnus incana). 

The boreal zone - the northern coniferous forest or 
taiga region - as defined here includes the vast area up to 
the forest limit in the mountains .  It is customary to divide 
it into three subzones: the southern, the middle and the 
northern one. They could be further subdivided, espe
cially the northern one which, with the present terminol
ogy, includes the 'subalpine' birch woods, earlier usually 
regarded as a belt or zone on its own. 

The southern boreal subzone comprises lowland, 
river valleys and slightly more elevated areas from south
central Varmland and central Dalarna to coastal Anger
manland. The upper boundary of this subzone is at about 
300 to 400 m a.s.l. in Vfumland and Dalarna, where it 

includes the river valleys up to and somewhat above the 
former highest coastline and thus a good deal of arable 
sediments. Northward the subzone does not reach so high 
up into the valleys. It is an area of rather gradual transition 
from the boreo-nemoral to the typically boreal conditions. 
Near its southern boundary, the limes norrlandicus, as 
mentioned before drawn at the northern boundary of the 
oak, are found scattered groves of ash and hazel, and 
locally also elm and linden. Excepting the ash, which 
disappears totally, these and several other southern plants 
become very scattered and extremely local in the rest of 
the subzone. The subzone is dominated by conifer forests 

of fairly good growth. There is an addition of only a small 
number of northern species, but Alnus incana and Betula 
nana are abundant. 

The middle boreal subzone is more extensive and 
rather difficult to delimit upwards and northwards. It is 
here regarded as reaching up to about 600 m a.s.l .  in 
northernmost Vlirmland, only slightly less in Dalarna, 
considerably less in Harjedalen and Jiimtland, about 300 m 
in Viisterbotten-southern Lappland, and only about 150-
200 m in Norrbotten. Much of the northern river valleys 
and most of the Cambro-Silurian of Jamtland are in
cluded. It is a typical taiga region but has few botanical 
characteristics, although in Jamtland the flora is richer. 
Along the rivers a limited number of northern species 
'descend' into the subzone. Otherwise, it is strongly domi
nated by forests, still of good commercial value, but also 
in part by mires. Approximately at its upper boundary 
conditions for forest growth and regeneration after cutting 
deteriorate considerably, at least in unfavourable sites. 
Therefore, the boundary has here tentatively been drawn 
coincident with the limit for 'forest difficult to propagate' 
used in commercial sustainable forestry. 

The northern boreal subzone is, as mentioned, more 
complicated. It reaches up to the forest limit in the moun
tains (in the extreme north, however, this upper limit is 
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below the mountains proper). It could be subdivided into 
a lower part with, in favourable sites, still fairly produc
tive but slow-growing conifer forests� a part, also with 
conifer forests, often called 'fjallnara' (close to the moun
tains and thus at higher levels) where sustainable forestry 
is problematic and large-scale deforestation should be 
avoided; a still more high-level birch-mixed coniferous 
'fjallbarrskog',  not at all suited for sustainable forestry; 
and still higher mostly a belt of almost pure birch woods, 
in Sweden usually termed 'subalpine' .  This is a feature 
specific to the Scandinavian mountains (also including 
non-mountainous parts of northern Norway and northern
most Sweden and Finland), but in a more general zonation 
scheme the 'subalpine' belt is now regarded as part of the 
northern boreal. The birch woods are formed by a subspe
cies of the common birch, Betula pubescens ssp. czere
panovii, and only locally, in fertile valleys, deserve desig
nation as true forest. The vertical extension of the birch 
belt varies from less than 100 m in the eastern foothills to 
about 200-300 m in the central parts of the mountains. In 
the west the upper conifer limit (if any) descends more 
than the upper birch limit. In the extreme north of Sweden 
most of the birch woods, as mentioned, grow in non
mountainous terrain, below what could well be regarded 
as 'tundra' and above the coniferous forests, here consist
ing mainly of pine. 

Within the northern boreal the extensive flat areas in 
the coniferous parts abound in mires, among them the 
largest in the country. Excepting freshwater shores and 
some rich fens, the coniferous parts of the northern boreal 
below the mountains have a very poor flora, with fewer 
southern or cultural elements than the middle boreal. 
There are some plants with a north-east distribution, some 
also reaching down into the middle boreal (Ranunculus 
lapponicus), some with a restricted area mainly in the 
north-east (Polemonium acutiflorum). 

In contrast, the birch woods in the mountains have a 
much richer flora not only because of 'descent' of many 
mountain plants (e.g. Pedicularis lapponica, Viola biflora) 
but also because the Caledonian soils produce fertile 
substrates, e.g. for tall-growing plants, which often be
come very luxuriant such as Aconitum lycoctonum (ab
sent in the north), Cicerbita alpina, Trollius europaeus 
and Angelica archangelica ssp. archangelica. Since birch 
does not give as much wind protection as conifers in 
winter, the depth of snow is more variable than in the 
conifer forests, so both wind-swept hilltops and late-snow 
depressions occur in this belt. Podzolization is often 
marked, except on some slopes with 'soil creep'. 

The alpine zones above the forest limit are conven
tionally divided into three vertical belts, the low alpine, 

middle alpine and high alpine. The lower and upper 
boundaries of these belts vary in altitude, not only from 
south to north, but also dependent on the degree of ther
mal oceanity. Generally, vegetation zonation is vertically 
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narrower in oceanic areas (because the annual tempera
ture varies less and then the graph for summer heat is 
flatter), and therefore the upper limit of each alpine belt 
mostly sinks westward. 

The low alpine belt has a vertical extent of about 300 
m above the forest limit. Its upper limit is drawn where the 
important dominant Vaccinium myrtillus ceases to be a 
prominent part of the vegetation, which depends on its 
requirement of a long enough 'safe' snowfree growing 
season (it cannot grow on the early snowfree wind-blown 
ridges nor in late-snow depressions). Much of the vegeta
tion in this belt consists of the same species that are found 
below it, but with additions of more alpine plants and as 
different plant communities. These are organized accord
ing to the degree of snow protection (including time of 
snowfree conditions and also moisture), mobility of the 
soil water, and the absence or presence of calcium carbon
ate in the soil. Where the soil is stable, podzolisation is 
found but confined to the lower parts of this belt. The most 
calcareous sites harbour a much richer flora, with Dryas 
octopetala and several of the rarest plants of the moun
tains. 

The middle alpine belt extends above the Vaccinium 
myrtillus limit but its upper boundary is more difficult to 
delimit, usually drawn where the vascular vegetation ceases 
to be continuous. But there are many bare patches in the 
belt itself as well as long-lasting snowbeds with few if any 
vascular plants. Some graminoids are common in this belt 
(Luzula arcuata, Carex bigelowii, ]uncus trifidus, etc.). 
There are fewer dwarf shrubs than in the low alpine belt, 
although in the northern mountains Cassiope tetragona is 
prominent. The vertical extent is variable but often similar 
to that of the lower belt. 

Finally the high alpine vegetation is only scattered 
with regard to vascular plants, although communities are 
still formed by abundant bryophytes and in some places 
also lichens. There are often only a dozen or so vascular 
species, decreasing in number upwards. Ranunculus 
glacialis is usually the highest reaching of them. The very 
strong congeliturbation (soil instability due to freezing 
and thawing) prevents establishment of rooting plants in 
most places. Only a few Swedish mountains are high 
enough to reach over the limit for vascular plants, but 
there are still many bryophytes (especially hepatics) and 
lichens, among fields of boulders and in, or between, 
long -lasting snowfields. 

Remarks on zonal nomenclature 

The present author (Sjors 1963, 1965 b) took up the term 
'nemoral' for the originally spruce-free region in Swe
den's extreme south and south-west and Denmark and for 
a small area in southemmost Norway (Moen 1998), but 
both Ahti et al. ( 1968) and Tuhkanen ( 19 84) use the rather 



ambiguous term 'temperate' for the same area (Fig. 8). 
However, their temperate zone includes areas that cannot 
be termed nemoral, either because they are nearly treeless 
(in western Siberia and the North American prairies), or 
have practically only coniferous forests (Pacific North 
America), so the two terms are not synonyms. When the 
emphasis is on vegetation, the term 'nemoral' (from latin 
nemoralis, in or of groves) is more descriptive, but also 
more restricted. 

Similarly my 'boreo-nemoral' (Sjors 1 963, 1965 b; 
Moen 1998) signifies a broad transitional region between 
nemoral and boreal, for which the Finnish authors use the 
less self-explanatory term 'hemi-boreal' ,  which also in
cludes more, even areas without nemoral trees. The de
limitation of 'boreal' is now the same in both systems 
although I regret that the old term 'subalpine' for the birch 
belt in the mountains is not retained, for reasons that were 
first given by Hamet-Ahti ( 1963). These woodlands are 
now included in the rather heterogeneous northern boreal 
subzone, which especially in northern Fennoscandia has a 
great extension vertically and a great dissimilarity as to 
vegetation and flora. 

The reason for our discrepancies is mainly that the 
Ahti et al. zonal treatment is intended to be global and thus 
in effect thermal even though based on zonal traits in the 
vegetation. On the other hand, the system developed in 
Sweden and Norway is based only on the Scandinavian 
peninsula, and therefore more narrowly defined. Except 
for the above-mentioned differences in terms, the two 
systems are now identical with regard to Scandinavia and 
Finland. 

On a map published in Sjors 1 963 and 1 965 b the 
Russian taiga sub-regions were equalized with those of 
boreal Fennoscandia, but this was not adequate since the 
Russian subdivision uses criteria that place each sub
region of the taiga a considerable distance farther south. 
For instance, my own impression of the vegetation in the 
southern White Sea area, regarded as the northern taiga, is 
that it is middle boreal rather than north boreal, in agree
ment with maps based on Hamet-Ahti' s  works (see 
Tuhkanen 1984, App. 1 ,  Fig. 2, redrawn here as Fig. 8). 

Selective background information 

This chapter was largely based on more comprehensive 
papers published in A Geography of Norden (S�mme 
1 960), The Plant Cover of Sweden (Sjors 1965 a and b) 
and Norden, Man and Environment (Sjors 1987 a, b). A 
lot of basic information was obtained from the two Swed
ish national atlases: Atlas over Sverige ( 1953-197 1) and 
National Atlas of Sweden ( 1990-1996), and also, espe
cially regarding zonation, from the volume 'Vegetasjon' 
in the Norwegian national atlas (Moen 1 998). The geol
ogy of Sweden is of course treated in numerous other 
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works which cannot be listed here. Good summaries are to 
be found in Magnusson et al. (1963, in Swedish) and 
Rudberg ( 1987). For the Quaternary events see also, e.g., 
Lundqvist ( 1959, 1961 ), Agrell (1979) and Chapter 2 in 
this book. The climate is dealt with in Swedish by Angstrom 
( 1974). As additional works could be mentioned for ex
ample Hesselman (1932), Langlet (1937), Tamm ( 1959), 
Laaksonen ( 1979), Tuhkanen (1980), Eriksson (1982, 
1983), Nordseth (1987) and National Atlas of Sweden, 
Climate, lakes and rivers ( 1994). 

General works on plant life include Selander ( 1 955), 
Sjors ( 1967, 1 97 1 ), Hulten ( 1 971 ), 0kland ( 1990), 
Mossberg et al. ( 1992), Pahlsson ( 1994 ), Dierssen ( 1996), 
National Atlas of Sweden part Geography of Plants and 
Animals ( 1996) and the forthcoming Flora Nordica. The 
National Land Survey produces vegetation data bases of 
Sweden (based on Pahlsson's ( 1994) classification) with 
smallest mapping units between 0.25 and 1 ha, as part of 
the official mapping of the country. Updated lists of 
available province floras are regularly published in the 
journal Svensk Botanisk Tidskrift. 

The vegetational zonation has been extensively dis
cussed since Wahlenberg ( 1824-1826): see e.g. Du Rietz 
( 1952, 1 964), Hojer (1954), Zoller ( 1956), Lindquist 
( 1959), Hustich ( 1960), Kalela (1961) ,  Hamet-Ahti ( 1963), 
Sjors (1963, 1965 b), Fransson ( 1965), Ahti et al. ( 1968), 
Malmgren (1982), Tuhkanen ( 1984), Dahl et al. (1986), 
Moen ( 1987, 1998), Diekmann ( 1994). 
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2.  The late Quaternary vegetation history of Sweden 
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Introduction 

During the last 1 million years, northern Europe has been 
characterized by a number of glacial periods of which the 
latest three are fairly well known geologically. During 
this time the distribution areas of plant and animal species 
have shifted drastically in pace with changes in the cli
mate. Therefore, the pattern of establishment and dynam
ics of plant populations and vegetation, particularly after 
the latest glaciation, is an important research area in plant 
geography. 

Interglacial periods 

There are few remnants of plants and animals which lived 
during the interglacials within the areas where glaciations 
occurred. Assumptions about Scandinavian interglacial 
biota are therefore largely based on inferences from knowl
edge of fossils south of the ice sheets and from analogies 
with the development during the present interglacial. 

During each glacial period the boreal flora and vegeta
tion was found in more southern areas than today and may 
also have survived in situ in refugia. These changes and 
reductions in distribution areas have caused a gradual 
depletion of species. On the other hand, when the ice
covered areas were colonized during the interglacials, 
many of the boreal species managed to spread over very 
large areas. Many obtained a circumpolar distribution, 
usually via the Bering Strait, which was dry at times.  
Species which could stand acid conditions invaded at a 
later stage, after acid peat and mar had been formed on the 
ageing land surfaces. 

The latest glaciation (Weichsel) 

The latest glaciation, called the W eichselian glaciation 
began 1 15 000 BP (years before present) . Its maximal 
extent was 20 000 BP and it then covered Fennoscandia 
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(except south-western Jutland), the Baltic states, the north
em parts of Germany and Poland, and north-west Russia 
(Lundqvist 1998). The British Isles (except the southern 
parts) were also covered and that ice sheet may have 
covered parts of the North Sea and merged with the 
Scandinavian ice sheet. Separate ice sheets were found in 
the Alps and on Iceland. The English Channel and the 
southern parts of the North Sea ( 'Dagger Land') were 
above sea level, thus linking England with the continent. 
The maximum temperature reduction at the ice boundary 
as compared with today has been estimated by different 
authors at 6-8 oc (cf. Dahl 1987). 

This, however, does not give the whole picture. The 
cold climate was interrupted by warmer periods (inter
stadia! periods), during which large parts of Scandinavia 
may have been without ice cover. The main phase of the 
Weichselian glaciation started 70 000 BP, but in Scandi
navia the later part of Weichsel was less cold than the first 
part and, possibly, some peripheral areas never became 
ice-covered again. It has also been argued (e.g. Dahl 
1997) that some small parts of Scandinavia, mainly along 
the Norwegian coast, were never ice-covered during the 
Quaternary. 

The post-glacial changes in the distribution of plants 
are primarily due to changes in the macroclimate (see e.g. 
Huntley & Webb 1989). The late- and post-glacial periods 
were also characterized by three important geological 
processes: (1)  the successive melting of the ice, (2) the 
isostatic uplift of the land surface and (3) the geologic 
development in the Baltic Basin. The latter was deter
mined by the first two processes previously mentioned 
and all three contributed to the composition of the biota in 
Scandinavia and in the Baltic Sea. The possible occur
rence of glacial or late-glacial refugia are also important 
for an understanding of the development. Some species 
with a good dispersal ability may have spread rapidly at an 
early stage from such refugia. Other species with a much 
poorer dispersal ability may still have restricted distribu
tions caused by the location of the original refugia (see 
below). The profound impact of man, particularly at a 
later stage, has also been superimposed on the environ
mental factors. 
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Fig. 1 .  Palaeogeographic maps of Scandinavia and the Baltic region. Simplified from Berglund et al. (1996). 

Late and postglacial periods 

The geologic development in the Baltic Basin 

The early phases of ice melting were characterized by 

alternate cold periods with slow retreat of the ice or even 

expansion and warmer periods with an ice-front that rap

idly moved northwards. The first part of Skane emerged 

16 000 calibrated years BP1 • After a short cold period 

around 1 3  500 BP ('Older Dryas' ), a rapid ice retreat 

occurred which laid much of southern Sweden bare 

('Aller�d' ). During early phases of this development the 

Baltic Sea and the Kattegat seem to have been on the same 

level with a narrow but direct connection through the 

Sound, but fresh water conditions prevailed in the basin. 

Later the Sound and the Danish Belts came above sea level. 

The ice-free parts of the Baltic Sea were therefore blocked 
by land and ice. This was the Baltic Ice Lake filled with 

melting water from the ice sheet. Its outlet was through the 

Sound up to 13 000 BP after which it apparently moved to 

the Billingen area in Vastergotland. Because of this change 

in position, driven by land uplift, a landbridge was formed 

between Sweden and the continent. 

The Aller�d was followed by the colder 'Younger 

Dryas' 12 500 - 1 1 500 BP. The ice retreat came to a halt 

which caused the creation of the 'Central Swedish 
Moraines' and Salpausselka in Finland (Fig. la). The 

outlet again changed to the Sound. During the following 

much warmer period, the ice retreat reached the lowlands 

of central Sweden with the consequence that a broad 

sound (the 'Narke Sound' )  was formed there between the 

Baltic and the Atlantic (Fig. 1 b). Thus, the so-called 

Y oidia Sea was created and its, probably dramatic, forma

tion about 1 1  500 BP approximately marks the beginning 

I The 14CJ12C ratio has fluctuated through time and therefore there is no 
linear relation between radiocarbon 'years' and calendar years. At
tempts have been made to calibrate 14C years to calendar years, see e.g. 
Lundqvist ( 1998). Calibrated years are given in this text and they may 
therefore deviate from years given elsewhere. 
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of the Postglacial period (Holocene). It also caused a 

broad land bridge to be formed over the Sound. For 

unclear reasons the water remained fresh during most of 

the lifetime of the Y oidia Sea; brackish water occurred in 

the central Baltic Basin only during 100-200 years around 

1 1 000 BP. 

During the glaciation the land had been pressed down 
by the heavy weight of the ice. After de glaciation the land 

surface started to rise again relative to the sea. This had 

the consequence that the central Swedish lowlands rose 

above the sea and again a freshwater lake was formed in 
the Baltic Basin about 10 800 BP. This was the Ancylus 

Lake (Fig. l e). Its outlet was first through GOta Alv, later 

through Store Brelt ( 'Dana River' ) .  From about 10 000 
BP the Ancylus Lake was not dammed but the long 

narrow channel through Store Brelt prevented salt water 

from entering the Baltic basin. Around 9000 BP the 

Sound was re-formed and the Baltic Basin was again 

transformed into a brackish sea, the Litorina Sea (Fig. l d). 

During the period of the Ancylus Lake temperatures 

rose to high levels and all the remaining ice in northern 

Scandinavia disappeared (9000 BP). Soon after, the last 

cirque glaciers of the Scandes probably also melted. The 
Litorina Sea was more extensive than the present Baltic 

Sea because of the isostatic depression of the land. 

The highest elevation which was covered by sea or 

lake water directly after deglaciation is an important limit 

in the landscape ( 'hogsta kustlinjen' = HK). The maxi

mum elevation of this limit, in A.ngermanland, is nearly 

300 m above the present sea level. The crusta! uplift, 

started by the reduction in weight of the ice cover, was 

first very fast but gradually became slower. At present it is 

about 90 cm per century in the area of maximal uplift, and 

about 50 cm near Stockholm. In southernmost Sweden 

there is no uplift at present. Skane has hardly been inun

dated at all, except for slight increases in the sea level 

during short periods. On the Baltic islands, which were 

completely inundated for a short early period, distinct 

shorelines were formed both during the Ancylus stage and 

the later Litorina stage. 



Pollen diagrams 

How can we reconstruct the development of vegetation in 
past times? Information can be obtained through plant 
remains in peat, clay or gyttja, but such fossils can only 
give sporadic and local information about the particular 
site where they were found. Therefore, the most important 
source of information is fossil pollen grains found in peat 
deposits and lake sediments. 

Pollen can, in most cases, be determined to genus level, 
often also to species level. A core is collected from the peat 
or lake sediment and for each layer the percentage of 
different kinds of pollen is calculated. Obviously, pollen 
from species with wind-spread pollen will dominate and 
species growing on, or near, the sampled wetland may be 
over-represented. Most forest trees have wind-spread pol
len which is produced in large amounts. Therefore, the 
pollen from such trees usually dominates the pollen sam
ples and, consequently, a generalized picture of the vegeta
tion development has to be based on the forest composition. 
The age of the pollen can be determined through 14C dating 
of the matrix from which the pollen grains are extracted. 

Three generalized pollen diagrams are shown in Fig. 2, 
one based on a diagram from southern Sweden (Blekinge; 
Berglund et al. 1996), one from central Sweden (SE 
Dalama; Fries 1980) and one from northern central Swe
den (S Jamtland; Robertsson 1998). 

Late glacial development of vegetation 

During the Older Dryas the newly emerging land in 
southernmost Sweden became covered by tundra vegeta
tion dominated by Dryas octopetala, dwarf Salix spp., 
Betula nana etc. A peculiar feature was that these arctic-

Fig. 2. The late Quaternary devel
opment in three parts of Sweden 
simplified from pollen diagrams. 
Left: Blekinge in southern Sweden 
(Berglund et al. 1996). Middle: 
South-eastern Dalarna in central 
Sweden (Fries 1980). Right: South
ern Jamtland in north central Swe
den (Robertsson 1998). July tem
perature graph from Berglund et al. 
(1996). Time is given as 14C years. 

+-colder "' warmer---+ :a 
&l 

Blekinge 
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alpine species were mixed with steppe plants such as 
Helianthemum nummularium, Artemisia spp.,  Centaurea 
cyanus and species of the Chenopodiaceae. Such combi
nations of arctic-alpine plants and steppe plants, partly 
lime-demanding, cannot be found today and are explained 
by the young age of the soils which were not yet leached. 
Some of the steppe plants have managed to survive on the 
alvars of bland and Gotland (e.g. Helianthemum oelan
dicum, Gypsophila fastigiata and Ranunculus illyricus) as 
well as some alpine plants in mires on Gotland (Pin
guicula alpina, Bartsia alpina etc.) 

Birch (probably Betula pubescens) and pine (Pinus 
sylvestris) invaded southern Sweden during the Aller�d 
together with aspen (Populus tremula) and rowan (Sorbus 
aucuparia). The trees are believed to have formed scat
tered stands in the tundra landscape, so called 'forest 
tundra' .  Records of several other plants, however, indi
cate warm summers. These species include i.a. Typha 
latifolia, Oenanthe aquatica, Plantago media, Seseli 
libanotis, Jasione montana and Solanum dulcamara. The 
shrub Ephedra distachya occurred during this period. 
This species, which is now extinct in Scandinavia, is 
found in very dry places and is an example of the steppe 
element in the flora. Hippophae rhamnoides was also a 
common species. Being associated with nitrogen-fixing 
symbionts, it is a specialist on new land, not yet leached 
and preferably rich in lime. It followed the retreating ice. 
Today it is confined to newly formed sea shores in areas 
with land upheaval. Species such as Dryas octopetala and 
Selaginella selaginoides, which do not specifically re
quire cold climates, remained common throughout the 
Aller�d and several other species from the Older Dryas 
were probably never entirely extinct. 

During the Younger Dry as the tundra returned to 

s Jamtland 
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southern Sweden and the trees remained only in insignifi
cant small pockets. The border of closed forest moved far 
south into the European continent. 

The immigration of arctic-alpine plants: Refugia or 
tabula rasa? 

The first parts of the Scan des in N orway became free from 
ice simultaneously with Skane but the mountains ac
quired a continuous vegetation cover only during the 
early parts of the Postglacial Warm Period. Before that, 
periods with a comparatively good climate and retreating 
ice, giving good opportunities for colonization, alternated 
with cold periods when plants were restricted to small 
areas. During the latter periods it must be assumed that 
many species appeared in small, isolated populations, a 
circumstance that has had genetic and taxonomical conse
quences. 

Where did the arctic-alpine plants come from? It is 
assumed that they did not follow the retreating ice from the 
south of Sweden after the Younger Dryas. This is because 
the climate became rapidly much wanner. Tundra plants 
disappeared from southern Sweden and the ice itself calved 
directly into the Niirke Sound. The question on the origin of 
the Scandinavian mountain flora is therefore a difficult one 
and it has probably been the most discussed phytogeo
graphical problem in Scandinavia during the last century. 
Two main hypotheses have been put forward: 

The nunatak hypothesis: The word 'nunatak' comes 
from Inuit language and denotes a mountain peak rising 
above inland ice. The hypothesis suggests that some places 
in Scandinavia were never glaciated. These refugia could 
either have been nunataks or bare land along the Norwe
gian coast. At least some of the mountain plants could 
then have invaded the Scandes from these refugia. 

The tabula rasa hypothesis: 'Tabula rasa' is Latin and 
denotes a writing board with deleted text (literally 'clean 
board'). This hypothesis suggests either that no bare land 
existed or that this land was too inhospitable to allow vascu
lar plants to survive. Therefore, all plants must have invaded 
from elsewhere, probably from the south-west (over the sea 
from the 'Dagger land') and from the north-east. 

The nunatak hypothesis was put forward by Sernander 
( 1 895; cf. Dahl l987) and was based on information from 
Blytt ( 1 876). The main arguments for this hypothesis are 
three peculiar phytogeographical features: ( 1 )  the alpine 
endemics, (2) the West Arctic element and (3) the special 
disjunctions in the alpine flora (cf. Nordal 1987) . 

The alpine endemics fall into three groups (Nordal 
1987): Some belong to apomictic groups, such as species 
of Taraxacum. Others, such as taxa of Euphrasia, belong 
to complexes which are not yet fully resolved taxono-
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mically. Their status as endemics could therefore be ques
tioned. The third group consists of species which were 
probably formed through hybridization followed by 
allopolyploidation, i.a. Draba spp. and taxa of the Pa
paver radicatum complex. 

If it can be proved that genetic differentiation between 
extant taxa took place before the de glaciation, this would 
be a strong argument for the existence of glacial refugia. 
One main problem, however, has been to determine when 
genetic differentiation between populations took place. 

Several alpine species occur in two distinct parts of the 
Scandes, in the south of Norway in Dovre-Jotunheimen 
and in northern Scandinavia in N ordland, Finnmark and 
Swedish Lappland. These species have a disjunct, bicentric 
distribution. Some other species occur only within one of 
these centres. It has been argued (e.g. Dahl 1997) that the 
nunatak hypothesis best explains such distributions. This 
applies particularly to species belonging to the West Arc
tic element which occur in Fennoscandia and North 
America (mainly eastern parts) but not in central Europe, 
Siberia and the Russian Far East. Such species are un
likely to have invaded from the south or from the north
east. Genetic studies of a few of these species give, 
however, no support for the nunatak hypothesis. 

Birks ( 1993) tested whether the distribution of the 
centric alpine plants could be explained statistically by 
historical factors (i.e. ice-free refugia) but found that they 
were much better explained by present-day ecological 
conditions. In cases where there is no firm evidence for 
either of two or more conflicting hypotheses, the simplest 
explanation is usually considered 'true' until the opposite 
has been proved. Birks (1993) therefore concluded that 
the nunatakhypothesis 'appears to be unnecessary' .  Never
theless, the discussion is likely to continue. 

Postglacial development of climate and vegetation 

The postglacial changes in climate and vegetation were 
different in different parts of Sweden. At its beginning 
northern Sweden was still ice-covered and the central 
Swedish lowlands were under sea level, as were also large 
areas along our present seashores. Only the south of 
Sweden was open for colonization of plants. Once a 
vegetation cover has been closed it may show consider
able resistance to change and may therefore not be in 
equilibrium with the environment. Concerning forest trees 
Davis ( 1987) distinguished between two main types of 
spread of a species: migration on a broad front (type A) 
and 'filling' the landscape from small, outlying, isolated 
populations (Type B) .  Type A can be expected in shade
tolerant species which can regenerate in a closed forest, 
e.g. Picea abies. The second type can be expected among 
those species which regenerate in openings created by 
disturbance, e.g. Fagus sylvatica. In Sweden disturbance, 
particularly that caused by fires, is generally considered to 



have been frequent enough to allow a species composition 
close to a dynamic equilibrium with the changing climate 
(Huntley & Prentice 1993) although sometimes only after 
time-lags of some hundreds of years. 

The prevailing views on migration have been chal
lenged by Kullman ( 1998). Based on 9000-9500 years 
(8000-8500 14C years) old macrofossil finds of oak, elm 
and hazel far beyond their present limits, he argues that 
these trees had a rapid spread closely following the reces
sion of the ice. He argues that very early distribution 
patterns already relate to climate rather than time and that 
assumptions about a time-constant, step-by-step 'migra
tion' are untenable. 

Preboreal and Boreal (11 500-9000 BP): As mentioned, 
a rapid increase in temperature took place after the Y ounger 
Dryas causing a rapid invasion of many species. Initial 
birch (Betula) forests were gradually replaced by pine 
(Pinus sylvestris) forests. 

Fig. 3 shows the assumed vegetation zones in Sweden 
and Denmark at the beginning of the Boreal period ac
cording to Berglund et al. ( 1996) . The Boreal period and 
the following Atlantic period were the warmest postglacial 
periods. During the Boreal hazel ( Corylus avellana) formed 
forests in south-western Sweden as it did in western 
Europe. Such pure stands of hazel do not occur anywhere 
today. During the later part of the Boreal, elm (Ulmus 
glabra) and oak (Quercus robur) appeared. Black alder 
(Alnus glutinosa) came even later but spread rapidly. It 
indicates the existence of extended alder carrs, many of 
which were later transformed into wet meadows when 
cattle rearing had been introduced. Among the trees lime 
(Tilia cordata) and ash (Fraxinus excelsior) appeared 
last. Warmth-demanding species such as Hedera helix 
and Viscum album also appeared in the south of Sweden. 
An important fossil indicator from the warm period is the 
fruits of Trap a natans, a warmth-demanding water plant 
which finally became extinct in southern Sweden during 
the early 20th century. During its maximum it occurred up 
to the Norrland terrain. 

When the Narke Sound dried up and the central Swed
ish lowlands emerged they immediately became covered 
by Boreo-nemoral forests with no initial tundra stage. Pine 
and birch dominated with scattered nemoral trees. The 
drying up of this sound in central Sweden has also been 
considered to have facilitated colonization of northern Swe
den but the importance for the dispersal of plants of such 
barriers has probably been overemphasized. In the north, 
initial tundra plants and Hippophae rhamnoides on newly 
emerged land were rapidly replaced by birch and pine. 

Atlantic (9000-5500 BP): In southern Sweden up to the 
border of the Norrland terrain, nemoral forests dominated 
with Alnus glutinosa, Corylus, Fraxinus, Quercus, Tilia 
and Ulmus. Further north these species occurred scattered 
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Early Boreal 1 0  500 BP Late Atlantic 5 500 BP 
(a) 

Fig. 3. Vegetation zonationin Sweden 10 500BP (a) and5500 BP 
(b). (Redrawn from Berglund et al. 1996.) T = Tundra; B = 
Boreal; BN = Boreo-nemoral; N = Nemoral. 

in the dominating pine - birch forests. During the later part 
of the Atlantic the northern limit for the nemoral trees 
moved north along the Gulf of Bothnia to southern 
Viisterbotten (Fig. 3). Inner parts of northern Sweden 
were covered by pine and birch forests. The timber line 
was 150-200 m higher than today as a result of a warmer 
climate. The tree limit started to recede 8000 BP, and 
simultaneously the mountain birch zone was created, 
indicating a moister climate. Land upheaval has also 
contributed to the retreat of the tree line. 

Subboreal (5500-2500 BP) : Agriculture and cattle rear
ing were introduced in southern Sweden around 5500 BP. 
Forests were cleared by fire to create temporary pastures 
and small arable fields as can be clearly seen in pollen 
diagrams of this period: grass pollen and that of weeds and 
grassland plants, such as Plantago lanceolata, P. major, 
Rumex spp. appeared as did the pollen of cereals. Artemi
sia, Juniperus and several other late glacial plants reap
peared in the pollen rain, now as constituents of the 
cultural landscape. Later, during the Bronze Age (3500-
2500 BP), a more permanent landscape with permanent 
homesteads, meadows and fields arose. 

The climate gradually became cooler with the conse
quence that the importance of deciduous trees decreased, 
particularly in northern Sweden. Spruce spread rapidly from 
the east in northern Sweden, but was not yet dominant. 

Subatlantic (2500-present): The mean temperatures con
tinued to decline. The cold climate increased the necessity 
to collect winter fodder and the cultivated area increased 
accordingly. These activities were much facilitated by the 
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use of iron tools from around 2500 BP onwards. 
Spruce (Picea abies) started to invade southern Swe

den about 4000 BP. Older, small amounts of spruce 
pollen in pollen spectra have been considered the result 
of long-distance dispersal. However, Kullman ( 1996) 
found wood remains of spruce in Jiimtland which were 
14C dated to 8000 BP (ea. 9000 calibrated years BP). This 
indicates that the later rapid expansion of spruce ema
nated from local foci which probably existed continu
ously from the early postglacial time onwards. The spruce 
had invaded the central Swedish uplands (Bergslagen) 
about 2000 BP. By then deciduous nemoral trees were 
much more common in southern Sweden than they are 
today. Spruce was still spreading in southern Sweden 
after 1000 BP. Deciduous trees decreased accordingly and 
their abundance was also greatly reduced because of culti
vation of land on good soil. North of 'limes norrlandicus' 
(see Chapter 1) the demanding broadleaved trees more or 
less disappeared. Today the spruce forests are increasing 
even more on cultivated land, particularly on former wooded 
meadows ( 'loviingar') and open grazing land. 

The beech (Fagus sylvatica) is also a late invader. It 
appeared during the Atlantic but spread throughout southern 
Sweden during the Subatlantic. Although the annual mean 
temperatures were decreasing during the Subatlantic, beech 
may have spread as a result of higher winter temperatures 
(Huntley & Webb 1989). Locally there were considerable 
delays in the increase of beech until a fire or some other 
disturbance occurred as described by Bjorkrnan & Bradshaw 
(1996). This shows that the beech has a Type B migration 
pattern (see above). The maximum distribution of the beech 
occurred around 1000 BP. Its area has since decreased as a 
consequence of competition from spruce and the impact of 
man. Climate change, such as the very cold period during the 
1 5th to 19th centuries (known as the Little Ice Age), might 
possibly have affected species distributions. 

The profound effects of man in re-shaping the landscape 
during the last thousand years is described in Chapter 9. 

Further reading 

Main sources for this chapter have been Berglund et al . 
( 1 996), Bjork ( 1996) and Fries ( 1965) in which further 
details can be found. Important information on postglacial 
vegetation can be found in Huntley & Prentice ( 1 993). 
The nunatak theories were reviewed by Birks ( 1993). 
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3. Plant distribution and soil - plant interactions on shallow soils 

Germund Tyler 
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Introduction 

Sweden is characterized by extensive areas of superficial 
or exposed bedrock, particularly obvious in the coastal 
regions, though also occurring in the interior parts of the 
country. These areas have resulted from an uneven depo
sition of moraines and sediments during and after the 
latest glaciation, subsequently emphasized by erosion and 
redistribution of material, mainly in connection with the 
isostatic land elevation process. The region mainly con
sidered in this chapter essentially comprises the 10 prov
inces of Gotaland (northwards to ea. 59° N; a total area of 
ea. 90 000 km2).  The percentage of land with superficial 
or exposed bedrock varies greatly, however, being par
ticularly prominent and even exceeding 50 % of the land 
area in the northwestern and northeastern parts of the 
mainland, as well as in the limestone island provinces of 
bland and Gotland (Fig. 1) .  In the south, there is a limited 
area with much superficial bedrock in the coastal parts of 
Blekinge, but only quite locally elsewhere. 

The bedrock of Gotaland is very varied, although 
igneous silicate rocks, mainly gneisses or granites, domi
nate most of the area. Various dark igneous rocks protrude 
locally in many places. Superficial or exposed limestone 
bedrock of Ordovician or Silurian age dominates bland 
and Gotland and there are several local occurrences of 
Archaean limestone or marble in the northeastern part of 
the mainland. Quartzitic sandstones of different age, as 
well as slates, shales and spilites, are found in places, as 
well. 

By definition, all shallow ( < 25 cm deep) soils overly
ing any type of bedrock are classified as Leptosols, ac
cording to the FAO Unesco system of soil classification 
(FAO-Unesco 1997). However, Leptosols vary consider
ably from a chemical and plant-nutritional point of view. 
Rendzic Leptosols have developed from limestone and 
contain calcium carbonate, whereas Dystric Leptosols are 
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acid soils originating from silicate rocks. Soils mainly 
considered in this chapter are less than 15 cm deep. 

Human activity influences the vegetation of Leptosols 
in various ways. Deposition of airborne pollutants may 
influence soil chemical conditions, though less than in 
forests because of a lower dry deposition rate over open 
land. Land use, particularly grazing by cattle, is of great 
importance to the development and maintenance of the 
vegetation. Though the scanty substrate precludes devel
opment of forest with a closed canopy, the patchiness of 
these habitats makes land use and management of the 
surrounding environment important as well. Clearing of 
the adjacent forest or scattered tree stands, sometimes 
carried out centuries ago, the use of the ground as exten
sive pastures, as well as influence from surrounding culti
vated land, has promoted the development and persist
ence of the Leptosol flora. 

However, many Leptosol sites are less influenced by 
direct human activity for topographical reasons. Steep, 
rocky slopes are often inaccessible and unsuitable for any 
form of agriculture or forestry. Instability of the substrate 
on such sites naturally prevents the formation of a con
tinuous cover of trees, shrubs and other perennials and 
makes them less prone to acidification for example. Such 
sites are important places of refuge in a changing or 
otherwise hostile environment for many plants which 
prefer an open, rocky habitat. 

Except for Tyler (1997) there are no reviews or sur
veys available on the vegetation or floristic composition 
of Leptosol sites in southern Sweden. The area which has 
been best described is the alvar of the island of bland, 
treated separately in this book, where the plant cover of its 
Rendzic and Rendzolithic Leptosols, developed from the 
Ordovician limestone bedrock, has been the subject of 
many studies. These include classical descriptions by, 
e.g., Du Rietz (1 923), Sterner (1926) and Albertson ( 1950), 
a monograph by Rosen ( 1982), and studies using numeri
cal methods (e.g.,  Bengtsson et al. 1 988;  van der Maarel 
1988). Plant cover regeneration in mechanically disrupted 
alvar was described by Rosen ( 1980). The plant cover on 
the Baltic Silurian-limestone island of Gotland was treated 
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Fig. 1. Percentage distribution of area with superficial or ex
posed bedrock in southern Sweden. (Redrawn and simplified 
from Atlas over Sverige 1953.) 

in a monograph by Pettersson ( 1958). The local alvar 
vegetation of Ordovician limestone in the western part of 
mainland Gotaland has also been the subject of a mono
graph (Albertson 1 946), as well as the vegetation of sea
shell deposits in the western province of BohusHin 
(Hallberg 1 97 1  ). 

In addition, there are a number of local descriptions in 
popular scientific journals or reports to authorities for 
conservation purposes, which include descriptions of the 
vegetation of Leptosol sites. Some information is also 
available in plant-ecological textbooks (e.g., Sjors 1 956). 
A brief review of coastal vegetation including Leptosol 
sites of the province ofBohusHi.n was given by Hallberg & 
Ivarsson ( 1 965). 

This chapter concerns open habitats ( 'rock mead
ows'), unshaded by trees, having shallow (usually < 15 cm 
deep) soils overlying solid bedrock. The vegetation of 
these sites is largely semi-natural, favoured by former and 
present clearing and grazing. They would naturally have 
been colonized by sparse populations of Pin us sylvestris, 
which may find suitable conditions in bedrock cracks and 
crevices with deeper soil, favouring the development of 
lichens and mosses rather than vascular plants. Much 
consideration will be given to the effects of soil acidity 
and other important secondary chemical properties re
lated to acidity (aluminium, iron, manganese and phos
phate solubility I availability to plants). Attention will 
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also be paid to the differing ability of plants to modify 
their rhizosphere soil environment, which has proved to 
be particularly important to the problem of 'calcicole -
calcifuge behaviour' . Particular attention will also be paid 
to the importance of soil depth above the bedrock. The 
floristic (vascular plant) composition and diversity of 
Leptosol sites will be largely related to these soil proper
ties. Descriptions based on any kind of community con
cepts will be avoided in this chapter. 

Importance of bedrock, soil chemistry 
and soil depth 

Though many exceptions do occur, the shallow soils of 
southern Sweden have developed from material mainly 
originating from the local bedrock, interacting with the 
vegetation. The chemical and physical properties of these 
soils are, therefore, to a considerable degree, related to the 
properties of the underlying bedrock, which often makes 
soil - plant relationships especially apparent in such sites 
(Fig. 2). Soils derived from most types of silicate rocks 
(granites, gneisses or quartzites) are usually very acid, 
because the rock minerals weather slowly and are thus 
unable to neutralize acids produced within the system or 
deposited from the atmosphere. 

Particularly low pH values (locally below pH-KCl 3) 
are found in soils from quartzitic sandstone, which has an 
almost negligible weathering rate under prevailing cli
mate conditions. Most gneisses also weather quite slowly, 
whereas some granites decompose more rapidly and may 
produce somewhat less acid soils. Even better in this 
context are the majority of dark igneous rocks, giving rise 
to soils which are only slightly acid and therefore favour
able to growth of most plants. At the end of this weather
ing series are the Rendzic Leptosols, which originate from 
limestone bedrock. They are able to 'buffer' any addition 
of acid compounds almost instantaneously, but the usu
ally high pH brought about by their hydrogen carbonate 
system gives rise to problems other than soil acidity for 
the growth of many plants. This will be dealt with later. 

A high soil acidity means a high concentration of 
hydrogen ions. Much of this hydrogen is exchangeable, 
adsorbed on negatively charged groups of the soil parti
cles, in particular on soil organic matter. It is in a fairly 
close equilibrium with hydrogen ions in the soil solution 
(Falkengren-Grerup & Tyler 1993a). A low pH in itself 
may cause severe problems for plant growth, as demon
strated for several deciduous forest species (Falkengren
Grerup & Tyler 1993b). The permeability of cell mem
branes may change to such an extent that roots become 
unable to absorb or retain ions of important plant nutrients 
(Marschner 1 99 1 ). Hydrogen ions also compete with nu
trient cations, e.g., potassium, making them less easily 
available for plant uptake. 
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Fig. 2. Frequency distribution of main bedrock types in 650 
Leptosol sites in southern Sweden. The pH of the soil cover was 
measured in 0.2 M KCI extract. (Redrawn from Tyler 1997.) 

Acidity also influences most major soil properties in a 
multitude of ways. It is the most important soil influence 
on chemical speciation, plant availability or toxicity of 
several elements which may be critical to the performance 
of plants. The soil chemical state of aluminium, manga
nese, iron and phosphorus may often, within narrow lim
its, be anticipated from a knowledge of soil pH. The main 
problem in evaluating the relative importance of different 
soil variables to plant performance or occurrence is that 
close interrelations often exist between pH and several of 
these variables. Well-controlled experiments are there
fore often indispensable to the process of supporting or 
rejecting the validity of comparative research based on 
field studies. On the other hand, evidence from the field is 
a prerequisite for designing and testing the relevance of 
experimental ecophysiological work. 

Apart from soil hydrogen ion concentration, the most 
serious limitation to plant growth on highly acid soils is 
the chemical speciation of aluminium. When the pH of the 
soil solution decreases to ea 4.5 (corresponding to a pH
KCl of 4.0 - 4.2), AJ3+ is suddenly released from the solid 
phase of the soil and starts to appear in both soluble and 
exchangeable form (Fig. 3). Concentrations of free AJ3+ in 
the solution of acid soils, including most Leptosols con
sidered here, are usually > 10  J..LM and may exceed 100 J..LM. 
These concentrations have proven toxic to root growth of 
a majority of vascular plants tested so far. Only species 
which are particularly adapted to high soil acidity (the 
'acidicoles ' )  are able to overcome the AJ3+ toxicity. The 
Al3+ ions replace base cations at exchange sites in plasma
lemma membranes and may cause the structure of the cell 
wall to disintegrate (Blarney et al . 1993). Therefore, in
creasing concentrations of base cations in the soil system 
may counteract AJ3+ ion toxicity (Kinraide & Parker 
1 987). 

Species differ greatly as to their sensitivity to AJ3+. 
The acidicolous grass Deschampsia flexuosa may tolerate 
as much as 200 J..LM AJ3+ in solution (Rorison 1 985), 
whereas growth of the 'acidifuge' Leptosol grass Melica 
ciliata was severely inhibited by 37 J..LM (Tyler 1993). 
Allium ursinum was negatively affected by 20 J..LM AJ3+ 
(Andersson 1 993) and shoot growth of Bromopsis 
benekenii was significantly retarded by 10 J..LM (Andersson 
& Brunet 1993). 

Though it is often difficult to distinguish effects of 
AP+ on species diversity or richness from other effects 
caused by soil acidity, large-scale field evidence for the 
importance of AP+ as a factor influencing the distribution 
of plants was recently revealed in an examination of soil 
chemistry and plant cover of ea 650 Leptosol sites within 
the area covered by this study (Tyler 1997). From a 
maximum on high-pH soils, species richness tends to 
decline slowly with increasing soil acidity until a pH-KCl 
of 4.5 is attained. At this point there is a sudden 'bend' in 
the regression line for pH-KCl on species richness to a 
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Fig. 3 .  Relations between pH-KCl of Leptosols and their concentrations of soil solution AP+ and exchangeable Mn, Fe and P04. The 

graphs are based on data from 650 sites, arranged in 1 3  pH-KCl classes. 

considerably greater inclination of the l ine with a further 
increase in soil acidity (Fig. 4). As illustrated, the position 
of thi s  'bend' coincides perfectly with the point where 
AP+ starts to be released from the solid phase into the soil 
solution . Similar comparisons (not i llustrated) for other 
possible limiti ng factors, e .g.  iron or manganese, pro
duced much poorer agreement with the species richness 
curve. Therefore, it i s  most probable that the accelerating 
decli ne in species richness of Leptosol sites below pH
KC1 4.5 is  actually caused by the release of AJ3+ from the 
solid phase of the soi l .  

Mechanisms involved in  the development and mainte
nance of AJ3+ tolerance are several and their relative 
importance to plants growing in the wild is still far from 
clarified (Marschner 1 99 1 ;  Tyler & Falkengren-Grerup 
1 998) .  Immobilization of AP+ in biologically less active 
forms within root cells or in the root-adjacent micro
environment, by chelating organic compounds produced 
by the plant or the plant-microbial symbiosis, seems to be 
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one of several pertinent mechanisms. 
Other elements which may attain concentrations in 

acid soils ,  which are toxic at least to some cultivated 
plants, are the micronutrients manganese and iron, due to 
their high solubili ty at low pH (Fig. 3) .  Though some 
exceptions have been reported internationally, biologi
cally active forms of Mn2+ or Fe2+ I Fe3+ rarely seem to 
attain such concentrations that they become toxic to our 
native plants. Melica ciliata originating from l imestone 
sites, where Mn solubility is naturally very low (Fig. 3 )  
was able to  tolerate 500 )..lM Mn2+ in  solution experi
ments, showing no signs of reduced growth or general 
performance (Tyler 1 993) .  Normal Mn2+ concentrations 
in  acid soil solutions are only in the order of 1 0 - 1 00 )..lM 
(Falkengren-Grerup & Tyler 1 993 a), though occasion
ally higher, rapidly transient concentrations have been 
measured. 

Only in exceedingly acidified soil s  has Fe-toxicity 
been suggested as a factor l imiting plant growth and 
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occurrence (Wittig & Neite 1 985). Most of the highly acid 
Leptosols of southern Sweden are in the aluminium buffer 
range sensu Ulrich ( 198 1 )  where soluble AP+ constitutes 
a much more severe problem, as already discussed. 

Iron solubility and availability to plants is a more 
interesting problem when considering plant growth on 
neutral or alkaline (limestone) soils. In spite of the fact 
that species richness of the Leptosol flora tends to be 
highest on such soils, many species are, in any case, 
unable to colonize and develop successfully there. Amounts 
of several essential nutrients, in particular iron, manga
nese and phosphate in easily available forms, are very 
scanty on such soils, because they form insoluble com
pounds at high pH (Fig. 3) . To be able to utilize these 
nutrient pools, plants must have the capacity to render 

them soluble for uptake from the soil. Plants which are 
unable to do so are often called 'calcifuges ' ,  simply 
because they do not grow on calcareous soils. The exces
sive availability of calcium in such soils is usually not the 
primary difficulty for the 'calcifuges' . 

The 'calcifuge' species, adapted to growth on acid 
soil, are almost unable to mobilize these critical elements 
from soils with a high pH. If they are provided with these 
elements in soluble form, they usually develop success
fully even on limestone soils, at a pH > 7. It was not 
realized until quite recently that a difference in excretion 
(exudation) rate of several low-molecular-weight organic 
acids is apparently the main mechanism involved. 'Calci
fuge' plants exude oxalic and citric acid from their grow
ing roots into the rhizosphere at a low rate, whereas the 
'calcicoles' exude these acids at a much higher rate. This 
was demonstrated for germinating seeds and seedlings 
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Fig. 4. Variability in species richness and exchangeable AP+ 
(J.Lmo1 g-1 dry soil) along the soil pH-KCl gradient. The graph is 
based on data from 650 Leptosol sites, calculated in groups of 10  
according to similarity in  pH. (Data from Tyler 1 997.) 

(Tyler & Strom 1995; cf. Fig. 5), as well as for adult plants 
(Strom et al. 1 994; Strom 1997) of about 40 different 
species, representing many taxonomic groups, mainly 
originating from either Dystric (acid) or Rendzic (neutral 
- alkaline) Leptosols of southern Sweden. 

The importance of these exudation differences among 
plants of acid and calcareous soils is due to the fact that 
oxalic acid (and oxalate) is a powerful solubilizer of those 
forms of inorganic phosphate (mainly apatite-like Ca 
phosphates), which dominate at a high soil pH. Calcium 
oxalate is even less soluble than apatite-like Ca phos
phates, which is the mechanism of the phosphate releas
ing power of this acid. By a different chemical mechanism 
citric acid (and citrate) mobilizes otherwise unavailable 
Fe(III) compounds as water-soluble Fe(III)citrate, which 
may decompose at the root surface and the Fe part be 
taken up by the plant root. The primary mineral nutrient 
limitation for most 'calcifuges' tested so far seems to be 
phosphate. In limestone soil, germination and early seed
ling development usually proceed normally, but subse
quent development is impeded and almost no growth is 
possible beyond the seedling stage, unless soluble phos
phate is provided (Tyler 1992; Tyler & Olsson 1993). 
However, we have also found some species, e.g., Galium 
saxatile and Jasione montana, which are primarily limited 
by Fe on limestone soils. Spraying Fe(ill)citrate onto their 

leaves may facilitate growth, whereas phosphate applica
tion to the soil may be lethal in these species (Tyler 1994 ) .  

Other chemical conditions of possible importance to 
species composition and richness of mainly acid Leptosols 
are related to the nitrogen status of the soils. The propor
tions between the two main species of nitrogen available 
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to plants (NH4 + and N03) differ, largely according to soil 
acidity. In highly acidic soils, microbial transformation of 
NH/ to N03 proceeds quite slowly and is of little impor
tance. Plants on such soils are, therefore, limited to NH4 + 
as the source of nitrogen, which is taken up from their 
rhizosphere mainly as an exchange with hydrogen ions. 
On less acid, neutral or alkaline soils nitrification is usu
ally a more rapid process and both forms of nitrogen are 
usually available for plant uptake. These differences are 
of some importance to species composition and diversity 
of natural and semi-natural vegetation (Falkengren-Grerup 
1995 ; Tyler & Falkengren-Grerup 1 998). Regional differ
ences in the supply of nitrogen from the atmosphere are 
also possibly essential to species diversity of Leptosol 
sites of the area under consideration. Some nitrogen is 
supplied as wet deposition, but the contribution of dry 
deposition to open land is small compared to woodland. 
However, differences in nitrogen deposition rates among 
different parts of the study area do not seem to play a 
major role in the edaphic distribution of plants in open 
Leptosol sites. More detailed studies are, however, needed 
to solve these problems. 

Differences in soil chemistry constitute one main di
rection of edaphic variability, which controls the floristic 
composition ofLeptosol sites. A second main direction is 
closely related to soil depth above the solid bedrock. Soil 
depth often varies even on a small horizontal scale, due to 
irregular mesotopography and the presence of cracks and 
crevices in the bedrock. This local variability often pro
duces patchiness of the plant cover, which has to be 
accounted for in field work using traditional sampling and 
assessment techniques, where homogeneity of the sample 
is highly important. 

Main limitations to plant growth related to soil depth 
in very shallow sites are the great variability over time in 
soil moisture, the restrictions to root development im
posed by the superficial bedrock, as well as the limited 
volume pool of soil nutrients. Favoured in the competition 
are annual plants which survive periods of drought in the 
summer as seeds and perennial plants capable of regener
ating fine roots and above-ground parts after such periods. 
A few perennial succulents may also survive here. The 
share of annual species thus increases with decreasing soil 
depth and such plants often dominate the list of species 
where soils are only a few cm deep. 

Species composition of Leptosol sites 

The species composition of Leptosol vegetation in 
Gataland is here described chiefly on the basis of the two 
main directions of variability: (a) soil chemistry control
led by soil acidity, and (b) soil depth. Some comments 
will also be made on the influence of management, princi
pally effects of cattle grazing, though we know too little of 
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this factor in most types of Leptosol vegetation for a more 
detailed examination. Attention will only be paid to spe
cies which are reasonably frequent at least in part of the 
geographical area considered. There are, in addition, many 
plants which are rare or scarce in northern Europe, par
ticularly on Rendzic Leptosols, which contribute only 
marginally, or quite locally, to the plant cover of such 
sites. As with other types of vegetation, there are certainly 
also numerous other species, which occur transiently or 
occasionally on Leptosols, mainly originating from adja
cent types of soil and vegetation. Such species will not be 
considered in this brief review. 

An overview of the species composition of Leptosol 
vegetation, as related to soil acidity and soil depth, is shown 
in Fig. 6, which is based mainly on the study by Tyler 
( 1 997), though simplified. The graph is chiefly valid for 
mainland Gotaland. The Rendzic Leptosols of the islands 
of Gland and Gotland are in addition characterized by 
several species, which rarely or never occur on the main
land. Listed (Fig. 6) are 70 of the most frequent species. The 
position of the species name in the graph approximates its 
distribution along the two axes of variation. This does not 
mean that a species is exactly limited to the acidity - soil 
depth position indicated in the graph. The position approxi
mates the central point in the distribution and those species 
which are positioned in the middle of the graph often have 
rather a wide amplitude. Species in the upper part of the 
graph may also be frequent on deeper soils, e.g. in meadows 
or heathlands of the area. More detailed information about 
the frequency distribution of nine 'type species' according 
to soil acidity is given in Fig. 7 .  

Few vascular plants occur on the exceedingly acid 
soils (pH-KCl < 3), which are sometimes found on 
quartzitic rocks or hard gneisses. These soils are often 
mainly organic, with properties closely resembling the 
mor horizon of a podzol. Species such as Calluna vul
garis, Deschampsia flexuosa, and Rumex acetosella (Fig. 
7) are chiefly encountered in such habitats. They are all 
perennials, the former two occurring, for the most part, 
where the soil is at least 1 0  cm deep. R. acetosella is very 
frequent, almost ubiquitous in the depth interval 5 - 1 0  
cm of  soils of  pH-KCl 3 - 4 .  The amount (percentage 
cover) of this species, however, is closely positively 
related to the phosphate status of the acid soil (Fig. 8). 1ts 
almost complete absence from limestone soils is also 
largely caused by its dependence on a good phosphorus 
supply, in combination with the inability to exude, for 
phosphate solubilization, much of the oxalate which is 
actually present in its tissues (Strom et al . 1 994; Strom 
1998). 

Agrostis vinealis is also very common on low-pH soils 
(Fig. 7) and is widespread almost throughout the area. It 
has a high power of propagation from seeds after heavy 
desiccation of the soil, but it is sometimes definitely 
perennial. Though rarely found on limestone, A. vinealis 
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(Simplified from Tyler 1997.) 

is actually able to propagate and develop beyond the 
seedling stage when grown in limestone soil under green
house conditions, but growth is usually slow. 

Occurring in similar sites as A. vinealis is Veronica 
officinalis, otherwise a woodland or fallow-woodland 
herb. Mechanisms accounting for the inability of this 
species to grow on limestone soils have been the subject 
of several studies (Tyler 1 994, 1 996 a, 1 996 b; Zohlen & 
Tyler 1997) . Vegetative growth is mainly limited by 
inability to dissolve and take up phosphate, but in addition 
plants suffer from iron deficiency on such soils. Neverthe
less they are able to take up equal amounts or even more 
iron than they do from acid soils, but a much larger share 
of the iron of plants grown on limestone soil is immobi
lized in their leaves in forms which are metabolically 
inactive (Zohlen & Tyler 1 997). 

Most other southern Swedish species with their main 
occurrence in the 3 - 4 pH-KCl range are annual plants, 
completely dependent on propagation by seeds, gerrninat
ing in autumn or spring and fading away during the 
summer. These species are usually tiny, probably less 
competitive under more mesic conditions and particularly 
widespread on very shallow soil. A strictly 'calcifuge' 
species is Silene rupestris (Fig. 7), common on gneiss or 
sometimes granites in the north-west and, more irregu-

larly, in the north-east of Gotaland, but otherwise rare or 
lacking. Aira praecox and Teesdalia nudicaulis are mainly 
limited to the southern and south-western parts of Gotaland, 
and Jasione montana has a somewhat similar, though 
wider distribution range. They are all typically found also 
in the vegetation of non-calcareous sand in the south. 
More widespread in acid Leptosol vegetation of Gotaland 
are Spergula morisonii and species of Scleranthus. How
ever, none of these species seems to be able to endure such 
acid soil conditions as, e .g .  Rumex acetosella and 
Deschampsia flexuosa. 

Particularly soils of intermediate acidity (pH-KCl range 
4 - 5) often originate from granite rocks. They have many 
species with a wide soil acidity amplitude but also several 
which are characterized by bell-shaped frequency curves 
with respect to soil pH. Examples of the latter type are 
Se dum telephium, Lychnis viscaria and Potentilla argentea 
(Fig. 7). They differ in that Sedum telephium is also very 
dependent on a high phosphate status of the soil (Fig. 8), 
while L. viscaria is strictly 'calcifuge' , unable to develop 
beyond the seedling stage in limestone soil (Tyler & 
Olsson 1993). The other two may also be found occasion
ally on limestone, probably in 'pockets' with a less calcar
eous substrate, or (P. argentea) where fertilization by 
cattle has increased the nutrient status of the soil. The fern 
Asplenium trichomanes has an acidity distribution similar 
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Fig. 7. Frequency distribution (% presence in 4-m2 squares) of nine selected Leptosol plants, related to 13 pH-KCl classes, each 
comprising 50 squares. 

to S. telephium, but is less dependent on phosphorus. A 
condition common to all four species is that very acid 
soils, high in soluble AJ3+, also limit their growth. 

Several ferns are typically found in crevices of gran
ites and related rocks, including Polypodium vulgare (with 
a wide acidity range), Asplenium septentrionale and 
Woodsia ilvensis. More horizontal rocks, typically cov
ered by very shallow soil in pastures, may be colonized by 
the annual or biennial species Viola tricolor, Sedum 
annuum, and Trifolium arvense. 

A considerable number of species have the central 
point of their soil acidity distribution in the pH-KC1 5 - 6 
range (Fig. 6). Bedrock types in this slightly acid soil 
range may be granites, dark igneous rocks, or sometimes 
even limestones provided the organic matter content of 
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the soil is high (Fig. 2). Most of these species are able to 
grow on limestone but are absent from very acid sites and 
seem to favour slightly acid soils. Some of them have a 
very wide range both with respect to acidity, e.g. Festuca 
ovina (Fig. 7) and to soil depth, but species richness is 
greatest where soil depth exceeds 10 cm. Some species 
belonging here are sensitive to grazing, e.g. Cotoneaster 
spp. ,  Campanula persicifolia and Origanum vulgare, 
whereas others seem to be favoured by grazing, e.g. 
Festuca ovina, Galium verum (Fig. 7) and Plantago 
lanceolata. Shrubs like Rosa spp. and Prunus spinosa are 
widespread, indicating the presence of deeper crevices or 
soil pockets in the bedrock. Among species demanding 
slightly deeper soil are Hypochoeris maculata and Silene 
nutans. 
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Fig. 8. Mean cover (%) of three species of acid Leptosols, related 
to mean concentrations of easily exchangeable phosphate in 
their rhizosphere. (Data from Tyler 1997.) 

A very wide acidity and bedrock range, but a markedly 
eastern distribution range, characterizes Vincetoxicum 
hirundinaria. This species is particularly frequent on lime
stone, but may occur on almost all bedrock types in 
coastal areas along the Baltic Sea, avoiding only the most 
acid sites. Veronica spicata has some similar soil chemi
cal preferences, though this species is more often found in 
less rocky sites on slightly deeper, more fine-grained soil. 
It has an irregular distribution, being frequent in some 
areas, lacking in others. The richest populations are found 
on limestone and V. spicata should rather be considered a 
mainly 'calcicole' plant, which under certain conditions is 
able to sustain and develop even on rather acid soils. It has 
an exudation pattern of organic acids, which is typical of 
plants of calcareous soils (Tyler & Strom 1995). 

The highest species richness ofLeptosol sites is found 
on circumneutral or alkaline soils (Fig. 6) . The bedrock is 
usually calcareous, most often limestone of either Cambro
Silurian or Archaean age, but sometimes easily weatherable 
dark igneous rocks, slates, spilites, etc. ,  which all may 
contain some calcium carbonate. The pH-KCl exceeds 6 
and may be as high as 8 .  Soil solution pH may fluctuate 
between ea. 5 .0 and ea. 8.6, in the same soil, according to 
current moisture conditions. When soils are moist, solu
tion pH and HC03- concentrations are high, as a result of 
high microbial activity and a low diffusion rate of C02 to 
the soil surface. When soils dry up, pH and HC03- con
centrations decrease, sometimes drastically, giving rise to 
great variability in the concentrations of various plant 
nutrients in the soil solution (Misra & Tyler 1999). These 
shifting soil moisture conditions, so typical of Leptosol 

sites, are probably also of considerable importance to the 
mineral nutrition of the vegetation, along with the specific 
differences among plants in their capacity to modify the 
rhizosphere. 

Where mean soil depth exceeds ea. 10 cm, the floristic 
composition of the plant cover of high-pH sites approaches 
that of dry calcareous meadows, often dominated by 
Helictotrichon pratense (= A venula pratensis) or Filipen
dula vulgaris (Fig. 6). If ungrazed for long periods, Gera
nium sanguineum or (in the Baltic area) Vincetoxicum 
hirundinaria may attain dominance. Shrubs establish in 
crevices, mainly the same species as mentioned for slightly 
acid soils, but also Rhamnus cathartica and scattered 
Berberis vulgaris. In the shade of such shrubs it is often 
possible to find, a.o. Viola hirta,Asperula tinctoria, Carex 
digitata and even Anemone hepatica. 

In exposed places, partly on more shallow ground, 
several other species are frequent and sometimes abun
dant, including Artemisia campestris, Helianthemum 
nummularium, Anthyllis vulneraria, Potentilla 'verna' 
(Fig. 7; both P. crantzii and P. tabemaemontani), Fragaria 
viridis, Arabis hirsuta and Poa compressa, while Linum 
catharticum often occurs in patches which are less af
fected by severe drought. The two species Pimpinella 
saxifraga and Thymus serpyllum, as well as several oth
ers, may penetrate fine cracks in the bedrock on seem
ingly very shallow soil. 

With decreasing soil depth it is otherwise several 
annual species, performing their main life cycles during 
spring and early summer, which become important in the 
usually scanty plant cover. Characteristic species here are 
Satureja acinos (Fig. 7), Arenaria serpyllifolia, Cerastium 
semidecandrum, Erophila verna and Saxifraga tridac
tylites. The perennial succulent Sedum album is some
times an important and conspicuous constituent of the 
vegetation of these very shallow soils. 

In the Rendzic and Rendzolithic Leptosol vegetation 
of Gland and/or Gotland there is an appreciable number 
of species which occur only quite locally, or not at all, on 
the Swedish mainland. Native species here are annuals 
such as Hornungia petraea and Cerastium pumilum, and 
perennials such as Anthericum ramosum, Gypsophila 
fastigiata, Helianthemum oelandicum, A rtemisia 
rupestris, Globularia vulgaris and Oxytropis campestris, 
just to mention a few. Unsuitable soil or climatic condi
tions in this area might partly explain the absence of 
such species from the mainland limestone sites. More 
important, however, are the fragmentation and isolation 
of these sites, in connection with a limited dispersal 
capacity of the plants. 
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Fig. 9. A comparison between relative field frequency (upper graphs) and relative growth rate in greenhouse soil experiments (lower 
graphs), as related to acidity of soil solution expelled by high-speed centrifugation at ea. 60 % of the water-holding capacity (WHC) of 
soils. 

Comparison between experimental and 
field evidence 

To what extent do field and experimental evidence agree 
as to the influence of soil chemical conditions, in particu
lar soil acidity, on the distribution and general perform
ance of plants from acid and neutral - alkaline Leptosol 
sites? A comparison is made (Fig. 9) between the relative 
frequency of calcifuge and calcicole species in the field 
and growth performances of the same species cultivated 
in soils of differing chemical properties under glasshouse 
conditions, without interaction with other species. The pH 
of the soil solution, measured at ea. 60 % of the water
holding capacity (which was the moisture content of the 
soils in all experiments) ,  was selected as the 'independ
ent' variable. This study summarizes both published and 
unpublished work carried out within the Soil - Plant 
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Research Group at the Department of Ecology in Lund. 
Between 8- 10 species of each category, represented by 
means, are included in the calculations. The field data are 
based on the study of 650 Leptosol sites (Tyler 1997). 

There is good, though not perfect, agreement between 
field and experimental evidence of soil acidity - plant 
relations. Experimental data do confirm that 'calcifuge' 
plants are unable to grow in slightly alkaline soils and that 
their growth gradually decreases when soil pH exceeds 
ea. 5 .0 (Fig. 9, lower left) . The growth maximum of the 
'calcifuges' is reached at pH 4.5 - 5 .0, which is ea. 0.5 pH 
unit higher than the pH where frequency maximum in the 
field is found. Further, the field frequency decline with 
increasing pH is more rapid than the corresponding de
cline in the experimental growth rate (Fig. 9, upper left) . 

A similar comparison for the group of calcicole spe
cies (Fig. 9, upper and lower right) displays very good 
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agreement at high soil acidity. No growth of plants be
longing to this category is possible below pH 4.5, where 
AP+ is becoming important as a factor limiting plant 
performance. Nor do these species occur in the field at pH 
< 4.5 . However, at a high pH there are differences. The 
highest field frequencies of these 'calcicoles' are attained 
at pH � 7, whereas maximum growth rate is found in soils 
of pH ea. 6. Growth rates in pure limestone soils of pH > 
7 are actually somewhat lower. 

The reason for this relative discrepancy is most likely, 
that even the calcifuges suffer, to some extent, from the 
nutrient unavailability of limestone soils. Exudation of 
organic acids that dissolve essential elements, such as 
phosphate and iron, is an energy demanding process, 
which consumes part of the assimilates produced by the 
plant. But all species inhabiting limestone soils must 
have, and be able to utilize, this exudation capacity in 
order to survive. Some reduction in growth rate is, there
fore, of little competitive importance under field condi
tions. On slightly acid soils, where nutrient supply is 
usually better, the calcicoles have to face competition 
from species with wider soil chemical amplitudes, and 
sometimes greater potential growth rates, which causes a 
certain loss of abundance and frequency. 
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Introduction 

Deciduous trees can be found in the whole of Sweden up 
to the subalpine belt of the northern Boreal zone. Decidu
ous hardwood forests are, however, confined to the south
em part of the country. They naturally dominate in the 
nemoral zone, whereas they are much less frequent than 
coniferous forests in the boreo-nemoral zone. In Swedish, 
deciduous hardwood forests are called 'adellovskogar' , 
'adel' meaning noble. Noble trees include Acer plata
noides, Fraxinus excelsior, Quercus spp., Tilia cordata 
and Ulmus spp. ,  recently also Carpinus betulus, Fagus 
sylvatica and Prunus avium. The term 'noble' refers to the 
species' great economic value, but also to their generally 
high demands in terms of temperature and nutrients, com
pared to 'trivial' species such as Betula spp., Alnus spp. or 
Populus tremula. Deciduous hardwood forests are among 
the most species-rich vegetation types in Sweden, and 
they are also among the most appealing. Deciduous for
ests differ from coniferous forests in various respects: 

- Even though they cover only ea. 1 %  of the land area 
of Sweden, the number of vascular plant species is much 
higher, and the proportion of life forms is different (see 
below). Deciduous forests are also very rich in macrofungi 
(Hallingback 1 994; Rydin et al. 1997), bryophytes (Gus
tafsson & Ahlen 1996; Hallingback 1 996) and lichens 
(Hallingback 1 995); 

- Due to the deciduous habit of the trees, the forests 
show a greater phenological variation and give a more 
colourful impression than coniferous forests, especially in 
early spring; 

- There is a more irregular interception of precipitation 
than in evergreen coniferous forests. In deciduous trees, 
especially beech with its smooth bark, the stem flow is 
considerable, causing an uneven distribution of water and 
minerals in the soil; 
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- Deciduous trees shed their leaves within a short time 
period in autumn, smothering small vascular plants and 
bryophytes. A rich bottom layer can develop in forests on 
nutrient-poor sites where tree growth is hampered and the 
amount of litter limited, or in very fertile stands where the 
litter rapidly decomposes. In coniferous forests, litter fall 
is more even in time, resulting in a better developed 
cryptogam layer; 

- The litter of deciduous trees generally contains less 
lignin and resin, but more nitrogen, and is therefore easier 
to digest. Except in the most oligotrophic forest types, 
decomposer activity, both of microfauna and microflora, 
is high. Earth worms are abundant, and the soils are often 
brown earths with a mull humus layer. 

Deciduous hardwood forests occur in several types 
across the southern parts of Sweden. General descriptions 
and surveys of the different communities were made by 
Selander (1955), Sjors ( 1967), Klotzli (1975a), Bergendorff 
et al. ( 1 979), Anon. ( 1982), Diekmann (1 994a), Pahlsson 
( 1994) and Dierssen ( 1996). 

In nemoral Sweden, conifers are naturally scarce, and 
the semi-natural forests are mainly composed of deciduous 
trees. Spruce plantations, however, are abundant in the 
whole area. Beech forests (Fagus sylvatica) are confined 
to southernmost Sweden (Fig. 1) ,  but occur here on a wide 
spectrum of sites (Lindquist 193 1 ;  Lindgren 1 970; Brunet 
et al. 1 996; Diekmann et al. 1999), while oligotrophic oak 
forests (Quercus robur and Q. petraea) are largely con
fined to acid and nutrient-poor soils (Olsson 1 974, 1975; 
Brunet et al. 1996). Horn beam forests ( Carpinus betulus) 
have, as beech forests, a very restricted geographic distri
bution (Brunet et al. 1 997a). 

In the boreo-nemoral zone, both coniferous and de
ciduous forests are found. While the conifers are predomi
nant, especially on acid, nutrient-poor soils, deciduous 
trees at present are only abundant locally. They are largely 
restricted to areas with calcareous or base-rich, fertile 
soils, and areas with a comparatively warm climate and 
long growing season. Deciduous forests are therefore 
particularly widespread in Vastergotland, on Oland and 
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Fig. 1 .  Distribution maps of six deciduous hardwood trees in Sweden. (Redrawn from Gustafsson & Ahlen 1996.) 

Gotland, along the east coast of southern Sweden and 
surrounding the big lakes. However, it is probable that most 
fertile soils in the south, currently used for intensive agri
culture would naturally be dominated by deciduous forest 
or at least have a considerable share of deciduous trees. 

In the coastal areas of boreo-nemoral Sweden oligo
trophic oak forests similar to those in the nemoral zone 
may occur (Berglund 1 963;  Riihling & Tyler 1 986; 
Diekmann 1994a). On less acid and nutrient-richer soils, 
mesotrophic mixed deciduous forests (chiefly composed 
of Acer platanoides, Fraxinus excelsior, Quercus robur, 
Tilia cordata and Ulmus glabra) are found (Fig. 2). This 
forest type is unique to the boreo-nemoral zone. In con
trast, eutrophic elm-ash forests occur both in the nemoral 
zone (Brunet 199 1 )  and boreo-nemoral zone. They oc
cupy the most fertile forest soils and are characterized by 
Fraxinus excelsior and Ulmus glabra (on Gland also U. 
minor). Deciduous hardwood forests are not found in the 
Boreal zone as the growing season is too short (Fig. 1). 
Nemoral outposts in the form of small stands, however, 
may be found locally on south-facing mountain slopes 
with favourable climatic and edaphic conditions, e.g. 
calcareous deposits (Sjors 1967; Mascher 1977). On moist 
to wet soils, preferably along brooks and river banks, 
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alder-ash forests form the transition towards swamp 
forests (Fig. 2). In the southAlnus glutinosa and Fraxinus 
excelsior are the dominant trees (Brunet 199 1  ), while 
Alnus incana is predominant in the north (Runemark 
1950; Ericson & Wallentinus 1979). 

On permanently wet, sometimes inundated, mineral or 
peaty soils, swamp forests with 'trivial' deciduous trees 
replace the hardwood forests. In southern Sweden, two 
types of swamp forests are mainly found, birch swamp 
forests (Betula pubescens ), and, with a much wider distri
bution, alder swamp forests (Alnus glutinosa) (Olsson 
1974; Brunet 1990). Towards the north (and east), the 
afore-mentioned species are gradually replaced by Alnus 
incana, Picea abies and Pinus sylvestris. 

Deciduous tree species not mentioned so far, do not 
achieve dominance or attain high frequencies in the tree 
layer of semi-natural, mature forests. Betula pendula and 
Populus tremula function as pioneers and can be very 
abundant in young successional stages, but are outcom
peted by the more shade-tolerant deciduous hardwood 
trees or spruce. However, especially in some areas with a 
large proportion of young forest, birch is one of the most 
common tree species, for example in the coastal parts of 
Halland and Bohuslan, parts of Vastergotland and the 
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Mittlandsskogen area on Gland (Nilsson 1 990). Other 
deciduous trees (e.g. Malus sylvestris, Prunus padus, 
Salix caprea and So rhus aucuparia) are of smaller stature 
and confined to the lower tree layer. 

General ecology of deciduous forests 

Species richness 

Deciduous forests are floristically very rich: altogether 
279 species of vascular plants regularly occur in decidu
ous hardwood forests, 1 10 of these have their main habitat 
here (Diekmann not publ.). However, species richness 
varies along climatic and edaphic gradients. In general, 
the number of vascular plants declines towards the north 
and west. Table 1 shows some taxa with pronounced 
southern, eastern and western distributions. Along the pH 
(nutrient) gradient, species richness varies considerably. 
In oligotrophic and mesotrophic beech and oak forests in 
south Sweden, there is a strong positive correlation be
tween pH and species number (Brunet et al. 1 996, 1 997 a, 
b). However, on more fertile sites, the correlation is 
negative (Fig. 3).  It appears that species richness reaches 
a maximum on sites with intermediate fertility (see also 
Diekmann 1 994a). Swamp forests are floristically less 
diverse than hardwood forests, and their geographic and 
edaphic variation in species richness are little known. 

The pH and nutrient gradients appear to be less impor
tant for bryophytes than for vascular plants. Mosses are 
favoured by a relatively thin and fast decaying litter layer, 
by high soil moisture and air humidity. The bottom layer 
is therefore generally well-developed in ( 1 )  oligotrophic 
oak forests with a low leaf area index, (2) hardwood and 
swamp forests on moist to wet soils, and (3) forests 
located in areas with a suboceanic, wet climate (SW 
Sweden). Unlike vascular plants, bryophytes also inhabit 

bog - - - rich"�� ;.,;; -
acid neutral 

tree trunks, decaying logs and rocks devoid of soil and a 
humus layer (Sjogren 1 96 1 ,  1 964, 1 995).  Lichens are 
solely found in the bottom layer of oligotrophic forests, 
but there is a large number of epiphytic taxa growing on 
stems and branches of different tree species (Hallingback 
1 995). 
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Fig. 3. Relationship between species richness and pH (KCl) in 
16 deciduous hardwood forests on mesotrophic to eutrophic 
soils, located in the province of Uppland. a. 1O-m2 sample plots 
where species richness seems to peak at intermediate pH; b. 
1000-m2 sample plots: here, species richness decreases along 
the pH gradient. 
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Table 1 .  Species of vascular plants in deciduous hardwood forests with pronounced southern, (south-)western and eastern distributions 
in Sweden. (T) =tree; (S) =shrub; others are herbaceous species. 

Southern 

Acer campestre (T) 
Corydalis cava 
Lunaria rediviva 
Petasites albus 
Primula elatior 
Pulmonaria officinalis 
Stellaria neglecta 
Stellaria nemorum ssp. 

montana 
Thalictrum aquilegiifolium 
Veronica montana 

Western 

/lex aquifolium (S) 
Ligustrum vulgare (S) 
Lonicera periclymenum (S) 
A juga pyramidalis 
Blechnum spicant 
Galium saxatile 
Hedera helix 
Oreopteris limbosperma 
Polygonatum verticillatum 

Species responses to gradients and species interactions 

The physiology of a species plays an important role in 

determining its distribution. Few species can occupy the 

full spectrum of available sites, often for physiological 
reasons. All species of deciduous forests (except exclu-

Campanula trachelium 

Anthriscus sylvestris 
1 .0 

(I) fl) m 
"0 

� 0.5 0 
r:: m (l) :E 
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Deschampsia flexuosa 

5 

4 

3 

2 

0 
2 3 4 5 6 7 

pH (KCI) 

Fig. 4. Relationship between mean cover class and pH (KCl) in 
3 1 1  sample plots of deciduous hardwood forest in the boreo
nemoral zone, shown for the three vascular plants Campanula 
trachelium, Anthriscus sylvestris and Deschampsia flexuosa. 
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Eastern 

Sorbus intermedia (T) 
Daphne mezereum (S) 
Lonicera xylosteum (S) 
Campanula persicifolia 
Laserpitium latifolium 
Melampyrum nemorosum 
Pulmonaria obscura 
Ranunculus cassubicus 
Vincetoxicum hirundinaria 

sively vernal species) must adapt to low light intensities .  

Because most meadow and forest edge species demand 

relatively high levels of light, they are often restricted to 

openings and absent from very shady stands. Under a 

dense canopy, they do not flower (e.g. Anthriscus sylvestris, 
Laserpitium latifolium, Ranunculus acris). 

Edaphic factors are of crucial importance for all vas

cular plants. Soil moisture distinguishes swamp forests 

from other deciduous forests. Most species of mesic hard

wood forests cannot stand the periodic inundations or 

permanently high soil moisture of swamp forests, whereas 

typical swamp species are sensitive to drought. Within 

hardwood forests the pH gradient is one of the main 

underlying factors for the distribution of many species 

(Fig. 4). Various factors may prevent a species from 

growing on acid soils: 

- The high H+ concentration per se (Andersson 1992 

for Galium odoratum; Falkengren-Grerup & Tyler 1993); 

- The high aluminium concentration (and toxicity) at 
low pH (Andersson 1988; Andersson & Brunet 1993 for 

Bromopsis benekenii); 
- The inability to use only ammonia as a nitrogen 

source, as nitrification is usually negligible at low pH 

(Ellenberg 1 996). 

On the other hand, on soils with high pH and nitrifica

tion ratio, 'ammonium plants' such as Vaccinium myrtillus 
are excluded. Absence from calcareous soils may also be 

the result of an inability to dissolve and take up phosphate 

(see Chapter 3). In general, the complex -gradient in nutri

ent status - including pH, nitrogen availability and nitrifi

cation ratio - explains a large part of the floristic variation 

in deciduous forests (Diekmann 1 994a; Diekmann & 
Falkengren-Grerup 1998). The average responses to pH 

and nitrification ratio of the most common species are 

shown in Fig. 5.  
The floristic patterns and gradients in deciduous for

ests cannot, however, be explained only in terms of the 
species' physiology. Interspecific competition for space 

and resources is also of great significance for the ecolo-
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Fig. 5. Relation between nitrification ratio (proportion of total mineralized nitrogen due to nitrate) and pH (KCl), based on 661 sample 
plots of deciduous hardwood forest (data from Diekmann & Falkengren-Grerup 1998). For the 44 most common species, the means 
(weighted averages of nitrification ratio/pH in those sample plots where the species are present) are shown. 
(Species abbreviations: Aeg-pod - Aegopodium podagraria, Agr-cap - Agrostis capillaris, Ane-hep - Anemone hepatica, Ant-odo -
Anthoxanthum odoratum, Ant-syl - Anthriscus sylvestris, Cam-per - Campanula persicifolia, Car-bul - Cardamine bulbifera, Car-dig 
- Carex digitata, Con-maj - Convallaria majalis, Dac-glo - Dactylis glomerata, Des-ces - Deschampsia cespitosa, Des-fle -
Deschampsiaflexuosa, Dry-fil - Dryopteris filix-mas, Ely-can - Elymus caninus, Fes-ovi - Festuca ovina, Fra-ves - Fragaria vesca, 
Gal-apa - Galium aparine, Gal-spp. - Galeopsis bifida + G. tetrahit, Ger-syl - Geranium sylvaticum, Geu-riv - Geum rivale, Geu-urb 
- Geum urbanum, Hie-syl - Hieracium sect. Hieracium, Lat-lin - Lathyrus linifolius, Luz-pil - Luzula pilosa, Mai-bif- Maianthemum 
bifolium, Mel-nut - Melica nutans, Mel-pra - Melampyrum pratense, Mel-uni - Melica uniflora, Mer-per - Mercurialis perennis, Mil
eff - Milium effusum, Oxa-ace - Oxalis acetosella, Par-qua - Paris quadrifolia, Poa-ang - Poa pratensis ssp. angustifolia, Poa-nem 
Poa nemoralis, Pol-mul - Polygonatum multiflorum, Pri-ver - Primula veris, Rub-fru - Rubus sect. Rubus & Corylifolii, Rub-ida 
Rubus idaeus, Rub-sax - Rubus saxatilis, Ste-hol -Stellaria holostea, Ste-med - Stellaria media, Tar-Vul - Taraxacum sect. Ruderalia, 
Vac-myr - Vaccinium myrtillus, Ver-cha - Veronica chamaedrys, Vic-sep - Vicia sepium). 

gical responses of species (as, for example, shown in Figs. 
4 and 5). The relative floristic poverty in the most fertile 

forests is probably caused by the competitiveness of nutri

ent-demanding species (e.g. Mercurialis perennis), ex

cluding species potentially able to grow on nutrient-rich 

sites, such as Deschampsiaflexuosa (cf. Ellenberg 1996). 

Allium ursinum is known to inhibit the growth of other 

woodland plants; in fact, Swedish beech and elm-ash 

forests rich in Allium are particularly species-poor 

(Diekmann 1 994a; Diekmann et al. 1999 ; see also 

Ellenberg 1 996). This might be caused by allelochemical 

substances released by Allium, although no evidence for 

this was found by Ernst ( 1979) under field conditions. 

However, the species may suppress or choke other herbs 

by means of the fast decay of its leaves, bulbs and roots. 

Herbivory also may influence the distribution of spe

cies. Roe deer prefer particular species (for example, the 
introduced Lilium martagon) and avoid others. Protein

rich herbs and saplings of trees in eutrophic forests attract 

deer and represent so-called browsing centres. However, 

invertebrates may also cause damage. A much-studied 

species is Lathyrus vernus which suffers from different 

types of herbivory: grazing by roe deer, meristem damage 

by molluscs, leaf damage by invertebrates and seed preda

tion by beetles (Ehrlen 1 995a, b, 1 996). 

Physiological adaptations, interspecific competition 

and herbivory result in most vascular plants being con

fined to one or a few forest types. Species with a more or 

less well-defined ecological optimum along the gradient 

for a certain variable may be used as indicator species for 

this variable. For example, Alliaria petiolata, Campanula 
latifolia, Corydalis cava and Urtica dioica all indicate 

high soil nitrogen availability. Since deciduous forests are 

particularly rich in species and many of these species 
show distinct preferences, indicator analysis has been 

applied widely in ecological studies of these forests (e.g. 

Tyler 1987; Brunet 199 1 ;  Gustafsson 1994; Diekmann 

1994a, 1 995, 1996; Dupn! & Diekmann 1998). 

Life forms and strategy types 

The life form system of Raunkiaer (based on the position 

of regenerating buds over the inactive season) is suitable 

for describing different functional types of plants in de-
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Fig. 6. Life form spectrum of 279 vascular plants regularly 
encountered in deciduous hardwood forests. Phan = phanero
phytes, Charn = charnaephytes, Herni = hernicryptophytes, Geo 
= geophytes, Thero = therophytes. 24 species which could not 
unarnbigiously be assigned to any life form were excluded. 

ciduous forests. With regard to structure and biomass, 
phanerophytes (trees) and, to a lesser degree, nanophane
rophytes (shrubs) are of utmost importance. However, 
among the species of vascular plants regularly occurring 
in deciduous hardwood forests, woody taxa make up only 
about 15% (Fig. 6) . Herbaceous species are more fre
quent; obviously, these find more favourable conditions 
in the cold northern climate and have endured the repeated 
glaciations in the area better than the large woody plants. 

More than half of all species belong to the group of 
hemicryptophytes (many herbs and most graminoids) pos
sessing buds which hibernate on, or close to, the ground, 
protected by litter and snow. However, despite their spe
cies richness, hemicryptophytes are hampered by the deep 
shade in summer. The total cover of the field layer is 
therefore partly a function of the canopy density (Tyler 
1989). Geophytes (e.g. Anemone spp.,  Ranunculus spp.) 
utilize the period before leaf emergence, when light inten
sity is still high and the hemicryptophytes are not yet 
dominant. Geophytes perennate below the soil surface by 
means of bulbs or rhizomes and have low temperature 
demands which enables them to be active in early spring. 
To ensure a successful survival until the following year, 
geophytes are forced to grow, flower, develop fruits and 
collect sufficient nutrients in their storage organs over a 
short time period. Hence this life form is particularly 
abundant in eutrophic forests with a high nutrient avail
ability. In oligotrophic forests, geophytes are almost lack
ing; here, chamaephytes (dwarf shrubs such as Vaccinium 
spp.) reach high frequencies, as in coniferous forests. 
Finally, therophytes, i.e. annuals (e.g. Impatiens noli
tangere), are rare in deciduous forests, having a much 
lower proportion of species than in the Swedish flora as a 
whole. 

A number of species with deviant characteristics are 
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not well described by this simple life form system. Lathraea 
squamaria, locally abundant in base- and nutrient-rich 
forests together with other geophytes, is one of the few 
true parasites in deciduous forests. It grows on roots, 
preferably of hazel (Corylus avellana), and may flower 
below the soil surface. Hemi-parasitic species are repre
sented by the therophytic genus Melampyrum, possessing 
chlorophyll, but at the same time living parasitically on 
different vascular plants. Saprophytes (Monotropa 
hypopitys ssp. hypophegea and the orchid Neottia nidus
avis) lack chlorophyll, but live on mycorrhiza which 
break down dead organic material. Lianas (Hedera helix, 
Lonicera periclymenum; in swamp forests Solanum dul
camara) are only locally found in Swedish forests. There 
is only one epiphytic vascular plant, the mistletoe (Vis cum 
album). This warmth-demanding species is restricted to 
two areas in Sweden, Lake Malaren and eastern Smaland 
(Wallden 1961) .  It is a hemi-parasite growing on decidu
ous trees, especially Tilia cordata. 

The leaf anatomy of species also reflects the environ
mental conditions in deciduous forests. By far the most 
common group in hardwood forests are mesomorphic 
plants, with neither particularly soft nor stiffened leaves, 
lacking any special structural adaptations to drought, in
undation, etc. Hygromorphic plants (Adoxa moschatellina, 
Corydalis spp., Oxalis acetosella, etc.) possess thin, soft 
leaves and occur commonly on fresh to moist soils and at 
shady sites with high air humidity. In years with long 
drought periods, species such as Mercurialis perennis 
suffer from serious wilting. Several ferns (e.g. Athyrium 
filix-femina and Gymnocarpium dryopteris) are also hygro
morphic, preferring shady, humid forest sites. These spe
cies begin to wilt if exposed to direct sunlight for a long 
period. This is due to increased transpiration of the leaves 
which are insufficiently protected against cuticular water 
loss. Helomorphic species (many Carex species, Lysi
machia vulgaris) are most common on wet soils in swamp 
forests, whereas they are rare in hardwood forests on drier 
soils. They are adapted to oxygen deficiency in the soil 
and often have an internal aeration system and special 
oxygen-filled spaces in their roots. The other extreme is 
represented by scleromorphic species (many dwarf shrubs, 
e.g. Calluna vulgaris and Vaccinium vitis-idaea, and ferns 
such as Polypodium vulgare and Pteridium aquilinum) 
possessing stiffleaves and a thick cuticle and epidermis to 
avoid desiccation. However, extreme drought is rarely a 
problem in deciduous forests, which is reflected in a low 
proportion of this anatomical type. 

In general, deciduous forests represent a stable and 
highly productive environment, with comparatively little 
stress (factors restricting photosynthetic production,. such 
as drought) and disturbance. Applying the model of strat
egy types developed by Grime ( 1 974), consisting of com
petitors, stress-tolerators and ruderals, most plants in de
ciduous forests are typical competitors, or follow an inter-



mediate strategy. Characteristic features are, among oth
ers, a long life-span (shown for some Swedish woodland 
plants by Inghe & Tamm 1 985) and a high relative growth 
rate. Stress tQ!erators are mainly found in 'extreme' envi
ronments such as oligotrophic oak forests short of nutri
ents (Campanula rotundifolia, Carex pilulifera, Luzula 

pilosa). Ruderals are largely absent, but species such as 
Moehringia trinervia, Stellaria media and Veronica 

hederifolia are favoured by disturbance in the form of 
forest management (logging, driving-tracks, grazing) . 

Phenology 

Deciduous forests show a strong seasonal variation in 
different life cycle events. In April-May, the upper soil 
absorbs the radiation and may reach fairly high tempera
tures (considerably higher than the air temperatures) . This 
triggers the early development of many geophytes and 
other species (Carex digitata, Daphne mezereum and 
Luzula pilosa) . In eutrophic forests, vernal plants often 
cover almost 1 00% of the ground offering a beautiful 
spring aspect. Less conspicuous is the flowering of some 
wind-pollinated trees (Alnus spp., Fraxinus excelsior, 

Ulmus spp. )  prior to the emergence of the new leaves, 
when pollen dispersal is  least impeded. On wetter soi ls, 
Caltha palustris and Chrysosplenium alternifolium start 
to flower. 

During late spring, the tree crowns leaf out, and the 
l ight level in the forest interior is successively reduced by 
up to 99% as compared to full radiation (Diekmann 1 994a). 
At the same time many spring plants start to wither, giving 
way to the less conspicuous herbaceous summer flora. 
Flowering individuals are often found at comparatively 
l ight sites c lose to the forest edges or at openings in the 
forest. Flowering frequency varies greatly between years 
(Inghe & Tamm 1 985) .  Among the species with late 
flowering dates are Campanula trachelium, Mycelis 

muralis, Solidago virgaurea and many grasses (Brachy

podium sylvaticum, Bromopsis ramosa and B. benekenii, 

etc. ) ,  and in swamp forests Lycopus europaeus and Men

tha aquatica. One of the latest species is Hedera helix. It 
occurs locally, commonly in the field layer, but only 
flowers when it is  able to climb up into a tree (Fig. 7). 

In late summer and autumn, fruits are often more 
conspicuous than flowers, especially fleshy ones (e.g. 
Actaea spicata, Convallaria majalis, Paris quadrifolia, 

Polygonatum spp. and Ribes alpinum) . In autumn, the 
deciduous trees shed their leaves, and most herbaceous 
perennials die back. Many, however, have wintergreen 
leaves that are replaced with new leaves in spring. Among 
the few evergreen herbaceous plants are Blechnum spicant 

and Equisetum hyemale. Most species have some kind of 
endogenous winter dormancy (Polygonatum) , others 
(Galium odoratum) are principally aperiodic and forced 
to inactivity by external factors such as decreasing day 
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Fig. 7. Ivy (Hedera helix) climbing a tree. Borga Hage, bland, 
July 1 99 1 .  Photo Martin Diekmann .  

length or  temperature (Ellenberg 1 996). 
The main environmental cue or proximate factor that 

initiates flowering in Swedish forests is the temperature 
sum. This is the accumulated temperature above a thresh
old value from a particular starting date. For most peren
nial species in deciduous forests, temperature sums give 
accurate predictions of flowering (Diekmann 1 996).  
Among the evolutionary or ultimate factors, pollination 
may be particularly important. Other possible factors are 
parasitism and herbivory. Actaea spicata, for example, 
has a bimodal flowering phenology: whereas early flow
ers suffer from considerable seed predation by the moth 
Eupithecia immundata, late flowers escape seed predation 
(Eriksson 1 995) .  The timing of fruit ripening, on the other 
hand, should be correlated with the timing of those factors 
influencing the success of dispersal . The fleshy fruits of 
many species become ripe during the migration peak of 
birds in autumn. Of course, the timing of fruit ripening is  
constrained by the timing of flowering, but Eriksson & 
Ehrlen ( 1 99 1 )  showed that there is some adaptive 
adjustment in fruiting for the genera Prunus and Vaccinium. 
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Reproduction, dispersal and recruitment 

Vascular plants with exclusively sexual (generative) repro
duction depend on flowers and pollination. In deciduous 
forests, many plants, especially graminoids and trees, use 
wind as a pollinating agent. As dispersal of pollen is ran
dom, they sometimes release large quantities in order to 
ensure success. However, the majority of species in Swed
ish deciduous forests interact with insects which transfer 
pollen directly between the flowers. Different groups of 
insects function as pollinators: mainly Hymenoptera; bees: 
Lamiastrum galeobdolon, Stachys sylvatica; wasps: 
Epipactis helleborine, Scrophularia nodosa; bumblebees: 
Lathyrus vernus, Melampyrum spp . ,  Polygonatum 
multiflorum; Diptera: Adoxa moschatellina, Circaea spp. ;  
but also Lepidoptera: Platanthera spp.; and Coleoptera: 
Anthriscus sylvestris. Many insect-pollinated species have 
flowers which can also self-pollinate, others have mecha
nisms which make self-pollination difficult or impossible, 
for example self-incompatibility. Some species (Oxalis 
acetosella, Viola spp.) have, in addition to open flowers, 
so-called cleistogamous flowers that never open but which 
self-pollinate in a bud-like stage. In a study on Oxalis, Berg 
& Redbo-Torstensson (1 998) showed that cleistogamy is a 
strategy optimizing reproductive output in an environment 
with temporal and spati� variation. 

The dispersal mod,e of diaspores ·varies. Many trees 
and all ferns, but also orchids · and herbs such as Urtica 
dioica, have wind-dispersed diaspores. Some trees and 
most shrubs (Prunus spp., Quercus spp., Ribes spp. and 
So rhus aucuparia) possess fleshy fruits or seeds ingested 
and transported by vertebrates (especially birds). Some 
perennial herbs also rely on this mechanism for seed 
dispersal (e.g. Paris quadrifolia, Polygonatum spp., Ru
bus saxatilis). Circaea spp. and Galium odoratum are 
among the species which produce adhesive seeds in order 
to utilize animal vectors. Other species have developed 
autodispersal, for example Oxalis acetosella, whose seeds 
are dispersed ballistically from a capsule. In deciduous 
forests on mesic soils, transport of seeds by means of 
water is insignificant, but in alder-ash forests located 
along brooks, or swamp forests which are periodically 
inundated, this may be an important mechanism for many 
species. 

Long-distance dispersal of seeds is not found in all 
woodland species. Seeds of many taxa are transported by 
ants over short distances, e.g. Anemone spp., Corydalis 
spp., Luzula pilosa and Pulmonaria obscura. Brunet & 
von Oheimb ( 1998) showed that ant-dispersed woodland 
species generally seem to migrate more slowly than spe
cies with adhesive and ingested seeds. Several species 
lack special adaptations to dispersal; their seeds usually 
fall on the ground close to the mother plant. The recruit
ment of species from seeds may be limited by the avail
ability of suitable microsites and/or seeds (Eriksson & 
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Ehrh�n 1 992). Establishment is often hampered by a dense 
litter layer. Few studies on the seed bank of semi-natural, 
undisturbed woodlands are available; these reveal that 
true forest species have a small seed bank, and that many 
shade-tolerant species are completely absent (Thompson 
1 992). 

Many species in deciduous forests are able to repro
duce not only sexually, but also vegetatively. Clonal 
growth is a characteristic feature of many woodland plants 
(Brunet & von Oheimb 1 998). Groves of aspen (Populus 
tremula) can be clones of hundreds of trees descended 
from the root system of a single parent. Plants with 
extensive clonal growth include Galium odoratum, 
Lamiastrum galeobdolon and Rubus saxatilis. Clonal 
growth permits a rapid spread of species and may ensure 
survival if recruitment from seedlings is poor. However, 
the genetic uniformity may also increase the susceptibil
ity to diseases and parasitism. Some species must rely 
completely on asexual reproduction: Cardamine bulbifera, 
a common herb in southern deciduous forests, hardly ever 
develops fruits in Sweden, but forms bulbs for vegetative 
reproduction. 

Deciduous forest types 

Beech forests 

In Sweden, beech (Fagus sylvatica) forests cover ea. 
50 000 ha, which is almost half of the area of deciduous 
hardwood forest, but less than 0.5% of the total area of 
forest (Anon. 1982) . Beech forests are almost totally 
confined to the nemoral zone with 85% in Skfme and 
scattered sites in Blekinge, Sm:lland, Halland and BohusHin 
(more rarely farther to the north). These are concentrated 
on elevated ridges, for example Soden1sen, Linderodsasen 
and Hallandsasen (Lindgren 1 970). The northern distribu
tion border of beech is caused by low winter temperatures, 
late spring frosts and short growing season (Lindquist 
193 1 ;  Huntley et al. 1 989). In the eastern provinces, 
prolonged drought periods may also hamper the species' 
growth. However, beech was among the latest tree species 
to reach Sweden after the last glaciation, and there is some 
evidence that it is still migrating northwards (Bjorkman 
1 997) . 1t has also successfully been planted far north of its 
natural range, for example on large estates at Lake Maiaren 
(although reproduction there is poor). 

Beech has a high competitive ability: it is shade
tolerant and fast-growing, and, as a mature tree, forms 
dense stands which outshade other trees .  Besides, beech 
tolerates a large spectrum of edaphic conditions; it is not 
found only on very wet or dry sites. On acid and nutrient
poor soils, it competes with oak (Quercus spp.), while elm 
(Ulmus glabra) and ash (Fraxinus excelsior) represent 
two strong competitors on the most fertile soils. Mature, 
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Table 2 .  Some common and differential species of three subtypes of beech forest in Sweden. (T) = tree, (S) = shrub, (B) = bryophyte, 
others are herbaceous species. 

Beech forests on soils with 

high pH and - fertility 
Beech forests on soils with 

intermediate pH and - fertility 

Beech forests on soils with 

low pH and - fertility 

Fagus sylvatica (T), Quercus robur (T), Anemone nemorosa, Convallaria majalis, Dactylis glomerata, Deschampsia cespitosa, Dryopteris carthusiana, 
D. filix-mas, Maianthemum bifolium, Milium effusum, Oxalis acetosella, Poa nemoralis 

Corylus avellana (S), Crataegus spp. (S), Carex sylvatica, Galium odoratum, 
Hedera helix, Lamiastrum galeobdolon, Melica uniflora, Polygonatum multi
jlorum, Scrophularia nodosa, Stellaria holostea, Stellaria nemorum ssp. montana 

Fraxinus excelsior (T) 
Ulmus glabra (T) 
Allium ursinum 
Circaea lutetiana 
Elymus caninus 
Geum urbanum 
Hordelymus europaeus 
Mercurialis perennis 
Stachys sylvatica 
Urtica dioica 

tall beech forests form a closed, single layer canopy 
reducing the light intensity in the stand interior to a very 
low level. Dense beech stands are therefore poor in shrubs, 
and, in addition, the cover of the field layer in summer is 
often low. Beech leaves decompose slowly and accumu
late to form a closed litter layer. 

Along the complex-gradient in nutrient status, three 
subtypes of beech forest can be distinguished (Table 2 ;  

Diekmann e t  a l .  1 999): 
1 .  in beech forests on the most productive soils, such 

as eutrophic brown earths (cf. Nihlgard & Lindgren 1 977), 
Fraxinus excelsior and Ulmus glabra attain high frequen
cies. The high fertility of the soil is  also indicated by many 
species in the field layer, Galium aparine, Geum urba

num, Mercurialis perennis, etc . The spring aspect with 
many geophytes (on the most fertile sites including Cory

dalis cava and Allium ursinum) is more conspicuous than 
in other beech forest communities; 

2.  In beech forests on moderately fertile, sl ightly acid 
soils, beech is clearly prevalent in the canopy. These 
forests and those described above are often called 'angs
bokskog' in Swedish (meadow beech forest, Sjors 1 967; 
Fig. 8), referring to the frequent occurrence of herbs and 
mesomorphic graminoids . In both communities, Carex 

sylvatica, Galium odoratum, Hedera helix and Melica 

uniflora are frequently found in the field layer. Several 
subcommunities may be distinguished; on disturbed and 
fairly open sites, species such as Epilobium angustifolium, 

]uncus effusus and Rubus spp. attain high cover; 
3. The beech stands on the most acid and nutrient-poor 

sites (cf. Nihlgard & Lindgren 1 977) are in Swedish called 
'hedbokskog' (heath beech forest, Sjors 1 967), referring to 
the relatively high abundance of dwarf shrubs ( Vaccinium 

myrtillus) and scleromorphic graminoids such as Deschamp

siajlexuosa. Geographically, this subtype is the most wide
spread. It is poor in vascular plants, but comparatively rich 

Carex pilulifera 
Deschampsia jlexuosa 
Phegopteris connectilis 
Vaccinium myrtillus 
Vaccinium vitis-idaea 
Dicranum scoparium (B)  
Polytrichumformosum (B) 

Fig. 8 .  Meadow beech forest ( 'angsbokskog' )  at Soderllia, 

Smaiand, close to the northern distribution border of Fagus 

sylvatica. The beech trees have started to leaf out, but still much 

light reaches the forest floor. Conspicuous features are Anemone 

nemorosa and also the thick beech litter layer. Photo Martin 

Diekmann (May 1 989). 
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in bryophytes (e.g. Dicranella heteromalla, Mnium homum). 
Nutrient-demanding species are largely replaced by acido
tolerant species (e.g. Pie ea abies, So rhus aucuparia, Luzula 
pilosa, Carex pilulifera, Trientalis europaea ). Both in spe
cies composition and soil type ( oligotrophic brown earths, 
sometimes podzolic soils), these beech forests are reminis
cent of coniferous forests on corresponding sites. 

Hornbeam forests 

Hornbeam ( Carpinus betulus) is, like beech, restricted to 
the southernmost provinces of Sweden. In the west, 
hornbeam' s  distribution border does not extend as far 
north as that of beech. Hornbeam forests are rare in 
Sweden and often the species does not form pure stands, 
but occurs together with beech and especially oak as well 
as other species (Tyler 1989; Brunet 1 99 1 ;. Diekmann 
1994a; Brunet et al. 1 997a). Well-known forests domi
nated by Carpinus are found at Stenshuvud in Skane and 

at Halltorp on bland. In the latter area, the species shows 
a poorer growth probably as a result of the unfavourable 
climatic conditions at its northern distribution border 
(Diekmann 1994a). 

Unlike beech, hornbeam is fairly tolerant of repeated 
cutting and grazing. The high abundance of the species in 
the deciduous forests of Central Europe (known as oak
horn beam forests) is, at least in the western parts, partly a 
result of human activity. In southern Sweden, hornbeam 
is considered a characteristic species of abandoned pas
tures (Bergendorff et al. 1 979). Carpinus forests are struc
turally similar to beech forests, with a dense single layer 
canopy inhibiting the development of shrubs. The main 
floristic variation among vascular plants in south Swedish 
hornbeam forests is closely related to the pH gradient 
(Brunet et al. 1997a). Hornbeam litter decays more rap
idly than beech litter, enabling more bryophyte species to 
establish on the mineral soil (Diekmann 1 994a). 

Table 3. Some common and differential species in four types of deciduous hardwood forest. (T) = tree, (S) = shrub, (B) = bryophyte. 
Others are herbaceous species. 

Oligotrophic 
oak forests 

Mesotrophic mixed 
deciduous forests 

Eutrophic 
elm-ash forests 

Eutrophic 
alder-ash forests 

Populus tremula (T), Sorbus aucuparia (T), Corylus avellana (S), Viburnum opulus (S), Anemone hepatica, A. nemorosa, Poa nemoralis, Viola riviniana, 
Brachythecium rutabulum (B), Eurhynchium hians (B), Rhytidiadelphus triquetrus (B) 

Quercus robur (T), Ribes alpinum (S), Dactylis glomerata, Poa nemoralis 

Calamagrostis arundinacea, Campanula persicifolia, Hieracium sect. 
Vulgata, Lathyrus linifolius, Luzula pilosa, Melampyrum pratense, 
Polygonatum odoratum, Solidago virgaurea, Veronica chamaedrys, 
Brachythecium velutinum (B) 

Quercus petraea (T) 
Betula spp. (T) 
Frangula alnus (S) 
Juniperus communis (S) 
Lonicera periclymenum (S) 
Agrostis capillaris 
Anthoxanthum odoratum 
Festuca ovina 
Hieracium umbellatum 
Hypericum spp. 
Rumex acetosa 
Trientalis europaea 
Vaccinium spp. 
Dicranum scoparium (B) 
Hylocomium splendens (B) 
Leucobryum glaucum (B) 
Pleurozium schreberi (B) 
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Acer platanoides (T), Prunus padus (T), Corylus avellana (S), Lonicera xylosteum (S), Actaea spicata, 
Anemone ranunculoides, Carex sylvatica, Deschampsia cespitosa, Dryopterisfilix-mas, Elymus caninus, Geum 
urbanum, Geranium sylvaticum, Paris quadrifolia, Ranunculus auricomus, R. ficaria, Rubus caesius, 
Cirriphyllum piliferum (B), Eurhynchium angustirete (B), E. striatum (B), Fissidens spp. (B), Plagiomnium 
undulatum (B) 

Cornus sanguinea (S), Crataegus spp. (S), Euonymus europaeus (S), 
Brachypodium sylvaticum, Bromo psis benekenii, Epipactis helleborine, 
Hedera helix, Melica uniflora, Orchis mascula, Viola reichenbachiana 

Fraxinus excelsior (T), Ulmus glabra (T), Allium ursinum, Campanula 
latifolia, Stachys sylvatica 

Tilia cordata (T) 
Lathyrus vemus 
Laserpitium latifolium 
Melampyrum nemorosum 

Ulmus minor (T) 
Alliaria petiolata 
Corydalis cava 

Alnus glutinosa (T) 
Athyrium filix-femina 
Caltha palustris 
Cardamine amara 
Carex remota 
Crepis paludosa 
Chrysosplenium alternifolium 
Equisetum pratense 
Impatiens noli-tangere 
Matteuccia struthiopteris 
Ranunculus repens 
Stellaria nemo rum ssp. nemo rum 
Thalictrum aquilegiifolium 
Brachythecium rivulare (B) 
Rhizomnium punctatum (B) 



Oligotrophic oak forests 

Oak forests with Quercus robur and/or Q. petraea occupy 
acid and nutrient-poor sites . Often, they are found on the 
upper parts or tops of small hillocks. Oak forests are 
mainly confined to the coastal districts of south Sweden 
with a relatively suboceanic  climate, i .e .  Skane, Halland, 
BohusUin and the coastal parts of Blekinge and Smaland 
(rarely on bland) . They become increasingly rare towards 
the north where they are replaced by spruce forests. The 
(sub )oceanic distribution pattern is in accordance with 
that of corresponding forests in Central Europe. Oak 
forests prefer to grow on coarse, sandy soils developed on 
aeolian or glaciofluvial sediments, or on gravelly and 
rocky soils on Precambrian or Cambrian bedrock. Soil 
types most often encountered are oligotrophic brown 
earths, shallow soils of ranker type or podzols, with a mor 
or raw humus (Olsson 1 974, 1 975;  Diekmann 1 994a). 

Oak forests are usually fairly open (about 50-80% 
canopy cover) and low-growing as compared to beech 
forests on similar sites or other types of deciduous hard
wood forest. Stands located close to the sea and exposed 
to wind and salt spray are stunted and wind-bent 
( 'krattskogar',  Sjors 1 967) . Due to the open canopy, shrubs 
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are abundant (e.g. Frangula alnus and Juniperus commu

nis) and in the field l ayer, l ight-demanding species are 
common (e.g. Agrostis capillaris, Anthoxanthum odo

ratum, Festuca ovina, Melampyrum pratense, Table 3) .  I n  
general, species adapted to low p H  and nutrient availabil
ity prevail .  Oak forests in south-western Sweden have a 
number of suboceanic  species (Lonicera periclymenum, 

Rhytidiadelphus loreus), whereas continental elements 
such as Campanula persicifolia are lacking. There is a 
differentiation into two subtypes of oak forests : on ex
tremely poor sites dwarf shrubs are abundant and often 
dominant (Fig. 9), while richer sites have a h igher abun
dance of more base- and nutrient-demanding herbs and 
graminoids (Riihling & Tyler 1 986; Diekmann 1 994a) . Of 
the two oak species, Quercus petraea prefers (ecologi
cally, not necessarily physiologically) the most oceanic, 
that is western areas with high rainfall, and at the same 
time the least fertile sites . However, these factors are 
intercorrelated as higher precipitation increases leaching 
of the soil .  Quercus robur has a larger areal extension; its 
northern distribution border i s  congruent w ith the north
ern border of the boreo-nemoral zone, limes norrlandicus 
(see Chapter 1 ) . Here, by DaHilven, one of the large rivers, 
Q. robur is a frequent component of flood plain forests and 

Fig. 9 .  Oligotrophic oak forest with Quercus petraea in Hallaskar nature reserve, Halland. Conspicuous in the field layer are the 
dominance of Vaccinium myrtillus and the absence of vernal geophytes. To the left a young spruce (Picea abies) tree is visible. Photo 

Martin Diekrnann (May 1 990). 
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wooded meadows regularly inundated at least in the past 
(Skoglund 1 989) .  

Mesotrophic mixed deciduous forests 

On sites with intermediate pH and nutrient supply, 
mesotrophic mixed deciduous forests are found. They 
represent the most widespread and common type of hard
wood forest in the boreo-nemoral zone. Corresponding 
sites in the nemoral zone are occupied by beech forests . 
Mesotrophic mixed deciduous forests show a clear con
centration in the eastern, continental parts of Sweden, 
being particularly abundant in Uppland, Sodermanland, 
Smaland, on bland and Gotland . Here, they usually grow 
on level or slightly sloping ground of varying bedrock 
which is covered by morainic tills . Farther to the west, for 
example in Vastergotland, the stands are often located on 
rather steep, preferably south-facing slopes. The soils are 
usually brown earths or shallow soils (rendzina or ranker 
type), with a fairly good supply of bases and nutrients 
(Klotzli 1 975a, b). 

The vascular plant species richness of mesotrophic 
mixed deciduous forests surpasses that of all other forest 
types in Sweden. As the name suggests, the tree layer i s  
composed of several deciduous species (Table 3),  with 

Tilia cordata as the most characteristic element (Diekrnann 
1 994a, 1 996; Fig. 1 0) .  The stands have a clearly higher 
productivity than oak forests on acid soils. The shrub 
layer shows considerable variation, from being almost 
absent to attaining a cover of about 90%. Common spe
cies include Corylus avellana, Crataegus spp. ,  Lonicera 

xylosteum and Ribes alpinum. Among the herbaceous 
species, only woodland plants with extremely high nutri
ent demands or those with a strongly ' acidophilous ' be
haviour are l acking. Some of the most frequent and char
acteristic species have a south( -east)ern distribution pat
tern, for example Campanula persicifolia, Laserpitium 

latifolium and Melampyrum nemorosum. These, how
ever, do not usually represent true forest species (in Swe
den) .  They rarely flower in closed stands; they are ele
ments of forest fringes bordering many stands on the sun
exposed southern side (Diekmann 1 994b).  On the other 
hand, they do not occur in meadows and pastures as they 
are sensitive to cutting and grazing. The bottom layer of 
mesotrophic mixed deciduous forests varies considerably 
as to cover and species composition. 

These forests vary as a function of geography (cf. also 
Kielland-Lund 1 97 1 ) : 

- The stands on Gotland are characterized by Que reus 

robur and Fraxinus excelsior (Diekmann 1 994a) , with 

Fig. 1 0. Mesotrophic mixed deciduous forest at Eriksore, bland. The tree layer is mainly composed of Tilia cordata (two large trees to 

the left of the hazel [Corylus avellana] shrub) and Quercus robur. Conspicuous in the field layer are some geophytes (Anemone spp.,  

Ranunculus auricomus) and the developing tufts of Poa nemoralis. Photo Martin Diekmann (May 1 993) .  
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Fig. 1 1 . Dalby Soderskog, an elm-ash forest in southern Skane. Autumn aspect. While the trees have started to turn yellow, the field layer 

(with dominating Mercurialis perennis) is still largely green. Photo Jorg Brunet (October 1 988) .  

l ittle structural or floristic variation. Other tree taxa such 
as Acer platanoides and particularly Tilia cordata are 
scarce, probably due to human influence (Petters son 1 958). 
However, Ulmus minor may be abundant in some stands. 
In general, vascular plant species richness is compara
tively low, since many otherwise common elements of 
deciduous hardwood forests are absent or rare on Gotland; 

- In contrast, the forests on bland are particularly 
species-rich, which is partly the result of the common 
occurrence of species rarely found on, or absent from, the 
boreo-nemoral mainland ( Cornus sanguinea, Euonymus 

europaeus, Brachypodium sylvaticum, Anemone ranun

culoides, Orchis mascula, etc. ,  D iekmann 1 994a) . No 
other province in Sweden has as much remaining mesa
trophic forest as bland. The Mittlandsskogen in the cen
tral part of the island is one of the largest stands of 
deciduous forest in southern Sweden. A special sub type is 
the oak-hazel forest influenced to a high degree by man 
(see below) in which Corylus avellana forms a dense roof 
reaching a cover of up to 90% (Selander 1 955 ;  Sjors 
1 967). In the dark stand interior, shade-tolerant species 
such as Hedera helix and Oxalis acetosella attain high 
frequencies; 

- The mainland forests are intermediate in species 
richness (Diekmann 1 994a). As previously mentioned, 

they are often found on south-facing hillslopes, for in
stance on the plateau-like hills of Halleberg, Varvsberget 
and Gerumsberget in Vastergdtland, and also as impover
ished relics in the boreal zone. Among the factors favour
ing the occurrence of deciduous hardwood vegetation on 
such slopes, three factors seem to be of particular impor
tance (Selander 1 955 ;  Sjdrs 1 967; Bergendorff et al. 1 979): 
instability of the soil (favoming elm and linden, eliminat
ing spruce), increased i nsolation and the comparatively 
high fertility of the soil. 

Eutrophic elm-ash forests 

On loamy or clayey, nutrient-rich soils with high pH, 
eutrophic elm-ash forests form tall stands giving a luxuri
ant impression.  These are bound to areas with calcareous/ 
base-rich bedrock and/or rich glacial deposits, which are 
mainly found in  four regions within the boreo-nemoral 
zone: bland, Vastergotland, western bstergdtland east of 
Lake Vattern, and the Lake Malaren region in Uppland/ 
Sodermanland (Diekmann 1 994a). Moreover, they com
monly occur in the nemoral zone in Sk<ine (Brunet 1 99 1 ) . 
Often,  the soil type is a humus-rich brown earth with a 
granular mull ;  at moist sites, gley horizons are found at 
lower depths. 
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Fig. 1 2. Alder-ash forest at Pavadalen, Halland. The large trees close to the brook are black alders (Alnus glutinosa), the large fern is 

Matteuccia struthiopteris. Photo Martin Diekrnann (May 1 990). 

Fraxinus excelsior and Ulmus glabra (on bland al so U. 

minor) prevail in the dense canopy, while Que reus robur is 
less common compared to other forest types (Diekmann 
1 996) . Light-demanding and less competitive species are 
lacking in the comparatively species-poor understorey (Ta
ble 3) .  Characteristic taxa include Campanula latifolia and 
Stachys sylvatica. Often, single species attain high abun
dances with cover percentages of up to 90%, for example 
Aegopodium podagraria, Allium ursinum and Mercurialis 

perennis (Fig. 1 1 ) .  In the southernmost stands in Ska.ne, 
Lunaria rediviva and Stellaria nemorum ssp. montana 

(syn. Stellaria nemo rum ssp. glochidisperma) can be found. 
The fast decay of the litter layer, fairly high soil moisture 
and high relative air humidity all favour the development of 
a bryophyte layer with, for example, Brachythecium ruta

bulum, Eurhynchium spp. ,  Fissidens taxifolius and Plagio

mnium undulatum. 

Two elm-ash forests on bland, Vasterstads Almlund 
and Stora Dalby Lund have been described as two of 
Sweden' s  most luxuriant forests (Selander 1 955) .  On the 
island, a number of common mainland species are rare or 
completely lacking, for example Actaea spicata, Allium 

ursinum and Prunus padus. On the other hand, the bland 
stands are particularly rich in orchids (Dactylorhiza 

maculata ssp. fuchsii, Listera ovata, Ore his mascula and 
Platanthera chlorantha) . Stands on moist soil contain 
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Filipendula ulmaria, Geum rivale and other indicators of 
high soil moisture and form the transition to the forest 
type described below. 

Eutrophic alder-ash forests 

On wet, mineral soils, elm-ash forests are replaced by 
alder-ash forests. The stands are located on level or slightly 
sloping ground, at the feet of hills and, predominantly ,  on 
alluvial plains along brooks and small rivers . Alder-ash 
forests rarely occupy large areas, but occur in the form of 
long and narrow strips along river banks. The soils, often 
clayey gley or alluvial soils, are fairly base- and nutrient
rich because ( 1 )  the primary material, morainic tills or 
sediments, is usually rich in nutrients, and (2) there is  a 
constant supply of nutrients and oxygen from seepage and 
moving water (Diekmann 1 994a) . Within southern and 
central Sweden, alder-ash forests are concentrated in the 
southwest, being absent from bland and Gotland. 

Apart from ash and, more rarely elm, black alder 
(Alnus glutinosa) represents a characteristic component 
of the tree canopy . Black alder is largely confined to the 
nemoral and boreo-nemoral zone, but extends farther to 
the north along the coast of the Gulf of Bothnia. On the 
Baltic coast, for example in the outer part of the Stock
holm archipelago with a considerable isostatic land 



upheaval, Alnus glutinosa i s  an important colonizer close 
to the sea shore. The species decreases with increasing 
elevation and is replaced by Fraxinus excelsior (Tapper 
1 992). Alnus incana is a northern species rarely occurring 
in alder-ash forests south of the 'l imes norrlandicus' , but 
being dominant in the north where A. glutinosa and 
F. excelsior are lacking. It generally prefers coarser-grained 
soils than does A. glutinosa and functions as a pioneer; in  
the north, i t  may be  abundant on  cleared forest sites, in  
abandoned pastures and along the sea shore (Ha vas 1 967; 
Ericson & Wallentinus 1 979) . Both alder species contrib
ute to the high fertil ity of the soil by l iving in symbiosis 
with nitrogen-fixing micro-organisms (Frankia spp.) .  

The field layer is characterized by tall-growing ferns 
(Athyrium filix-femina, Equisetum spp.) and herbs (Filipen

dula ulmaria, Valeriana sambucifolia ssp. sambucifolia, 

Table 3). Bryophytes consistently reach high cover. Two 
subtypes may be distinguished: ( 1 )  alder-ash forests on 
moist, but rarely inundated soils, with a high abundance 
of Prunus padus. Most species sensitive to very wet 
conditions are still present (Brunet 1 99 1 ;  Diekmann 
1 994a) ; (2) alder-ash forests on wet, periodically inun
dated soils, often in connection with running water. Many 
species sensitive to very high soil moisture are lacking. 
Characteristic species include Cardamine amara, Chryso-
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splenium alternifolium, lmpatiens noli-tangere and 
Matteuccia struthiopteris, i n  Skane Thalictrum aquile

giifolium also occurs . 

Swamp forests 

On the wettest soils suitable for tree growth, swamp 
forests (carr, fen wood) are found. These differ from 
deciduous hardwood forests in various respects. The per
manently wet, poorly aerated soil excludes hardwood 
trees (except Fraxinus excelsior) and most shrubby and 
herbaceous species associated with these trees . In south
ern Sweden Alnus glutinosa and Betula pubescens are the 
undisputed dominants . Many characteristic species ( Cala

magrostis canescens, Carex elongata, Equisetumfluviatile, 

Lycopus europaeus, Solanum dulcamara, etc . ,  i n  the bot
tom layer Sphagnum spp.)  are rarely or never encountered 
in deciduous hardwood forests . Swamp forests most often 
grow on peaty soils, especially when found on nutrient
poor soils and in depressions . More rarely, they occur also 
on mineral gleyic soils, on lake or sea shores. Swamp 
forests in southern Sweden are not well known (the list of 
publications with detailed descriptions is  short: Vallin 
1 925 ; Olsson 1 974; Brunet 1 990), although they may 
locally occupy considerable areas. 

Fig.  1 3 . Alder swamp forest close to Jallatorpet (Rostfmga) at Soderasen, Skfme. Black alder (Alnus glutinosa) forms large hummocks .  

The ground between the hummocks is inundated. The field layer is  dominated by  monocots, among others Carex spp. and Iris 

pseudacorus. Photo Jorg Brunet (May 1 988) .  
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Table 4. Common species in swamp forests of South Sweden. Hummock species are not considered. (T) = tree, (S) = shrub, (B) = 
bryophyte, others are herbaceous species. 

(a) Birch swamp forests 

Woody species: Betula pubescens (T), (Quercus robur, T), Frangula alnus (S) 
Herbaceous species: Carex nigra, Maianthemum bifolium, Molinia caerulea, Myrica gale, Oxalis acetosella, Trientalis europaea, Vaccinium spp. 
Bryophytes: Aulacomnium palustre, Pleurozium schreberi, Polytrichum commune, Sphagnum fa/lax, S. fimbriatum, S. palustre, S. squarrosum 

(b) Alder swamp forests 

Woody species: Alnus glutinosa (T), Frangula alnus (S), Salix aurita (S), S. cinerea (S) 
Herbaceous species: Calamagrostis canescens, Caltha palustris, Carex elongata, Equisetumfluviatile, Filipendula ulmaria, Galium palustre, 
Glyceriafluitans, Lycopus europaeus, Lysimachia thyrsiflora, L. vulgaris, Peucedanum palustre, Scutellaria galericulata, Viola palustris 
Bryophytes: Brachythecium rivulare, Calliergon cordifolium, Calliergonella cuspidata 

Base-poor alder swamps 

Agrostis canina, Carex canescens, 
C. nigra, C. rostrata, Potentilla 
palustris, Sphagnum spp. (B) 

Base-rich alder swamps 

Carex acutiformis, C. elata, 

Spring alder swamps 

Cardamine amara, Chrysosplenium 
alternifolium, Circaea alpina, 
Crepis paludosa, Valeriana dioica, 
Plagiomnium undulatum (B) 

C. pseudocyperus, Iris pseudacorus, 
Lemna minor, Lythrum salicaria 

On base-rich sites, Alnus glutinosa predominates in 
the canopy. However, when the concentration of bases in 
the ground water falls below a level of about 0. 1 mg CaO/ 
liter (Ellenberg 1 996), alder is replaced by other trees: 
birch (Betula pubescens) in the south and west, pine and 
spruce in the northern and more continental parts of 
Sweden. Birch swamp forests are open, low-growing 
woods with a weakly developed shrub layer (with, e.g. 
Frangula alnus) and a species-poor field layer character
ized by Carex nigra, Molinia caerulea and Trientalis 
europaea (Table 4). Common bryophytes include Aula
comnium palustre and various Sphagnum species. Birch 
swamps have been described from Sk�me, Halland, east
em Smaland and Oland, which may indicate a mainly 
coastal distribution in Sweden. Towards the north, coni
fers are prevalent on corresponding sites, at least in ma
ture stands. 

In alder swamp forests, Frangula alnus and Salix 
cinerea attain high frequencies in the shrub layer (Table 
4). The environmental conditions on the ground are quite 
heterogeneous. While the alder trees often create large, 
relatively dry and acid hummocks (Fig. 1 3), the ground 
between the trees is constantly wet and very much influ
enced by the ground water and its chemical properties. On 
the hummocks, ferns (e.g. Athyriumfilix-femina, Dryop
teris spp.) and other more or less acido-tolerant species 
achieve dominance. Between the hummocks, the field 
layer is usually dominated by grasses, Carex species and 
tall herbs. 

Depending on the base content of the ground water 
and the fluctuations of the water level, three main sub types 
of alder swamp forest can be distinguished (Table 4) : 

- In most alder swamps, the water table alters consid
erably over the year, and the soil surface is inundated in 
winter and early spring. Under the influence of base-poor 
ground water, alder forests contain a large proportion of 
acido-tolerant species, both vascular plants and bryophytes 
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(Table 4). This subtype forms the transition towards the 
previously described birch swamp forests; 

- If the water is richer in bases and nutrients, more 
demanding species take over, for example Carex elata 
and C. pseudocyperus, Iris pseudacorus and Lythrum 
salicaria. These alder swamps are often found along lake 
shores and in depressions with eutrophic soil conditions 
(Brunet 1990), but also along the Baltic Sea shore, for 
example on Gland. Occasionally, the ground is inundated 
over the whole year, favouring floating species such as 
Lemna minor. Drainage often causes a floristic impover
ishment and dominance of a few species, especially 
Filipendula ulmaria; 

- At springs and along brooks, the water level can be 
more steady, without regular inundations, but with the 
ground water table always few centimetres below the soil 
surface. The spring (running) water guarantees a constant 
supply of bases and nutrients, which results in a luxuriant 
growth of both trees and understorey plants. This subtype 
is transitional towards the alder-ash forests previously 
mentioned, where Cardamine amara is one of the most 
characteristic species. 

Human impact and conservation 

The areal extension of deciduous forests in Sweden is 
small. This is not only due to the competitive dominance 
of coniferous trees on acid and nutrient-poor sites, but 
also to exploitation and cultivation over thousands of 
years. Most sites suitable for the growth of deciduous 
hardwood forest are nowadays covered by arable land or 
spruce plantations. No primeval stands have survived to 
the present day, meaning that all stands have, in some way 
or other, been influenced by human activity. In the follow
ing, a short summary of the most important effects of the 
cultural history and former land use will be given; for 
comprehensive treatments, see Sjobeck ( 1 93 1), Selander 
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Fig. 14. Proportion (%) of deciduous hardwood trees in six DBH (diameter at breast height) classes in mature stands of eutrophic elm
ash forests (means of 1 6  stands, right column) and mesotrophic mixed deciduous forests (means of 13 stands, left column) on bland. 
DBH classes: ( 1 )  1 .3 - 8.9 cm, (2) 9 - 16.9 cm, (3) 1 7 - 24.9, (4) 25 - 32.9 cm, (5) 33 - 40. 9 cm, (6) > 41 cm. The proportions indicate 
a future increase in Acer platanoides and Ulmus spp., as well as a decrease in Fraxinus excelsior and Que reus robur. (Redrawn from 
Diekmann 1 994a.) 
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Fig. 15 .  Number of forest sites (beech and hombeam forests) in 
different soil pH classes, sampled during two time intervals 
( 1949-1970 and 1 984- 1 985). (Redrawn from Falkengren-Grerup 
1989.) 

( 1955), Pettersson ( 1958), Ekstam & Sjogren ( 1973), 
Ekstam et al. ( 1984), Emanuelsson et al. ( 1985) and 
Diekmann ( 1994). 

Historic impact 

Deciduous forests were clear-cut or selectively logged to 
create fields and meadows, and to obtain firewood for 
heating and timber for construction. Logging is the main 
reason that the area of deciduous forest has diminished so 
much. Alder swamps were often managed as 'Niederwald' , 
i.e. cut at rather short time intervals .  Drainage has also had 
a devastating effect on alder-ash forests and swamp for
ests. This is why the area of these forests has diminished 
to a small fraction of its prehistoric size. 

Many existing stands of deciduous hardwood forest in 
the boreo-nemoral zone have arisen from managed wooded 
meadows (in Swedish 'lovang' ), representing mosaics of 
single trees or small groves of trees and meadow-like 
areas. While the meadows were mown and sometimes 
also grazed in late summer and autumn, the trees were 
utilized by cutting and breaking off branches. The leaves 

Acta Phytogeogr. Suec. 84 

were dried and used as winter fodder for cattle and other 
domestic animals. Depending on the nutrient content of 
the leaves and the ability to resprout after cutting, some 
tree species in the wooded meadows were more favoured 
than others, e.g. Fraxinus excelsior. Quercus was also 
esteemed highly by the farmers as it gave valuable timber 
and supplied acorns for feeding pigs. Other species were 
less desirable and therefore repressed or eliminated, thus 
altering the natural frequencies of the species. Almost all 
wooded meadows were abandoned many decades ago and 
allowed to grow into forest again. Oak -hazel forests, for 
example, may often have arisen from wooded meadows 
rich in Quercus and Corylus. The dynamic changes are 
still visible today. These include canopy closure, causing 
a decrease in many light-demanding meadow species, and 
the natural regeneration of trees, leading to a more site
specific distribution of trees, for example the partial re
placement of Fraxinus by Ulmus (Lindquist 193 1 ;  Malmer 
et al. 1978; Persson 1980; Diekmann 1994a) and a prob
able future decrease in Quercus, at least on mesotrophic 
and eutrophic soils (Fig. 14; Diekmann 1994a). 

The majority of forests were used as common pasture 
for domestic animals (cattle, horses, pigs, sheep) for many 
centuries. Grazing may result in a deterioration of the soil, 
prevent regeneration of trees and eliminate species sensi
tive to grazing. Even though grazing by domestic animals 
in Swedish forests has almost totally disappeared, its 
effects on soil and species composition may still be seen, 
for example in high frequencies of grasses and thorny or 
unpalatable shrubs. 

Present-day threats 

Forestry must still be considered as one of the largest 
threats to deciduous hardwood forests in Sweden. As the 
economic value of timber from deciduous trees has in
creased over the last few years, selective logging and 
clear-cutting are widespread. These activities directly dam
age plants and also change the microclimate, disturb the 
soil and alter soil processes. 

The area of deciduous forest has decreased drastically; 
the remaining stands are of small size and isolated from 
each other. Therefore, species populations run a high risk 
oflocal extinction and have a small chance of re-establish
ment. Many species have a limited capacity for re-colo
nization and are restricted to ancient forests with a long 
continuity (Wulf 1997). This applies to both vascular 
plants (e.g. Bromopsis benekenii, B. ramosa, Festuca 
altissima, Hordelymus europaeus; see Brunet 1993) and 
bryophytes (e.g. Eurhynchium striatum, see Hailing back 
1 991) .  

A major, recent threat is the airborne deposition of 
acidifying substances and nitrogen. This is especially a 
problem in areas of south-western Sweden which receive 
high amounts of rainfall. Soil acidification has been dem-
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onstrated in several studies (Falkengren-Grerup, e.g. 1 986, 
1 987, 1 989; Hallbacken & Tamm 1 986; Tamm & 
Hallbacken 1 988; Fig. 15), and its effects on the species in 
the field layer are considerable (Fig. 16) .  In addition, soil 
eutrophication appears to be occurring: Skane, in southern
most Sweden, has much higher values of nitrogen miner
alization than the provinces farther to the north (Falken
gren-Grerup et al. 1 998). The changes and patterns in 
floristic composition of deciduous forests in southern 
Sweden indicate an increase in nitrophilous species in the 
most polluted areas (Tyler 1 987; Diekmann & Falkengren
Grerup 1998; Brunet et al. 1 998). Air pollution not only 
affects vascular plants, but also bryophytes (Hallingback 
1 992; Sjogren 1 995), lichens (Skye 1 968) and macrofungi 
(Rydin et al. 1 997). In summary, the deciduous forests in 
Sweden are influenced by various anthropogenic factors 
and are in a highly dynamic state. 
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Introduction 

Sweden is a country of forests. Out of 4 1 . 1  million ha of 
land area, 22.6 million ha are covered by forests, of which 
about 85% of the growing stock volume is coniferous. 
The coniferous forests are part of the circumpolar boreal 
forest zone covering about 1 1 % of the globe' s  terrestrial 
surface (Engelmark 1999), and according to Kuusela 
( 1992) it accounts for 29% of the world' s  total forested 
area. South of the boreal zone in Scandinavia, in the Baltic 
states, and in the European part of Russia, a boreo-nemoral 
zone extends (see Chapters 1 and 4). This region is also 
dominated by coniferous species but mixed with broad
leaved deciduous species which generally have a more 
southern distribution, e.g. Quercus robur. In Sweden, the 
boreal and boreo-nemoral forests extend from latitude 
56°N to latitude 69°N. In most of the boreal region the 
landscape is characterized by a macro-mosaic of forests, 
mires and lakes, while in the boreo-nemoral region a 
considerable proportion of the landscape also consists of 
deciduous stands and areas of agricultural land. The 
subalpine birch forest dominated by Betula pubescens 
ssp. czerepanovii, situated between the conifer-dominated 
forests and the alpine regions, is included in the northern 
boreal zone as a separate subalpine woodland belt (see 
Chapters 1 and 6). 

The coniferous forest includes a spectrum of vegeta
tion types. This spatial variability is due to variations in 
climate, topography, soil moisture regime, soil texture, 
soil nutrients and disturbance regimes. Prevalent domes
tic conifers are Scots pine, Pinus sylvestris, and Norway 
spruce, Picea abies (below referred to as pine and spruce), 
and the shrub Juniperus communis. The most common 
deciduous trees are Alnus incana, Betula pendula, B. 
pubescens, Populus tremula, Prunus padus, Salix cap rea 
and Sorbus aucuparia. In the boreo-nemoral zone other 
components of coniferous forests are deciduous trees 
species such as Alnus glutinosa, Quercus robur and Tilia 
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cordata as well as some shrub species such as Corylus 
avellana. A few more tree species occur in southemmost 
Sweden (see Table 1 and Chapter 4). 

In this chapter we describe typical forest vegetation 
types along soil moisture and nutrient gradients .  We also 
discuss forest dynamics and disturbance regimes, includ
ing human impact. Most of the Swedish forests are used 
for large-scale commercial forestry and this, of course, 
affects the vegetation and the ecological processes. 

Earlier studies 

As Sweden has a large forest area and since forestry is an 
important industry in the country, forest vegetation and 
dynamics have been much studied. Forest ecological 
awareness, but also research started early. When large
scale logging operations began in the mid- 1 800s in Swe
den, the need for a better knowledge of the effects of 
forestry on natural plant communities and dynamics be
came obvious. Parallel to the expanding forest industry, a 
series of studies describing or assessing the productivity 
of different forest sites started in an attempt to find out 
how to maximize wood production. Thus, different har
vesting techniques, stand regeneration and management 
strategies were tested and used. The introduction of exotic 
trees began in the early 1 900s. 

The establishment of the professorship in Plant Ecol
ogy (at that time called Plant Biology) at Uppsala Univer
sity in 1 897 contributed to a more ecological approach for 
forestry research. Several studies and theses on different 
aspects of forest ecology have been carried out at this 
department, and also at other universities, especially the 
College and State Research Institute of Forestry in Stock
holm, now the Faculty of Forestry at the Swedish Univer
sity of Agricultural Sciences located in Umea and Uppsala. 
Recent reviews on Nordic coniferous forests include 
Esseen et al. ( 1992, 1 997) and Engelmark (1999). 

In Sweden forest ecological research and research 
directed towards forestry have been linked and two main 
streams are discernible. One approach has been to de-
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Table I. Growing stock on forested land by species within regions during the period 1992- 1 996. Source: The Swedish National Forest 
Survey. 

Tree species N Norrland S Norrland 

Abies spp. (exotic) < 0. 1  0 
Acer platanoides 0 0 
Alnus glutinosa 0 0.9 
Alnus incana 1 .0 4.5 
Betula pendula 2.7 9.4 
Betula pubescens 75 59 
Fagus sylvatica 0 0 
Fraxinus excelsior 0 0 
Larix spp. (exotic) 0 < 0. 1  
Picea abies 1 85 35 1 
Pinus sylvestris 279 265 
Pinus contorta (exotic) 0.6 3.2 
Populus tremula 4.7 7.8 
Quercus robur 0 0 
Salix caprea 2.2 3.5 
Sorbus aucuparia 0.2 0.7 
Tilia cordata 0 0 
Ulmus glabra 0 0 
Other deciduous 0 0. 1 

Total 550 705 

scribe plant communities and relate them to site produc
tivity and to abiotic factors such as geology, hydrology 
and soil properties . In the more applied approach, efforts 
are put into elaborating better silvicultural techniques for 
stand replacement, regeneration by seeding and planting, 
thinning, soil scarification etc. (von Segebaden et al. 
1 978; Elmberg et al. 1992, and literature cited therein). 
During the 1970s and 1980s a multi-disciplinary project, 
the 'Swedish Coniferous Forest Project ' ,  gave increased 
knowledge of soil processes, plant ecophysiology, biocli
matology, production ecology, plant-insect interactions 
etc. (Persson 1980). Studies on dynamics in primeval 
stands started as early as the 1 800s, although studies by 
Semander (1936) and Amborg (1943) were pioneering as 
they emphasized new aspects. During recent decades 
these have also continued to include fire and other distur
bances (Zackrisson 1977; Engelmark 1984, 1987; Engel
mark et al. 1993). From the 1970s onwards there has been 
growing concern about the ecological effects of forestry 
on flora and fauna, and during the 1990s several studies 
have been directed also towards population ecology and 
the conservation biology of forest species. 

Species distributions 

The conifers: Pinus sylvestris and Picea abies 

Pine extends its distribution further south into the nemoral 
zone than spruce. In Norway, pine also occurs further to 
the west and the north than spruce. Pine and spruce both 
arrived in the early Holocene, although pine dominated 
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Growing stock (million m3) 
Sveal!and Gotal!and Total 

0 0.3 0.3 
0.4 0.5 0.9 
6.5 15 22 
2.6 0.2 8.4 
23 32 67 
33 37 205 
0 14 14 

0.4 3 .2 3 .6 
0.4 0.5 0.9 
296 442 1 272 
293 242 1 080 
0.7 0. 1 4.6 
13 1 1  37 

2.4 23 26 
2.2 2.4 10 
1 .5 1 .8  4. 1 
0. 1 1 . 1  1.2 
0.4 0.7 1 . 1  
0.6 1 .9 2.6 

676 829 2 760 

during the first 5000 yr (Kullman 1995). Kullman & 
Engelmark ( 1997) suggested that the present northern 
distribution limit of spruce on fire-free sites is determined 
by early and late winter conditions, primarily snow depth, 
surface water mobility, and consequently also soil freez
ing and possibly local permafrost. The pine limit is, how
ever, mainly controlled by the summer temperature 
(Kullman 1996). In contrast to the latitudinal limit, spruce 
mostly reaches higher altitudes along the Scandinavian 
mountain chain than pine (Kullman & Engelmark 1991) .  
Spruce has a lower temperature demand for regeneration 
(Mikola 1 97 1 ;  Kielland-Lund 198 1 a), but other factors 
may also be important. 

Pine and spruce occur in mixed stands, but may also 
form pure stands. Pine is a weaker competitor than spruce 
on mesic and intermediate nutrient-rich soil. In succes
sional stands following disturbance pine can, however, 
dominate at such sites. At nutrient-poor sites, in very dry 
or very wet places, and on calcareous bedrock with a thin 
soil layer, pine competes successfully with spruce. Pine 
has therefore a bimodal distribution along both soil mois
ture- and alkalinity gradients. 

Spruce has the ability to regenerate vegetatively by 
layering. This is characteristic in areas close to the forest 
line in the mountains and along the coast. In the moun
tains spruce clones are found, growing as low and sup
pressed, 'branch-like' individuals, which do not grow up 
to be full-grown trees. Both pine and spruce can establish 
in open sites. Spruce, but not pine, can, however, survive 
for a long time in shady conditions in forests as sup
pressed individuals of low stature. This strategy is impor
tant in gap-regenerated forests. 



Deciduous trees 

None of the deciduous tree species found in coniferous 
forests is confined to the boreal or boreo-nemoral zones. 
They are all found also in the nemoral zone. Alnus glutinosa 
has a southern distribution, but extends northwards to the 
southern part of the boreal zone. It is an important con
stituent of lake-shore vegetation along the coast of the 
Bothnian Sea. In the northern parts of its distribution area 
it occurs only as scattered individuals (Ericson & Wallen
tinus 1 979). 

Alnus incana has a northern distribution and is com
mon in most of the boreal zone. It occurs less commonly 
in boreo-nemoral Sweden and has only scattered occur
rences in some parts of southern Sweden. Both Alnus 
species grow along the coast of the Bothnian Sea. When 
occurring in the same area, A. incana usually prefers the 
coarser-grained soils, whereas A. glutinosa is more com
mon on clayey soils. A. incana often grows together with 
Betula pubescens and locally occurs mixed with Picea 
abies. It is also dominant in ravines, with Prunus padus as 
an admixture. 

The other boreal tree species, Betula pendula, B. 
pubescens, Populus tremula, Prunus padus, Salix caprea 
and So rhus aucuparia occur from the nemoral zone through 
the boreo-nemoral and boreal zones. Betula pubescens 
has a wider distribution than B. pendula and occurs 
throughout the total forested area of Sweden. The subspe
cies B. pubescens ssp. czerepanovii constitutes the forests 
of the subalpine belt. Betula pendula has a distribution 
limit towards the west in the inner part of northern Swe
den in the lower parts of valleys (Holm 1994) and does not 
usually occur in forests close to the mountains. The abun
dance of B. pendula in this part of Sweden is also lower 
than that of B. pubescens. Populus tremula, Prunus padus, 
Sorbus aucuparia and Salix caprea all occur in the 
subalpine forests. Most of these species have developed 
subspecies or varieties with northern distributions such as 
Sorbus aucuparia ssp. glabrata, Prunus padus ssp. borealis 
and Salix caprea ssp. sphacelata (syn. S. caprea var. 
coaetanea). 

The two Betula species, Populus tremula, Salix cap rea 
and Sorbus aucuparia are indifferent regarding the soil 
nutrient gradient, but are partly separated along the soil 
moisture gradient and in germination and survival along 
the light gradient. Sorbus aucuparia has a very wide 
ecological amplitude in Scandinavia. It occurs on nutri
ent -poor and nutrient -rich soils, on dry and me sic grounds, 
only avoiding the wettest sites. It can establish in open 
sites and also germinates and survives in closed forests. 
Betula pubescens is more common than B. pendula on 
moist ground. The two birch species rarely germinate in 
closed stands or in very small gaps. Salix caprea and 
Populus tremula establish in open sites and become large 
trees. The seeds of P. tremula are very short-lived. In the 
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subalpine forest Populus tremula rarely produces ripe 
seeds. It has been suggested that the aspen clones are 
long-lived 'relicts' from a warmer period. Such clones at 
higher elevations are usually found on south-facing slopes. 
Prunus padus is found on more nutrient-rich soils and can 
grow in moister sites than, for example, Sorbus aucuparia. 

All the above-mentioned deciduous tree species fre
quently regenerate vegetatively. Alnus glutinosa regener
ates abundantly by means of basal or stump-shoots and A. 
incana with root-shoots. The birch species, Salix caprea 
and Sorbus aucuparia may form stump-shoots or shoots 
from the basal part of the stem, Betula pubescens more 
abundantly than B. pendula. Salix cap rea does not usually 
survive in stands after the death of the main stem. Populus 
tremula and also S. aucuparia regenerate by means of 
root-shoots. The root-shoots from aspen are especially 
important and shoots from one stump can cover several 
hundred square metres. Such shoots, however, are often 
browsed and seldom become trees in a dense forest. 
Prunus padus often regenerates from branches bent to the 
ground, and also by means of basal shoots. 

All these deciduous species can colonize open ground, 
e.g. clear-cuts and forest gaps, but vegetative regeneration 
enables some of them also to persist in dense stands over 
time, for instance Prunus padus and Sorbus aucuparia. 
Studies in Fiby urskog (Uppland) also show that individu
als of Betula pendula persist in the system between distur
bance events. 

Other species 

The main part of the coniferous forest flora within Swe
den has a wide, ubiquitous distribution without distinct 
distribution patterns.  Some species have a northern distri
bution and also occur in the subalpine belt, but are not 
found in the southern parts of the country, for example 
Aconitum lycoctonum and Cicerbita alpina. In coniferous 
forests there are few vascular plants with a western distri
bution, examples are Polygonatum verticillatum and 
Blechnum spicant. Comus suecica has a mainly western 
distribution in southern Sweden, but also occurs along the 
Baltic coast. It is common in the whole of northern Swe
den, including the alpine region. The rather rare and 
nutrient -demanding Actaea erythrocarpa has a north-east
ern distribution in Scandinavia and Carex globularis, 
growing in wet forests bordering mires, an eastern distri
bution. Another eastern element is Rhododendron tomen
tosum (= Ledum palustre), which in southern Sweden is a 
mire plant, while in northern Sweden it also occurs on 
mineral soils. Many southern elements grow in nutrient
rich sites, for example Actaea spicata and Viola mirabilis, 
both occurring in large parts of Sweden, and Allium 
ursinum and Mercurialis perennis, both confined to the 
boreo-nemoral and nemoral zones. 
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Vegetation 

Since the beginning of the 1900s Swedish plant commu

nities have been grouped into ecological 'series' which all 

include both wooded and treeless communities. The defi

nitions of those mentioned here follow Sjors ( 1967), who 

described four series, ( 1 )  heath series ( 'hedserien'), (2) 
meadow series ( 'angsserien' ), (3) mire series ( 'myrserien' ), 
and ( 4) steppe series (' sHippserien'). Contrary to the Cen

tral European phytosociological tradition this classifica
tion is non-hierarchical. The Scandinavian tree flora has a 

low diversity, especially in the boreal zone, and the de

marcation of plant communities is usually based on the 

floristic variation in the field layer (graminoids, herbs and 

dwarf shrubs) and/or the bottom layer (lichens and 
bryophytes ). The plant communities arranged in the heath 

series usually have a low species diversity and are charac
terized by a dominance of dwarf shrubs, narrow-leaved 

graminoids, few herbs, and a well-developed bottom layer 
with mosses and often lichens. In the meadow series the 

word 'meadow' is used in a broad sense for communities 

dominated by herbs and broad-leaved grasses. The field 

layer in these communities is, in general, more species
rich than in the heath series, while the bottom layer is 

usually less conspicuous. The mire series consists of peat-

I on rock 
Pinus-lichens on coarse soil 

Gal/una 

forming plant communities and has the water table close 

to the ground surface. The bottom layer is often very dense 

and consists of mosses. The communities in Sweden re

ferred to the steppe series are developed in relatively dry 

areas on calcareous bedrock with a thin soil layer. They are 
all heavily influenced by man (see Chapter 8). 

Depending on external and internal stand dynamics, a 

forest site can present different species compositions over 

time. A classification taking this into account was devel

oped in Finland by Cajander ( 1909). Each site is assigned 

to a 'forest (site) type' ( 'skogstyp') and named after the 

plant community in the mature, more or less closed forest. 

The system is based on the composition of the understorey. 

Thus, although species composition changes, at a given 

site the forest type is considered to be the same through 

time. In Sweden the system was developed by Eneroth 

( 1936) and Amborg ( 1964, 1990). 
The classification used today by the National Forest 

Survey, forestry companies and others is a botanical sys

tem for identifying different communities ( 'markvege
tationstyper')  based on Malmstrom ( 1949) and developed 

by Hagglund & Lundmark ( 1982) . The National Forest 

Survey has been undertaken since 1 923 . Its main purpose 

is to describe the state of forest yield and growth. The 

classification scheme uses the percentage cover of the 

Basicole I Arctostaphylos 
uva-urst, 

pine forest 
grasses, herbs 

Pinus-Vaccinium I Gal/una vulgaris Picea 
Pteridium aquilinum 

Pinus, 

I grass-
Ca/amagrostis arundinacea 

-
m ·o :! 

-
Q) s: 

vitis-idaea Empetrum nigrum 

Picea-Vaccinium myrti/lus 

rich 
etc. 

Pinus-Calfuna
Vaccinium uliginosum 

Picea- Vaccinium 

I 
ferns 

myrtillus-low herbs 

Equisetum sylvaticum 
Picea-dwarf shrub- Rubus chamaemorus 
Sphagnum swamp Carex gfobufaris 
forest 

Pine bog 

Rhododendron tomentosum 
Vaccinium uliginosum 
Eriophorum vaginatum 

Picea-herb-rich 
swamp forest 

Picea-low herbs 

Picea-tall herbs 

Carex spp. 
(e.g. C. vaginata, 
C. canescens) 

Sa/ix spp. 

Angelica sylvestris 
Picea-herb-rich Caltha palustris 
swamp forest Crepis pa/udosa 

Alnus glutinosa 

Treeless bog Poor fen Intermediate fen Rich fen Extremely rich fen 

Low � Alkalinity and nutrient availability High 
Fig. 1. Schematic location of the described plant communities along the two main gradients soil water and soil alkalinity with resulting 
nutrient availability. The scheme is a simplification and ignores other environmental variables such as climate, fire, human influence and 
other disturbances. Alternative substrates or species are indicated to the right of the vertical line. 
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bottom layer, the cover of lichens, the cover of various 
groups of vascular plants, such as dwarf shrubs, and the 
presence or percentage cover of different herb species. 
The concept is of importance for forestry, as the vegeta
tion type is correlated with productivity, and can, i n  
combination with information on soil, hydrology, and 
climate, be used when deciding upon relevant forestry 
operations and means of stand regeneration. Mapping of 
vegetation types is being performed on more than 8000 

sample plots each year over the country, providing valu
able information for descriptive purposes···a.nd also for 
detecting changes (Ranneby et al. 1 987) .  In close co
operation with the National Forest Survey, the Swedish 
National Survey of Forest Soils and Vegetation thor
oughly analyses a subset of the sample plots. Individual 
species are recorded and the species list today includes 
almost 300 vascular plants, bryophytes and lichens.  

Coniferous forest vegetation has also been classified 
in other ways: Samuelsson ( 1 9 1 7) arranged the communi
ties according to the two tree species, in 'Pine forests' and 
'Spruce forests ' and Malmstrbm ( 1 949, 1 956) according 
to the dominance in the bottom layer, in 'Lichen-domi
nated forests ' ,  'Moss-dominated forests' and 'Forests 
dominated by swamp-mosses ' .  Regardless of the criteria 
for the first delimitation of the plant communities, the 
resulting systems have a large degree of resemblance. 

Earlier presentations of forest plant communities are 
found in  Sjors ( 1 967, 1 97 1 ) . Other surveys of Swedi sh 
and/or Fennoscandian forest communities are given by 
e.g.  Kielland-Lund ( 1 967, 1 97 1 ) , Pahlsson ( 1 994) and 
Dierssen ( 1996). The plant communities in Norway have 
recently been described by Fremstad ( 1 997) and Moen 
( 1 998), and earlier by Kielland-Lund ( 1 9 8 1 b, 1 994) . 

Malmstrbm ( 1949) presented a study on forest communi
ties in the county of Vasterbotten (provinces of Vaster
botten and southern Lappland) using systematic sam
pling. This is a unique study as it covers a large area and 
includes vascular plants, lichens and bryophytes. Here we 
show the data in Table 2 to illustrate variation in species 
richness and soil properties in different forest communi
ties . 

The different communities are introduced here under 
the heading of the above-mentioned series . The forest 
communities in the different series can be arranged along 
the two main gradients, soil moisture and soil alkalinity/ 
nutrients (Fig .  1 ) . A corresponding schedule for Norway 
has recently been published by Moen ( 1 998) .  The nutrient 
gradient in particular is  in fact a complex gradient, com
prising variables such as pH, base saturation and nitrogen 
availability .  The two main gradients are partly interre
lated. An underlying environmental factor is topography 
as it may affect soil moisture and nutrients for example via 
soil  depth. 

The communities vary locally in species composition 
and are often gradually changing, and their delimitation is 
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therefore difficult. The plant communities within each 
series are described from the driest sites to the wettest, but 
this order is not very strict within the heath series, as these 
communities are also discriminated by other variables . 
Within each series there is a large variation in nutrient 
availability . 

Communities in the heath series 

The Pinus-lichen community ( ' lavtallhed' )  is character
ized by an open tree layer of scattered pines and an 
abundant lichen mat (Fig. 2). Occasionally ,  other tree 
species may occur, for example Betula pendula and spruce. 
The field layer has a very low diversity (Table 2) and 
consists nearly exclusively of dwarf shrubs, the two most 
common being Calluna vulgaris and Vaccinium vitis

idaea. Arctostaphylos uva-ursi, Empetrum nigrum, and 

Fig. 2. Pinus-lichen stand at the Tjutek mountain in Muddus 

National Park, Lappland. The oldest pines on the picture are 

about 500 years old . Betula pendula occurs regularly, while 

spruce occurs sparsely as suppressed trees. Field-layer domi

nants are Arctostaphylos uva-ursi, Calluna vulgaris and Empe

trum nigrum, whereas Cladonia and Stereocaulon species domi

nate in the bottom layer. Photo Ola Engelmark. 
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also Vaccinium myrtillus can dominate certain stands. In 
Vasterbotten (Malmstrom 1 949) Empetrum was found to 
dominate more often in stands at higher altitudes. Only 
few graminoids and herbs, e.g. Deschampsia flexuosa, 
Luzula pilosa, Melampyrum pratense, Epilobium angus
tifolium are found. A rare southern species of this commu
nity is Anemone vemalis. The field layer may be nearly 
absent, for instance in some areas of Dalarna and 
Harjedalen. Usually the dwarf shrubs and lichen mats 
grow in distinct patches, but the first mentioned may also 
grow evenly dispersed as single shoots among the lichens. 

The bottom layer is always well-developed and domi
nated by lichens. Mats of e.g. Cladonia arbuscula, C. 
rangiferina, C. stellaris, C. uncialis, Cetraria islandica 
and Stereocaulon paschale cover the ground. Many cup
forming Cladonia species may be found. Bryophytes are 
sparse, but Polytrichum juniperinum, P. piliferum, Pleuro
zium schreberi, Dicranum fuscescens, D. polysetum and 
D. spurium may occur. Rhododendron tomentosum, 
Polytrichum commune and Sphagnum spp. can be found 

in wet depressions. In the study by Malmstrom ( 1949) in 
Vasterbotten, the number of lichen species was higher 
than the number of bryophytes (Table 2). The moss layer 
is denser in patches with a more closed tree canopy. 

This community is located at dry and nutrient-poor 
sites, growing on coarse till, sand dunes, gravelly substrates 
such as eskers, glaciofluvial sediments etc. The soils are 
distinctly podzolized and developed to a so-called lichen 
podzol or iron-podzol usually with a thin humus, mor 
( 'mar'), layer (Table 2) . The pH of the soil is low. Lichen
dominated pine forests are particularly common in north
em Sweden and in climatically dry continental areas, such 
as Harjedalen. In Uppland, for instance, the community is 
rare and usually occurs only on top of eskers (Almquist 
1929). 

The pine forest on rocky ground ( 'hallmarkstallskog' ) 
is a mosaic of different communities on acid bedrock and 
occurs especially below the highest post-glacial coastline. 
Scattered pines occur which root in crevices of the bed
rock with sufficient soil for the pine to survive dry periods. 

Table 2. Species number (mean per 10 m x 10 m plot and range) in different forest communities in Vasterbotten and southern La pp land 
(compiled from Malmstrom 1 949). The investigation used a systematic sampling. The names of the plant communities have in some 
instances been changed from Malmstrom's original to fit as closely as possible to the names used in this chapter. Also shown are humus 
type and thickness, median pH, median and range of organic content and total nitrogen content in the humus layer. Values in parentheses 
are based on fewer samples. Compiled by Egil I. Aune and H. Hyttebom. 

Number of species 
Humus pH in 4 Organic Tot-N 

Forest Number Vascular type, different material (g/kg) 
community of plots plants Musci Hepatics Lichens Total thickness layers (%) 

(cm) 

Pinus-Iichen 13 7.8 7.3 0.6 6.2; 13.51 21 .9; 29.21 M or 4.02; 4.43 58 12.4 
( Calluna-rich) 4- 12 5-9 0-3 4-8; 1 1 -171  15-28 ; 26-341 1-4 5 .54; 5.45 39-96 9.5-14.8 

Pinus-Iichen 13 10.4 6.9 0.8 5.6; 12.01 23.7; 30. 1 1  M or 3.7; 3.9 72 12.0 
(with other dwarf shrubs) 7- 16 3-9 0-2 4-7; 5-171 17-33; 1 8-41 1  1-4 5.5;  5.4 35-87 10.7-20.7 

Pinus-Calluna vulgaris 5 10.4 8 .0 0.2 5.4 24.0 M or 3.8;  4.3 74 1 1 .2 
6- 16 4- 1 2  0-1 3-8 14-36 1 .5-6 5 . 1 ;  5.4 66-91 10.5- 12.9 

Pinus-Empetrum nigrum 8 1 1 .9 6.3 1 .8 5.4 25.3 M or 3.9; (3.8) 87 12.8 
7-16 5-10 0-5 0-8 19-35 1-4 4.7; 5.3 36-96 9.6- 19.2 

Pinus-Vaccinium 12 10.8 7.7 1 .3 5.4 25.2 Mor 3.8; 4. 1 84 12.6 
vitis-idaea 8-17 4- 10 0-4 2-8 18-33 1 .5-6 5 . 1 ; 5.4 7 1-96 9.5- 15.5 

Picea-Vaccinium myrtillus 13 1 3.8 7.8 2.0 5.6 29.3 M or 3.7; 4.0 88 12.3 
9-20 5-13 0-5 1 -9 19-39 1-8 5.2; 5.4 76-97 9.8- 14.7 

Picea-Vaccinium myrtillus- 9 20.6 8.4 2.6 3.2 34.8 M or 4.4; 4.5 87 18.1  
low herb 15-27 5-12 0-5 1-6 28-45 3- 1 1  5.3; 5.6 50-94 1 1 .0-20.4 

Picea-low herb 8 35.9 1 1.3  2. 1 3.0 52.3 Mor/mull 5.2; 5.2 66 19.8 
(Geranium sylvaticum-forests) 27-46 6- 1 8  0-5 1-7 39-67 2- 13 5.5; 5 .7  35-90 1 3 .7-30.2 

Picea-tall herb 6 52.2 13.5 2.8 5.8 74.3 Mull 5.92 67 25.7 
(with Aconitum lycoctonum) 41-64 9- 16 0-4 2-10 54-91 3-10 6.3; 6.2 40-92 21.3-32. 

Picea-dwarf shrub� 7 1 7.4 1 1 .6 2.9 2.9 34.9 
Sphagnum 7 14-26 9-14 0-6 1 -5 30-44 

Picea-herb-rich 5 33.4 14.0 2.6 3.0 53.0 
swamp forest 24-40 8-19 0-5 2-5 42-65 

1 The higher values include cup-formed Cladonia spp. (not included in the other communities); 2Humus layer; 3 A
1 

horizon ( eluvial); 4B horizon (illuvial); 5C horizon 
(substrate). 
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The annual growth rate is very low, and the trees are small 
in stature, but can reach quite an advanced age. In small 
depressions without drainage, mire fragments with, for 
instance, Calluna vulgaris, Vaccinium uliginosum and 
Sphagnum capillifolium develop. On the bedrock differ
ent species dominate depending on soil depth and succes
sional stage. 

The first invading plants on the bare rocks are lichens 
and bryophytes that are attached to the rock. After accu
mulation oflitter other species can invade and outcompete 
the pioneer cryptogams. Common lichens include the 
reindeer lichens, Cladonia spp. with C. stellaris usually as 
a competitive species and many species of cup-formed 
Cladonia spp. Bryophytes are common, such as Dicranum 
spurium, Polytrichum juniperinum, P. piliferum and 
Racomitrium lanuginosum. Such mats of lichens and 
bryophytes are sensitive to trampling and erosion and can 
be blown or washed away and thereafter the succession 
starts again. Where the litter and humus layers are thicker 
there are dwarf shrubs such as Calluna vulgaris and 
Vaccinium spp. The two herbs Silene rupestris and, in 
southern Sweden and along the Bothnian Sea coast, 
Spergula morisonii are found in this community. Lichens 
on bare rocks are of the genera Lecanora, Lecidea, 
Parmelia, Rhizocarpon and Umbilicaria. 

The Pinus� Vaccinium vitis�idaea community 
( 'lingontallskog' )  is the most common pine community 
dominated by mosses. Apart from Vaccinium vitis-idaea, 
which is usually the most prominent species in the field 
layer, other dwarf shrubs, such as V. myrtillus, Calluna 
vulgaris and Empetrum nigrum can dominate. Forests 
with high abundance of V. vitis-idaea are usually pine
dominated, but such forests may convert into spruce
dominance over time, especially if they do not burn. The 
tree layer is generally denser than in the lichen forests. 
Other tree species can be mixed with pine. In addition to 
spruce both birch species, Populus tremula, Salix caprea 
and Sorbus aucuparia also occur. Together with the above
mentioned dwarf shrubs, other lignified species are Linnaea 
borealis and Orthilia secunda. Lycopodium complanatum 
can also be found. The number of herbs and grasses is low 
in this community. Deschampsia flexuosa and Luzula 
pilosa are the most common graminoids and among the 
herbs Melampyrum pratense may be abundant. Pyrola 
chlorantha is an uncommon, but characteristic species of 
this community. Soil water and nutrient availability are 
higher than in the above-mentioned communities, which 
favours the growth of bryophytes at the expense of li
chens, particularly in northern areas with reindeer graz
ing. The bottom layer is therefore characterized by a high 
cover of bryophytes and dominated by Pleurozium schre
beri and Hylocomium splendens. Dicranum fuscescens, 
D. polysetum, D. scoparium, Polytrichum juniperinum 
and the lichens Cladonia arbuscula and C. rangiferina 
may occur frequently. The average species diversity is 
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low, and the number of cryptogams is often higher than 
the number of vascular plants in this community (Table 
2). The soil is acid and podzolized and the humus type is 
a mor, usually slightly thicker than in the pine-lichen 
community. 

The Pie ea� V accinium myrtillus community ( 'bH'tbars
granskog' )  is the most common plant community in Swe
den. Spruce is the most common tree species, but in 
forests which have escaped forestry (clearing and thin
ning), Betula pendula, B. pubescens, Populus tremula, 
Sorbus aucuparia and locally Salix caprea and solitary 
pines occur. As in all communities of the heath series the 
shrub layer is poorly developed. Juniperus communis 
occurs regularly as scattered individuals, and in moist 
patches Salix spp. may occur. 

The field layer varies considerably in floristic compo
sition. In stands with a dense canopy it can be sparse with 
few species. Vaccinium myrtillus often dominates; occa
sionally also Vaccinium vitis-idaea (especially under tree 
crowns). Linnaea borealis is also common, especially in 
northern Sweden. Deschampsiaflexuosa is always present 
and may, for instance after disturbances and clear -cuttings, 
but also due to grazing, come to dominance. On compara
tively dry soils within the range of this community Call una 
vulgaris or Empetrum nigrum become more abundant, 
and at the moister sites Vaccinium uliginosum. Cornus 
suecica is frequently found in, or in the vicinity of, the 
mountains. Characteristic species are Luzula pilosa, Lyco
podium annotinum, Maianthemum bifolium, Melampyrum 
pratense, Orthilia secunda, Solidago virgaurea and Trien
talis europaea. Listera cordata is more common in north
ern Sweden than in the south. The bottom layer usually 
covers the ground completely and is dominated by the two 
mosses Hylocomium splendens and Pleurozium schreberi. 
Dicranum species may also dominate, namely D. majus, 
D. polysetum and D. scoparium, as well as Ptilium crista
castrensis. In the north, Barbilophozia lycopodioides and 
the lichens Nephroma arcticum and Peltigera aphtosa 
may attain high frequencies. 

The community occupies mesic, well-drained sites 
with a higher nutrient availability than sites dominated by 
lichens. The humus is a mor, which may reach ea. 10 cm, 
and the soil is podzolized and in most cases developed to 
an iron-podzol with an eluvial layer usually several cm 
thick. The pH in this community and in the above-men
tioned communities does not vary much according to the 
data provided by Malmstrom ( 1949; see Table 2). The 
same is true for the concentration of total nitrogen in the 
humus layer. 

The Picea� Vaccinium myrtillus�Iow herb commu� 
nity ( 'blabar-H'tgortgranskog' )  is also usually dominated 
by Vaccinium myrtillus, but in addition and in contrast to 
the Picea-Vaccinium myrtillus community several more 
demanding herbs and ferns are found here. These are, for 
example, Anemone nemorosa, Carex digitata, Fragaria 
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vesca, Gymnocarpium dryopteris, Listera cordata, Melica 
nutans, Oxalis acetosella, Phegopteris connectilis, Pyrola 
minor, P. rotundifolia, Rubus saxatilis and Viola riviniana. 
Some of these species are, however, absent or rare in the 

north and here Gymnocarpium dryopteris is usually an 

important constituent. Oxalis is a characteristic plant of 

this community in southern Sweden. Other species may 

be important, for example Maianthemum bifolium, or 

Cornus suecica in areas near mountains. The number of 

vascular plant species per 100 m2 slightly exceeds 20 and 

is thereby higher than in all the earlier-described commu
nities and is about the same in Viisterbotten as in Uppland 

(Table 2, cf. Almquist 1929). Hylocomium splendens and 

Pleurozium schreberi are also the most important bryo

phytes in this community, but there are some additional 

species in the bottom layer such as Plagiomnium affine, 
Plagiochila asplenioides, P. porelloides, Rhodobryum 
roseum and Rhytidiadelphus triquetrus. 

The humus has developed into a mor, on average 
slightly thicker than in the Picea-Vaccinium myrtillus 
community (Table 2), and the soil profile is a podzol. In 

calcareous areas, such as in north-eastern Uppland, the 

podzols are weakly developed. The pH and the concentra

tion of total nitrogen in the humus are higher than in the 

Picea-Vaccinium myrtillus community. The community 

has developed on soils with a good water supply and a 
comparatively high nutrient content. The sites are more 

productive than those of the above-mentioned commu

nity. The Picea-Vaccinium myrtillus-low herb commu

nity is found over the whole distribution area of spruce. 

The Pinus-Calluna- Vaccinium uliginosum commu
nity ( 'ljung-odontallskog' )  is usually dominated by pine, 

but spruce and birch also occur. The tree layer is sparse. In 
Sweden this community is probably limited to areas of 

northern Dalarna and Hiirjedalen with a humid climate, 

but occurs commonly in Norway (Fremstad 1 997). The 

trees do not easily regenerate, probably because of the 

dense field and bottom layers. The field layer is domi

nated by Calluna vulgaris. Vaccinium myrtillus, V. uligi
nosum and also Betula nana may occur regularly. Species 

with a clear tendency to prefer moist to wet sites also 

occur here, e.g. Andromeda polifolia and Carex globularis. 
Mosses are more abundant than lichens and the bottom 

layer is composed of e.g. Sphagnum capillifolium and S. 
russowii. The common forest bryophytes may also occur 

in drier patches. The humus layer has built up to a thick 
peat-like layer. The development of this community is 

probably a result of drainage problems and poor nutrient 

conditions.  The peat-like humus usually maintains a high 

soil water content. 

The basicole pine forest community (also called 

basiphilous pine forests, 'kalktaUskog') is characterized, 

in its most typical form, as herb- and grass-rich forest on 

calcareous or base-rich bedrock with a thin soil layer, and 
has sometimes been placed in the steppe series. This type 
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of vegetation has a limited distribution in Scandinavia. In 
Sweden it occurs most frequently on Gotland, and there 

are also stands on Oland and, more scattered, on the 

mainland (map in Bjf.'Srndalen 1 985). Pine is the most 

common tree species, but spruce, Betula pubescens and 
Sorbus aucuparia may also occur. Bjf.'Smdalen ( 1985) 
differentiated the basicole pine forests into three subtypes, 

viz. the true basicole pine forest, the low herb pine forest 

on deeper grey-brown forest soils, and the basicole birch 

(spruce) forest. 

The flora includes elements of various vegetation 

types, such as nutrient-poor spruce forests, rich spruce 
forests, southern deciduous forests, eutrophic meadows 

and even rich fens. In the boreo-nemoral zone there are 

many species with a southern and south-eastern distribu

tion, whereas the stands in northern Scandinavia may 

comprise alpine, calcicole species. The true basicole pine 

forests usuaUy have a sparse tree layer, and the insolation 

to the ground is high. The most common type on Gotland 

is in the field layer dominated by Arctostaphylos uva-ursi, 
with many other species attaining high abundance, for 

example Anemone pratensis, Calamagrostis varia, Helian
themum nummularium and Sesleria caerulea occur. In 

moister places Brachypodium pinnatum, B. sylvaticum, 
Convallaria majalis and Geranium sanguineum occur, 
and also, at sites with even higher soil moisture, Carex 
flacca. On Gotland and also in other areas many orchids 

are found in this community, e.g. Cephalanthera spp. ,  

Cypripedium calceolus, Epipactis atrorubens and Ophrys 
insectifera. Cattle and sheep grazing is, or was, an impor

tant factor affecting this community on Gotland and Oland. 

Communities in the meadow series 

Grass-rich communities occur with both spruce and 
pine, but usually in forests with spruce as a dominant tree. 

Especially after clear -cutting Deschampsia flexuosa, which 

in mature forests mainly occurs as sterile shoots, becomes 
luxuriant and flowers frequently. However, also in closed 

forests there are areas where grasses are dominant, espe

cially Calamagrostis arundinacea. Such communities 
probably occur more often in connection with selective 

cutting or grazing or other measures that allow higher 

insolation to the forest floor. These communities are 

intermediates between the heath and the meadow series. 

The field layer may be dominated by C. arundinacea with 

frequent occurrences e.g. of Luzula pilosa and Carex 
digitata. Many of the species found in the Picea-Vaccinium 
myrtillus-low herb and Picea-low herb communities also 
occur in grass-rich spruce forests, for instance Gymno
carpium dryopteris, Melampyrum sylvaticum and Oxalis 
acetosella. Vaccinium myrtillus and V. vitis-idaea grow 

here, and in many places Pteridium aquilinum occurs. 
The community often is found on somewhat dry places 

on the upper parts of slopes or small hills composed of till 



material . The humus is not a typical m or and the podzol i s  
not very clearly developed. 

The Picea-low herb community ( ' lagort-angsgran
skog' )  is characterized by a high frequency of spruce in  
the tree layer and by dominance of  herbs and grasses in  the 
field layer. All the boreal tree species may occur, includ
ing Alnus incana and Prunus padus (which two are not 
very common in the heath communities) .  The shrub layer 
may be more dense in the meadow communities. In south
ern Sweden several species with a mainly southern distri
butionjoin the community, for example Corylus avellana, 

Lonicera xylosteum, Quercus robur and Ribes alpinum 

(Fig. 3 ) .  In northern Sweden Alnus incana, Betula 

pubescens, Salix caprea and Sorbus aucuparia are com
mon in the subcanopy. The field layer is species-rich, with 
Anemone hepatica, A.  nemorosa, Carex digitata, Fragaria 

vesca, Geranium sylvaticum, Lathyrus vernus, Melica 

nutans, Milium effusum, Moehringia trinervia (often on 
boulders), Moneses uniflora, Paris quadrifolia, Pyrola spp. ,  
Rubus saxatilis, Sanicula europaea, Veronica chamaedrys, 

V. officinalis, Viola mirabilis and V. riviniana. In open 
patches, grasses such as Calamagrostis arundinacea may 
dominate. The bottom layer usually has a low cover, but 
occasionally dense carpets of Brachythecium spp, Cirri

phyllum piliferum and Rhytidiadelphus triquetrus, de
velop. In northern Sweden the plant community called 
Geranium forests by Malrnstrbrn ( 1 949) seems to be the 
equivalent community, in which Geranium sylvaticum, 

Gymnocarpium dryopteris and Oxalis acetosella are promi
nent. It is described also from Dalarna (Samuelsson 1 9 1 7) .  
In the most nutrient-rich sites in the boreo-nemoral zone 
Allium ursinum or Mercurialis perennis may totally domi
nate the field layer (particularly in deciduous forests) . 
Both the total species richness and the number of vascular 
plant species are much higher in this  community than in 
the heath communities. In Vasterbotten and in Uppland 
this community contains between 35 and 40 vascular plant 
species per 1 00 m2 on average (Almquist 1 929; Malmstrbm 
1 949; Table 2). The number of bryophyte species is also 
much higher than in the heath communities. 

The forests grow on nutrient-rich and mesic soils, and 
the soil pH and nutrient content are definitely higher than 
in the heath communities (Table 2). 

The Picea-tall herb community ( 'hbgbrtgranskog' )  
i s  especially characteristic of northern Sweden. Malmstrbm 
( 1 949) refers to this community as Aconitum forest and in 
Lappland it occurs more frequently in the mountainous 
areas. All boreal tree species grow in this  community 
including Alnus incana. The field layer is  characterized 
by many tall species such as Aconitum lycoctonum, An

gelica archangelica, A. sylvestris, Calamagrostis pur

purea, Cicerbita alpina, Cirsium helenioides, Daphne 

mezereum, Deschampsia cespitosa, Dryopteris expansa, 

Filipendula ulmaria, Geranium sylvaticum, Phegopteris 

connectilis, Rubus idaeus and Valeriana sambucifolia 
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Fig. 3. Coniferous forest with spruce and pine as well as regen

erating Que reus robur, close to the northern limit of the boreo

nernoral zone. Juniperus communis and Sorbus aucuparia and 

in the field layer Calamagrostis arundinacea are present. 
OsHi.ttfors, Gastrikland. Photo Hllican Hytteborn. 

(Fig. 4) . Tall ferns, such as Matteuccia struthiopteris and 
Athyrium filix-femina can dominate in humid areas on 
north-facing slopes and in ravines . In Norway such sites 
are considered as a separate ' tal l-fern communi ty '  
(Frernstad 1 997) . I n  southern Sweden where several of 
these tall herbs are rare or lacking, the equivalent commu
nity is  often dominated by Filipendula ulmaria (Almquist 
1 929) and characterized by several tall ferns, e.g. Athyrium 

filix-femina, and herbs such as Geum rivale and Stachys 

sylvatica. The bottom layer is usually not very prominent 
as the tall herbs effectively shade the ground. 

The tall-herb community is  very species-rich. Samuels
son ( 1 9 1 7) mentioned that about 1 50 vascular plants 
occurred in this community, and Malmstrbm ( 1949) noted 
about 50 vascular plant species per 1 00 m2 and also a high 
number of bryophytes (Table 2) . 

This is a very productive community usually occur-
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Fig. 4. Picea-tall herb forest in Kirjesalandet, Lappland. This is  

a very productive site. Characteristic herbs are Aconitum lyco

ctonum, Geranium sylvaticum and Trollius europaeus. Photo 
from SLU archives . 

ring on slopes with a steady supply of oxygen-rich soil 
water and a high nutrient content . The pH and the nitrogen 
concentration are high (Table 2). The humus type is mull 
or a mor resembling a mull and the content of organic 
material in the humus is lower than in a typical mor. The 
soil profile is usually not podzolized and may resemble a 
grey-brown forest soil .  

Swamp forests in the heath and meadow series 

Swamp forests may be formed both by deciduous trees 
(Alnus glutinosa, A. incana, Betula pubescens and some
times Prunus padus) and, especially in northern Sweden, 
by spruce. Pine can also be a constituent of such forests, 
and all mentioned species may even grow together. Swamp 
forests occupy an intermediate position along the mois
ture gradient between mineral soil communities of the 
heath and meadow series and mire communities. The 
delimitation of swamp forests is  therefore difficult. 
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The soil water content is high . The water table varies 
considerably over the growing season, but it is always 
close to, or at times above, the soil surface. Moisture i s  
interrelated with the soil nutrient variable .  With moving 
seepage water, especially on steep slopes, the soil is 
enriched with nutrients, while stagnant water does not 
result in increased nutrient contents. This factor discrimi
nates between different swamp forest types. Here, we 
describe only the swamp forests dominated by conifers. In 
addition to sites occupied by a true tree layer there are also 
shrub-dominated swamps with Salix, for instance along 
mires, lakes and streams and also in depressions in the 
landscape. Several Salix species may grow in such stands, 
for example, S. cinerea, S. myrsinifolia and S. pentandra, 

and in the north S. glauca, S. lapponum, S. phylicifolia 

etc . 
The Picea-dwarf shrub-Sphagnum swamp forest 

( 'fattig sumpskog' )  is a community in the heath series, 
occurring in depress ions in the landscape and often bor
dering mire communities on gentle slopes . It develops on 
more nutrient-poor soils than the spruce forests on mesic 
soils. Betula pubescens and either of the two Alnus spe
cies are common sub-ordinate species in the tree layer. 
Characteristic species in the field layer are Equisetum 

sylvaticum, Rhododendron tomentosum, Rubus chamae

morus, Vaccinium uliginosum and, in northern Sweden, 
Carex globularis. The community i s  further characterized 
by Polytrichum commune, Sphagnum angustifolium and 
S. girgensohnii. The common forest mosses Dicranum 

spp . ,  Hylocomium splendens and Pleurozium schreberi 

may also occur. The community can be quite species-rich, 
partly due to a fairly high number of graminoids such as 
Eriophorum spp. and Carex spp. (Table 2) .  

The Picea-herb-rich swamp forest ( 'rik sumpskog ' )  
is a community i n  the meadow series occupying nutrient
rich s ites (Fig.  5). These are among the most species-rich 
communities of the coniferous forest. The most produc
tive sites include many different micro-habitats, often in 
combination with oxygen-rich seepage water, and support 
many demanding species. Ohlson et al . ( 1 997) reported 
5 17 species ( 1 48 vascular plants, 1 3 1  mosses, 64 hepatics, 
1 42 l ichens and 32 species of wood-inhabiting fungi) in 
10 small remnant boreal old-growth swamp forests. 

Shrubs such as Salix myrsinifolia and S. phylicifolia are 
common. Several Carex species occur, e .g .  C. canescens, 

C. elongata and C. vaginata (in southern Sweden), as well 
as grasses such as Calamagrostis canescens, C. purpurea 

and Deschampsia cespitosa. Among the herbs may be 
mentioned Angelica sylvestris, Caltha palustris, Crepis 

paludosa, Equisetum spp . ,  Filipendula ulmaria and 
Valeriana sambucifolia. In the bottom layer several species 
of Sphagnum and the bryophyte family Mniaceae occur. 

Forested fens are difficult to separate from swamp 
forests except in terms of their more regular peat 
formation. They are characterized by a long-lasting high 



Fig. 5. Picea-herb-rich swamp forest with Betula pubescens, 

with Calamagrostis canescens and Carex vaginata in the 

understory. bstra Bjorkhallen, Varmland. Photo Hakan Hytte

bom. 

water table, either stagnant or seepage water. Stagnant 
ground water results in a slow turnover of nutrients and in  
anaerobic conditions. The ombrotrophic pine bogs are 
dealt with in  Chapter 7 .  

Vegetation and disturbance 

Rutger Sernander pointed out the role of disturbance as an 
important and natural factor behind coniferous forest re
generation and dynamics (Sernander 1 936).  Depending 
on type, frequency, magnitude, and how different distur
bances interact, post-disturbance vegetation patterns can 
be quite different. Moreover, disturbance dynamics is 
affected by climate. For northern coniferous areas com
mon disturbances are fire, herbivory, wind, flooding, land
sl ides, avalanches, and also, of course, human land use. 
Here we use the term 'disturbance' for any destructive 
event that changes the vegetation and makes new growing 
space available (Pickett & White 1 985 ; Oliver & Larson 
1 990; Engelmark et al . 1 993).  
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Disturbances can be divided into ' major' and 'minor' 
events. A major disturbance is defined as one that kills 
practically all trees in a stand, while a minor one kills  
s ingle trees or a group of trees (Oliver & Larson 1 990). 
Extensive fires and insect outbreaks, windstorms and 
large clear-cuts are examples of major disturbances. They 
promote recruitment of new even-aged cohorts. Minor 
disturbances are wind-throws, fires, insect attacks, brows
ing and selective cuttings . Regeneration in canopy open
ings (gaps), leads to multi-aged stand structures. For 
further reading on disturbance dynamics in different 
ecosystems we recommend Walker ( 1 999) . 

Pine forest fire dynamics 

Fire is most common in dry ecosystems worldwide, and is 
also important in coniferous forests. Compared to North 
America, for i nstance, northern Eurasia seems to have 
lower fire frequencies and less intense fires. Species re
spond differently to different fire regimes.  In Sweden, 
pine is found at regularly burnt s ites with a dry, subconti
nental cl imate (Uggla 1 958 ;  Zackrisson 1 977;  Engelmark 
et al . 1 994). Spruce dominates at sites where fires occur 
rarely or not at all ,  for instance, at high altitudes or in 
maritime areas along the Scandinavian mountain chain 
(Arnborg 1 990; Engelmark 1 993;  Hofgaard 1 993a) .  

Pine grows preferably on  coarse, well-drained and 
sometimes nutrient-poor soils .  Fires are often low or 
medium intense surface fires, in which litter, lichens and 
dwarf shrubs constitute the principal fuel. In dry places, 
continuous carpets of Cladonia, Empetrum and Vaccinium 

species are important in promoting surface fires. Some 
patches may not burn . In burnt parts, some tall pines 
survive and often become fire-scarred (Fig. 6).  Pine and 
other shade-intolerant trees such as Betula pubescens and 
Populus tremula regenerate on the burnt area. Fire-scarred 
pines produce large amounts of resin, which gives them 
better resistance to pathogens (Gref & Ericsson 1 985) and 
thus favours their longevity (Engelmark 1 987) . The oldest 
known pines in Fennoscandia are 700-800 yr old and were 
found in fire-prone areas in Muddus National Park at 
67°N, close to the Arctic Circle (Engelmark & Hofgaard 
1 985;  Engelmark et al . 1 994), a national park which also 
is part of the UNESCO Natural World Heritage. Such old 
pines with distinct tree rings and fire scars are very useful 
when studying fire history. Engelmark ( 1984, 1 987) re
ported that the mean fire frequency in pine forest in the 
Muddus National Park was 1 1 0 yr (range 40-277 yr) . At 
65°N, in pine forests along the Vindel River, Zackrisson 
( 1 977) obtained a mean frequency of 55 yr. In a review of 
fire history studies covering the last millennium, Flannigan 
et al . ( 1 998) showed a range of frequencies from 30 to 300 
yr in northern Fennoscandian pine forests, most com
monly 70 to 80 yr. At a larger time scale, Tolonen ( 1 983) 
estimated natural (pre-settlement, 5000-2000 BP) fire 
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Fig. 6. Living pine that germinated in 1 490 and thereafter has 

registered five fires ( 1 603, 1 667, 1 763, 1 868, 1 933) as consecu

tive fire scars. Notice the cavity in the tree base that has resulted 

from the fires. Muddus National Park, Lappland. Photo Ola 

En gel mark. 

frequency in southern Finnish spruce stands at 1 58 yr for 
local fires and 238 yr on a regional scale. Historically, 
fires have been more frequent in the interior parts of 
Fennoscandia. 

The intervals between fires are generally longer at 
high altitudes and in tundra areas. This is partly coupled to 
the climatic situation, where l ightning frequency, the 
amount of precipitation and air pressure are important 
factors affecting fire occunence. Based on fire statistics 
from 1 953 to 1 975,  Granstrom ( 1 993) suggested that the 
density of lightning ignitions was highest in  southeastern 
Sweden. Although this is a short study period, these 
results could mean that before the fire occunence started 
to decrease in the late 1 800s, this area of Sweden had the 
highest fire frequency. Granstrom ( 1 993) proposed that 
the present southeastern distribution of the two fire-de
pendent species Geranium bohemicum and G. lanugi

nosum i ndicates a particularly high influence of fires 
since ancient times in southeastern Sweden, although also 
influenced by man. However, the generally decreasing 
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fire occunence from ea. 1 870, has been reported from 
several northern sites worldwide, and is suggested to be 
related to the more warm and humid climate beginning 
then (Flannigan et al . 1 998) . 

In Fennoscandia, more than 60 species of vascular 
plants, lichens, fungi and invertebrates are considered 
fire-dependent (Esseen et al. 1 992; Wikars 1 997) . Among 
vascular plants, Anemone patens, A. vernalis, Chimaphila 

umbellata, Geranium bohemicum and G. lanuginosum 

are fire-dependent. Other species favoured by fire are the 
'fireweed' Epilobium angustifolium, and mosses such as 
Ceratodon purpureus, Funaria hygrometrica, Leptobryum 

pyriforme, Polytrichum juniperinum and P. piliferum 

(Esseen et al . 1 997) . A classic study of post-fire vegeta
tion dynamics was made by Uggla ( 1 958) .  Schimmel & 
Granstrom ( 1 996) suggested that depth of burn, which is  
an estimate of fire severity, considerably affects which 
plant species establish .  The species composition depends, 
of course, on the pre-fire vegetation composition, the seed 
bank and species survival. Species differ in their regen
eration strategies:  Epilobium angustifolium is seed-dis
persed after fire, Luzula pilosa has a soil seed bank, and 
Vaccinium myrtillus and V. vitis-idaea resprout from rhi
zomes. Pine stands are often multi-aged, partly caused by 
post-fire regeneration (Engelmark et al . 1 994). But in  
northern areas this might also be related to the climate -
warm summers promote seed ripening and seedling estab
lishment (Zackrisson et al . 1 995) .  In a study covering two 
centuries, Engelmark et al. ( 1 998) showed how the com
bined effects of winter precipitation, fire and reindeer 
browsing created a pine seedling- and sapling bank and a 
continuous regeneration, but also high mortality. 

Deciduous forests of mainly birch (Betula spp.)  and 
aspen (Populus tremula), establishing after forest fires on 
mesic soils, may often host a large variety of species. 
Examples are Pyrola media and lichens such as Collema 

curtisporum, C. fragrans, Ramalina sinensis and fungi 
such as Daedaleopsis septentrionalis, Gloiodon strigosus 

and Haploporus odorus (cf. Esseen et al . 1 997). The areal 
extent of deciduous forests has dimini shed, as a result of 
fewer fires and because of changed land use (Sjoberg & 
Lennartsson 1 995) .  As a consequence, species dependent 
on deciduous forests have become rarer and can even be 
threatened. Bradshaw & Hannon ( 1 992) showed how 
fewer fires, less grazing and a changed Holocene climate 
led to a change in dominance from deciduous trees to 
spruce in Fiby Forest (Uppland). 

Forests and herbivory 

Browsing, grazing and tree defoliation result in gaps in  
the vegetation and in  the canopy . The effects of grazing on 
vegetation may not be obvious until the grazing eventu
ally changes in magnitude or ceases and a recovery proc
ess begins (Hofgaard 1 997) .  Common herbivores include 



moose (Alces alces; Danell et al . 1 99 1 ;  Edenius 199 1  ) , 
reindeer (Rangifer tarandus; Oksanen et al . 1 995 ; Vare et 
al . 1 996; Engelmark et al . 1 998), beaver (Castor fiber; 

Johnston et al . 1 993), rodents (Ericson & Oksanen 1 987) 
and insect defoliators (Morin et al. 1 992; Bylund & Tenow 
1 994 ). For northern coniferous forests, most studies show 
that succession is accelerated by herbivory. Usually the 
succession starts with palatable deciduous trees and shrubs. 
When these diminish due to herbivory, the late succes
sional, less palatable conifers are favoured (Walker et al . 
1 986). 

Moose frequent a range of habitats from subalpine 
birch forests and slowly growing mountainous coniferous 
stands to more productive forests, such as riparian or 
southern deciduous forests and wetlands. They show sea
sonal preferences for different vegetation types (Bergstrom 
& Hjeljord 1 987) . During the winter their main fodder i s  
pine. I f  there i s  a thin snow cover, they also feed on Salix 

spp. and Vaccinium vitis-idaea (Cederlund et al . 1 980; 
Bergstrom & Hjeljord 1 987) . The main summer fodder 
besides Salix are leaves and twigs of Sorbus and Betula 

and Epilobium angustifolium. The preference for feeding 
on shade-intolerant species such as E. angustifolium, pine 
and birch may favour the late successional shade-tolerant 
spruce (cf. Walker et al . 1 986), particularly at mesic sites. 

Reindeer has been raised as a semi-domesticated ani
mal in northern Fennoscandia for at least the last 1 000 yr 
(Aronsson 1 99 1 ) .  Increasing reindeer herds have led to 
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increased grazing of lichens .  According to Vare et al . 
( 1 995 , 1 996) high grazing pressure has resulted in a 
significant decrease i n  the late successional lichen species 
Cladonia stellaris (grazed: 3% cover, ungrazed: 60%), 
while early colonizers such as Stereocaulon spp. , Cladonia 

arbuscula and C. rangiferina benefit, as do the mosses 
Dicranum spp. and Pleurozium schreberi. Additionally, 
the biomass of dwarf shrubs such as Calluna vulgaris, 

Empetrum nigrum and Vaccinium vitis-idaea and pine 
root biomass decreased significantly as a result of rein
deer grazing. Exchangeable nutrients decreased by 30-
60% in the organic layer, which may affect long-term site 
productiv ity. On the other hand, reindeer grazing and 
browsing have been reported as positive for creating a 
seedbed for pine recruitment (Engelmark et al. 1 998) . 
Sometimes reindeer and moose trample pine saplings and 
rub the trees with their antlers. Along the Veman River 
valley in central Sweden, Eriksson & Osterman ( 1 996) 
found that 0.2% of the pines were damaged by reindeer 
scraping of antlers, and 10% by moose scraping. 

Spruce forest dynamics 

The absence of fires or low fire frequency are favourable 
for spruce (Fig. 7) .  Spruce stands commonly bum as 
crown fires and few trees survive. Survivors may die as a 
result of fungal attack. However, unbumt patches are not 
uncommon and play an important role in the forest recovery 

Fig. 7. Closed Picea-Vaccinium myrtillus forest at B lakolen, Norrbotten. The stand ages over 300 yr; some spruce trees have a low 

vitality while others have died. During dry conditions at this successional stage, a lightning strike can ignite dead trees and start a lethal 
crown fire. Photo Ola Engelmark. 
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process (Uggla 1 958 ;  Engelmark 1 987) .  Post-fire spruce 
forest succession follows different paths . On mesic soils, 
deciduous species such as birch and aspen regenerate 
abundantly after fire. Spruce starts to regenerate in these 
stands. When the species is young it has a lower growth 
rate than the deciduous tree species, but it  can survive 
their shade and can with time grow up through the decidu
ous canopy and form a spruce stand at the same time as 
the deciduous trees start to die off. 

After another 300 yr the spruce forest has accumulated 
sufficient fuel, for instance dead standing stems, to make 
the forest inflammable again.  This pattern is of course not 
applicable everywhere. Engelmark ( 1 993) described 26 
yr of post-fire tree regeneration in  the Reivo Nature Re
serve (Lappland). Even though the closed pre-fire stand 
was dominated by spruce, the post-fire stand consisted of 
more or less equal amounts of spruce and p ine. The 
interpretation was that i ncreased reindeer browsing of the 
post-fire birch cohort faci litated pine establishment, and 
this  interaction between fire and browsing led to a shift in  
tree species dominance. In an  other northern Swedish 
spruce stand in which fire had not occurred for ea. 500 yr, 
Steijlen & Zackrisson ( 1 987) found that pine had re
cruited in gaps of the spruce canopy. This may be related 
to the c limatic amelioration from the early 1 900s, which 
gave pine a competitive advantage over spruce. In gen
eral, however, fire-free sites tend to favour spruce. 

Insect defoliators may kill conifers which leads to, or 
increases, openings in the canopy.  Examples of com
monly occurr-ing defoliators on pine are Diprion pini and 
Neodiprion sertifer, and on spruce Pristiphora abietina 

(cf. Larsson & Tenow 1 984) . They denude trees in irr-egu
larly occurring outbreaks . Some trees survive and recover 
whereas others die. Tomicus spp. (on pine) and Ips spp. 
(on spruce) are examples of insects that feed on trees 
already weakened . The succession of insects can some
times cause extensive mortality of conifers, resulting in  
new cohorts of  pine or  birch. 

Gap dynamics 

In areas where major canopy disturbances are unimpor
tant, trees fall due to stem breakage or uprooting, which 
creates minor openings in the canopy. Uprootings also 
cause disturbance to the understorey vegetation, exposing 
patches of mineral soil .  The openings, usually created by 
the fall of a si ngle tree or a small group of trees, are caused 
by a variety of factors, such as strong winds in combina
tion with fungi, i nsect attacks or a heavy snow-load (Liu 
& Hytteborn 1 99 1 ) . An existing gap is usually enlarged 
by the fall of surr-ounding trees. These processes play a 
central role for ecosystem rejuvenation (Sernander 1 936;  
Hytteborn et al . 1 987;  Hofgaard 1 993a, b ;  Kuuluvainen 
1 994) . The size of the canopy openings varies from a 
single tree to some thousands of square metres. 
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Fig. 8.  Gap in Fiby Forest, Uppland, with uprooted trees and 

stem breakage. Spruces of different size and a large Populus 

tremula are seen at the edge of the gap. Conspicuous in the field 

layer are Calamagrostis arundinacea and Gymnocarpium 

dryopteris. Photo Hakan Hytteborn. 

The openings can be referred to as gaps when the falling 
trees create an opening in an otherwise closed canopy. In  
forests with very low density, the structure is better de
scribed as tree groups in a matrix of open landscape (cf. 
Hytteborn et al . 1 987; Steijlen & Zackrisson 1 987; Hofgaard 
1 993a, b). In tropical and temperate forests the increased 
light availability is considered to be the most important 
effect of gaps. I n  northern forests where the angle of the sun 
is  low, the importance of light to dynamics in gaps may be 
questioned. Pukkala et al . ( 1 993) and Dai ( 1 996) showed a 
positive correlation between growth of seedlings/saplings 
and radiation, but reduced root competition for soil water 
and nitrogen is probably more important (Tamm 1 99 1 ; 
Kuuluvainen 1 994) . When released from shoot and root 
competition, suppressed and sometimes quite old spruce 
saplings ( 'margranar' )  start to grow (Sernander 1 936).  
Such suppressed saplings, together with newly estab
l ished seedlings, may close the gap. 



In Fiby Forest in Uppland, most gaps were found to 
have a size of less than 250 m2 (average 84 m2; n = 88) . 
One gap had a size of about 2900 m2. The gap area 
amounted to about 30% of the total forest area of 65 ha 
(Leemans 1 986; Liu & Hyttebom 1 99 1 ;  Fig. 8) .  The 
regeneration of field layer and tree species showed higher 
vigour and population density in large openings than in 
small ones (Liu 1 993).  In small gaps the l ight conditions 
do not permit the deciduous trees to establish and, in 
addition, the growth of regenerating spruce individuals is 
lower than in big gaps. In big gaps many species, includ
ing deciduous trees and the two conifers, can establish 
after immigration and grow up to tree s ize faster than in 
small gaps . 

Where spruce is the dominant conifer, it may reach 
ages of 400-450 yr (Hofgaard 1 993a; Kullman 1 995), and 
the age of wind-fallen trees seems to be higher in northern 
Fennoscandia than in the south (Liu & Hyttebom 1 99 1 ;  
Hofgaard 1 993a) . This i s  related to a slower growth rate in 
the north; in rnid-Sweden full-grown spruces often die 
before the age of 200 yr (Liu & Hytteborn 1 99 1 ) .  Wood
inhabiting fungi play a key role in stem breakage. 

The creation of gaps results in a mosaic of cohorts of 
different ages, and in a wide spectrum of different micro
habitats. Decaying logs as well as pits and mounds created 
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at uprootings serve as seed beds (Semander 1 936; Arnborg 
1 943) .  The number of seedl ings and saplings on boulders, 
decaying logs and mounds exceeds the number growing 
directly on the ground (Hytteborn & Packham 1987).  
Hofgaard ( 1 993a) found 40% of the spruce regeneration 
to occur on decomposing logs and stumps even though 
these covered only 6% of the forest floor (Fig. 9) .  

In sample plots covering all forest types in Muddus 
National Park, the amount of coarse woody debris (CWD) 
ranged from zero to 283 m3 ha- 1 (mean = 29, n = 1 143 ; 
Engelmark & Edenius 1 998) . This high value of CWD is 
among the highest recorded in  northern Eurasia, and can 
be compared to the relatively low standing volume of 
living trees of 79 m3 ha-1 . 

Old-growth forests with an ample supply of CWD in 
the form of logs, stumps and dead standing trees are 
important for the diversity of birds, invertebrates and 
cryptogams (Berg et al . 1 993).  The importance of decom
posing trees to bryophytes has been shown by Gustafsson 
& Hallingback ( 1 988) and Soderstrom ( 1 988) .  Andersson 
& Hyttebom ( 1 99 1 )  compared the Fiby Forest with a 
commercial forest nearby. There was more CWD in Fiby, 
especially of larger dimensions, and in their samples they 
noted 1 6  species of wood specialist species compared to 
five in the commercial forest. More than 450 species of 

Fig.  9. Spruce regeneration on a decaying log in Fiby Forest, Uppland. Photo Hakan Rydin. 
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Table 3. Bryophytes living on decomposing wood in boreal and 
boreo-nemoral zones in Sweden. ** nearly totally dependent on 
decomposing wood; * mostly occurring on decomposing wood 
but also on other substrates. In addition, there are ea. 40 species 
occurring on dead wood but mostly found on other substrates. 
Based on Hallingback (1996), L. Soderstrom (unpubl.) and L. 
Hedenas (unpubl.). Evaluation of the dependence on decompos
ing wood was made by L. Soderstrom. See also Hyttebom et al. 
1999. 

Hepatics 
Anastrophyllum hellerianum ** 
Blepharostoma trichophyllum * 
Calypogeia integristipula * 
Calypogeia neesiana * 
Calypogeia suecica **  
Cephalozia affinis * 
Cephalozia catenulata **  
Cephalozia lunulifolia * 
Cephalozia macounii ** 
Chiloscyphus profundus * 
Geocalyx graveolens * 
Harpanthus scutatus * 
Lepidozia reptans * 
Lophozia ascendens ** 
Lophozia incisa * 
Lophozia longidens * 
Lophozia longijlora * 
Mylia taylorii 
Nowellia curvifolia ** 
Odontoschisma denudatum 
Ptilidium pulcherrimum * 
Riccardia latifrons * 
Riccardia palmata ** 
Scapania apiculata ** 
Scapania massalongi ** 
Scapania umbrosa * 
Tritomaria exsectiformis * 

Mosses 
Aulacomnium androgynum ** 
Buxbaumia viridis ** 
Callicladium haldanianum * 
Dicranum flagellare ** 
Dicranum fragilifolium * 
Dicranum montanum * 
Herzogiella seligeri ** 
Herzogiella turfacea * 
Orthodontium lineare **  
Plagiothecium laetum * 
Plagiothecium latebricola 
Tayloria tenuis * 
Tetraphis pellucida ** 

fungi, about 1000 insect species and many bryophytes and 
lichens are confined to old-growth stands. Substrate spe
cialized species of these groups are therefore used as 
indicators of biodiversity and forest continuity (Jonsson 
and Esseen 1990; Berg et al. 1993 ; Ehnstrom et al. 1 993 ; 
Renva11 1 995) . They depend on different stages of wood 
decomposition and therefore play different roles in the 
stand dynamics. Examples of fungi are F omitopsus rose a, 
Phellinusferrugineofuscus, Amylocystis lapponica, Phle
bia centrifuga and Skeletocutis tschulymica. It is sug
gested that this order is successional and indicates an 
increasing level of continuity with large amounts of de-
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Table 4. Lichens living on decomposing wood in boreal and 
boreo-nemoral zones in Sweden almost totally dependent on 
decomposing wood. In addition there are ea. 50 species mostly 
occurring on decomposing wood but also on other substrates, 
and ea. 1 00 species occurring on decaying wood, but mostly on 
other substrates. An asterisk denotes a species growing on dead, 
but still standing trees. Based on Hallingback ( 1 995) and H. 
Ho lien ( unpubl. ), who was responsible for the evaluation of the 
species' dependence on decomposing wood. 

Absconditella delutula 
Absconditella lignicola 
Arthonia ligniariella 
Aspicilia xyloxena 
Calicium abietinum* 
Calicium denigratum* 
Calicium salicinum* 
Calicium trabinellum* 
Caloplaca furfuracea 
Chaenotheca brunneola* 
Chaenotheca gracillima* 
Chaenotheca laevigata* 
Chaenotheca xyloxena* 
Chaenothecopsis fennica* 
Chaenothecopsis haematopus* 
Chaenothecopsis savonica* 
Chaenothecopsis vainioana* 
Chaenothecopsis viridireagens* 
Cladonia botrytes 
Cladonia parasitica 
Cyphelium notarisii* 
Hypocenomyce anthracophila* 
Hypocenomyce castaneocinerea* 
Hypocenomyce xanthococca* 
Lecanora effusella 
Lecanora mughicola 
Lecanora sarcopidoides 

Lecidea apochroeella 
Lecidea dalecarlica 
Lecidea enclitica 
Lecidea gibberosa 
Lecidea huxariensis 
Lecidea paraclitica 
Lecidea scabridula 
Lecidea xylophila 
Micarea anterior 
Micarea contexta 
Micarea elachista 
Micarea eximia 
Micarea hedlundii 
Micarea melaeniza 
Micarea misella 
Micarea nigella 
Micarea rhabdogena 
Microcalicium ahlneri* 
Pyrrhospora elabens* 
Thelocarpon depressellum 
Thelocarpon superellum 
Thelomma ocellatum 
Verrucaria carbonella 
Xylographa parallela 
Xylographa trunciseda 
Xylographa vitiligo 

caying wood (cf. Karstrom 1 992; Stenlid 1 993). Bryo
phytes and lichens dependent on decomposing wood are 
listed in Tables 3 and 4. 

Many deciduous trees harbour a rich epiphytic flora. 
In the boreal zone (lacking most of these tree species), 
large aspens with a coarse bark structure are of impor
tance for epiphytic diversity (e.g. Hazell et al. 1 998). See 
further Esseen et al . ( 1997), and also Ohlson et al. ( 1997) 
for a critical discussion on the value of different species as 
indicators of old-growth stages. 

Dynamics in swamp forests and riparian forests 

Swamp forests are biodiversity 'hotspots' in the succes
sively more managed coniferous landscape (Romberg et 
al. 1 998). However, many swamp forests and wetlands 
have been drained and logged, which has decreased their 
biological diversity considerably. The ecological value of 
the remaining swamp forests has thereby been increased. 

Many species benefit from spring and seepage water 
or flooding (which is also related to nutrient availability), 
whereas stagnant ground water results in low diversity 
(Giesler et al. 1 998). High diversity is also found in 



riparian forests where flooding of variable magnitude and 
frequency occurs. Nilsson & Jansson ( 1995) showed how 
seasonal floodings in free-running rivers in northern Swe
den favoured as many as 138 species,. whereas regulated 
rivers had a significantly less diverse flora. Beavers cause 
flooding and remould the coniferous landscapes, particu
larly the riparian zones. In contrast to other large herbiv
ores, they also affect the tree canopy. Tree felling gives 
rise to canopy openings, which change the light regime, 
alter competition and species composition, and increase 
the amount of coarse woody debris. The construction of 
dams changes the water flow, and thereby sediment trans
portation. Forests in areas influenced by beavers are patchy, 
characterized by canopy openings of different ages, dying 
trees, or even stands, and rejuvenating stands. Trees die in 
large areas because of sediment coverage or flooding 
(Nilsson 1992). 

Vegetation in clear-cuts 

The ecological similarities between burnt areas and clear
cuts have sometimes been over-estimated. Post-fire and 
post-clear-cut vegetation does not follow the same suc
cessional pathways. The prime difference is that a fire 
leaves trees, dead or alive, on the disturbed ground. Even 
a high-intensity, lethal fire leaves standing dead trees on 
the burnt area. They create shade and a more stable micro
climate in comparison to the open, treeless area occurring 

after clear-cutting. 
The cutting exposes the ground to radiation which 

increases the temperature during the day and decreases it 
during the night. The higher daytime temperature affects 
the litter decomposition rate, which in turn increases 
nutrient release. The forest floor mosses die, except where 
they are sheltered by boulders etc. The plants that estab
lish after cutting are shade-intolerant, early successional 
species. Common on mesic sites are Calamagrostis arun
dinacea, Deschampsia flexuosa, Epilobium angustifolium, 
Rubus idaeus and Senecio sylvaticus although their domi
nance can be short as the Vaccinium dwarf shrubs and tree 
layer become denser. Tree regeneration may fail due to 
summer frost in climatically harsh areas, for instance at 
high altitudes. 

Human impact, nature conservation and 
sustainable land use 

Commercial tree cutting started in the 1 600s for the pur
pose of providing charcoal, potash, tar and lumber 
(Angelstam & Am old 1 993 ; Engelmark 1999), and exten
sive clear-cuts were common by the mid- 1 900s. From the 
1 950s forest tracts have become increasingly fragmented 
with extensive networks of ditches and roads, and riparian 
and adjacent upland forests have been inundated by reser-
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voirs. Herbicides were used to suppress birch and aspen 
on clear-cuts (Ostlund et al. 1997). Today the landscapes 
of northern and central Sweden have a much smaller area 
of deciduous trees than before. Only 3% of the productive 
forest land has escaped intensive harvesting, and wetlands 
have been drained over large areas (Ostlund et al. 1997). 
Most of the land area is thus dominated by post-harvest 
coniferous forests. 

The ecological consequences of the large-scale intro
duction of lodgepole pine (Pinus contorta) are not suffi
ciently well evaluated. About 4% of the area north of 
60°N (565 000 ha) consists of plantations of this North 
American species. The long-term effects of its self-dis
persal, its effects on the biodiversity of native plant and 
animal communities, and on fire frequency are unknown 
(Sjoberg & Lennartsson 1995; Andersson et al. 1999). 

The efficiency of commercial tree harvesting increased 
rapidly, and by the end of the 1 800s far-sighted foresters 
realized that forest resources were not endless. As a 
consequence, the first Forestry Act in 1903 required that 
tree regeneration measures had to be undertaken follow
ing forest removal. The Forestry Act has been revised 
continually, and the present Forestry Act of 1 994 pre
scribes that conservation of the biological diversity is of 
equal importance to commercial timber production. This 
is in accordance with the 1 992 UN convention from Rio 
de Janeiro (cf. Bemes 1994), and forestry is now striving 
towards sustainable land use. As a concrete example, 
about 40% of the Swedish forested land today is certified, 
i.e. it is logged according to long-term sustainable criteria. 
Basically, the idea of sustainable land use tries to mimic 
nature, that is, forestry operations should be comparable 
to the ways that natural disturbances act in time and space. 
Much of the recent research on forest disturbance dynam
ics has been conducted to facilitate such forestry practices 
(e.g. Bergeron et al. 1998). 

The flora and fauna is considered at various spatial 
scales, from individual trees, over stands to whole land
scapes (Angelstam & Pettersson 1 997). Planning at the 
landscape level has become common practice within the 
large forest companies, which own ea. 35% of the Swedish 
forest land and different models are applied (Fries et al. 
1998). Forest management methods are being developed 
with the aim to maintain natural forest characteristics. 

Still, commercial forestry is intense and affects more 
than 95% of the productive forest land. The number of 
redlisted forest species is more than 1800 (Gustafsson & 
Ahlen 1996). The National Board of Forestry has per
formed a nation-wide inventory of so-called forest key 
habitats in an attempt to obtain information on remaining 
stands with natural forest characteristics, and also with 
concentrations of redlisted species. The inventory has 
been completed on the holdings of small private forest 
owners, which cover about half of the Swedish forest 
land. About 40 000 key habitats have been identified 
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covering ea. 1% of the forested land (Anon. 1999). The 
database of this inventory is extensive with detailed infor
mation on habitat types and also on species of vascular 
plants, bryophytes, lichens and macrofungi. 
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Introduction 

In Sweden, alpine and subalpine vegetation is found 
throughout the Scandinavian mountain range, which 
stretches along the Norwegian border from the province 
of Dalama northwards (Fig. 1 ) . The alpine zone is usually 
divided into three belts: the low alpine belt, extending 
from the tree line up to where Vaccinium myrtillus no 
longer persists, the middle alpine belt, and the high alpine 
belt, where a continuous plant cover no longer is present. 
Below the tree line, a region dominated by birch forest 
forms the subalpine zone. 

In this chapter, we will describe the vegetation of these 
zones, and discuss some important ecological processes 
and the environmental factors which influence vegetation 
structure and composition. 

Geology and soils 

The geological make-up of the Scandinavian mountain 
range is extremely varied. Large areas of the range are 
composed of Precambrian or Palaeozoic nappes, i.e. large 
sheets or folds of rock which have been thrust from their 

original position during the Caledonian period of moun
tain formation. Areas where unmoved Precambrian rocks 
are exposed also occur. 

Since the soils in the alpine region are composed to a 
large extent only of locally weathered material, the parent 
bedrock often has a distinct influence on both floristic 

composition and vegetation physiognomy. Base-rich rocks, 
made-up of, for example, phyllites or garnet schists, gen
erally harbour a distinct and species-rich, calcicolous 
vegetation (Fig. 2). In contrast, the more common, hard
weathered acid rocks, such as quartzites, syenites or hard 
schists, often give rise to a species-poor flora dominated 
by dwarf shrubs or graminoids with lower nutrient re
quirements. According to Nilsson ( 1986), about one third 
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of the species (34%) occurring in the mountain area are 
favoured by calcium, i.e. they are mainly found in areas 
with calcareous or other base-rich rocks, while 12% are 
calcium-dependent, i.e. occur only in these areas. Only 
3% clearly avoid calcareous areas, whereas about 50% 
show no preference. 

Quite distinctive plant communities can be found on 
serpentine and olivine. These are magnesium-rich, ultra
basic minerals that occur locally, especially in southwest 
Lappland (Rune 1953). The presence of these minerals, 
often accompanied by toxic amounts of chromium and 
nickel, affects most plants negatively. Several species 
growing on serpentine have formed distinct varieties or 
sub-species, especially among the Caryophyllaceae. An 
example is Lychnis alpina var. serpentinicola, a slender 
form of Lychnis alpina. 

Podzolization processes and the accompanying for
mation of a soil profile are active in the subalpine belt and 
in the lower parts of the low alpine belt, but higher up 
these processes are gradually counteracted by frost and 
water movement. Similarly, peat formation is most active 
in the subalpine and low alpine belts. 

Solifluction and frost-heaving greatly influence vegeta
tion composition, especially from the upper low alpine belt 
and upwards; locally entire mountain faces can be affected. 
Solifluction often leads to the formation of terraced ground 
or to large solifluction lobes, slowly creeping down the 
mountain side. Frost movements may also result in various 
forms of patterned ground, such as stone circles or stripes, 
which are especially common in the middle and high alpine 
belts. On wetter ground, tussocks are often formed. Over
all, these phenomena are detrimental to many species, 
especially dwarf shrubs, whose perennial structures cannot 
withstand the considerable kinetic forces involved, which 
may lead to the formation of open soil patches where 
competitively weak species can colonize. 

Plant strategies and adaptations 

Plant growth in alpine and subalpine environments is 
constrained by the short and comparatively cool growing 
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Fig. 1 .  Extent of the alpine and subalpine zones in Sweden. 

Abisko is an example of a dry site with a relatively continental 

climate, while Storl ien has a more oceanic climate with consid

erably higher precipitation and smaller annual temperature fluc

tuations. 
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season . Monthly mean summer temperatures are close to, 
or below 10 oc and decrease from south to nmth (Fig. 1 ) . 
On average, temperature decreases by about 0.4 oc for 
every 1 00 m in ascent. Low temperatures directly impede 
plant growth by reducing the rate of photosynthesis ,  as 
well as indirectly by slowing down decomposition rates, 
leading to a slower turnover of soil nutrients . 

Precipitation varies considerably between the west
ern, more oceanic  parts of the mountain range, where 
yearly precipitation values can exceed 1 500 mm, to the 
eastern and northern, more continental, areas, where pre
cipitation can be as low as 300 mm per year (Fig. 1 ) . This  
pattern is reflected in  the distribution of heath and meadow 
communities, the latter being more common in the west
ern parts of the mountains.  Precipitation also generally 
increases at higher altitudes. 

From the perspective of the field layer plants, the 
alpine environment is windier than low-altitude environ
ments with a protective tree canopy. The wind exposes 
plants to mechanical stress as well as i ncreases the ri sk of 
desiccation. This is a stress factor primarily when the 
ground is frozen and the plants lack a protective snow 
cover, i.e. mainly in spring and autumn. In addition, in 

Fig. 2 .  Light-weathered, base

rich rocks often give rise to a 

species-rich flora. The luxuri

ant meadows and floristically 

interesting scree slopes in  the 

Karkevagge valley in northern 
Lappland are good examples. 

Photo P.S. Karlsson. 
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Fig. 3. Altitudinal distribution o f  species belonging t o  different 
Raunkirer life forms in southern Norway. (After Dahl 1975.) 

wintertime the wind causes the snow to drift, exposing 

plant parts above the snow to severe mechanical stress. In 
such open and exposed areas, the role of competition in 
structuring vegetation patterns is likely to be less domi
nant, while positive interactions, both within and between 
species, can be important (Carlsson & Callaghan 199 1 ;  
Jonasson 1 992; Brooker & Callaghan 1998). 

Thus, to be successful in the alpine environment plants 
should be able to complete their growth and reproduction 
within a relatively short period, they must be able to 
achieve this despite relatively low temperatures and they 
must withstand extreme climatic conditions, particularly 
from autumn to spring. Low winter temperatures, how
ever, rarely damage arctic and alpine plants; they can 
survive very low temperatures (sometimes - 40 oc or 
less; Sonesson & Callaghan 199 1 ;  Larcher 1995). 

The primary morphological adaptation to this type of 
environment is a prostrate growth habit. Thus, low-grow
ing herbs and graminoids, creeping shrubs and cushion 
plants are typical growth forms. More than 60% of all 
alpine plant species are chamaephytes or hemicrypto
phytes, i .e. they have their dormant winter organs close to 
the soil surface (Dahl 1 975). In particular, the proportion 
of chamaephytes increases with increasing altitude (Fig. 
3). By staying below the snow cover, these species obtain 
protection from severe winter conditions. The prostrate 
growth habit also enables the plants to utilize the favour
able microclimate close to the ground caused by the 
boundary layer effect. 
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Sexual reproduction often fails and many plants have 
some form of clonal propagation, which is clearly advan
tageous in these often patchy and unpredictable habitats. 
Particularly, rhizomatous species are more frequent here 
than at temperate latitudes (J6nsd6ttir et al. 1996). Benefi
cial features of clonal growth include mobility, the spread
ing of developmental and reproductive processes over 
time, the possible support of offspring, and the buffering 
of growth and survival against biotic and abiotic adversity 

(Callaghan et al. 1992). Clonal, laterally spreading plants 
make up 38% of the number of species (Table 1 ), while 
1 .5% are viviparous. 

Long-lived, iteroparous perennials dominate in alpine 
and subalpine vegetation. Such species have the opportu
nity for sexual reproduction when favourable climatic 
conditions sometimes occur. This intermittent recruit
ment pattern may lead to age class distributions in which 
sometimes only a few age classes are represented (Wager 
1 938; Callaghan et al. 1996). In contrast, as may be 
expected, annual plants are relatively rare (5%, Table 1 ) .  
If  introduced, anthropochorous species are excluded, this 
figure drops to 2.6%, of which about half are hemiparasites, 
e.g. species of Euphrasia. Only very few annual species, 
e.g. Koenigia islandica, reach as high as the middle alpine 
belt. 

Since sexual reproduction is generally less important 
than clonal propagation in alpine and arctic environments 
(Billings & Mooney 1 968), investment in sexual repro
duction is often assumed to be low. Although some spe
cies show such a tendency, the variation is large, and 
usually no simple pattern emerges when comparing re
productive investments along altitudinal gradients (Molau 
1993 ; Hemborg 1998; Thoren & Karlsson 1998). Most 
species do, however, produce seeds, a process that may 

Table 1 .  Characteristics of the Swedish alpine and subalpine 
vascular flora. The figures are mainly based on information 
gathered from Nilsson (1986). The data set consists of 646 

species and well-defined subspecies, belonging to 23 1 genera 
and 7 4 families. Laterally spreading refers to species that have a 
notable ability for vegetative spread in relation to their size; 
thus, e.g. clonal species with a predominantly caespitose growth 
form are not included. Of course, many species belong to two or 
more categories. Thus, percentages do not add up to 1 00. 

Woody 
Evergreen 
Graminoid 
Annual 
LateraUy spreading 
Viviparous 
Hemiparasitic 
Carnivorous 
Nitrogen fixing 
Anthropochorous 

Number 
of taxa 

53 
39 

154 
32 

244 
10 
16 
9 

1 3  
73 

% 

8.2 
6.0 

23.8 
5.0 

37.8 
1 .5 
2.5 
1 .4 
2.0 

1 1 .3 
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take several years between flower initiation and seed 
maturation (S!llrensen 1 94 1 ;  Bliss 1 971), and seedling 
density and survival can sometimes be considerable. Fur
thermore, large between-year variations in flowering rates 
and seed set have been commonly noted in northern 

habitats (S!llrensen 1 94 1 ;  Laine 1 988 ;  Carlsson & 
Callaghan 1990). Dioecious plants are sometimes promi
nent in the vegetation (Crawford 1989). Examples of 
common dioecious species include Silene dioica, Rubus 
chamaemorus, and species of Salix and Antennaria. 

Like plants of many other environments, alpine plants 
often have mycorrhiza. The percentage of roots with 
fungal infection does not seem to change with altitude for 
arbuscular, ecto- and ericoid mycorrhiza. However, the 
proportion of non-mycorrhizal plants increases with alti
tude because sedges, which are commonly non-mycor
rhizal, form an important constituent of alpine vegetation 
(Vare et al. 1997). Ca. 24% of the species found in the 
mountain area are graminoids, while 8% are woody spe
cies (Table 1) .  

Other adaptations for improving nutrient acquisition 
represented in alpine areas are hemiparasitism (Press & 
Seel 1 996; Nilsson & Svensson 1 997) and carnivory 
(Karlsson et al . 1 996). Although there are relatively few 
species having these adaptations (2.5% and 1 .4%, respec
tively; Table 1 ), they are quite frequent in some habitats. 

Alpine environments are generally considered as nu
trient-poor (e.g. Bliss 1962). Two plant characteristics 
typical of alpine and arctic plants are commonly consid
ered as adaptations to low nutrient availability, viz. ,  a high 
root:shoot ratio and a slow turnover of nutrients. Many 
herbs growing in alpine environments have considerably 
larger proportions of nutrient-absorbing roots than those 
growing at lower altitudes (Korner & Renhardt 1987). For 
woody and rhizomatous plants, however, a large propor
tion of the below-ground biomass consists of woody parts 
or rhizomes (Daubenmire 194 1 ;  Callaghan et al. 1 991 ) . 
For these plants, the benefit from the large below-ground 
biomass is probably mainly related to clonal spread and! 
or storage. The slow turnover of nutrients can be achieved 
by an efficient nutrient resorption before plant parts are 
shed, in combination with a slow turnover of plant parts 
by, e.g. having long-lived, evergreen leaves (Carlsson et 
al. 1 990; Berendse & Jonasson 1992; Karlsson 1992; 
Eckstein & Karlsson 1997). Nutrient resorption does not 
vary much among habitats or life forms (Aerts 1996), 
while there is considerable variation in the longevity of 
plant parts and, thus, in nutrient turnover time (Eckstein et 
al. 1999). 

Herbivory plays an important role in the shaping of 
vegetation structure and composition in the alpine envi
ronment. Apart from the domesticated reindeer herds, 
which often have a significant impact on the vegetation, 
especially in lichen-dominated communities, other her
bivores, such as moose and microtine rodents, also con-
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trol vegetation composition (Oksanen 1 983). In addition, 
outbreaks of insect herbivores can fundamentally alter the 
structure and dynamics of large tracts of mountain birch 
forest (see below). 

Further details of plant adaptations to alpine environ
ments are discussed in Bliss ( 1 962, 1 97 1 ,  1 985), Billings 
& Mooney ( 1 968),  Crawford ( 1 989),  Sonesson & 
Callaghan ( 1 991 )  and Karlsson & Callaghan ( 1 996). 

The subalpine mountain birch forest belt 

The deciduous mountain birch, Betula pubescens ssp. 
czerepanovii (synonym B. pubescens ssp. tortuosa), forms 
a subalpine forest belt between the coniferous forest and 
the alpine belt. In the southern mountains the altitudinal 
range of this belt is only ea. 50 m and the proportion of 
conifers can be high all the way up to the forest line. In 
northern La pp land the mountain birch belt covers a verti
cal zone of ea. 300 m. In contrast to most other birch 
forests in north-western Europe, the Scandinavian moun
tain birch forest is a stable forest type and not a transient 
successional phase. The total area of subalpine birch 
forest in Sweden is ea. 22 000 km2. 

The mountain birch has probably formed through 
introgressive hybridization between B. pubescens and B. 
nana (Elkington 1968). There is thus a gradual change of 
the birch from 'pure' B. pubescens in the coniferous forest 
to the typical mountain birch in the subalpine belt. At 

moist, nutrient-rich sites with a thick snow cover the 
mountain birch is commonly single-stemmed, or mono
cormic, and up to 12 m tall, while at dry and nutrient-poor 
sites, it is about 4-6 m, and mostly polycormic. 

Although the mountain birch dominates this belt, other 
tree species can also be found, as, e.g. Scots pine, Pinus 
sylvestris, and, particularly in the south, Norway spruce, 
Picea abies. Common deciduous species areAlnus incana, 
Sorbus aucuparia, Prunus padus, Populus tremula and 
Salix cap rea. Most of these species have formed northern 
subspecies. 

The mountain birch forests are exposed to defoliation 
from two native insect herbivores, the autumnal moth, 
Epirrita autumnata, and the winter moth, Operophtera 
brumata. Both species exhibit population cycles of ea. 10 
years. E. autumnata dominates in most of the central and 
eastern part of the mountain range, while 0. brumata is 
most common in the western, oceanic parts. During some 
population peaks they reach outbreak densities that cause 
severe defoliation of the birches (Fig. 4; Tenow 1972, 
1 996; Kallio & Lehtonen 1 975). The monocormic form 
usually dies after a severe herbivore attack, while the 
polycormic form can survive by the production of new 
stems from basal sprouts. Several repeated defoliations 
cause a rejuvenation of the polycormic mountain birch 
forest by resprouting at roughly 1 00- to 1 50-year intervals 



Fig. 4. During outbreaks, the moths 
Epirrita autumnata and Operophtera 

brumata can defoliate and kill the 

mountain birch over large areas, as 
shown here, for the area north of Lake 

Tornetdisk. The fertilization caused by 

decomposing birch root and insect 

frass often leads to a shift in the vegeta

tion from dwarf shrubs to a vegetation 

more characterized by grasses and 

herbs. Photo P.S.  Karlsson. 

(Bylund 1 995) .  For many years after a severe defoliation, 
grasses i nstead of dwarf shrubs may dominate the vegeta
tion in nutrient-poor forests. This shift is probably caused 
by a release of nutrients via i nsect frass and from decom
posing birch roots. Thus, this  birch-insect interaction is  an 
important factor for the long-term dynamics of the whole 
mountain birch forest ecosystem. 

One of the most conspicuous epiphytic lichens grow
ing on the mountain birch is Parmelia olivacea (Sonesson 
et al. 1 994) . This l ichen does not tolerate long periods of 
snow cover. Thus, the lower distribution limit of P. olivacea 

on the tree trunks indicates the average snow depth (the 
'olivacea-limit' ) (Fig. 5 ) .  

Vegetation 

The field layer vegetation of the mountain birch forests 
does not differ substantially from the neighbouring conif
erous forest, and, phytogeographically, the mountain birch 
forest is best seen as a part of the northern boreal zone (see 
Chapter 1 ) .  However, several species, such as Calama

grostis lapponica, Phyllodoce caerulea and Pedicularis 

lapponica are considerably more common in the birch 
forest than in the coniferous forests below. 
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The description of alpine and subalpine vegetation 
presented below is mainly based on the following sources, 
to which the reader i s  referred for a more detailed treat
ment: Kalliola ( 1 939) , Du Rietz ( 1 942a, b) , Nordhagen 
( 1 943 , 1 954), Selander ( 1 955),  Gjrerevoll ( 1 956), Gjrere
voll & Bringer ( 1 965), Kilander ( 1 965), Persson ( 1 96 1 , 
1 962, 1 965), Rune ( 1953,  1 965), Sjors ( 1 967, 1 97 1 ) , 
Sonesson & Lundberg ( 1 974), Dahl ( 1 975), Oksanen & 
Virtanen ( 1 995) and Wielgolaski ( 1 997). 

Heath communities. The mountain birch forests can be 
divided into two main groups according to their field layer 
vegetation as determined mainly by the edaphic conditions: 
Following a long Swedish tradition, these are referred to as 
'heath forests' ,  characterized by dwarf shrubs and narrow
leaved grasses, and 'meadow forests ' ,  typically dominated 
by herbs and broad-leaved grasses (see also Chapter 5) .  The 
heath forest type is dominant over large areas with dry and 
often nutrient-poor soils. The birches are typically poly
corrnic and the trees are widely spaced, forming an open 
tree canopy. The snow cover during winter is often relatively 
thin .  In the southernmost mountains, Calluna vulgaris i s  
common in the lichen-dominated types. Further north this 
species is replaced by Empetrum nigrum ssp. herma-
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phroditum, which is the dominant plant in the field layer 
over large areas. Also, Vaccinium vitis-idaea and Juniperus 

communis are common. In the driest pmis, lichens, e.g. 
Peltigera, Nephroma and Cladonia species, are abundant. 
At sites with more soil moisture the Empetrum-Vaccinium 

myrtillus forest type is typically found. Here, mosses such 
as Pleurozium schreberi, Hylocomium splendens and 
Dicranum spp. are prominent. With a greater water avail
ability and snow protection, Vaccinium myrtillus alone 
dominates, often accompanied by Deschampsia flexuosa 

and Cornus suecica. 

The typical heath forest types are very species-poor. 
Among the more species-rich types are the herb-rich 
Vaccinium myrtillus types. Beside V. myrtillus, character
i stic species are Gymnocarpium dryopteris , Carex 

capillaris, Rubus saxatilis, Geranium sylvaticum, Viola 

biflora, Gnaphalium norvegicum and Cicerbita alpina . 

On calcareous soil the vegetation is even more species
rich, even if low nutrient and water availability does not 
allow the development of a meadow-type vegetation . 
Characteristic species for this substrate are, e.g. Salix 

hastata, Astragalus alpinus and Vaccinium uliginosum. 

Acta Phytogeogr. Suec. 84 

Fig. 5 .  The absence of the dark

coloured lichen Parmelia olivacea 

on the lower part of the birch trunks 

reveals the average snow depth. 

Photo P.S .  Karlsson. 

Meadow communities. Meadow vegetation is  found on 
soils which are more fertile and have moving ground 
water. Locally common tree species in addition to the 
mountain birch are Alnus incana, Sorbus aucuparia and 
Prunus padus. The vegetation is characterized by tall 
herbs and broad-leaved grasses,  such as Athyrium disten

tifolium, Milium effusum, Rumex acetosa, Ranunculus 

acris, Trollius europaeus, Geum rivale, Filipendula 

ulmaria, Angelica archangelica, Saussurea alpina and 
Cicerbita alpina. On calcm·eous soil, Cystopteris montana, 

Carex capillaris, Parnassia palustris, Astragalusfrigidus, 

A. alpinus and Tussilago farfara can be encountered. 
Several Salix shrubs are typical of the meadow forest: 
S. lanata, S. glauca, S. lapponum, S. phylicifolia and 
S. myrsinifolia. On calcareous soil , S. hastata and 
S. myrsinites can also be found. Another common shrub is 
Ribes spicatum. 

The forest line and its determinants 

Alpine forest lines are among the most conspicuous plant 
distribution limits. In Scandinavia the mountain birch 



Fig. 6. Ca. 8000 years ago, the cli

mate was warmer than today and the 

tree line was considerably higher 

than at present. More heat-demand

ing tree species such as the Scots 

pine, Pinus sylvestris, were much 

more common at higher altitudes. 

Today, isolated relict pine stands 
can be found, such as here in the 

Abisko valley. Successful regenera

tion nowadays occurs only very in

frequently. Photo P.S. Karlsson. 

almost exclusively dominates the forest line. The ele
vational location of the forest l ine varies over the distribu
tion range of the mountain birch. In the southern parts of 
the mountain range, i t  is found at 800- 1 000 m above sea 
level , whereas in northern Lappland i t  has descended to 
about 600 m. Isolated birches growing as trees or shrubs 
may extend considerably higher than the forest l ine, thus 
forming the tree l ine (Fig.  6). The use of the terms forest 
line (or timber l ine) and tree line is not completely consist
ent and the terms sometimes are used synonymously 
(Kbrner 1 998) .  During the Holocene there have been 
considerable fluctuations in tree l ine position (Kullman 
1 995 ; Aas & Faarlund 1 996). 

The mountain birch forest l ine and many other altitudinal 
forest l ines coincide with the 10 oc July mean air tempera
ture isotherm, corresponding to a mean temperature of 6-
7 oc over the growing season (Wardle 1 993 ; Kbrner 1 998). 
What i s  the reason for this coincidence? Despite consider
able research efforts at many forest and tree lines around the 
world there is no simple answer to this  question. Rather, the 
position of the forest line is probably dependent on several 
factors. In Scandinavia, there are at least two anthropogenic 
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factors involved. First, i n  the past, but probably not very 
much at present, Saami people harvested birch for fuel and 
construction material . Second, herds of reindeer and other 
domestic animals often graze in the tree line area during 
parts of the year. Although there is little information about 
reindeer numbers in ancient times, there is currently a ea. 
hundred-fold variation between different areas in the number 
of grazing reindeer (Oksanen et al. 1 995) .  Thus, locally, 
reindeer herbivory may be an important factor for birch 
establishment and forest line dynamics (cf. Aas & Faarlund 
1 996). 

There is no evidence that the birch is limited by carbon 
when approaching the tree line (Sveinbjbrnsson et al . 
1 996). Instead, trees at the tree l ine seem to be more 
limited by nutrients than at lower altitudes (Sveinbjbmsson 
et al. 1 992), even though plant n itrogen concentration 
i ncreases with increasing altitude. The nutrient economy 
is especially important for seedlings, s ince low levels of 
nitrogen i ncome during the first summer lead to very poor 
seedli ng winter survival (Weih & Karlsson 1 999) . Fur
thermore, seedli ng nitrogen income is heavily dependent 
on soil temperature (Karlsson & Nordell 1 996). 
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Fig. 7. The tree l ine often follows quite an irregular path. Where the climatic conditions are locally favourable, such as on southerly 

exposed valley slopes, birch can establish. In the foreground, clones of Vaccinium myrtillus and Arctostaphylos alpinus are clearly 
distinguishable in their bright autumnal colours, while the evergreen Empetrum nigrum ssp. hermaphroditum is less conspicuous. These 

dwarf shrubs are typical representatives of the very common, nutrient-poor heath vegetation called Empetrum heath. Photo Martin Weih. 

Expansion of the birch forest to higher elevations has 
been observed after periods of relatively high summer 
temperatures (Sonesson & Hoogesteger 1 983) .  Thus, a 
series of warm summers would allow the mountain b irch 
to produce good-quality seeds, and provide conditions 
where the seedlings could acquire resources and reach a 
size that would allow them to survive (Fig. 7) .  In addition, 
herbivory must be relatively low. 

The low alpine belt 

The low alpine belt extends from the tree line up to where 
Vaccinium myrtillus no longer persists. In the southern 
parts of the mountain range this occurs at ea. 1 300 m above 
sea level, and at ea. 1 000 m in the far north. As for the tree 
line, the altitudinal l imit is usually 1 00-200 m lower on 
north-facing than on south-facing mountain slopes. In terms 
of extent the low alpine belt occupies far greater areas than 
the middle and high alpine belts. The total area occupied by 
alpine vegetation in Sweden is ea 33 000 km2. This figure 
includes also what might be called tundra vegetation (i .e. 
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relatively flat and low-lying treeless areas), which has a 
similar vegetation composition, and is found only in the 
northernmost corner of the country. 

Local topography is often strongly variable, and could 
be said to be the most important factor determining veg
etation structure in the alpine belt. Topography, for exam
ple, determines where water is readily available for the 
plants or where i t  is scarce, thus governing the overall 
distribution of dry, mesic and wet communities. This 
pattern is often accentuated by exposure: north- and south
facing slopes often differ markedly in vegetation compo
sition. Topography and exposure also control snow distri
bution and duration, which have a very strong influence 
on the vegetation. Floristic composition is furthermore 
also strongly influenced by soil nutrient status. Many 
species are more or less strongly calcicolous, whereas 
very few are calcifugous (see Geology and soils above) . 

On the most wind-exposed patches and hillocks, only 
the hardiest plants can survive. Such areas are sometimes 
snow-free even in winter, putting extraordinary demands 
on the plants growing there (Fig. 8). These chionophobous 
communities are often inhabited by plants with a prostrate 



growth form, mainly dwarf shrubs,  e .g .  Vaccinium 

uliginosum, Loiseleuria procumbens and Empetrum 

nigrum ssp. hermaphroditum, or plants that form more or 
less well-shaped cushions or mats, e .g.  Silene acaulis and 
Diapensia lapponica (Table 2) .  Also, many lichens, such 
as Cetraria nivalis, C. cucullata, Ochrolechia Jrigida, 

Alectoria ochroleuca, A. nigricans and Thamnolia vermi
cularis, and a few hepatics, such as Gymnomitrion coral

lioides and Prasanthus suecicus, can persist here. 
Over large areas, where the duration of the snow cover 

is slightly more constant, so called Empetrum heaths domi
nate on acid, dry soil (Fig. 7). These heaths are character
ized by dwarf shrubs such as Empetrum nigrum ssp. herma

phroditum, Vaccinium vitis-idaea, V. uliginosum and Arc

tostaphylos alpinus (Table 2). Betula nana can dominate in 
slightly more snow-protected areas, together with other 
low shrubs of, e.g. Juniperus communis and Salix glauca. 

In the southemmost mountains, Calluna vulgaris often 
dominates instead of Empetrum. In the bottom layer, li
chens, such as Cladonia arbuscula, C. stellaris, Cetraria 

nivalis and Stereocaulon spp . and mosses, such as 
Racomitrium lanuginosum, Polytrichastrum spp . ,  Dicra

num spp. and Hylocomium splendens, are also common. 
On base-rich substrates, the Empetrum heath is re

placed by Dryas heath, a species-rich community with 
many calcicolous species, e.g. Chamorchis alpina, Draba 

spp. ,  Dryas octopetala and Campanula unijlora and, in the 
north, Cassiope tetragona, Rhododendron lapponicum and 
Arnica angustifolia (Fig. 1 0) .  In the most exposed parts, 
small, tufted graminoids, such as Kobresia myosuroides, 

Fig. 8. The pattern of snow ac

cumulation is one of the most 

important determinants of the 
vegetation above the tree line. 

Ridges and hillocks are often 

completely snow-free through
out most of the winter, while 

snow accumulates on hill slopes 

and in depressions. Photo P.S. 

Karlsson. 
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Carex glacialis, C. rupestris and C. nardina, can be found 
(Table 2). Typical bryophytes and lichens includeDitrichum 

flexicaule, Rhytidium rugosum, Tortella tortuosa, Vulpi

cida juniperinus, Thamnolia vermicularis and Cladonia 

symphycarpa. 

Where snow lies longer and is more regular, on hill 
slopes and in  small depressions, Vaccinium myrtillus of
ten dominates, especially on acid soil, sometimes together 
with an other dwarf shrub, Phyllodoce caerulea. Com
mon graminoids here i nclude Anthoxanthum alpinum, 

Deschampsiaflexuosa and Nardus stricta (the latter only 
in the south) ,  and widespread herbs are Lycopodium 

alpinum, Trientalis europaea, Pedicularis lapponica, Sol

idago virgaurea and Hieracium sect. Alpina (Table 2) . 
Common bryophytes are, e.g., Dicranum spp., Hylocomium 

splendens and Ptilidium ciliare. Lichens include large fo
liaceous species of Nephroma and Peltigera, as well as 
small Cladonia spp. Corresponding areas on calcareous 
substrate are occupied by the Dryas heath community 
described above; Cassiope tetragona and Carex parallela 

are typical of these more protected parts. 
Where the snow melts still later, chionophilous snow

bed communities are formed. Often, a very distinct line can 
be seen in the upper part of the snow bed where the duration 
of the snow cover is too long for Vaccinium myrtillus to 
persist, and it is replaced below this line by graminoids such 
as Deschampsiaflexuosa and Anthoxanthum alpinum. Fur
ther down, Salix herbacea often dominates completely, 
together with species such as Sibbaldia procumbens, 

Cassiope hypnoides and Gnaphalium supinum (Table 2). 
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Table 2. Dominant or characteristic vascular species of low alpine heath and meadow vegetation in relation to soil status and with varying 
exposure and duration of snow cover. (From Gjrerevoll & Bringer 1 965 and Sjors 1 967.) 

Extremely exposed, 
almost snow-free 

Exposed, irregular 
snow cover 

Protected slopes, early 
snow-free 

Base-poor substrate 

Heath vegetation 

Diapensia lapponica, 

Loiseleuria procumbens, 

Vaccinium uliginosum 

Empetrum nigrum ssp. 
hermaphroditum, Betula 

nana, Arctostaphylos 

alpinus 

Vaccinium myrtillus, 

Phyllodoce caerulea, 

Calluna vulgaris, Trientalis 

europaea, Gnaphalium 

norvegicum, Solidago 

virgaurea 

Meadow vegetation 

Base-rich substrate 

Heath vegetation 

In more exposed parts: Dryas 

octopetala, Draba spp., 
Euphrasia salisburgensis, 

Arnica angustifolia, Carex 

rupestris, C. nardina, 

C. glacialis. 

Intermediate: Potentilla nivea, 

Rhododendron lapponicum, 

Gentianella tenella, Silene acaulis, 

Salix reticulata, Kobresia myosuroides, 

Saxifraga oppositifolia, Oxytropis 

lapponica, Campanula uniflora. 

In more protected parts: 
Cassiope tetragona, Carex 

parallela. 

Meadow vegetation 

Bistorta vivipara, Thalictrum 

alpinum, Silene acaulis, 

S. wahlbergella, Potentilla crantzii, 

Viola biflora, Saussurea alpina 

Late snow-free 
snow beds 

Deschampsia flexuosa, 

Anthoxanthum alpinum, 

Nardus stricta, Lycopodium 

alpinum, Luzula wahlenbergii 

Ranunculus acris, 

Anthoxanthum alpinum, 

Rumex acetosa, Sibbaldia 

procumbens, Viola biflora 

Salix reticulata, Poa alpina, 

Pinguicula alpina 

Ranunculus acris, R. nivalis, 

Trollius europaeus, Saxifraga 

oppositifolia, Viola biflora, 

Petasites frigidus, Saussurea 

alpina, Poa alpina 

Very late snow-free 
snow beds 

Salix herbacea, Cassiope 

hypnoides, Gnaphalium 

supinum 

Oxyria digyna, Saxifraga 

stellaris, Carex lachenalii, 

Deschampsia alpina 

Salix polaris, Saxifraga 

oppositifolia, Silene acaulis, 

Thalictrum alpinum, Viola 

biflora 

Saxifraga oppositifolia, Oxyria 

digyna, Cerastium arcticum, 

C. cerastoides, Arabis alpina, 

Ranunculus nivalis, Saxifraga 

rivularis, Phippsia algida 

Extremely late snow
free snow beds Bryophytes only 

On calcareous soil, a zone with, for instance, Salix 
reticulata, Poa alpina and Pinguicula alpina is found 
instead, followed downwards by a community dominated 
by Salix polaris and numerous herbs, e.g. Silene acaulis, 
Thalictrum alpinum and Viola biflora, the latter often in 
great abundance. 

At the bottom of the snow beds, the growing season 
may be extremely short. In some years, the snow will not 
melt away at all. Here, usually only bryophytes, e.g. on 

acid ground, Polytrichastrum sexangulare, Pohlia drum
mondii, Kiaeria starkei, Conostomum tetragonum and 
Anthelia juratzkana, can persist. On calcareous soils, 
Pohlia wahlenbergii, Wamstorfia sarmentosa and Disti
chium capillaceum may be mentioned. 

In areas with moving ground water and good snow 
protection, meadow-like communities can be found. The 
lower parts of the low alpine belt, especially on base-rich 
substrates, are often dominated by a lush vegetation of 
tall-growing herbs such as Stellaria nemorum, Silene 
dioica, Trollius europaeus (often abundant), Ranunculus 
acris, Aconitum lycoctonum (only in the south), Gera
nium sylvaticum, Angelica archangelica, Myosotis decum
bens and Cicerbita alpina. At slightly higher altitudes, 
these meadows often harbour a rich flora characterized by 

Acta Phytogeogr. Suec. 84 

Bryophytes only 

low-growing herbs, especially where soil nutrient status is 
favourable. Graminoids, such as Anthoxanthum alpinum, 
Hierochloii odorata, Phleum alpinum and Carex vaginata 
are common, but the lasting impression is one of a multi
tude of colourful herbs, e.g. Bistorta vivipara, Silene 
wahlbergella, S. acaulis, Ranunculus acris, Arab is alpina, 
Cardamine pratensis ssp. polemonioides, Parnassia 
palustris, Potentilla crantzii, Astragalus alpinus, Viola 
biflora, Gentiana nivalis, Veronica alpina and Saussurea 
alpina (Table 2). Among the graminoids, ]uncus biglumis, 
Deschampsia alpina and Carex lachenalii are commonly 
encountered here. In meadow-like snow beds, Oxyria 
digyna, Cerastium cerastoides, Ranunculus nivalis, 
Saxifraga stellaris, S. foliolosa, S. oppositifolia and S. 
cernua can be found. Along stony brooks, often on acid 
soil, the fern Athyrium distentifolium sometimes forms a 
vividly green border. 

Somewhat above the tree line in the wetter parts of the 
mountain faces, one often finds large Salix thickets. This 
willow belt is dreaded by the mountain hiker as it is 
sometimes quite impenetrable. Often, the stems are curved 
outwards, probably as a result of snow pressure or 
solifluction processes. Common species are Salix lanata, 
S. glauca, and on acid soil, S. lapponum. 



Low alpine mires are usually small and have very 
shallow peat layers. They usually form fens, sometimes 
on slightly sloping ground. On acid soil, fens are domi
nated by sedges such as Carex rostrata, C. limosa, C. 
magellanica and Trichophorum cespitosum. In addition, 
the white or light brown cotton balls of various Eriophorum 
species, such as E. angustifolium and E. scheuchzeri, 
often brighten up large areas. Bryophytes include, above 
all, different species of Sphagnum, e.g. S. riparium and S. 
lindbergii. Fen communities may gradually change into 
hummocky, moist heath communities dominated by S. 
fuscum and bog species like Eriophorum vaginatum, Betula 
nana, Rubus chamaemorus and Andromeda polifolia. 

On somewhat richer soil, communities dominated by 
willows such as Salix glauca and S. lapponum can be 
found. Among the herbs often found in these intermediate 
fens, Parnassia palustris, Viola palustris and Pinguicula 
vulgaris may be mentioned. Various Sphagnum species 
are common in the bottom layer, together with, e.g. 
Warnstoifia sarmentosa and Paludella squarrosa. 

In fens on even more base-rich substrates, progres
sively more demanding species occur: among the grami
noids, ]uncus triglumis, J. castaneus, Carex parallela, C. 
saxatilis and C. atrofusca; among the herbs and woody 
plants, Selaginella selaginoides, Tofieldia pusilla, Salix 
myrsinites, Saxifraga aizoides (especially around springs), 
Parnassia palustris and Pinguicula alpina can be men
tioned from these often very species-rich communities .  
Scorpidium scorpioides is often dominant in the bottom 
layer, together with, e.g. S. revolvens, Warnstoifia exan
nulata, Pseudo-calliergon trifarium and Campylium 
stellatum. 

The middle and high alpine belts 

In the middle alpine belt, so called grass heaths often 
make up a substantial part of the vegetation. These heaths 
are often inundated by melt water in the early season and 
are dominated by graminoids, e.g. ]uncus trifidus (par
ticularly in the south), Luzula spicata, L. arcuata, 
Hierochloe alpina (in the north), Festuca ovina, F. vivipara 
and, especially, Carex bigelowii. Lichens, such as Ce
traria spp. and Cladonia spp. ,  are common. Otherwise, 
impoverished versions of the heath communities from the 
low alpine belt can be found. The smaller dwarf shrubs 
especially, such as Salix herbacea, S. polaris, Cassiope 
hypnoides andPhyllodoce caerulea, take advantage of the 
gradual decline of the taller-growing species. In the north, 
large areas are covered by Cassiope tetragona, which at 
higher altitudes, where competition from other tall-grow
ing dwarf shrubs diminishes, can also extend its territory 
to less base-rich substrates .  Increasingly, however, large, 
often perennial snow fields and boulder fields become 
dominant. On the boulders, lichen communities become 
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Dryas octopetala Cassiope tetragona 

Pedicularis oederi Pinguicula alpina 

Fig. 9. Examples of ubiquitous (Dryas octopetala), northern 
( Cassiope tetragona), southern (Pedicularis oederi), and bicentric 
(Pinguicula alpina) distributions among the true alpine plants. 
Note that the bicentric P. alpina also occurs as a glacial relict on 
Gotland. 

abundant, and large patches are often brightly coloured in 
greens by Rhizocarpon spp. and Haematomma ventosum, 
in reds and greys by Lecidea and Lecanora, and in black 
by Umbilicaria species. Mosses of the genus Andreaea 
occur on late-exposed boulders. On the ground, extensive 
mats of the greyish green moss Racomitrium lanuginosum 
can often be found. Here and there, the brightly orange
coloured lichen Solorina crocea meets the eye. Among 
the boulders, in trickling water, species such as Phippsia 
algida, Ranunculus glacialis, R. nivalis, R. pygmaeus, 
Saxifraga tenuis, S. oppositifolia and S. rivularis are 
sometimes encountered, especially on calcareous soils. 
On drier calcareous substrates, Campanula uniflora and 
Pedicularis jlammea are characteristic. 

Finally, at ea. 1 100- 1600 m a.s.l . ,  the high alpine belt 
takes over. Here, the vascular flora is extremely impover
ished and no continuous plant cover is attained. For exam
ple, very few woody plants, e.g. Salix herbacea, can 
endure the conditions here. Among the large boulder 
fields and perennial snow fields, only a few species can 
persist on the scattered patches of extremely frost-af-
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fected and nutrient-poor soil ,  e .g .  Huperzia selago, 

Cardamine bellidifolia, Luzula arcuata, Poa laxa ssp. 
flexuosa and Ranunculus glacialis, which holds the record, 
reaching 2055 metres on Mt. Kebnekaise. At these alti
tudes, however, bryophytes and l ichens are sti l l  common. 

The mountain flora 

According to Nilsson ( 1 986), ea. 650 vascular species and 
well-defined subspecies are found in the Swedish part of 
the mountain chain .  Of these, ea. 1 1 % are introduced, 
anthropochorous species mainly occurring around areas 
of human activity (Table 1 ) . Most of these belong to the 
subalpine belt; a few reach slightly above the tree line. 
Among the 650 species and subspecies considered by 
Nilsson ( 1 986), 36% reach only the subalpine belt, whereas 
42% have their altitudinal limit in the low alpine belt. In 
the hardiest group, 1 6% reach the middle alpine belt, 
while only 6% are found in the high alpine belt. 

From a phytogeographical point of view, the vascular 
plants found in the alpine region have traditionally been 
divided into three groups: lowland species reaching the 
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Fig. 1 0. The bicentric Rhododendron 

lapponicum is a typical representa

tive of the species-rich Dryas heath, 

i .e .  calcicolous heath vegetation. R. 

lapponicum is a low-growing dwarf 
shrub with leathery, over-wintering 

leaves . It flowers very soon after 

snowmelt. Photo P .S .  Karlsson. 

mountains, northern species, and true alpine plants, which 
are mainly restricted to this  habitat. The latter group could 
be subdivided into four groups (Fig. 9): 1 .  Ubiquitous 
species, which are found all along the Scandinavian moun
tain range. Most alpine species belong to this group. 2. 
Northern species, which are found only in the northern 
part of the range, e.g.  Cassiope tetragona and Pedicularis 

hirsuta. 3. Southern species, which are found only in the 
south ,  often with a centre of distribution in southern 
Norway, e.g. Pedicularis oederi. 4. B icentric species, 
which occur both in the north and in the south with a 
distribution gap in-between. As for the southern species, 
the southern part of distribution of the bicentric species 
l ies mainly in  southern Norway (e.g. Rhododendron 

lapponicum and Campanula uniflora; Fig. 1 0) ,  with only 
a few species occurring over the Swedish border, e.g.  
Pinguicula alpina. 

In a wider perspective, most of the true alpine flora has 
an arctic circumpolar distribution and many species also 
occur disjunctly further south, e.g. in  the Alps . An inter
esting element is made up of so called western arctic 
species, which occur on both sides of the North Atlantic .  
This group of plants has  been used as  evidence supporting 



the refugium hypothesis, which argues that many species 
survived the last glaciation on ice-free land or on nunataks 
along the Norwegian coastline (Dahl 1 998). Also, the 
bicentric or unicentric distributions of many species have 
been taken to indicate the presence of two main refugia, 
one in northern Norway and one in the south-western part 
of the country. The hypothesis, however, remains contro
versial (see further Chapter 2). 

Very few taxa in the Scandinavian mountain range are 
endemic. Examples include Papaver laestadianum and 
several subspecies of the bicentric species P. radicatum. 
Other endemics are Draba cacuminum, Primula scandi
navica and Euphrasia salisburgensis (all with a bicentric 
distribution) and the northern Arnica angustifolia (Dahl 
1998). Furthermore, endemic, apomictic microspecies of 
Poa, Ranunculus, Antennaria, Taraxacum and Hieracium 
have been described. 

Human impact 

Human influence on the alpine and subalpine regions has 
a long history. The Saami people have pursued reindeer 
husbandry for several hundred years, with often consider
able effects on vegetation composition, both locally around 
temporary camps and reindeer roundup sites and along 
migration routes, but also on a larger scale (Emanuelsson 
1987). For example, over wide areas in many drier com
munities, the amount and cover of lichens are much 
smaller than in comparable areas without reindeer graz
ing. Locally, the impact could be such that the vegetation 
is completely changed or destroyed, and soil erosion may 
sometimes occur (Bemes 1996). The increased use of 
motor vehicles has, in many places, also caused severe 
damage. 

The exploitation of several major river systems during 
the 20th century has had a major impact. Roads have been 
constructed into formerly unspoilt terrain and large areas 
of subalpine habitats have been inundated by artificial 
reservoirs, e.g. in the Lule alv river system. The shore 
vegetation of such regulated dams and rivers is generally 
very poorly developed because of the often very large 
changes in water level (see Chapter 9). 

The impact of recreational and tourist activities has 
increasingly become a problem. Intensively used foot
paths and snowmobile tracks, as well as the construction 
of ski lifts and runs, have severely degraded the vegeta
tion locally. 

The effects of climatic changes, caused by increasing 
global levels of greenhouse gases in the atmosphere, can 
potentially be devastating. For European arctic latitudes, 
increased mean summer temperatures of ea. 3-5 oc have 
been predicted over the next 50 years (Maxwell 1 992). 
Such large and rapid changes would have an enormous 
impact on alpine and subalpine vegetation. The migration 
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rates of most species will not be sufficient to match the 
rate of increase in temperature, and a long phase of very 
unstable species redistributions and dynamics can be pre
dicted. Species and ecotypes restricted to the higher al
pine belts risk being outcompeted altogether by species 
from lower altitudes. The incidence of pests and patho
gens is also likely to increase in a warmer climate. How
ever, the climatic predictions are very uncertain and many 
other climatic variables and feed-back mechanisms could 
make the changes more or less drastic (Jonasson et al. 
1996). 

On top of this, there is the problem of increased levels 
of UV-B radiation connected with the thinning of the 
stratospheric ozone layer, which has been particularly 
strong in the polar regions. The increased levels of radia
tion will very likely be harmful to many alpine and 
subalpine species, but the possible extent of species or 
community changes is still unclear (Gehrke et al . 1996). 
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Introduction 

From our ecological viewpoint� we define mires as 
wetlands with a vegetation which usually forms peat. Peat 
is litter which has not completely decomposed and has 
accumulated because of anaerobic conditions connected 
with a high water table. The broader term 'wetlands' also 
subsumes various other vegetation types with the water 
table close to the surface, such as swamp forests and 
shores. 

Peat formation is possible where the water table is 
close to the surface for most of the time. In areas where the 
surface wetness is highly variable, or which are periodi
cally flooded rather than continuously wet, soil aeration 
may prevent or delay the formation of peat. Even though 
we conclude that mires form peat, it is not necessarily true 
that they have a net accumulation of peat today. The 
presence and depth of the peat in a mire reflect past 
hydrological and climatic conditions� and for some mires 
it is a matter of dispute if more peat is formed annually by 
a present-day mire than is decomposed in their aerobic 
and anaerobic layers. 

To delimit mires from other wetlands is sometimes 
difficult. Calcareous fens and the wettest parts of pat
terned mires, for instance, sometimes have such sparse 
vegetation that very little peat is formed even though the 
soil is anaerobic. In more fertile fens, or where the water is 
well aerated, litter decays rapidly, peat formation is weak, 
and some such mires can be an intermediate stage to wet 
meadows. In oceanic or alpine climates, mires can gradu
ally shift into wet heaths which often have a thin peat 
layer. Among the forested wetlands, it is clear that pine 
bogs could develop even on thick peat and are considered 
to be mires by ecologists, whereas swamp forests with 
alder or very wet spruce forests are not treated as mires in 
Sweden (unlike in Finland) even if their soil is often 
peaty. 
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According to the Swedish National Forest Survey 
(Hanell 1990), the total area covered by 'peat soils' (depth 
> 0.3 m) is 6.37 million ha and by 'peaty soils' (peat depth 
< 0.3 m) 3 .71 million ha. Of this total (about 10 million 
ha), 5 million ha are regarded as productive forest (i.e. the 
timber production is at least 1 m3 ha-1 yrl). 

At least 1 million ha of the peat soils have been 
successfully drained for forestry (included in the 'produc
tive forest' area). Of the productive peatland forests a 
shrinking area (some 0.6 million ha) is not yet drained or 
exploited, remaining in a more or less virgin state as 
swamp forest, partly of great conservational value. 

The total area of peat soils which are nearly or totally 
treeless or have unproductive forest is, according to Hanell 
( 1990), about 5 million ha, of which ea 0.4 million ha or 
more have been unsuccessfully drained in the past 
(B. Hanell pers. comm. ; Simonsson 1 987). The area of at 
least 0.6 million ha (perhaps as much as 1 million ha) that 
was drained for agriculture (but is now partly no longer in 
use) is not included in the above estimates, nor is the area 
of less than 0. 1 million ha exploited for other purposes, 
such as the peat industry. 

One may conclude that about 4.6 million ha of open or 
poorly stocked ('unproductive')  mire still remain in a fairly 
natural state. However, in addition there is an unknown 
area of mires (mostly nearly treeless and nearly all unditched) 
above the upper or northern limit for forestry taxation on 
the land. Most of this mire area is below the mountains 
proper but above the limit for closed coniferous forest, within 
the upper parts of the northern boreal subzone (including the 
'subalpine' birch belt). Lofgren ( 1 998) estimated this addi
tional mire area to about 0.3 million ha. However, difficul
ties of definition render this figure rather uncertain. In all� 
natural mires and near-natural mires comprise about 4.9 
million ha, i.e. 1 1  % of Sweden's total area. 

Ecologists often use peatland as synonymous with 
mire (e.g. Vasander 1 996), especially when relating to 
natural sites. However, drained areas where attempts have 
been made to convert them into drier vegetation types, 
and peat harvesting sites, loose the hydrology and vegeta
tion necessary for peat formation - they are hardly mires 
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any longer, even if they still are peatlands. 
The colloquial words bog and fen (Swedish 'mosse' ,  

and 'karr')  have been adopted in the scientific literature 
for the basic distinction between two types of mires. In 
bogs, the upper peat layer is positioned above the water 
table in the surrounding mineral soil, thus all water and 
nutrients available to the plants are supplied through 
precipitation - for this reason they are also referred to as 
ombrotrophic (rain-fed) mires. Fens receive at least some 
water that has passed through the mineral soil. They are 
thus minerotrophic and therefore usually richer in cations 
such as calcium and potassium, often iron as well. 

Conditions of the mire 

A high water level means that oxygen deficiency in the 
root zone is a major problem for vascular plants. But the 
surface sometimes dries out since the water level of some 
mires can fluctuate by as much as 30-50 cm over the 
season. The top layer, down to the lowest level to which 
the water table drops, is called the acrotelm. This zone is 
intermittently aerobic, but the frequency of aerobic events 
decreases with depth. The catotelm is permanently water
logged, and since gas diffusion in stagnant water is ex
tremely slow, this zone is nearly always anaerobic. The 
plant structure of the lower acrotelm (except for rhizomes 
and roots) has already collapsed and is often compressed, 
having no major pores any longer. The material in the 
catotelm is usually in a more advanced stage of decay and 
the hydraulic conductivity is therefore much lower than in 
the upper acrotelm. All photosynthesis, and the primary 
production of bryophytes take place above, or at, the 
surface of the acrotelm. The primary production of mire 
vascular plants is partly and often predominantly local
ized to the below-ground parts in the acrotelm but that of 
deep rhizomes and roots can reach down into the catotelm. 
The boundary zone between the two layers is often not 
clear-cut under Swedish climatic conditions where the 
mires dry out in some summers. Most of the decomposi
tion takes place in the acrotelm. After partial decomposi
tion and compaction, peat formed in the acrotelm is slowly 
transferred into the catotelm as the mire grows in height. 
However, even though anaerobic decomposition is very 
slow, it takes place through the whole depth of the catotelm, 
and when the mire has grown so much that the integrated 
decay rate in the catotelm balances the net biomass accu
mulation rate in the acrotelm, the mire has reached its 
maximum height (see discussion in Clymo 1984) . This 
stage has probably not yet been reached by most Swedish 

mires, but cessation of growth can occur for other reasons. 
Occasional dry or warm years speed up the decay and may 
have a strong impact on the final thickness of the peat. 

Mires are generally nutrient-poor environments. In
puts of nutrients such as phosphorus and potassium are 
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extremely low in most mire types. The availability of 
nitrogen is also low in bogs and in many fens. Through 
leakage and the formation of the peat nutrients become 
unavailable to the plants. When we later introduce the 
term 'rich fens ' ,  we should make the distinction that they 
are often species rich and comparably rich in minerals, but 
usually not eutrophic in the true sense of that term. Nitro
gen additions, through nitrogen-fixing actinomycetes in 
mutualistic association with Alnus spp. and Myrica gale, 
are almost entirely confined to thin peat in marginal areas 
of the mires. Sphagnum mosses often have intracellular 
cyanobacteria, and their nitrogen fixation seems to be 
important in, for example, small forested fens, where leaf 
litter is also a source of nutrients. Basilier ( 1979) detected 
very low levels of nitrogen fixing in ombrotrophic sites. 

Plant strategies 

High water table and anaerobic conditions 

To maintain root respiration, only plants with aerenchyma 
can grow in parts of the mire with a long-lasting high 
water table. Good examples of such species are Carex 
spp., Eriophorum spp. ,  Menyanthes trifoliata, Phragmites 
australis and Trichophorum spp. (Metslivainio 193 1) .  

Species without aerenchyma, in particular woody spe
cies, are nearly restricted to well aerated parts of the mire. 
Scots pines (Pin us sylvestris) grow on hummocks in bogs 
and fens and in the sloping bog margin where the water 
table is a little below the surface, and most dwarf shrubs 
(e.g. Call una vulgaris, Empetrum nigrum and Vaccinium 
uliginosum) are confined to hummocks where the anaero
bic events are of short duration. Several of these plants 
also suffer from the inability of their mycorrhiza to sur
vive under anaerobic conditions. However, Andromeda 
polifolia, and to some extent also Betula nana, Chamae
daphne calyculata, Myrica gale and Salix spp. are able to 
endure waterlogged conditions in the rhizosphere. 

Desiccation is generally not a problem for the vascular 
plants, since the root zone is almost always wet or moist 
even during periods when the water table and probably 
even the water potential drops markedly below the sur
face. However, since bryophytes do not have roots to 
extract water from a great depth, they may often suffer 
from desiccation as will be described below. 

Low nutrient levels 

In Grime' s ( 1979) plant strategy classification, most mire 
plant species are stress-tolerators which survive in nutri
ent-poor environments thanks to a slow growth rate, an 
ability to conserve nutrient resources, a long lifespan and 
a predominantly vegetative propagation (Backeus 1985). 
Among such species, Eckstein & Karlsson ( 1997) showed 



that species with sclerophyllous, longlived leaves (ever
greens) had low annual losses of nitrogen and phosphorus 
through reproduction, herbivory and litter fall, and also 
had low nutrient concentrations (especially in a bog habi
tat) . In deciduous species such as Rubus chamaemorus 
and Vaccinium uliginosum nutrient conservation is 
achieved by efficient shuttling of nutrients to the below
ground parts as the leaves senesce in autumn, and back 
into new leaves in spring ( S reb� 1 968; Chap in et al. 1980) . 

Sphagna as dominant peatland plants 

A large part of the Fennoscandian mires are not only 
dominated by Sphagnum mosses; these plants also build 
up the substrate and their growth is a prerequisite for the 
very existence of bogs. Several biological features of 
Sphagna are important for their role in peatlands (for 
reviews see Clymo & Hayward 1 982; Andrus 1 986; Rydin 
1993a). They have the capacity to store water in dead 
hyaline cells. When saturated, the water content can be as 
much as 20 times the dry mass. Typical of bryophytes is 
their lack of stomata and passive water management. This 
means that water losses must be replaced either by rain or 
by a capillary movement of water from the free water 
table below. The mosses form a capillary network outside 
the stem: water is transported in spaces between the 
leaves, and between the stem and the branches. There are 
great differences in the effectiveness of this capillary 
system, which leads to ecological differentiation between 
hummock and hollow species (see below). While helping 
to maintain a high water table, Sphagnum necromass 
creates the anaerobic conditions leading to peat forma
tion. Another reason for the accumulation of Sphagnum as 
peat is their slow decay rate (Clymo & Hayward 1982; 
Johnson & Damman 1 991 ). 

In oligotrophic mire environments Sphagnum mosses 
are able to extract cations using their cation exchange 
capacity. They form organic acids attached to the cell 
walls, and these acids release hydrogen ions in exchange 
for other cations. By doing so, they are also responsible 
for the acidification in Sphagnum-dominated mires. This 
further slows down decay and in ombrotrophic mires 
creates an environment in which not many other species 
can survive. 

Sphagnum mosses grow upwards through an apical 
meristem and decay below this meristem. In dense, 
unshaded stands light penetrates only 1 - 2 cm into the 
moss carpet (Clymo & Hayward 1982), and in this zone 
photosynthesis takes place. New branches are formed in a 
dense head, capitulum, of undeveloped branches, which 
converts into the typical Sphagnum morphology further 
down as the stem and branches elongate and the clusters 
of branches surround the stem. The photosynthetic capitu
lum is also the part of the moss which takes up nutrients. 
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In a bog, nutrients in the rainwater are effectively trapped 
by Sphagnum before they reach the root zone of the 
vascular plants, the latter being dependent on minerali
zation as a source of nutrients (Malmer et al. 1 994 ) .  
Sphagnum can conserve nutrients by transporting them in 
the stem from basal decaying parts up to the actively 
growing capitulum (Rydin & Clymo 1989). This internal 
transport takes place despite the fact that Sphagnum mosses 
lack specialized conductive tissue. 

Sphagnum mosses have a low nitrogen concentration 
compared to vascular plants, usually less than 1 %  (Clymo 
& Hayward 1 982), and high contents of organic acids in 
the cell walls, and they do not seem to be eaten by any 
herbivores. 

Mire vegetation ecology 

The species composition in mire vegetation is strongly 
determined by a few gradients. However, these gradients 
are complex, i.e. several environmental factors change 
more or less in the same direction. It is therefore not 
always possible to disentangle the relative importance of 
the individual factors in governing species composition. 
Even though the vegetation differences are gradual, they 
are steeper in some parts of the gradient and this makes it 
practical to distinguish parts of the gradients as separable 
units. Typical of mire ecology is the strong interplay 
between the plants and the peat in which they grow and 
which they form themselves. The distinguishable units 
contain both the plant community and the structure of the 
peat surface (Appendix 1) .  Some of these units can be 
identified on the smallest scale, and we refer to these units 
as mire elements (e.g. hollows and hummocks); others, on 
a larger scale, are mire units (e.g. a bog or a fen) . Several 
mire units can then form a mire complex on the landscape 
level. From a species list collected at either of these scales 
we can, between certain limits, estimate several environ
mental factors such as pH, height above the water table, 
shading and closeness to mineral ground. Especially use
ful as indicators of pH and water level are Sphagnum 
species (Table 1) .  

The poor - rich gradient 

This gradient reflects pH and mineral concentration of the 
mires, and ranges from the acid bogs to the calcareous 
extremely rich fens.  The word 'rich' refers to mineral 
richness and often, but not always, to richness by number 
of species, rather than indicating all-round nutrient-rich 
conditions. 

The basic distinction between rninerotrophic fens and 
ombrotrophic bogs has already been mentioned. As the 
plants on the bog are independent of the local mineral soil 
conditions, ombrotrophic vegetation is remarkably simi-
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Fen � minerotrophic mire 

Extremely rich fen 
pH 7-8.5 

Moderately rich fen Poor fen 
pH 5-7 pH 4-5.5 

Bog - ombrotrophic mire 

Pine bog Bog plane 
pH 3.5-4 

Fig. 1. Schematic picture of the differentiation along the poor - rich gradient from bog to extremely rich fen with examples of indicator 
species in southern Sweden. On the bog the differentiation in bog margin forest and bog plane (expanse) and along the microtopographic 
gradient is also shown. Drawing by Cecilia Lind, based on Sjors ( 1963b). The picture does not include the intermediate fens which are 
common in northern Sweden. 

lar in different parts of the country. For bryophytes this is 
true even when we extend the comparison to mires of e.g. 
eastern North America (Sjors 1 963a; Rydin 1993a). Some 
differences exist, however, between oceanic and conti
nental areas. 

The vegetation in the fens, on the other hand, is 
governed by interaction between the peat and the chemis
try of the water entering from the mineral soil, notably the 

pH and calcium content, but also the rate of flow. When 
Sphagnum is dominant, the cation exchange sites of the 
peat particles tend to be occupied by H+ ions, but with 
increasing inflow of water containing calcium the degree 
of neutralization and pH increases. This is the basis for the 

poor - rich gradient which can be divided into bog, poor 
fen, intermediate fen, moderately rich fen and extremely 
rich fen, with pH ranging from below 4 in the bog to 8.5 in 
extremely rich fens with calcareous deposits (Fig. 1) .  

The gradient is also reflected in the electrolyte con
tent of the water, measured as electrical conductivity 
minus that of hydrogen ions (according to �ed = Ktot -
3.25 · 105-[H+] (mmS cm-1), where [H+] is the hydrogen 
ion activity (eq 1-1) ,  all measured at 20 °C). However, this 
is only rather inconsistently correlated with pH and with 
the vegetation composition (see Fig. 4 in Sjors 1950 and 
Fig. 60 in Malmer 1962a). In mires the degree of neutrali
zation of the acid peat colloids is probably more important 
than the concentrations of metal cations in the water, 
although few data are available for the degree of neutrali
zation in natural peat sites (some data in Sjors 1961) .  

Without complicated measurements of  water flow and 
chemistry it is of course impossible to establish whether 
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the surface water has been in contact with mineral soil or 
not. However, we can establish this border in the field to a 
high degree of certainty by the use of fen limit indicators. 
The border is usually, but not always (see Malmer 1962a), 
quite clear. There are hardly any species confined to 
ombrotrophic conditions, but there are many mire plant 
species which cannot tolerate the low pH and extreme 
nutrient deficiency of the bogs. Fen limit indicators are 
species that can grow up to, but not cross, the border to the 
bog. Good examples are the widespread and common 
Carex lasiocarpa, C. rostrata, Eriophorum angustifolium, 
Menyanthes trifoliata and Sphagnumfallax (Table 2). 

Only about 30 vascular plant species grow on bogs, 
with some differences between different parts of the coun
try (Table 2). Common species are pine, dwarf shrubs, 
Eriophorum vaginatum and Trichophorum cespitosum (= 
Scirpus cespitosus), in wet places also Scheuchzeria 
palustris and Rhynchospora alba. The only Carex species 
found is C. limosa (in transitions to fen also C. pauciflora, 
and in the northern boreal sub-zone C. rotundata in wet 
hollows). 

Most of the country is dominated by silicious deposits 
with low electrolyte concentration in the soil, and poor 
fens are consequently the most common ones. A few 
common poor fen communities can be described. Fens 
dominated by tall sedges such as Carex lasiocarpa and C. 
rostrata are sometimes referred to as magnocariceta 
( 'hogstarrkarr') .  The sedges are especially luxuriant where 
the water flow is rich. In earlier days hay was often 
harvested in such fens in many parts of the country. 
Quagmires along oligotrophic lake shores are often kept 



Table 1 .  Range of Sphagnum species along the gradient from 

bog to rich fen, and the position above the water table gradient. 

Darker shading indicates habitats where the species is com

monly found. The habitats are Bog, Poor Fen, Intermediate Fen, 

Rich Fen, Hummock, Lawn, Carpet and Mud-bottom. Rare 

species and species largely confined to swamp forests are not 

included. Extremely rich fens have few species (mainly S. 
contortum and S. warnstoifii). 

S. capillifolium 
S. centrale 
S. compactum 
S. contortum 
S. cuspidatum 
S. denticulatum 
S. fallax 
S. fimbriatum 
S. flexuosum 
S. fuscum 
S. inundatum 
S. lindbergii 
S. magellanicum 
S. majus 
S. palustre 
S. papillosum1 
S. pulchrum 
S. riparium 
S. rubellum 
S. squarrosum 
S. subfulvum 
S. subnitens 
S. subsecundum 
S. tenellum 
S. teres 
S. warnstoifii 

B PF IF RF 

1S. papillosum grows in bogs in SW Sweden. 

H L C M  

floating by roots of Rhynchospora alba and rhizomes of 

Carex chordorrhiza, C. lasiocarpa, C. limosa,. C. rostrata, 
Eriophorum angustifolium, M enyanthes trifoliata and 
Scheuchzeria palustris carrying a carpet of Sphagnum 
fallax, S. lindbergii, S. majus, etc., in which Vaccinium 
oxycoccos and Andromeda polifolia are embedded. Pens 
on firmer peat often have Sphagnumfallax or S. papillosum 
as dominants, and in places Molinia caerulea forms a 

lawn-like field layer. 

In boreal Sweden a type of fen (intermediate fen) with 

low electrolyte concentration but with higher pH than 

poor fens is common, for instance where mineral water 

(low in Ca) flows out in sloping terrain. Species growing 

here, and which in southern Sweden are more or less 

confined to rich fens, are Trichophorum alpinum ( = Scirpus 
hudsonianus ), Carexjlava, Parnassia palustris, Pinguicula 
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vulgaris, Saussurea alpina, Selaginella selaginoides, and 

bryophytes such as Wamstorfia sarmentosa, Loeskypnum 
badium, Scorpidium revolvens, Paludella squarrosa and 

Sphagnum wamstorfii. They grow together with all the 

common poor fen species, of which several are more or 

less excluded from richer fens only in southern Sweden 

(e.g. Eriophorum vaginatum, Carex pauciflora, C. magel
lanica, Sphagnum papillosum, S. pulchrum and S. majus ).  

The water in moderately rich fens generally has a 

higher pH than in poor and intermediate fens and is 

usually richer in electrolytes. Such fens develop in areas 

with some calcium in the mineral soil, or in sites with a 

rich flow of mineral water which helps to neutralize the 

peat. Species such as Carex elata, C. hostiana, Eriophorum 
latifolium, Eleocharis quinqueflora grow together with 

some of the above-mentioned poor fen and intermediate 

fen species (which often dominate also in rich fens). 

Among the bryophytes, Sphagnum plays a subordinate 

role but S. wamstorfii may form hummocks together with 
Tomentypnum nitens. Sometimes Paludella squarrosa, 
but more often species of Amblystegiaceae dominate: 

Scorpidium spp., Calliergon spp., Loeskypnum badium, 
Calliergonella cuspidata and Campylium stellatum. Some 

of these species indicate slightly different degrees of 

richness; for instance, Kooijman & Hedenas ( 1991)  showed 

that Scorpidium cossonii indicates higher pH and electri

cal conductivity than S. revolvens. 
Extremely rich fens are mostly found in calcareous 

areas, e.g. limestone areas in Skane, Vastergotland and 
OstergOtland, the Baltic islands of Gland and Gotland, 

areas with calcareous drift in e.g. north-eastern Uppland 

and south-eastern Gastrikland and in the Cambro-Silurian 

limestone areas of Jamtland, and in some parts of the 

mountains. With a pH often above 7, they contain most of 

the species of the moderately rich fens, but other species 

are added. The assemblage of bryophytes is very rich in 

species (Table 2), especially in fens with percolating 

water or fens with a relatively high mineral content and 

with a low level of other nutrients. A characteristic feature 

is the occurrence of many orchid species. Several of the 

species in these fens have a distinctly southern distribu

tion. Hypericum tetrapterum and Equisetum telmateia are 

found in Skane; ]uncus inflexus, J. subnodulosus and 
Schoenus nigricans are also found on Gland and Gotland. 

Tofieldia calyculata and Orchis palustris are restricted to 
Gotland, whereas Epilobium hirsutum, E. parviflorum, 
Liparis loeselii and Cladium mariscus reach the northern 

border of the boreo-nemoral zone (the limes norrlandicus). 

Species which extend farther north are Epipactis palustris, 
Primula farinosa, Carex acutiformis, C. lepidocarpa, 
Schoenusferrugineus and Ophrys insectifera. In the boreo

nemoral zone the extremely rich fens also hold species of 

a generally northern distribution type: Salix hastata, Carex 
buxbaumii, Pedicularis sceptrum-carolinum. Species such 

as Bartsia alpina, Saussurea alpina and Selaginella 
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Table 2. Species which can be used as indicators for the poor - rich gradient. There are no obligate bog plants, but the first column lists 
all species normally found in Swedish bogs, see 0kland ( 1990) for a discussion. Fen limit indicators are species which are often found 
in poor fens, but do not tolerate ombrotrophic conditions. Rich fen indicators are found in sites with higher pH. The presence of a few such 
species indicates intermediate or rich fen conditions, and a larger number and dominance indicate that the site is an extremely rich fen. 
The bryophyte list is partly based on Hedenas & Lofroth (1992) who listed useful indicators for the conservation value of rich fens. 

Vascular plant species 

growing in bogs 

Andromeda polifolia 
Betula nana1 

B. pubescens 
Calluna vulgaris 
Carex limosa2 

C. paucijlora3 

C. rotundata1 

Chamaedaphne calyculata 
Drosera anglica 
D. intermedia4 

D. rotundifolia 
Eriophorum angustifolium4 

E. russeoluml 

E. vaginatum 
Empetrum nigrum ssp. hermaphroditum 
E. nigrum ssp. nigrum 
Erica tetralix4 

Myrica gale4 

Picea abies 
Pinguicula villosa1 

Pinus sylvestris 
Rhododendron tomentosum 
Rhynchospora alba 
Rubus chamaemorus 
Scheuchzeria palustris2 

Trichophorum cespitosum 
Vaccinium microcarpum1 

V. myrtillus 
V. oxycoccos 
V. uliginosum 
V. vitis-idaea 

Useful fen limit indicators 

Carex chordorrhiza 
C. lasiocarpa 
C. livida1 

C. magellanica 

C. paucijlora3 

C. rostrata 
Eriophorum angustifolium4 

Menyanthes trifoliata 
Molinia caerulea 
Narthecium ossifragum4 

Sphagnum fallax 
S. papillosum4 

Rich fen indicators 

Vascular plants, 
mainly in extremely 
rich fens 

Carex acutiformis 
C. appropinquata 
C. atrofusca 
C. capillaris 
C. capitata 
C. lepidocarpa 
C. microglochin 
Cladium mariscus 
Cypripedium calceolus 
Dactylorhiza incarnata 

ssp. cruenta 
D. incarnata 

ssp. ochroleuca 
Eleocharis quinqueflora 
Epipactis palustris 
Equisetum scirpoides 
E. variegatum 
Gymnadenia conopsea 

var. densijlora 
G. odoratissima 
Hypericum tetrapterum 
Juncus inflexus 
J. triglumis 
J. subnodulosus 
Liparis loeselii 
Ophrys insectifera 
Primula farinosa 
Salix myrsinites 
Saxifraga aizoides 
S. hirculus 
Schoenusferrugineus 
S. nigricans 
Tofieldia calyculata 

Bryophytes, in moderately 
and extremely rich fens 

Brachythecium turgidum 
Bryum neodamense5 

B. weigelii 
Calliergon giganteum 
Catoscopium nigritum5 

Cratoneuron filicinum5 

Ctenidium molluscum5 

Lophozia rutheana5 

Meesia longiseta5 

M. triquetra5 

M. uliginosa5 

Moerckia hibernica5 

Palustriella spp. s 
Philonotis calcarea5 

P. seriata 
Pseudo-calliergon lycopodioides5 

P. trifarium 
P. turgescens5 

Scapania degenii5 

Scorpidium cossonii 
S. scorpioides 
Sphagnum contortum 
Tomentypnum nitens 
Tritomaria polita 
Warnstorfia tundrae 
Indicators when found in 
southern Sweden6: 
Calliergon richardsonii 
Cinclidium stygium 
He/odium blandowii 
Loeskypnum badium 
Paludella squarrosa 
Sphagnum warnstorfii 
Warnstorfia sarmentosa 
Indicators when found in 
northern Sweden: 
Calliergon cordifolium 
Calliergonella cuspidata 

1Species with a northern distribution; 2Not in bogs in the southernmost parts of Sweden; 30ccasional in bogs in the boreal zone; 4In bogs in SW Sweden; 
5Indicator of extremely rich fen; 6These species are often found in intermediate fens in northern Sweden. 

selaginoides are restricted in southern Sweden to calcare
ous areas in contrast to their more modest demands in 
boreal or alpine areas. 

In southern Sweden the calcareous rich fens show 
similarities to wet meadows (Tyler 1979a), and examples 
of shared species are Schoenus ferrugineus, S. nigricans 
(also on marine shores), Primula farinosa and Sesleria 
caerulea. 

The largest areas with extremely rich fens are found in 
Himtland with a total area of about 100 000 ha. They form 
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probably the largest remaining rich fen area in Europe. 
Here the southern species (e.g. Schoenus ferrugineus and 
Ophrys insectifera) grow together with the northern Carex 
capitata, C. lepidocarpa ssp. jemtlandica and Salix 
myrsinites. Chiefly in subalpine-alpine fens we can add 
Saxifraga aizoides, Carex saxatilis, C. microglochin, C. 
atrofusca and June us castaneus. 
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Fig. 2. Aerial view ofRyggmossen, Uppland. A - lagg fen in which darker areas are mud-bottoms. B = water divide with arrows showing 

direction of water flow. C = outlet of water from the lagg fens. D = marginal pine forest of the bog. E = Track used several decades ago 
for timber transport with sleigh. F = central treeless bog with darker hummocks and lighter hollows. Photo H.-G. Wallentinus. 

(Reproduced with permission . )  

The mire margin - mire expanse gradient 

The species composition close to the mineral ground 
differs from that of the central parts of the mires, and we 
can distinguish such mire margin communities from 
mire expanse communities (Sjors 1 948) . Some of the 
characteristic species of the mire margins also grow on 
dry ground. Examples are Equisetum sylvaticum, Maian

themum bifolium, Carex globularis, C. nigra, C. vaginata, 

Dactylorhiza maculata ssp. maculata and Sphagnum 

girgensohnii. Some of them may, however, often extend 
into open minerotrophic mires, for instance Carex globu

laris (on mostly very shallow, strongly acid peat) . Com
mon woody species include Picea abies, Pinus sylvestris, 

Betula pubescens, Juniperus communis, Salix spp . ,  and, 
except in the north, Frangula alnus. The mire margins are 
in most cases fens although some ecologists include pine 
bogs among mire margin communities. 

The differentiation of the mire margin communities 
is  probably caused by simultaneous variations in  several 
abiotic factors. The peat layer is normally only 20-40 
cm, and deeply rooted vascular plants can reach the 

mineral soil beneath this layer. The relatively dense tree 
and shrub layers create shade and l itter containing nutri
ents for the ground flora. The water often flows rela
tively fast, which increases aeration and facilitates growth 
for species that lack aerenchyma or are dependent on 
mycorrhiza. 

The microtopographic gradient on bogs 

Some of the most striking features of a mire are the 
different surface structures easily seen on aerial photo
graphs (Fig. 2) . This i mplies a microtopographical gradi
ent reflecting the position of the mire surface in relation to 
the water table. The microtopography and botanical com
position along thi s  gradient will here be described sepa
rately for bogs and fens.  

On bogs, a basic distinction can be made between 
hummocks and hollows. When elongated (always perpen
dicular to the slope) the hummocks may develop as very 
distinct strings. The hollow-and-hummock pattern is seen 
on the central parts of the larger bogs in most of Sweden, 
but i n  the north, ombrotrophic sites are usually very local 
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and shallow, and their hollows poorly developed, or re
placed by patches of fen ( 'fen windows') .  A feature only 
rarely seen in the eastern bogs, but more frequently north 
of Lake Vanern, is bog-pools. These pools are perma
nently filled with water, often one or two metres deep, and 
occur in addition to, or replace, the normal hollows, 
sometimes in their hundreds. They were formed during 
the growth of the bog, as Sphagnum growth in some 
hollows lagged behind and the peat beneath started to 
decay, resulting in open water (Foster & Wright 1990). 

The hummocks are raised 20-50 cm above the prevail
ing water table, and their peat is therefore well aerated for 
most of the time. Here we find species that cannot with
stand long periods of flooding, and the lower limit of 
Calluna vulgaris (when present) is often used to define 
the border between hummocks and hollows. The highest 
hummocks are formed by Sphagnum Jus cum, or in south
western Sweden often S. rubellum, S. magellanicum or S. 
austinii. Other common species are Empetrum nigrum, 
Drosera rotundifolia, Vaccinium microcarpum (northern 
and central), and, less restricted to bog hummocks, Rubus 
chamaemorus, Betula nana, Andromeda polifolia and 
Vaccinium oxycoccus. Eriophorum vaginatum grows in 
both hummocks and hollows. 

The bog hollows can be divided into lawns, carpets 
and mud-bottoms. Lawn communities are dominated by 
Trichophorum cespitosum or Eriophorum vaginatum to
gether with Sphagnum balticum, S. tenellum (often wet
ter) and S. angustifolium (usually under a pine cover). 
Because of the occurence of roots and rhizomes, the lawns 
have a firm peat layer, and they are only occasionally 
inundated. 

At a slightly lower level Carex Umosa, Scheuchzeria 
palustris and Rhynchospora alba together with Erio
phorum vaginatum form a less dense vegetation in the 
carpet communities, and when walking here, the feet sink 
10-20 cm. The carpets can be inundated for relatively long 
periods. Dominant Sphagnum species are S. cuspidatum 
(also found in lawns, but absent in the north), S. tenellum, 
and in central and northern Sweden also S. majus. The 
long and often horizontally-growing shoots of Sphagnum 
cuspidatum follow the vertical movement of the water 
table as it moves up and down during wet and dry periods, 
and this species thus experiences smaller changes in its 
relative position at, or above, the water table than does e.g. 
S. balticum in the lawns. 

Mud-bottoms have only scattered individuals of the 
same species as carpets. Except for liverworts (such as 
Cladopodiella fluitans and Gymnocolea inflata) the 
bryophyte cover is very low. Instead they are rich in 
microalgae. Characteristic of bog hollows is the violet
coloured filamentous green alga Zygogonium ericetorum. 
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Dynamics of hummocks and hollows on bogs 

The factors behind the formation of hummocks and hol
lows are not fully understood (cf. Sjors 1990). Earlier 
theories stressed the dynamic nature of the structures .  
However, a description was made of Skagershultamossen 
(Narke) by von Post & Sernander ( 1910), and when 
Backeus ( 1972) re-mapped the area after 60 years he 
found that the hummock and hollow structures were sur
prisingly stable over time. This has also been confirmed 
by stratigraphic investigations (Svensson 1988). Contrib
uting to the stability of the structures is the fact that even 
though productivity is higher in the hollows, the basal 
parts of hummock Sphagna seem more resistant to decay 
than those of the hollow species (Johnson & Damman 
199 1 ;  Belyea & Clymo 1999). 

Some understanding of the stable maintenance of the 
hummock-hollow structures can be achieved from the 
biology of the Sphagnum species involved. The clear 
differentiation among Sphagnum species in position above 
the water table (Table 1 )  can be exemplified from 
Ryggmossen in Uppland (Fig. 2) . The upper level reached 
by the species in this part of Sweden is ranked as S. jus cum 
> S. rubellum > S. balticum > S. tenellum > S. cuspidatum, 
with S. fuscum and S. balticum, respectively, as the chief 
dominants of the hummocks and hollows.  In experiments, 
the hummock species were transplanted to a lower level 
(naturally dominated by S. balticum), and it turned out 
that not only did they survive well here, but they also grew 
better than in their own hummock habitat (Rydin & 
McDonald 1985a) .  On the other hand, when the hollow 
species were placed among S. fuscum on the hummock 
they dried out and died. 

The reasons for these reactions are the photosynthetic 
response to water content and the differential ability of the 
species in capillary water transport (as reviewed by Rydin 
1993a). In Sphagnum the photosynthesis is at its maxi
mum at a water content of ea 800 - 1000% of the dry mass. 
During dry periods the Sphagnum capitula loose water 
and the photosynthetic rate drops to 50% of its maximum 
at water contents around 300 - 500%, and ceases at 100 -
200% (photosynthetic water compensation point, Rydin 
& McDonald 1985b; Schipperges & Rydin 1998). The 
species' physiological response to water content does not 
seem to differ between hummock and hollow species. 
During drought, the transpired water must first be re
placed by capillarity from the water table below, a process 
that becomes more difficult the farther up on the hum
mock the plant grows. The hummock species of the 
Acutifolia section (Sphagnum fuscum and S. rubellum) 
are superior in this respect with their hanging branches 
closely attached to the stem, and the dense packing of the 
shoots of these species probably also helps to avoid water 
loss. In an experiment with pots containing Sphagnum, 
the water table was lowered to 22 cm below the surface. 



Fig. 3 .  Close-up of a bog hummock in which 

Sphagnum fuse urn remains moist even after a 

long dry period. The individual shoots of S. bal

ticum are drier (as indicated by their whitish 
colour), but they receive water from the sur

rounding S. fuscum through lateral transport 

and are therefore moister than S. balticum 

growing in the hollows beneath the hummock. 

Photo H. Rydin .  

The capitula started to dry out, and at the end of the 
experiment the water content ranked: S. fuscum > S. 

rubellum > S. balticum > S. tenellum, i .e .  the same rank 
order as the upper level reached by the species (Rydin 
1 985). As a result S. balticum and S. tenellum often dry 
out in the hollows even though they grow closer to the 
water table, whereas the hummock species for most of the 
time are wet enough to maintain considerable photosyn
thesis  (Fig. 3; Rydin & McDonald 1 985b). 

The absence of S. fuscum from the hollows cannot 
easily be explained. Transplanted patches decreased in  
area some years, but experiments run for up  to  1 1  years 
showed that S. jus cum in many instances expanded in the 
hollows (Rydin 1 993b). The results were highly variable, 
and there were no indications that the speices was out
competed by e.g. S. balticum. There are indications that 
the hummock species may suffer when inundated (Rydin 
& McDonald 1 985a), so occasional wet years may be 
more important than the long term mean water level. 

S ince the Sphagnum mats are very dense and mostly 
cover the surface completely, we can envisage keen com
petition for space. The mechan isms of interactions among 
Sphagnum individuals may be v iewed as follows. In a 
shoot of Sphagnum, a stem of indeterminate growth w ith 
branches of determinate growth i s  formed from the apical 
meristem. Initially, the branches are densely packed in a 
capitulum, but at 1 - 2 cm below the apex the stem 
elongates and the branches can be seen in clusters, usually 
of 2 - 5 (depending on species). Further down (at 4 - 1 2  
cm, depending on species and habitat) the disintegration 
of the shoot begins. The capitula are kept level with one 
another by the effects of water and light (Hayward & 
Clymo 1 983) .  If a capitulum starts to protrude above the 
others, it  will loose water more quickly and growth will 
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decline. On the other hand, in capitula below the surface, 
etiolation leads to increased growth in length . If a shoot 
lags too far behind, however, it will die as a result of 
shading. 

Among the hollow species, S. tenellum dries out quickly 
and has a distribution along the vertical gradient which is 
included in that of S. balticum. The competitive advan
tage between the two seems to shift somewhat from year 
to year, but there were no cases of competitive exclusion 
(Rydin 1 993b) . Whereas classic theory suggests that niche 
differentiation is a prerequisite for co-existence (Bengtsson 
et al. 1 994), Sphagnum species illustrate Keddy' s  ( 1 990) 
suggestion that when species are closely related and mor
phologically similar, the competition between them i s  
symmetrical (i .e.  both suffer equally from the interac
tion).  

An interesting case of positive interactions has been 
established between hummock and hollow Sphagna. Al
though patches of a hollow species will become dry more 
quickly than patches of the hummock species, there will 
be some lateral ( i .e. between shoots) movement of water. 
Shoots of the hollow species surrounded by shoots of the 
hummock species will maintain a higher water content 
than shoots growing in a single species patch at the same 
height. This effect has been demonstrated by field meas
urements after a period of dry weather and by laboratory 
experiments (Rydin 1 985) .  In the mire, scattered S. 

balticum occurs almost to the top of the hummocks, but it 
can only do so if completely surrounded by shoots of S. 

jus cum (Fig. 3) .  
Sphagnum tenellum i s  present as scattered individuals 

in lawns dominated by S. balticum. In addition, it  grows in  
small mono-specific patches on  bare peat, indicating that 
it has colonized by means of spores or vegetatively by 
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fragments. At least some species of Sphagnum have the 
capacity for long-distance dispersal and establishment 
which can be seen from the species composition in aban
doned peat extraction sites. Sphagnum lindbergii is a 
northern species with scattered occurrences in southern 
Sweden in peat pits (Sjors 1949). Soro et al. ( 1999) noted 
the first appearances of S. aongstroemii and S. molle in the 
province ofUppland, which indicates long distance (scores 
of kilometres) spore dispersal. The presence of several 
other species in the peat pits (notably S. fimbriatum, S. 
riparium and S. compactum) suggests dispersal in the 
order of kilometres. 

The oceanic-continental and south-to-north gradients 
in bogs 

The higher ionic content (especially of magnesium) of 
rainwater in oceanic areas leads to a higher degree of 
neutralization of the peat. This creates some floristic 
differences in ombrotrophic mires along the oceanic
continental gradient across southern Sweden. Further
more, it is likely that higher humidity and less variation in 
precipitation (shorter drought periods) in oceanic areas 
also affect mire vegetation. Sphagnum papillosum is clearly 
a fen indicator except in the south-west, where it also 
grows in bogs. The same is probably true for Eriophorum 
angustifolium (Table 2). 

Erica tetralix grows in bogs west and south-west of 
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Fig. 4. Generalised distribution of mire types 
with density of patteming indicating common 
or scattered occurrences. (a) Domed raised bogs 
(horizontal hatching) and palsas (in the north); 
(b) Plateau-formed raised bogs; (c) Sloping 
raised bogs (unilateral or fan-shaped); (d) Flat 
or slightly raised bogs; (e) Flat bogs of northern 
type; (f) Sloping fens (> 5% ) ; (g) Flark fens; (h) 
String mixed mires. Data from the Wetland 
Inventory. The empty zone in the north in e-h 
was not covered by the inventory, but these 
mire types, especially g and h, are more or less 
common here. 

· ·  

Lake Vattern (it extends farther eastwards in fens and on 
shores), whereas Rhododendron tomentosum (= Ledum 
palustre) is common on mires in the east. Among Sphagna, 
S. rubellum and S. magellanicum are important peat
formers in bogs in south-western Sweden. The dominant 
hummock-former in other parts of the country, S. Jus cum 
is here restricted to the highest hummocks where it grows 
alongside S. austinii. Other features of the south-western 
parts are the presence of oceanic heathland bryophytes 
such as Leucobryum glaucum and Racomitrium lanugi
nosum (Malmer 1 965), the latter occurring also on bogs in 
westernmost Jamtland. Odontoschisma sphagni and 
Sphagnum austinii are distinctly south-western. So is 
Drosera intermedia when growing in bogs, but it is con
fined to fens farther north. Rhynchospora alba disappears 
from bogs near the transition between the southern and 
middle boreal sub-zones, but occurs scattered in fens 
much farther north. 

Mainly in the boreal zone, but with many occurrences 
southwards, even in northern Skane, Betula nana is a 
common plant of the mires, and also of the bogs. Sphag
num lindbergii shows a similar pattern. Other Sphagnum 
species with a northern distribution type (in fens) are 
S. aongstroemii, S. centrale and S. subfulvum. Southern 
species are S. cuspidatum, as a rarity reaching Vasterbotten, 
S. palustre and S. affine. Other species, such as S. pulchrum, 
S. rubellum and S. tenellum also drop out in the extreme 
north. 



In Himtland Empetrum nigrum ssp. hermaphroditum 
gradually replaces ssp. nigrum on the bog hummocks, and 
farther north also Calluna, even where this plant occurs 
on nearby dry land. Trichophorum cespitosum is common 
on both south-western, west-central and northern mires 
but not in the east. 

Bog elements and units 

The various types of mire elements, units and complexes 
are distributed in Sweden according to temperature, hu
midity and terrain formations (Fig. 4 ). The eastern Swed
ish bog, Ryggmossen (Uppland), is an example of how 
different units combine at the landscape scale (Figs. 2, 4a) 
in a flat and relatively dry part of the country (precipita
tion ea. 600 mm yr1). The surrounding forest nearest to 
the bog is a narrow zone of swamp forest with Alnus 
glutinosa and Salix spp. which usually develops on min
eral soil. Adjacent to the mineral ground, we find the lagg 
fen which receives water from the surrounding mineral 
soil, and which also collects the water surplus from the 
ombrotrophic parts. 

Adjacent to this, the outermost part of the bog itself is 
a pine-bog (margin forest zone), sloping slightly centrip
etally and with low slow-growing trees covering a hum
mock type of vegetation with Sphagnumfuscum, S. magel
lanicum, Rhododendron tomentosum and Vaccinium 
uliginosum. In low hummocks and depressions, S. angusti
folium dominates. 

The central part of the bog is the treeless expanse or 
'bog plane' (actually slightly domed) which is raised ea. 
1 .5 m above the lagg fen surface. Here, the water table is 
closer to the mire surface than in the pine zone, and we 
find S. fuscum hummocks with Calluna vulgaris and 
Empetrum nigrum arranged as strings in concentric cir
cles perpendicular to the slight slope of the surface. The 
hollows inbetween are mainly lawns dominated by S. 
balticum and Eriophorum vaginatum, but wet carpets 
with S. cuspidatum, Carex limosa and Scheuchzeria 
palustris have developed in the nearly horizontal central 
parts. The mud-bottoms are few and small in this mire. 

In drier areas in Sweden (Oland, Gotland and the 
south-eastern coast) the precipitation is too low to sustain 
large bogs. Mainly as a result of draining, bogs are rare in 
nemoral Sweden, and here Betula pubescens grows on the 
wooded parts instead of pines. 

Not all raised bogs are domed all over. In some of 
them the central 'plane' is really almost horizontal, and 
the rise of the bog is confined to its edges. Such 'plateau
formed raised bogs' (Fig. 4b ), are frequent, for instance, 
north of Lake Vanern in a flat landscape. 

In areas with higher humidity (western Gotaland, north
em Svealand and western Jamtland), bogs have a higher 
water surplus which often has to flow across them. The 
concentrically domed or plateau bogs are replaced by 
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unilaterally sloping, sometimes more fan-shaped, bogs 
(Figs. 4c, 5). Water from the surrounding terrain can enter 
the mire area as sloping flushes ( ' soaks') .  In some cases 
these are gradually diluted with bog water, and the fen 
plants disappear gradually downslope. 

Common in the south are level, only slightly raised 
bogs (' svagt valvda mossar' ). They are often tree-covered 
and surrounded by a narrow lagg fen.  In contrast to the 
raised bogs they do not have well developed surface 
patterns of hummock and hollows (Fig. 4d). Another type 
of bog is common in the north. This type is not raised, has 
very shallow bog peat on level or slightly sloping ground 
and its surface is mostly close to the ground water. When 
treeless, this type is dominated by Sphagnum Jus cum, but 
when tree-covered S. magellanicum, S. angustifolium and 
Pleurozium schreberi are common. These bogs, or bog
like mires often have occasional fen species such as Carex 
globularis and C. pauciflora. We suggest that this type be 
named 'flat bog of northern type' (Fig. 4e). Such bogs are 
often nearly treeless, but mix with the even more frequent 
flat pine bogs occurring over almost the whole of Sweden, 
and prevailing in the east 

One important NW European mire type is the blanket 
bog. Here the water surplus is so high that ombrotrophic 
vegetation covers the terrain, even hills in the landscape. 
These mires, typical of the humid parts of the British Isles 
and parts of western Norway, do not occur typically in 
Sweden, but there are similar terrain-covering bogs in the 
westernmost part of Jamtland, for example near Lake 
Ann. Some mires in oceanic parts ofBohuslan and Halland 
could probably also be regarded as intermediate to blan
ket bogs. 

Fen elements 

The species composition of fen communities depends on 
the richness of the mineral nutrition of the site, and is 
much more diversified than the bog communities, and 
thus cannot be dealt with in any greater detail here. 
Similarly to bogs there are hummocks, lawns, carpets and 
mud-bottoms. In addition there is more tall-growing veg
etation and there are many types of woody vegetation, and 
a special flora in and around springs. The poor fen, inter
mediate, moderately and extremely rich fen gradient as 
well as the fen margin types of vegetation have been 
mentioned above. 

The high hummocks occurring in some fens share 
many species with the bog hummocks. Examples are 
Sphagnum fuscum, Dicranum bergeri, Polytrichum stric
tum and in poor fens in the north Barbilophozia binsteadii. 
There are also lower hummocks, in rich fens with S. 
warnstorfii and often Tomentypnum nitens, Dicranum 
angustum etc. 

Typical of fen lawns are Eriophorum vaginatum 
(mostly but not exclusively in poor and intermediate 
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Fig. 5 .  Sloping bog with hummock-strings (left) and a fen flush (centre). Northern Varmland. Photo H. Sjors from a 
helicopter. (Reproduced with permission.) 

fens), Trichophorum cespitosum, Molinia caerulea, sev
eral Carex species and in extremely rich fens Schoenus 

ferrugineus. Due to the strong rooting systems of these 
species, the peat in the lawns is often remarkably firm. In  
poor fens we find Sphagnum compactum and especially S. 
papillosum in the lawns, and in intermediate fens the latter 
with S. subnitens and S. subfulvum (mainly in the borea1 
zone, often with Loeskypnum badium). In richer fens a 
typical dominant is Campylium stellatum. Their moss 
cover is  very diversified, and the lawns seem to have the 
greatest richness in this respect. 

Fen carpets, where Carex spp. with horizontal rhi
zomes dominate and al so, for instance, Eriophorum 

angustifolium and Menyanthes trifoliata, are less firm and 
wetter, with bryophytes such as Sphagnum majus and S. 

fallax. In the boreal zone S. lindbergii and S. jensenii are 
also found, and in western and central northern Sweden 
the very typical S. pulchrum. A disjunct North American 
species in central Sweden as well as in Norway is S. 

angermanicum. In richer fens Warnstorfia spp .  and 
Paludella squarrosa are often dominants . 

Mud-bottoms occur throughout Sweden but most com
monly in the northern flarks to be discussed below. They 
have a sparse cover, if any, of several Carex spp. ,  such as 
C. limosa, C. livida and C. chordorrhiza, as well as 
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Eriophorum angustifolium, ]uncus stygius (northern), 
Rhynchospora alba (southern), Drosera anglica and Utri

cularia intermedia (less frequent also U. minor). Bryo
phytes are not abundant except for Cladopodiellafluitans 

and Gymnocolea inflata and in some intermediate and 
many rich fens Warnstoifia exannulata, W. procera and 
Scorpidium scorpioides. As in bogs, the mud-bottoms 
abound in microalgae. Of the Desmidiaceae a rich fen 
could contain about 1 00 species, a poor fen ea. 35 and a 
bog area around 1 5  species (Flensburg 1 965) .  

The vegetation i n  spring fens is quite variable, espe
cially with regard to the often scanty vascular component. 
In the boreal and alpine zones, where springs are conspicu
ous, the bryophyte component is characteristic but differs 
according to pH and calcium content of the water, which is 
often very cold even in summer and richer in oxygen than 
other mire waters. In dilute spring waters in the north we 
find Scapania uliginosa, Philonotis tomentella, Warnstorfia 
sarmentosa, W. exannulata; in slightly richer waters usu
ally also Philonotis seriata, Rhizomnium pseudopunctatum, 

Pseudobryum cinclidioides, Bryum pseudotriquetrum, B. 

weigelii and Pohlia wahlenbergii (mostly in the moun
tains), and in calcareous springs e.g. Palustriella spp. and 
Philonotis calcarea. 
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Fig. 6. Strongly sloping ( 14%) fen in the foreground, less sloping fens partly with trees, partly with flarks in the background, 

northern Dalarna. Photo H. Sjors. 

Some fen types 

In most parts of northern Sweden the water surplus in the 
terrain is so large that most of the mires are dominated 
by slightly, but visibly sloping fens (Fig. 4f) . Often, only 
the wetter central parts are typical fens,  the marginal 
parts being covered by communities similar to pine 
bogs, but usually with indications of weak minerotrophy, 
e .g. the very common Carex globularis in strongly acid 
conditions.  In the most rainy (and snowy) areas, such as 
northernmost Dalarna and western Jamtland, and also in 
or near the mountains, the fens tend to have a stronger 
slope, 5 - 1 0% or more (Fig .  6). For example, in the 
Kopptmgen mire north of Orsa in Dalarna the difference 
in level between the highest and lowest parts is over 1 00 
m .  Less strongly sloping fens are also found locally 
farther south, such as in  western Dalsland and in  the 
south Swedish uplands (Albinsson 1 996) .  On the other 
hand, in the south-eastern lowlands, l imnic or inundated 
flat fens and other wetlands may prevail .  On Gotland, 
there were originally quite large flat calcareous ex
tremely rich fens ,  now mostly drained. However, some 
very rich calcareous spring fens remain. 

Patterning in fens and mixed mires 

The term patterned mires has been used not only for hum
mock-hollow sites on the bog but also for boreal mires 
characterized by striking surface structures (Figs. 4g, 7). In 
parts of gently sloping fens the surface is split into low 
damming ridges and usually narrow areas with a horizontal 
water table on mud-bottoms with sparse vegetation. These 
depressions are called flarks (from a Swedish dialect word), 
and they are often some metres wide, and 5 - 20 m long 
(although flarks several hundred metres wide and 1 -2 km 
long occur in the north) . The damming ridges are often 1 0-
40 cm high and are referred to as strings. The flarks and the 
strings are arranged perpendicularly to the slope. Where the 
slope is negligible, the string pattern becomes a wide net
work. An uncommon pattern with a network of mud bottoms 
also occurs (Fig. 8) .  

The strings can have a minerotrophic lawn or carpet 
vegetation with e.g. Carex spp. ,  Molinia caerulea and low 
dwarf shrubs such as Betula nana, in which case the mire 
is a so-called flark fen .  However, where the strings are 
high enough to isolate most of their plants from the water 
table set by the flarks, they become ombrotrophic ele
ments between the minerotrophic flarks. Such strings will 
then have the common bog hummock vegetation with e.g. 
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Fig. 7. Flarks in a flark fen and partly mixed mire (where the strings are darker). Typical arrangement of patterns dependent 

on surplus of water moving downslope (towards bottom right), southern Lappland. Photo H. Sjors from a helicopter. 
(Reproduced with permission.) 

Sphagnum fuscum, Andromeda polifolia, Betula nana, 

Empetrum nigrum and Rubus chamaemorus. The whole 
mire is then referred to as a mixed mire, and such mires 
are common in some parts of the middle and northern 
boreal zone (Figs . 4h, 9). The mixed mires can be divided 
into two groups, those with well developed strings being 
string mixed mires. Another type, common in the boreal 
zone, has a more irregular mixture of small bog and fen 
elements (up to several hectares i n  size) and can be 
referred to as mosaic mixed mire. 

Aapa mires are mire complexes dominated by fens 
(e.g. very large Carex lawn and carpet fens) in their 
centre. They often also contai n  wet forests, flat bogs of the 
northern type, string mixed mires and flark fens .  Aapa 
mires are often vast mires, typical of slightly sloping or 
flat areas of the interior boreal parts of northern Sweden, 
where they dominate the landscape especially in Norrbotten 
county and parts of Vasterbotten and Jamtland counties, 
and even more so in Osterbotten in Finland. 

In the high-level most north-easterly parts of the north
ern boreal zone, with local permafrost, very cold winters 
and relatively little snow, palsas are found (Fig. 4a) . They 
are permanently frozen mounds of 2 - 4 m (occasionally 7 
m) in height. Their height is caused by an expanding core 
of ice or mixture of ice and frozen colloidal material i n  
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their interior, and often only the uppermost 20-40 cm 
consist of peat alone. 

Origin of mires 

There are three mechanisms for the i nitial formation of a 
peatland, viz. terrestrialization, paludification and pri
mary mire formation ( ' igenvaxning, fOrsumpning, primar 
myrbildning' ) .  

Terrestrialization is the filling-in of  shallow lakes. 
Such processes have taken place during the entire 
postglacial period, and continue today. Around the lake, 
reed swamps or floating mats (quagmires) often rich in  
bryophytes develop . Aerenchymous rhizomes and roots 
of e .g .  Menyanthes trifoliata, Carex elata (southern) ,  C. 
lasiocarpa, C. rostrata, C. limosa and Cicuta vi rosa build  
up  a mat in which Sphagnum carpets develop. At  the same 
time as these mats expand over the water surface, sedi
mentation of debris from them gradually fills the body of 
water below. This leads to the formation of a more stable 
fen community, often with Phragmites australis, Carex 

spp. ,  Potentilla palustris and Peucedanum palustre and 
low shrubs such as Myrica gale. In the north large wil low 
fens  (carrs) may develop (with Salix lapponum, S. glauca, 
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Fig. 8. Nearly level fen with net-like mudbottoms and drier lawns or carpets in the meshes. A brook to the left, northern 

Viirmland. Photo H. Sjors from a helicopter. (Reproduced with permission . )  

S. phylicifolia) . Farther away from the open water hum
mocks are initiated, and if the lake water is calcareous 
Sphagnum warnstorfii forms the initial hummocks. Gradu
ally, calcium is leached, and the site is acidified. Vitt & 
Kuhry ( 1 992) have suggested that pH falls  slowly until it  
reaches 5 .5  when Sphagnum dominance accelerates the 
process through the cation exchange activity .  As the hum
mocks gradually grow, the higher parts lose contact with 
the fen water and they attain a bog-like vegetation with, 
for instance, Sphagnum fuscum growing together with 
Calluna vulgaris or Empetrum nigrum. At this stage, 
deeply rooted species (e.g. Phragmites australis) can still 
reach the minerotrophic fen peat below. Even farther from 
the lake, the hummocks may merge into a continuous 
ombrotrophic area, often with pines , if  the peat can sup
port their weight, which is the final stage of the succes
sion. Often the terrestrialization takes other pathways, for 
instance via a Phragmites or Equisetum fen stage to a 
swampy shrub fen in which a transition to ombrotrophy 
may occur, or a development to swamp forest. 

Paludification occurred extensively during parts of the 
postglacial .  In most of Sweden this ,  and not terre
strialization, is by far the predominant way of mire forma
tion. Previously more or less permeable soils, usually 
carrying forest, have become wetter, perhaps through 

edge-damming (Malmstrom 1 923, 1 93 1 )  by an adjacent 
expanding mire, or occasionally by the activities of bea
vers . Detailed studies of two mires in central Sweden 
show that their peat formation started ea. 6000 BP and has 
proceeded at a steady rate since then (Foster & Wright 
1 990 ) . Even ear l i e r ,  short ly  after deglac i at i o n ,  
paludification started at a site in  the most northerly part of 
Dalarna (Foster & Fritz 1 987) . However, most of the 
paludification occurred in the latter half of the post
glacial . 

Primary mire formation occurs when peat is being 
formed directly on soil exposed after retreating inland ice 
or laid bare at the postglacial land uplift at the shores of 
the Gulf of Bothnia. 

Whatever the pathways of these long-term changes, it 
seems that in  the boreo-nemoral and southern boreal areas 
of Sweden bogs are in most cases the final result, and 
there is nothing to indicate that a further succession should 
lead to any other vegetation type. On the other hand, i t  is 
likely that sloping fens and aapa mires of the boreal zone 
will remain fairly stable, with only a l imited tendency 
towards the development of more ombrotrophic parts or 
more flarks, while existing flarks become flark-pools i n  
places. 
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Human impact and conservation 

As mentioned in the introduction, large wetland areas 
have been drained for agriculture and forestry. A peak in  
draining activity for forestry occurred in the 1 930s in a 
program to combat unemployment. For several reasons, 
many of these drainage ditches did not convert mires to 
productive forests . First, it is not possible to drain a large 
mire with a few deep ditches - a fine-scale network 
covering the mire is needed. We can find these old ditches 
invaded by Sphagnum today, and the surrounding mire 
vegetation only slightly affected. Second, nutrient defi
ciency will hamper the growth of trees. More recently, 
draining operations in swamp forests (which are more 
nutrient-rich and more readily converted to productive 
forests) have often affected adjacent fen areas. Large bog 
areas are of interest for harvesting peat for fuel or for use 
as a garden soil improver, and currently ea. 1 2 - 1 3  000 ha 
is used for peat extraction (Lofroth 1 99 1 ) , as compared to 
52 600 in  Finland (Vasander 1 996). Local damage has 
been caused by small-scale peat excavations, and by roads 
and powerlines . Considerable mire areas have been 
dammed-over for the generation of electricity. 

The Swedish Environmental Protection Agency has 
carried out a wetland inventory ( 'Vatmarksinventeringen, 

VMI ' )  in cooperation with the County Administration 
Boards (Appendix 2). All wetlands exceeding 1 0  ha in the 
south (2 ha on Gotland and bland) and 50 ha in the north 
were included, and, in addition, a large number of small 
mires. A standard technique was used (Goransson et al . 
1 983) involving the interpretation of aerial photographs 
of all the sites and field surveys of ea. 1 0% of the sites. In 
1 98 1 - 1 994 the whole country was covered except Norr
botten county (which will be finished in 2002) and the 
alpine zone. In total, almost 29 900 wetland sites were 
included and in these s ites ea. 7 1  900 wetland units were 
described, of which ea. 49 800 are mires.  The total area 
registered was 2.03 million ha of which mires represent 
1 .7 million ha (55 %  fens, 34% bogs and 1 1 % mixed 
mires) . The wetland sites were classified according to 
nature conservation value: 3069 sites in  class 1 (very high 
conservation value), 6546 sites in class 2 (high value), 
1 3  8 1 6  in class 3 (some value), 4279 in class 4 (no detect
able conservation value) and 2 1 59 not yet classified. 

Many Swedish mires were threatened by drainage for 
forestry purposes during the 1 980s, often with subsidies 
from the government. Following arguments from conser
vationists the subsidies were stopped, and in 1 986 the 
Nature Conservation Act was changed in a way that 
permission was required for drainage activities. In 1 992 

Fig. 9 .  Mixed mire seen from a treetop. In the flark-pools :  Carex livida; on the ombrotrophic strings :  Betula nana, 

Calluna vulgaris and Eriophorum vaginatum. Northern Dalarna. Photo H. Sjors. 
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the legislation was changed to forbid drainage in large 
parts of southern Sweden. Based on the Wetland Inven
tory a selection of the most valuable mire sites in need of 
protection was published in 1994 as 'Mire Protection Plan 
for Sweden' (Lofroth & Lonnstad 1994). It does not list 
all mires and wetlands of conservation value, since, for 
example, class 1 and 2 sites can, in most cases, be con
served simply by forbidding drainage. The selection is a 
representation of the largest and most well-preserved 
mires of all types and from all regions. In addition, prior
ity was given to rare mire types, such as rich fens, impor
tant mires for bird-life and important mosaics of mires 
and natural forests. In total 345 unprotected mires were 
included, representing an area of 2 1 1  000 ha. The objec
tive is to protect all these sites within 20 years. So far, 
more than 60 of the listed mires have been protected. The 
total area of mires covered by nature reserves or national 
parks is about 300 000 ha, but 90% of these mires lie 
within the northern boreal zone (mainly its most highly 
elevated coniferous or birchwood areas). 

In addition to the obvious destruction by ditching and 
draining, recent decades have shown changes in mires that 
are attributable to other influences. In a fen in southern 
central Sweden, Hedenas & Kooijman ( 1996) noted that 
the following rich fen indicators had disappeared since an 
investigation in 1949: Cinclidium sty gium, M eesia triquetra, 
Moerckia hibernica, Philonotis calcarea, Paludella 
squarrosa, Pseudo-calliergon trifarium and Tomentypnum 
nitens. There had been a decrease in pH from 6.4 to 4.6 - 5 .9 
and in conductivity from 160 - 200 to 40 - 70 mS cm-1 . In 
other parts of the country similar changes have also been 
observed. In the lagg fen ofRyggmossen (Fig. 2) Scorpidium 
scorpioides and several other species have decreased in 
abundance or have disappeared during the last 50 - 60 
years. In Skattlosbergs Stormosse (Dalarna), pH has de
creased in most fen areas, and species richness has de
creased since the 1 940s (Sjors 1948; Gunnarsson et al. in 
press). Calcareous fens will undergo a natural acidification 
in the long term as outlined above, but a likely explanation 
for these rapid changes is acid precipitation. Other factors 
may also have caused changes in rich fen vegetation. The 
cessation of grazing or hay-making or small changes in the 
water table can lead to the expansion of Molinia caerulea or 
Phragmites australis, for example, and increased shade and 
litter formation is deleterious to bryophytes. Airborne ni
trogen deposition may have a similar effect. Possibly as a 
result of recent acidification several earlier unregistered 
species of Sphagnum have been found in numerous locali
ties on Gotland (Hogstrom 1997). 

Hedenas & Lofroth ( 1992) listed bryophytes indicat
ing threatened wetland types, and for the mires they are 
mostly rich fen indicators (Table 2) or species growing in 
spring fens. The selected species are sensitive to hydro
logical or hydrochemical changes, and they have quite a 
wide distribution. 
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During the 20th century, the cover of shrubs and trees 
has increased even on undrained mires. For fens, one 
reason might be the cessation of hay-making (Sjors 1985), 
but increased tree cover on bogs, by birch in southernmost 
Sweden, and by pine elsewhere (Gunnarsson & Rydin 
1998) is difficult to explain. Sequences of dry summers 
may promote establishment and growth of trees, and 
increased nitrogen content of the precipitation may also 
be involved. A regional lowering of the water table may 
also have indirectly affected mires that have not been 
ditched. 

Even though acidification is a threat to rich fens, the 
effect of liming (today used for counteracting the current 
acidification of lakes) is disastrous for Sphagnum domi
nated peatlands, since some of the lime will unavoidably 
hit mires, and is sometimes even intentionally spread on 
wetlands. Most Sphagnum species cannot tolerate high 
calcium levels, especially not in combination with high 
pH (Clymo & Hayward 1982). 

Given the oligotrophic status of bogs, nitrogen deposi
tion in southern Sweden nowadays is large in relation to 
the concentrations historically available to the plants. 
Aerts et al. ( 1 992) carried out fertilization experiments 
and found that in southern Sweden the growth of Sphag
num now seems limited by phosphorus. 

With their large store of carbon, drainage of mires 
(even if no peat is extracted) leads to oxidation and thus 
release of C02 into the atmosphere (e.g. Sjors 1 982). 
Furthermore, present and future climatic conditions may 
lead to a reduction in the accumulation of carbon, or even 
to a partial change from net carbon sinks to net sources of 
atmospheric C02• Moreover, drainage may affect the 
mire chemistry with respect to Mn, Fe and possibly other 
elements. In addition, the response of mires to the in
creased levels of atmospheric carbon dioxide in the future 
and a possible global warming, has been debated. As long 
as the Sphagnum mosses are wet they may increase their 
productivity with rising carbon dioxide concentration 
(Jauhiainen et al. 1 994). The role of methane (which is a 
more powerful greenhouse gas than carbon dioxide) is 
also important in this context. Methane is produced by 
anaerobic processes in the catotelm, especially of fens, 
and largely oxidized by methane-oxidizing bacteria on its 
passage through the acrotelm. The lower the water table, 
the less methane will therefore be emitted from the mire 
(Sundh et al. 1 995). The wetness of the climate will 
therefore be crucial for whether undrained mires win 
buffer or accelerate the potential effects of the greenhouse 
gases. 

Acta Phytogeogr. Suec. 84 



108 H. Rydin, H. Sjors and M. Lofroth 

Selected literature 

Swedish investigations of mires started at the end of the 
19th century. There is no complete review available, but 
we can mention some of the more important early works 
describing mires and their developments, such as von Post 
& Sernander ( 191  0), Melin ( 19 17), Malmstrom ( 1923 ), 
Osvald ( 1923), von Post & Granlund (1926), Booberg 
( 1930), Du Rietz (1949, 1954), Sjors ( 1948). The hydro
topography was emphasized in, for instance, Sjors ( 1948), 
Malmer ( 1962 a,b) and Persson (196 1 ,  1962), and mire 
chemistry was dealt with by Sjors ( 1950), Malmer & Sjors 
( 1955), Malmer ( 1962b) and Persson ( 1962). Backeus 
( 1985), Wallen ( 1986, 1987) and Sjors ( 1991)  included 
subterranean parts in investigations of biomass and pro
duction. 

In addition to the Wetland Inventory (Appendix 2), 
regional studies are available on southern Swedish 
Schoenus vegetation by Tyler (1979a, b, 198 1 ), from the 
boreo-nemoral zone by Malmer ( 1962a, b, 1965), from 
the borderland between the boreo-nemoral and the boreal 
zones by Fransson ( 1972) and Backeus ( 1984), from the 
boreal zone by Sjors ( 1948) and Sjors et al. ( 1965), from a 
land uplift area along the Gulf of Bothnia by Elveland 
(1976), and from alpine and subalpine mires by Sjors 
( 1946) , Persson ( 1961 , 1965) and Sonesson ( 1967, 1970) . 
There are also some more general publications, for exam
ple Dierssen (1982, 1996), Sjors ( 1983), 0kland (1990), 
Pahlsson (1994) and Gustafsson & Ahlen (1996). 

Acknowledgement 

We thank Gatu- och naturavdelningen, Uppsala kommun 
for giving us permission to use the photograph of Rygg
mossen. 

References 

Aerts, R., Wallen, B. & Malmer, N. 1 992. Growth-limiting 
nutrients in Sphagnum-dominated bogs subject to low and 
high atmospheric nitrogen supply. - J. Ecol. 80: 1 3 1 - 140. 

Albinsson, C. 1 996. Vegetation structure and interactions on 
mires. - Ph.D. Thesis, Lund University, Lund. 

Andrus, R.E. 1986. Some aspects of Sphagnum ecology. - Can. 
J. Bot. 64: 416-426. 

Backeus, I. 1972. Bog vegetation re-mapped after sixty years. 
Studies on Skagershultamossen, central Sweden. - Oikos 
23 : 384-393. 

Backeus, I. 1984. Myrar i Orebro Hin. - Sven. Bot. Tidskr. 78: 
21 -44. 

Backeus, I. 1985. Aboveground production and growth dynam
ics of vascular bog plants in Central Sweden. - Acta 
Phytogeogr. Suec. 74: 1-98. 

Acta Phytogeogr. Suec. 84 

Basilier, K. 1 979. Moss-associated nitrogen fixation in some 
mire and coniferous forest environments around Uppsala, 
Sweden. - Lindbergia 5: 84-88. 

Bel yea, L.R. & Clymo, R.S. 1999. Do hollows control the rate of 
peat bog growth. In: Standen, V., Tallis, J.H. & Meade, R. 
( eds.) Patterned mires and mire pools. Origin and develop
ment; flora and fauna. - British Ecological Society, Lon
don, pp. 55-65. 

Bengtsson, J., Fagerstrom, T. & Rydin, H. 1994. Competition 
and coexistence in plant communities. -Trends Ecol. Evol. 
9: 246-250. 

Booberg, G. 1930. Gisselasmyren. En vaxtsociologisk och 
utvecklingshistorisk monografi over enjiim.tHindsk kalkmyr. 
Almqvist & Wiksell, Uppsala, 329 pp. 

Chapin Ill, F.S., Johnson, D.A. & McKendrick, J.D. 1980. 
Seasonal movement of nutrients in plants of differing growth 
form in an Alaskan tundra ecosystem: implications for 
herbivory. - J. Ecol. 68: 1 89-209. 

Clymo, R.S. 1984. The limits to peat bog growth. - Philos. 
Trans. R. Soc. Lond. B 303 : 605-654. 

Clymo, R.S. & Hayward, P.M. 1982. The ecology of Sphagnum. 
In: Smith, A.J.E. (ed.) Bryophyte ecology. - Chapman and 
Hall, London, pp. 229-289. 

Dierssen, K. 1982. Die wichtigsten Pflanzengesellschaften der 
Moore NW -Europas. - Conservatoire et J ardin botaniques, 
Geneve, 382 pp. 

Dierssen, K. 1996. Vegetation Nordeuropas. - Ulmer, Stutt
gart, 840 pp. 

Du Rietz, G.E. 1949. Huvudenheter och huvudgdinser i svensk 
myrvegetation. - Sven. Bot. Tidskr. 43: 274-309 + pi. I-VI. 

Du Rietz, G.E. 1954. Die Mineralbodenwasserzeigergrenze als 
Grundlage einer natiirlichen Zweigliederung der nord- und 
mitteleuropaischen Moore. - Vegetatio 5-6: 571-585. 

Eckstein, L.R. & Karlsson, P.S. 1997. Above-ground growth 
and nutrient use by plants in a sub arctic environment: effects 
of habitat, life-form and species. - Oikos 79: 3 1 1-324. 

Elveland, J. 1 976. Myrar pa Storon vid Vasterbottenskusten. 
[Coastal mires on the Storon peninsula, Norrbotten, N Swe
den.] - Wahlenbergia 3: 1-274. 

Flensburg, T. 1 965. Micro-vegetation of a mire. - Acta 
Phytogeogr. Suec. 50: 159-160. 

Foster, D.R. & Fritz, S.C. 1987. Mire development, pool forma
tion, and landscape processes on patterned fens in Dalarna, 
central Sweden. - J. Ecol. 75: 409-437. 

Foster, D.R. & Wright Jr., H.E. 1990. Role of ecosystem devel
opment and climate change in bog formation in central 
Sweden. - Ecology 7 1 :  450-463. 

Fransson, S. 1 972. Myrvegetation i sydvastra Varmland. [Mire 
vegetation in south-western Varmland, Sweden.] - Acta 
Phytogeogr. Suec. 57: 1- 133. 

Goransson, C.,  Hellman, K., Johanson, C.-E., Lofroth, M.,  
Mansson, M. & Ots, T. 1983. Inventering av Sveriges 
vatmarker (VMI). Metod for vatmarksinventering. -
N aturvardsverket rapport SNV PM 1680, Solna. 

Grime, J.P. 1979. Plant strategies and vegetation processes. 
Wiley, Chichester, 222 pp. 

Gunnarsson, U. & Rydin, H. 1998. Demography and recruit
ment of Scots pine on raised bogs in eastern Sweden and 
relationships to microhabitat differentiation. - Wetlands 
18 :  133- 141 .  



Gunnarsson, U., Rydin, H. & Sjors, H. In press. Diversity and 
pH changes after 50 years on the boreal mire SkattlOsbergs 
Stormosse, Central Swedish uplands. - J. Veg. Sci. 

Gustafsson, L. & Ahlen, I. (eds.) 1 996. The National Atlas of 
Sweden. Part 16. Geography of plants and animals. [Also in 
Swedish: Vaxter och djur.] - SNA, Stockholm, 1 60 pp. 

Hanell, B. 1990. Torvtii.ckta marker, dikning och sumpskogar i 
Sverige. - Skogsfakta. Inventering och ekonomi 22: 1-6. 
Sveriges lantbruksuniversitet. 

Hayward, P.M. & Clymo, R.S. 1983. The growth of Sphagnum: 
Experiments on, and simulation of, some effects of light flux 
and water-table depth. - J. Ecol 7 1 :  845-863. 

Hedenas, L. & Kooijman, A. 1 996. Forandringar i rikkarrs
vegetationen SV om Mellansjon i Vastergotland. [Changes 
in the vegetation of a rich fen in Vastergotland, Sweden.] 
Sven. Bot. Tidskr. 90: 1 1 3-1 2 1 .  

Hedenas, L .  & Lofroth, M .  1 992. Mossor som indikerar sarskilt 
skyddsvarda vatmarksbiotoper. [Bryophytes indicating 
wetland habitats with high nature conservation values.] 
Sven. Bot. Tidskr. 86: 375-389. 

Hogstrom, S.  1997. Habitats and increase of Sphagnum in the 
Baltic Sea island Gotland, Sweden. - Lindbergia 22: 69-
74. 

Jauhiainen, J., Vasander, H. & Silvola, J. 1994. Response of 
Sphagnum fuscum to N deposition and increased C02. -
J. Bryol 18 :  83-95. 

Johnson, L.C. & Damman, A.W.H. 1 99 1 .  Species-controlled 
Sphagnum decay on a South Swedish raised bog. - Oikos 
6 1 :  234-242. 

Keddy, P.A. 1990. Competitive hierarchies and centrifugal or
ganization in plant communities. In: Grace, J.B. & Tilman, 
D. (eds.) Perspectives on plant competition. - Academic 
Press, San Diego, pp. 265-290. 

Kooijman, A. & Hedenas, L. 1 99 1 .  Differentiation in habitat 
requirements within the genus Scorpidium, especially be
tween S. revolvens and S. cossonii. - J. Bryol 1 6: 6 19-627. 

Lofgren, P. 1998. Skogsmark, samt trad- och buskmark inom 
:fjallomradet. -Sveriges Lantbruksuniversitet, Inst. f. skoglig 
resurshushallning och geomatik, arb.-rapport 34, 1 3  pp. 

Lofroth, M. 1 99 1 .  Vatmarkerna och deras betydelse. - Natur
vardsverket, Solna, 94 pp. 

Lofroth, M. & Lonnstad, J. 1994. Myrskyddsplan fOr Sverige. 
- Naturvardsverket, Solna. 

Malmer, N. 1962a. Studies on mire vegetation in the archaean 
area of Southwestern Gotaland (South Sweden). I. Vegeta
tion and habitat conditions on the Akhult mire. - Opera 
Bot. 7(1) :  1-322. 

Malmer, N. 1962b. Studies on mire vegetation in the archaean 
area of southwestern Gotaland (South Sweden). 11. Distribu
tion and seasonal variation in elementary constituents of 
some mire sites. - Opera Bot. 7(2): 1 -67. 

Malmer, N. 1965. The southern mires. - Acta Phytogeogr. 
Suec. 50: 149-1 58. 

Malmer, N. & Sjors, H. 1 955. Some deterrninations of elemen
tary constituents in mire plants and peat. - Bot. Not. 108: 
46-80. 

Malmer, N., Svensson, B .M. & Wallen, B. 1994. Interactions 
between Sphagnum mosses and field layer vascular plants in 
the development of peat-forming systems. - Folia Geobot. 
Phytotaxon. 29: 483-496. 

Mires 109 

Malmstrom, C. 1 923. Degero stormyr. - Medd. Statens Skogs
forsoksanst. 20: 1 - 176. 

Malmstrom, C. 1 93 1 .  Om faran for skogsmarkens forsumpning 
i N orrland. - Meddel Statens Skogsforsoksanst. 26( 1) :  1 -
1 62. 

Melin, E. 1917.  Studier over de norrlandska myrmarkernas 
vegetation - Norrlandskt Handbibliotek 1 :  1-426. 

Metsavainio, K. 193 1 .  Untersuchungen iiber das Wurzelsystem 
der Moorpflanzen. - Ann. Bot. Soc. Zool Bot. Fenn. 
Vanamo 1( 1 ) :  1-418 .  

0kland, RH. 1990. Regional variation in SE Fennoscandian 
mire vegetation. - Nord. J. Bot. 10: 285-3 10. 

Osvald, H. 1923. Die Vegetation des Hochmoores Komosse. 
Sven. Vaxtsoc. Sallsk. Handlingar 1 :  1 -436. 

Pablsson, L. (ed.) 1994. Vegetationstyper i Norden - Tema 
Nord 1 994 (665): 1-627. 

Persson, A. 196 1 .  Mire and spring vegetation in an area north of 
Lake Tornetrask, Tome Lappmark, Sweden. I. Description 
of the vegetation. - Opera Bot. 6(1) :  1 - 187. 

Persson, A. 1 962. Mire and spring vegetation in an area north of 
Lake Tornetrask, Tome Lappmark, Sweden. 11. Habitat con
ditions. - Opera Bot. 6(3): 1 - 100. 

Persson, A. 1965. Mountain mires. - Acta Phytogeogr. Suec. 
50: 249-256. 

Rydin, H. 1 985. Effect of water level on desiccation of Sphag
num in relation to surrounding Sphagna. - Oikos 45 : 374-
379. 

Rydin, H. 1993a. Mechanisms of interactions among Sphagnum 
species along water-level gradients. - Adv. Bryol 5 :  1 53--
1 85. 

Rydin, H. 1 993b. Interspecific competition among Sphagnum 
mosses on a raised bog. - Oikos 66: 413-423. 

Rydin, H. & Clymo, R.S .  1989. Transport of carbon and phos
phorus compounds about Sphagnum. - Proc. R. Soc. Lond. 
B 237:  63-84. 

Rydin, H. & McDonald, A.J.S. 1985a. Tolerance of Sphagnum 
to water level. - J. Bryol. 13 :  57 1-578. 

Rydin, H. & McDonald, A.J.S. 1985b. Photosynthesis in Sphag
num at different water contents. - J. Bryol. 13 :  579-584. 

SrebjZ), S. 1968. The autecology of Rubus chamaemorus L. I. 
Phosphorus economy of Rubus chamaemorus in an 
ombrotrophic mire. - Meld. Norg. Landbruksh!Zigsk. 47(1  ) :  
1 -67. 

Schipperges, B. & Rydin, H. 1 998. Response of photosynthesis 
of Sphagnum species from contrasting rnicrohabitats to tis
sue water content and repeated desiccation. - New Phytol. 
140: 677-684. 

Simonsson, P. (ed.) 1 987. Skogs- och myrdikningens miljo
konsekvenser. [Environmental effects of draining wetlands 
and forest.] - Naturvardsverket, Solna, 196 pp. 

Sjors, H. 1946. Myrvegetationen i ovre Langanornradet i Jamt
land. - Ark. Bot. 33A (6): 1 -96. 

Sjors, H. 1948. Myrvegetation i Bergslagen. [Mire vegetation in 
Bergslagen, Sweden.] - Acta Phytogeogr. Suec. 2 1 :  1 -299. 

Sjors,. H. 1949. Om Sphagnum lindbergii i sodra Sverige. 
Sven. Bot. Tidskr. 43: 568-585. 

Sjors, H. 1950. On the relation between vegetation and electro
lytes in north Swedish mire waters. - Oikos 2: 241 -258. 

Sjors, H. 196 1 .  Some chemical properties of the humus layer in 
Swedish natural soils. - K. Skogshogsk. Skr. 37: 1 -5 1 .  

Acta Phytogeogr. Suec. 84 



1 10 H. Rydin, H. Sjors and M. Lofroth 

Sjors, H. 1963a. Bogs and fens on Attawapiskat River, northern 
Ontario. - National Mus. Can. Bull. 1 86: 45- 133. 

Sjors, H. 1963b. Myren - naturens laboratorium. - Sveriges 
Naturs arsbok 1 963: 27-45. 

Sjors, H. 1982. The zonation of northern peatlands and their 
importance for the carbon balance of the atmosphere. - Int. 
J. Ecol. Environ. Sci. 7: 1 1 -14. 

Sjors, H. 1983. Mires of Sweden. In: Gore, A.J.P. (ed.) Ecosys
tems of the World 4B. Mires: swamp, bog, fen and moor. 
Elsevier Publishing Company, Amsterdam, pp. 69-94. 

Sjors, H. 1985. Svenska rikkarr: ekologi, dynamik och naturvard. 
[Rich fens in Sweden: ecology dynamics, conservation.] 
Mem. Soc. Fauna Flora Fenn. 61 : 3 1 -37. 

Sjors, H. 1990. Divergent successions in mires, a comparative 
study. - Aquilo Ser Bot. 28: 67-77. 

Sjors, H. 1 99 1 .  Phyto- and necromass above and below ground 
in a fen. - Holarct. Ecol. 14: 208-218.  

Sjors, H., Bjorkback, F. & Nordqvist, Y. 1965. Northern mires. 
- Acta Phytogeogr. Suec. 50: 180- 197. 

Sonesson, M. 1 967. Studies on mire vegetation in the Tornetrask 
area, northern Sweden. I. Regional aspects. - Bot. Not. 
120: 272-296. 

Sonesson, M. 1 970. Studies on the mire vegetation in the 
Tornetrask area, northern Sweden. ITI. Communities of the 
poor mires. - Opera Bot. 26: 1 - 120. 

Soro, A., Sundberg, S. & Rydin, H. 1999. Species diversity, 
niche width and species associations in harvested and undis
turbed bogs. - J. Veg. Sci. 549-560. 

Sundh, I., Mikkela, C., Nilsson, M. & Svensson, B .H. 1 995. 
Potential aerobic methane oxidation in a Sphagnum-domi-

Acta Phytogeogr. Suec. 84 

nated peatland - controlling factors and relation to meth
ane emission. - Soil Bioi. Biochem. 27: 829-837. 

Svensson, G. 1988. Fossil plant communities and regeneration 
patterns on a raised bog in South Sweden. - J. Ecol. 76: 41-
56. 

Tyler, C. 1 979a. Classification of Schoenus communities in 
south and southeast Sweden. - Vegetatio 41 :  69-84. 

Tyler, C. 1979b. Schoenus vegetation and environmental condi
tions in south and southeast Sweden. - Vegetatio 41 :  155-
170. 

Tyler, C. 198 1 .  Soil acidity and distribution of species on 
tussock and interspaces in Schoenus vegetation of south and 
southeast Sweden. - Vegetatio 44: 25-35. 

Vasander, H. ( ed.) 1996. Peatlands in Finland. - Finnish Peatland 
Society, Helsinki, 168 pp. 

Vitt, D.H. & Kuhry, P. 1992. Changes in moss-dominated 
wetland ecosystems. In: Bates, J.W. & Farmer, AM. (eds.) 
Bryophytes and lichens in a changing environment. -
Clarendon Press, Oxford, pp. 1 78-210. 

von Post, L. & Granlund, E. 1926. Sodra Sveriges torvtillgangar 
I. - Sv. Geol. Unders. C 335: 1 - 127. 

von Post, L. & Sernander, R. 19 10. Pflanzenphysiognomische 
Studien auf Torfmooren in Narke. - Livretguide des exc. 
en Suede du Xle Congres Geologique International 14: 1 -
48. 

Wallen, B. 1986. Above and below ground dry mass of the three 
main vascular plants on hummocks on a subarctic peat bog. 
- Oikos 46: 5 1 -56. 

Wallen, B. 1987. Growth pattern and distribution of biomass of 
Calluna vulgaris on an ombrotrophic peat bog. - Holarct. 
Ecol. 10: 73-79. 



APPENDIX 1. Mire terminology 

Mires are described in a hierarchical system in which mire 
elements combine into a mire unit, and several mire units 
into a mire complex. 

MIRE ELEMENTS 

Mire elements are parts of a mire unit and do not usually 
exist on their own (springs being an exception). 

A hollow ('holja' ) is a depression in a bog, which is water

logged during wet periods but sometimes dries out. 

A bog pool ( 'gol ')  is a secondarily formed, more or less 
permanently water-filled, depression. The origin of a bog 
pool is a hollow which, relative to the surrounding mire, has 

become deeper. 

A small raised part of a mire is called a hummock ( 'tuva') ,  or 
a string ( 'strang' )  if it is elongated and oriented perpendicu
larly to the slope. 

A bog expanse ( 'mosseplan')  comprises the central, more or 

less treeless, parts of a bog, and is often surrounded by bog 
margin forest ( 'randskog' )  and often by a lagg. 

A flark ( 'flark') is a depression in a fen, usually elongated 

and perpendicular to the slope, and often with a mud-bottom. 
For most of the time a flark is waterlogged or even flooded. 
The water level is maintained by a string (low, minerotrophic, 

or high, almost ombrotrophic) on the down slope side. A 

secondarily deepened flark is a flark pool ( 'flarkgOl') .  

A flush or soak ( 'drag' ) is  a sloping part of a mire where the 

water moves rapidly. Often with a mud-bottom. 

A spring ( 'killla')  is a place with a discrete outflow of 

groundwater, often surrounded at least downslope by a spring 
fen ( 'kallkarr'). 

A lagg is a narrow fen surrounding a bog, receiving water 
both from the bog and from the surrounding mineral soil. 

MIRE UNITS 

A mire unit ( 'myrenhet' )  is an identifiable hydromor

phological entity combining elements. Mire units occur as 
separate mires or as part of a mire complex. 

A bog ( 'mosse') is an ombrotrophic mire, i.e. a mire which 

receives its entire water and nutrient supply from the atmos
phere. The first three types below are raised bogs ( 'hog
mossar' ) .  

A domed raised bog ('kupolmosse' ) often has a concentri

cally arranged pattern of strings or hummocks, hollows and 

sometimes pools on the domed central mire expanse. Together 
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with plateau bogs these were earlier included in the category 
'concentric bog' ( 'koncentriskt valvd mosse' ) .  

A plateau�formed raised bog ( 'platamosse')  is  raised but 
the central part is almost flat and the bog slopes outward only 
close to the margins. Strings, hollows, pools and lagg can 

occur. 

A sloping raised bog ( 'sluttande hogmosse' ) has its highest 

point on one side from where the surface is sloping in one or 
more directions. The surface pattern is similar to that of a 
dome-shaped bog but it is unilateral or fan-shaped, earlier 
termed 'eccentric' .  

A flat bog ( 'svagt valvd mosse' ) i s  barely raised above the 

mineral ground water table. It has only diffuse surface pat
terns and can be tree-covered as well as treeless. There is 
often a narrow lagg. 

A flat bog of northern type ( 'mosse av nordlig typ')  is not 

raised, and does not have a lagg. The ombrotrophic peat is 
thin, and this type of bog may contain a few fen species. 

A blanket bog ( 'terrangtackande mosse' ) covers the under

lying undulating terrain with thick bog peat, like a blanket. 

A fen ( 'karr' ) is a minerotrophic mire, i.e. a mire which 
receives at least some of its water and nutrients from the 
surrounding mineral soil, bedrock or open water. Fens may 
be level, i.e. almost horizontal with stagnant water, or visibly 
sloping, with seepage water. 

Among unpatterned fens are floating mats ( 'gungflyn') ,  
inundation fens ( 'oversviimningskiirr' , flooded by water 

from rivers or lakes), spring fens ('kallkiirr' ), level or slightly 
sloping fens ( 'plana ell er sluttande karr' )  and strongly slop� 

ing fens (more than 8%, 'backkarr'). 

The flark fens have a regular pattern of low minerotrophic 
strings and flarks or flark pools. They may have dense 

narrow flarks (cf. ladder fens in Canadian terminology), or 
very wide flarks (cf. northern ribbed fens in Canada). 

A mixed mire ( 'blandmyr') is a mire unit with bog and fen 

elements in close connection. One type is the string mixed 
mire ( 'strangblandmyr' )  with elevated strings of bog vegeta
tion separating flarks. Another type is the mosaic mixed 
mire ( 'mosaikblandmyr')  where small bog and fen elements 

alternate closely to each other. 

MIRE COMPLEXES 

A mire complex ( 'myrkomplex' )  is a hydrologically con
nected area consisting of several mire units. A northern 
example is the aapa mire in which large fens in the central 
area combine with wet forests, flat bogs of northern type, 

string mixed mires and flark fens. 
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APPENDIX 2. Mire inventories by counties from south to north (mostly from the Wetland Inventory) 
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Introduction 

Since the late Stone Age man has created the cultural 
landscape of Sweden. In the beginning, only small areas 
were involved, but later on this transformation process 
accelerated. Forests were converted into arable land and 
semi-open pastures. The cultural landscape is a rich mo
saic in space and time - some patches being more or less 
natural vegetation, others semi-natural and others again 
highly influenced by man. In this article we will deal with 
open, culturally-influenced landscape types such as heath
lands, limestone grasslands ( 'alvar' ), meadows, pastures, 
arable land, man-made habitats and waste ground. 

The history of land use 

Man started to use the deciduous forests dominated by 
Fraxinus, Ulmus and Quercus on fertile soils ea. 6000 
years ago (Welinder 1998). Arable fields could fairly 
easily be established on fertile woodland soils by cutting 
the trees and burning the debris. In such a way, nature 
could be used as an unlimited resource using the slash
and-bum technique. In these soils it was easy to use a 
digging stick or an ard as cultivation tools. After some 
years of cultivation the nutrients were lost and the organic 
material oxidized. The land could then be used as pasture 
or was left for the forest to regrow. Forests were converted 
to open land during prehistoric and historic time with 
increasing population, which resulted in more open land 
(Welinder 1986) . During some shorter periods the 
population decreased and farms were abandoned. 

In the central areas of the Lake Malaren region the 
landscape has consisted of a mosaic cultural landscape 
during the last 3000 years, while farmland close to the 
coast in other parts of the country was colonized much 
later (Broberg 1990). 

Land uplift has been a crucial factor creating new 
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possibilities for settlements. In central Sweden the land 
uplift amounts to about 60 metres since 6500 BP (see 
chapter 1) .  During the Bronze Age the water level was 
about 25 metres above the present sea level and during the 
late Iron Age ea. 5 m. Large areas which had previously 
been shallow water turned into shore meadows which 
were easy to cultivate, for instance in northern Uppland 
during the late Iron Age and the Medieval period (Broberg 
1990; Windelhed 1995). 

The permanent settlements in the lowland areas of 
central southern Sweden were established during the early 
Iron Age. The farming areas were increasing and during 
the late Iron Age large parts of the present southern central 
agricultural areas were settled. This did not mean that all 
fertile soils were used. There were more or less dense 
forests or areas without settlements between the farms 
(Borgegard 1 993). The arable land per farm increased 
from about 7 ha during the Viking Age to 9 ha during the 
Middle Ages (Hannerberg 1 97 1) .  Meadows occupied, 
however, considerably larger areas than the arable land. 

New arable fields were probably cultivated on the 
most fertile soils that were already being used as mead
ows. New meadows were established on land which had 
previously been used for cattle grazing. Consequently, 
most of the new grazing grounds were more distant from 
the settlements. 

The 17th century brought great changes to farming 
districts. Manors were established with small crofts inside 
their properties. Crofters had to use the less fertile soils. A 
great number of hamlets were abandoned and the farmers 
had to move somewhere else. An important change took 
place when the two- and three-field systems (meaning 
that the field was allowed to recover ( 'trada' )  during the 
second and the third year, respectively) were no longer 
used and new agricultural methods were brought in dur
ing the 1 9th century. Artificial fertilizers were introduced 
and hay was grown on arable fields instead on unfertilized 
meadows. Better farming equipment also became avail
able which made it possible to convert meadows to arable 
fields. By then the intensively cultivated area increased 
dramatically. 
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In Upper Bergslagen (in the borderland between the 
boreo-nemoral and boreal zones) colonization first started 
on a larger scale during the 12th and 1 3th centuries with the 
exploitation of iron ore. The land use mostly affected 
forests (for charcoal) and wetlands (for damming) and was 
not so much related to potential of arable land. As a result of 
political decisions and financial subsidiaries, forest land 
was colonized in the 1 6th century by Finnish immigrants, 
e.g. in Varmland and Dalarna. Mostly their settlements 
were located on hilltops in the undulating landscape. They 
used a rotating system of slash-and-bum agriculture ( '  svedje
bruk'). The area was cultivated for the first 1 -2 years after 
burning and then used for grazing or hay-making. Later on, 
if abandoned, woodland re-established (Bladh 1995). The 
population increase during the 19th century gave rise to an 
extensive establishment of crofts, and more infertile soils 
were cultivated. The latest expansion of arable ground took 
place along the river valleys close to the mountain region, 
e.g. the Arnmarnas delta which started to be colonized 
around 1 820 (Campbell 1 948). 

The less fertile and most remote soils have been aban
doned during the 20th century. It is still possible to find 
the former settlements (with help of old maps) as groups 
of deciduous trees within the coniferous forests (e.g. 
Dahlstrom et al. 1 998). The area ratio of arable fields, 
meadows and pastures has changed. The most remote 
cultivations were abandoned first and then the arable 
areas were concentrated in the central districts (Muller & 
Lagerstrom 1989; Borgegard 1994). The profound changes 
in the agricultural landscape over the last 200 years are 
illustrated in Fig. 1 .  

A thorough interdisciplinary investigation of the Y stad 
area in Skane has demonstrated the influence of man on 
the landscape over a period of 6000 years. Most of the 
results are applicable to other areas in southern Sweden 
(Berglund 1 991) .  

Land reforms 

Rationalization of farmland has been legislated for by the 
state on several occasions to counteract the splitting up of 
farms into small units of arable fields and meadows. One 
of these reforms was the first enclosure act ( 'storskiftet' ) 
during the 1 8th century which attempted to reduce the 
number of separate fields and meadows for each farm by 
merging areas. It was not successful as a reduction of the 
number of fields was not completely achieved, and the 
reform did not include the forests. 

Another attempt was the third enclosure act ( 'laga 
skifte' )  (mainly during the second half of the 1 9th cen
tury). All areas including woodlands were split up within 
the former framework of the villages and ownership was 
allocated to individual farmers. In most places houses 
were moved out into the new properties; thus splitting up 
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the village structure. That meant a more intense and large
scale land use. A large number of historical maps explain 
all these reforms; today they are valuable for our under
standing of former land use (Emanuelsson et al. 1 985 ; 
Borgegard 1994). In the 20th century agglomerations of 
farms have led to even bigger units. 

Fabodar - summer dwelling settlements 

To manage a sufficient supply of pasture for the animals, 
a transhumance system of summer settlements was cre
ated, chiefly in boreal Sweden (Fig. 2). During the grow
ing season livestock was moved to suitable places on 
mountain slopes, in valleys or in forests where small 
summer farms had been built. A very important task was 
to collect fodder for the winter - both as hay and as leaves 
of deciduous trees. Natural grasslands, such as fen areas, 
riversides and mountain slopes, were used. Hay collection 
was most important in the western part of the country. The 
fodder was transported to the village at the end of the 
summer or in early winter. In the east of the country the 
need was for actual grazing. Dairy products were pro
duced. The first written documents about transhumance 
systems are from the Middle Ages (Dalama and Hiil
singland; Myrdal & Soderberg 199 1  ). At most there were 
about 20 000 sites in the 17th and 1 8th centuries. Today a 
handful still exist which maintain traditional practices. 

Meadows 

Meadows of various kinds were extremely important in 
farming from the early Iron Age until the late 19th cen
tury. The supply of winter fodder for livestock was a 
limiting factor and the amount of meadows in turn deter
mined the area of arable land, since it was dependent on 
the production of manure. In historical literature and maps 
a distinction was made between meadows located on dry 
to mesic soils ( 'hardvallsiing' ) and the ones on moist to 
wet locations ( 'sidvallsiing' )  (Ihse 1997). 

The bulk of the meadows used for hay-making is 
created by man by clearing woods, but natural meadows 
occur as narrow belts along sea shores, lake shores and 
rivers, as patches in depressions on rock outcrops, and in 
alpine areas. Several meadows along rivers and streams 
were used as hay-meadows. They were temporarily flooded 
and nutrients were supplied by the sediments - thus pro
moting a high production (Fig. 3).  In the northern part of 
Sweden these alluvial meadows were called 'raningar' 
and in the south 'mader' . Another way to increase the hay 
production was by artificial damming to keep water tem
porarily in small ponds or lakes along streams. The beach
meadow zone became wider in such pond-meadows 
( 'dammang') .  Carex fens also supplied (sedge-) hay. 

In sloping meadows with natural ground water flood
ing hay was gathered in so-called flooded meadows 
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Fig. 1 .  Upper - A southern Swedish agricultural landscape in the year 1 800. The landscape is a heavily utilized mosaic ,  with large 
meadow areas (some being wooded meadows also with coppicing), pastures in grasslands and woodlands, arable fields, open ditches, 
fences, and boulder heaps. There i s  a high proportion of deciduous trees of uneven age. The roads and the meandering streams follow the 
landscape topography. The small esker is  grazed and the water vegetation utilized. 
Lower - in the year 2000. Most meadow areas have been converted into arable land, and the few remaining meadows are used as pastures, 
only a few areas are fenced. Less productive areas are forested. Grazing takes place mainly on arable land. A gravel pit has been opened 

on the esker, only the ancient burial site remains as a dry pasture. Roads and streams have been straightened, and the ditches are covered 
(pipes). The boulder heaps have been removed. Flooding from the lake is prevented by a wall and the water is eutrophied by fertilizers 
from the fields. Illustration by Martin Kuortti. 
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Fig. 2. Summer dwelling settlements ( 'fabodar' ) were located in forest or mountain areas with common summer grazing and hay
making. Dalarna. Photo E. Rosen .  

( 'oversilningsiing ' ) .  More sophi sticated were meadow 
slopes where water was brought i n  by a system of small ,  
branched ditches from a nearby stream into the flood
meadow ( ' si lang ' ) .  In very few p laces these methods are 
sti l l  used today (Elveland 1 979; Pahlsson 1 999). 

Meadows are often treeless, but scattered trees and 
shrubs may occur. Such meadows are called wooded 
meadows ( ' l Oviing' , ' iinge ' ) .  By definition they consist of 
open areas mixed with single (or groups of) shrubs and 
trees ( 'runnor' ) and are used for hay-making (Haeggstrom 
1 995). These wooded meadows covered a range of habi
tats from dry to moist conditions within a wide geographi
cal range. The shading gradient caused by shrubs and 
trees favoured the hay production of both meadow and 
woodland species (Borgegard & Persson 1 990) . In the 
spring dead branches and litter were collected and burnt 
( ' fagning ' ) .  The spreading of ashes supplied nutrients to 
the area. Late mowing assured good seed supply. The 
wooded meadows usually became very species rich . 
Pollarding ( 'hamling ' )  of trees gave twigs and leaves as 
extra fodder for the domestic animals .  Mainly Ulmus spp. 
and Fraxinus excelsior were used, but also Acer plata

noides, Alnus spp. ,  Betula spp. and Que reus robur. Conif
erous trees were removed. This wooded meadow system 
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i s  very old and was commonly used (Jonsson 1 995 ; Slotte 
& Goransson 1 996; Haeggstrom 1 998).  In southern Swe
den material for fencing was also produced ( ' stubb
skottsiing' ; Emanuelsson 1 987). 

Unfertil ized meadows are very rare today in  the cen
tral farmland areas but small areas are stil l  left along the 
Baltic coast, on bland and Gotland. They have a high 
conservation value. 

Pastures 

Traditionally, livestock grazed freely in forests without 
fences, but also in fenced pastures. Many of the fenced 
pastures were partly wooded . Dense stands of trees were 
thinned and undesirable species such as Picea abies, Rosa 

spp . ,  Juniperus communis and Prunus spinosa were 
cleared. Such fenced areas became wooded pastures 
( 'hage') .  In general they host a sparse tree cover of Que reus 

robur and/or Betula spp. 
After mowing and harvesting, l ivestock also grazed 

meadows and arable land. Low-productive land close to 
farms were fenced and grazed by horses, oxen and calves. 
These pastures have the longest continuity and the vegeta
tion has been adapted to grazing. In some places grazing 



has probably occurred continuously for up to two thou
sand years, e .g.  on esker slopes in old cultural landscapes 
or on sandy and stony places around settlements (Ambro
s iani 1 964; Welinder 1 975) .  Livestock was brought to the 
farms for night shelter, predator protection, to simpl ify 
milking and for manure collection. 

Manure from livestock was used on the arable land. 
Thereby nutrients were transported from pastures and 
meadows to the arable fields (Emanuelsson 1 988) .  Pas
tures have continuously been deprived, and in some cases 
even impoverished of nutrients. This in connection with 
disturbances and herbivory has created species-rich semi
natural grasslands in which the large competitive species 
were kept down. Today there is no such flow of nutrients 
from meadows to arable land. Dairy cattle normally graze 
on fertilized pastures. In addition there is an increasing 
surplus of nitrogen from air pollution .  As a consequence 
there has been a succession from nutrient-poor vegetation 
types to more species poor nutrient-rich ones. 

Fig. 3. Hay was collected from wet, periodically inundated 

meadows along rivers. The crop was stored in small barns in the 

meadows. Ammarnas, Lappland. Photo S .-0. Borgegard. 
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Arable fields, meadows and small pastures were found 
in the infield land ( ' inaga' , ' inagomark' ) .  Outfield land 
( 'utmark' , 'utagomark' )  involved common pastures and 
woodlands . In addition to forests and wetlands heathlands 
and alvars formed large parts of outfield lands (Broberg 
1 990; Berglund et al . 1 99 1 ;  Windelhed 1995) .  

Grazing i n  the forest was very common in  former 
times but l ivestock caused damage especially to the re
generation of trees, so when the commercial value of the 
forests increased this practice was banned. Grazed forests 
are more open and include more herbs and grasses than 
ungrazed forests. There is a continuum between wooded 
pastures and grazed forests. With the 'fabod' system 
grazed forests became widespread in the northern part of 
the country. 

Arable land 

The permanently cultivated arable land has been in use 
since the early Iron Age. Arable fields on wel l-drained 
and sloping soil may have a thousand years of continuity 
in some cases. Many of the fertile arable fields on flat 
lands, however, are much younger and they are in many 
cases not more than two hundred years old. Extensive 
areas of the fertile soils along lakes and rivers were 
meadows up to the mid- 1 9th century. 

In Sweden the arable land had its maximal extent in 
the 1 920s with 3 . 8  million ha (Bernes & Grundsten 1 992). 
After that, nearly 1 million ha of arable land have been 
taken out of production and in 1 989 only 2 . 8  million ha 
remained. Farms dependent on animal production and 
with a high proportion of pastures have been abandoned. 
Today, farmland is to a great extent concentrated on the 
most fertile soils. 

Very large areas in the southern part of Sweden are 
cultivated land. The regions with large plains e.g.  Skane, 
Vastergotland, Ostergotland, coastal parts of Smaland, 
the Lake Malaren valley and Uppland have big farm units. 
In other parts of the country the cultivation units are on 
average smaller. 

Commonly cultivated crops are potatoes, oats, wheat 
and barley, while rye occupies much smaller areas. 
Brassica napus ssp. napus and B. rapa ssp. oleifera are 
used for the production of oil seed all over the country, but 
with a concentration in the south. Local crops are sugar 
beet (mainly in Skane, B lekinge and at a smaller scale on 
Oland and Gotland), strawberries and vegetables. For hay 
cultivation ( 'vall ' ) ,  mainly Festuca pratensis, Phleum 

pratense and Trifoliumpratense are used. Recently, short
rotation cultivation of Salix spp. for fuel has increased on 
set-aside arable land. 

Roads 

Old roads are important elements in the cultural land-
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Sedum spp. • Viola tricofor- Alra praecox 

� Gal/una vulgaris - Empatrum nigrum -
Cl Vaccinium vitis.Jdaea 

Sedum album · Torteffa spp. 
Koeleria glauca 

Festuca ovina - Tortalla spp. 
Cat/una vulgaris 

Festuca ovina - Potentilla crantzii 
Geranium sanguineum 

Deschampsia flexuosa - P/eurozium schrebari 
Festuca ovina - Lychnis viscaria 

Festuca ovina - Pleurozium schreberi 

Genista spp. - Gal/una vulgaris 

Agrost/s capil/aris - Galium saxatlle -
Pfaurozium schrebari 

Vaccinium myrtlllus - Cslluna vulgaris 

A venula pubescens 
A venula pratensis - Fragaria viridis - Filipandula vulgaris 

Arrhenatherum alatius 

Agrostis capil/aris - Alchemilla spp. -_ -� 
Rhytidiadelphus squarrosus �v 

Fastuca ovina - Bistorta vivipara Scorzonera humi/is 

Nardus stricta 

Laucanthamum vulgare 

Geranium sylvaticum 

Deschampsia caspitosa 

Erica tetralix � Carex flacca - Primula farinosa - Orehis spp. � Filipendufa ufmaria 

Mofinia caerufea --G'..� 
Myrica gate - Molinia caerufea 

Carex scuta or C. aquatilis � 
Equisetum fluviatife - Carex spp. 

Acidic Intermediate Basic 

Fig. 4. Overview of plant communities of the open cultural landscape arranged according to soil moisture and pH. All communities are 
grazed to some extent, those used for hay-making are indicated. The suffix 'type' is deleted from the community names. (Simplified from 
Pahlsson 1999.) 

scape. They show the communication routes between 
villages, farms, hamlets and their farmland etc. In older 
days paths and roads were commonly located on eskers. 
The roadsides and verges host a very heterogeneous veg
etation and they are sometimes very valuable biotopes. 
Roads have been important for dispersal of plants by 
vehicles and animals .  In former days roadsides were used 
for supplementary hay-collection. 

Ancient monuments 

Ancient monuments, notably prehistoric burial sites are, 
to a great extent, found in the cultural landscape, often in 
connection with the old hamlets. Together with the names 
of the hamlets and historical documents they make it 
possible to establish a continuity in land use at least back 
to the late Iron Age. Most of these monuments have been 
kept open by grazing and they often harbour a rich dry 
grassland flora. 

Conservation and restoration 

During the latter half of the 20th century many pastures 
and fields have been planted with trees , especially spruce. 
The abandonment of the open landscape has decreased 
the biodiversity and resulted in a degradation of large 
parts of the cultural heritage. A continuing abandonment 
of farmland increases the value of the open areas still 
remaining. In the cultural landscape there are about 1 500 
threatened species of which 305 are vascular plants, 84 
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lichens, 54 bryophytes and 174 macrofungi (Gustafsson 
& Ahlen 1996). 

Large-scale restoration efforts are being made for 
many so-called marginal areas such as coastal meadows, 
riversides, heathlands and alvars. Management plans are 
established to ensure a certain land use practice in the 
future. 

Grasslands 

In the following the definitions of plant communities 
largely follow those proposed by the Nordic Council of 
Ministers (Pililsson 1999) where 'type' is used for main 
community (Fig. 4) and 'variant' to describe differing 
communities within a type. The word 'community' is 
used as a more general term. 

Grassland vegetation occupies a wide range of habi
tats from dry to wet, and from coastal to subalpine regions 
in Sweden. Their structure and species composition vary 
due to light conditions, pH and base status, soil depth, 
moisture conditions, nutrient availability and geographi
cal location. They also differ in species richness and in 
grass/herb dominance. Here, we distinguish grassland along 
the gradientdcy - mesic - moist - wet ( 'torr-frisk-fuktig-vat') .  

Dry grasslands 

Important species in dry grasslands are Deschampsia 
flexuosa, Festuca ovina, and on mainly grazed ground 
Agrostis capillaris, Danthonia decumbens and Nardus 



stricta. Common species in S Sweden are Galium verum, 

Lathyrus linifolius, Leucanthemum vulgare and Pimpinella 

saxifraga. Such dry grasslands (meadows) but with fewer 
southern floral elements appear as far to the north as 
Hi.mtland and Angermanland. 

In coastal areas and on south-facing slopes (e.g. in the 
southern boreal zone) with thin soil on rock surfaces 
which often become extremely dry, a vegetation of Se dum 

album- Viola tricolor-Aira praecox type is found. Domi
nant species are Aira praecox, Rumex acetosella ssp. 
tenuifolius, Sedum acre and Viola tricolor, and also a 
number of small annual species. Especially in Bohusliin 
and Dalsland small grassland patches are found on cliff 
terraces and mountain slopes . They have a rich and inter
esting flora. The thin soil keeps the patches open, and they 
were probably present before man started to create pas
tures and meadows . Geranium sanguineum and Origa

num vulgare are typical species. 
The F estuca ovina-Lychnis viscaria type i s  a low and 

herb-rich grassland on slopes on coarse material - luvisol . 
Dry local climatic conditions without extremes are char
acteristic .  This Festuca vegetation is fairly rich in vascu
lar plants species (40-60) and bryophytes (20) . Dominants 
are Festuca ovina, Luzula campestris, Lychnis viscaria, 

and Thymus serpyllum. Some southern or continental 
species are present, e.g. Helianthemum nummularium and 
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Potentilla tabernaemontani. In coastal areas Armeria 

maritima appears. The Sedum and Festuca communities 
have traditionally been used for grazing. If abandoned, 
i nvasion of shrubs and trees is slow because of the thin 
soil .  In central and northern Sweden there i s  a Festuca 

ovina-Potentilla crantzii type on old fiibod grounds con
taining a large number of northern boreal and alpine 
species, e.g. Cerastium alpinum, Oxytropis lapponica and 
Poa alpina. 

On deeper soils we find the A venula pratensis

Fragaria viridis-Filipendula vulgaris type. (We here 
retain the name A venula for Helictotrichon as it is used in 
the community names by Pahlsson ( 1 999) . )  The most 
characteristic type is found in our south-eastern calcare
ous areas of Skane, bland, Gotland, Viistergotland and 
Uppland (Fig. 5), but it also occurs in Dalarna and Jiimtland. 
In some locali ties it is also present in slightly calcareous, 
fairly dry areas in southern Sweden. Thus, it is a wide
spread community type, but it usually covers only small 
areas in each locality (Almquist 1 929; Hallberg & Ivarsson 
1 965 ; Sjors 1 967; Gillner 1 97 1 ;  Hallberg 1 97 1 ;  Gustafsson 
1 979). 

The A venula pratensis-Fragaria viridis-Filipendula 

vulgaris community is well developed with a high species 
richness mainly on slopes where cultivation was not pos
sible. A high calcium carbonate content in the ground is 

Fig.  5 .  Dry grassland vegetation is often found on the upper parts of eskers. Common species are Anemone pulsatilla, Festuca ovina, 

Filipendula vulgaris, Helianthemum nummularium and Lychnis viscaria. Eskers are also the location for many prehistoric monuments. 
Uppland. Photo S .-0. Borgegard. 
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favourable, but a high degree of neutralization is probably 
sufficient. This vegetation only develops where the sand 
and coarser fractions are mixed with high contents of fine 
minerogenic material. These slopes with herb-rich veg
etation are good signs of an old pastoral tradition (without 
fertilization). Mowing has sometimes taken place but the 
production is low (Sjors 1 967). This is one of the most 
species-rich plant communities in Sweden (ea. 1 00 vascu
lar plant species). When grazed it has a low vegetation, 
and otherwise it is dominated by tall species with patches 
of lichens. Due to variation in climate, weather fluctua
tions, local conditions and grazing regime the species 
composition may differ from time to time and from place 
to place. However, dominant species areA venula pratensis, 
Festuca ovina, Filipendula vulgaris and Galium verum. 
Characteristic species areAgrimonia eupatoria, Anemone 
pratensis, Centaurea scabiosa, Cirsium acaule, Filipen
dula vulgaris, Fragaria viridis, Helianthemum nummu
larium, Luzula campestris, Phleum phleoides, Potentilla 
tabernaemontani, Ranunculus polyanthemos, Scabiosa 
columbaria, Thymus serpyllum and Veronica spicata. 

There are also several species with a limited or scat
tered distribution in Sweden, e.g. Adonis vernalis, Draco
cephalum ruyschiana, Prunella grandiflora, Pulmonaria 
angustifolia, Anemone sylvestris, Ranunculus illyricus 
and Tephroseris integrifolia ssp. integrifolia (=Senecio 
integrifolius) . Typical mosses are Homalothecium 
lutescens, Rhytidium rugosum and Abietinella abietina. 
Many of the species in this community have a continental, 
south-eastern distribution in Europe and some are shared 
with the true steppe areas. 

A fairly species-poor variant of this community is the 
A venula pratensis-F estuca rubra variant in inland habi
tats in the north. F estuca rubra is dominant. Other species 
are e.g. Botrychium boreale, B. lunaria, Cerastium 
alpinum, Erigeron borealis, Gentiana nivalis, Poa glauca 
and Primula scandinavica. A related community but with 
fewer calcareous-demanding species is the A venula pube
scens type. 

On fairly thin base-rich well-drained soils, e.g. weath
ered soil or sand rich in calcareous material with variable 
humus content (pH around 7) we find the Geranium 

sanguineum type. It is located on warm south-facing 
slopes starting to become overgrown, edges towards wood
lands and shrublands, frequently in connection with stands 
of Prunus spinosa. This community is found in southern 
Sweden up to the northern part of Svealand. In this veg
etation there are south-eastern floral elements and it is 
fairly species-rich (30-70 vascular plant species) if grazed 
or influenced by drought. Dominant species are Festuca 
rubra, Galium verum and Trifolium medium. Other spe
cies worth mentioning are Brachypodium pinnatum, Ge
ranium sanguineum, Melampyrum nemorosum, Origa
num vulgare and Seseli libanotis. In Vastergotland this 
community hosts Stipa pennata in the only localities in 
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the Nordic area. The community will slowly become 
overgrown by Prunus spinosa and Rosa spp. if it is not 
managed. 

Traditional land use with grazing and mowing of dry 
grasslands on thin soil has more or less ceased. Large 
areas have been lost, being turned into fields or fertilized 
hay meadows. Without management species likeluniperus 
communis, Prunus spinosa, but also Euonymus europaeus, 
Rosa spp. and Rhamnus cathartica, will invade, and later 
even on deciduous trees or pine. 

Mesic grasslands 

Vegetation of the Agrostis capillaris-Alchemilla spp.
Rhytidiadelphus squarrosus type is common all over 
Scandinavia on various soil types. These species are domi
nant together with Achillea millefolium and Trifolium 
repens. In former days this vegetation was used for hay
making or grazing. Since hay-making has decreased it is 
often grazed or abandoned, in which case it is overgrown 
by birch or spruce, now and then even by Juniperus 
communis. 

Three other communities that were earlier important 
for hay-making on moist and fairly base-rich ground 
could be mentioned: the Scorzonera humilis type, the 
Leucanthemum vulgare type and the Geranium sylva

ticum type. On dry to mesic sandy soils in the northern 
half of Sweden there is a Festuca ovina-Bistorta vivipara 

type which has been used for hay-making and grazing. 

Moist to wet grasslands 

The most important traditional meadows are the moist 
and wet grasslands. They form gradients from inter
mediately moist to wet (Fig. 6) and from calcareous to 
acidic. Furthermore, maintenance by slashing, drainage, 
fertilization, hay-making and grazing by cattle, horses, 
sheep and goats affect the vegetation (Sjors 1 967; Ekstam 
et al. 1 988; Ekstam & Forshed 1996) . Wet meadows are 
more fertile and sustainable than dry ones. A wet meadow 
can produce 2000-2400 kg ha-1 yr1 of dry substance over 
long periods as compared to 500-600 kg in a wooded 
meadow (Borgegard 1 994). 

Wetlands have probably been used for hay-making 
since the early Iron Age (Broberg 1 990). Historical maps 
show that wet meadows in former days were mostly used 
for hay-making. During the 18th century and until about 
the middle of the 1 9th century the meadows reached their 
largest extent. Many threatened plants and animals are 
found in the semi-natural wetlands (Svensson & Glimskar 
1 993). From a biodiversity point of view it is therefore 
important that wet meadows are maintained. Individual 
wet meadows have, in many cases, been used for hun
dreds of years and therefore represent very valuable ves
tiges of cultural history (Emanuelsson 1 987). 
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Fig. 6 .  Around shallow lakes and rivers grassland communities occur along a gradient from wet to mesic .  Large water-level fluctuations 

prevent shrubs and trees to establ ish. Filipendula ubnaria dominates in the foreground. Gastrikland. Photo E. Rosen. 

The most common moist meadow vegetation is the 
Deschampsia cespitosa type. It is found all over Sweden. 
The vegetation is dominated by Deschampsia cespitosa, 

Poa pratensis, Ranunculus acris and Rumex acetosa. I n  
southern Sweden June u s  conglomeratus and J. effusus are 
common, and they also invade moist fields, roadsides and 
gravel-pits . Deschampsia cespitosa is  a competitive tus
sock-forming species which i s  controlled by hay-cutting 
and very early grazing. As with other moist grasslands, 
tussocks and anthills caused problems for maintenance 
and were therefore chopped back by mattocks to make 
hay-making easier. Trampling by cattle, and frost-in
duced soil movements also contribute to tussock forma
tion. With low grazing intensity the succession leads to 
the following type. 

The Filipendula ulmaria type occupies slightly moister 
sites than the Deschampsia cespitosa meadow. Filipendula 

ulmaria is dominant but other tall species are common e.g .  
Angelica sylvestris, Crepis paludosa, Geum rivale and 
Lysimachia vulgaris. On slightly richer soils Dactylorhiza 

maculata ssp. fuchsii and Thalictrum flavum are found. I n  
northern Sweden Trollius europaeus makes a colourful 
contribution . Sometimes Carex cespitosa will dominate in 
a more or less pure sedge-vegetation. In  Skane there i s  a 
variant with Cirsium oleraceum as dominant. Cattle avoid 
eating Filipendula ulmaria which therefore expands at the 
cost of other species when hay-making ceases. 

Within a fairly wide range of moist (or even mesic) 
conditions and acidic to basic soils ,  the Molinia caerulea 

type develops. It is found on temporarily flooded ground 
in most parts of Sweden and it contains species such as 
Carex acuta, Deschampsia cespitosa, Lysimachia thyrsi

flora and in the north Bartsia alpina and Car ex aquatilis. 

This vegetation is often mown or grazed. 
The Carex acuta type of meadow is found on even 

wetter locations than the Filipendula ulmaria meadow. 
Carex acuta (replaced in northern Sweden by Carex 

aquatilis ) , Ag rostis canina and Galium palustre are domi
nant. Carex acuta normally forms tussocks and these will 
increase if trampled by cattle. This makes it less attractive 
for cattle and the areas are often abandoned to become 
forested by Salix and Alnus. On flat ground along lakes 
this meadow type occupies large areas. 

The above-mentioned moist-wet meadows are very 
important sites for birds, especially waders, geese and 
ducks. If the meadows are abandoned they lose their  
attraction as  they become overgrown by Salix and Alnus 

and locally  by Fraxinus excelsior and Ulmus glabra . 
Today, more important bird locali ties are restored by 
means of cultivators which cut tussocks and make the 
surface smoother and attractive for cattle grazing and hay
making. 

Along lake shores the Equisetum fluviatile-Carex 

spp. type of meadow is well spread all over Scandinavia. 
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This vegetation has been used for fodder production for 
centuries as indicated by the term 'fdikenslatter' on his
torical maps. It is poor in species with Equisetumfluviatile 
and Hippuris vulgaris as dominants together with Carex 
rostrata, Caltha palustris and Galium aparine. The threats 
to this vegetation type are not as serious as for vegetation 
types on less wet soils, but it may be encroached by 
Phragmites australis. 

Calcareous mesic to wet grasslands 

Most of the low-productive grass and sedge-rich moist 
grasslands are relatively nutrient-poor but some have a 
high calcareous content in the soil. A general community 

for this vegetation is the Carex jlacca-Primula farinosa
Orchis spp. type with a low, usually herb-rich vegetation 
on moist or even spanning from mesic to wet calcareous 
gleyish soil. Carex flacca (sometimes dominant) is a 
characteristic species together with Primulafarinosa and 
a number of orchids. Species with high cover are Carex 
panicea, Molinia caerulea and Sesleria caerulea (locally 
dominant in eastern Sweden). Characteristic mosses are 
Campylium stellatum and Ctenidium molluscum. 

It is a species-rich, fairly rare community (60-80 vas
cular plant species) occurring in calcareous areas mainly 
on Oland, Gotland, in parts of Skfme and in Viistergotland, 
6stergotland and in the north-eastern part of Uppland. 
Due to their species richness these areas have a very high 
conservation value, and, especially on (Hand and Gotland 
they contain our richest orchid localities. 

Drier parts of these calcareous moist grasslands are 
usually fairly rich in herb species such as Crepis praemorsa, 
Inula salicina and Selinum carvifolia (all partly continen
tal) and Serratula tinctoria (southern). In moister calcare
ous grasslands fen species such as the southerly Valeriana 
dioica and Euphrasia rostkoviana grow, and the distinc
tion between the wet calcareous grassland and the rich fen 
is not very clear (see Chapter 7). If not managed, these 
calcareous communities become invaded by shrubs and 
trees, e.g. Crataegus, Juniperus and Betula. 

Heathlands 

Heathlands are treeless and usually characterized by dwarf 
shrubs, narrow-leaved grasses, few herbs and numerous 
lichens and bryophytes. The substrate is acid and nutrient
poor. The vegetation forms a raw humus and the soil is 
usually podzolized. 

Three main factors promote the development of 
heathlands, viz. ( 1) a moist climate with mild winters 
and long springs and autumns, (2) a soil poor in calcium, 
and (3) heavy grazing - also in winter. It was shown by 
Romell ( 1 952) that heathlands are mainly located in 
coastal areas in southern and south-western parts of 
Sweden where grazing during the winter (or at least late 
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autumn) was possible. In these areas the need for mown 
meadows was usually smaller than where winter grazing 
was not possible. 

Burning has been used to maintain, and today to 
restore, heathlands. Some of the moist heaths are main
tained with no or minor influence by man (Malmer 1965; 
Sjors 1967; Pfthlsson 1999). 

In a historical perspective our heathlands are part of a 
large oceanic-suboceanic European heath complex. In 
Sweden heathlands developed in the 17th century and 
they reached their maximal distribution and openness 
during the middle of the 19th century. As an example 
about 30% of Halland was heathland one hundred years 
ago (Malmer 1965). Today it is less than 1 %  (2900 ha; 
Krister Larsson pers. comm). 

The burning of shrubs and old vegetation for improve
ment of the fodder led to nutrient impoverishment by 
combustion and leaching, and large amounts of nutrients 
were removed by grazing combined with collecting ma
nure for the fields. Parts of the Calluna heaths have also 
been mown to supply extra fodder and litter for the floors 
in stables (Larsson 1996). Decreased grazing and in
creased nutrient supply as a result of air pollution are 
important reasons why these areas are increasingly being 
lost; now turned into dense thickets of shrub or wood
lands , often after the planting of trees. Many of the few 
remaining areas in our western provinces are now pro
tected with a maintained management regime or with a 
restoration programme, for instance, burning to promote a 
high species richness (Larsson 1997) .  

Heath vegetation types can be distinguished based on 
moisture conditions and degree of grass or dwarf shrub 
dominance. 

Dry dwarf shrub heath 
In south-western Sweden the Calluna vulgaris type is 
found on sandy or poorly sorted soils, luvisol and in rocky 
areas with a common presence of Call una vulgaris, 
Vaccinium myrtillus and V. vitis-idaea (Fig. 7). In the 
driest parts Arctostaphylos uva-ursi and a few grasses are 
added and in moister parts Erica tetralix appears. In 
Halland there is a Calluna heath with Genista spp. On 
sandy, strongly podsoized soils there is a fairly common 
type of Calluna heath with Empetrum nigrum and 
Vaccinium vitis-idaea. 

There is a more species-rich Calluna community in 
south-eastern Sweden with similarities to the species-rich 
dry grassland vegetation, locally appearing in degraded 
grasslands. Especially in eastern Skane and the Blekinge 
archipelago it has a different character with the presence of 
species as Agrostis capillaris, Galium verum, Pilosella 
officinalis and Thymus seryllum (Malmer 1965). 

A rarer community in south-western Sweden is the 
Vaccinium myrtillus-Calluna vulgaristype also on 
sandy-unsorted soils, luvisol. It contains some south-
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Fig. 7. Large areas of heathland formerly occurred in south-western Sweden as a result of heavy grazing and burning. The heathlands 

were usually dominated by Calluna vulgaris. Where traditional land use is less intense or ceases, shrubs and trees establish. Halland. 

Photo L. Pahlsson. 

westerly species such as Galium saxatile . In central 
southern Sweden there is a variant found in dry, poorly 
grazed wooded pastures where Deschampsia flexuosa 

dominates together with Vaccinium vitis-idaea. 

If not properly grazed or burned, these dry dwarf shrub 
heaths will turn into juniper shrublands and even birch
oak forests. 

Moist dwarf shrub heath 

The Erica tetralix type is a dwarf shrub heath land type in  
depressions and on  mesic to  moist soils with Erica and 
Trichophorum cespitosum ssp. cespitosum. The commu
nity is fairly common in western coastal areas of Halland 
and BohusHin .  On wetter heathland ground, in abandoned 
woodland pastures and along oligotrophic lake shores 
Myrica gale together with Molinia carulea forms a veg
etation type (e.g. in Skane, Halland and BohusHin), which 
in temporarily flooded areas also contains Rhynchospora 

spp . With too l ittle grazing these types may become 
overgrown by Myrica gale and Salix species. 

Dry grass heath 

A dry grass heath on formerly cultivated ground, with fairly 
good nutrient conditions is the Deschampsia flexuosa-

Galium saxatile type appearing in souh-western Sweden. 
An intermediate type towards the Calluna heath is the 
Agrostis capillaris-Galium saxatile-Pleurozium schreberi 

type on dry luvisols. It develops locally in  Skane, on bland 
and Gotland in heavily grazed Calluna heath, but with 
slightly higher species richness. 

Where drier conditions prevail the Festuca ovina

Pleurozium schreberi type is found al over southern 
Sweden with a higher proportion of herbs.  Achillea 

millefolium, Stellaria graminea, Deschampsia flexuosa 

and Veronica chamaedrys may be dominant species to
gether with F estuca ovina. Locally on rocky areas Agrostis 

vinealis may replace A. capillaris. In such places Aira 

praecox and Rumex acetosella may also occur. 

Mesic to moist grass heath 

In areas with luvisol-gleysol and mesic to moist soil 
conditions the Nardus stricta type is formed. It is moister 
than the Calluna heaths and resembles the Agrostis 

capillaris-Galium saxatile-Pleurozium schreberitype. The 
distribution includes Skane and south-eastern Smaland. If 
not managed, it may turn into Calluna heath and then into 
shrubland and eventually pine woodland. 
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Fig. 8. Steppe-like vegetation on sand has a l imited distribution in Sweden. The main occurrence is in the hilly landscape of eastern 

Skane. This vegetation is dependent on regular disturbances. The photo shows Helichrysum arenarium together with Phleum phleoides 

and Thymus serpyllum. Photo E. Rosen . 

Steppe-like vegetation on sand 

No real steppe vegetation is found within the Nordic area. 
However, with the strong summer droughts and winters 
relatively poor in snow in the south-eastern part of Swe
den (mainly SE Skfme, bland and Gotland) steppe-like 
vegetation may develop. Real steppe areas have a conti
nental climate with colder winters and longer and much 
warmer summers than in the Baltic Sea basin which has a 
suboceanic climate. The deep black soils in true steppes 
are not leached and usually have a layer where calcium 
carbonate has been enriched just below the surface. Even 
the driest parts of Sweden have a semi-arid (not arid) 
cl imate with leaching of the soils. 

The steppe vegetation i s  dominated by calcareous 
species. S imilar vegetation in Sweden is restricted to 
calcareous soils which are not fully leached, and which 
have a high content of adsorbed calcareous material and a 
circumneutral reaction. In the Swedish type of climate, i t  
is necessary that the soi ls  have a high percentage of lime 
or chalk, often as a result of different disturbances. The 
location must be sunny so that it really dries up during 
summer. 

The Koeleria glauca type ( ' sandsHipp' )  is a low 
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vegetation with sparse cover. It has a very limited distri
bution in south-eastern Sweden . The main occurrences 
are in the hilly landscape in eastern Skfme (Fig. 8), and 
there are also a few localities on bland. It is considered a 
north-western outpost of the steppe-related vegetation 
with its centre in the Black Sea area (see further Sterner 
1 922; Andersson 1 950; Mattiasson 1 974; Olsson 1 974; 
Pahlsson 1 974, 1 999; Danielsson 1 996) . It is confined to 
calcareous sandy areas which to some extent have been 
cultivated within a rotation system. The areas need a high 
permanent disturbance (e.g. by grazing or ploughing) to 
be maintained. On slopes which are too steep for culti va
tion an openness is easily created by erosion caused by 
grazing animals .  The community also develops in aban
doned sand-pits and on south-facing slopes where the 
high soil temperature promotes evaporation. This pre
vents leaching and maintains a high carbonate content in 
the soil (Pahlsson 1 974) . The soils are poor in humus. 

The community i s  fairly species rich with 50-60 vascular 
plant species (of which several are annuals), 5- 1 0  bryophytes 
and 1 0- 1 5  lichens. Several of its species have a south or 
south-eastern European distribution, e .g .  Anthericum 

ramosum, A. liliago, Astragalus arenarius, Dinthus arearius, 

Festuca polesica Koeleria glauca, Medicago minima, but 



also the suboceanic Phleum areariumis present. Other typical 
species are Artemisia campestris, Cerastium smidecandrum, 
Galium verum, Helichrysum arenarium, Homungia petaea, 
Koeleria glauca, Minuartia viscosa, Sedum acre and Tymus 
serpyllum. Among lichens Coelcaulon aculeatum and sev
eral Cladonia spp. are present together with mosses such as 
Syntrichia ruralis. On bland Astragalus arenarius and 
Dianthus arenarius are missing, instead Carex Jig erica and 
C. obtusata can be added. 

With less disturbance of grazing animals the propor
tion of lichens such as Cetraria nivalis and pleurocarpous 
mosses such as Hypnum cupressiforme s.l. increases and 
the proportion of annual plants decreases. Movements 
and mixing of the soil also prevent leaching. With too 
little disturbance the leaching increases and the carbonate 
content decreases. Consequently succession leads to other 
communities, and the structure and species composition 
has been used for classification of various development 
stages (Andersson 1950). 

With a denser plant cover the originally low humus 
content gradually increases. This will lead to a succession 
(Mattiasson 197 4) towards the Corynephorus canescens

Koelerill glauca variant ( 'borsttatel-tofsaxing-variant') .  
That community develops in sandy areas where the carbon
ate content in the topsoil has become low. It is found both in 
level and sloping areas and is dependent on a moderate 
disturbance regime, for instance by grazing. In comparison 
with the main type, this community has a wider distribution 
in the southern suboceanic parts of Sweden (Andersson 
1950; Mattiasson 1974; Olsson 1974). Characteristic spe
cies are Carex arenaria, Corynephorus canescens, Hypo
choeris radicata, Jasione montana, Scleranthus perennis, 
Teesdalia nudicaulis and Trifolium arvense, but also annuals 
such as Aira praecox and Spergula morisonii. Among 
mosses Brachythecium albicans andRacomitrium cane se ens 
may be mentioned. 

With less grazing and trampling there is a decrease in 
the number of annual species, while especially lichens 
increase in cover, e.g. Cetraria nivalis, Cladoniafurcata, 
C. rangiformis, C. arbuscula and Coelocaulon aculeatum. 
Scattered colonization of Calluna vulgaris may also take 
place and with increased acidity and humus content the 
community turns into a Calluna heath. 

A more distinct Corynephorus community ( 'borst
tatelhed')  usually develops on stabilized coastal sand 
dunes and on abandoned fields with slightly calcareous 
soils (Pahlsson 1994; see also Chapter 1 1) .  The species 
composition is similar to that of the above-mentioned 
community, but species such as Helichrysum arenarium, 
Logfia ( = Filago) minima, Polytrichum piliferum, Rumex 
acetosella ssp. tenuifolius and Spergula morisonii may be 
prominent. There is a large proportion of lichens. 

With a higher content of fine minerogenic material the 
Koeleria community may gradually shift into an A venula 
pratensis-Fragaria viridis-Filipendula vulgaris commu-
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nity with a high frequency of Medicago sativa ssp.falcata 
at intermediate stages if the necessary disturbances disap
pear (Mattiasson 1974; Danielsson 1996). 

Experiments have shown that it is more or less impos
sible to restore a Koeleria glauca community. Distur
bance and addition of calcium is not enough if the humus 
content in the soil has become too high. The latter factor is 
more important than the availability of calcium carbonate. 
From a conservation point of view the still existing areas 
must be kept open by various management practices 
(Mattiasson 1974; Anon. 1994). 

Alvar vegetation 

Alvar vegetation (which is related to steppe vegetation) 
stands for calcareous grasslands and limestone pavements 
characterized by thin soils and with a semi-arid climatic 
situation on sedimentary limestone bedrock from the 
Ordovician, Silurian and Devonian periods. The word 
'alvar' itself signifies a thin, poor soil on outlying land, 
unsuitable for cultivation. 

Alvar areas are almost totally confined to Sweden and 
Estonia. In Sweden alvars are found on the two Baltic 
islands bland and Gotland, but also as small areas in 
Vastergotland (mainly in the Kinnekulle area). Alvars 
mainly occur as large flat limestone plateaus. The largest 
area is the Great Alvar (Stora Alvaret) on Gland with a 
size of 26 000 ha. In Estonia the largest areas are on the 
western islands, and in Russia there is a small area to the 
west of St. Petersburg. Small limestone areas in the 
Stockholm archipelago and at the southern coast of Finland 
are slightly related to alvars. 

Concerning vegetation composition and structure there 
are similarities between the mountain steppes in Russia 
and the limestone areas in Hungary, S. France, Germany 
(Schwabia) and several areas in Great Britain and Ireland 
(e.g. 'the Burren') .  However, these areas differ in climatic 
and cultural influences. For further details see Sterner 
( 1926, 1948), Albertson ( 1946, 1950), Pettersson ( 1958, 
1965), Laasimer ( 1965), Konigsson (1968) and Rosen 
( 1982). Alvars with similar conditions and vegetation 
structure (but with other species) are found around the 
Great Lakes in N America. 

During the various stages of the Baltic basin develop
ment, most of the glacial deposits were reworked and 
redeposited as low beach ridges upon the limestone bed
rock. The soils of these ridges are mainly siliceous. Be
tween the ridges weathering created calcareous soils with 
a variation from gravel to very fine fractions ( 'alvarmo') .  
Marl o r  lime-gyttjas are found in connection with wet or 
moist areas (Konigsson 1968). In some areas the bedrock 
is rich in superficial fissures usually filled with soil. The 
drainage of water takes place to some extent in these 
fissures but also as temporal surface streams. 

Most of the alvar areas occur in regions with a low 
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yearly precipitation and a fairly dry vegetation period -
sometimes with extreme summer droughts. Winter condi
tions are harsh, with strong winds and frost-induced soil 
disturbance. Frost action is most pronounced in thin cal
careous soils where the drainage is poor. The frost-dis
turbed soils are extremely unstable and sparsely vegetated 
(Rosen 1982) . 

The species have to withstand both nutrient and water 
deficiency. There are many examples of adaptations (see 
review in Rosen 1982): periodic decrease of the leaf 
surface when curled, permanent surface reduction by 
narrow leaves (Poa pratensis ssp. angustifolia), survival 
of dry periods as seed (Arenaria serpyllifolia ) .  Some have 
sunken stomata (Festuca ovina) while others are pro
tected from desiccation by hairs (Ranunculus illyricus) or 
by a wax cover (Silene uniflora ssp. petraea). There are 
species which have storage of water by succulence (Se dum 
spp.) or a dense growth form, often with a rosette or being 
branched close to the ground (the latter in Thymus 
serpyllum). There are different types of roots e.g. taproots 
with or without storage ability and thick lignified taproots 
(Helianthemum spp.) .  Others have long thin roots (Festuca 
ovina), underground runners with roots (Galium verum) 
or bulbs with roots (Allium spp.) .  

The phenology is also adjusted to the summer drought, 
and many species flower in spring or at the beginning of the 
summer. It is not unusual that some species have a second, 
shorter and weaker, flowering period in the autumn. 

There are many interesting floral elements in the al var 
vegetation. Several taxa are endemic to Gland or Gotland. 
The arctic-alpine species are usually regarded as glacial 
relicts well adapted to the harsh tundra-like winter condi
tions. The southern European (Mediterranean) species are 
thought to be relicts from post-glacial warm periods fa
voured by the dry and warm summers (compared to the 
mainland). In these groups there are several examples of 
disjunct distribution (Sterner 1922, 1948, 1986; Rosen 
1982). In the following examples, we indicate occur
rences in alvar on Gland (G), Gotland (G) and Viister
gotland (V).  Many of the species also have scattered 
occurrences elsewhere in southern Sweden. 

Arctic-alpine 
Asplenium viride 6 
Draba incana 0, G, V 
Lychnis alpina 6 
Poa alpina 0, G, V 
Potentilla crantzii 0, G, V 
Woodsia alpina 6 
Rhytidium rugosum 0, V (bryophyte) 
Thamnolia vermicularis 0, G (lichen) 

Acta Phytogeogr. Suec. 84 

SW European 
Baldellia ranunculoides 0, G 
Globularia vulgaris 0, G 
Plantago (= Littorella) uniflora 0, G 
Teesdalia nudicaulis 0, G 

S European 
Anthericum ramosum b, G 
A. liliago b 
Apera interrupta 0, G 
Fumana procumbens 0, G 
Hippocrepis emerus 0, G 
Hornungia petraea 0, G, V 
Orobanche alba 0, G 
Petrorhagia prolifera 0, G 
Sisymbrium supinum b, G 
Tragopogon crocifolius G 
Veronica praecox 0, G 

SE European 
Allium lineare 6 
Anemone pratensis 0, G 
Asperula tinctoria b, G, V 
Gypsophila fastigiata b, G 
Inula ensifolia G 
Linosyris vulgaris (= Aster linosyris) 6, G 
Plantago tenuiflora 0 
Polygala comosa b, G 
Prunella grandiflora 6, G, V 
Ranunculus illyricus 6 
Vincetoxicum hirundinaria 0, G 
Viola pumila 0, G 

Continental/Siberian 
Artemisia rupestris 0, G 
Oxytropis campestris ssp. campestris b, G 

Circumpolar 
Carex obtusata b 
Potentilla ( =Dasiphora) fruticosa 6, G 
Sanguisorba officinalis G 

Endemic 
Allium schoenoprasum var. alvarense 0, G 
Anemone pulsatilla ssp. gotlandica G 
Arenaria gothica G, V 
Artemisia oelandica 6 (probably one site in Russia) 
Crepis tectorum ssp. pumila 0, G 
Eleocharis uniglumis ssp. sterneri b, G 
Festuca rubra ssp. oelandica 0, G 
Galium oelandicum 6 
Helianthemum oelandicum var. oelandicum 6 
H. oelandicum var. canescens 6 
Lychnis alpina var. oelandica 6 
Senecio jacobaea ssp. gotlandicus 0, G 
Silene uniflora ssp. petraea 0, G 

Alvar vegetation has been classified by e.g. Albertson 
( 1950), Krahulec et al. ( 1986) and P:Thlsson ( 1999), and 
descriptions using ordination techniques were made by 
Bengtsson et al. ( 1988). For lichen vegetation see Froberg 
( 1989). 



Some research projects in population biology can be 
mentioned. Genetic variation in large or fine scales have 
been reported for Hippocrepis emerus (Lonn & Prentice 
1995); Gypsophilafastigiata, Festuca ovina and Bromus 
hordeaceus (e.g. Prentice & Cramer 1 990; Lonn 1 993 ; 
Lonn et al. 1996; Prentice et al. 1995) and Silene vulgaris 
and S. uniflora (Runyeon 1997). There are biosystematic 
studies on Helianthemum spp. (Widen 1980, 1 988), Crepis 
tectorum (Andersson 1990), demographic studies on 
Gypsophila fastigiata and Fumana procumbens (Bengt
sson 1993), studies on seedling recruitment (Rusch 1 993) 
and on bryophyte dynamics (Zamfir 1 999). 

The beach ridges in the alvar are built up of littoral 
material (mainly siliceous) and they have a soil depth of 
about 5-30 cm (locally more). On top of these ridges a 
dense, dry meadow-like vegetation develops. It is very 
species-rich as regards vascular plants (30-40 m-2). There 
are up to 27 species per 10 cm x 10 cm (van der Maarel & 
Sykes 1993), and there is a high turnover from year to year 
with species 'moving around' in the community. These 
dynamics have been described in the carousel model (van 
der Maarel & Sykes 1993, 1997). 

The vegetation on the beach ridges is called the A venula 

pratensis-Veronica spicata variant ( 'alvartorrang' or 
'alvar-angshavresamhalle') and is an alvar variant of the 
more widespread Avenula pratensis-Fragaria viridis
Filipendula vulgaris community, with which it shares the 
dominants A venula pratensis, F estuca ovina, Filipendula 
vulgaris and Helianthemum nummularium. Characteristic 
alvar species are Agrostis vinealis, Orchis mascula, 
Oxytropis campestris, Potentilla tabernaemontani and 
Veronica spicata. On the driest parts species such as 
Anthoxanthum odoratum, Lychnis alpina var. oelandica, 
Ranunculus illyricus, Sedum rupestre (= reflexum) (lo
cally dominant) and the bryophyte Homalothecium 
lutescens are characteristic. 

At slightly moister sites species such as Briza media, 
Centaurea jacea, Galium boreale, Prunella grandiflora 
and Sesleria caerulea and the bryophyte Rhytidium rugosum 
are common, and locally Artemisia oelandica also appears. 

This community is mainly regulated by the influence of 
drought and grazing. After an extreme drought the 
graminoids will be less frequent while annuals and species 
such as Filipendula vulgaris and Galium verum will take 
over the dominance for a few years until the grarninoids 
have recovered (Rosen 1982, 1995). When grazing inten
sity is low the taller species will take over. Sooner or later 
Juniperus communis will establish and take over the whole 
community stepwise within 80-100 years (Rejmanek & 

Rosen 1988; Rosen 1 982, 1988a, b; Bakker et al. 1996). 
There is a transition zone between the A venula pratensis

Veronica spicata community on mainly siliceous soils and 
the communities on thin calcareous soils. More or less 
confined to this transition zone are Lychnis alpina var. 
oelandica, while frequent species are Satureja acinos, 
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Medicago lupulina and Sedum rupestre (Bengtsson et al. 
1988). 

The flat areas with shallow weathered calcareous soils 
show a large variation in habitat conditions according to 
soil depth, micro-topography, moisture conditions and frost 
disturbances etc. creating a complex vegetation mosaic 
(Albertson 1950; Krahulec et al. 1986; Bengtsson et al. 
1988). The soil depth may vary from a few centimetres up 
to ea. 20 cm. Small vegetation tussocks surrounded by bare 
soil (locally rock) are characteristic of this vegetation mainly 
due to the frost influence. There is no complete classifica
tion covering all these heterogeneities, but Pahlsson ( 1999) 
described it as the Festuca ovina-Tortella spp. type 
( 'farsvingelalvar' ). It is mainly found in bland, Gotland 
and Vastergotland, but it occurs also in calcareous areas in 
the Stockholm archipelago (with fewer species). The type 
is usually grass-dominated with tussocks of F estuca ovina 
and a few other grasses. A large proportion of annuals is 
found in this community, e.g. Anagallis arvensis, Linum 
catharticum, Sagina nodosa and Satureja acinos. Within 
this mosaic, lichens are locally frequent. For instance, 
Thamnolia vermicularis is found in less frost-disturbed 
areas. Bryophytes such as Riccia subbifurca, Schistidium 
apocarpum s.l. and Tortellafragilis are less frequent. Sev
eral endemic taxa such as F estuca rubra ssp. oelandica, 
Galium oelandicum, Helianthemum oelandicum var. 
oelandicum and Silene unijlora ssp. petraea are present. 

On slightly elevated parts there may be a high cover of 
Helianthemum oelandicum var. oelandicum locally to
gether with prostrate carpets of Thymus serpyllum. In 
temporarily flooded patches Agrostis gigantea, A. stolo
nifera and Carexflacca are dominant and in some places 
also Artemisia rupestris. 

On coarse material, or in areas with a large proportion 
of filled fissures in the bedrock, Globularia vulgaris may 
be dominant, frequently accompanied by Anthericum 
ramosum, Artemisia campestris, Gypsophila fastigiata 
and Vincetoxicum hirundinaria. 

There is one variant of the F estuca ovina-Tortella spp. 
type described: the Helianthemum oelandicum variant 
( 'Olandssolvanda-alvar' or 'solvandelavhed') on bland. It 
occurs in areas with less severe frost disturbances . 
Helianthemum oelandicum var. oelandicum may become 
very frequent. At the end of May and beginning of June it 
will give a bright yellow colour to large areas of the 
alvars. It is usually accompanied by scattered occurrences 
of Agrostis stolonifera, F estuca ovina, Galium oelandicum 
and Thymus serpyllum. Other species are annuals, such as 
Euphrasia spp. and Linum catharticum. In fairly stabi
lized situations the lichens Cetraria nivalis, Coelocaulon 
aculeatum and Cladonia foliacea are usually found to
gether with the mosses Ditrichum flexicaule, Hypnum 
cupressiforme and Tortella tortuosa. 

On the most shallow calcareous soils the frost influ
ence is less severe, but instead the summer drought is 
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Fig. 9. Stora Alvaret (Gland) contains areas with exposed bedrock with open fissures. Shrubs such as Juniperus communis and Prunus 

spinosa grow in these fissures together with forest species such as Anemone hepatica, Circaea lutetiana and Mycelis muralis. Typical 

species are the ferns Asplenium ruta-muraria and A. trichomanes. Photo E. Rosen. 

more pronounced. Here the Sedum album-Tortella spp. 

type ( 'hallmarksalvar ' )  covers large areas as a transition 
between bare l imestone rock and soil-filled depressions in 
the rock. A large proportion of the species are annuals -
flowering early and surviving the dry season as seeds, e.g.  
Arenaria serpyllifolia, Cerastium pumilum, Erophila 

verna, Hornungia petraea, Saxifraga tridactylites and 
also Apera interrupta and Crepis tectorum ssp. pumila. 

Others are succulents such as Sedum album and S. acre. 

Cushions of Tortella inclinata and T. tortuosa are com
mon. Other frequent bryophytes are Barbula spp . ,  
Ditrichum flexicaule and Encalypta spp. ,  and frequent 
l ichens are Fulgensia bracteata and F. fulgens. In zones 
with slightly deeper soils  and moister conditions in spring 
and autumn Allium schoenoprasum var. alvarense has 
found a suitable habitat. 

In areas with hidden fissure systems elongated has
socks of vegetation may be formed ( ' sprickstrangalvar ' )  
by species such as  Anthericum ramosum, Fumana 

procumbens and Melica ciliata. Such structures appear in 
the alvar from dry to moist conditions .  

In exposed bedrock areas only l ichens such as Aspic ilia 

(= Lecanora) calcarea, Collema spp. ,  and Verrucaria 
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nigrescens and mosses such as Grimmia pulvinata and 
Schistidium apocarpum s . l .  grow. These species form a 
Lecanora calcarea-Collema spp. variant ( 'kalklav
hallmark' ) within the Sedum album-Tortella spp. type. 

Bare surfaces of bedrock with open fissures (0.2 -
1 .5 m deep) are classified as an Asplenium ruta-muraria

Asplenium trichomanes-Homalothecium sericeum vari

ant ( 'karstalvar ' ) .  It occurs on bland and Gotland and in 
Vastergotland (Fig. 9) .  The temperature i s  less fluctuating 
than on the exposed bedrock and the moisture level i s  
higher. Instead l ight is a l imiting factor preventing several 
low species from growing in the deepest fissures.  Charac
teristic are the ferns Asplenium ruta-muraria and A.  

trichomanes, but also the rare mountain species A. viride 

and Polystichum lonchitis . Typical bryophytes are 
Homalothecium sericeum and Reboulia hemisphaerica. 

An interesting southern species is Hippocrepis emerus 

which is fairly rare in Sweden. Several woodland species 
such as Circaea lutetiana, Hedera helix, Anemone 

hepatica, Mycelis muralis, Polygonatum odoratum and 
even shrubs such as Corylus avellana, Cotoneaster spp. ,  
Crataegus spp . ,  Prunus spinosa and Rosa spp. are able to 
root in the fissures. 
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Fig. 1 0. Shallow temporary pool ( ' vat' )  on Stora Alvaret (bland) . Where the soil is deeper a vegetation with Sesleria caerulea is found. 

To the right there is a crust of calcium-rich sediment ( 'bleke' ) .  In the background the exposed bedrock is gradually covered by a thin 
calcareous soil dominated by Festuca ovina. Photo E. Rosen. 

In moist to wet sites with fairly deep calcareous soil (20-

50 cm) the Carex flacca-Primula farinosa-Orchis spp. 

type is found (cf. calcareous mesic to moist grasslands 
above) traditionally considered part of the alvar vegetation. 
Where the alvar-soils are fairly shallow and depressions are 
found which sometimes dry out, a Sesleria caerulea vari

ant occurs with a somewhat lower number of species. At 
soil depths of 1 0-20 cm it may form a transition to the 
A venula pratensis- Veronica spicata community or to the 
Festuca ovina-Tortella spp. community. The variant has 
low tussocks of Sesleria which may dominate together with 
Carexflacca. Agrostis gigantea and A stolonifera are also 
frequent. Other species involved are Dactylorhiza incarnata 

ssp. incarnata, Festuca ovina, Galium verum, Gentianella 

uliginosa, Linum catharticum, Mentha arvensis, Poa 

compressa, Prune/la vulgaris and Rhinanthus minor. In 
some tussocks or in fissures in the bedrock Potentilla 

fruticosa may occur on bland. Ctenidium molluscum and 
Campylium spp. are typical mosses. 

A Potentillafruticosa variant occurs where Potentilla 

has expanded because of low grazing intensity and almost 
replaced the Carex flacca-Primula farinosa-Orchis spp. 
type and the deeper soil parts of the Sesleria caerulea 

variant of deeper soils .  Because of the shade from the 
shrubs thi s  community will gradually become very spe
cies-poor (Rejmanek & Rosen 1 988) .  Together with 
Potentilla just a few species such as Carexflacca, Molinia 

caerulea, Sesleria caerulea and shade tolerant mosses of 
the genus Brachythecium will appear. 

Depressions in the bedrock form temporary pools (Fig. 
1 0) during autumn, spring and after heavy rain, and contain 
special vegetation types ( 'vatar ' ) .  The small and shallow 
depressions are very dry during the summer. Where the soil 
is thin, a cracked crust of calcium-rich sediment is formed 
during dry periods, hosting patchy occmTences of Agrostis 

stolonifera,Alopecurus geniculatus and Plantago tenuijlora. 

In parts with more sediments, there may be zones with a 
Sesleria community or with Agrostis stolonifera, Carex spp. 
or Eleocharis uniglumis accompanied by Galium palustre 

and Mentha arvensis. In wetter places Baldellia ranun

culoides, Ranunculus repens and Teucrium scordium also 
appear together with Drepanocladus spp., Pseudo-calliergon 

turgescens, Scorpidium scorpioides and other rich fen 
bryophytes. Larger and deeper pools are more or less perma
nently wet, and inhabited by taller species, such as Carex 

elata and other sedges, Eleocharis uniglumis ssp. sterneri, 
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]uncus articulatus, Phragmites australis and Schoenoplectus 
tabemaemontani. Cladium mariscus occurs occasionally in 
such fens or alvar lakes. 

Arable land 

For thousands of years weeds have been companions and 
competitors to crops. Many weeds have been brought in to 
our country by imported grains during our cultivation his
tory. Several weeds in our arable fields originate from the 
Mediterranean area or western Asia. During the Middle 
Ages species like Carduus crispus, Centaurea cyanus and 
Cirsium arvense caused problems in the fields; other weeds 
were Agrostemma githago and Neslia paniculata. When 
rotation of crops and more thorough working methods of 
soils were applied, about one hundred years ago, the weeds 
decreased. Seed control further decreased the weeds. 

As the result of the use of herbicides and fertilizers 
certain weeds have become rare or even threatened. Several 
species are now found on the Red-list (Aronsson 1999): 
Agrostemma githago and Bromus secalinus (in Secale serale 
fields), Scandix pecten-veneris (now only in Gland and 
Gotland), Camelina microcarpa ssp. microcarpa (in sandy 
arable fields) and Consolida regalis (mainly on calcareous 
clay-soil). When Linum usitatissimum was no longer culti
vated, a number of species connected with that species 
disappeared e.g. Camelina alyssum, Cuscuta epilinum and 
Lolium remotum. For the conservation of cultural weeds, 
initiatives have been taken to cultivate old-fashioned fields 
(Svensson et al. 1993; see also Svensson & Wigren 1986). 

However, many weeds still exist. In cultivated or fallow 
fields ( 'tradesaker' )  common weeds are e.g. Anthemis 
arvensis, Cirsium arvense, Elytrigia repens, Lamium 
purpureum, Tripleurospermum (= Matricaria) peiforatum 
and Stellaria media. Some species with a mainly southern 
distribution in Sweden are e.g. Anagallis arvensis, Euphor
bia helioscopia, Lamium amplexicaule, Papaver rhoeas 
and Veronica agrestis. On fairly dry soils with sandy 
fractions, Arenaria serpyllifolia, Spergula arvensis, Trifo
lium arvense and a number of southern species such asAira 
praecox, Erodium cicutarium, Logfia minima and Senecio 
vernalis may be found. When soils are stabilized Agrostis 
vinealis and Rumex acetosella ssp. tenuifolius are involved 
and at slightly moister sites also Cynosurus cristatus, F estuca 
pratensis and Lolium perenne. 

Most weeds in fields have seeds which survive for 1-5 
years in the soil (Thompson et al. 1 997), and they also 
have a high seed production. Many, being annuals, utilize 
disturbance. They may grow opportunistically throughout 
the year and under various conditions.  Several are wind
pollinated and they may produce seeds over a large part of 
the year. There are also strong competitors which avoid 
herbivory by having spines or a chemical defence (see 
further Svensson et al. 1 993; Milberg & Andersson 1998). 
Some have adopted a clonal strategy by means of rhi-
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zomes or stolones, e.g. Elytrigia repens and Cirsium 
arvense. 

Man-made habitats and waste ground 

Farmyards, roadsides, railways, etc. 
Farmyards consist of small patches which are dry, shaded, 
disturbed, trampled, nutrient-rich or nutrient-poor. They 
may host a number of characteristic species such as Lamium 
album, Malva neglecta, Chenopodium spp. as well as 
Plantago major. Former cultivated species may also be 
present e.g. Carum carvi and Matricaria ( = Chamomilla) 
recutita (culinary herbs and spices), Leonurus cardiaca 
and Petasites hybridus (medical plants) and Anthemis 
tinctoria (dye plant) . Several species connected to yards, 
gardens or waste ground are threatened: e.g. Cuscuta 
europaea, Marrubium vulgare, Nepeta cataria, Nonea 
versicolor, Onopordum acanthium and Scrophularia ver
nalis (lngelog et al. 1993) .  In habitats heavily trampled by 
animals e.g. near watering places, along paths and on old 
gravel roads Plantago major, Poa annua and Polygonum 
aviculare are common. 

Roadsides today represent the largest 'mown' vegeta
tion in Sweden, but the hay is usually not removed. The 
roadsides are considered to be refuges for species which 
are decreasing in abundance in the abandoned semi-natu
ral hay meadows (Georgson et al. 1997). In nutrient-rich 
places there may be a few dominants, such as Elytrigia 
re pens and Tussilago faifara and locally also the garden 
plant Lupinus spp. Regular re-digging may favour some 
species. When roads have been salted (for de-icing), salt
tolerant species such as Puccinellia distans may colonize. 
Most important for high species richness are old roadsides 
and especially the roads in calcareous areas such as on 
Gland and Gotland, hosting a rich flora of Cichorium 
intybus, Daucus carota, Echium vulgare and Scabiosa 
columbaria (Ingelog et al. 1993) locally even orchids 
such as Anacamptis pyramidalis. The shore plant Leymus 
arenarius has recently colonized roadsides in the northern 
part of Sweden (Mascher 1990). 

The traditional railway flora still exists in small rail
way systems not treated with herbicides. Common spe
cies are Linaria vulgaris, L. repens, Chaenorhinum minus 
and locally also Epilobium angustifolium. A fairly rare 
naturalized south-eastern European species is Dipsacus 
strigosus. Other rare species are Astragalus penduliflorus, 
Lappula squarrosa, Lepidium campestre and Mentha 
suaveolens (Almquist 1957). 

Along the edges of woodlands, sloping road verges or 
railway embankments dry grassland fragments are found, 
one common community being theA"henatherum elatius 

type. It is fairly stable, but requires mowing or grazing. 
Arrhenatherum elatius is often accompanied by Artemi
sia vulgaris, Centaureajacea, Dactylis glomerata, Festuca 



pratensis, Knautia arvensis and Rumex acetosa. 
Urban areas contain a variety of habitats, such as 

yards, lawns, parks, harbours and waste ground. The flora 

of Stockholm includes ea. 1000 vascular plant species, and 
the most common species are (in decreasing order) Poa 
annua, Stellaria media, Polygonum aviculare, Senecio 
viscosus, Matricaria matricarioides (Lindberg 1983). Two 
species introduced in Sweden around 1900 are also com
mon: Epilobium adenocaulon and E. ciliatum. 

Mining deposits 
Sweden has three main mining districts; the Kiruna

Malmberget ironfields and the Skelleftea-Boliden copper
fields in the north, and the Bergslagen mining district 
which has been mined since the 13th century. For hun
dreds of years waste material was produced, for instance 
stones with a too low metal content and wastes from 
furnaces as slag. During the 20th century, metal extrac
tion has produced large quantities of sandy-loamy waste 
material which has been deposited in tailings. 

The mining of iron gives rise to largely non-toxic 
waste products, while pyrite oxidation in material from 
sulphide mining leads to a decrease in pH which increases 
the solubility of heavy metals. Nitrogen and phosphorus 
deficiency is an important constraint on vegetation estab
lishment. Temperatures are often extreme, and the water 
regime in the tailings is unfavourable, varying from very 
wet to extremely dry. 

Fifty tailings were in use in Sweden between 1 950 and 
1983 and their most common species are Alnus incana, 
Betula pendula, B. pubesc(ms, Epilobium angustifolium, 
Equisetum arvense, E. fluviatile, Festuca rubra, Pinus 
sylvestris, Salix spp. and Tussilago farfara. Vegetation 
can still fail to establish in sulphide mine tailings after one 
hundred years. To prevent leaching from tailings contain
ing heavy metals, they can be sealed with a layer of 
bentonite (a clayey material) covered by morainic soil. 
However, roots of e.g. Betula may penetrate the seal and 
take up cadmium, copper, lead and zinc (Borgegard & 

Rydin 1 989a). For non-toxic iron tailings restoration aims 
at establishing a vegetation cover. With the addition of 
organic waste material such as mulch or bark the initial 
stages of succession can be promoted (Borgegard & Rydin 
1989b). 

Sand and gravel pits 
Over the last hundred years sand and gravel have been 
extracted from eskers formed during the last glaciation. In 
1990 the consumption was about 90 million m3 which was 
extracted from 4000 pits. Nowadays about 30% of the 
ballast material comes from stone quarries to save the 
eskers. 

Abandoned sand and gravel pits have similar unfa
vourable growth conditions to iron tailings and their spe
cies composition varies with successional age, size of the 
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pit and region (Borgegard 1 990). Succession i s  faster 
when some fine material is present. Epilobium angusti
folium and Rubus idaeus are often considered nitrophilous 
but are very common in the pits. They are more frequent 
in pits in southern Sweden than in the north, possibly 
because of the high amount of airborne nitrogen deposi
tion in the south. Some colonizing species change strategy 
during the first years of establishment: Deschampsia 
flexuosa is first dispersed by seeds from surrounding 
vegetation but after one or two generations of seed-pro
ducing individuals, which takes about three years, vegeta
tive colonization takes over. Anemone pulsatilla and 
Lychnis viscaria, which normally grow in dry grassland 
sometimes colonize sandy pits, especially on south-facing 
slopes in sparsely forested areas. 

Humus accumulates quite rapidly under sandy-loamy 
conditions and in shady sites; the layer can be several 
centimetres deep after twenty years. In coniferous forest 
areas the early colonizers will then be replaced by Betula 
pendula, Calluna vulgaris, Festuca ovina, Pinus sylvestris 
and later on by an increasing amount of Vaccinium myrtillus 
and V. vitis-idaea. On exposed south-facing spots coloni
zation takes a very long time. Restoration measures in
clude the addition of organic waste material (Borgegard 
1980). 

Limestone quarries 
Plant colonization has been studied on Gotland in lime
stone quarries of various ages after abandonment (Borge
gard 1983). Newly abandoned quarries are colonized by a 
number of species which are dispersed by wind e.g. Melica 
ciliata, Mycelis muralis and Taraxacum spp. The number 
of species is limited during the first few years after aban
donment. Constraints on the establishment of vegetation 
are the depth and texture of soil, water holding capacity 
and the amount of especially nitrogen and phosphorus in 
the quarries. A large number of ruderal species such as 
Carlina vulgaris, Echium vulgare, Potentilla reptans and 
Tussilago farfara will invade after some years. Festuca 
ovina, Juniperus communis and Pinus sylvestris are also 
efficient colonizers. Later in the succession a number of 
species from the surrounding grassland vegetation will 
colonize, e.g. Asplenium ruta-muraria, Daucus carota, 
Filipendula vulgaris, Galium verum, Plantago lanceolata, 
Potentilla tabemaemontani, Sesleria caerulea, Thymus 
serpyllum and Vincetoxicum hirundinaria. On thin soils 
this vegetation will last for a long time. 

Quarries with a somewhat thicker soil layer will be 
overgrown by the woody species Fraxinus excelsior, 
Juniperus communis, Pinus sylvestris and So rhus aucuparia. 
Shade-tolerant species such as Anemone hepatica, 
Deschampsia flexuosa, Viola spp. and bryophytes will 
establish under their cover. The bryophyte flora can be very 
rich on abandoned limestone cliffs, and typical species are 
Brachythecium glareosum, Homalothecium sericeum, 
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Leucodon sciuroides, Schistidium apocarpum s.l .  and 
Tortella tortuosa (Marklund 1974). New quarries are often 
very large compared to older ones and are left with no or 
very little soil on the ground. These circumstances will 
slow down colonization dramatically. Waste material from 
limestone quarries is sometimes invaded by e.g. Asplenium 
ruta-muraria, Epipactis atrorubens, E. helleborine and 
Lathyrus sylvestris. 
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Introduction 

Sweden has a total of 1 19 rivers and streams with catch
ment areas > 200 km2• These watercourses all discharge 
into the sea along the Swedish coast, or cross the Norwe
gian border and flow into the Atlantic. Twelve of the 
largest rivers have their headwaters in the Scandes moun
tain chain that forms the border between Sweden and 
Norway (the Tome, Kalix, Lule, Pite, Skellefte, Ume, 
Angerman, lndal, Ljungan, Ljusnan, Dal, and Klar-GOta 
Rivers). One hundred and four of the other rivers and 
streams originate in the inland and lowland regions (Fig. 
1) ;  the exceptions are the Nean, Vefsna (in Sweden Vapst) 
and Rana Rivers that run from the Scandes mountains to 
the Atlantic Ocean. The watercourses offer two major 
habitats for plants: riparian and aquatic. These habitats 
can be viewed as ecotones extending as continuous corri
dors through the landscape. The riparian habitat is the 
river or stream channel between the low and high water 
marks. It includes parts of the terrestrial landscape above 
the high water mark where vegetation may be influenced 
by elevated water tables or extreme flooding, and by the 
ability of the soils to hold water (Naiman et al . 1 993). The 
aquatic habitat extends from the low water mark down to 
the maximum depth of the river or stream bottom where 
aquatic plants can grow. The depth distribution of aquatic 
plants may depend on several factors, but availability of 
light is generally the most important. In northern rivers, 
the boundary between riparian and aquatic habitats is 
often set by the lowermost frost limit, which may be 
somewhat below the low water mark. 

It is obvious that abiotic forces related to running 
water drive rivers and streams. This environmental influ
ence includes not only local but also regional scales, 
because of interactions between upstream and downstream 
reaches and between the river channel and its surroundings 
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(Ward 1997). In fact, riverine and especially riparian 
habitats are functionally dominant features that contain 
and connect elements in the landscape. 

Hydrology and geomorphology 

All rivers and streams are similar in that they flow from 
higher to lower elevations;  they erode their upper reaches, 
transport the eroded material and deposit it in the lower 
reaches. Such deposits include inorganic as well as or
ganic matter, e.g. litter and diaspores. Most of the rivers 
and streams in northern and central Sweden have a low 
content of nutrient salts, and a conductivity of 2 to 6 mS 
m-1 • Oligotrophic waters also occur in southern Sweden, 
but the majority of watercourses in this region are more 
eutrophic with conductivity values of 10 - 50 mS m-1 , in 
extreme cases even more. 

Swedish rivers and streams were more or less com
pletely reshaped during the latest glaciation that ended 
about 8000-12  000 years ago. When the inland ice melted, 
the continent began to rise. This process is still going on, 
and the location of the former highest coastline varies 
from 285-m altitude in mid-Sweden, to only a few metres 
in the far south. This coastline constitutes one of the most 
important boundaries in the landscape, especially mani
festing as the upper limit of extensive sediment areas. 
Crusta! rebound has made the rivers cut down into these 
deposits and redistribute the soil. Apart from erosion and 
sedimentation, river topography affects current velocity, 
water-level fluctuations, soil conditions, and microclimate, 
and is an important reason for vegetation heterogeneity. 

Basically, there are two types of river and stream 
reaches, rapids and slow-flowing stretches (Fig. 2). Rap
ids have channels of gravel, stones, boulders or bedrock. 
The flow is very turbulent. Any sedimentation is more 
temporary; for example, waterborne particles are trapped 
by vegetation, from Salix shrubs to moss cushions or algal 
vegetation on boulders. The riparian vegetation is open 
but can be very species-dense in places. Aquatic vascular 
plants occur only in sheltered areas, such as bays and 
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GOta 
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Fig. 1 .  The Swedish mainland has 1 1 6 rivers and streams with 
catchment areas > 200 km2• The islands of bland and Gotland 
(not on the map) have another three streams. 

backwaters. Slow-flowing reaches have a weaker flow, 
laminar or somewhat turbulent during floods. There is 
sedimentation of fine material, both of sand transported 
along bottoms, and of suspended silt, clay and organic 
matter. This material is redistributed by local transport, 
especially apparent where the rivers and streams mean
der. Aquatic vascular plants occur, but often not very 
abundantly. There are long stretches of continuous ripar
ian vegetation completely different from that on stony 
substrates. There are many intermediate stages between 
these two types of reaches, and there are also differences 
depending on geology, altitude, relation to the former 
highest coastline, and human impact. 

The climate in Sweden leads to large seasonal fluctua
tions in river discharge. In the north, long winters and 
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thick snow covers result in low flows, but rapid snowmelts 
result in intensive floods in spring and early summer. For 
example, in the free-flowing Tome River, the records of 
extreme low and high flows during the period 191 1- 197 5 
are 45 and 3667 m3 s-1, respectively. The corresponding 
figures for the Vindel River for the same period are 16 and 
165 1  m3 s-1 , i.e. a 1 00-fold difference (Anon. 1979). 
Spring floods in the far north often carry large masses of 
ice that may scrape off vegetation and soil from the 
riparian corridors. Sometimes the effects of ice are strength
ened by ice jamming. In central Sweden, there is also 
spring flooding, but these floods are usually less inten
sive, whereas in the far south, discharge is more even with 
high levels even during winter. For example, during the 
period 1908- 1 975 the Helge River in the far south had 
monthly discharge values ranging between 4 7 and 55 m3 

s-1 from December to April, and between 15 and 20 m3 s-1 

from June to September (Anon. 1 979). 

Botanical studies 

Most of the early botanical studies in Swedish rivers and 
streams were made in connection with the planning of 
hydro-electric schemes in northern and central Sweden 
(see Lundqvist 1970). Professors Einar Du Rietz and 
Hugo Sjors at Uppsala University led much of this botani
cal work. The work had a stop-go character where large 
contributions were required one year, and virtually noth
ing another year. The amount of work, the location of 
efforts, and the (tight) deadlines for reporting results were 
principally decided or induced by the hydropower indus
try, which meant almost constant haste and that any long
term planning or build-up of competence was virtually 
impossible. Similar work is also done today, but usually 
by consultants outside universities. In the mid- 1970s, 
Sjors initiated botanical studies in regulated rivers and 
streams (Sjors & Nilsson 1976), work that was continued 
by the present author (e.g. Nilsson 198 1 ;  Nilsson et al. 
199 1 ,  1997) .  From the mid- 1980s onwards, plant ecologi
cal studies along Swedish rivers and streams were con
centrated at Umea University (e.g. Nilsson et al. 1993). 

Prior to this review, there has been no comprehensive 
report about the vegetation along Swedish rivers and 
streams; most information consists of case studies, many 
of which are unpublished (Lundqvist 1970). Selander 
( 1957) gave one of the first more general presentations of 
running waters in Sweden, also including a discussion of 
human impacts. Sjors ( 1969) summarized some plant 
ecological conditions of Swedish rivers and streams. 
Quennerstedt ( 1965) made an overview of the vegetational 
conditions in rivers in northern Sweden, with emphasis on 
algal vegetation. Attached algae and their relation to 
water chemistry in running waters in Jfuntland were in
vestigated by Johansson ( 1982). Jansson & Nilsson ( 1994) 
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Fig. 2. The two basic types of river stretches, a stretch of rapids (above) and a slow-flowing stretch (below). The stretch of 

rapids is found in the Lais River and the slow-flowing stretch in the Tome River in northern Sweden. Photographs Christer 

Nilsson, 1 978 and 1 985 .  
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Fig. 3. Tussocks of Carex nigra ssp. juncella. Photograph Christer Nilsson 1 992. 

summarized general environmental characteristics, veg
etation, flora and fauna in the rivers protected by the 
Natural Resources Act. This work has also been presented 
in a popular version (Nilsson & Tobireson 1 996). In 
general, the rivers in northern and central Sweden have 
been accorded most botanical studies, whereas rivers and 
streams in southern Sweden are less well-known. Most 
work has been done on riparian vegetation whereas for 
instance algae and amphibious l ichens have been l i ttle 
studied. 

Riverine habitats and plant adaptations 

The environmental variation along rivers and streams 
provides hab itats for a wide array of plant l ife forms . In 
fact, most Swedish plants may be found in river corridors, 
especially in the riparian zones that belong to the most 
species-rich habitats in the country . The Swedish record 
so far is 1 38 species of vascular plants along 200 m of the 
zone between spring high-water and summer low-water 
levels along the Lina Rapids in the middle reaches of the 
Vindel River (Nilsson & Jansson 1 995).  The composition 
and frequency of species, however, differ compared to 
other kinds of habitats. The land-water and downstream 
gradients are both involved in shaping vegetation. Firstly ,  
riparian and aquatic vegetation is  zoned as a result of 

Acta Phytogeogr. Suec. 84 

water-level fluctuations. Secondly, waterbome species 
are more frequent in  river corridors than species with 
other means of dispersal , indicating that dispersal by 
water has a certain role in structuring vegetation (Johansson 
et al . 1 996) . 

R iverine vegetation may vary from crustaceous li
chens on riparian boulder fields to lush vegetation of 
trees , shrubs, herbs, and bryophytes on fine-grained 
floodplain soils, and from microalgae, crustaceous li
chens and mosses on boulders in rapids to dense vegeta
tion of stoneworts (e .g .  Chara and Nitella spp. )  and 
qui llworts (lsoetes lacustris) on sheltered bottom areas in 
slow-flowing reaches. Areas completely devoid of plants 
occur on deep bottoms, but are extremely rare in riparian 
corridors along free-flowing rivers. Strongly eroded 
riverbanks of sand and silt, especially in outer curves of 
meanders, are probably the only examples . Reservoir 
shorelines, on the other hand, may be complete deserts 
and even lack crustaceous lichens. 

Rocks may occur anywhere along running waters, but 
are most common along rapids. Rocks are exposed to 
sunshine, wind, waves and flowing water, and represent 
ideal habitats for l ichens that often occur in distinct zones 
along the flooding gradient. This l ichen vegetation i s  
generally best developed in  the mountains  because of 
variable types of bedrock and clear waters, except in silty 
glacier streams. Rocks and boulders can have abundant 



algal vegetat ion that differ in it pecie c mpo it ion 

between ol igotrophic and eutroph ic water . 

Crack and crev ice in ri parian rocks may how par e, 

but relat ively pecie -rich vegetat ion of bryophyte and 

va cu lar plant . Mo cu h ion are an important compo

nent of thi vegetat ion, becau e of their abi l i ty to trap and 

maintain edi mentary materia l ,  thu bui ld ing up oil and 

pav ing the way for va cu lar plant . Festuca ovina i 

common in tbi vegetat ion and alpine pecie uch a 

Oxyria digyna, Saxifraga aizoides and Rhodiola rosea 

often grow on chi to e rock along rapid in ,  and near 

the mountain . A long wateifal l  and large rapid , rock 

are prayed with river water and can be completely  cov

ered by vegetation. 

Area of gravel and and often have a poradic ripar

ian vegetat ion when expo ed, but can deve l p a den er 

vegetat ion cover in more heltered condition . Floodplain 

on morain ic depo i t  u ual ly have fi ne-grained oi l be

tween the bou lder and along rapid the e patche can 

have a den e vegetation of forb and grarn i noid . Such 

'bou lder meadow (Swedi h '  kraveHingar' ) benefit from 

the bou lder being warmed up by un h i ne the ame way 

a in rock garden . Their  vegetation i al  o favoured by 

conti nuou ly m v ing ub urface water even during peri 

od of low flow in the river channe l .  The middle Pite 

R iver ha good example of thi habitat, with some of the 

outhernmo t Iocal i t ie of Actaea erythrocarpa i n  Swe

den . Dik ing in connection with t i mber float i ng however 

Fig. 4. Polygon field at Blattnick elet in  the upper 

Ume River, now at the bottom of a torage re ervoir. 

Photograph Gunnar Lohammar 1 963. 
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ha damaged many of the e bou lder fie ld . The middle 

Lai R iver al  o pre ent example of uch bou lder mead

ow , on h igher level with fore t and on lower level with 

an abundant vegetat ion of Caltha palustri and Carex 

nigra p. juncella, and with ome of the world large t 

popu lation of Taraxacum crocodes. 

The tu ck-forming graminoid Carex nigra p. 

juncella repre ents a habi tat of it own ( Fig.  3) .  Thi 

pecie produce tanding l i tter and trap waterborne ma

teria l  i n  uch a way that leave are produced at ucce -

ively h igher levels from year to year. Thi upward move

ment favour the plant, which become ubjected to le 

flooding and thu a longer growing ea on. Along rapid 

the growing tu ock become eroded at i t  ba e by water 

current . Thi erosion i lowed down, however, by bryo

phyte that colonize the vertical edge of the tu ock .  The 

upward gr wth of the tu ock and the ucce ive th inn ing 

of it foot can cont inue for con iderable period of t ime, 

and the pede tal- l i ke tu ock may not fal l  and die unti l it i 

30-50 cm h igh with a very th in foot .  

A few river lake i n  northern Sweden have par ely 

vegetated riparian oi l with a high content of fine-grained, 

water-retain ing oil ubjected to regular freezing and thaw 

( Fig.  4). The e oil proce e rt the oi l o that tone 

and gravel bee me di tributed in polygon- haped frame 

with fi ner oi l s  in ide. The best Swedi h example of uch 

a polygon fie ld wa de troyed by the creat ion of the 

Gardiken to rage re ervoir in the upper U me River (W a en 
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Fig. 5. Ristafallen in the upper lndal River. Photograph Christer Nilsson 1 9 8 1.  

1 966) . I n  this  field, several plants adapted to the regular 
soil movements inhabited the patches of fine soils. These 
included annuals such as Callitriche palustris and 
Subularia aquatica, superficially rooted species such as 
the bryophytes Cephaloziella arctica and Jungermannia 

spp. ,  species with coiled roots such as Alopecurus aequalis, 

and stoloniferous species such as Agrostis stolonifera, 

Eleocharis acicularis and Ranunculus rep tans. 

One effect of flowing water is the increased humidity 
i n  riparian ecosystems. This effect i s  especially important 
in the vicinity of waterfalls, where more oceanic climates, 
providing wet, cool conditions without marked tempera
ture fluctuations, are created. Such habitats may develop 
species-rich l ichen and bryophyte communities. In re
gions with cold winters, the moist air promotes hoar frost 
and rime ice, which cover the vegetation and protect i t  
from injurious spring frosts . In  the autumn, relatively 
warm fog prolongs the vegetative period. These factors 
may explain the geographical extension of warmth-de
manding plants to localities in northern river-margin eco
systems. Two of the best remaining examples of such 
waterfalls are Tannforsen and Ristafallen in the Are River 
(Fig. 5) ,  the free-flowing head water reaches of the other
wise strongly regulated Indal River. 

The boreal rivers and streams have rather oligotrophic 
waters, but in the boreo-nemoral and nemoral regions 
more eutrophic conditions also occur. Luxuriant vegeta
tion on the bottoms and lower parts of the riparian corridor 
characterize eutrophic streams. The species of such lo
calities include common species such as Phragmites 
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australis and Schoenoplectus lacustris (syn. Scirpus 

lacustris) but also species that actually need an environ
ment rich in nutrients, e.g. Sium latifolium. There are also 
species such as Iris pseudacorus that are not completely 
confined to eutrophic watercourses, but are much rarer in  
poorer environments. One of Sweden' s  largest ferns, 
Osmunda regalis, i s  most common in  rather oligotrophic 
waters in southern Sweden, especially where streams are 
multi-channeled between groups of Alnus glutinosa and 
Fraxinus excelsior. Where streams have been eutrophied 
by sewage, the fern has become extinct. 

The land-water gradient 

Hydrology 

The flooding gradient is the major environmental gradient 
in rivers and streams, and its importance is summarized 
by the flood-pulse concept (Junk et al . 1 989). Seasonal 
floods where the river extends onto the riparian zone are 
necessary to maintain an exchange of resources between 
riparian zones and the main channel. As a result, both 
productivity and biodiversity are enhanced. The seasonal 
flooding produces a lateral zonation of vegetation. Mor
phologically, the land-water interface on a site with large 
natural fluctuations in water level shows structured veg
etation going from forest communities at the top to shrub 
communities and to herb communities furthest down. The 
composition and relative width of the vegetation zones 



Free-flowing river 

40 mi -........ 10 km rapids � 1----1 ............._ 

Impounded river 

40 mi � ""'in 10 km dam � 1--------i 

Fig. 6. Most free-flowing rivers and streams comprise series of 
rapids and slow-flowing stretches. In strictly impounded rivers 
and streams, dams have been erected on the rapids, and convert 
the rivers and streams into stairs of reservoirs or impoundments 
and dams. In such watercourses, downstream and upstream 
effects of dams overlap. 

differ between large rivers and small streams, mostly 
depending on differences in the duration of flooding and 
on the topography of the river channel. For example, 
given the same discharge, a narrow river section leads to 
much higher water-level fluctuations upstream, than a 
wide river section. Flood timing is also an important 
hydrological variable. This becomes apparent in regu
lated bodies of water where flooding interferes with the 
growth period of plants (Nilsson 1981) .  

Some river valleys have been completely reshaped as 
a result of hydro-electric development, and many people 
have had their homesteads destroyed and have been forced 
to resettle. It is obvious that such developments have 
radically altered the plant ecological conditions. Today, 
the majority of Swedish rivers and streams are regulated 
and floods have become less important. The Swedish 
register of dams (Anon. 1994, 1995) counts 5290 dams, of 
which the 125-m high Triingslet dam in the upper Dal 
River is highest (Sundborg 1977). Several storage reser
voirs, such as Suorva, Tjaktjajaure, Triingslet, Gardiken 
and Hackren, experience water-level fluctuations with an 
annual range of 20-35 m. 

Many of the regulated rivers are converted to series of 
reservoirs, impoundments and dry channels without any 
rapids left (Fig. 6) . Storage reservoirs have enough capac
ity to offset seasonal fluctuations in water flow and pro
vide a constant supply of water throughout the year. They 
experience their highest water levels during summer and 
early autumn. Run-of-river impoundments provide water 
flow through the turbines and may store a dais or a 
week' s worth of water. The water level fluctuates daily or 
weekly between its high and low levels throughout the 
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year, usually within a 1-m range, and may reach top and 
bottom marks every day. This water-level regime is en
tirely non-climatic and most similar to a tidal variation 
(Fig. 7). 

Formerly, there were several examples in northern 
Sweden of river sections with natural water-level fluctua
tions around 6 m in vertical extent. For example, during 
the period 1943-1956 the Skalka Lake in the Lule River 
had a total water-level amplitude of 6. 1 1  m (Wassen 
1966). Some of the best examples, such as the Lule and 
Ume Rivers, have been destroyed by damming and flow 
regulation, but river stretches with wide water-level fluc
tuations still occur in the Kalix and Vindel Rivers. Among 
Swedish rivers and streams, the Vindel River probably 
has the best-developed vegetation zonation along the land
water gradient. The water-level fluctuations in this river 
range between 3 and 6 m along the central and lower 
reaches (Sundborg et al. 1980). Furthermore, ice break-up 
is not very dramatic in this river, causing very little 
damage to the vegetation. 

Vegetation 

Riparian zones of barren rocks or boulders show a distinct 
zonation of lichens. High-water levels set the lower level 
of true terrestrial lichens such asArctoparmelia centrifuga, 

Free-flowing river 

:[ 5 

a:; > � 
m 
� 

0 Jan Apr Jul Oct 
Storage reservoir 

:[ 1 5  

1 
m 
� 0 Jan Apr Jul Oct 

Run-of-river impoundment 
f 0 6  

. : 

j 0 ,  Mar May Jul  Sep 

Fig. 7. Water-level fluctuations in a free-flowing river, a storage 
reservoir and a run-of-river impoundment. Note differences in 
scale. 
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Epi l ittoral 
Regular high-water 
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Hydrolittoral 
Extreme low-water 

Subl ittoral 

Fig. 8. The most commonly used subdivisions of the riparian 
zone. The more regular high- and low-water levels roughly set 
the boundaries towards the epilittoral and sublittoral belts. 

P. saxatilis and Umbilicaria spp. On finer soils, the lower 
limit of Vaccinium myrtillus also often indicates the high 
water mark, locally together with species such as 
Gymnocarpium dryopteris, Linnaea borealis and Lycopo
dium annotinum. These plants resist rain, but do not 
survive longer inundation by river water, probably be
cause of the reduced gas diffusion in water. As a matter of 
fact, these indicators of the high water mark may extend 
down into the riparian corridor along rapids where water 
moves continuously and gas supply is facilitated. 

Several subdivisions have been proposed for the ripar
ian zone (Wassen 1966). One of the most common distin
guished between the upper, middle, and lower geolittoral 
zones, and the hydro littoral zone (Fig. 8). These zones are 
best developed in the boreal parts of Sweden where the 
geolittoral zones correspond to zones dominated by trees, 
shrubs and herbs, respectively. Wassen ( 1966) distin
guished four dominants of the understorey in the geolittoral 
zone, i .e. from top to bottom, Vaccinium vitis-idaea, 
Call una vulgaris, Car ex nigra ssp. juncella and Subularia 
aquatica. He referred to these zones as the ' Vitis-idaea' ,  
the ' Calluna' ,  the 'Juncella' and the 'Subularia' belts. 
The hydrolittoral zone is situated between the summer 
low-water mark and the extreme low-water mark. In 
average years, this zone is completely exposed above 
water only during winter, and is then covered by ice. 

The forest communities in the upper parts of the 
riparian zone (upper geolittoral) are often dominated by 
Alnus incana, Betula pubescens and Pinus sylvestris in 
the boreal parts of Sweden and by Alnus glutinosa further 
south. Other trees can also be dominant in places, e.g. 
Que reus robur in the lower Dal River, especially prior to 
hydro-electric development. Shrubs are common, and the 
understorey is dominated by dwarf shrubs on drier soils 
and by herbs on more mesic soils. Along the Vindel River, 
the ground vegetation in this zone is usually dominated by 
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Vaccinium vitis-idaea. Along some of the large rivers, 
and more commonly along small streams, mire communi
ties on peat with Sphagnum spp. are common in the upper 
riparian zone. 

The riparian forest is fringed by shrub vegetation 
(middle geolittoral) where Salix species dominate. These 
species resist longer periods of inundation than trees do. 
Alpine streams have a eo-dominance of Salix glauca, 
S. lanata and S. lapponum, whereas S. myrsinifolia and 
S. phylicifolia and their hybrids become dominant in the 
inland and coastal regions. An understorey of dwarf shrubs 
and herbs and bryophytes is usually well developed in the 
shrub zone. Along the Vindel River, Calluna vulgaris and 
Molinia caerulea or in meadows Calamagrostis canescens 
often dominate this zone. Around the summer low-water 
level, graminoids such as Carex spp. are common. In 
boreal rivers, Carex nigra ssp. juncella is a typical 
component, often growing adjacent to a belt of C. acuta 
and C. aquatilis on lower riparian levels. C. rostrata is not 
common along the large rivers, but can be dominant along 
small streams. 

In boreal, free-flowing rivers and streams, the ice 
cover is usually formed around the summer low-water 
level. During the winter, following the successive lower
ing of the water-level, the ice settles and may freeze to the 
bottom. Such habitats are best developed in the lower 
reaches of large rivers in the boreal regions of Sweden, 
especially in slow-flowing stretches of rivers and in 
floodplain lagoons that are connected to the river channel 
and follow its water-level fluctuations. In these areas 
there is a low vegetation dominated by various isoetids 
such as /soetes echinospora, Ranunculus reptans and 
Subularia aquatica, small elodeids such as Callitriche 
cophocarpa and C. palustris, and helophytes such as 
Equisetum jluviatile. This vegetation is the result of regu
lar bottom freezing during the winter, but frequent water
level fluctuations during the summer may also prevent 
taller species from colonizing. The river lakes of the lower 
Kalix River are among the best remaining examples of 
this vegetation type, but similar vegetation also occurs in 
the lower Rane River, with rare species such as Elatine 
orthosperma, E. triandra and Persicaria foliosa. 

Permanently inundated parts of the river and stream 
channels have various types of vegetation. Fine sediments 
in slow-flowing stretches may have vascular vegetation 
oflong-shoot plants, such as Myriophyllum alterniflorum, 
Potamogeton gramineus, P. perfoliatus, Ranunculus 
peltatus and Sparganium spp. Some areas have dense 
carpets of Isoetes lacustris. Phragmites australis and 
Eleocharis palustris are not common in the large rivers 
but often grow abundantly in small streams. Equisetum 
fluviatile is a common helophyte in both rivers and streams. 
Communities of microalgae often cover the macrophytes, 
but microalgae may also cover coarse substrates devoid of 
higher plants. 



The downstream gradient 

All rivers and streams describe major changes in their 
plant community composition from the upstream to the 
downstream reaches. This longitudinal differentiation is a 
result of climatic factors, but also results from water
courses becoming larger, and the change in fluvial dy
namics with increasing distance downstream. The impor
tance of the downstream gradient was appreciated in the 
river continuum concept, which is a unidimensional model 
describing the general functional and structural changes 
along a river system (Vannote et al. 1980). A correspond
ing model, the serial discontinuity concept, has been 
presented for regulated rivers (Ward & Stanford 1 983). In 
combination with the flood-pulse concept, these models 
provide a basis for predicting functional and structural 
properties of rivers and streams in both longitudinal and 
transverse directions. 

Because of their function as dispersal corridors, rivers 
and streams are able to extend the distribution of species 
beyond their normal ranges. The best known example is 
that of many alpine plants following major rivers down
stream. For example, Angelica archangelica ssp. archan
gelica, Astragalus alpinus, Euphrasiafrigida var.frigida 
and Pedicularis sceptrum-carolinum occur along almost 
the entire Vindel River but not, or only rarely, in the 
surrounding inland or coastal regions. The variation in 
downstream limits of plants does not relate to variation in 

Morainic substrates 

Stable river-bed 
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seed buoyancy, indicating that dispersal is more efficient 
than what appears from floating ability, or that dispersal 
and establishment are obstructed in various ways (Danvind 
& Nilsson 1 997). Downstream dispersal, however, is not 
the only reason for occurrences of alpine plants along 
major rivers far beyond the mountains. The short growing 
season is a common factor between the mountains and the 
riparian zone. In the latter case, the vegetative period is 
reduced by flooding in early summer. Sometimes, rain
induced floods later in the summer may further reduce it. 

Another pattern that has not been known for more than 
a decade, is that plant species density also varies predict
ably downstream. For example, riparian vegetation in the 
main channel is most species-dense in the middle reaches 
of a river (Nilsson et al. 1989; Fig. 9). This pattern is 
analogous with that suggested for ' total biotic diversity' 
in the river continuum concept, although this hypothesis 
was based on aquatic invertebrate communities. The peak 
in plant species density along the free-flowing rivers in 
northern Sweden coincides with the former highest coast
line and may be functionally related to at least three 
different factors (Nilsson & Jansson 1 995 ; Fig. 9): 

1. Intermediate disturbance because of a change from 
more stable (or undisturbed) conditions on coarse, morainic 
substrates, to more unstable (or disturbed) conditions on 
fine, easily eroding sediment substrates, in passing the 
former highest coastline. 

2. Maximum heterogeneity of the habitat in the 

Sedimentary substrates 
Unstable river-bed 

Distance from river source 

Substrata 

disturbance 

Substrata 

heterogeneity 

Age since 

invasion 

Intermediate disturbance 

-----� 

Fig. 9. The distribution of species density of vascular plants in the riparian corridor along major, free-flowing rivers in northern Sweden, 
and three hypotheses to explain the pattern. 
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transition zone between the morainic substrates and the 
sediments. 

3. Immigration of plants during the highest coastal 
stage. This former highest coastline was the first strip of 
land in northern Sweden that was exposed between the 
retreating glacial ice and the Ancylus Lake, a freshwater 
pre-stage of the Gulf of Bothnia. Following an increase in 
water salinity, further invasion of plants by water was 
made impossible for many plant species, and the available 
species pool was reduced. In fact, some species such as 
Ranunculus lingua still maintain relict populations close 
to the former highest coastline in the boreal regions of 
Sweden (Nilsson 1982). It is reasonable to suppose that 
colonization of river and stream reaches upstream and 
downstream of the former highest coastline originated 
from the initial populations. If all species have not been 
able to disperse, species density will remain highest at the 
former highest coastline. 

An additional hypothesis suggests that plant dispersal 
by water in present times may cause the hump-backed 
pattern of species richness (Nilsson & Jansson 1995). 
This hypothesis is based on the observation that regulated 
rivers can no longer disperse plant diaspores over long 
distances and then get a pattern of species density that is 
inverted to that along free-flowing rivers, i .e. lowest in the 
middle reaches. 

Examples of free-flowing rivers 

The Swedish vegetation can be classified into different 
phytogeographic zones that have an important climatic 
component. These zones are difficult to apply on rivers 
and streams, because they run from high to low elevations 
and represent gradually changing bands of vegetation and 
thus mixtures of floras typical of individual phytogeo
graphic zones. Because rivers and streams represent very 
different environmental conditions, and because the ma
jority of Swedish rivers and streams have been com
pletely altered by hydro-electric operations, it is impossi
ble to present a set of distinct vegetation types across the 
country. Environmental and vegetation characteristics are 
summarized below for the four largest free-flowing rivers 
whose vegetation is best known among Swedish water
courses (Fig. 1) .  

Torne River 

The Tome River is the northernmost river in Sweden, 
with parts of the catchment area in Finland. It is 521 km 
long and has a mean annual discharge of 391 m3 s-1 .  It 
originates in Tometrask, which is Sweden' s largest moun
tain lake. Downstream from the lake, the river runs through 
a level landscape that, in the upstream reaches, is domi
nated by mountain birch forests and mires, and further 
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downstream by spruce forests. The river has long stretches 
of rapids that show a maximum species density in the 
middle reaches of the river, including species such as 
Astragalus alpinus, A.frigidus, Bartsia alpina, Pinguicula 
vulgaris, Primula stricta and Saussurea alpina. Further 
towards the coast, the valley is wide with series of deltas 
and large flood plains that have been used for hay-making 
and grazing for many generations. In total, the river in
cludes many rare northern species, such as Arctophila 
fulva, Chrysosplenium tetrandrum, Polemonium acuti
jlorum and Thalictrum simplex ssp. boreale, and southern 
species such as Butomus umbellatus and Carex elata. This 
river also has large tributaries, such as the Lainio River 
and the Konkama-Muonio River which originate in the 
far north. In its middle reaches, the river is connected to 
the Kalix River by a natural cross-channel, the Tarendo 
River. Together, these three rivers constitute the largest 
free-flowing river system in Europe outside Russia. (There 
are a few minor dams, however, in the Tengelion River, a 
tributary in Finland.) 

Kalix River 

This river is 460 km long and has a mean annual discharge 
of 292 m3 s-1 •  It originates in the Kebnekaise massive, 
which is the highest in Sweden. In the subalpine birch 
forest, the river passes a chain of lakes, and further down
stream a series of long rapids and slow-flowing stretches.  
The main channel also presents a canyon stretch and a 
waterfall (the Jokk Fall) . In the lower reaches, below the 
former highest coastline, the river passes through a large 
inland delta and further downstream channel sections 
deeply incised into sedimentary deposits. The lower 
reaches also include a number of lakes, well known for 
their hydrolittoral vegetation of isoetids and other tiny 
plants. The middle and lower reaches of the Kalix River 
have high water-level fluctuations and distinctly zoned 
riparian vegetation. Riparian meadows in the lower reaches 
are rich in forbs such as Cirsium helenioides, Trollius 
europaeus and Veronica longifolia. The river includes 
several large tributaries, including the Kaitum River that 
is known for a species-rich flora. 

Pite River 

The headwater region of this 402-km long river includes 
several lakes, some of which are used as storage reser
voirs for hydro-electric purposes. Four per cent of the 
mean annual discharge of 162 m3 s-1 can be stored in these 
reservoirs, implying that the seasonal floods still maintain 
a largely natural rhythm. The mountain birch forest region 
around the upper lakes has calcareous bedrock where 
Dryas octopetala heaths extend down into the riparian 
zone. A boulder delta presents a northern outpost locality 
of Pteridium aquilinum. In the pine forest region, the 



valley is wide and flat, and also includes multi-channeled 
reaches. The water-level fluctuations are small, and the 
aquatic vegetation therefore includes Phragmites austral is, 

which is rare in large rivers . The riparian zones are rich in 
stones and boulders and present open vegeta6on domi
nated by dwarf shrubs. Rapids are common, some of 
which are bordered by boulder fields with lush vegetation 
including Alnus incana, Convallaria majalis, Melica 

nutans, Potentilla erecta, Rosa majalis and Saussurea 

alpina, and more rarely also Actaea erythrocarpa, Daphne 

mezereum and Frangula alnus. In the lower course, 
Storforsen, a stretch of rapids, falls  80 m along 800 m. 
Downstream from these rapids, the river is  deeply incised 
into sediments, and has an abundant aquatic vegetation of 
Potamogeton gramineus and Sparganium spp.  

Vindel River 

This river is a large free-flowing tributary of the strictly 
regulated Ume River. The river is 452 km long; it  has a 
mean annual discharge of 1 84 m3 s-1 ,  and joins the Ume 
River about 30 km from the Gulf of Bothnia. The entire 
river has well-zoned riparian vegetation where sometimes 
about 1 0  different zones can be distinguished. In its upper, 
alpine reaches the riparian vegetation varies from crusta
ceous lichens on rocks to lush riparian forests, rich in 
herbs. A large delta close to the mountains sti ll maintains 
meadows that have been used for hay-making over many 
generations.  The Storvindeln Lake is one of the few, 
remaining lakes with natural water-level fluctuations rang
ing about 5 m. It is surrounded by a riparian forest of spruce 
and hardwoods, with an understorey of species such as 
Geranium sylvaticum, Maianthemum bifolium, Melam

pyrum sylvaticum, Vaccinium vitis-idaea and Viola biflora. 

Outside the forest edge, Calluna vulgaris and species such 
as Bartsia alpina, Calamagrostis stricta, Deschampsia 
cespitosa, Pamassia palustris and Pinguicula vulgaris domi
nate the vegetation. Bryophytes are common. Closer to the 
summer water-level, there is a zone of Carex nigra ssp. 
juncella. The middle and lower sections of the river 
consist of a series of slow-flowing stretches with aban
doned riparian meadows, and rapids with various types of 
vegetation. A bay on the floodplai n  close to the former 
highest coastline has around 30 species of aquatic vascu
lar plants, including the rare Stratiotes aloides. Myriophyl

lum alterniflorum, Potamo geton gramineus, P. perfoliatus 

and Ranunculus peltatus are common aquatics along these 
parts of the river. The largest tributary, the Lais River, has 
a high species density and a plant zonation similar to that 
along the Vindel River. 

Human impact and conservation 

Swedish rivers and streams have a long history of human 
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exploitation. The first humans who appeared following 
the retreat of the latest i nland ice were gatherers, hunters 
and fishermen. They probably followed rivers where food 
was abundant, and where they had a fair chance of escap
ing forest fires and predators. Later on, agrarian coloniza
tion started along rivers and streams where riparian and 
aquatic vegetation could be used for cattle food. In fact, 
most riparian corridors on finer sediments have been used 
for hay-making for at least some generations; at some 
sites even for centuries. There were two levels of utiliza
tion. A more simple approach was to harvest helophytes 
such as Carex and Equisetum from the bottoms and the 
lower parts of the riparian corridors. A more advanced 
util ization meant that the upper and middle parts of the 
riparian corridors were cleared of trees and shrubs and 
converted to meadows. Such meadows had a luxuriant 
growth of graminoids, in the boreal parts of Sweden 
especially Calamagrostis canescens and Deschampsia 

cespitosa . The riparian meadows could be harvested every 

Fig. 1 0. The Gardiken storage reservoir in the upper Ume River. 

The barren shoreline area, which is ice-covered during the 

winter, was a spruce (Picea abies) forest up to 1 96 1 . Photograph 
Christer Nilsson 1 977. 
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year, because of fertilization brought about by regular 
floods. Waterborne sediments usually carry adsorbed nu
trients. When fine-grained sediments are deposited in the 
riparian ecosystem, soil fertility and thus productivity 
increases. Mitsch et al. ( 1979) provided an example from 
an alluvial swamp in lllinois, USA, where the input of 
phosphorus by deposition of nutrient-rich sediments dur
ing the annual flood was 1 8  times greater than all other 
inputs during the year, with less than 10 % of the total 
input re-exported to the river over the annual cycle. When 
the deposits are coarse-grained, with a low capacity of 
nutrient transport, the fertility of a site can be reduced 
instead (Malanson 1993). 

Especially during the last century, Swedish rivers and 
streams have experienced impacts related to timber-float
ing, hydropower production, forestry, and so on. Such 
activities include canalization and diking, damming, flow 
and water-level regulations, diversion, pollution includ
ing acidification, species introduction, and ditching and 
clear-cutting of surrounding forests. Among these im
pacts, hydro-electric schemes have caused the largest 
damage to riverine vegetation. 

The regulation of rivers and streams has reduced the 
preregulation variation of habitats, and the vegetation has 
become simpler. It also seems that vegetation in regulated 
rivers and streams is more similar, both within and be
tween watercourses. Vegetation change is still in process 
along regulated rivers, and it will probably take a long 
time before all effects show up (Nilsson et al. 1 997). The 
major changes, however, have already taken place. 

Storage reservoirs with water-level fluctuations above 
6-7 m in vertical extent are devoid of aquatic vegetation 
because of light limitations, and maintain only sparse 
shoreline vegetation around the damming level (Fig. 10) .  
Reservoirs with smaller fluctuations in water level have 
similar shoreline vegetation, but aquatic plants may also 
occur below the drawdown level. Plant communities on 
reservoir shorelines represent mixtures of species from 
aquatic and lower parts of natural shorelines such as 
Ranunculus reptans, and ruderals such as Poa pratensis 
(e.g. ssp. alpigena and ssp. irrigata) andRorippa palustris. 
More natural riparian species may also occur, especially 
where small streams or seepage groundwater pass the 
reservoir shoreline. The abundance of plants on reservoir 
shorelines varies depending on how long the reservoir is 
filled with water. Large reservoirs, with considerable 
differences between 'dry' and 'wet' years can show much 
variation in vegetation cover between years (Nilsson & 
Keddy 1988). 

Run-of-river impoundments often have better devel
oped vegetation similar to shoreline vegetation along 
lakes. Because water-level fluctuations are often reduced 
in vertical extent compared to free-flowing rivers, such 
impoundments may have an abundant vegetation of aquatic 
vascular plants, such as Myriophyllum alterniflorum, 
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Potamogeton gramineus, Ranunculus peltatus and 
Sparganium spp. 

Regulated rivers may also contain reaches where the 
flow is regulated by dams further upstream, but where 
water levels remain unaffected by dams downstream. 
Such reaches generally have more constricted ranges of 
water-level fluctuations, compared to preregulation con
ditions, leading to a narrowing of the riparian corridor 
and, at least theoretically, to a more aquatic habitat. The 
adjustment of vegetation to such alterations is a long-term 
process. In general, the first signs are a colonization of 
tree saplings beyond the established riparian forest. 

Given the rapid alteration of ecosystems in Sweden, 
and in the entire world, the rivers and streams are not 
likely to remain in their present states, at least not if a 
'laissez-faire' approach is applied. To sustain Swedish 
watercourses in the future, i.e. to put a stop to threats and 
satisfy needs, managers have to combine both preserva
tion and restoration measures. There are chemical, physi
cal and biological threats. 

Further liming of naturally acidic waters is an example 
of a chemical threat. For example, wetland liming kills 
Sphagnum mosses, and in the water ]uncus bulbosus and 
Myriophyllum alterniflorum have been reported to in
crease (Larsson 1995). More dams and regulations repre
sent physical threats. The majority of free-flowing rivers 
and streams in Sweden are protected from damming and 
diversion schemes by the Natural Resources Act. There 
are also subsidies ( 1998) to stimulate new hydro-electric 
developments, however, and these especially threaten 
smaller watercourses. Another physical threat relates to 
predicted increases of atmospheric C02• The expected 
hydrological change associated with climate warming is 
an increase in flood frequency in northern Europe as a 
result of increased rain frequency (Decamps 1 993), with 
subsequent effects on riverine vegetation. 

Invasion of more alien plant species is a biological 
threat. To judge from the rapid invasion of exotic plants 
that has occurred in many temperate regions (de Waal et 
al. 1 994; Planty-Tabacchi et al. 1996), more exotics will 
probably also colonize in Sweden. To date, the number of 
alien plants in Swedish rivers and streams is quite low, but 
some species such as Elodea canadensis and Glyceria 
maxima have been effective invaders (Lohammar 1965). 

During recent years, restoration of damaged rivers and 
streams has become a common practice in many countries 
around the world. Successful ecological restoration re
sults in the re-establishment of linkages between organ
isms and their environment. Because ecosystems consist 
of an entire suite of organisms, physical features and 
processes, a species-only or single-process approach to 
restoration will be likely to fail. A basic tenet of river 
restoration work is to restore natural flow regimes, thus, it 
is hoped, resetting both geomorphic processes and eco
logical functions (Poff et al. 1997). This is feasible e.g. in 



channelized streams, or in streams with dikes, but is 
virtually impossible in rivers that are turned into stairs of 
level bodies of water, unless the dams are removed. On 
the other hand, the demolishing of old dams for environ
mental reasons has proven to be a cost-effective solution 
in the United States (Chatterjee 1997), and that might also 
count for Sweden. The sustainable use of rivers and streams 
in Sweden is a great challenge and a heavy responsibility. 
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Introduction 

Sweden has 95 700 lakes larger than 0.01 km2 and a 
countless number of smaller tarns, ponds and pools, dis
tributed across 1 17 main catchment areas (> 200 km2), 
from the nemoral to the alpine vegetation zones. A com
mon feature of Swedish lakes is their formation, caused 
by the gouging and scraping action of glaciers during the 
last ice age. Only a small number of mainly large lakes 
occur in preglacially-formed valleys in the landscape 
(Selander 1955; Raab & Vedin 1995). 

A frequently used distinction of lakes is related to their 
supply and production of organic matter (Rodhe 1969a). 
The production of organic matter is often proportional to 
the nutrient level (usually the phosphorus concentration). 
Oligotrophic, mesotrophic, eutrophic and hypertrophic lakes 
describe a range of increasing productivity and nutrient 
availability. Total phosphorus concentrations expressed as 
annual mean values below 12.5 11g 1-1 are used to delimit 
oligotrophic lakes while concentrations 25 J..lg I -1 charac
terize eutrophic lakes and 100 J..lg 1 -1 hypertrophic ones 
(Naturvardsverket 1999). The majority of Swedish lakes 
have a small amount of dissolved solids and a low nutrient 
concentration. There is an altitudinal gradient from the 
extremely nutrient-poor and clear alpine waters to the 
nutrient-rich lakes in the more fertile lowland areas in the 
southern and central parts of the country, mainly situated 
below the highest coastal line (the highest level reached by 
the sea after the last glaciation period). Oligotrophic brown
water (dystrophic) lakes include · representatives with a 
highly varied water colour, from slightly yellow to very 
dark brown types. To a large extent, they owe their colour 
to humic substances transported to, or produced within the 
lake. Dystrophic lakes are especially abundant in flat 
peatland areas with a comparatively high level of precipita
tion, e.g. in south-western Smruand and the interior of 
northern Sweden. 

The classification of lakes also reflects their geo
graphical position, morphology and catchment character. 
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A more detailed separation of various lakes, with special 
emphasis on the biota, claims further refinements such as 
considerations of climatic conditions which affect the 
length of the growing season, the temperature and wind 
conditions, and the light penetration - all factors which 
are of importance to the association of organisms co
existing in a certain body of water. 

The character and size of the catchment area of a lake 
is of decisive importance for the quality and quantity of 
the water entering the lake and ultimately for water qual
ity of the lake itself. A heavily industrialized and popu
lated catchment can significantly alter the wildlife and 
water quality in a water-body, and regulatory measures 
will affect the volume of inflowing water. 

Large amounts of water running into small lakes cause 
short retention times of the water passing through the 
basins. These lakes become turbid from silt, clay or humic 
matter which is not given enough time to settle. Lakes 
with long residence times have greater possibilities of 
obtaining clear water and in the case of oligotrophic 
conditions, as in Lake Vattern, the largest clear-water 
body in Europe, the water may attain a considerable 
transparency (> 15 m). 

Lakes have a number of typical biological communi
ties. Their relative contributions to the production depend 
on the character of the littoral zone, the over-all depth and 
the possibilities oflight penetration. Shallow habitats may 
have extensive growth of macrophytes but, in many large 
lakes, algae are the main primary producers. Along a 
nutrient gradient planktic algae, attached algae and 
macrophytes contribute in various proportions to the overall 
primary production (Fig. 1) .  

Algae can be planktic, i .e .  free-living pelagic, or at
tached, i.e. growing on plants, on shores or on the lake 
bottom. A majority of the planktic species, however, are 
associated with a substrate in some stage of their life
cycle e.g. for perennation or over-wintering on the sedi
ment surface. 

The large surface areas of many rnacrophytes provide 
an important substrate for other organisms. Thus epiphytic 
algae contribute significantly to the production of littoral 
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Fig. 1 .  Trends in the development of planktic algae, attached 
algae and macrophytes in lakes ranging from oligotrophic to 
hypertrophic conditions. (From Sand-Jensen & Borum 199 1 .) 

zones. Their presence also leads to an increasing diversity 
of biotope structures both within the stand and between 
stands. As the architecture of macrophytes varies they 
host different species and amounts of epiphytes. Macro
phytes with ribbon-like leaves support a smaller epiphytic 
biomass than species with a broad-leaved or whorled 
architecture. Epiphytic algae may also be an important 
factor in limiting the distribution of submerged macro
phytes in eutrophic lakes. 

Life forms and environment of macro
phytes 

Along lake margins, where land meets water, littoral 
communities develop. On the landward side of banks 
there is a riparian zone of terrestrial plants, and on the 
lakeward edge aquatic macrophytes adapted to a life in 
water occur (Fig. 2). Most macrophytes are flowering 
plants but a few ferns, submerged mosses and large algae 
(e.g. charophytes), are found as well. Three main life 
forms occur with increasing water depth (Fig. 3). 
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Emergent macrophytes are mainly perennial, vascu
lar plants with a root system well adapted to the muddy 
oxygen-poor environment on the lake bottoms. They all 
produce aerial stems and reproductive organs and occur 
on exposed or submerged soils to a water depth of ea. 1 .5-
2.5 m, e.g. forming reed beds along the lake shore (Fig. 4). 

Floating-leaved macrophytes occur on submerged 
soils in water depths of about 0.5 to 3-4 m usually in a 
lakeward zone next to the reed bed. Many floating-leaved 
species produce aerial leaves in crowded habitats and the 
reproductive organs are floating or aerial. In heterophyllous 
species submerged leaves precede or accompany the float
ing leaves. 

Entirely submerged aquatic plants occur at all depths, 
from the lake margin to depths where low light conditions 
limit growth. Among the submerged hydrophytes repro
ductive organs may be aerial, floating or submerged. In 
Sweden mainly two growth forms are distinguished: 1 .  
Rosette types or isoetids, with radial leaves arising from a 
condensed, often tuberous rootstock or a rhizome, often 
stoloniferous; 2. Caulescent or elodeid types with long 
flexuous leafy stems rooting from the nodes. Leaves can 
be filiform, ribbon-shaped, broad and flat, fenestrated or 
finely divided. 

Special adaptations of floating-leaved and submerged 
plants characterize the group of typically unattached free
floating hydrophytes, which occur mainly in sheltered 
sites. The entire plants are floating but some species with 
extensive root systems may become anchored in shallow 
water and produce land forms when stranded on marginal 
wet soil. 

A lake configuration with a gently sloping littoral 
zone and sufficient aeration is of fundamental importance 
to a vigorous growth of aquatic macrophytes .  The propor
tion of littoral zone areas in lakes decreases with increas
ing depth and lake size, and increases with increasing 
shoreline irregularity. Therefore, highly irregular lakes 
may have a larger proportion of vegetation compared with 
lakes of similar area but with a more regular shoreline. 
Basin configuration interacts also directly or indirectly 
with other environmental factors such as light, nutrient 
availability, substrate characteristics, and wind-generated 
erosion to determine the site-specific extent of plant de
velopment and macrophyte types. 

Moderate turbulence by wind and wave action is needed 
for aeration, and is thus essential for rooted macrophyte 
colonization and growth. However, exposure is also an 
important selective force among species with different 
morphologies. The most exposed freshwater habitats are 
often dominated by small rosette species with stiff leaves 
close to the substrate, while rooted macrophytes with 
apical growth and long slender stems often dominate 
under more sheltered conditions. The presence of plants 
favours the accumulation of mud, silt and plant debris, 
which in turn promotes colonization by marsh plants so 
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Fig. 2 .  Stands of emergent vegetation i n  the lowland lake Hjalmaren. Photo B .  Andersson. 

that a reed swamp or a marshland may develop. 
Climatic differences associated with geographical po

sition appear to have a strong influence on angiosperms. 
They colonize deeper with greater maximum biomass at 
greater depth where the water is warmer, receive greater 
irradiation, and have a longer growing season (Gasith & 
Hoyer 1 998) .  In Sweden, winter conditions with frozen 

Fig. 3. Littoral plant zonation in a lake. 

shores and ice cover of lakes are, besides the physical 
environment, especially decisive for species composition. 

The availability of nutrients, especially phosphorus 
and nitrogen in lake water and bottom sediments, affects 
the species composition of aquatic macrophyte communi
ties . The trophic state of a lake is also generally inversely 
related to its mean depth. Thus, deep lakes tend to be more 

Fig. 4. Phragmites australis expands its stands with the aid of 

food-storing, creeping rhizomes on a sandy shore . Photo 

B. Almer. 
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oligotrophic and support less growth of aquatic macro
phytes than shallow lakes. Oligotrophic and mesotrophic 
lakes, irrespective of depth, have a much lower aquatic 
macrophyte abundance than eutrophic lakes. In shallow 
eutrophic and hypertrophic lakes, macrophytes have the 
potential to colonize the entire area, but high turbidity 
may limit the growth of submerged macrophytes in these 
lakes even if nutrient availability would support extensive 
growth. 

In deeper water, light availability for photosynthesis is 
the dominant factor for macrophyte growth, and sufficient 
light penetration creates opportunities for a dense under
water vegetation to occur. Due to exponential light attenu
ation in water, depth is one of the most critical factors 
determining the lakeward growth of macrophytes and 
their species richness. 

Strategies and adaptations among macro
phytes 

Submerged aquatic plants need far less mechanical tissue 
than terrestrial plants, and therefore they show no sign of 
lignification. Buoyancy keeps the plant upright in the 
water and this is often achieved by the formation of air 
storage tissue (aerenchyma) in which the spaces between 
the cells are filled with air. Water-carrying vessels are 
barely developed and the surface membrane (epidermis) 
and stomata are missing except on the upper side of 
floating leaves, where control of evaporation of water is 
still important. 

Nutrients dissolved in water are taken up along the 
whole plant surface, especially through the leaves. For 
this reason increased surface area of the underwater leaves 
by division into fine, feathery strands, a thin texture, and 
the lack of an epidermis are important adaptations. A few 
rootless plants (Utricularia spp.) typical of waters with 
very low dissolved salt content increase their food supply 
by catching small animals. 

Carbon dioxide is taken up by the plants from the 
surrounding water. A further source of carbon, espe
cially in calcareous areas, is calcium hydrogen carbon
ate (CaHC03), where it is often present in solution in 
large quantities. Hydrogen carbonate can be taken up by 
certain species which have special mechanisms, leaving a 
residue of white chalky crusts deposited on the older 
leaves (e.g. most species of Chara, Ceratophyllum demer
sum, Lemna trisulca, Myriophyllum spicatum, Potamogeton 
crispus, P. lucens, P. pectinatus, Ranunculus aquatilis) . 

The respiratory requirements ofhydrophytes are com
plicated, since the necessary oxygen is available in rela
tively low amounts in water. In this respect the aeren
chyma assists in ventilating the plant and maintains a 
certain respiratory reserve. During the process of photo
synthesis oxygen is released, which contributes consid-

Acta Phytogeogr. Suec. 84 

erably to aeration of the water. Completely stagnant 
water can receive most of its aeration directly from 
plants in this way. 

Unfavourable conditions may deny water plants the 
chance of forming flowers, which hampers their seed 
production severely. This problem can be surmounted by 
vegetative reproduction and explains why the Canadian 
pondweed, Elodea canadensis, has been able to spread 
over vast areas in Sweden and Europe - although only 
female plants were originally introduced from North 
America. Aquatic macrophytes cannot regularly rely on 
seed production to survive the winter and therefore many 
species develop winter buds (turions or hibernacles, Fig. 
5).  These consist of short, compressed, axial buds with 
many fleshy scales, which are densely packed with food 
reserves. These winter buds detach from the plant in the 
autumn and sink to the bottom; the next spring they 
develop into new plants. These structures also assist in the 
dispersal of the species over wide areas either by floating 
downstream with the water or by being carried in mud on 
the feet of waterbirds. Seeds of aquatic macrophytes are 
also well adapted for transport by water, either because of 
their low weight or because of special adaptations, such as 
inflated skins, long appendages, and slimy casings, which 
give them considerable buoyancy for floating over vast 
distances. Sticky or rough fruits easily attached to water
birds provide for long-distance colonization of suitable 
environments. These successful dispersal methods ex
plain why most water plants are widely distributed - even 
over two or more continents. 

Depth and sediment texture influence species distribu
tion as well as species composition and regulate the number 
of seeds produced by an individual of a given species. The 
maximum colonization depth differs among different 
macrophyte groups and light requirements among sub
merged macrophytes are tightly coupled to the plant's  
abilities to intercept light. In general, macrophyte growth 
will be limited in lakes where the majority of the lake 

Fig. 5 .  Winter buds (turions) indicated by arrows. From left to 
right: Elodea canadensis, Potamogeton alpinus and Myrio
phyllum verticillatum. 



bottom exceeds a depth two to three times the Secchi 
depth (the visibility of a white disc lowered in water). If 
the Secchi depth is less than 0.5 m there is a strong probabil
ity that submerged macrophytes will be absent. Tall macro
phytes ( elodeids and charophytes) may compensate for 
limited light by shoot growth towards the water surface and 
thereby show a kind of independence in lakes with low 
Secchi disc transparency ( < 1 m). These groups have 
similar depth limits in more transparent lakes ( 1 -4 m) but 
at higher transparency charophytes and especially bryo
phytes grow deepest (Middelboe & Markager 1 997). 

Macrophyte species composition 

Oligotrophic and dystrophic lakes 

Characteristic macrophyte associations and a number of 
characteristic species are recognized in oligotrophic clear 
water lakes. Since one of the dominant and most con
spicuous species in many of these associations is Lobelia 
dortmanna, many oligotrophic lakes are termed 'Lobelia 
lakes' .  However, the most characteristic species of the 
typical Lobelia lake is, in fact, the common quillwort 
Isoetes lacustris (Fig. 6). 

Isoetes lacustris and Lobelia dortmanna are perennial 
isoetids. /soetes bears numerous, short and thick roots 
which play an important role in uptake of inorganic car
bon. As the water in clear, soft water lakes contains little 
dissolved inorganic carbon, plants must therefore obtain 
carbon from the carbon-rich sediment. Thus, both the 
roots and the leaves are rich in air-filled lacunae that 
facilitate transport of carbon dioxide from the roots to the 
photosynthetic tissue. Rosette plants and Lobelia lakes as 
an ecosystem have been the subject of numerous investi
gations over the years (e.g. Wium-Andersen 197 1 ;  Spnder
gaard & Sand-Jensen 1979; Sand-Jensen & Spndergaard 
1978, 1979) and their biology and habitats are well known. 

Fig. 6. Examples of Lobelia-lake inhabitants. From left to right: 
Isoetes lacustris, Littorella uniflora and Lobelia dortmanna. 
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Lobelia dortmanna is well adapted to sediment consist
ing of sand and fine gravel, but it also grows on a more 
muddy bottom. It is mainly found in the upper part of the 
littoral zone, between the Isoetes lacustris zone in deep 
water, if present, and the shoreward zone in shallow water, 
as well as those parts of the shore that are dry in the 
summer. 

The typical habitat of I. lacustris is very similar to that 
of L. dortmanna, although it is not found in the smallest 
temporary lakes. lsoetes lacustris is distributed all over 
the country, while L. dortmanna is absent in the northern

most parts of Sweden. 
Rosette plants may cover large parts of minerogenous 

bottoms with clumps of elodeids (e.g. Myriophyllum 
altemiflorum and Ranunculus peltatus) growing in gaps 
of the isoetid carpets. An association of bryophytes and 
charophytes (e.g. Nitella opaca) often occurs within deeper 
parts of the isoetid association and below its outer fringe. 
Nitella opaca frequently occurs in oligotrophic lakes, and 
may penetrate down to ea. 17- 18  m in very clear lakes. 

Oligotrophic lakes contain only a small number of 
emergent species and really characteristic species are few. 
Besides Equisetum fluviatile, Schoenoplectus ( =Scirpus) 
lacustris and common reed, Phragmites australis, the 
main species making up stands are Carex rostrata, 
Lysimachia thyrsiflora and Menyanthes trifoliata. Out
side the emergent reed stands, or inbetween them, grow 
many underwater plants, but usually the outside zone 
consists of floating-leaved species (nymphaeids), e.g. 
Nuphar lutea, Nymphaea alba and Potamogeton natans. 
Of similar wide distribution are the dominating emergents 
and Polygonum amphibium. The latter is rare in northern 
Sweden. 

Species ofbryophytes are frequent, but often neglected 
components of submerged communities in many lakes, 
especially those of intermediate nutrient state. According 
to Lohammar ( 1965), nearly compact blankets of mosses 
occur on the bottoms of smaller lakes in northern Sweden 
at depths of 1-2 m. In total, 65 species of bryophytes have 
been recorded in Swedish lakes. The most common spe
cies found, according to herbarium collections made by 
Halle & Lohammar ( 1929- 194 1  ), are Calliergon megalo
phyllum, Calliergonella cuspidata, Drepanocladus 
aduncus, D. capillifolius, D. tenuinervis, D. polygamum, 
Fontinalis antipyretica, F. dalecarlica, F. hypnoides, 
Platyhypnidium riparioides, Scorpidium scorpioides, 
Warnstorfia exannulata, W. trichophylla and W. tundrae 
(Hedenas 1997). 

In the northern alpine and subalpine areas of Sweden 
the best-known lakes are the river lakes which were 
formed as enlargements of large rivers rising in mountain 
chains. River lakes are high altitudinal, clear-water lakes 
with a low content of nutrients and dissolved solids. Their 
catchment areas may be huge and entirely alpine. Steep 
and rocky-shored lakes in a mountain district generally 
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support only a small range of plant life, since there is very 
little shallow water at the edge of such lakes, which would 
allow water plants to grow abundantly. Because the bot
tom freezes over the entire zone from the upper icehold to 
low water level, tall reeds have great difficulty in coloniz
ing the upper littoral, and such species are therefore found 
only on very sheltered shores of some lakes (Phragmites) 
or as submerged forms in deeper water (Butomus 
umbellatus and Schoenoplectus lacustris). 

In the zone where bottom freezing regularly occurs, 
the characteristic species on gravelly bottoms are frost
hardy rosette species such as Eleocharis acicularis, Isolepis 
setacea, Ranunculus reptans, and Subularia aquatica. 
Now and then ]uncus bulbosus and Sparganium spp. may 
be eo-dominant. Somewhat deeper, pure stands of Isoetes 
lacustris occur abundantly on sandy and gravelly bot
toms, even with a mud layer of moderate thickness. The 
most abundant species in the vicinity of the bottom area 
never exposed to ice formation are Hippuris vulgaris, 
Myriophyllum alternijlorum, Potamogeton alpinus, P. 
berchtoldii, P. gramineus, P. peifoliatus andP. praelongus. 
Ranunculus peltatus may also occur abundantly as well as 
submerged moss species ( Calliergon, Drepanocladus and 
Scorpidium), and the charophyte Nitella opaca, which is 
often found at the macrophyte depth limit, about 20 m, in 
these river lakes (Fig. 7). 

Many oligotrophic and dystrophic lakes have a well 
developed aquatic vegetation consisting of nymphaeids 
- Nuphar lutea, Nymphaea alba, Potamogeton natans 
and Sparganium angustifolium. Some of the lakes and 
tarns with brownish to brown water lack elodeids com
pletely, probably as a result of extremely poor light 
conditions and competition from a well-developed 
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nymphaeid vegetation in the lakes. 
Water horsetail and sedge swamps, with tall sedges 

(Carex spp.) are well developed on various types of 
substrata in tarns, lakes and quiet stretches of rivers 
throughout the country, right up to the low-alpine sub
zone. This type of vegetation often contains a few vascu
lar plant species, but the species present vary consider
ably. The richest sedge and reed swamps occur in south
ern uplands. 

Chara lakes 
In Sweden oligotrophic, hard water lakes or marl lakes 
occur in the calcareous regions of Skane, bland, Gotland, 
Vastergotland, Ostergotland, Uppland and Jiimtland. Char
acteristic features of these lakes are a greenish colour, 
high alkalinity, low availability of phosphorus but some
times a high concentration of nitrogen. The oligotrophic, 
hard water lakes are generally habitat for only a few plant 
species (Table 1). In one group of alkaline lakes the 
charophytes are the dominant characteristic macrophyte 
group. They often form dense carpets in which few if any 
other macrophytes are present. There are 32 known spe
cies of charophytes in Sweden but most of them are very 
rare and are currently being placed in various IUCN 
(International Union for Conservation and Nature Re
sources) red list categories (Blindow 1994). Only six 
species are common; Nitella opaca, N. flexilis, Chara 
contraria, C. globularis, C. aspera, C. delicatula (Blindow 
& Langangen 1995) .  

Typical Chara lakes can vary in size from small tempo
rary ponds to large very deep lakes. Charophytes that 
inhabit shallow temporary lakes are annuals which survive 
the dry period as oospores while those that inhabit deep 

I li �;;t 

Fig. 7. Growth depths for various species in the river lake Pajep Maskejaure (Lappland). 
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Table 1 .  Macrophyte species in hard water lakes on Gotland. 
(Data from county authorities of Gotland.) 

Lake area (km2) 
< 0.5 0.5-2.0 2.0-4.0 > 4  

Submergents 
Chara aspera X X X X 
Chara contraria X X 
Chara globularis X X X X 
Chara hispida X X 
Chara polyacantha X X X X 
Chara tomentosa X X 
Myriophyllum spicatum X 
Najas marina X X 
Nitella tenuissima X 
Potamogeton pectinatus X X X 
Potamogeton filiformis X X X 
Potamogeton gramineus X X 

Nymphaeids 
Nymphaea alba X 
Potamogeton natans X 

Emergents 
Cladium mariscus X X X X 
Phragmites australis X X X X 
Schoenoplectus* lacustris X X 
Schoenoplectus tabernaemontani X 
Schoenoplectus maritimus X 
Typha latifolia X X 

* (= Scirpus). 

lakes are often perennials. Other species have sparse 
ocurrences in Chara lakes but Potamogeton species as well 
as Myriophyllum spicatum can be present. Many charophyte 
species also occur in other lake types and some of them do 
not even grow well in extremely alkaline lakes. 

Eutrophic and mesotrophic lakes 

Lakes at lower altitudes near the coast throughout Swe
den, and particularly in the agricultural southeastern re
gions show much higher nutrient and electrolyte concen
trations than the oligotrophic lakes. Water plants growing 
in lakes with eutrophic and mesotrophic conditions are 
characterized not only by luxuriant plant growth, but also 
by the occurrence of typical species that actually need an 
environment rich in nutrients. Besides large luxuriant 
stands of Schoenoplectus lacustris and Phragmites 
australis, eutrophic lakes are also usually fringed with 
stands of Typha angustifolia, and vigorous development 
of tall aquatic herbs is characteristic as well. Species 
exclusive to eutrophic environments are e.g. Acarus cala
mus, Butomus umbellatus, Carex pseudocyperus, Cicuta 
vi rosa, Iris pseudacorus, Oenanthe aquatica, Ranunculus 
lingua, Rumex hydrolapathum, Sagittaria sagittifolia, Sium 
latifolium and Sparganium erectum. Most of the men-
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tioned species are not completely confined to true eu
trophic lakes, but they occur only rarely in nutrient-poor 
habitats . In gaps between the stands of emergent 
macrophytes many free-floating species can develop e.g. 
Hydrocharis morsus-ranae, Lemna minor, Ricciocarpus 
natans and Spirodela polyrrhiza (Lohammar 1965) . 

Common reed is very susceptible to trampling and 
grazing and can be eliminated by cattle unless the water 
table is too high (Spence 1982) .  If cattle-trampling oc
curs, reeds are replaced by sedges, and on especially 
nutrient-rich localities by reed grass Glyceria maxima and 
cattail Typha latifolia. Outside reed stands, or between 
them, grow many underwater plants; e.g. Ceratophyllum 
demersum, Elodea canadensis, Myriophyllum spicatum 
and M. verticillatum, Potamogeton crispus, P. friesii, P. 
lucens, P. pectinatus, Ranunculus circinatus, in addition to 
the more common Potamogeton gramineus and P. peifoli
atus. Stratiotes aloides and Lemna trisulca may grow per
manently submerged or reach the surface in their reproduc
tive stages. Large areas of the water surface may be covered 
by Nuphar lutea, Nymphaea alba, Persicaria amphibia 
(= Polygonum amphibium) and Potamogeton natans. 

Factors affecting species composition of 
macrophytes 

Latitude and lake size 

The major subtypes of lakes and their vegetation de
scribed above are the results of combined gradients of 
altitude and nutrients. A geographical north-south gradi
ent and a lake size gradient can also be distinguished. 

Cluster analysis of aquatic macrophytes in 200 Swed
ish lakes grouped the lakes in a north-south or latitudinal 
gradient. The analysis showed that rosette type macro
phytes are most common in the northern part of Sweden 
(Table 2), five of them occurring in at least 50% of the 
investigated lakes. Emergents are few in the north but two 
species, Eleocharis palustris and Equisetumfluviatile, are 
especially frequent as they occur in 75% of the investi
gated lakes. In the southern parts of Sweden the number of 
rosette species declines and emergent macrophytes be
come more abundant. In Skane and Uppland 17  and 1 1  
emergent species, respectively, are recorded in 75% of 
statistically treated lakes from these areas. Table 3 further 
elucidates the distribution of macrophyte life forms along 
a latitudinal gradient, as well as variation in species rich
ness. 

The lake size gradient provides the vegetation differ
ences particularly concerning submerged elodeid species, 
most noticeably in the far north of the country and in the 
southernmost lakes of Skane. Elodeid species in larger 
lakes (> 1 km2) are twice the number of elodeids in the 
smaller ones (Table 4). 
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Table 2. Abundance of macrophyte species occurring in more 
than 40% of lakes studied in northern Norrland, Dalama and 
Skfme. Lake size 1 -2 km2• Data from B .  Andersson (unpub
lished), Lohammar ( 1938) and Lundh (195 1 ). 

N Norrland 

< 250 > 250 m a.s.l. 

Nuphar lutea X pumila x 
Nuphar pumila x 
Eleocharis palustris x 
Lysimachia thyrsiflora x 
Nymphaea alba x 
Phragmites australis x 
Potamogeton natans x 
Callitriche palustris x 
Isoetes echinospora x 
Isoetes lacustris x 
Subularia aquatica x 
Carex rostrata x 
Eleocharis acicularis x 
Equisetum fluviatile x 
Nuphar lutea X 
Potamogeton gramineus x 
Potamogeton perfoliatus x 
Ranunculus reptans x 
Nitella opaca 
Sparganium angustifolium 
Potamogeton berchtoldii 
Alisma plantago-aquatica 
Myriophyllum altemiflorum 
Potamogeton alpinus 
Ranunculus peltatus 
Potamogeton praelongus 
Utricularia vulgaris 
Glyce ria fluitans 
]uncus bulbosus 
Lobelia dortmanna 
Potamogeton obtusifolius 
Sagittaria sagittifolia 
Sparganium emersum 
Sparganium gramineum 
Butomus umbellatus 
Carex elata 
Carex lasiocarpa 
Elodea canadensis 
Lemna minor 
Plantago uniflora 
Persicaria amphibia 
Schoenoplectus lacustris 
Carex acuta 
Carex acutiformis 
Carex paniculata 
Carex pseudocyperus 
Carex riparia 
Carex vesicaria 
Chara aspera 
Chara contraria 
Chara globularis 
Cicuta virosa 
Glyceria maxima 
Hydrocharis morsus-ranae 
Iris pseudacorus 
Lemna trisulca 
Myriophyllum spicatum 
Potamogeton crispus 
Potamogeton friesii 
Potamogeton lucens 
Potamogeton pectinatus 
Ranunculus circinatus 
Ranunculus lingua 
Rumex hydrolapathum 
Schoenoplectus tabernaemontani 
Sium latifolium 
Sparganium erectum 
Stratiotes aloides 
Typha angustifolia 
Typha latifolia 
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Table 3. Number of species of different life forms in lakes from 
Skane in the south to Norrbotten in the north. >50% indicate 
species occurring in 50 - 100% of the lakes. Data from 
B. Andersson (unpubl.), Lohammar (1938) and Lundh (195 1) .  

Norrbotten 
and 

Skane Uppland Dalarna Vasterbotten 
(n = 32) (n = 23) (n = 74) (n = 71 )  

>50% all >50% all >50% all >50% all 

Submerged 
Isoetids 2 7 2 6 1 1 1  5 1 1  
Elodeids 8 28 3 25 3 20 2 15 

Floating-leaved 4 5 3 8 3 10 3 14 
Free floating 2 5 4 5 0 2 0 2 

Emerged 24 33 16 35 8 21 6 17 

Total 40 78 28 7 1  1 7  64 16 59 

Exposed and sheltered conditions 

In shallow water of a lake, an exposed, wave-mixed shore 
having sparse plant cover may be contrasted with a shel
tered bay with luxuriant continuous plant cover. Horizon
tal variation in wave action and sediment type may occur 
between exposed and sheltered shores and be superim
posed on the vertical variation of both these factors. If 
several patches of floating-leaved vegetation grow close 
to the shore it may be inferred that the wave-mixed zone is 
very narrow. Above a certain degree of exposure, there 
are no reed swamps because of direct inhibitory effects on 
the establishment and dispersal of the plants themselves, 
or because the sediments within colonizable lake depths 
are too coarse for adequate growth. On the edge oflakes in 
fluvio-glacial deposits there may be a sparse, but fairly 
continuous, reed swamp. In a rock basin lake, typical of 
any small glacial ice-scour lakes, there is an abundance of 
rocks and boulders which severely restricts reed swamps, 
irrespective of any other factor. Sparse plant cover of 
Isoetes, Littorella or Lobelia may occur in gravel pockets. 
Reed swamps may also be absent from small and shel
tered rock basins in blanket-peat catchments because the 
substrate is too poor in nutrients for establishment or 
growth. 

The same broad conclusion can be drawn for sub
merged plants, based on measurements of their growth 
along depth gradients on exposed shores and in deeper, 
sheltered water. On the littoral of any lake, species diver
sity and plant cover increase with degree of shelter, and 
dense cover depends on the absence of wave action. Such 
shelter may extend to the whole of a pond and to progres
sively fewer stretches of the shores of increasingly larger 
lakes. The distribution of submerged macrophytes in eu
trophic lakes, however, has been found to be skewed 
toward sites with intermediate exposure to waves. Biomass 
of submerged macrophytes increases with increased 



Table 4. Occurrence of submerged and floating-leaved macro
phyte species in Skane. Data from Lundh ( 195 1) .  

Lake area (km2) 
< 1 1 - 1 0  > 1 0 

Chara aspera X X X 
Chara globularis X X X 
Eleocharis acicularis X X X 
Lemna minor X X X 
Myriophyllum spicatum X X X 
Nuphar lutea X X X 
Persicaria amphibia X X X 
Potamogeton crispus X X X 
Potamogeton lucens X X X 
Potamogeton natans X X X 
Potamogeton perfoliatus X X X 
Nymphaea alba X X 
Utricularia vulgaris X X 
Ranunculus peltatus X X 
Nitella spp. X 
Chara contraria X X 
Elodea canadensis X X 
Plantago uniflora X X 
Potamogeton berchtoldii X X 
Potamogeton gramineus X X 
Potamogeton pectinatus X X 
Ranunculus reptans X X 
Hydrocharis morsus-ranae X 
Lemna trisulca X 
Potamogeton friesii X 
Potamogeton praelongus X 
Ranunculus circinatus X 
Stratiotes aloides X 
Callitriche hermaphroditica X 
Lobelia dortmanna X 
Myriophyllum altemiflorum X 
Najas flexilis X 
Potamogeton gramineus x perfoliatus X 
Potamogeton filiformis X 

exposure until a relatively abrupt disappearance occurs at 
high exposures (Strand & Weisner 1996; W eisner et al. 
1997). 

Trophic status 

0 ligotrophic lakes are the natural type of lakes on nutrient 
poor soils and this type is representative of most areas in 
Sweden. The catchment area of an oligotrophic lake is 
usually dominated by heath, mires and coniferous forests. 
A drastic decline in the number of undisturbed nutrient
poor lakes in the last 50- 100 years is mainly attributed to 
a change in land use in the catchments which, in turn, has 
resulted in increased nutrient discharge and a deteriora
tion in water quality. This typically results in increased 
turbidity caused by planktic organisms and attached algae 
and a consequent decrease in depth distribution of 
macrophytes .  With increasing eutrophication the cover 
and density of plants already present increases (Sand
Jensen 1980) and, further, a gradual shift to more rapidly 
growing organisms with greater nutrient demands takes 
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place. Small evergreen rosette species are replaced by tall, 
summer-annual macrophytes with larger biomass and more 
rapid tissue turnover. As macrophyte cover and nutrient 
availability in the water increases there is usually also a 
greater contribution by epiphytic microalgae (Wetzel 
1983). As nutrient availability increases further, the pri
mary productivity is taken over by phytoplankton, re
stricting the distribution of rooted macrophytes and at
tached algae to shallow regions. 

Variation in stable states 

Lakes with a considerable submerged macrophyte cover 
tend to have a higher transparency than lakes with the 
same nutrient status in which a rooted vegetation is sparse 
or absent. Vegetation can stabilize a clear-water stage in 
shallow lakes up to relatively high nutrient loadings, but 
once the system has switched to a turbid state it takes 
extensive nutrient reduction to enable recolonization by 
plants. Recent observations in shallow eutrophic lakes has 
led ecologists to suspect that these ecosystems have two 
alternative stable states, a turbid and a clear one. In a 
pristine state (a lake with low nutrient concentrations) a 
clear-water equilibrium is the only possible state and in a 
hypertrophic situation only a turbid equilibrium exists. 
Between these two extremes there is a range of nutrient 
levels over which two alternative equilibria exist (Scheffer 
et al. 1993). 

When analyzing the history of shallow lakes it is often 
revealed that some lakes have repeatedly switched back 
and forth between a clear vegetated state and a distinct 
turbid situation in the past. Two shallow lakes in the south 
of Sweden, Lake T:lkem and Lake Krankesjon, are exam
ples of lakes in which phytoplankton and aquatic vegeta
tion have alternated as dominants for more or less long 
lasting periods over the last 40-50 years without large 
changes in external nutrient loading. Lake Krankesjon 
showed a marked change from clear to turbid in the early 
1970s after an increase in water level. After more than a 
decade of phytoplankton blooms and sparse submerged 
vegetation, a low water period in 1985 and 1986 seems to 
have caused the onset for a pronounced switch back to a 
clear state, with abundant macrophytic vegetation growth 
to the benefit of resting and breeding waterfow 1 (Hargeby 
et al. 1994). 

Introduced species 

Species alien to the native flora are able to alter species 
composition. Elodea canadensis, an aquarian weed, first 
reported in Swedish lakes in 1 873 (Lohammar 1965), is 
an example of an alien submerged macrophyte which 
causes harmful impacts to Swedish lakes due to its ability 
to form dense weed-beds. The vegetative development of 
Elodea foUows mainly three- or four-year cycles. A stand 
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initiated from rooted stem fragments first forms pro

fusely-branched creeping mats. During the following years, 
unbranched stems rise from the basal mat and attain a 
height of ea. 1 m or more. When reaching the water 
surface the stems enter their final growth phase with 
excessive apical branching and formation of a dense sur
face canopy. After dieback, however, Elodea seems to 
have a low regrowth capacity in the lake and harmful 
impacts have ceased in many lakes, but its potential to 
invade new lakes is considerable. 

Another introduced Elodea species, E. nuttallii origi
nally used in aquaria, has recently been recorded in masses 
from Lake Malaren (Anderberg 1992). No harmful im
pact has yet been reported but E. nuttallii has been shown 
to benefit from a high concentration of ammonium nitro
gen in the water (Dendene et al. 1993). 

Having escaped from gardens, a floating-leaved spe
cies, Nymphoides peltata, forms dense canopies shading 

other macrophytes and hindering fishing and boating. 
From a rare occurrence in some southern Swedish lakes it 

has now reached localities in the western parts of Lake 
Malaren. Other species introduced during the 19th cen
tury have become naturalized, e.g. Glyceria maxima, 
planted as forage for cattle, is now common in southern 
Sweden. 

Occurrence, succession and diversity of 
algae 

Algae are systematically a very diverse group of organ

isms, with representatives belonging to the prokaryotes 
(Cyanobacteriafblue-green algae), and the protoctists 
(Cryptophyta/recoiling algae, Dinophyta/dinoflagellates, 
Chrysophyta/golden algae, B acillariophyta!diatoms, 
Chlorophyta/green algae etc.). For historical reasons, the 
term 'phytoplankton' is still used for the whole group of 

planktic algae irrespective of systematic classification 
and the term 'attached algae' for all species spending the 
main part of their lives associated with a substrate. Here 

will be focused mainly on planktic algae, but some data on 
attached algal species characteristic of oligotrophic, eu
trophic and acid lakes have also been compiled (Table 5). 

The investigations of algae in Swedish lakes have 
mainly been devoted to phytoplankton, and have, to a 
large extent, been used for water quality assessment. As 

plankton algae have very short generation times, they also 
react rapidly to shifts in the environment. As fundamental 
components of the water food web (primary producers of 
organic matter,. oxygen producers, food resource for graz
ers, compartments of the microbial loop) they initiate a 
chain reaction successively reflected within other groups 
of organisms (zooplankton, benthic fauna, fishes, birds). 
Changes in the physical and/or chemical status of the 
water in a lake are traced after some weeks, through 

Acta Phytogeogr. Suec. 84 

spring circulation 

) . ------- ""- Disturbances and 
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Fig. 8. Principal outline of seasonal succession of planktic algal 
communities during the ice-free period. The succession may 
shift to an earlier stage due to intense wind-disturbance. 

alterations of dominating planktic species. Long-lasting 
changes in the water quality may be reflected from one 
growing season to another. 

The succession of phytoplankton over the year fol
lows a course decided by alterations between mixing and 
stratification periods in the water-body. Usually 30-100 
generations develop during a growing season (mainly the 

ice-free period) depending on the life strategy of the 
species. The seasonal progression runs from pioneer stages 
over a number of intermediate phases to an equilibrium 
(Fig. 8). This latter stage may, however, be of very short 
duration, since the planktic community is frequently re
verted to an earlier stage by the usually recurrent events of 
water movements caused by wind and currents (Sommer 
199 1 ;  Padisak 1992; Reynolds 1993). 

In the late winter period in temperate lakes, even 
beneath an ice cover, small flagellated species are already 
developing, sometimes in large amounts if sufficient light 
is available. In spring, particularly in small wind-pro
tected forest lakes with a very short mixing period, many 
different flagellated species of dinoflagellates, golden 
algae and recoiling algae develop. In larger lakes with 
longer mixing periods diatoms grow to substantial biomass, 
especially if the water is nutrient-rich. After this 'spring 
bloom' a clear-water phase occurs with an increase of 
different zooplankton organisms grazing on the planktic 
algae. Following a number of intermediate stages with the 

development of many green algae, golden algae and some 
dinoflagellates, a mid- or late-summer phase appears with 
dominance of large, slow-growing species. This latter 
successional stage, which has been recognized as the 
equilibrium phase, consists of mass-developing cyano
bacteria in nutrient-rich lakes, while other algal classes 
prevail in nutrient-poorer lakes (i.e. dinoflagellates and 
colony-forming golden algae). The late summer phase 
gradually proceeds to the next large-scale mixing period 
in the autumn, as the water temperature decreases (Fig. 9). 

There are about 4000 algal species in Sweden 
(Gustafsson & Ahlen 1996). Green algae, diatoms and 
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Table 5. Attached algal species with main occurrence in oligotrophic, eutrophic and acid waters. (Compiled by Roland Bengtsson, Aneboda.) 

Oligotrophic lakes 

Cyanophyta 
Stigonema mamillosum 

Rhodophyta 
Batrachospermum turfosum 

Acid lakes (pH < 5.5) 

Bacillariophyta 
Actinella punctata 
Brachysira serians 
Eunotia exigua 
Navicula festiva 
Navicula soehrensis 
Navicula subtilissima 
Pinnularia subcapitata 
Tabellaria binalis 

Eutrophic lakes 

Cyanophyta 
Oscillatoria spp. 

Rhodophyta 
Chroodactylon ramosum 

BaciUariophyta Bacillariophyta 
Achnanthes jlexella 
Achnanthes helvetica 
Achnanthes rossii 
Cymbella cesatii 
Diploneis ovalis 
Eunotia implicata 
Eunotia incisa 
Fragilaria exigua 
Frustulia rhomboides 
Navicula angusta 

Chlorophyta, Chlorophyceae 
Cladophora fracta 
Binuclearia tatrana 

Cocconeis pediculus 
Cymatopleura solea 
Cymbella prostrata 
Cymbella tumida 
Diatoma vulgaris 
Epithemia turgida 
Fragilaria pulchella 
Navicula lanceolata 
Navicula slesvicensis 
Nitzschia levidensis 
Rhoicosphenia abbreviata Navicula pseudoscutiformis 

Pinnularia subcapitata 

Chlorophyta, Chlorophyceae 
Bulbochaete spp. 
Draparnaldia glomerata 

Chlorophyta, Charophyceae 
Mougeotia spp. 
Zygnema spp. 

Chlorophyta, Charophyceae 
Closterium striolatum 
Cylindrocystis brebissonii 
Netrium oblongum 
Tetmemorus brebissoni 

Zygogonium ericetorum 

cyanobacteria are the most species-rich groups.  Planktic 
algae are classified according to size from unicellular 
picoplankton 0.2-2 !Jll1 and nanoplankton 2-20 !Jll1 to 
large unicells, colonies or filaments of 20-200 !Jll1 size 
and to the largest colonies or bundles of filaments which 
attain a size of 2 mm. Picoplankton are often overlooked 
in Swedish lakes, due to separation difficulties in the 
ordinary light microscope; they will not be dealt with 
here. But their importance for primary production espe
cially in oligotrophic waters, and the potential of this 
production for protozoan grazing, place them in a pivotal 
position for controlling the cycling of nutrients (Stockner 
199 1 ;  Stone & Weisburd 1 992). 

Sweden and the other Nordic countries have a system

atically very diverse algal flora due to the large variety of 
water-bodies, especially those of an oligotrophic charac
ter. A special feature, in contrast to many other European 
countries and the tropics, is the species richness of Chryso
phyta, a group with many representatives in oligotrophic 
environments. Except for the above-mentioned species
rich groups of Cyanophyta, Bacillariophyta and Chloro
phyta, organisms belonging to Cryptophyta and Dinophyta 
are found in almost all Swedish lakes. Other common 
groups, although present mainly in smaller forest lakes, 
are Xanthophyta (yellow-green algae) and Conjugaphyta 
(desmids). A rare group is formed by Raphidophyta (nee
dle-flagellates), of which one species is mentioned 
(Gonyostomum semen) which is invading many southern 
Swedish forest lakes, where it causes itching problems to 

Chlorophyta, Chlorophyceae 
Cladophora glomerata 
Drapamaldia plumosa 

swimmers and the clogging of strainers in water-works 
(Fig. 1 0). For further information on various algal groups, 
phylogeny and classification problems see van den Hoek 
et al. ( 1995) and Margulis et al. ( 1990). Throughout this 
chapter the classification presented in Margulis et al. 
( 1990) is used. In Canter-Lund & Lund ( 1995) the great 
beauty and variation of the world of microalgae is illus
trated. 

Many planktic algae have a cosmopolitan distribution 
due to their easy dispersal by wind, water-currents, ani
mals, boat transport etc. ,  but there is doubtless a specific 
set of species dominating under certain environmental 
conditions. An over-riding determinant for phytoplankton 
associations is the geographical site of a lake (including 
topography, climate and catchment structure). Other im
portant physical variables for phytoplankton develop
ment are lake morphology, depth conditions, salinity, pH 
(alkalinity/acidity) and water retention time (rapid or slow 

transport of water through the lake basin). The growth of 
an alga is largely influenced by the available light, the 
temperature of the water and the concentrations of carbon, 
nitrogen and phosphorus. Additionally, diatoms and some 
golden algae have a special need for silicate. Considering 
a more general perspective, phosphorus is usually the 

growth-limiting nutrient in most Swedish lakes, and ma
nipulations to reduce this nutrient have been used to limit 
algal biomass. Biotic interactions and especially grazing 
can also change the dominance structure among phyto
plankton. 
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Fig. 9. Seasonal development of algal groups in an alpine lake, a 
clear-water forest lake, a humic forest lake and a lowland lake. 

Algal strategies in relation to the physical 
and chemical environment 

Planktic algae exhibit important adaptive traits to be able 
to maintain growth in a turbulent environment and to 
regulate sinking. An important feature for rapid growth is 
the maintenance of a large surface/volume ( s/v) ratio to 
favour fast surface exchanges of light and nutrients, as 
well as the release of waste products. Small algae, like 

nanoplankton, usually tend to have a spherical or ellipsoi
dal shape resulting in a large s/v ratio, while larger taxa 
may be attenuated or adopt secondary surface-enlarging 
structures as various processes, cell distortions, mucilage 
or subunits within a colony (Fig. 10). By moving in the 
water column the algae increase the nutrient flux to the 
cell surface. Many species have one or more flagella for a 
more active adjustment of their position, and the swim
ming speed is related to cell size with a 10 Jlill cell being 
able to move 4 cm h-1 and larger cells (ea 50 Jlill size) 
about 1 m h-1 (Reynolds 1997; Sommer 1 988). A special 
trait to regulate the position in a water column is devel
oped by most cyanobacteria, which have aerotopes in 
their cells. These aerotopes consist of large numbers of 
gas vesicles, which can be filled and collapsed to regulate 
buoyancy of the individuals. The phenomenon called 
waterbloom is a concentration of highly buoyant mass
developing cyanobacteria. This expression, probably used 
for a long time in popular speech, was recalled by Linnaeus, 
in his Flora Lapponica, for visible masses of cyanobacteria 
floating on the lake surface (Fries 1905). Without these 
special features algae could not offset their propensity to 
sink out of the life-supporting light zone, because most of 
them have a density of at least 1 .05, usually more. 

Small cells have the fastest growth rate with cell dou
bling times counted in hours, while larger cells are slow
growing with doubling times of about one week (Harris 
1986). During the seasonal sequence, the species of the 
plankton community shifts to taxa with successively larger 
and slow-growing cells (Margalef 1958,. 1978). Many of 
the small-celled species, with rapid growth rates, have a 
competitive advantage over larger species, when important 
resources are depleted, since they quickly make use of any 
extra resource availability e.g. caused by wind disturbance. 

Phytoplankton species can be subdivided into com
petitors, disturbance-tolerants and stress-tolerants (Table 
6). The strategy of competitors is rapid growth and usu
ally a unicellular and flagellated morphological property. 
The disturbance-tolerant species are adapted to, or even 
have a prerequisite for growth, when the water column is 

Table 6. Representative genera for three different life strategies among planktic algae. 

Competitors 
usually small flagellates 

Chlamydomonas 1 
Monoraphidium 1 
Chrysochromulina 2 
Chrysococcus 2 
Kephyrion 2 
Certain Synura 2 
Rhodomonas 3 
Small Cryptomonas 3 
Gymnodinium 6 

Disturbance-tolerants 

unicellular forms, filaments 
and large-cell colonies 

Actinocyclus 4 
Asterionella 4 
Aulacoseira 4 
Cyclotella 4 
Diatoma 4 
Fragilaria 4 
Stephanodiscus 4 
Tabellaria 4 
Planktothrix 5 

Stress-tolerants 

small-cell and large-cell colonies, 
filaments and large flagellates 

Botryococcus 1 
Uroglena 2 
Anabaena 5 
Aphanizomenon 5 
Microcystis 5 
Woronichinia 5 
Ceratium 6 
Gonyostomum 7 
Staurastrum 8 

1 green algae (Chlorophyta), 2golden algae (Chrysophyta), 3recoiling algae (Cryptophyta), 4diatom (Bacillariophyta), 5blue-green algae (Cyanobacteria), 6dinoflagellate 
(Dinoflagellata), 7needleflagellate (Raphidophyta), 8desmid (Conjugaphyta). 
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Fig. 1 0 .  (a) A waterbloom with toxic cyanobacteria i n  a eutrophied forest lake, (b) Microcystis, Cyanobacteria, (c) Cryptomonas, 

Cryptophyta, (d) Ceratium, Dinophyta, (e) Gonyostomum semen, Raphidophyta, (f) Dinobryon, Chrysophyta, (g) Aulacoseira, 

Bacillariophyta, (h) Pediastrum, Chlorophyta, (i) Staurastrum, Conjugaphyta and a colony of Eudorina, Chlorophyta. Photo E. Willen 

(a,b,f), T. Lindholm (c,e), M.  Tiren (d,h,i), K.-A. Larsson (g). 

mixed. They grow fairly fast, although not as fast as the 
competitors, and they can endure being excluded from the 
photic zone for a certain amount of time, which will be the 
case in a turbulent water-mass. Diatoms, appearing dur
ing the spring and autumn circulation periods, are typical 
representatives of this group. The stress-tolerants have an 
enhanced capacity to survive adverse conditions by stor
ing phosphorus within the cells, by being able to fix 
nitrogen for their own requirements, by a capacity for fast 
movement to deeper areas for nutrient replenishment or 
simply by being efficient in resource exploitation. Exam
ples from this latter category include many cyanobacteria 
and large-cell flagellates as well as flagellated colony
living species from various algal classes (Reynolds 1 997). 

The life form pattern in a community is another reflec
tion of adaptation to the variabil ity of the environment 
and the available resources. Life forms may be catego
rized in several ways and those presented here are con-

nected to the morphology of the organisms. In general 
terms planktic algae can be separated i nto: flagellated life 
forms being large, small or colony-living; unicellular 
forms w ithout flagellum; colonial species without flagella 
(pico-sized and large) ;  and filamentous forms. 

A comparison of a late successional stage (August) in 
some Swedish lakes reveals that small flagellates are 
dominants in  the very nutrient-poor alpine lakes (Fig. 1 1 ) .  

Acidified lakes (pH < 5 )  with a trophic state similar to the 
alpine ones, considering the phosphorus concentration, 
are also dominated by flagellates, but mainly by those 
which are large ( i .e. dinoflagellates) or which have a 
colonial state (such as some chrysophytes) . A forest lake, 
with a certain amount of humic substances, and an inter
mediate nutrient state, has a very varied constellation of 
life forms, sti l l  with many flagellates but also with unicel
lular species, colonies and intermittently also filaments. 
This  type of lake is the most common one in Sweden, 
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alpine lake 

acidified Jake 

• Unicellulars r:a 
11 Small-cell (<2 !lffi) colonies • 
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!2 Flagellated colonies 

humic forest lake 

j ,� ·� . 

• 

eutrophied lake 

Small flagellates (<20 ).l.m) 

Large flagellates (>20f.l.m) 

Filamemous forms 

Fig. 1 1 .  Phytoplankton life forms in some common lake types in 
Sweden. 

especially above the highest postglacial coastal line. In 
nutrient-rich and eutrophied water-bodies, usually below 
that limit and close to densely populated regions, fila
mentous species and large-cell colonies are common stress
tolerant life forms among the phytoplankton, while flagel
lates are of subordinate importance. In an international 
perspective Swedish lakes are characterized by a large 
proportion of flagellates in the phytoplankton biomass, 
reflecting the general dominance of nutrient-poor and 
humic waters. 

Phytoplankton species composition 

The alpine lakes form a clearly distinct type with a high 
transparency, an extremely low nutrient content (total 
phosphorus ea 5 jlg 1-1 , total nitrogen <200 jlg 1-1) and a 
low water temperature. Another special feature is the 
short growth season which in practice only comprises the 
summer months July-September. The total biomass ( cal
culated from counts in the microscope and fitting of 
organisms to stereometrical figures and adjustment of 
volumes to one litre of water) of planktic algae is low 
( < 0.05 mg 1-1 ) . There is normally a biomass peak just 
after ice-break, which in lakes at the highest altitudes may 
be as late as July (Fig. 9). Considering a mean of the 
growth season, the dominants are many small, naked 
Chrysophyta of the genera Ochromonas, Chromulina, 
Chrysoikos, Dinobryon and Kephyrion. Subdominants 
are Dinoflagellata (Amphidinium, Gymnodinium, Peri
dinium), Cryptophyta (Rhodomonas), Bacillariophyta 

Acta Phytogeogr. Suec. 84 

(Cyclotella, Asterionella, Aulacoseira) and Chlorophyta 
(Oocystis, Tetraedron). In very large alpine lakes water 
turbulence may, however, favour a larger proportion of 
Bacillariophyta (Nauwerck 1968; Holmgren 1 984). 

The many forest lakes in Sweden cover a wide range 
of characters. The majority of these are small, wind
protected, brown-coloured and oligotrophic, although with 
a higher nutrient content than the alpine lake (total phos
phorus 10-15 J.lg I-1, total nitrogen 200-500 J.lg 1-1). The 
described type is often slightly acid with a pH around 6 
and sometimes lower. It is subjected to acidification if 
situated in areas with bedrocks of low buffering capacity. 
The dominant phytoplankton are genera of Chrysophyta 
(Bitrichia, Dinobryon, Mallomonas, Stichogloea, Uro
glena, naked flagellates), Bacillariophyta (Aulacoseira, 
Asterionella, Tabellaria), Chlorophyta (Botryococcus, 
Elakatothrix, Oocystis, Monoraphidium, Sphaerocystis), 
desmids (Staurodesmus, Staurastrum ), euglenoids (Trache
lomonas) and pico-colonial cyanobacteria (Aphanothece, 
Aphanocapsa, Cyanodictyon, M erismopedia, Snowella, 
Woronichinia). The raphidophycean species (needle flag
ellate) Gonyostomum semen has a tendency to become 
dominant over many other species when invading a lake, 
and it consequently contributes to a bias of the plankton 
community. In large and wind-exposed forest lakes dia
toms reach a substantial proportion of the biomass espe
cially in connection to the circulation periods but also in 
summer (Fig. 9). There are only minor differences be
tween the forest lakes of northern and southern Sweden. 
The biomass of phytoplankton may be smaller in northern 
Sweden but the proportions of flagellated species can be 
larger. In southern Sweden cyanobacteria are more fre
quent and Gonyostomum certainly increases the biomass 
to a large extent. The phytoplankton biomass in the forest 
lakes rarely exceeds 1-2 mg 1-1 except in the Gonyo
stomum-containing lakes where the total biomass may 
exceed 5 mg 1-1 ,  due to the large cell size of this organism. 

The lowland areas, situated below the highest coastal 
line, and mainly occurring in the most densely populated 
areas in the southern parts of the country, are character
ized by nutrient-rich lakes which in many cases have been 
subjected to further enrichment and over-fertilization by 
human activities. These lakes have high nutrient concen
trations (total phosphorus 25 to > 100 jlg 1-1 ,  total nitrogen 
600 to >5000 jlg 1-1). Their pH rises above 7 during 
periods of intense primary production in summer. As the 
main part of the low land areas are situated in the south and 
close to coastal areas the climate is warmer and the growth 
season extends from April to November. In southemmost 
Sweden the spring development may start even earlier 
than April. Diatoms dominate in spring and autumn 
(Aulacoseira, Diatoma, Fragilaria, Stephanodiscus), green 
algae (Pediastrum, Scenedesmus) in early summer and 
cyanobacteria with water-blooming genera later in the 
summer and early autumn (Anabaena, Aphanizomenon, 



Planktothrix, Microcystis) . The total phytoplankton 
biomass usually peaks in summer and it can attain values 
of 5 mg 1-1 also in moderately enriched lakes (Figs. 9 and 
12).  In extremely over-fertilized lakes (tot-P at least 100 
J.lg 1-1) peak volumes of about 100 mg 1-1 have been 
measured. 

The four largest lakes of Sweden 

The four largest lakes Vanem, Vattem, Malaren and 
Hjalmaren cover a range from oligotrophy to hypertrophy 
and together comprise 24% of the country' s  total lake 
area. They have a considerable importance for commer
cial fishing, trade and recreation, and are the water supply 
for 2.5 million people. A great deal of effort has been put 
into reducing the input of human and industrial waste
water to these lakes. The reductions of coloured matter to 
Lake Vanem from surrounding pulp mills since 1970 has 
increased the water transparency by 2 m (measured as 
Secchi depth). This is also reflected by shifts in the 
phytoplankton community to species favoured by a better 
light climate i.e. certain cyanobacteria, green algae and 
flagellates. In the other three lakes a nutrient enrichment 
trend was halted by a 95% reduction of the phosphorus 
levels in sewage water entering the lakes, a measure 
carried out in the mid- 1 970s. By this effort the phyto
plankton biomass was reduced by 30-50% with the small
est reductions in Lake Vattem which did not change from 
its oligotrophic state during the phase of increased nutri
ent input. The total species composition has not altered 
much in any of the lakes since studies from the 1 950s, but 
there has been a change in the dominance structure among 
the algae, and concerning Lakes Malaren and Hjalmaren 
the water-blooming period in summer has been shortened 
by at least one month. Additionally, there is now an 
increased diversity of algae and there is also a larger size 
variation among the species in the lakes' communities 
which is especially noticeable during the summer months 
(Willen 1992). 

Large-scale changes in a eutrophication 
gradient 

The following changes in the planktic algal community are 
expected in a trophic gradient of increased nutrient avail
ability where phosphorus is the main regulating element: 
• Increased biomass (Fig. 1 2). 
• Prolonged water-blooming season (Fig. 9) 
• Increased biomass fluctuations within the growth season 

of a year 
• Change in size structure of the community. The propor

tion of large species increases. Many of those are 
considered as stress-tolerants (Fig. 1 1) 
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• Decreased evenness and increased dominance by a few 
species 

• Decreased species richness especially in hypertrophic 
environments 

• Changed structure among the algal classes. Especially 
evident is the increase of diatoms during the mixing 
period in spring and mass-development of water
blooming cyanobacteria in summer (Fig. 1 3) .  

• Changed structure in the species composition. The most 
conspicuous eutrophication effect is the development 
of cyanobacteria in heavy waterblooms colouring the 
water green or turquoise. A massive waterbloom has a 
negative impact by restraining open-air activities, and 
by decreasing the production of fish for human con
sumption. It also affects drinking-water supplies. About 
60% of waterblooms occurring in Sweden contain 
toxic cyanobacterial strains, a figure that is compara
ble to many countries. This fact puts special pressure 
on authorities to regulate for toxin content in water 
supplies .  The common cyanobacterial toxins are cat
egorized in two main groups : neurotoxins and 
hepatotoxins. Neurotoxins, where some are alkaloids, 
some organic phosphate compounds, cause rapid re
actions affecting the nervous system by overexciting 
muscle cells, so that they stop functioning. Signs of 
toxicosis among domestic and wild animals include 
staggering, muscle contractions, gasping and convul
sions. Death is often caused by respiratory arrest. 
Among humans diffuse symptoms such as headache, 
stomach disorder, dizziness and a general feeling of 
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Fig. 12. Annual peak biomass of phytoplankton in Swedish 
lakes during the growth season, in relation to total phosphorus 
concentration in March - October. 
log (biomass) = 1 .5 12 log (P) - 1 .924; R2 = 0.76; n = 327. 
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sickness are reported. Hepatotoxins, where micro
cystins are the largest group in fresh water, affect the 
control mechanisms of cell division and muscle con
traction. The liver is the ultimate target organ. It is 
affected by haemorrhage due to distortion of the cy
toskeleton of the liver cells. These type of toxins act 
more slowly. They trigger early cell changes and have 
been proven as liver cancer promotors . The 
microcystins may certain! y be dangerous in cases of 
long-term consumption of inadequately treated drink
ing water. For that reason the World Health Organiza
tion has devised a guideline for lifetime consumtion of 
1 J..lg microcystin per litre of drinking water (Chorus & 
Bartram 1999). Death of animals after consumption of 
hepatotoxic water or after a swimming followed by 
licking of fur, occurs from within hours to a few days 
and may be preceded by coma, muscle tremor and 
forced expiration of air. Hepatotoxins are the most 
commonly encountered toxins produced by cyano
bacteria all over the world, including Sweden. In 
regions where the eutrophication problems are moder
ate and where oligo- and mesotrophic lakes prevail 
neurotoxic strains are common. An example is the 
southern Swedish highlands. Toxic cyanophytes in 
Sweden include strains of species within the genera 
Microcystis, Anabaena, Planktothrix and Aphanizo
menon here stated in order of findings of toxic strains 
(Willen et al. 1995; Willen & Mattsson 1998; Fig. 14) .  
The species Anabaena and Aphanizomenon are the 
main producers of neurotoxins, while Microcystis and 
Planktothrix are potent hepatoxic genera. 

<0. 1  0. 1-0.5 0.5-1 .5 1 .5-2.5 2.5-5 >5 
Biomass (mg r1 ) 

Ill Cyanophyta El Bacillariophyta 

� Cryptophyta !::J Chlorophyta 
• Dinophyta D Gonyostomum semen 
• Chrysophyta 

Fig. 13 .  Proportions of algal classes in a gradient of increasing 
biomass. 

Human disturbance 

Acidification 

Sweden is one of the countries most significantly harmed 
by acidification, with 20 000 lakes being affected (Henrik
son & Brodin 1995). A large number of severely affected 
lakes are situated in southwestern Sweden due to a high 
deposition of acid substances, and a dominance of bed
rock and soils with a weak buffering capacity in this 
region. Acidification of the dimension experienced in 
Sweden has caused an immense depauperization of all 

Table 7. Water quality and phytoplankton dominants in the four largest lakes of Sweden. Ranges in Lakes Malaren and Hjalmaren 
indicate variations between different basins. 

Lake Viinem 

Area (km2) 5650 
Max. depth (m) 106 
Secchi depth (m) 5-6 
Total N (mg I-1) 0.8 
Total P (mg I-1) 0.01 

Phytoplankton peak biomass (mg I-1 ) 1 . 1  

Trophic state oligotrophic 
Spring dominants Aulacoseira 

Summer dominants Uroglena 
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flagellates 
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Woronichinia 

Lake Vattem 

1910 
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Aphanizomenon Microcystis 
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Microcystis Aphanizomenon 
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flagellates 



kinds of vegetation and changed the entire food web of the 
lakes. The growth of submerged macrophytes is reduced. 
Nutrient deficiencies cause various pondweeds and other 
elodeids to occur sparsely or disappear. One visible effect 
in some lakes has been a marked expansion of Sphagnum 
subsecundum (Grahn 1985). Another species expanding 

in the water is ]uncus bulbosus. The species richness of 
attached algae generally decreases in acid lakes, although 
some filamentous cyanobacterial and green algal genera 
develop in masses and form a dense mat on the bottoms. 
Such mats of algae and Sphagnum cover the rosette veg
etation and contribute to its disappearance (Fig. 15) .  Con
cerning planktic algae there is a switch to a dominance of 
mainly flagellated species of dinoflagellates and golden 
algae especially evident at pH :::; 5 .5 .  Some green algal 
taxa may also occur. The plankton biomass decreases 
abruptly. Most planktic diatoms disappear, and the pro
portion of cyanophytes reduces substantially (Homstrom 
et al. 1984; Morling & Willen 1990). The reduced number 
of planktic algae is due to a combination of factors includ
ing low pH, decreasing phosphorus availability, reduced 
HCO) levels, increased levels of aluminium, altered lev
els of humic substances and changes in the grazing pattern 
of zooplankton (Eriksson et al . 1983). 

Eutrophication 

A gradual nutrient enrichment is a natural process and 
phosphorus is the key element regulating the production 
in most lakes. From 1 950, however, an increased supply 
of sewage has speeded up the eutrophication of many 
lakes to an unacceptable degree, where submersed veg
etation has been shaded by turbid water and extensive 
blooms of cyanobacteria occur during most of the sum
mer season. Beds of reeds and tall herbs along the shores 
have grown to dense, impenetrable stands. For details of 
macrophyte and algal vegetation along the nutrient gradi
ent, see Figs. 2 and 9 and Tables 2, 5 and 8. 

Approximately 2% of Swedish lakes suffer from seri
ous eutrophication damage. There are about eighty hyper
trophic lakes with really severe problems. A majority of 
those are situated in the low-land areas of Skfme, Vaster
gotland, OstergOtland, Sodermanland and Uppland. 
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Fig. 14. Occurrence of water-blooming lakes with toxic strains 
of cyanobacteria detected 1981-1997. 

Regulations 

A much-used measure in many lowland lakes during the 
late 1 9th and early 20th century to gain arable land, was 
the lowering of water-levels, which almost always resulted 
in an accelerated eutrophication. A remarkable example 
of such an activity is Lake Hjalmaren, which was lowered 
almost 2 m in the 1 880s to gain 1

.
90 km2 of land - an effort 

Table 8. Trophic characterization of Swedish lakes based on the biomass of planktic algae according to environmental quality criteria for 
lakes and watercourses suggested by Naturvardsverket ( 1999). 

Class Characterization Mean biomass August Total phosphorus 
May-October biomass concentration 

(mg J-1) (mg J-1) (flg J-1) Trophic state 

la Particularly small biomass 0. 1 0.1 6 ultra-oligotrophy 
lb Very small biomass 0. 1-0.5 0. 1-0.5 6--12.5 oligotrophy 
2 Small biomass 0.5- 1 .5 0.5-2 12.5-25 mesotrophy 
3 Moderately large biomass 1 .5-2.5 2-4 25-50 eutrophy I 
4 Large biomass 2.5-5 4--8 50-100 eutrophy II 
5 Very large biomass >5 >8 >lOO hypertrophy 
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which is calculated to decrease the life of the lake by 1 000 
years . In the region of U pp land in central Sweden 25% of 
lakes counted during the 1 940s have been overgrown and 
have successively disappeared - an effect caused by a 
combination of factors such as land uplift and active water 
level lowering. Another example where drainage has to
tally transformed a lake is Lake Hornborga, which has 
been lowered five times. After the last draining in 1 933 
the structure and function of the whole lake ecosystem 
were definitely destroyed. Monocultures of common reed 
and sedges nearly covered the lake area and the basin had 
lost its status as one of the most valuable waterfowl lakes 
of northwestern Europe, but has now to some extent been 
restored. 

An action with very serious effects is the regulations 
for hydro-electric power (see Chapter 9). 

Restoration measures and effects 

Restoration of hypertrophic lakes in order to reduce ex
cessive littoral and/or pelagic vegetation can be achieved 
by the fol lowing methods : 
• Cutting of macrophytes, which is a successful method for 

removing emergent vegetation, if recurrently used and 
complemented with destruction of the root system. 

• Raising of the water-level to reach a depth where most 
macrophytes are inhibited from further growth; success
ful if complemented with previous destruction of the root 
system. 

• Reduction of the external nutrient loading to restrict heavy 
cyanobacterial waterblooms. Since the beginning of the 
1 970s sewage treatment plants have been equipped with 
a phosphorus removal step. More than 95% of the popu-
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Fig.  1 5 .  The bottom of an acidi
fied lake with Isoetes lacustris 

overgrown by algae. Photo: F. 

Ehrenstrom. 

lation and most industries are now connected to sewage 
treatment plants with a combination of biological and 
chemical cleaning processes. Results of such efforts can 
be given from Lake Malaren, which was the object of the 
very first decisions on phosphorus diversion in Sweden 
(Rodhe 1 969b).  From pristine total phosphorus concen
trations varying between 6 and 1 5  �g 1 -1 in various 
basins, these levels were raised to 30 and 1 20 �g 1 -1 in the 
1 960s . The water-blooming season extended from June 
to September, and the internal structure of the planktic 
algal community during the rest of the growth season 
reflected a trophic variation of various basins from eutro
phy to hypertrophy. The phosphorus precipitation step 
resulted in a halving of the phosphorus concentration in 
the water of the most deteriorated basins. In general for 
the whole lake, the planktic algal biomass was reduced 
by 40% and in the most polluted basins the reduction 
reached 70%. Cyanobacteria showed a particular de
crease. The waterblooms still occurring (sometimes in 
disturbing amounts) are nowadays restricted to the late 
summer period (Willen et al . 1 990, Willen 1 992). The 
water in many basins has become more transparent al
lowing submerged macrophytes to develop. 

• Manipulation of the sediment layer of lakes with a sub
stantial leakage of phosphorus. This so-called internal 
loading can be reduced either by oxygenation of the 
sediment surface, or by dredging to remove the upper 
part of the sediment layer. The dredging procedure is 
technically difficult and costly, and therefore it is only 
used in small, shal low lakes .  The oxygenation of 
hypolimnion strata is efficient as long as it lasts, but if 
interrupted the lake returns to its former state. It must also 
be stated that these two methods are used where effects of 



a reduction of nutrients in inflowing water are insuffi

cient. 

• Manipulation of the food web. This is a technique used in 

lakes with long-lasting waterblooms of cyanobacteria 

which are shading the subsurface water, and preventing 

submerged macrophytes from developing. Biomanipu

lation involves a reduction of zooplankton-eating fish. 

Zooplankton will then increase and intensify the grazing 

pressure on phytoplankton. The latter group is thus re

duced, the water becomes clearer and the submerged 

vegetation can recolonize and be an efficient component 

for removal of phosphorus from the water. In combina

tion with phosphorus diversion from inflows, this method 

has been used with successful results especially in some 

lakes in Skane as well as in lakes in the other Nordic 

countries (Pettersson & Wallsten 1 990; Hansson 1998). 
To maintain an acceptable water quality it is necessary to 

repeat the large-scale fishing of planktivorous fish at 

certain intervals. 

The management of acidified lakes is conducted along two 

lines: 

• International negotiations on an agreement to restrict 

long-range transports of acid emissions. The aim is to 

agree on a reduction to a level tolerable to the environ

ment. Agreements reached so far have resulted in a 
40% reduction of the sulphate deposition and a subse

quent increase of the alkalinity of the lake-water by 

1 11eq 1-1 y-1 . 
• Counteraction of acidification by liming directly in the 

lakes, in their inflowing waters or in neighbouring parts 

of the catchment. Acquired experience shows that liming 

results in a considerably improved water quality and an 

increased biological diversity (Henrikson & Brodin 1995). 
Long-term effects (>20 years) are, however, still un

known. Liming results in a drastic decrease of the Sphag
num mats and an increase of mosses characteristic of 

circumneutral environments (i.e. Scorpidium scorpioides, 
Fontinalis spp., Warnstorfia trichophylla) as well as a 
recolonization of many submerged plants (Potamogeton, 
Myriophyllum and isoetids). The attached algal flora 

change structure to larger proportions of desmids and a 

shift in the composition of diatoms. Bottom-covering 

carpets of filamentous algae disappear. The biomass of 

planktic algae increases in limed lakes to levels compara

ble with circumneutral lakes and the species number 

increases but the flora composition shows very variable 

changes. In some lakes cyanobacteria and diatoms return 
but in the most acid lakes (pH < 5) the plankton flora 

does not fully change to a pre-acidification state. 
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Introduction 

Where land meets sea the abiotic forces of both interact to 
create a characteristic environment, sometimes controlled 
by the solid surface of land and sometimes by the moving 
masses of water. What is really understood by a shore has 
been discussed at length, but the most used delimitations 
(Gillner 1960; Tyler 1 969b; Ericson & Wallentinus 1 979) 
agree with that proposed by Du Rietz ( 1 94 7): the shore 
(littoral) is the area between the highest water limit and 
the lowest water limit. The littoral is further subdivided 
into the area above mean water level (geolittoral) and the 
area below (hydrolittoral). 

In this presentation some vegetation types outside the 
true littoral will also be presented as they are firmly 
connected to shores and influenced by the vicinity of the 
sea; these include, for example, sand dunes and supra
littoral meadows. 

The coasts of Sweden are dominated by rocky shores 
interspersed with areas ofloose material in bays, gulfs and 
fiords. In some areas, however, loose material dominates 
larger areas as, for example, in Skane. Several types of 
vegetation may develop on the shores. There is an incon
sistency in most classifications of shore vegetation in that 
rocky shores and shores of coarse material (boulder, shin
gle, sand) are characterized by their soil type whereas 
shores on finer material (salt marshes, shore meadows) 
are characterized by their vegetation. This is, however, 
widely accepted (Sjors 1 967; Tyler 197 1) and will be 
followed here. 

Different species have different tolerance to salt con
tent of the soil, and species are continuously excluded as 
salinity increases - thus the floristic composition and 
hence vegetation, is changed in accordance with salinity. 
The sea along the coast of Sweden exhibits a cline in 
salinity, ranging from almost true marine waters (see 
Chapter 1 2) on the west coast to almost limnic in the 
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northern part of the Gulf of Bothnia. Thus it is necessary 
to include a regional aspect of the shore vegetation. A 
thorough reference list of the scientific literature concern
ing the shore vegetation of Sweden is found in Ericson & 
Wallentinus ( 1979). 

Environmental characteristics 

In the common area between land and sea many abiotic 
factors, which affect the premises for living organisms, 
vary both in time and space. Sometimes the shore is 
flooded by fresh water e.g. when the snow melts in spring, 
some times by salt water during periods of low atmos
pheric pressure with strong onland winds. Temperature 
and water levels vary with wind direction and exposure 
and climate varies strongly both locally and regionally. 
Thus it is no exaggeration to say that shores are in many 
respects extreme habitats. Below I will briefly character
ize some of the important environmental factors. The 
profound effects of maritime climate are discussed in 
Chapter 1 .  

Salinity 

All sea-shore habitats have in common a high content of 
soluble salts. In the spray region of shores, salt is depos
ited on dunes and in marshes. The salinity of shores varies 
widely depending on the movement of water. During 
warm periods without rain, for example, the salinity in
creases due to evaporation and transport of salt to the soil 
surface. The salinity strongly affects the vigour of plants 
as a direct result of the concentration of salt in combina
tion with the chemical composition of the soil. Further, 
different species vary in their capacity to cope with salin
ity, and the salinity of the water thus strongly affects the 
vegetation patterns. Saline soils of humid regions, such as 
in Sweden, contain predominantly NaCl. During the grow
ing season salt steadily accumulates within the plant as a 
result of evaporation and when the plant parts eventually 
die and are shed the salt is washed out and returned to the 
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soil. Many species, although they tolerate relatively high 
salinity, grow at some distance from the shore on the west 
coast but at lower levels in the Baltic Sea. Low salinity 
species tend to reach further down the shores in the 
northern areas (Ericson & Wallentinus 1979). 

Water level fluctuations 

Water level variation is an important factor for the compo
sition of shore vegetation, as it affects growth, develop
ment, phenotypic expression, germination and eventually 
life and death of the plants. Flooding acts directly by 
reducing the availability of carbon dioxide, and by creat
ing oxygen deficiency which will eventually kill the sub
merged parts, especially roots, of many plants. Flooding 
also affects the plants indirectly by altering the salinity 
and by creating oxygen deficient waterlogged soils where 
the redox potential is lowered and poisonous hydrogen 
sulphide emerges. Water level fluctuations therefore act 
as a filter preventing less adapted plants from colonising 
the flooded area and thus add to the structuring forces in 
the vegetation. 

The tide of the Swedish coast is small with ea. 20 cm 
amplitude on the west coast, 9- 15  cm in the Danish Belt 
Seas but only 1 -4 cm in the Baltic Sea. This does not 
mean, however, that water level fluctuations are small in 
general. Meteorological and hydrological factors drive 
water level fluctuations of a greater magnitude (Tyler 
1969c). Wind force and direction together with variations 
in atmospheric pressure are very important for such water 
level fluctuations. 

The largest water level fluctuations are found in the 
northernmost part of the Gulf ofBothnia where the ampli
tude may reach over 300 cm (Ericson & Wallentinus 
1 979) whereas the maximum amplitude in in the rest of 
the Baltic Sea is below 160 cm (Fig. 1 ) .  

Despite strong variations between years there is a 
general annual pattern in the water level change. The 
growing season, May and June, starts with marked low 
water levels and small amplitudes. The development dur
ing the summer strongly depends on weather where high 
air pressure leads to high water levels and vice versa. At 
the end of the summer, water levels tend to rise and the 
amplitude increases. This continues into the winter and 
the highest mean water level is normally found in January. 
The largest amplitudes are, however, found in the autumn, 
when winds are strong. The lowest water levels are found 
during late winter and early spring (February - April) . 

Shore level displacement 

In Sweden there is a land uplift apart from sea level 
fluctuations which has created new land on a downward 
shore line displacement since the last glaciation. This has 
continuously created new areas for colonization. Some 
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Fig. 1 .  Annual water level fluctuations in the northern Baltic 
Sea. The intervals cover 99% of the sea level fluctuations during 
the year.(Redrawn from Lisitzin 1960.) 

species, especially short lived colonizers, may survive in 
a particular locality by continuous colonization down
wards to the newly created areas. Other species will 
follow and the entire community slowly progresses to the 
new land in a succession in space and time. The slope of 
the shore and the rate of land uplift decides the rate of 
change and the spatial area available to different species. 
This gives rise to the characteristic zonation of shores but 
it also affects the species content. If the speed is high some 
species with long life cycles may be excluded but if the 
rate is slow, short-lived ephemeral species may instead be 
outcompeted and vanish. 

Shore species will eventually be replaced by more 
terrestrial species when erosion is reduced, accumulation 
of fine material increases and humus-rich soils replace 
mineral soils as flooding becomes less important and 
eventually ceases. 

The vertical shore level change (shore level displace
ment sensu Passe 1 996) in Fennoscandia is mainly due to 
two factors, the isostatic land uplift and the sea level 
fluctuations (eustatic sea level change). The latter is slow 
whereas the isostatic land uplift, which depends on the 
thickness of the ice cover during the last glaciation, is 
relatively fast (Passe 1996). Horizontal shore displace
ment is, in addition, dependent on the slope of the particu
lar shore. The present day vertical shore displacement 
ranges from 9 mm a year in the north to less than zero in 
the southern parts of Sweden (Fig. 2). 

The shore displacement may be even faster where 
alluvial material is deposited, such as around river mouths 
and where currents accumulate loose material along the 



Fig. 2. Shore displacement in Scandinavia at present in mm per 
year. (Redrawn from Cramer 1986.) 

shores. In shallow waters the accumulation of organic 
material may also significantly add to the rate of the shore 
line displacement. 

Topography and vegetation 

The topography of a sea shore strongly influences the 
effects of wave action, salinity, sedimentation and posi
tion of the drif tline which again, to a large degree, 
provides the conditions for the establishment and survival 
of plants on the shore (Snow & Vince 1984) . The deposi
tion of drift litter may, for example, kill many of the plants 
which become covered. 

Further, on a larger scale, the topography also affects 
zonations within an archipelago by affecting the degree of 
exposure, salinity etc. (Hayren 1940; Luther 195 1 ) . Thus 
the coasts of Sweden provide different conditions for 
plant growth, from the open coasts of the south to the wide 
archipelagos of the Stockholm area. 

Plant strategies and adaptations 

Important life forms 

The spectrum of life forms in a shore flora depends very 
much on the exposure to wave and ice erosion. If severe, 
these forces, together with grazing and mowing, will act 
to exclude woody plants from the shores of the north, 
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whereas around the coasts of  the Mediterranean Sea, for 
instance, woody shore plants are much more important. In 
Sweden dwarf shrubs are represented by only one species 
(Atriplex portulacoides) with a few findings in Bohuslan. 

Hemicryptophytes (e.g. Tripolium vulgare (= Aster 
tripolium), Leontodon autumnalis, Plantago maritima, 
Festuca rubra) clearly have a better ability to cope with 
such stress and thus dominate among the shore plants of 
Sweden. Lower in the hydrolittoral many species are 
helophytes i.e. are rooted in the substrate but penetrate 
through the water into the air with their shoots (e.g. 
Phragmites australis and Schoenoplectus (= Scirpus) 
lacustris). The shoots are normally hollow which makes it 
possible for air to diffuse down to the roots. Geophytes (e.g. 
Glaux maritima and Triglochin palustre) are also repre
sented especially on shores with fine-grained substrate. 
The representation of therophytes (annuals) is high on 
drift lines, on salt pans etc. but may also be high if the 
vegetation is heavily grazed or trampled (e.g. Salicomia 
europaea and Spergularia marina, many Atriplex and 
Chenopodium spp.). 

A particular species does not always occur as either 
one or another life form and Tripolium vulgare for exam
ple may be perennial on lower parts of the shore but 
annual on upper parts (Gray 1 974). 

Life histories 

The majority of species on shores are perennating hemi
cryptophytes or helophytes. The majority are wind polli
nated but whether this depends on the fact that the species 
belong to families dominated by this mode of pollination 
or whether it is an adaptation is not clear. There are, 
however, a large number of species with obvious insect
attracting flowers such as Armeria maritima, Glaux mar
itima and Tripolium vulgare. 

Shore species are often geographically widespread, 
demonstrating their capability for long distance dispersal 
(Huiskes et al. 1 995). The seeds of most shore species 
retain their viability during submersion in seawater which 
makes dispersal by flotation and even movement along the 
bottom possible. Long-distance dispersal on the water sur
face is reported for many, also terrestrial, species (Romell 
1 940; Miiller-Schneider 1986) and is presumably the most 
important dispersal vector for shore species. Wind dis
persed species, and to a lesser degree animal dispersed 
species, are found in the shore flora but also these are 
probably frequently water dispersed. Dispersal by vegeta
tive parts is documented for many aquatic species but less 
so for true shore species and the importance is difficult to 
estimate. For many species, however, vegetative coloniza
tion dominates on a local scale as for many graminoids e.g. 
Phragmites australis, Schoenoplectus maritimus but also 
many others such as Glaux maritima, Potentilla anserina 
(= Argentina anserina) and Trifoliumfragiferum. 
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Seed banks of shores have been poorly studied. How
ever, some general conclusions may be drawn. Disturbed 

shores contain more viable buried seeds than undisturbed 
(Adam 1990). Shore habitats contain fewer seeds in the 
seed bank than fresh water marshes (van der Valk & Davis 

1978). In Baltic Sea shore meadows few species may 
make up the major part of the seed bank and in one study 

}uncus gerardii contributed 87%, Glaux maritima and 

Triglochin maritimum 6% each (Jerling 1983). In a later, 
more extensive study covering larger parts of a seashore 

(Jutila 1998) seven species (Juncus gerardii, Schoeno
plectus tabernaemontani, Eleocharis uniglumis, }uncus 
bufonius, Agrostis stolonifera and Carex nigra) of the 83 
species found in total contributed 73% of the seed bank. It 

was also shown that grazing significantly reduced the size 

of the germinable seed bank. 
There is a strong spatial heterogeneity in the distribu

tion of seeds in the seed bank which makes the match 

between existing vegetation and the species of the seed 
bank weak (Jerling 1983; Jutila 1998). Concerning the 

longevity of seeds in the seed bank of shores, little is 
known (Grandin 1998) but shore line displacement and 
depth of buried seeds suggest that a survival of at least two 

hundred years for Glaux maritima is possible (Jerling 
unpubl.). 

Annual nitrophiles, such as Atriplex littoralis and 

Tripleurospermum maritimum, dominate in the drift line. 
The redistribution of material during the winter makes the 
community short-lived unless the drift line was deposited 

during an extremely high water. 

Most of the species of shores, even those considered to 

be halophytes, do not germinate under saline conditions 

(Ungar 1 978). This has been interpreted as an adaptation 
to prevent germination while floating in the water (Ungar 

1978). Some species, such as }uncus spp. however, do 

germinate under water (Rozema 1975). Others germinate 
better under saline conditions and even while floating in 

sea water, such as Salicomia (Ungar 1978). The inhibi

tion of germination by salinity indicates that many species 
require a reduction in the soil surface salinity such as 
during the thaw in spring or during autumn rains .  For 

many of the species in salt marshes, such as Glaux mar
itima and Spergularia marina, germination is enhanced 

by fluctuating temperatures which indicate water and 

vegetation free soil surface and thus a favourable situation 
for establishment. Seeds of many species also require 

light to germinate. This is almost universal to small seeds 
such as those of }uncus (Rozema 1975), and ensures that 
the seeds germinate in an open area, and by this life 

expectancy is enhanced. Many species, particularly among 
the Chenopodiaceae, have dimorphic seeds with different 

germination requirements (Ungar 1979) which extend the 

germination period or give the plants different dispersal 
behaviour (Telenius & Torstensson 1989). 

The shore environment is dynamic and often ephem-
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eral and the life histories of shore species sometimes suit 
other environments. Hence many weeds and ruderals 

seem to have their origin on shores. Examples are Artemi
sia vulgaris, Cirsium arvense and Vicia cracca. 

Ecophysiology 

The two main factors determining the species composi

tion of shores are salinity and inundation. Salt tolerance is 

also important for the distribution limits within the shore 
as the salt content of the soil varies strongly. The salinity 
of the water affects the physiology of plants in at least 
three ways: by osmotic, nutritional and toxic effects. The 

osmotic pressure makes water ' leak' from the roots and 
the plant may eventually 'dry ouf . The higher the salinity 

the less accessible is water to the plants. Plants can draw 

water from the salt-solution only if they are able to pro

duce a negative osmotic pressure. The salt further affects 
plant nutrition by altering the uptake of other ions. For 

instance, high concentrations of sodium suppress the up
take of potassium. 

Once salt has reached the cell, resistance of the proto

plasm to the ionic effects of salt decides the fate of the 
plant. High levels of ions may, for instance, inhibit protein 
synthesis and enzyme activity. 

Some plants (halophytes) have a much higher content 
of chloride than other plants and an excess of sodium over 
potassium. They actively take up Na+ and Cl-. This ena

bles the plants to compensate for the high osmotic poten

tial of the soil and to continue to draw water from it. In 
optimal cases the salt concentration of the cell sap of the 

halophyte just compensates for the concentration of the 
soil. To keep the salt concentration within non-fatal limits 

halophytes have to be able to regulate the salt concentra

tion. Several plants (e.g. Glaux maritima and Triglochin 
maritimum) excrete salt through glands or hairs. This 
process is energetically costly and these species are there

fore often light-demanding (e.g. Glaux maritima). Others 

have the capacity to actively draw water into their tissues 
which keeps the salt concentration fairly constant but also 

gives the plant the succulent form such asAtriplex hastata, 
Triglochin maritimum, Tripolium vulgare and Suaeda 
maritima. 

Other species collect considerable amounts of salt in 

some of their shoots. These shoots dry prematurely and 
fall off while young shoots with lower salt content replace 
them. Thus abscission of structures may be a form of salt 
excretion in many Juncus species (Adam 1990) . 

A second effect of inundation is waterlogging which 
reduces the oxygen supply and results in anaerobic condi

tions. The combination of anaerobic and reducing condi

tions is fatal to most terrestrial plants. Mild waterlogging 
causes the death of roots . The anaerobic microbial activity 
produces a range of organic and inorganic products of 
which many are toxic. There are two main strategies to 



cope with waterlogging - avoidance of anaerobiosis and 
biochemical tolerance (for a review see Armstrong et al. 

1994). Avoidance occurs by rooting in the more aerated 
surface layers, by cavities in stems and roots (aerenchyma) 

which allow air to penetrate down from the atmosphere, 
or by having 'water roots' i.e. roots growing from the 
substrate up into the water - thereby increasing the sur
face-to-volume ratio and enabling the plants to take up 
oxygen from the water. The other option, biochemical 
adaptation to anaerobic conditions, is poorly understood. 

A third factor playing an important role for shore 
vegetation is submergence which restricts the exchange 
of gases with the environment, and causes shading and 
mechanical damage. During submergence the availability 
of both carbon dioxide and oxygen is restricted and both 
photosynthesis and respiration are depressed. Thus the 
plants must either have a reservoir of oxygen to survive or 
have the capacity to withstand oxygen deficiency. Some 
of the plants trap a film of air on the surface of their leaves, 
others in cavities of both stems and roots. If light and 
carbon dioxide are available, recycling of oxygen by the 
plant' s metabolism is also important and oxygen pro
duced in the photosynthesis may sometimes be stored in 
the cavities of the plant. 

Shore plants are anatomically and morphologically 
often adapted to resist mechanical damage. Most leaves 
possess thick cuticles, collenchyma and sclerenchyma 
which strongly enhance the mechanical strength of the 
plant. Leaves are often narrow which reduces the friction 
against the moving water. 

Normally, plants of the north withstand the problems 
of being frozen into ice, but the duration of the ice cover is 

of importance since it affects the length of the growing 
season and the risk of ice erosion. Freezing-up normally 
starts in the middle of November in the Bothnian Bay but, 
if at all, as late as in February on the west coast. Break-up 
of ice is normally in early March on the west coast but at 
the end of May in the Bothnian Bay. Thus the normal ice 
period is about six months in the Bothnian Bay but less 
than a month on the west coast. 

The effects of ice erosion vary strongly in relation to 
variations in water level during the ice period. If rising, 
the ice tears helophytes, and even hemicryptophytes, up 
by their roots and in spring floating clumps of e.g. 
Phragmites australis are frequently observed. If the water 
level falls, the ice may erode overwintering plant parts of 
the upper soil horizons. The effects on the vegetation also 
depend on the exposure of the growing site as ice-floes are 
washed up on exposed shores forming piles which erode 
the substrate and melt late. 

Phenotypic and ecotypic differentiation 

There are large variations between species in their toler
ance to salinity, submergence and waterlogging. Many 
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plants respond to submergence, or other variation in the 
environment, by changing the morphology of the pheno
type. Submergence is often followed by a reduction in leaf 
size, a development towards finely divided leaves etc. 

(Briggs & Waiters 1 984 and references therein). In an 
experiment with Glaux maritima, those parts of a clone 
which were subjected to submergence responded by in
creasing the height of the main stem (Jerling & Elmgren 

1996), an effect also found in Rumex species in relation to 
flooding (Banga et al. 1995). 

Knowledge of ecotypic (i .e. local genetic) differentia
tion among populations of shore plants is well established 
since Turesson' s ( 1922) experiments where he showed 
that some shore varieties of species were hereditary dwarfs. 
Since then many researchers have shown genetic differ

entiation both within and between populations of sea 
shore species such as Agrostis stolonifera (Hodson et al. 
1 985), Plantago maritima (Gregor 1956; Jerling 1988a), 
Puccinellia maritima (Gray 1985), Salicornia europaea 
(Davy & Smith 1985), Triglochin maritimum (Jefferies 
1 977), and other species (Gray 1974, 1987). There is also 

a great variation in the traits within species on a regional 
scale. In e.g., Tripolium vulgare time to first flowering, 
date of flowering, fruit weight, germination requirements 
etc. vary among populations from southern and northern 
Europe (Gray 1 974). 

A case study 

Along a 50-m long transect in a shore meadow in central 
Sweden, ranging from low to high water level, a demo

graphic study of Plantago maritima (Jerling & Liljelund 
1984) revealed variation in factors controlling population 
density on different parts of the shore (Fig. 3) .  On lower 
parts, the frequency of flooding was the dominating fac
tor, on the central part intraspecific competition played a 
major role, whereas on upper parts interspecific competi
tion and grazing were the important controlling factors. 
Grazing by cattle was also intense on lower parts but it 
occurred early in the season before flowering time whereas 
on upper parts it occurred later. 

A subsequent analysis of genetically based traits (Fig. 
4; Jerling 1988a) showed that genotypes of the upper 
shore allocated fewer resources into reproductive organs 
than other genotypes; they were morphologically distinct 
with shorter but larger amounts of leaves and they pro
duced heavier seeds which germinated later. These traits 
were interpreted as adaptations to more intense interspecific 
competition. Heavy seeds are advantageous during in
tense competition, and short but more leaves are efficient 

in avoiding grazing. Late germination gave better pros
pects for seedling survival, as intensity of grazing was 
most intense late in the season which resulted in shorter 
vegetation. 
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Fig. 3. Distribution of Plantago maritima (solid line over shaded 
area) along a transect over a shore meadow in eastern central 
Sweden. Species richness (dotted line) decreases towards the 
sea. The number of days with submergence during the growing 
season (open triangles) and the intensity of grazing as indicated 
by hoofmark density (bars under black squares) are also shown. 
The transect runs from upper meadow (u.m. ), via central meadow 
(c.m.) to lower meadow (l.m.) altogether a distance of 42 m. 

On the central part of the shore genotypes carried 

longer leaves, allocated an intermediate amount of re
sources into reproductive organs, had intermediate sized 

100 

so 

0 
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Fig. 4. Relative survivorship of three genotypes of Plantago 
maritima in a competition experiment where density of plants 
ranged from 1 .2 to 4.6 · 106 m-2 (top part of bars = upper meadow 
genotype, middle part = central meadow genotype, bottom part 
= lower meadow genotype). The central meadow genotype 
performs increasingly better as density increases. 
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seeds which germinated very fast. The longer leaves give 
the plants an advantage in interspecific competition. Life
expectancy and allocation to reproductive organs are in
termediate. Since a very small advantage in growth gives 

good results, early germination is favoured. 
On the lower shore genotypes allocated a great deal 

into reproductive organs. They carried smaller seeds but 

more of them. Both early and late germinating seeds were 
found. In this area life expectancy was short, due to the 
risk of flooding, and fitness depends greatly on the ability 
to reproduce fast with many seeds. Germination time did 
not matter very much since flooding, to a large degree, is 

unpredictable. 

Species composition 

Drift line vegetation 

Drift lines develop where the high waters leave a debris of 
plant litter or organic substrate of other origin. The com
position and age of the debris are important to the type of 
vegetation which develops.  In most cases such drif tlines 
are relatively short-lived and redistributed during winter 

storms. If developed after extremely high waters, drift 
lines may occasionally survive for several years and a 
succession from annual species towards perennials may 

occur. Litter accumulation may destroy existing vegeta
tion and result in bare patches which afterwards are rap

idly colonized. The quantities and composition of debris 

deposited vary considerably. Close to rivers and streams 
material of freshwater origin may be found especially 
after the spring flood. In the autumn the first storms tear 
many of the helophytes and algae from the shallow waters 

and wash them ashore, in late autumn or winter severe storms 

may deposit algal species such as Cladophora, Fucus and 

Furcellaria and from deeper waters onto the shore. 

There is also a gradient in the vegetation of the drift 
line from the south to the north. In the south a luxuriant 
vegetation of Atriplex species, Rumex maritimus etc. may 

develop (Krisch 1974) or a vegetation of Suaeda mar
itima on soils covered by drift consisting of filamentous 

algae scattered over the shore. At the Baltic Sea shores a 
vegetation dominated by F estuca arundinacea is often 

developed on older drift lines where Artemisia vulgaris, 
Cirsium arvense, Poa pratensis ssp. irrigata, Potentilla 
anserina, Sonchus arvensis, Vicia cracca and others also 

occur (Tyler 1 97 1 ) .  In the north, drift lines are often 
colonized by Elymus caninus, Rubus idaeus, Silene dioica, 
Valeriana sambucifolia and others. Thus, contrary to the 
west coast, mainly perennial species colonize the drift line 

along the coasts of the Bothnian Sea and Bothnian Bay, 

the only frequent annual being Galeopsis bifida (Ericson 

& Wallentinus 1 979). 
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Fig. 5 .  Rocky shore in the Stockholm archipelago (Gallno, Uppland) with flowering Lythrum salicaria and Phalaris arundinacea. 

Rocky shores 

Rocky shores along the coast often contain extremely 
few species of higher plants . Low , exposed sites some
times carry only one species, tussocks of the small salt 
tolerant grass Puccinellia capillaris wedged into small 
cracks i n  the rocks (Fig .  5 ) .  Around the coasts of Sweden 
a characteristic black belt is found above the algae in the 
geolittoral of rocky shores . In  south facing s ites exposed 
to the sun this belt i s  formed mainly by Calothrix scopu

lorum. When wet, this cyanobacterium is dark blue
green and very slippery but dry it gives a black impres
sion . In shaded, north facing slopes and in crevices, it is 
replaced by the blackish l ichen Verrucaria maura .  This 
belt i s  formed where the rocks are often washed by 
waves but still more often dry than wet. Depending on 
the slope the extension of thi s  belt varies and it may 
extend several metres where the area is exposed and the 
waves reach high up . Above it, another l ichen, the or
ange-yellow Caloplaca marina, forms a new belt .  The 
upper part of the geolittoral is  reached only occasionally 
by high waters but the salinity is normally still too high 
for less tolerant lichens such as Rhizocarpon or Umbili

caria. In places where bird droppings last long enough, 
another dark orange-yellow lichen, Xanthoria parietina, 

establishes and may totally cover several square metres,  

in  some places interspersed by the green lichen Ramalina 

polymorpha . 

The sea also affects the vegetation of lichens above the 
geolittoral. On north facing steep rock walls which now 
and then may be sprayed with sea water a fur of the l ichen 
Ramalina siliquosa may develop. 

In epilittoral crevices where loose material may gather, 
higher plants colonize. Examples are Agrostis stolonifera, 

Armeria maritima, Cochlearia officinalis, Phalaris arun

dinacea, Rumex crispus, Sedum acre, Silene uniflora, Tri

pleurospermum maritimum and Viola tricolor, and on the 
east coast Allium schoenoprasum, Silene viscosa and Ve

ronica longifolia. The last two have their main distribution 
area on the steppes of south-eastern Europe. In lower parts, 
especially on exposed shores Puccinellia capillaris colo
nizes small crevices . 

As land upheaval continues, the rock pools become 
more and more i solated from the sal ine water of the sea, 
and are gradually encroached by mire plants . Eventually 
they turn into miniature bogs with Cornus suecica , 

Eriophorum vaginatum, Rubus chamaemorus, Sphagnum 

fuscum, S. capillifolium, and others . 

Boulder and shingle shores 

Shores on boulder and shingle may contain relatively 
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Fig. 6. Shingle shore close to Rosnas (Denmark) with Crambe maritima. 

many species, especially where debris is accumulated 
and in a state of mouldering (Fig. 6). Close to the shore
l ine few species of higher plants manage to survive but 
further from the shoreline, on shingle shores, there i s  
frequently some fine material in  the rhizosphere, and 
diversity may be high. On the west coast characteristic 
species are Beta vulgaris ssp. maritima, Crambe mar

itima, Ligusticum scothicum, Limonium humile, Solanum 

dulcamara, Valeriana sambucifolia ssp. salina and in  
BohusUin also Euphorbia palustris, Glauciumflavum and 
Mertensia maritima. This type of vegetation is especially 
luxuriant in localities fertilized by bird droppings where 
Crambe maritima may reach an impressive size. 

Along the east coast, the shores on shingle are more 
important and the vegetation here also reaches closer to 
the shore line. Among the conspicuous species is for 
example the endemic grass Deschampsia bottnica, which 
forms tussocks in, or just below, the water front. Along 
with this  grass, Triglochin maritimum and Tripolium 

vulgare form a sparse vegetation. On this  coarse material 
one may also find Isatis tinctoria, again a species which 
has its origin on the south-eastern steppes .  Isatis tinctoria 

may be naturalized as it was once cultivated as a blue 
colouring agent. 

On less exposed sites Eleocharis uniglumis and 
Schoenoplectus tabernaemontani colonize the area j ust 
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below the water front. Above these many shore species 
continue such as Centaurium littorale, Glaux maritima 

and Myosotis laxa ssp. baltica . Behind this fringe there 
is frequently a grass vegetation occurs, mainly of Phalaris 

arundinacea. 

North of Stockholm many of the shingle shores are 
colonized by Hippophae rhamnoides, a bush or small 
tree. This species is an efficient colonizer by means of its 
symbiosis with nitrogen fixing micro-organisms (Actino
mycetes) and is thus frequently the first woody species 
occurring in newly risen shores. The species i s  a weak 
competitor and is higher up often outcompeted by Alnus 

incana. Hippophae rhamnoides is not really a shore spe
cies but more of an efficient colonizer. After the last 
glaciation it had a wide distribution on the virgin land that 
was created after the shrinking ice but also here it was 
later outcompeted. Hippophae rhamnoides today has its 
main distribution in mountain areas from Portugal through 
Asia to Kamchatka and is consequently also found in 
Norway on taluses up to an altitude of 1 000 m. 

A strange distribution is  found for Arabis petraea 

which grows on shingle shores of the Bothnian Sea in the 
province of Angermanland. It is also found in the south of 
Norway and in Karelia in Russia. In Norway it is an alpine 
species which occurs at an altitude of more than 1 700 m 
a.s .l .  



Sandy shores 

Sandy shores are found in many places around the coasts 
but larger areas with dunes occur only in the south (e.g. 
Sandhammaren, Vitemolla) and the very north (e .g .  
Haparanda sandskar). Since sand i s  a coarse material , 
nutrients leach with percolating water. Therefore, the type 
of vegetation that develops on sandy shores depends to a 
large extent on the amount of nutrients transported in  
from the water (Fig. 7) .  A thorough treatment of  the sand 
vegetation in southern Sweden is given by Olsson ( 1 974) . 

Along the water front, the sand is almost in constant 
movement; sand is accumulated and washed away by the 
action of the waves . Sand starts to be wind-transported 
when the wind speed reaches 7 m s-1 . When on-shore 
winds blow, sand is transported from the shore up to the 
dunes. When the wind i s  slowed down by the vegetation, 
thi s  sand with adhered nutrients accumulates on the sur
face and adds to the nutrient content. The nutrients, origi
nating from decaying marine organisms, are, however, 
soon lost with percolating water but a small amount i s  
absorbed by the plants . 

Normally the area close to the shore l ine i s  bare of 
vegetation but sometimes a few special ized species occur 
below the fore-dunes such as the succulent, deeply rooted 
perennial Honckenya peploides, and two annuals,  the 
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thorny leaved Salsola kali and the pale l ilac flowered 
Cakile maritima. H onckenya peploides has the capacity to 
form new leaves and stems, when it is buried with sand. 

Further up fore-dunes may be built by accumulation of 
sand from the shore in the area where waves only reach in 
storms, as sand is trapped by the perennial grasses Leymus 

arenarius or Elytrigia juncea . These species often colo
nize in places with drift that provides the grasses with 
phosphorus and nitrogen .  A few metres further up the first 
dunes start to appear. The tops of these dunes dry out 
making the sand easi ly caught by the wind. Thus, these 
dunes are often mobile even at low wind speeds. The 
mobil ity is reduced if the dunes are colonized by the 
deeply rooted dune-grasses Ammophila arenaria and 
Leymus arenarius. Both these species produce extensive 
rhizomes and soon build up vast clones on the dunes. The 
rhizomes also have the abi l i ty to keep their growth at a 
certain depth below the sand surface. Thus when sand is  
added above they adj ust to thi s  new surface and several 
generations of dead shoots are frequently found in layers 
in the sand. In between the sparse vegetation of the grasses 
the blue-li lac legume Lathyrus japonicus may form col
ourful patches. Another species with blue flowers some
times found on dunes in south-west Sweden and on sandy 
shores on bland is Eryngium maritimum, a thorny 
sclerophyllous perennial of the Apiaceae. In stable dunes 

Fig. 7.  Sandy shore (Asko, Sodennanland) with Honckenya peploides (low), Leymus arenarius and in the background 
Scots pine of the phenotype that develops on sandy shores. 
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Fig. 8. Grazed shore meadow (B lido, Uppland) with Phragmites australis, Festuca rubra, Poa pratensis ssp. irrigata 

and further up on the geolittoral flowering Centaureajacea mixed with Anthriscus sylvestris. 

more species, which suffer if covered with sand, such as 
Artemisia campestris, Galium verum and Hieracium 

umbellatum may be found. 'Young' dunes (white dunes) 
are thus kept relatively rich by the transport of nutrients 
from the sea. 'Older' dunes behind these (grey dunes) are 
poor i n  nutrients. Ammophila arenaria may stil l  persist 
but the other grasses of the white dunes vanish. Other 
species, e .g .  the small, stiff-leaved grass Corynephorus 

canescens and the rhizomatous sedge Carex arenaria 

colonize thi s  area instead. If the grey dunes are not tram
pled or disturbed, lichens (e.g. Cladonia spp. ,  Hypogymnia 

physodes (syn. Parmelia physodes) and Platismatia glauca 

(syn. Cetraria glauca) form a crust on the surface wedged 
with mosses (e.g. Pohlia nutans, Polytrichum spp. and 
Racomitrium spp . ) .  Creeping woody plants such as 
Empetrum nigrum and Salix repens may also establ ish 
here. 

In the Bothnian area, sandy shores are more impover
ished in species. The area c lose to the shore is commonly 
bare but now and then the stoloniferous grasses Agrostis 

stolonifera and Calamagrostis stricta are found. The first, 
unstabilized dunes contain,  as in the south, Honckenya 

peploides, Leymus arenarius and Lathyrus japonicus. 

Lathyrus japonicus actually increases as one moves north
wards as does Artemisia campestris. In stable sand dunes 
of the coast Achillea millefolium, Rumex acetosella, 

Stellaria graminea and F estuca rubra are often found. In 
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older dunes Deschampsiaflexuosa and Empetrum nigrum 

(ssp. nigrum in the south and ssp. hermaphroditum in the 
north) are added to the species pool (Ericson & Wallentinus 
1 979). 

Sandy shores of the Baltic Sea proper are more spe
cies-rich than those of the north due to a richer debris and 
a higher content of calcium carbonate in the soil. Thus, 
someAtriplex species occur and, south of Stockholm, also 
Salsola kali, Suaeda maritima and Crambe maritima. In 
later years Rosa rugosa, an introduced ornamental plant 
has become naturalized, and establ ished in many of the 
older stable dunes of the Baltic Sea proper. 

Sand dune areas were earlier used for grazing, which 
destroyed the vegetation whereafter the sand became sub
ject to the action of the wind. Wandering dunes were 
formed such as at Ulla Hau of Faro (Gotland) .  Here, 
enormous sand masses moved away from the coast and 
buried vast areas of the hinterland. 

Vegetation on fine-grained substrate - shore meadows 

and salt marshes 

Where the substrate is buil t  up by finer material a more 
luxuriant vegetation may be formed (Fig.  8) .  How rich i t  
becomes depends on the exposure of the shore, soil 
properties etc . and whether the area i s  influenced by 
man. Along the coast of the North Sea and in the south-



west of the Baltic Sea shoaling shores form vast areas of 
marshes (salt marshes) which are characterized by accu
mulation of sediment and organic material slowly build
ing up new land. The development of salt marshes is 
promoted by slowly sinking land surfaces where the 
accumulation of material keeps an even pace with the 
sinking of the land surface. The accumulation of mate
rial is driven by tidal flooding transporting material into 
the marsh. In most parts of Sweden the tidal movements 
are too small to provide enough material to build new 
land. North of Skane, the land is rising rather than 
sinking and the transition from frequent to occasional 
flooding of the shore is rather abrupt. As a result shore 
meadows rather than salt marshes develop on fine mate
rial. Much of the species pool, ecological characteristics 
and vegetation are, however, very similar between salt 
marshes and shore meadows.  

Local vegetation gradients are mainly guided by the 
change from sea to terrestrial habitats including variation 
in salinity of the soil, water content, duration of flooding, 
concentrations of chemicals in the soil and so forth (Tyler 
1 97 1 ;  Eric son 198 1  ) . The periodical flooding of the shores 
produces anaerobic conditions which affect plant growth 
severely. 

The formation of shore meadows is promoted by tidal 
movements and shore meadows are narrower in the Baltic 
Sea area and to the north where trees and bushes may 
establish in the less saline environment. However, if trees 
and bushes are kept out by mowing and grazing, the 
meadows may reach considerable width. 

The regional variation in shore meadow vegetation is 
a result partly of the declining salinity of the water from 
the west coast to the Baltic Sea proper and further to the 
Gulf of Bothnia, and partly also of the patterns of water 
level fluctuations, where the tidal movements of the west 
coast are replaced by variations driven by atmospheric 
pressure conditions and snow melt in the Baltic Sea. Thus 
there is a great variation in species composition on the 
shore meadows along the coasts but in addition many of 
the species change their position on the meadows. 

Under saline conditions, Salicornia spp. are found in 
the areas only periodically situated above water level. In 
more sheltered places and in areas of lower salinity these 
species are replaced by Schoenoplectus maritimus and S. 
tabernaemontani. Wedged in this tall and often dense 
vegetation may be found Tripolium vulgare and Triglochin 
maritimum. Along the shores of the Baltic Sea proper and 
the Gulf of Bothnia, Eleocharis uniglumis frequently 
occurs, whereas it is found only in areas of brackish water 
on the west coast. 

The area from summer mean water level up to where 
the highest flooding occurs in summer normally accom
modates a turf of creeping grasses. If the salinity is high, 
Puccinellia maritima dominates but under less saline 
conditions it is replaced by Agrostis stolonifera. Inter-
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mingling in the turf many herbs and forbs may be found 
such as the stoloniferous Glaux maritima of the Prim
rose family. This species is pseudo-annual which means 
that the mother ramet forms new overwintering shoots 
on stolons. The stolons wither away during winter and 
the mother plant dies. In this way the individuals, repre
sented by generations of daughter plants, move about in 
the shore meadows until they are caught in the shade 
where no offshoots are formed (Jerling 1988 a,b).  Hereby 
vegetation patterns are formed as a result of the wander
ing habit of this species. 

Another species which occurs in this area is the wind 
pollinated perennial Plantago maritima and in more 
sparsely vegetated spots also Spergularia media. Many 
of the plant species of the lower areas such as Schoeno
plectus maritimus penetrate into the turf as well but are 
no longer dominant. In flat, open areas, for example 
around mudflats or salt pans, short annuals such as 
Salicornia species, Suaeda maritima and Spergularia 
marina are often found. 

Higher up on the shore, in the area only occasionally 
flooded during summer but frequently during winter, 
other species are added such as Blysmus rufus, Glaux 
maritima, ]uncus gerardii and Triglochin maritimum. In 
these upper areas Plantago maritima may even be domi
nant whereas it suffers from flooding in lower areas. 
Therefore it is often pushed back to these upper areas time 
and again from where it again recolonizes the lower parts 
of the shore. Saline spots often occur in clay-rich substrates 
where chlorides accumulate on the surface. On the west 
coast Atriplex pedunculata and Limonium vulgare are 
often found in such spots but also Puccinellia maritima, 
Salicornia spp. and Suaeda maritima occur. On the east 
coast Eleocharis uniglumis var. fennica, Puccinellia 
capillaris and Spergularia marina replace these species. 

The uppermost part of the geolittoral is characterized 
by Festuca rubra, which gives this zone a yellowish 
colour in late summer. This area is only flooded during 
extremely high waters during winter. From around Stock
holm and southwards Armeria maritima occurs in this 
zone and in nutrient-rich patches also Potentilla anserina. 
Other species are Centaurium littorale, Leontodon 
autumnalis, Thalictrum flavum, Trifolium fragiferum and 
the small fern Ophioglossum vulgatum. If the vegetation 
is disturbed and bare patches occur, annuals such as 
Centaurium pulchellum and Cerastium semidecandrum 
are given a chance to establish. 

In the north of the Bothnian Sea and the Bothnian Bay 
a number of northern species may be found such as the 
sedges Carex paleacea and C. glareosa, together with 
herbs e.g. Dianthus superbus, Potentilla anserina ssp. 
egedii (syn. Argentina anserina ssp. groenlandica), and 
the grassesArctophilafulva and Pucciniellia phryganodes. 
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Fig. 9. Variation in abundance (cover percent) of 1 2  shore meadow 
species during 15 years in upper, central and lower meadows) at 
Tullgarnsnas in eastern central Sweden. The species are: 
Pa - Potentilla anserina, As - Agrostis stolonifera, Cd - Carex 
disticha, Cn - Carex nigra, Eu - Eleocharis uniglumis, Fr -Festuca 
rubra, Gm - Glaux maritima, J g - ]uncus gerardii, Pc - Phragmites 
austral is, Pi - Poa pratensis ssp. irrigata, Pm - Plantago maritima, 
Sm - Spergularia marina, Tf- Trifolium fragiferum, Tm -Triglochin 
maritimum. 
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Local variation In species composition 
along a transect 

Tolerance 

Species exhibit differences in tolerance to submersion. 
Some species even seem to be positively affected by 
moderate submersions (e.g. Eleocharis uniglumis and 

]uncus gerardii), while others are not affected (e.g. 
Phragmites australis and Triglochin maritimum), some 
are slightly disfavoured (e.g. Agrostis stolonifera and 

Glaux maritima), others strongly (e.g. Carex disticha, 
C. nigra, F estuca rubra, Plantago maritima, Poa pratensis 
ssp. irrigata and Trifoliumfragiferum). 

Salt tolerance also plays a role in zonation. Thus, salt

and flooding-tolerant species have their distribution lim
its in lowerlying parts (Juncus gerardii, Triglochin mari
timum), salt-tolerant but less flooding-tolerant species 
(Glaux maritima, Plantago maritima) higher up, less salt

tolerant species which are also disfavoured by flooding 
(Carex disticha, Festuca rubra, Trifolium fragiferum) 
have their lower limits in the central and upper areas 

whereas salt-avoiding species are confined to the upper

most parts (Carex nigra). 
An inverse zonation in meadows of brackish water is 

frequently found. Less salt tolerant species such as Agrostis 
stolonifera and Phragmites australis may be found here 
in lowerlying parts where the salinity is lower compared 
to higher elevations where salinity is increased due to 

evaporation. 

Competition, herbivory and flooding 

As long as they are not held back by grazing or flooding, 
relatively strong competitors such as Phragmites australis, 
]uncus gerardii and Plantago maritima affect negatively 

relatively weaker ones such asAgrostis stolonifera, Glaux 
maritima and Spergularia marina. Species which show a 
positive development in relation to flooding and grazing 

presumably do so, not because they do not suffer, but 
because their superior competitors suffer even more. An 
indication of this is that Agrostis stolonifera and Glaux 
maritima react differently to submersion depending on 

where in a meadow they grow (Jerling unpubl.). In upper 
zones, where competition is intense, they are positively 

affected by submersion but in the lowest negatively. Du

ration and frequency of flooding thus seem to set a lower 

limit for species, related to their physiological tolerance. 
The upper limit, on the other hand, seems rather to be set 
by species interactions, mainly competition, as less flood

ing-tolerant but competitive species keep the others out 

(Jerling & Liljelund 1 984; Jerling 1988b). Flooding may 

thus contribute to species diversity by broadening the 
zone in which species, on average, are held at equal 
competitive level. 



Competitive attributes, favourable under undisturbed 

regimes, are to some extent opposed to the properties 

needed to cope with the effects of cattle grazing, such as 
small size and prostrate form. Grazing reduces the com
petitive ability of many tall species and gives an advan

tage to relatively small grazing-tolerant species such as 

Agrostis stolonifera, Glaux maritima and Spergularia 
marina. All these show a negative relationship with in

creased cover and height of the vegetation i.e. are weak 
competitors. Many salt marsh species are light-demand

ing and unfavourable effects of reduced light are easily 
noticed (Ranwell 1 972; Ellenberg 1 996; Bakker & Ruyter 

198 1 ;  Jerling & Liljelund 1984). Grazing has only a small 
effect close to the shore line where most of the strong 

competitors (except Phragmites) are held back by fre

quent flooding, but contributes to species diversity in 

upper parts where strong competitors have a good chance 
of flourishing. In accordance, Adam ( 1 990) pointed out 

that grazing leads to increased diversity in upper marshes 
as grazing seems to broaden the distribution oflow meadow 
species along the elevation gradient. 

Some species seem to be very efficient in exploiting 

gaps in the vegetation, either by vegetative expansion 
such as Glaux maritima (Jerling 1988b, c) and Agrostis 
stolonifera (J6nsd6ttir 1993), by prolific flowering and 
increased seed production such as in Spergularia marina 
(Torstensson 1 986) or by increased recruitment from the 

seed bank like Glaux maritima and Triglochin maritimum 
(Jerling 1983). These species function as opportunists 
whose survival, at least in upper parts of the shore meadow 

where competition can be intense, to a large extent de
pends on occasional reductions in the competitive ability 

of strong competitors (J erling 1 988b ). The recognition of 

opportunistic species indicates that composition and abun
dance of species in the community largely depends on 

environmental fluctuations.  Flooding, salt accumulation 

and grazing intensity (Jerling & Andersson 1982) vary 

spatially along the transect, as well as in time. The com
petitive relations among species therefore vary over time. 

Thus, environmental variation reduces the risk of com
petitive exclusion and leads to increased diversity. 

The variations in total vegetation cover, and conse
quently the cover of individual species are considerable 
over the years (Fig. 9). Thus the vegetation is highly 

dynamic. 

The downward migration of plants 

Several studies have described the sea-shore vegetation of 
the Baltic Sea in relation to land uplift (Schwank 1 974; 

Vuoristo & Rousi 1976; Ericson 1980; Cramer 1986; 
Cramer & Hyttebom 1 987 ; Grandin & Hyttebom 1 998). 
As new land is created and the properties of existing land 

are changed, a downward colonization of species is ob
served. The downward migration of species seems to 
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occur intermittently (Grandin & Hytteborn 1998), and the 

downward migration shows a weak correspondence with 
the short-term rate of land uplift (Ericson 1980). 

One may speculate as to the conditions which must 
exist for a successful downward migration to occur. First, 

a certain period of time presumably has to pass between 
migration occasions for the land upheaval to be of any 
significance for the reduction of average flooding. Sec
ond, colonization is likely to be facilitated in years with 
intense grazing, or in the year after a year with long

lasting high waters which opens up the vegetation. The 
ability to prevent colonization from outside is related to 

biomass per unit area (Peart 1 989). Thus the invasibility 
of the shore meadow is likely to be related to flooding 

regimes and grazing intensity (Bakker & De Vries 1992). 

For instance, in Plantago maritima good establishment 
occurs in low, sparsely vegetated areas with small amounts 

of litter (Jerling 1984). For some species, which lack a 

seed bank, good seed production in the previous year is 

also a prerequisite (Ericson 1 980) . 

Floristic geography - the geographic 
distribution of sea shore species 

There are distinguishable floristic groups along the coasts 

of Sweden (Tyler 1969a) according to climate, salinity, 

water regime and land-upheaval (Fig. 10). Ericson & 
Wallentinus ( 1979) distinguished four groups:  

1. A western - southern halophytic group which pen
etrates into the Baltic region 
This group includes species of almost all habitats which 

have their limits somewhere from the marine environ

ment of the Kattegat to the limnic environment of the Gulf 

of Bothnia. The four most important boundaries are at the 
Kattegat, the transitional area from the Kattegat via 
Oresund and the Danish Belt Seas to southern Skfme, the 
middle part of the Baltic Sea proper at about the latitude of 
bland, and the Aland Sea. 

On the Bothnian coast marine species begin to disap
pear from the inner part of the archipelagos and further 

north also from the outer part. Species belonging to this 
group are Ammophila arenaria, Cochlearia danica, C. 
officina/is, Crambe maritima, Honckenya peploides, 
Limonium vulgare, L. humile, Salsola kali, Silene uniflora 
and many others. 

2. A northern freshwater group 
These species are related to freshwater-influenced habitats . 

Many are also found on shores of inland waters. They 

successively decrease in importance with increasing salin

ity. First, this group includes sublittoral species such as 
Schoenoplectus lacustris and Nuphar lutea which in the 
Baltic are only found in river mouths and in the innermost 
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Fig. 10. The floristic distribution of shore species. 

a. Eastern and northern distribution limits of western shore species. The zones A-J indicate how far into brackish water the species reach. 
A. The true marine species: Car ex maritima, Glaucium flavum, Lathyrus japonicus ssp. japonicus, M ertensia maritima. 
B. Chenopodium chenopodioides, Limonium humile, Trifolium micranthum. 
C. Apium graveolens, Bassia hirsuta, Hordeum secalinum, Limonium vulgare, Lotus tenuis, Melilotus dentatus, Pulicaria dysenterica, 

Seriphidium maritima ssp. maritima. 
D. Atriplex pedunculata, Bupleurum tenuissimum, Cochlearia officinalis, Eryngium maritimum, ]uncus maritimus, Lepidium latifolium, 

Oenanthe lachenalii, Petasites spurius, Plantago coronopus, Puccinellia maritima, Rumex maritimus, Seriphidium maritimum ssp. 
humifusum, Sonchus palustris, Spergularia media, Suaeda maritima. 

E. Ammophila arenaria, Atriplex hastata, Elytrigiajuncea ssp. boreoatlantica, Polygonum oxyspermum, Salsola kali, Tetragonobolus 
maritimus. 

F. Armeria maritima, Atriplex glabriuscula, Atriplex littoralis, Cakile maritima, Crambe maritima, Zostera marina. 
G. Blysmus rufus, Carex distans, Carex extensa, Cochlearia danica, Ruppia cirrhosa, Sagina maritima, Samolus valerandi, Scutellaria 

hastifolia, Silene viscosa, Trifolium fragiferum. 
H. Centaurium pulchellum, Festuca arundinacea, Gentianella uliginosa, Lithospermum officinale, Rubus caesius. 
I. Centaurium littorale, Najas marina, Ruppia maritima, Schoenoplectus maritimus. 
J. Eleocharis parvula, Isatis tinctoria, Juncus articulatus var. hylandri, Ranunculus peltatus ssp. baudotii. 

b. Distribution limits of northern shore species. The zones I - V show how far south and how far into salt water the species reach. 
I. Arctophilafulva, Artemisia campestris ssp. bottnica, Carex halophila, Carex paleacea, Primula nutans ssp.finmarchica, Puccinellia 

phryganodes. 
11. Agrostis gigantea var. glaucescens, Euphrasia bottnica, Hippuris tetraphylla, Rumex pseudonatronatus. 
Ill. Carex glareosa, Deschampsia bottnica. 
IV. Atriplex longipes ssp. praecox, Carex mackenziei, Isatis tinctoria, Scutellaria hastifolia. 
V. Lepidium latifolium, Silene viscosa, Tetragonolobus maritimus, Vincetoxicum hirundinaria. 
Note that Agrostis gigantea var. glaucescens, Carex paleacea and Euphrasia bottnica on the east side reach down to the southern coast 

of Finland and further almost to the eastern end of the Gulf of Finland. 

parts of archipelagos in the Bothnian Bay. Second, are 
hydrolittoral species which are otherwise found on river 
banks, such as Callitriche palustris, Crassula aquatica, 
Eleocharis acicularis and Ranunculus reptans. Third, come 

species which are mainly found on the shores of lakes, 
streams and mires such as Calamagrostis stricta, Carex 
nigra, Molinia caerulea. These are found in the upper part 

of the geolittoral or freshwater-influenced parts of the 

lower geolittoral. 
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3. An endemic group confined to the Baltic region 
The taxa of species rank are Deschampsia bottnica, Alisma 
wahlenbergii and Euphrasia bottnica. The first species 
often occurs right at the summer mean water level, often 
with its lower parts submerged. It is found on medium 
exposed shingle or moraine shores. The second is a sub

merged species of eutrophic waters with a disjunct distri
bution. It is also occasionally found in Lake Malaren. The 

third species is found on upper parts of the geolittoral of 



the Bothnian Bay, influenced by freshwater. 

Endemics of lower taxonomic status are Artemisia 
campestris ssp. bottnica, Seriphidium (=Artemisia) 
maritimum ssp. humifusum, Myosotis scorpioides ssp. 
praecox, Hierochloii odorata ssp. baltica and Agrostis 
stolonifera var. bottnica. 

Common traits of the endemics seem to be a capacity 
for high seed production, good germination and survival 
of seedlings even under submerged conditions.  Thus they 
all seem to have good colonization ability (Ericson & 
Wallentinus 1 979) a characteristic which may be of ulti
mate importance when growing in areas with land-up
heaval. 

4. The Primula sibirica group 
These are west-arctic species elsewhere found on the 

White Sea coast of the Arctic Ocean. They are thought to 
have colonized the coasts of the Bothnian Sea during the 
time when this area was in contact with the Arctic Ocean 
at the end of the last glaciation. This group of northern 
species is named after Primula nutans ssp. finmarchica 
( = Primula sibirica ) , a perennial growing on clayey shore 
meadows in the Gulf of Bothnia and thought to have 
spread into the area from the east after the last glaciation. 

Some species of this group are found in alluvial habitats 
(for example Alopecurus arundinaceus, Arc top hila fulva, 
Catabrosa aquatica, Dianthus superbus, Moehringia 
lateriflora and Salix triandra), whereas others are true 
shore species ( Carex glareosa, C. halophila, C. mackenziei, 
C. paleacea, Hippuris tetraphylla, Potentilla anserina ssp. 
egedii, Primula nutans ssp. finmarchica, Puccinellia 
phryganodes, Rumex pseudonatronatus and Stellaria 
humifusa). 

A fifth group may be distinguished. This group con
sists of species with both their northern and southern 
limits along the coasts of Sweden. Examples are the 
eastern to south-eastern species Allium schoenoprasum, 
Isatis tinctoria, Silene viscosa, Scutellaria hastifolia, Tetra
gonolobus maritimus, Vincetoxicum hirundinaria and the 
southern Lepidium latifolium which are found either on 
both the west coast and the Baltic Sea (e.g. Allium 
schoenoprasum) or only in the Baltic region (e.g. Silene 
viscosa). 

Human impact and conservation 

Shore meadows have been used for generations for mow
ing and grazing whereas the other types of shores, sand, 
shingle, boulder or rocky shores have only been utilized 
for special purposes e.g. cutting of trees, collecting of 
seaweed, quarrying, mining or holiday-house building. 
Cutting of trees was sometimes severe especially where 
herring fishing attracted people to certain areas. During 
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the Middle Ages, for instance, close to 10 000 people 
settled in the area around Malmo (Skane) in need of 
timber for fishing boats, and the forests in this area were 
cut down completely. Not until the 1 8th century when 
trees were planted did the woods return. 

Harvesting of seaweed for use as soil-fertilizer, for 
thatching of roofs and for building of fences has a long 
tradition and has prevented the formation of drift lines 
and reduced the number of stagnant pools of water. Col
lection also disturbed or destroyed the grass turf so that 

bare mineral soils were exposed (Dahlbeck 1945). All this 
of course has changed the conditions for the vegetation. 

Since prehistoric times the coasts have attracted peo
ple. The abundance of food both from marine and terres
trial ecosystems has ensured a reliable supply. Apart from 
this aspect, coastal areas have also provided the best ways 

of regional communication by boat. 
The use of shore meadows for grazing and mowing 

has an equally long tradition. Shore meadows were much 
appreciated and highly valued since the meadows were 
consistently supplied with nutrients from the sea and 
could be kept at a high production level year after year. 

Hay-making was frequently practised earlier on shore 
meadows but has declined since the end of the 19th 
century not least due to the introduction of fertilizers and 
the use of arable land for hay-production. The mowing of 
hay presumably has a positive effect on species diversity, 
as does grazing, by breaking the dominance of strong 

competitors. 
Most shore meadows were, after the cessation of the 

mowing for hay, turned into grazing areas for cattle and 
horses. The grazing regime is a major factor today, con
trolling diversity and vegetation by preventing the domi

nance of species such as common reed and by reducing 
the accumulation oflitter. The annual Gentianella uliginosa 
for example, has to rely on good sites for colonization 
each year and is favoured by the opening up of the 
vegetation by grazing. The reduction of litter is generally 
considered to increase species diversity (Grime 1 979) and 
grazed upper meadows frequently show an increased di
versity if grazed. Another effect of grazing is trampling -

both by damage to the plants and the effects on the soil 
surface. Woody plants and succulents are especially vul
nerable to trampling, thus the response of the flora de
pends on where these grow and which zone is affected. 
The woody Atriplex portulacoides is an example of a 
species very sensitive to trampling. Trampling, especially 
of cattle and horses, also produces areas suitable for 
colonization, whereas sheep do less damage (Adam 1 990). 

In conclusion, grazing seems to increase species di
versity on shores (Dijkema 1 990). Along the Baltic Sea 
coast the lack of tides makes it possible for trees and 
bushes such as alder, birch and rowan to establish, and 
unmanaged shore meadows tend to be simply a narrow 
zone beneath the tree line, whereas on the west coast they 
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may be kept open by tides and salt spray even though they 
are not grazed or mown. The size of shore meadows is of 

interest not only to the farmer but also to migrating birds, 

especially waders and geese which rest there during mi
gration. Many waders and other birds also nest on shore 
meadows (for instance black-tailed godwit, avocet, cur

lew, ruff, southern dunlin, oystercatcher and lapwing). 
In Sweden, the traditional grazing of shore meadows 

has declined since the beginning of the 20th century. 

Since the 1950s, large areas have been abandoned. After 
cessation of grazing tall graminoids start to dominate -

along the Swedish east coast common reed may almost 

totally dominate the scene after a few years. Later, if the 

substrate is suitable and chances of colonization occur, 
alder and ash invade. Litter is continuously accumulated 

which hinders colonization. The dominance of a few 
species is normally reached within five to six years but 
decline in species number probably occurs over ten years 

(Bakker 1985). 

Restoration of shore meadows is not technically diffi

cult but includes a great deal of work in the removal of 
trees and bushes, reduction of the litter layer and introduc

tion of grazing animals .  
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Introduction 

This chapter deals with the aquatic vegetation along the 
Swedish coasts, which are brackish (salt concentration 
0.5-30%o), except for a small marine area in the eastern 
Skagerrak (salt concentration ea. 35%o). It is not possible 
to see much of these submerged vegetation types without 
artificial breathing aids. Also the absence of a true inter
tidal zone along the Swedish coast contributes to hiding 
the algal forests from human eyes. Nevertheless, in unpol
luted areas, the algal vegetation on the rocky shores of the 
Swedish west coast is more diverse and colourful than any 
terrestrial vegetation in Sweden and with a three-dimen
sional architecture matching that of a tropical rainforest in 
complexity. 

Classification and nomenclature 

Throughout this chapter the classification of algae given 
in Margulis et al. ( 1990) has been adopted. Margulis et al. 
( 1 990) classify more algal groups at the phylum level, 
whereas some other taxonomic books (e.g. van den Hoek 
et al. 1995) tend to accept the class level for some of the 
phyla, e.g. Phaeophyceae instead of Phaeophyta and 
Bacillariophyceae instead of Bacillariophyta. For this eco
logical chapter the classification level of these taxonomic 
units (phylum or class) is of no importance as long as they 
are recognized as different groups of algae with different 
ecological performances. Nomenclature follows the Bal
tic Marine Biologists (BMB) publications on macroalgae 
(Nielsen et al. 1995) and diatoms (Snoeijs 1993 ; Snoeijs 
& Vilbaste 1994; Snoeijs & Potapova 1995; Snoeijs & 
Kasperoviciene 1996; Snoeijs & Balashova 1998). For 
mosses and vascular plants the taxonomic literature men
tioned in the Preface of this book is used. 
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Marine and brackish-water plants 

Most marine and brackish-water plants, or perhaps better 
called 'marine and brackish-water photosynthetic organ
isms' , are eukaryotic algae belonging to the kingdom of 
the Protoctista (Margulis et al. 1990). Some are prokaryo
tic algae (cyanobacteria) belonging to the Monera king
dom, and some are mosses or vascular plants belonging to 
the Plantae kingdom (Table 1) .  The eukaryotic algae 
range in size from unicells to many metres. Most macro
scopic species grow attached to bedrock, boulders, stones 
or other stable substrata such as the shells of molluscs and 
artificial substrata, including boats. The microscopic spe
cies can be found everywhere as part of the plankton 
(pelagic) or associated with different surfaces (benthic). 
The benthic species can be classified according to the 
substratum they are associated with, e.g. attached to rock 
surfaces (epilithic), attached to larger algae (epiphytic), 
attached to sand-grains ( epipsammic ), unattached and 
moving around in and on sediments (epipelic), etc. (Table 
2). Cyanobacteria are unicellular, colonial or filarnentous 
with an occurrence pattern similar to the microscopic 
eukaryotic algae. The few species of vascular plants oc
curring in marine and brackish waters are mainly con
fined to soft -bottom areas. The largest part of the Swedish 
coast consists of rocky substrata vegetated by macro algae 
and accompanying microalgae. In-between, small shal
low bays with soft bottoms vegetated by phanerogams 
and epiphytic, epipelic and epipsamrnic algae can be 
found, and in the north (at very low salinity) also stoneworts 
and mosses occur. Along the east coast shallow archi
pelago coasts with numerous small islands vegetated by 
trees and shrubs are frequent (Fig. 1 ) . The rocky shores on 
the west coast generally are more exposed, and archi
pelago islands carry a sparse vegetation of terrestrial 
plants (Fig. 2). Larger areas with mobile sediments (sand, 
gravel and silt) are found mainly in the very south of the 
country (Skane and Halland) in the northern Bothnian 
Bay and on the east coasts of the islands of bland and 
Gotland in the Baltic Sea. 
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Table 1 .  Survey of photosynthetic organisms and their occurrence in water of different salinities, ++++ = numerous species, +++ = 
considerable number of species, ++ = moderate number of species, + = very few species. Also included are estimates of the numbers of 
species in the different groups worldwide. For some groups, especially microalgae, these numbers are probably considerably 
underestimated. Numbers of Protoctista species compiled from Margulis et al. (1990) and Mann & Droop (1996). * = also including 
many heterotrophic species; ** = mainly terrestrial species. 

Number of species 

MONERA Cyanobacteria 

PROTOCTISTA 
Rhodophyta Red algae 

Phaeophyta Brown algae 
Chlorophyta - Ulvophyceae Green algae 

Chlorophyta - Prasinophyceae Green algae (flagellates) 

Prymnesiophyta Prymnesiophyte flagellates 

Dinoflagellata * Dinoflagellates 
Cryptophyta Cryptomonad flagellates 
Bacillariophyta Diatoms 

Euglenida * Euglenid flagellates 
Chrysophyta * Golden-yellow algae 
Chlorophyta - Chlorophyceae Green algae 

Xanthophyta Yellow-green algae 

Chlorophyta - Charophyceae Green algae ( charophytes) 

Conjugaphyta Conjugating green algae 

PLANTAE 
Bryophyta * *  Bryophytes 
Spermatophyta * *  Vascular plants 

The Swedish coast 

The Swedish coast is very special with a salinity gradient 
over 2000 km long, ranging from fully marine to nearly 

freshwater conditions (Fig. 3). In fact, all Swedish coasts 
are brackish, except for a small marine 'corner' at the 

islands of Koster and Vaderoarna in the northern part of 
the west coast. The salinity gradient is created by a large 

inflow of freshwater into the Baltic Sea from over 200 
rivers in combination with the semi-enclosed geographi
cal position of the Baltic basin. The drainage area (Fig. 3) 
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is comparatively large; ea. 4.5 times the area of the Baltic 
Sea (water surface area about 355 000 km2). The inflow 
of freshwater to the Baltic Sea (ea. 472 km3 per year) 

comprises a total water volume approximately equal to 
the net outflow from the Baltic Sea (Bergstrom & Carlsson 

1994; Fonselius 1995). Precipitation and evaporation are 

more or less in equilibrium. The Skagerrak (32 300 km2, 
northern part of the Swedish west coast), the Kattegat 
(22 300 km2, southern part of the Swedish west coast), the 
6resund (2300 km2, strait between Sweden and Den

mark) and the Danish Belt Seas ( 17 800 km2) form a 

Table 2. Sizes and life forms of aquatic photosynthetic organisms, compiled from Margulis et al. ( 1990) and van den Hoek et al. ( 1995). 
* = also including many heterotrophic species. 

Group 

Rhodophyta 
Phaeophyta 
Chlorophyta - Ulvophyceae 
Bryophyta 
Chlorophyta - Charophyceae 
Xanthophyta 
Vascular plants 
BaciUariophyta 
Cyanobacteria 
Prymnesiophyta 
Chlorophyta - Chlorophyceae 
Chrysophyta * 
Dinoflagellata * 

Conjugaphyta 
Euglenida * 
Chlorophyta - Prasinophyceae 
Cryptophyta 
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Size 

micro - 1 m 
1 mm - 50 m 
micro - 3 m 
1 mm - 20 cm 
2 - 30 cm 
micro - 10 cm 
l mm - 5 m  
micro 
micro 
micro - 2 cm 
micro - 10  cm 
micro - 10  cm 
micro - 2 mm 
micro - 10 cm 
micro 
micro 
micro 

Main habitat 

Benthic (rocks, epiphytic, epizoic), coral reefs 
Benthic (rocks, epiphytic, epizoic) 
Benthic (rocks, epiphytic, epizoic) 
Benthic (rocks, mud) 
Benthic (sand, mud, rocks) 
Benthic (mud, floating mats) 
Benthic (sand, mud) 
Pelagic and benthic (rocks, epiphytic, sand, mud) 
Pelagic and benthic (rocks, epiphytic, sand, mud) 
Pelagic and benthic (rocks) 
Pelagic and benthic (rocks, epiphytic) 
Pelagic and benthic (rocks), neustonic 
Pelagic and benthic (sand) 
Pelagic and benthic (mud, rocks) 
Pelagic and benthic (mud) 
Pelagic 
Pelagic 
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Fig. 1 .  Archipelago coast outside Forsmark, southern Bothnian Sea, July 1 992. Photo Pauli Snoeijs .  

transitional area between the North Sea and the Baltic Sea 
(see also map of sea areas at the end of this book) . The 
Skagerrak area may still be considered marine, although 
the salinity of the surface water (20-30%o) is lower than 
that of the ocean (34-35%o) . Below the halocline (at a 
depth of about 1 5-20 m) the Skagerrak and most of the 
Kattegat have a salinity >33%o. This is water flowing 
southwards from the Skagen area (Denmark, North Sea) 
whereas the water above the halocline is a mixture of 
Baltic outflow and North Sea water. South of the Skagerrak, 
the environment becomes more estuarine with surface 
salinity fluctuating under the influence of the prevailing 
wind direction ( 1 5-25%o in the Kattegat; 1 0- 1 5%o in the 
Oresund) and obligate marine organisms cannot survive 
here. The entire area south of the Skagerrak together with 
the Baltic Sea is called 'the Baltic Sea Area' . Unifying 
factors separating this area from oceanic conditions are 
mainly: salinity below that of sea water, virtual absence of 
tidal water level changes, and lower water depth. 

The Baltic Sea is a transitional area between freshwa
ter and marine water, and therefore resembles a giant 
estuary or rather a large threshold fiord with a series of 
subbasins separated from each other by sills. The largest 
basins are the Baltic Sea proper, the Bothnian Sea, the 
Bothnian Bay and the Gulf of Riga. The two basins 

Bothnian Sea and Bothnian Bay together form the Gulf of 
Bothnia. The Gulf of Finland is not separated from the 
Baltic Sea proper by sills. There are, however, many 
differences : The Baltic Sea (mean depth ea. 55 m, maxi
mum ea. 450 m) is  larger and deeper than an estuary. It has 
a much longer water turnover time, virtually no tidal 
fluctuations and a year-round stable salinity gradient (ex
cept in areas close to a river mouth) .  In estuaries, salinity 
can vary widely on several time scales : diurnal , seasonal 
and irregular (Fairbridge 1 9 80) and the organisms l iving 
in such environments are adapted to repeated drastic 
variations in salinity . The entrance to the Baltic Sea i s  
characterized by narrow and shall ow thresholds (Oresund 
and the Danish Belt Seas), and also within the Baltic basin 
several thresholds are found (e.g. Sodra Kvarken and 
Norra Kvarken) .  This  creates stagnant conditions, espe
cially in deeper waters, and causes a long water turnover 
time for the Baltic Sea, ea. 33 years calculated from 
salinity and water volume measurements (Fonsel ius 1 995) .  

This has large implications for the water mixing and 
circulation and thereby for the whole functioning of the 
Baltic Sea ecosystem. For further oceanographic informa
tion, see Voipio ( 1 98 1 ) , Kullenberg ( 1 983), Sjoberg ( 1992) 

and Fonselius  ( 1 995).  
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Recent geological history 

Besides low salinity, low temperature, a large drainage 
area and a semi-isolated position, the distribution of spe
cies in the Baltic Sea is also affected by the young geo
logical age of the area (see Chapter 2). The present salin
i ty conditions were establi shed only ea. 3000 years ago 
(lgnatius et al . 1 98 1 ) .  During deglaciation of the Weichs
elian ice sheet in NW Europe, the Baltic Sea repeatedly 
lost and re-established its connection with the ocean . This 
dynamic period lasted from ea. 1 3  000 to ea. 3000 years 
ago and was driven by the combined effects of a rise in sea 
level and crustal uplift of the Scandinavian peninsula 
(Ignatius et al. 1 98 1 ) .  The postglacial history of the Baltic 
Sea Area can thus be subdivided into several typical 
stages: the Baltic Ice Lake ( - 1 3  000- 1 0  200 BP: cold, 
fresh melt water), the Yoldia Sea ( - 1 0  200-9500 BP: cold, 
mixture of marine water and fresh melt water), theAncylus 
Lake ( -9500-8000 BP: freshwater), the Mastogloia Sea 
( - 8000-7500 BP:  brackish, ea. 0.5-5%o) , the Litorina Sea 
( -7500-3000 BP: brackish, ea. 5-25%o), the Mya and 
Lymnaea Sea ( -3000-0 BP: more or less the present 
conditions, brackish, ea. 1 - 1 2%o) . These stages can be 
recognized by using diatom microfossils, a technique 
discovered more than 1 00 years ago. A summary of 
diatom taxa typical of different stages in the development 
of the Baltic Sea is given in Snoeijs ( 1 999) .  

Comparisons with other marine and brackish-water 

areas in Europe and Asia 

To put the Baltic Sea Area into perspective, Table 3 shows 
a comparison between the Baltic Sea and other Eurasian 
seas. The North Sea and the White Sea have no shallow 
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Fig. 2. Archipelago coast outside 
Lysekil ,  Skagerrak, showing the 

Fucus - Ascophyllum belt in the up

per littoral zone, August 197 1 .  Photo 
Marianne Pedersen. 

thresholds and therefore have a large water exchange with 
the ocean. The Mediterranean Sea, being an interconti
nental sea, is much deeper (>3000 m) than the Baltic Sea. 

Fig. 3. Map showing the drainage area of the Baltic Sea Area and 

the isohalines of the surface water. Modified after Sjoberg 

( 1 992). 



The Mediterranean Sea is slightly saltier than the ocean as 

a result of evaporation, while incoming water flows at the 
surface and outgoing water over the bottom, thus creating 
an effective nutrient flush out to the ocean. The opposite 
effect is seen where oceanic water flows via the North Sea 
over the bottom into the Baltic Sea and outgoing water at 
the surface, resulting in a net influx of nutrients. This 
causes a very high productivity in the shallow Baltic Sea 
through nutrient recycling which, in large areas of the 
Baltic Sea proper, causes oxygen deficiency and deple
tion in deeper waters. The Black Sea is an extreme case of 
this type of water circulation and here anoxic bottoms are 
found throughout. The Caspian Sea is the world' s  largest 
terminal lake with a salinity similar to that of the Baltic 
Sea but with many endemic brackish-water species due to 
its long history of isolation and environmental stability. 

The origin of the B altic algae 

As all organisms living in the Baltic Sea are postglacial 
immigrants, the recent geological development of the 
Baltic Sea Area after the last ice age is the ultimate 
determining factor for the nature, structure and composi
tion of the Baltic biological communities .  The organisms 
occurring in the Baltic Sea can be divided into five groups: 
(1) euryhaline marine species, e.g. Fucus vesiculosus, 
Enteromorpha spp. ; (2) freshwater species, e.g. Clado
phora glomerata, Cladophora aegagropila; (3) 'glacial 
relicts' that were separated from the Arctic populations 
after the last ice age, e.g. Sphacelaria arctica, Stictyosiphon 
tortilis; (4) possible endemic species,  Monostroma 
balticum (if this can be considered a species of its own 
separate from Ulvopsis grevillei) and Ceramium gobii 

Table 3. Comparison of the Baltic Sea with other Eurasian seas. 

Sea Threshold Tides 

Baltic Sea Narrow, 17 m deep, Nearly absent 
net outflow 

White Sea Nearly absent Larger than 
the open ocean 

North Sea Nearly absent Larger than 
the open ocean 

Black Sea Narrow, 40 m deep, Absent 
net outflow 

Mediterranean Sea Narrow, 350 m deep, Weak 
net inflow 

Caspian Sea ( = lake) Completely Absent 
closed off 
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(see discussions by  Wrem 1992), and (5) introduced (non
indigenous) species, e.g. Chara connivens. Among the 
macroalgae the first group ( euryhaline marine species) 
dominates in the Baltic Sea, except in the northern Bothnian 
Sea and the Bothnian Bay where the second group (fresh
water species) dominates. Only the latter two groups 
(endemic and introduced species), with very few macro
algal representatives in the area, may contain true brack
ish-water species. 

The pronounced and stable environmental gradients 
of the Baltic Sea Area, in combination with its young 
geological age, pose a strong pressure for selection upon 
the organisms in a remote and effectively isolated corner 
of the world' s oceans. This makes the Baltic Sea an ideal 
object for evolutionary studies. For over 100 years biolo
gists have recognised that the algal flora of the Baltic Sea, 
with many species showing deviant morphologies, is 
unique when comparing it to other areas on earth. Many 
have also tried to explain this from an evolutionary per
spective, following the development from physiological 
and/or morphological adaptations, via ecotypes to en
demic species. An ecotype is a grouping defined by ge
netically determined differences between populations 
within a species that reflect local matches between the 
organisms and their environment (Begon et al. 1996). 
Thus, when a morphotype proves to be constant over time 
in a certain area, and is consistently different from 
populations in other areas, it is probably an ecotype or in 
taxonomic ranking: a subspecies. For example, the occur
rence of the bladder-wrack (Fucus vesiculosus) and other 
Atlantic intertidal species in the sublittoral in the Baltic 

Sea has been interpreted as an evolution of permanently 
submerged ecotypes in the absence of competing species. 

Up to about 40 endemic species of Baltic macroalgae 

Bottoms Climate Salinity (%o) 

Partly oxygen Temperate 1-12 
Deficiency continental climate 

Oxygen-rich Arctic climate 24-30 
sandy bottoms 

Oxygen-rich Temperate 34-35 
sandy bottoms sea climate 

Oxygen Continental 
deficiency (H2S) climate 16-22 

No oxygen Mediterranean 
deficiency climate 36-38 

No oxygen Continental 
deficiency climate 1-12  
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Fig. 4. Physiological adaptation in Chorda filum, showing that 
plants from the Baltic Sea perform better at low salinity than 
plants from the Atlantic Ocean. Adapted after Russell ( 1988). 

have been named in the past (Russell 1985a; Russell & 
Thomas 1988).  Nowadays all of these have lost their 
specific status and are united with their marine or fresh
water counterparts; exceptions are Ceramium gobii and 
Monostroma balticum for both of whom the taxonomic 
status is unclear. A general opinion during the last few 
decades has been that while Baltic algae may be some
what different from conspecific populations outside the 
area, they do not yet constitute distinct taxonomic units. 
Unlike the much older Mediterranean and Caspian Seas, 
the Baltic Sea would not have a long enough history of 
isolation for speciation to have occurred. However, re
cently, opinions have shifted again as new research indi
cates that many of the macroalgae of the Baltic Sea can 
probably be classified as ecotypes/subspecies, i.e. that 
differentiation on the genetic level would have taken 
place. Such differentiations have been described for some 
macroalgae based on physiological (Fig. 4), morphologi
cal and molecular evidence, e.g. Chorda filum (Russell 
1985b, 1988), Phycodrys rubens (Rietema 199 1 ;  Van 
Oppen et al. 1995),  Delesseria sanguinea and Membra
noptera alata (Rietema 1993), Pilayella littoralis (Russell 
1994) and Rhodomela confervoides (Rietema 1995).  Physi
ological and morphological differences between Baltic 
and North Sea populations of Fucus vesiculosus have also 
been described (Russell 1985a; Raven & Samuelsson 
1988;  Back et al. 199 1 ,  1992a, 1993; Kalvas & Kautsky 
1993 ; Serrao et al. 1996). 

Recently, a new diatom species, Diatoma bottnica 
(probably endemic) and several Diatoma ecotypes were 
described from the Gulf of Bothnia (Snoeijs & Potapova 
1998), and it was hypothesized that the northern Baltic 
Sea is an area of high speciation for microalgae of fresh-
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water origin. Likewise, Russell & Veltkamp ( 1997) de
scribed a salt -tolerant ecotype of the green microalga 
Scenedesmus armatus from the Baltic Sea. There is a 
steady input,. and hence gene flow of freshwater algae 
from rivers and other land-runoff to the Baltic Sea, thus 
the Baltic populations are not geographically isolated 
from freshwater populations, but they are ecologically 
isolated. A salinity-tolerant freshwater diatom carried 
into the northern Baltic Sea by land-runoff enters a large 
habitat with extraordinary environmental stability (3-4%o 
salinity, no tides),  high silicate concentrations (Snoeijs 
1999) and low biotic interactions (low diversity of com
petitors, grazers, etc.), so that genetic selection may oc
cur. 

Salinity 

Brackish waters 

Salinity is usually expressed as the total concentration of 
ionic components in grams per kg water (%o salinity), also 
known as psu (practical salinity units) .  Brackish waters 
comprise a range of exclusive habitats which can be 
subdivided into three major categories: mixing zones 
between freshwater and oceanic habitats (0.5-30%o), 
coastal waters with higher salinity than the oceans through 
evaporation (> 40%o), and inland waters without oceanic 
water exchange and with higher salinity than freshwater. 
Oceanic water in the salinity range 30-40%o is termed 
marine. The salinity of brackish-water habitats can vary 
from relatively stable ( e.g. large saline lakes) to extremely 
unstable in time and space (e.g. estuaries bordering tidal 
seas). The main salinity-regulating factors of brackish 
water bodies are inflow of freshwater, inflow of oceanic 
water, precipitation, evaporation and ice cover. In the 
past, many efforts have been made to classify brackish 
waters according to salinity and the occurrence of biologi
cal species (Segerstnlle 1959; Anon. 1959; den Hartog 
1964). The more detailed such classifications are, the less 
they comprise all brackish waters. A generally accepted 
classification of saline waters of oceanic origin (i .e. ex
cluding inland waters) is the 'Venice System' (Anon. 
1959) : �-oligohaline (0.5 - 3%o), a-oligohaline (3 - 5%o), 
�-mesohaline (5 - 10%o), a-mesohaline ( 1 0  - 18%o), 
polyhaline ( 1 8 - 30%o), euhaline (30 - 40%o), hyperhaline 
(> 40%o). When species are classified according to the 
salinity of their habitat, the 'Halobion System' is fre
quently used (Kolbe 1927; Hustedt 1953; Simonsen 1962). 
This system has overlapping salinity ranges as it also 
accounts for differences in euryhalinity (capability to 
survive salinity variations) of the species. The major 
groups are polyhalobous (ea. 8-35%o), mesohalobous (ea. 
0.5-30%o) and oligohalobous (ea. 0- 10%o). Many sub
groups provide finer or extended ranges. 



Species' responses to salinity 

There is little universality in responses of organisms to the 
peculiar conditions prevailing in numerous and generally 
widely separated brackish-water bodies. Three factors 
must always be taken into account when studying the 
distributional limits of organisms with respect to salinity: 
1 .  In environments with fluctuating salinity regimes, the 
species are selected more according to their ability to cope 
with changing salinity (euryhalinity) than to their salinity 
optima. 2. In environments with stable salinity regimes, 
evolutionary processes have resulted in various degrees 
of endemism depending on the geological age and stabil
ity of the water body and the degree of isolation from 
other populations of the same species. 3 .  Species perform 
differently (physiologically and ecologically) in different 
brackish waters because they are also affected by other 
environmental constraints apart from salinity, such as 
alkalinity, water temperature, light regime, nutrient con
centrations, degree of exposure to wave action, biotic 
interactions, etc. Thus, when it is observed in an estuary 
that a certain species has a lower salinity limit of 15%o 
whereas the same species is living in the Baltic Sea at 
salinity levels down to 3%o, this may be a matter of energy 
allocation (through a physiological adaptation), ecologi
cal preference for sites exposed to wave action (heavily
exposed sites with 3%o salinity are not found in the estu
ary), or an ongoing evolutionary process in the northern 
Baltic Sea (genetic differentiation into a Baltic ecotype). 

Benthic macroalgae 

Macroalgae can be defined as multicellular algae forming 
a thallus, while microalgae are unicellular algae which 
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may form colonies. This does not mean that all macroalgae 
are visible to the naked eye. Of the 422 species listed in 
the Baltic Marine Biologists (BMB) distributional index 
of the benthic macroalgae of the Baltic Sea Area (Nielsen 
et al. 1995), and additionally seven species reported by 
Pekkari ( 1965) from the Bothnian Bay, 1 54 have thalli 
less than 1 mm high. These small macroalgae can gener
ally not be identified without a microscope and are there
fore absent from most vegetation analyses. Fig. 5 summa
rizes how the 429 macroalgal taxa recognised in the Baltic 
Sea Area are divided over different algal groups, size 
groups and life forms. Generally, the group 'filamentous, 
< 1 mm wide' consists of r-selected species: annuals with 
high surface-to-volume ratios which are thus capable of 
fast nutrient uptake and fast growth whereas the group 
'leaf-like' contains most perennial K-selected species 
(Wallentinus 1984, 1 991) .  Many algae have heteromor
phic life histories (van den Hoek et al. 1 995); e.g. Cutleria 
multifida, Erythrodermis traillii, Halarachnion ligulatum, 
Ulvopsis grevillei and Urospora penicilliformis have each 
been described as two different species in the past. 

The distributions of 247 recognised macroalgal taxa 
with upright thalli > 1 mm are relatively well known for 
the Baltic Sea Area. Excluded here are Charales ( 1 5  taxa) 
and Vaucheria spp. ( 13  taxa) because many misiden
tifications have been made as a result of their complicated 
taxonomy. Along the salinity gradient the species rich
ness of red, brown and green algal taxa decreases (Fig. 
6a). From the Kattegat to the Oresund and the Belt Seas 
the decrease is gradual from 223 to ea. 170 taxa. After the 
thresholds at the entrance to the Baltic Sea only ea. 100 
species occur in the western Baltic Sea (Danish and Ger
man coasts, ea. 8- 1 2%o salinity) and only ea. 70 species in 
the Baltic Sea proper (ea. 6-7%o salinity). Another steep 
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Fig. 5. Summary of the 429 macroalgal taxa recog
nized in the Baltic Sea Area according to taxonomic 
groups, size groups and the life forms crustose and/ 
or microscopic (the latter group consists mainly of 
creeping endophytic or epiphytic filaments), leaf
like thalli, thick filamentous (filaments usually 
> 1 mm wide) and thin filamentous (filaments usu
ally < 1 mm wide). For heteromorphic species the 
largest life form is considered. Data elaborated from 
Pekkari ( 1965) and Nielsen et al. (1 995). 
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Fig. 6. Summary of the diversity distribution of the 24 7 macroalgal 
taxa with upright thalli > 1 mm (except for Charales and 
Vaucheria spp.), according to salinity and the different water 
areas of the Baltic Sea Area. (a) Total species richness related to 
salinity. (b) Species richness related to salinity for the different 
algal groups. (c) Relative distribution of species richness of the 
different algal groups in the different water areas of the Baltic 
Sea Area. Data elaborated from Pekkari (1965) and Nielsen et al. 
( 1995). 

decrease starts in the Bothnian Sea at ea. 5%o salinity, 
down to a minimum of 30 species in the Bothnian Bay at 
ea. 3%o salinity. The decrease from the Kattegat to the 
Oresund is caused by loss of euhaline and polyhaline red 
and brown algal species (Fig. 6b ). In the western Baltic 
Sea the number of red, brown and green taxa is about 
equal (ea. 35 each). In the Baltic Sea proper the marine 
balance of dominating reds and browns shifts to about 
50% red and brown and 50% green (Fig. 6c), and in the 
Bothnian Bay green algae dominate. The brown and red 
algae occurring along the brackish Swedish coasts are of 
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marine origin, except for five freshwater red algal species 
occurring in the northern Bothnian Bay (Fig. 6c), as well 
as 80% of the green algae. In the Bothnian Bay, with a 
salinity of ea. 3%o, half of the taxa are of marine origin, 
and half are of freshwater origin. The 1 6  marine algae that 
are able to survive at this low level of salinity are: 
Dictyosiphon chordaria, D. foeniculaceus, Ectocarpus 
siliculosus, Pilayella littoralis, Stictyosiphon tortilis 
(brown); Bangia atropurpurea, Rhodochorton purpureum 
(red) ; Cladophora rupestris, Enteromorpha ahlneriana, 
E. flexuosa, E. intestinalis, P ercursaria percursa, Prasiola 
stipitata, Rhizoclonium implexum, R. riparium, Ulothrix 
subflaccida (green) (Fig. 7). All are small and thin 
filamentous species, except for the Enteromorpha species 
and Prasiola stipitata, which often have thalli broader 
than I mm. What is puzzling is that some prominent 
species that are well-adapted to low salinities and abun
dant in Atlantic estuaries are notoriously absent from the 
Baltic Sea, e.g. Fucus ceranoides. This phenomenon is 
still unexplained after many years of speculations (den 
Hartog 197 1 ;  Russell & Thomas 1988; Back et al. 1 992b) 

The Charales (stoneworts;  Fig. 8) form a distinct group 
within the Chlorophyta, characterized by unique types of 
vegetative structure and reproductive organs that place 
them closest to the higher plants of all algal groups. The 
genera Nitella, Tolypella, Chara and Lamprothamnium 
are represented in the Baltic Sea Area. Stoneworts occur 
mainly on soft bottoms, are anchored by rhizoids and are 
basically freshwater algae that may penetrate into brack
ish waters. Several stoneworts, e.g. Chara tomentosa, 
C. aspera, C. globularis, Nitella flexilis, N. opaca occur 
in freshwater lakes, in the northern Baltic Sea, and near 
freshwater outflows all around the coast (Blindow & 
Krause 1 990) .  Others have their greatest distribution in 
brackish water of different salinities, e.g. Tolypella nidifica 
(northern Baltic Sea), Chara baltica, C. canescens (whole 
Baltic Sea), and Lamprothamnium papulosum (west coast, 
Blindow & Langangen 1995). 

The genus Vaucheria, belonging to the Xanthophyta 
(yellow-green algae), is also mainly found on soft bottoms, 
often between reeds, where they form felty growths on the 
mud. Vaucheria is mostly found sterile in the area and 
therefore difficult to identify to the species level. Vauche ria 
spp. are known as early colonizers that bind sediment 
grains. In the spray zone they can be found as patches of 
green cushions on beaches, but when permanently sub
merged they can form dense mats. The dominant species in 
the Baltic Sea, from the southern archipelago of Stockholm 
up to the southern Bothnian Bay, is Vaucheria dichotoma, 
which forms 10-20 cm thick dark green mats in small 
muddy bays. These mats can effectively outcompete 
phanerogams and stoneworts. Methane formation in the 
bottoms can partly lift up the Vaucheria mats, a phenom
enon known by the name 'seal heads' .  The species with the 
largest salinity amplitude is perhaps Vaucheria compacta 
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Fig. 7. Distribution of the 247 macroalgal 
taxa with upright thalli > 1 mm (except for 
Charales and Vaucheria spp.) in the Baltic 
Sea Area according to salinity. (a) 87 Brown 
algae. (b) 93 Red algae. (c) 67 Green algae, 
except Charales. Data elaborated from Pekkari 
( 1965), Pekkari (pers. comm.) and Nielsen et 
al. ( 1995). * = Taxon recorded in Denmark, 
not in Sweden; ** = Non-indigenous taxon. 
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(< 1 - 1 0%o according to Kuylenstiema 1 989- 1 990), which 
occurs up to the outer Haparanda archipelago in the north
em Bothnian Bay (S .  Pekkari pers. comm.) .  

Phanerogams, mosses and quillworts 

Also the distribution of aquatic phanerogams in the Baltic 
Sea Area is largely determined by salinity .  Most of them 
are confined to soft bottoms, but Ranunculus peltatus ssp. 
baudotii is  a phanerogam typically  growing attached to 
rocks and stones (although it can also be rooted in sand 
and mud bottoms) . The phanerogams of the Baltic Sea 
Area are mainly freshwater species that occur in fresh
waters and brackish waters, e.g. Ceratophyllum demersum, 

Eleocharis acicularis, Limosella aquatica, Myriophyllum 
sibiricum, M. spicatum, M. verticillatum, Potamogeton 

filiformis, P. pectinatus, P. peifoliatus and Subularia 

aquatic a (Luther 1 95 1 a, 1 95 1  b; Munsterhjelm 1 997). 

Therefore, the phanerogam flora i s  more diverse in  the 
Baltic Sea proper and northwards than on the Swedish 
west coast. Phanerogams of marine origin that penetrate 
into the Baltic Sea to different extents are e.g. Zannichellia 

palustris (whole coast) ; Ruppia maritima (from the west 
coast to ' Hoga Kusten' ,  Bothnian Sea) ; Ruppia cirrhosa 

(from the west coast to the coast of Uppland, Aland Sea) ; 
Zostera marina (from the west coast to the northern 
archipelago of Stockholm) and Zostera noltii (west coast 
only) . Some species of freshwater origin are rarely found 
in freshwater and have their greatest distribution in brack
ish water instead, e .g .  Najas marina, Potamogeton 
vaginatus and Ranunculus peltatus ssp .  baudotii. P. vagi

natus is one of the few phanerogam species found only on 
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Fig. 8. Vegetation dominated by 
the stonewort Chara tomentosa, 

accompanied by C. aspera and 

the phanerogam Potamogeton 

pectinatus, Norrfjarden, Bothnian 

Bay,  August 1 969. Photo lnge 
Lennmark (Coli. Svante Pekkari) .  

the Bothnian Bay coast, where it can form large stands at 
a depth of ea. 3 m, and not in the rest of the Baltic Sea. 
Another example of this kind of distribution is the rare 
endemic Alisma wahlenbergii which was found at three 
sites on the Swedish side of the Bothnian Bay (Haparanda 
archipelago) in 1 998 by S. Pekkari and U. Zethraeus 
(pers. comm.) .  

Along the south-north gradient in the Gulf of Bothnia, 
from ea. 5%o salinity to freshwater, aquatic mosses such as 
Drepanocladus spp . ,  Fontinalis antipyretica, Fontinalis 

dalecarlica and Octodiceras fontanum become more and 
more common. In the northern Bothnian Bay, mosses can 
totally dominate the vegetation (Forsberg & Pekkari 1 999). 

0. fontanum is an example of an aquatic plant species that 
occurs abundantly in the Bothnian Bay (up to ea. 3%o salin
ity), but it is extremely rare in freshwater in northern Swe
den. The two F ontinalis species, on the other hand, occur 
abundantly in freshwater in the area, especially in flowing 
water. They also have a higher salinity tolerance (up to ea. 
5 .5%o ) , even if they seem to be more restricted to archipelago 
areas outside rivers (e.g. DalaJ.ven in the southern Bothnian 
Sea, Wrern 1952) while in coastal areas in-between they are 
rare or absent. In the Bothnian Sea F. dalecarlica is the most 
common moss species. The plants, up to 25 cm tal l ,  occur 
from ea. 0.5 m down to a depth of 10 m with maximum 
abundance at a depth of 4-5 m. 

Aquatic l iverworts are rarely found in the river mouths 
of the Bothnian Bay ,  in contrast to their common occur
rences in small creeks further upstream or in the terrestrial 
part of the beaches in the Bay (S .  Pekk:ari, pers. comm.) .  
Two quillworts, Isoetes echinospora and I. lacustris are 
common in  shallow sheltered brackish bays of the i nner 



Fig. 9. Diatom colonies at 
Vannska.rsgrund, Bothnian 

Bay, July 1 968. Photo Inge 

Lennmark (Cal l .  Svante 

Pekkari) .  

archipelagos of the Bothnian Bay in the hydrolittoral and 
the sublittoral, respectively. 

Benthic microalgae 

The distributions of benthic microalgae (unicellular al
gae) along the salinity gradient of the Baltic Sea Area are 
less well-known, except for the dominant group, the 
Bacillariophyta (diatoms; Fig. 9), which occur on all 
available substrata. This is by far the most species-rich 
algal group in the area with many thousands of representa
tives . Contrary to the macrophytes of which most occur i n  
both marine and brackish waters (polyhalobous) o r  in  
both fresh- and brackish waters (oligohalobous), many of 
the diatoms are mesohalobous, i .e. with defined upper and 
lower l imits within the brackish-water range. The floristic 
composition of the Baltic Sea diatoms is similar to that of 
estuaries elsewhere, e . g .  the S wedish west coast 
(Kuylensti erna 1 989- 1 990), South Africa (Archibald 
1 983) ,  Western Australia (John 1 983) and to that of other 
inland seas, e.g. the Black Sea (Proschkina-Lavrenko 
1 955) .  

In the Baltic Sea Area from the northern Oresund to 
the northern Bothnian Bay, three distributional discon
tinuities in the composition of the epiphytic diatom com
munities are found which can mainly be attributed to 
differences in salinity (Snoeij s  1 994, 1 995) .  One is situ
ated at the entrance to the Baltic Sea at the Oresund (at ea. 
1 0%o), the second between the Baltic Sea proper and the 
Bothnian Sea (at ea. 5%o), and the third between the 
Bothnian Sea and the Bothnian Bay (at ea. 3%o) . These 
discontinuities do not only fit with the thresholds between 

Marine and brackish waters 1 97 

the different Baltic Sea sub-basins, but also with subdivi
sions of the meso- and oligohaline zones of the 'Venice 
System ' .  Typical epiphytic diatoms in these different 
zones are Licmophora hyalina, Tabularia fasciculata 

(whole mesohaline range); Licmophora communis, L. oedi
pus (a-mesohaline) ; Tabularia waernii (�-mesohaline); 
Ctenophora pulchella (whole oligohaline range); Diatoma 

constricta (a-oligohaline) ; Synedra ulna and S. acus (�
oligohal ine). The discontinuity at 5%o i s  most drastic (Fig .  
1 0) ,  and is characterized by a marked transition from an 
epiphytic flora dominated by diatom taxa with marine 
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Fig. 1 0. Epiphytic diatom taxa with marine affinity (open sym

bols) and freshwater affinity (closed symbols) plotted against 

sal in ity (n = 88 sampling sites), based on relative abundance. 

(Adapted after Snoeijs 1 995 .)  
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affinities (mostly little silicified species) to one domi
nated by taxa with freshwater affinities (mostly heavily 
silicified species) . The transition between 5 and 7%o rep

resents a lower limit of salinity tolerance for many marine 
taxa, resulting in the absence or very low abundance of 
these taxa below 5%o salinity. 

Macroalgal and macrofaunal species richness is ex
tremely low in the Baltic Sea, with many marine species 
living at the limit of their tolerance to low salinity. Ac

cording to Remane ( 1940, 1958), a gradual decrease oc
curs in the number of species as conditions become in
creasingly brackish, with minimum species richness at 
5%o which is the critical salinity level for physiological 
stress in many animals. No minimum for species richness 
is found in the Baltic Sea Area for epiphytic diatoms 

between 3 and 14%o (Snoeijs 1995) .  Simonsen ( 1962) also 
found that the number of species of benthic diatoms was 
not correlated with salinity in the Schlei Estuary (western 
Baltic Sea, 3 - 1 8%o). This implies that Remane' s  brack
ish-water rule based on aquatic fauna is not valid for 
benthic diatoms. The absence of a minimum suggests that 

benthic diatoms as a group are not stressed by salinity in 
the Baltic Sea. There are few groups of organisms which, 
like pennate diatoms (most benthic species) inhabit both 
freshwater and marine environments to the same degree. 
These groups can thus penetrate into brackish water from 
both habitats, which probably explains the absence of a 
species minimum for epiphytic diatoms in the Baltic Sea. 
Taxa with freshwater affinities that penetrate southward 
into the Baltic Sea compensate for the northward loss of 
taxa with marine affinities .  

Pelagic microalgae 

Fig. 1 1  shows differences in species numbers between the 
Kattegat - Belt Sea area and the Baltic Sea for pelagic 
microalgae according to the BMB checklist of phyto
plankton of the Baltic Sea (Edler et al. 1984). This shows 
that Prymnesiophyta, Dinoflagellata and Bacillariophyta 
(only pelagic forms, mainly centric diatoms) decrease 

markedly in the lower salinity range of the Baltic Sea, 
whereas Chrysophyta, Cyanobacteria and Chlorophyceae 
increase. This is in accordance with the distributions of 
these taxa world-wide (Table 1) .  

Water movement 

Most red, brown and green macroalgae (with the excep
tion of the stoneworts) are confined to rocky-shore habi
tats where they are firmly attached to the rocks. Water 

movement may greatly affect the size and even the life 
form of the algae, e.g. in heavily exposed sites a 
Cladophora species may be attached and only a few cm 
tall, whereas the same species in a sheltered bay may be 
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loose-lying and more than ha1f a metre long. Generally, 
the total algal biomass tends to be inversely correlated to 
wave action. 

The dispersal of macroalgae is generally a passive 
process and thus water movement is of great importance 
as the major means of dispersal (Santelices 1990; Norton 
1 992). Gametes, zygotes, asexual spores and especially 
fragments or whole plants may be carried over long dis
tances by water currents. Favourable environmental and 
biotic conditions at the new site are required for the 
establishment of new attached plants. Loose-lying algae 
may arrive by means of water currents in areas where they 
cannot settle and survive, e.g. obligate marine brown 
macroalgae such as thongweed (Himanthalia elongata) 
and dabberlocks (Alaria esculenta) are sometimes carried 
to the Swedish west coast by drift but they cannot be 
considered part of the Swedish flora. On the other hand, 
loose-lying algae that are considered part of the local flora 
are e.g. the Zygnematales (Mougeotia, Spirogyra and 
Zygnema) which live entangled with attached algae or as 
floating mats in shallow bays. Species such as Cladophora 
aegagropila (green) and Furcellaria lumbricalis (red) 
may form dense aggregations of loose spherical plants 
that are gently rolling on the bottoms with the prevailing 
water movements and as such are important for the oxy
genation of the bottoms. 

Climate 

The Baltic Sea Area stretches between 54°N and 66°N, 
and thus includes a profound north-south climatic gradi
ent. The direct factors affecting the algal vegetation as a 
result of this gradient are water temperature, duration and 
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Fig. 1 1 . Comparison of the diversity distribution of the different 
taxonomic groups of pelagic microalgae in the Kattegat - Belt 
Sea area (281  taxa) and the Baltic Sea (327 taxa). (Data elabo
rated from Edler et al. 1984.) 



thickness of ice cover, light quality and length of day. 

During an average ice winter, the northern part of the 
Bothnian Bay, the Bothnian Sea and the northern Baltic 
Sea proper are completely ice-covered (Fonselius 1995) .  
During a heavy ice winter the whole Baltic Sea Area and 
parts of the Skagerrak may be ice-covered. The mean 
period of ice cover for the Bothnian Bay is 1 20 days per 

year, and for the Bothnian Sea 60 days per year. 
Ice scouring greatly affects the vegetation in the upper 

hydrolittoral zone. Pack-ice and movements caused by 
the break-up of ice in early spring can, as a result of the 

mechanical forces, leave the rocks completely devoid of 

all vegetation, except maybe in rock crevices where 

crustose species like the red alga Hildenbrandia rubra or 
basal parts of upright algae may find a refuge. Usually the 
lowest yearly water levels in the Baltic Sea are reached in 
late spring (an effect of atmospheric pressure) and most 

algal basal parts that have survived ice-scouring are killed 

by desiccation instead. No perennial vegetation can de

velop in places where this occurs every year because the 
plants that might colonize will not survive after winter, 
although exceptions can be found along ferry routes where 

the regular swell of the waves prevents desiccation 
(Ronnberg 1981 ). Because of continuous heavy distur

bance, the vegetation in the upper littoral consists basi

cally of annual species and is highly dynamic with new 
colonization on a bare surface every spring. In the Baltic 
Sea proper the zone affected by ice, which has annual 

algae above the Fucus vesiculosus belt, is about one metre 
wide. In the Bothnian Bay the ice can be several metres 

thick and the ice-scouring effect usually reaches down to 

several metres, while in areas with a lot of pack-ice even 

a depth down to 1 6  m is reached (observed during SCUBA 

diving at Simpgrundet (S. Pekkari pers. comm.). On the 
Swedish west coast heavy ice scouring occurs less often, 

and the perennial vegetation of the large brown algae 
Ascophyllum nodosum, Fucus vesiculosus and F. serratus 
in the upper 0.5 m usually survives from year to year. 

Many Baltic Sea diatoms have seasonal abundance 

optima in the cold season and some are associated with an 

ice cover, living in crevices inside the ice, attached to the 
ice surface or, in the case of winter plankton, just beneath 

the ice. The diatoms in the latter group belong to the 

Arctic flora and occur in the Arctic Seas, the Baltic Sea, 
and some also in the Oslofjord in southern Norway 

(Huttunen & Niemi 1986; Hasle & Syvertsen 1 990; 
Norrman & Andersson 1994), but they have not been 

reported from the Norwegian west coast. Some examples 

of this Arctic flora are Fragilariopsis cylindrus, Melosira 
arctica, Navicula vanhoeffenii, N. pelagica, Nitzschia 
frigida, Pauliella taeniata, Thalassiosira baltica, T. hyper
borea and T. levanderi. After a warm winter without ice 

cover, the pelagic vernal diatom bloom is less pronounced 
and instead of cold stenotherm species such as Pauliella 
taeniata, late successional diatoms (e.g. Chaetoceros 
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wighamii and Skeletonema costatum), dinoflagellates 

(e.g. Peridiniella catenata) and naked flagellates are found 

in the plankton (Willen 1995). In the upper littoral of the 
Baltic Sea proper diatom blooms of Navicula ramosissima 
may already occur under the ice cover in early spring 

(Snoeijs & Kautsky 1989). Conversely, other diatom spe
cies may profit from the absence of an ice cover, either 

after a warm winter or in areas with cooling-water dis
charges, e.g. Berkeleya rutilans andMelosira spp. (Snoeijs 

1989, 1990).  

Water depth 

The absence of a tidal zone 

The subdivision of tidal sea coasts in a supralittoral (splash) 

zone, eulittoral (intertidal) zone and sublittoral (subtidal) 

zone (Russell 199 1 )  is replaced in the Baltic Sea by a 

different classification because of the absence of signifi
cant tidal movements (Du Rietz 1930; Wrern 1952). The 
hydrolittoral zone of the Baltic Sea is defined as the zone 

that extends above the annual minimum water level up to 
the mean summertime level. It is mostly between 0.5 and 
1 m broad and largely coincides with the zone that is 

scraped bare of algae each year by ice (see above). The 
geolittoral zone is the splash zone above the hydro littoral 
zone, and the sublittoral is that part of the littoral that is 

permanently submerged. On the Swedish west coast the 

upper limit of balanoids occurring plentiful (ea. 30 cm 
above the summer low water line, Soderstrom 1965) has 

often been used as the 0-level from which algal depth 

distributions are given. 

Algal pigments 

The depth distribution of algae depends on light penetra
tion and availability of substratum. There is a classical 

correlation between the colour of an alga and its depth 
range, although many exceptions occur. This is because 
the algal pigments are designed to absorb specific wave

lengths of the light spectrum. Green algae have a pigment 

composition close to that of terrestrial plants and they can 

most effectively use the red part of the light spectrum. As 
red light penetrates only a few metres into the water, belts 
dominated by green algae are mainly found close to the 
water surface (e.g. the Cladophora glomerata belt in the 

Baltic Sea). The pigments of red algae, especially phyco

erytrin, are most effective in green light that penetrates 

deepest in the productive (turbid) northern coastal seas. 
Therefore, belts dominated by red algae are usually found 
in the lower sublittoral zone (e.g. Delesseria sanguinea 
and Phycodrys rubens belts on the Swedish west coast). 

Finally, brown algae have a pigment composition that 

enables them to use most of the wavelengths which are 
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appropriate for photosynthesis. Brown algal belts can be 
found at any depth, e.g. in the Baltic Sea: Dictyosiphon 
foeniculaceus in the upper 0.5 m, Fucus vesiculosus from 
a depth of 1 to 1 0  m, and Sphacelaria arctic a from a depth 
of 1 5  to 20 m. 

Pronounced exceptions to the correlation between pig
ments and depth, as described above, occur when light 
quantity becomes the ruling factor rather than quality, when 
the existence of optical thick and optical thin algae is taken 
into account, as well as competition between algal species 
for nutrients, etc. In this way, the red alga Ceramium gobii 
often dominates in the hydro littoral zone in the Baltic Sea in 
autumn and green algae can dominate throughout the litto
ral in heavily eutrophied places. Species of the red algal 
genus Porphyra always occur only at the water fringe on 
the Swedish west coast, whereas the green algae Chaeto
morpha melagonium, Cladophora rupestris and Derbesia 
marina can be found as deep as 20 m below surface at the 
stone reefs in the Kattegat (Pedersen & Snoeijs unpubl.) .  

Algal depth distributions 

When rocky substratum is available all the way down, the 
lower limit of a three-dimensional vegetation on the Swed
ish west coast is ea. 30 m, in the Baltic Sea proper ea. 25 m 
and in the northern Bothnian Sea ea. 20 m. Some crustose 
algae may penetrate 5- 10  m deeper than these lower limits. 
In the northern Bothnian Bay the lower limit of the algal 
vegetation is only ea. 10 m. A combination of high sedi
mentation and high concentrations of humus particles in the 
water cause the more narrow depth range in the northern 
part of the Bothnian Bay by means of land runoff. The 
humus particles are also known as 'yellow substance' and 
originate from the northern land areas rich in forests and 
mires (Fig. 12). These humus particles effectively absorb 
the light on their way down into the water column. 
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Fig. 12. The amount of humus particles in the water of the Baltic 
Sea Area according to salinity. (Adapted after Fonselius 1995.) 
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In many places around the coast which are less af
fected by wave action, soft bottoms determine the lower 
limit of the algal vegetation since rocks become covered 
by sediment at a certain depth. Here, lack of a firm 
substratum is the limiting factor for the maximum depth 
for algal growth. The opposite effect, that light is limiting 
at great depth, is found e.g. on stone reefs ( 'underwater 
mountains' )  in the Kattegat which are areas of extreme 
interest for algal research. They are unaffected by direct 
land-runoff being completely submerged under the water 
surface and far away from the Swedish and Danish coasts. 
Here, most species penetrate ea. 5 m deeper than at coastal 
sites in the Kattegat and Skagerrak (Pedersen & Snoeijs 
unpubl.). The stone reefs are markedly devoid of sedi
mentation because of their remote position and strong 
water currents that continuously remove particles, so there 
is no lack of firm substratum for algae to settle on and the 
algae are not covered by particles. The macroalgae here 
are remarkably clean and healthy and form communities 
with high species diversity. The water currents that pass 
the stone reefs below the halocline (at a depth of about 1 5-
20 m) contain marine North Sea water (ea. 33%o ), which is 
probably an additional reason for the high diversity and 
good condition of the algae. 

The downward process 

Many marine algae which are found on the Atlantic and 
North Sea coasts in intertidal and upper sublittoral zones 
occur in increasingly deeper water when following the 
salinity gradient from the Skagerrak via the Kattegat, the 
Oresund and finally to the Baltic Sea. For example, the 
mean upper depth limits of Laminaria digitata and L. 
saccharina decrease from 1 .5 m in the Skagerrak to 4 m in 
the Kattegat, Halidrys siliquosa from 1 to 9 m, and 
Corallina officina/is from 2 to 12 m (Pedersen & Snoeijs 
unpubl.) .  At the inner distributional limit of L. saccharina 
at the island of Bornholm in the southern Baltic Sea 
proper the upper limit lies at a depth of ea. 18 m. This 
phenomenon is defined as the 'downward process' (W rem 
1 952, 1965), and may be explained by the absence of tides 
and the decrease in competition when species numbers 
decrease successively along the salinity gradient. An ex
ample of a species that expands its depth range tremen
dously is Fucus vesiculosus, which is the only large 
perennial canopy-forming alga that penetrates far into the 
Baltic Sea. On the west coast it has a depth range of 20-
40 cm only, but in the northern Baltic Sea proper, it 
forms belts between one and 10 metres in depth in the 
absence of competitors (Fig. 13) .  In the Southern Baltic 
Sea only two other canopy-forming brown algae, Fucus 
serratus and L. saccharina are found. These two species 
are 'pressed down' to greater depths, probably by com
petition from F. vesiculosus which is better adapted to 
low-salinity conditions. Simultaneously with the changes 
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Fig. 13 .  The downward process illustrated for the brown algae 
Fucus vesiculosus, Fucus serratus and Laminaria saccharina. 
The 'zero' line is set at the lower position of the spray zone. Data 
elaborated from Wrem (1952, 1965), von Wachenfeldt ( 1975) 
and Pedersen & Snoeijs (unpubl.). 

in depth distribution, many marine algae decrease in size 
when they become more and more stressed by salinity and 
need to allocate a greater portion of energy to survival 
instead of growth. Other signs of stress shown by algae 
along the salinity gradient before they finally reach their 

distributional limit are loss of reproduction by gametes 

and loss of attachment to a substratum. Most red algae 
have lost their ability to form sexual reproductive organs 
in the Baltic Sea and reproduce by asexual spores or 

vegetatively. The sexual process is also rare or lost in 

many freshwater algae in the Baltic Sea, e.g. Cladophora 
glomerata, C. aegagropila, Oedogonium spp., Mougeotia 
spp., Spirogyra spp. and Zygnema spp. ,  (Hallfors et al. 

1981) .  
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The rocky-shore algal communities of 
the Swedish west coast 

Exposed sites in the Skagerrak 

On exposed skerries in the Skagerrak the supralittoral zone, 

4-5 m above the water level, is entirely covered by a 
blackish coating of lichens (mainly Verrucaria maura) on 

north-facing rocks and a community of cyanobacteria usu

ally dominated by Calothrix scopulorum on south-facing 

rocks. Where bird-droppings have enriched the environ

ment, green patches of Prasiola stipitata andRosenvingiella 
polyrhiza interrupt the dark coating. Thin red sheets of 
Porphyra spp. can be found just above the Semibalanus 
belt. The upper part of the ea. 40 cm wide Semibalanus belt 

at the water line is dominated by Nemalion multifidum, and 
the lower part by a bladderless form of Fucus vesiculosus 
typical of exposed sites. Below this a ea. 20 cm wide belt of 
Polysiphonia brodiaei with Pilayella littoralis, Polysiphonia 
stricta and Ulothrix flacca is found. Between ea. 0.5 and 
1 m depth the vegetation is dominated by Chondrus crisp us 
accompanied by other red algae such as Ahnfeltia plicata, 
Ceramium nodulosum, Corallina officinalis and Phyma
tolithon lenonnandii and the brown alga Chordariaflagelli
formis. C. officinalis and P. lenormandii are common also 
further down, but are then accompanied by Ceramium 
strictum, Polysiphonia elongata and Polysiphonia fibrillosa 
as far down as 2-3 m where the vegetation shifts to the 
Halidrys siliquosa forest which can reach down to 15 m. As 
a result of the downward process, reduced plants of 

Laminaria hyperborea form belts at a depth of ea. 1 3-20 m, 
whereas on the Atlantic coasts the L. hyperborea forest 

reaches up to the ebb line. Accompanying algae in the 

middle and lower sub littoral at exposed sites are the brown 
algae Laminaria saccharina and Sphacelaria cirrosa, and 
many red algal species as epiphytes and understorey e.g. 

Apoglossum ruscifolium, Bonnemaisonia asparagoides, 
Callophyllis cristata, Cruoria pellita, Delesseria sanguine a, 
Halarachnion ligulatum, Heterosiphonia plumosa, 
Phymatolithon purpureum, Plocamium cartilagineum, 
Pterosiphonia parasitica and Ptilota gunneri. Below the 
lower depth limit of L. hyperborea the vegetation is domi
nated by red algae, most of the above-mentioned species, 
but also Compsothamnion gracillimum, Erythrodermis 
traillii, Lithothamnion sonderi, Lomentaria orcadensis, 
Phyllophora crispa, and others. Some green and brown 
algae also occur at this depth, e.g. Derbesia marina, 
Desmarestia aculeata and Sphacelaria plumula. 

Less exposed sites in the Skagerrak 

At less exposed sites in the Skagerrak the supralittoral 

zone is inhabited by lichens and a Calothrix scopulorum 
community, as on exposed skerries although this zone is 

less broad here. The Fucus vesiculosus belt (here plants 
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Fig. 1 4. Algal vegetation in the upper littoral at Tjarno, Skagerrak, showing Ascophyllum nodosum (knotted wrack) surrounded by Fucus 

serratus (toothed wrack). On the algae Littorina snai l s  (periwinkles) are grazing. Photo Hans Kautsky. 

with bladders) is better developed with narrow belts of 
Fucus spiralis above it and Ascophyllum nodosum (Fig. 
1 4) below it .  Below this  upper 0.5 m belt, the Fucus 

serratus (Fig. 14) belt dominates down to ea. 4-5 m in 
depth. Elachistafucicola i s  a host-specific epiphyte on the 
Fucus species. The undergrowth of the F. serratus belt 
consists of smaller algae such as Ceramium nodulosum, 

Chaetomorpha melagonium, Chondrus crispus, Clado

phora rupestris, Polyides rotundus and Rhodomela confer

voides. In recent years the introduced large brown species 
Sargassum muticum has become increasingly common 
and has in some sites replaced the original Fucus-domi
nated vegetation. At the lower end of the F. serratus belt 
Laminaria saccharina, L. digitata and Chorda filum mix 
with this vegetation. Below this, at a depth of about 5-6 m, 
a lower-canopy vegetation (Fig. 1 5) ,  often dominated by 
Furcellaria lumbricalis, takes over. Other algae typical of 
this belt are e.g.  Bonnemaisonia hamifera, Brongniartella 

byssoides, Ceramium nodulosum, Chondrus crispus, 

Coccotylus truncatus, Cystoclonium purpureum, Phyllo

phora pseudoceranoides, Polysiphonia spp. (red) , Aspero
coccus bullosus, Desmarestia viridis, Mesogloia vermi

culata (brown). Below a depth of ea. 1 2  m the vegetation 
consists of Antithamnion boreale, Delesseria sanguinea, 

Dilsea carnosa, Lomentaria clavellosa, Odonthalia 

dentata, Polysiphonia fucoides, P. elongata, P. stricta, 

Sphacelaria plumosa (red) and Desmarestia aculeata 

(brown) . The deepest vegetation found cons i sts  of 
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Callophyllis cristata, Halarachnion ligulatum, Phyco

drys rubens, Pterothamnion plumula (red) and red crustose 
algae . 

The Kattegat 

In the Kattegat the 'downward process' interferes heavily 
with the zonation .  The mean upper depth limits of 
Brongniartella byssoides, Corallina officinalis, Dilsea 

carnosa, Odonthalia dentata (red), Desmarestia viridis, 

Halidrys siliquosa, Laminaria digitata, Laminaria saccha

rina and Sphacelaria cirrosa (brown) are found 3 m or 
more deeper than in the Skagerrak (Pedersen & Snoeijs 
unpubl . ) .  The Fucus vegetation in the upper sublittoral 
zone is still similar to that in the Skagerrak, but penetrates 
some metres deeper. Most of the red algae typical of the 
lower sub littoral of exposed sites in the Skagerrak are not 
found on the Kattegat coast anymore because of low 
salinity, but they do occur at the offshore stone reefs in  the 
Kattegat such as Fladen, Stora Middelgrund and Lilla 
Middelgrund . 

The Oresund 

In the central Oresund a broad Fucus vesiculosus belt has 
taken the place of Fucus serratus in the upper 5 m of the 
sublittoral zone, and the F. serratus belt has been forced 
down to a depth of ea. 5- 1 0  m. Species that are absent 



from the Swedish Baltic Sea coast such as Corallina 

officinalis, Odonthalia dentata, Dilsea carnosa, Brong

niartella byssoides, Pterothamnion plumula and Antitha

mnion boreale are sti l l  found in the lower sublittoral 
(below 1 5-20 m, i .e .  below the halocline) in the Oresund. 
Laminaria digitata and L. saccharina are found below 1 0  

m (von Wachenfeldt 1 975 ; Kornfeldt 1 984) . 

Seasonality 

The above descriptions of the algal vegetation along the 
Swedish west coast refer to summer situations. However, 
clear seasonal successions are found in the different vegeta
tion types, but especially in the upper sublittoral zone. At 
the end of February Dumontia contorta and Ulvopsis 

grevillei occur just beneath the water surface. Towards 
summer they have mostly disappeared completely, giving 
place to Nemalion multifidum in July and August and 
Polysiphonia fibrillosa from October to February. Just 
above the Semibalanus belt Ulothrix flacca and Bangia 

atropurpurea usually appear in spling. In the Semibalanus 

belt Spongomorpha aeruginosa and Acrosiphonia centra

lis occur in May. If an ice cover has been present during the 
winter, the upper Fucus plants have been ripped off and in 
early spling Osmundea truncata (formerly usually referred 
to as Laurencia pinnatifida) and Scytosiphon lomentaria 

colonize the bare rocks i n  the upper sub littoral. In the Fucus 

serratus belt small specimens of Chondrus crispus and 
Chorda filum start to grow in April. In May most 0. 
truncata has died off, and regeneration of the Fucus belt 
starts by colonization of Fucus sporelings in the gaps where 
the vegetation was damaged by ice. Epiphytes such as 
Ceramium spp., Cladophora spp. , Dictyosiphon foeni

culaceus, Ectocarpus siliculosus, Enteromorpha spp. and 
Pilayella littoralis, start to grow in spring on the Fucus 

Fig. 1 5 .  Red algal belt at a depth of ea. 7 m 

at Paarpsrevet, southern Kattegat, 1 No

vember 1 990, showing Delesseria san

guinea, Phyllophora pseudoceranoides, 

Polysiphonia jucoides and other red algal 

species . The perennial parts of some of the 
algae are completely overgrown by bryo
zoans. In-between the algae Asterias rubens 

L. (common starfish) is  abundant. Photo 
Christer Larsson (Coli. Marianne Pedersen). 
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plants. In June the Cladophora species (C. flexuosa, C. 
oblitterata and C. sericea) attain their full growth. In au
tumn 0. truncata is also a common epiphyte on F. serratus. 

The rocky-shore algal communities of 
the Swedish east coast 

The entire Swedish east coast has a salinity less than 
8%o. An implication of the loss of many marine species 
is that biological interactions are less important for 
macroalgal community composition than environmental 
factors (Kautsky & van der Maarel 1 990; Wallentinus 
1 99 1 ) . Benthic diatoms, in  macroscopic colonies and 
mats, become more and more important when salinity 
decreases along the gradient. On the Swedish west coast 
patches of diatoms can be found now and then between 
the macroalgal vegetation, while in  the Bothnian Bay 
layers of diatoms ( 1  to 30 cm thick; Fig. 9) often cover 
large areas of rocky and soft bottoms, especially in the 
cold season (Snoeij s 1 999).  

The geolittoral zone 

Also on the Swedish east coast, a blackish layer consisting 
of l ichens (Verrucaria maura) and a Calothrix scopulorum 

community mixed with green spots of Prasiola spp. ,  
covers the rocks and stones in  the geolittoral zone. At the 
waterline unbranched filamentous green algae, Urospora 

penicilliformis, Ulothrix spp. ,  and sometimes also a red 
one, Bangia atropurpurea, are found in spring and au
tumn. In spring they disappear by drying out during low 
water (although single small plants may survive in  crev
ices exposed to waves) ,  and in the autumn they become 
ice-covered. 
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The Baltic Sea proper 

The hydrolittoral and upper part of the sub l ittoral zones in 
the Baltic Sea proper show a pronounced seasonal succes
sion of annual algae: in winter - early spring Ulothrix 
subflaccida and Ulvopsis grevillei, in springAcrosiphonia 

centralis and Pilayella littoralis, in late spring - summer 
Dictyosiphon chordaria, Eudesme virescens, Halosiphon 

tomentosus, and Scytosiphon lomentaria, in summer 
Cladophora glomerata, Chorda filum and Dictyosiphon 

foeniculaceus, in late summer - autumn Ceramium gobii, 

Spongomorpha aeruginosa and the cyanobacterium 
Rivularia atra. The upper 8 to 10 metres of the sub littoral 
zone are almost completely dominated by Fucus vesicu

losus (except for sites heavily exposed to wave action) 
with epiphytic filamentous algae such as Chorda filum, 

Elachista fucicola, Pilayella littoralis (especially in the 
cold season), Ectocarpus siliculosus (summer) and Cera

mium gobii and with an understorey of Cladophora filum, 

C. gobii, C. rupestris and Stictyosiphon tortilis. Below the 
Fucus belt (Fig . 1 6) down to a depth of ea. 25 m the 'red 
algal belt' occurs w ith Ahnfeltia plicata, Coccotylus 

truncatus, Furcellaria lumbricalis, Phyllophora pseudo

ceranoides, Polysiphonia fucoides, Rhodomela confer

voides, (the latter more rarely) and the brown alga 
Sphacelaria arctica. From about 1 0- 1 5  m downward the 
blue mussel, Mytilus edulis, becomes more and more 
abundant. The benthic algae and Mytilus compete for 
settlement space on rocks and stones, but the Mytilus 

shells are also used by the algae as substratum and many 
macroalgae within this  community are not attached but 
live entangled with the byssus threads of the mussels .  The 
red algae successively disappear with i ncreasing depth 
and the deepest-occurring tuft alga is usually S. arctica. 

Also the deepest crustose algal species are brown algae 
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Fig. 1 6. Lower part of the Fucus belt at a 
depth of ea. 7 m at Asko, northern Baltic 

Sea proper, showing Fucus vesiculosus 

(bladder wrack) and the red algae Fur

cellaria lumbricalis and Ceramium gobii. 

Photo Hans Kautsky. 

(e.g. Pseudolithoderma rosenvingii) ; no calcareous red 
algal crusts (cf. Swedish west coast) occur in the Baltic 
Sea. 

The Bothnian Sea 

In  the low-salinity environment of the Bothnian Sea the 
only canopy-forming alga left, Fucus vesiculosus, de
creases in abundance and vigour northwards until it disap
pears at its northern limit at the Bothnian Sea I Bothnian 
Bay boundary. The upper littoral of the Bothnian Sea is 
dominated by Cladophora glomerata (Fig. 1 7 ;  spring -
autumn), mixed with Pilayella littoralis (spring), Entero

morpha intestinalis (spring - autumn), E. flexuosa (sum
mer) , E. ahlneriana (summer - autumn) and Ceramium 

gobii (autumn) . This belt is known as the Cladophora 

belt, but it may (even in unpolluted places) consist of large 
stands of Enteromorpha ahlneriana which in the field i s  
sometimes difficult to  distinguish from C. glomerata. 

Below the F. vesiculosus belt (ea. 2- 1 0  m), the Sphacelaria 

arctic a - Pseudolithoderma rosenvingii belt is found from 
ea. 1 0  m down to the lower limit of the vegetation at ea. 22 

m. The species of the red algal belt of the Baltic Sea 
proper that are sti l l  occuring here, e.g. Furcellaria lumbri

calis and Coccotylus truncatus are found in the lower part 
of the Fucus belt and the upper part of the S. arctica belt, 
and all have thalli which are considerably smaller in size. 
Where the Fucus belt is fragmented or reduced by low 
sal inity, it is  usually replaced by a vegetation dominated 
by the green algae C. glomerata and E. intestinalis and the 
moss F ontinalis dalecarlica. In the far north of the Bothnian 
Sea a C. glomerata belt, mixed with single plants of F. 

vesiculosus, can stretch from the waterline down to a 
depth of ea. 1 0  m, where it meets the S. arctic a belt. 



The Bothnian Bay 

A sudden increase in  the abundance of freshwater spe
cies occurs at the Bothnian Sea I Bothnian Bay bound
ary . Of these, the green alga Cladophora aegagropila , 

mosses and diatoms are the most prominent taxa on 
rocky bottoms . In the B othnian B ay ,  where Fucus 

vesiculosus i s  absent, C. aegagropila and Fontinalis 

spp. form a perennial vegetation from 2 m down to the 
vegetation l imit at a depth of about 1 0  m. These species 
compete with the annual Cladophora glomerata ,  which 
also dominates in the lower l ittoral i n  the northern 
Bothnian Sea. In the B othnian Bay C. glomerata i s  
successively 'pressed upwards'  again towards the north 
and dominates the hydrolittoral and the upper sublittoral 
(the upper 1 -2 m) as it does in the southern Bothnian 
Sea. Sometimes also Ulothrix zonata can be belt-form
ing in the upper l ittoral down to a depth of 1 m, with 
plants up to 0 .5  m tall (S .  Pekkari pers . comm. ) .  To
gether with C. glomerata and C. aegagropila ,  another 
Cladophora species, C. basiramosa can occur in the 
Bothnian B ay from the waterline down to a depth of ea. 
7 m.  However, the latter species is  usually sparse 
whereas the former two are the dominants . The marine 
crustose alga Hildenbrandia rubra, which sti l l  occurs 
in the B othnian Sea, is in the B othnian Bay replaced by 
its freshwater relative Hildenbrandia rivularis. This  
red crust occurs from the low water l ine  down to  a 
depth of ea. 9 .5  m, and it may, especially in deep water, 
become well developed and 2-3 dm2 large (Forsberg & 
Pekkari 1 999) . Similarly ,  a freshwater brown crust, 
Heribaudiella fluviatilis, replaces the marine brown 
crust Pseudolithoderma subextensum in the northern 
B othnian Bay .  

Fig. 1. 7 . Cladophora glomerata belt i n  

hydrolittoral zone i n  the archipelago 
outside 6regrund, southern Bothnian 

Sea, June 1 982. Photo Pauli  Snoeijs .  
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Human impacts 

Large-scale changes during the last 100 years 

Since the beginning of this  century the Baltic Sea has been 
transformed from a clean oligotrophic to a contaminated 
mesotrophic water body. During this  time the Baltic Sea' s 
phosphorus load has increased about eight-fold, and the 
nitrogen load about four-fold. This has resulted in in
creased pelagic primary production by an estimated 30 -

70% and sedimentation of organic carbon by 500 - 1 000% 

(Elmgren 1 989; Jonsson & Carman 1 994; Leppakoski & 
Mihnea 1 996). It is believed that increased production and 
sedimentation has caused increased oxygen consumption 
below the halocline, and that expanded oxygen depletion 
in the deep waters of the Baltic Sea proper is a symptom of 
eutrophication (Nehring & Matthaus 1 99 1 ) .  It  should, 
however, be kept in mind that oxygen depletion in  thi s  
part of the Baltic Sea  is  also a natural phenomenon caused 
by the differences in density of the incoming salty water 
which is pressed down to the bottom and thus water 
circulation is reduced. The drainage basin (Fig. 3) carries 
a human population of ea. 85 million in 14 countries 
(Sweitzer et al. 1 996), with industries, agriculture and 
forestry discharging nutrients and contaminants into the 
Balti c  Sea. The very limited water exchange with the 
ocean keeps pollutants inside the Baltic Sea for a long 
time. Chemical and biological degradation of pollutants is  
s low as a result of low temperatures and long winters, 
especially in the northern basins. 

Nutrients and eutrophication 

In the Baltic Sea Area, export of inorganic nitrogen and 
phosphorus is small compared with the external supply or 
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Fig. 1 8. Nutrient concentrations (Ni = inorganic nitrogen: N03 + 
N02 + NHt; Pi = inorganic phosphorus: Poj-) in the different 
parts of the Baltic Sea Area in November-December, showing 
the Redfield ratio (N:P = 16: 1)  as a solid line. (Redrawn after 
Fonselius 1978.) 

internal biological turnover (Wulff & Stigebrandt 1989; 
Wulffet al. 1990, 1 996; Sanden & Rahm 1993) . Algae need 
these two macronutrients in a specific quote, the 'Redfield 
Ratio' (N:P = 1 6: 1  based on atoms, or N:P = 7: 1 based on 
weight) . From measurements of nutrient concentrations in 
the water and N :P calculations it can be concluded which 
nutrient limits algal growth in a specific area at a specific 
time. Often the limiting nutrient is phosphorus in freshwa
ter systems and nitrogen in marine systems (Caraco et al. 
1990). However, the Baltic Sea Area represents different 
mixtures of fresh and marine water and therefore the nutri
ent dynamics are quite different in different parts of the 
area. The sub-basins of the Baltic Sea each have their own 
typical nutrient dynamics (Fig. 1 8). The Bothnian Bay is 
oligotrophic and has an N:P ratio higher than the Redfield 
ratio indicating phosphorus limitation (Kangas et al. 1993). 
Phosphorus is immobilized in the sediments as in most 
freshwater systems. Silicate is never limiting because there 
is a continuous large riverine supply. The Bothnian Sea is a 
transitional area, basically oligotrophic, with an N:P ratio 
that almost equals the Redfield ratio, and in most places 
silicate is never limiting here either. The largest discharges 
of nitrogen and phosphorus take place in the southern 
Baltic Sea proper, the eastern Gulf of Finland and the Gulf 
ofRiga which are mesotrophic to eutrophic. The Baltic Sea 
proper has a very low N:P ratio (indicating nitrogen limita
tion). 
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In the southern Baltic Sea proper, the pelagic diatom 
spring maximum may consume the whole winter' s sili
cate pool (Wulff et al . 1 990; Rahm et al. 1 990), after 
which diatom growth is limited. The Baltic Sea proper, 
the eastern Gulf of Finland and, since 1992, also the Gulf 
of Riga may have large cyanobacteria blooms in summer 
(Wallstrom 199 1 ;  Kahru et al. 1 994) . These blooms may 
increase eutrophication by increased input of atmospheric 
N2• This is due to increased fixation of nitrogen, while 
nitrogen compounds leak out from the cells later or are 
released during decomposition. In the Gulf ofRiga, one of 
the reasons for increased cyanobacterial blooms may be 
that lower salinities in the deeper layers have destabilized 
the halocline, and have consequently favoured vertical 
transport of phosphorus to the photic zone. In the light of 
the removal of either only phosphorus or both phosphorus 
and nitrogen by Swedish sewage plants, there have been 
heated discussions between experts during the Eighties 
and early Nineties .  Removal of nitrogen might e.g. in
crease blooms of cyanobacteria. At present most scien
tists seem to have accepted that it is not so simple to 
decide what is best in a specific area because N:P quotes 
can vary or reverse on a relatively small spatial scale as 
well as on different time scales (seasonal, interannual). In 
order to be able to predict the environmental effects of 
specific sewage treatments, it is also of great importance 
to know what is buried in the sediments in the form of 
nutrients and contaminants, as these may be re-mobilized. 

Decline of macroalgal communities 

Increased supply of inorganic nutrients (P, N, trace met
als), or increased temperature in a cold region result in 
enhanced growth of fast growing opportunists (Fig. 19;  
Snoeijs & Prentice 1989; Fletcher 1 996; Lindholm 1 999). 
These usually belong to the groups of microalgae (dia
toms at low temperature, cyanobacteria at high), ephem
eral macroalgae (mainly green, e.g. Enteromorpha, Ulva, 
Cladophora, but also red, e.g. Ceramium or brown, e.g. 
Pilayella), or perennial macroalgae with thin annual parts 
(e.g. Delesseria, Phycodrys).  Most of these fast-growing 
opportunists are epiphytic on larger macroalgae and ham
per their host 's  growth by competition for light and nutri
ents. 

When pollutants create general growth-suppressing 
conditions, such as increased turbidity, increased sedi
mentation, increased areas with soft bottoms, addition of 
contaminants (metals, organic compounds), this results in 
enhanced growth of the best adapted species and loss of 
others (Fig. 1 9). These may e.g. include diatoms (well
adapted to low light conditions) in the case of increased 
turbidity or sedimentation, macroalgae with a tough thal
lus such as Phyllophora pseudoceranoides, Coccotylus 
truncatus, Polysiphonia elongata and Sphacelaria arctica 
can withstand a certain degree of sedimentation. Most 
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Fig. 19.  Summary of general responses of benthic 
algal communities to different types of pollution and 
disturbance. 

Result in most cases: 
Lower diversity of functional groups in the algal communities 

macroalgae, except for stoneworts, cannot colonize soft 
bottoms, which are instead invaded by rooted plants in 
shallow water and microalgal/bacterial mats at all depths. 
White patches of sulphur bacteria (Beggiatoa) often de
velop under such conditions. Certain species are better 
able to tolerate contaminants than others. For the species 
which disappear as a result of sedimentation or pollutants, 
the colonizing phase is often the weakest link causing 
their disappearance (Andersson et al. 1992; Andersson & 
Kautsky 1996). 

All these effects result in altered species composition, 
but not necessarily lower species diversity. The loss of 
important functional algal groups (e.g. large canopy-form
ing brown algae) may affect the whole ecosystem, be
cause many epiphytic and free-living, invertebrates are, 
for at least part of their lives, dependent on the algal belts 
for substratum, food and shelter. The loss of large brown 
algae may be compared to clear-cutting a tropical forest 
from trees. Numerous studies have shown such losses of 
functional diversity resulting from different kinds of di
rect disturbances or discharges from local point sources, 
such as municipal discharges from the city of Stockholm 
(Norin & Wrem 1973), ferry traffic (Ronnberg 198 1),  
pulp-mill effluents (Kautsky et al. 1988), cooling water 
discharge (Snoeij s  & Prentice 1 989; Snoeijs 1992), fish 
farming (Ronnberg et al. 1992), etc. For a summary of 
eutrophication effects on macroalgae in the Baltic Sea 
Area, see Schramm ( 1996) and Wallentinus ( 1996). 

Catastrophic events 

Benthic algae are equipped with a range of survival strat
egies that help them withstand short-term but seriously 
detrimental conditions (catastrophic events) in their direct 
environment. The strength of ephemeral algae lies in their 
ability to rapidly colonize from elsewhere after the detri-

mental conditions have disappeared. The strength of per
ennial algae lies in sacrificing their youngest thallus parts 
(the photosynthetically most active parts) and producing 
new thallus from the remaining old perennial parts (which 
are protected by thick cell walls) when conditions become 
favourable again. A one month long toxic algal bloom of 
the pelagic prymnesiophyte Chrysochromulina polylepis 
caused a major catastrophe on the Swedish west coast in 
the spring of 1988 (Maestrini & Graneli 199 1 ). In some 
areas most animals above the halocline died, annual algae 
disappeared and perennial algae stagnated in growth (e.g. 
species of Fucus and Laminaria) or lost their annual parts 
(e.g. Phycodrys rubens and Delesseria sanguinea). How
ever, the algal vegetation on rocky shores recovered re
markably fast. In late summer 1988 all species of peren
nial algae showed signs of new growth and in early 
summer 1989 the new thallus parts regained their normal 
size. Immediately after the toxic bloom some green algae 
typical of disturbed/polluted sites colonized in the littoral 
zone above the halocline (e.g. Cladophora jlexuosa and 
Enteromorpha spp.), but in the summer of 1 989 these 
species had disappeared and were replaced by the usual 
brown, red and green filamentous species. Two years 
after the toxic bloom the vegetation was as good as 
restored (Soderlund & Pedersen 1 993). 

Long-term effects of large-scale eutrophication 

One of the symptoms of large-scale eutrophication is the 
deterioration of the algal vegetation in areas not directly 
affected by a point source of nutrient discharge. The long
term effects can be studied by re-visiting previously well
described diving profiles, and several such studies have 
been carried out off the Swedish coast thanks to the early 
diving investigations by Mats Wrem and his pupils. Re
corded changes in the vegetation may be attributed to 
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Fig. 20. Differences in the algal zonation between 1 943 and 
1996 in the diving profile at the Halsaren skerry in the southern 
Bothnian Sea. The cover exceeds 200% because the algal veg
etation had several vertical layers. Adapted after Eriksson et al. 
(1998). 

large-scale eutrophication and subsequent decreased light 
penetration (through higher production in the water) and 
increased sedimentation. Man-made changes in the 
sublittoral zone are best shown by deviations from the 
normal depth distributions of algal species, functional 
groups or belts and not by the presence or absence of 
single rare species. 

Three diving profiles in the Skagerrak previously in
vestigated in detail in 1960/61 were re-visited in 1 997 
(Johansson et al. 1 998). The abundance of filamentous 
annuals had increased in all profiles. In the two exposed 
sites perennial red algae with delicate leaf-like thalli had 
increased between 1960/61 and 1997 (Delesseria sanguinea, 
Phycodrys rubens). These algae have the capability to 
grow fast when conditions are favourable. On the other 
hand, perennial red algae with tougher leaf-like thalli had 
decreased between 1 960/6 1 and 1 997 (Chondrus crisp us, 
Furcellaria lumbricalis), probably as a result of competi
tion from D. sanguinea and P. rub ens. In the sheltered site 
perennial red algae with tougher leaf-like thalli domi
nated in 1960/6 1 and 1 997 ( Coccotylus truncatus, Phyllo
phora pseudoceranoides): these species can better with
stand sedimentation than delicate algae. The changes may 
be attributed to large-scale eutrophication. Pedersen & 
Snoeijs ( 1 999) showed, in a comprehensive investigation 
of the depth distributions of 1 10 rocky-shore macroalgal 
species along 64 diving profiles from 1988- 1 990, that 
deviations from the downward process and an 'upward 
process' of opportunistic red algal species (Delesseria 
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sanguinea, Phycodrys rubens) from the lower littoral has 
taken place in the Kattegat. 

Five diving profiles in the southern Bothnian Sea 
previously investigated in 1943/1 944 (W rem 1 952: whole 
macro algal communities) and 1 984 (Kautsky et al. 1986: 
Fucus vesiculosus) were re-visited in 1996 (Eriksson et al. 
1 998: whole macroalgal communities) . The weighted av
erage depth of Fucus vesiculosus moved upwards by 1 .  7 
m between 194311944 and 1996 (from 5.8 to 4. 1 m). The 
lower limit of distribution of F. vesiculosus moved up
wards by 2.5 m between 1 943/1944 and 1996 (from 
10.2 to 7.7 m). Below ea. 6 m, Furcellaria lumbricalis, 
Polysiphonia fucoides and Rhodomela confervoides re
placed F. vesiculosus. Above ea. 10 m the cover of 
epiphytic, annual filamentous algae had been more than 
doubled. The changes may be attributed to large-scale 
eutrophication. Fig. 20 shows an example of one of these 
diving profiles where the vegetation in 1996 is compared 
with that in 1 943. The results obtained for the changes in 
F. vesiculosus in 1 996 were similar to the findings in 
1 984, indicating that no major vertical distributional 
changes occurred between 1 984 and 1996. The Sphacelaria 
arctica belt still occurred in 1 996, as in 1943/1 944, in four 
out of five diving profiles, however in one profile it was 
reduced. 

Threatened and threatening species 

Far too few diving investigations have been made along 
the Swedish coast to even speculate about which macro
algal species would be threatened and are in need of 
conservational action such as red-listing. The few pub
lished diving investigations represent only snap-shots of 
the vegetation along an over 2000 km long coastline. No 
study has given evidence for the disappearance of any 
species, although vegetation structure has been altered in 
many places (see above). Some investigations are contra
dictory, e.g. in the case of Sphacelaria arctica in the 
Baltic Sea (Eriksson et al. 1 998; Ronnberg & Mathiessen 
1 998) or Halidrys siliquosa in the Skagerrak (Lundalv et 

al. 1986; Svane & Grondahl 1 988). Johansson et al. ( 1998) 
recorded decreases in some annual brown algae (Aspero
coccus bullosus, Leathesia difformis, Mesogloia vermi
culata, Sporochnus pedunculatus) in 1 997 as compared 
with the 1 960s. Such observations are most likely a result 
of seasonal or interannual fluctuations but need to be 
followed up in many sites and in different seasons. Not 
only the lack of knowledge, but also natural factors com
plicate the matter of red-listing single species. In the small 
marine corner on the west coast many for Sweden rare 
marine species can be found which are, however, very 
common at the British, Irish and Norwegian coasts. Wind 
directions and water exchange may cause large fluctua
tions between years in the occurrence of such species 
within the Swedish national borders. Thus, the species' 



presence or absence depends on naturally fluctuating dis
persal and salinity conditions, and not on threats from 
human society. 

Non-indigenous species are species that have been 
introduced to a new area intentionally or unintentionally. 
Such species have the potential to be a severe threat to a 
whole ecosystem. They can compete with or predate on 
native species, but they can also add new functional 
groups to a system with low natural functional diversity. 
In the Baltic Sea quite a number of non-indigenous brack
ish animal species occur (Leppakoski 1994), e.g. Balanus 
improvisus (America, 1 844), Cordylophora caspia (Cas
pian Sea, 19th century), Eriocheir sinensis (south-east 
Asia, ea. 1930), Potamopyrgus jenkinsii (New Zealand, 
1 887), Neogobius spp. (Ponto-Caspian area, 1990) . For 
algae no such examples exist in the Baltic Sea, except for 
Chara connivens (western Europe, 1 858) and Fucus 
evanescens (northern Atlantic Ocean, ea. 1990; Schtiller 
& Peters 1994) which both have a rather limited distribu
tion in the Baltic Sea. It is also possible that algae cur
rently considered to be Baltic ecotypes are in fact recently 
introduced species that have occupied an 'empty' eco
logical niche. An algal example of this may be Ceramium 
gobii, which is very similar to a Ceramium species from 
the Adriatic Sea (Wrern 1992). 

Algae introduced to Swedish coastal waters are docu
mented mainly from the west coast. Here, we find 
Bonnemaisonia hamifera (Pacific Ocean, 1902), Codium 
fragile (Pacific Ocean, 1932), Dasya baillouviana (south
ern Atlantic Ocean and Mediterranean Sea, 1 940) , 
Colpomenia peregrina (Pacific Ocean, 1950), Sargassum 
muticum (Japan, 1985; Karlsson 1988) and Fucus eva
nescens (see above). Both D. baillouviana and C. fragile 
were abundant in the 1960s in the Skagerrak, but seem to 
have decreased much since then (Johansson et al. 1998). 
C. peregrina was from 1988- 1990 found in only one out of 
64 diving profiles on the west coast (Pedersen & Snoeijs 
unpubl.); also in the 1960s it was only rarely found 
(M. Pedersen pers. eo mm.) .  The earliest invader, B. hami
fera, is still one of the absolute dominant epiphytic algae 
in the Skagerrak. Both the latest newcomers, F. evanescens 
and S. muticum, are increasing their distributions on the 
Swedish west coast and S. muticum has become a nui
sance in certain places. 

Nature protection and conservation 

Most pollutants finally end up in the sea; they either 
become buried in the sediments or circulate in the food 
chain. Nine countries have a coastline bordering the Bal
tic Sea Area and all have national programmes for the 
protection of the Baltic Sea. Much of the work is also 
carried out through international cooperation. The two 
most important international governmental monitoring 
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organisations are HELCOM (the Helsinki Commission = 
Baltic Sea Environment Protection Commission) and ICES 
(the International Council for Exploration of the Sea). For 
preserving algal diversity and vegetation types it is of 
great importance to create marine protected areas and 
reserves to protect them from physical disturbances ( dredg
ing, establishment of constructions including marinas) 
and harvest of biological and geological resources. Four 
marine reserves have been established in Sweden: Holm
oarna (Vasterbotten County), Salvorev I Kopparstenama 
(Gotland County), Falsterbohalvon/MakHippen (Malmo
hus county) and Gullmarfjorden (Goteborg and Bohus 
County). Steps to establish more marine reserves have 
been taken (Gronqvist 1997; Hagerhilll & Skov 1998; 
HELCOM 1998), but in this the authorities' efforts are 
still far behind the protection already given to terrestrial 
habitats. Almost 600 terrestrial nature reserves, including 
25 national parks, exist in Sweden today, but only four 
marine reserves. 

It is crucial to decrease the discharges of contaminants 
and nutrients, the introduction of non-indigenous species, 
the overexploitation of marine resources, the risk of oil 
spills, etc. ,  in the Baltic Sea Area as a whole. The estab
lishment of marine reserves cannot offer protection against 
such ' long-distance' effects. Several precautions must be 
taken, including changes in land use and the reduction of 
airborne compounds, in order to preserve the biodiversity 
of the vegetation in our marine and brackish waters. 
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Atrichum undulatum � 

Atriplex 1 7 1 ,  174, 1 78 
Atriplex glabriuscula 182 
Atriplex hastata 172, 182 
Atriplex littoralis 172, 182 
Atriplex longipes ssp. praecox 182 
Atriplex pedunculata 179, 182 
Atriplex portulacoides 1 7 1 ,  1 83 
Aulacomnium androgynum m 
Aulacomnium palustre 48 
Aulacoseira 161, 162, 164 
A venula pratensis 29, 1 1 9, 120, 125, 127, 

1 29 
A venula pubescens 1 20 

Bacillariophyta 1 59- 1 62, 1 87, 1 88, 197, 
1 98 

Baldellia ranunculoides 126, 129 
Bangia atropurpurea 194, 203, 204 
Barbilophozia binsteadii Wl 
Barbilophozia lycopodioides 6 1  
Barbula 1 28 
Bartsia alpina 17, 95, 1 2 1 ,  144, 145 
Bassia hirsuta 182 
Batrachospermum turfosum 159 
Berberis vulgaris 29 
Berkeleya rutilans 199 
Beta vulgaris ssp. maritima 176 
Betula 19, 33, �. 66, 67, 1 1 6, 1 22 
Betula nana 1 1 , 17, 62, 78, .!H. 2Q, 98, 

WO, 103, 104, 106 

Betula pendula 10, 34, 55, �. 57, 59, 
61,  1 3 1  

Betula pubescens 1 7 ,  34, 47, 48, 55, �. 
57, 6 1 ,  62, 63, 64, 65, 78, 2Q, 97, 
1 0 1 ,  1 42 

Betula pubescens ssp. czerepanovii 1 2, 
55, 57, 78 

Betula pubescens ssp. tortuosa 78 
Binuclearia tatrana 159 
Bistorta vi vi para .!H. 120 
Bitrichia 162 
Blechnum spicant .J.Q, 39, 57 
Blepharostoma trichophy Hum m 
Blysmus rufus 179, 182 
Bonnemaisonia asparagoides 20 I 
Bonnemaisonia harnifera 202, 209 
Botrychium boreale 120 
Botrychium lunaria 120 
Botryococcus 162 
Brachypodium pinnatum 62, 1 20 
Brachypodium sylvaticum 39, �. 45, 62 
Brachysira serians 159 
Brachythecium 63,  129 
Brachythecium albicans 125 
Brachythecium glareosum 1 32 
Brachythecium rivulare �. � 

Brachythecium rutabulum 46 
Brachythecium turgidum 2Q 
Brachythecium velutinum � 

Brassica napus ssp. napus 1 17 
Brassica rapa ssp. oleifera 1 17 
Briza media 1 27 
Bromopsis benekenii 23, 36, 39, 4-l, 50 
Bromopsis ramosa 39, 50 
Bromus hordeaceus 127 
Bromus seca1inus 1 30 
Brongniarte1la byssoides 202, 203 
Bryophyta 1 88 
Bryum neodamense 2Q 
Bryum pseudotriquetrum 102 
Bryum weigelii 2Q, I 02 
Bu1bochaete 159 
Bupleurum tenuissimum 182 

Butomus umbellatus 144, 154, 1 55,  156 
Buxbaumia viridis m 

Cakile maritima 177, 182 
Calamagrostis arundinacea 1 1 ,  1:2, 62, 

63, 68, 7 1  
Calamagrostis canescens 47, �. 64, 65, 

142, 1 45 
Calamagrostis lapponica 79 
Calamagrostis purpurea 63, 64 
Calamagrostis stricta 145, 178, 1 82 
Calamagrostis varia 62 
Calicium abietinum m 
Calicium denigratum m 
Calicium salicinum m 
Calicium trabinellum m 
Callicladium haldanianum m 
Calliergon 95, 1 54 
Calliergon cordifolium �. 2Q 

Calliergon megalophy11um ! 53 
Calliergon richardsonii 2Q 
Calliergonella cuspidata �. 95, 2Q, 153 
Callitriche cophocarpa 142 
Callitriche hermaphroditica 1 57 
Callitriche palustris 140, 142, 1 56, 1 82 
Callophyllis cristata 201,  202 
Calluna 1 0 1 ,  122, 123 
Calluna vulgaris 26, 38, 59, .®.. 6 1 ,  62, 

67, 79, 83, M, 22:. 98, 101,  105, 106, 

122, 123, 125,  1 3 1 ,  142, 145 
Caloplaca furfuracea :m 
Caloplaca marina 1 75 
Calothrix scopulorum 175, 201 ,  202, 

204 
Caltha palustris 39, �. �. 64, 122, 1 39 
Calypogeia integristipula m 
Ca1ypogeia neesiana m 
Calypogeia suecica m 
Camelina alyssum 1 30 
Camelina microcarpa ssp. microcarpa 

1 30 
Campanula latifo1ia 37, �. 46 
Campanula persicifolia 28, .J.Q, 37, �. 

43, 44 
Campanula rotundifolia 39 
Campanula trachelium 36, 39 
Campanula uniflora 83, .!H, 86 
Campylium 129 
Campylium polygamum. See Drepano-

cladus polygamus 153 
Campylium stellatum 85, 95, 102, 122 
Cardarnine amara �. 4 7, 48 
Cardarnine bellidifolia 86 
Cardamine bulbifera 37, 40 
Cardarnine pratensis ssp. polemonioides 

84 
Carduus crispus 130 
Carex 38, 47, 48, 64, l03, 104, 1 14, 142, 

1 45, 1 54 
Carex acuta 1 2 1 ,  142, 1 56 
Carex acutiforrnis §, 95, 2Q, 156 
Carex appropinquata 2Q 
Carex aquatilis 1 2 1 ,  142 
Carex arenaria 125, 178 
Carex atrofusca 85, 96 
Carex bigelowii 12, 85 
Carex buxbaumii 95 
Carex canescens �. 64 
Carex capillaris 80, 2Q 
Carex capitata 96 
Carex cespitosa 121  
Carex chordorrhiza 95,  2Q, 102 
Carex digitata 29, 37, 39, 61 -63 
Carex distans 182 
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Caiex disticha 1 80 

Caiex elata 48, 95, 104, 129, 1 56 
Carex elongata 47, ±8_, 64 
Carex extensa 182 
Caiex flacca 62, 122, 127, 1 29 
Carex flava 95 

Caiex glacialis 83, M 

Caiex glaieosa 1 79, 182, 1 83 

Caiex globularis 57, 62, 64, 97, 101, 103 
Caiex halophila 182, 183 

Carex hostiana 95 
Carex lachenalii JH. 

Caiex lasiocarpa 94, 95, 26. 104, 1 56 
Carex lepidocarpa 95 
Caiex lepidocarpa ssp. jemtlandica 96 

Caiex ligerica 1 25 

Caiex limosa 85, 94, 26, 98, 1 0 1 ,  102, 

1 04 
Caiex livida26, 102, 106 

Caiex mackenziei 182, 183 
Caiex magellanica 85, 95, 26 
Caiex maritima 182 

Caiex microglochin 96 
Caiex naidina 83, JH. 
Caiex nigra 48, 97, 172, 180, 1 82 

Caiex nigra ssp. juncella 138, 1 39, 142, 
145 

Caiex obtusata 1 25, 1 26 
Caiex pa1eacea 1 79, 182, 1 83 
Carex panicea 122 
Carex paniculata 156 
Carex paiallela 83,  lH. 
Carex pauciflora 94, 95, 26. 1 0 1  
Carex pilulifera 39, 41. 42 

Carex pseudocyperus 48, 155, 156 
Carex remota .12 
Carex riparia 1 56 
Caiex rostrata ±8_, 85, 94, 95, 26, 104, 

122, 142, 1 53, ! 56 
Carex rotundata 94, 26 

Carex rupestris 83, M 
Carex saxati1is 85, 96 
Carex sylvatica 4 1 ,  .12 
Caiex vaginata 64, 65, 84, 97 
Carex vesicaria 1 56 
Cai!ina vulgaris 1 3 1  
Carpinus betulus 7 ,  10, 33, 42 
CaiUm carvi 1 30 
Cassiope hypnoides 83, M 
Cassiope tetragona 12,  83, JH.,85, 86 
Catabrosa aquatica 1 83 

Catoscopium nigritum 2Q 

Centaurea cyanus 17,  130 
Centaureajacea 127, 1 78 
Centaurea scabiosa 120 
Centaurium littorale 176, 179, 182 
Centaurium pulchellum 179 
Cephalanthera 62 
Cephalozia affinis 1Q 
Cepha1ozia catenu1ata 1Q 
Cephalozia lunulifolia 1Q 
Cephalozia macounii 1Q 
Cephaloziella aictica 140 
Cerainium 203, 207, 209 
Cerainium gobii 1 9 1 ,  192, 200, 204, 209 
Ceramium nodulosum 201 ,  202 
Ceramium strictum 201 
Cerastium alpinum 1 1 9, 120 

Cerastium aicticum M 

Cerastium cerastoides JH. 
Cerastium pumi1um 29, 128 
Cerastium semidecandrum 29, 125, 1 79 
Ceratium 161 
Ceratodon purpureus 66 
Ceratophyllum demersum 1 52, 1 55, 196 
Cetraria 85 
Cetraria cucullata 83 

Cetraria glauca. See P1atismatia g1auca 
178 

Cetraria islandica 60 
Cetraria nivalis 83, 125, 127 
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Chaenotheca brunneola 1Q 
Chaenotheca gracillima 1Q 
Chaenotheca laevigata 1Q 
Chaenotheca xyloxena 1Q 
Chaenothecopsis fennica 1Q 
Chaenothecopsis haematopus 1Q 
Chaenothecopsis savonica 1Q 
Chaenothecopsis vainioana 1Q 
Chaenothecopsis viridireagens 1Q 
Chaetoceros wighamii 1 99 
Chaetomorpha melagonium 200, 202 
Chamaedaphne calyculata 26 
Chamorchis a1pina 83 
Chaia 1 38, 1 52, 194 
Chaia aspera 155, 156, 1 57, 194, 196 

Chaia ba1tica 194 

Chaia canescens 194 
Chaia connivens 1 9 1 ,  209 
Chaia contraria 1 55-157 

Chara globu1aris 155- 1 57, 194 
Chaia hispida 1 55 
Chara po1yacantha 155 
Chara tomentosa 155, 194, 196 

Chenopodium 130, 1 7 1  

Chenopodium chenopodioides 182 

Chiloscyphus profundus 1Q 
Chimaphila umbellata 66 
Chlorophyceae 198 
Ch1orophyta 160, 1 6 1 ,  162, 1 88, 194 

Chondrus crispus 201-203, 208 

Chorda filum 192, 202, 203, 204 
Chordaria flagelliformis 201 
Chromulina 162 

Chroodacty1on ramosum 159 

Chrysochromulina po1ylepis 207 
Chrysoikos 1 62 

Chrysophyta 1 59, 160, 162, 1 88, 198 
Chrysosplenium alternifolium 39, ±2_, 

47, ±8_ 

Chrysosplenium tetrandrum 144 
Cicerbita alpina 1 2, 57, 63, 80, 84 
Cicuta virosa 104, 1 55, 156 
Cinclidium stygium 26_, 107 

Circaea 40 
Circaea alpina 4..8_ 
Circaea lutetiana 41, 128 
Cirriphyllum piliferum ±2_, 63 
Cirsium acaule 120 
Cirsium arvense 130, 172, 174 
Cirsium helenioides 63, 144 
Cirsium oleraceum 1 2 1  

Cladium mariscus 9 5 ,  26_, 130, 1 55 

C1adonia 59, _6!!, 6 1 ,  65, 80, 83, 85, 125, 
178 

Cladonia aibuscula 60, 61, 67, 83, 125 
C1adonia botrytes 1Q 
Cladonia foliacea 127 
Cladonia fragrans 66 
Cladonia furcata 1 25 
Cladonia parasitica 1Q 
Cladonia rangiferina 60, 6 1 ,  67 
Cladonia rangiformis 125 

Cladonia stellaris 60, 61, 67, 83 
Cladonia symphycarpa 83 
Cladonia uncialis 60 
Cladophora 1 74, 1 98, 203, 207 
Cladophora aegagropila 1 9 1 ,  199, 201 ,  

205 

Cladophora basiramosa 205 

Cladophora flexuosa 203, 207 
Cladophora fracta 159 
Cladophora g1omerata 1 59, 1 9 1 ,  200, 

201 ,  204, 205 
Cladophora oblitterata 203 

Cladophora rupestris 194, 200, 202, 204 
C1adophora sericea 203 
Cladopodiella fluitans 98, 102 

Closterium striolatum 1 59 
Cocconeis pediculus 159 
Coccoty1us truncatus 202, 204, 206, 208 
Cochlearia danica 1 8 1 ,  182 

Cochlearia officinalis 1 8 1 ,  182 

Codium fragile 209 
Coelocaulon aculeatum 125, 127 
Collema 128 
Collema curtisporum 66 
Colpomenia peregrina 209 
Compsotharnnion gracillimum 20 1 

Conjugaphyta 1 59- 1 6 1 ,  188 

Conostomum tetragonum 84 
Consolida regalis 1 30 

Convallaria majalis 37, 39, 41, 62, 145 

Corallina officinalis 200-203 
Cornus sanguinea ±2_, 45 
Corn us suecica 57, 6 1 ,  62, 80, 175 

Corydalis 38, 40 
Corydalis cava J.Q, 37, 4 1 ,  ±2. 
Corylus 50 
Corylus avellana 10, 19, 38, 41, ±2_, 44, 

45, 55, 63, 128 

Corynephorus 125 
Corynephorus canescens 125, 178 
Cotoneaster 28, 1 28 
Crambe maritima 1 76, 178, 1 8 1 ,  182 
Crassula aquatica 182 

Crataegus 41. ±2_, 44, 122, 128 

Cratoneuron filicinum 2Q 

Crepis paludosa .12, ±8_, 64, 1 2 1  
Crepis praemorsa 122 

Crepis tectorum 1 27 
Crepis tectorum ssp. pumila 126, 128 
Cruoria pellita 201 
Cryptomonas 161 
Cryptophyta 159- 1 6 1 ,  188 
Ctenidium molluscum 26_, 122, 1 29 

Ctenophora pulchella 197 
Cuscuta epilinum 1 30 

Cuscuta europaea 1 30 
Cutleria multifida 193 

Cyanobacteria 92, 158-163, 1 65, 166, 
175, 187, 188, 1 98, 201 , 204, 206 

Cyanodictyon 162 
Cyanophyta 1 59, 164Cyclotella 1 62, 

164 

Cylindrocystis brebissonii 159 
Cymatop1eura solea 159 
Cymbella cesatii 1 59 
Cymbella prostrata 1 59 
Cymbella tumida 1 59 
Cynosurus cristatus 130 
Cyphelium notarisii 1Q 
Cypripedium calceolus 62, 2Q 
Cystoclonium purpureum 202 

Cystopteris montana 80 

Dactylis glomerata 37, 41, .12 
Dacty1orhiza incamata 26 
Dacty1orhiza incarnata ssp. incainata 

129 

Dactylorhiza maculata ssp. fuchsii 46, 121 
Dactylorhiza maculata ssp. mactdata 97 
Daedaleopsis septentrionalis 66 
Danthonia decumbens 1 1 8  

Daphne mezereum J.Q, 39, 63, 145 
Dasiphora fruticosa. See Potentilla fruti-

cosa 126, 129 
Dasya baillouviana 209 
Daucus caiota 1 3 1  
Delesseria 207 

De1esseria sanguinea 192, 199, 201 ,  202, 
203, 207, 208 

Derbesia marina 200, 202 
Deschampsia alpina lH. 
Deschampsia bottnica 176, 1 82 

Deschampsia cespitosa 37, 41, .12, 63, 
64, 1 2 1 ,  145 

Deschampsia flexuosa23, 26, 27, 36, 37, 
4 1 ,  60, 6 1 ,  7 1 ,  80, 83, M. 1 1 8, 123, 

1 3 1 ,  178 

Desmaiestia aculeata 202 
Desmaiestia viridis 202 
Dianthus aienarius 125 

Dianthus superbus 179, 1 83 
Diapensia lapponica 83, M 
Diatoma 162, 164 
Diatoma bottnica 192 
Diatoma constricta 197 
Diatoma vulgaris 159 

Dicranella heteromalla 42 
Dicranum 64, 67, 80, 83 

Dicranum angustum 1 0  l 
Dicranum bergeri lO I 
Dicranum flagellaie 1Q 
Dicranum fragilifo1ium 1Q 
Dicranum fuscescens 60, 6 1  
Dicranum majus 6 1  
Dicranum montanum 1Q 
Dicranum po1ysetum 60, 6 1  

Dicranum scoparium 41, ±2.,  6 1  
Dicranum spurium 60, 6 1  

Dictyosiphon chordaria 194, 204 
Dictyosiphon foeniculaceus 194, 200, 

203, 204 
Dilsea camosa 202, 203 

Dinobryon 161, 162, 164 
Dinoflagellata 158, 160-162, 1 88, 198, 

1 99 

Dinophyta 1 6 1  
Diploneis ovalis 1 5 9  
Diprion pini 68 

Distichium capillaceum 84 
Ditrichum flexicaule 83, 127, 128 
Draba 18,  83, lH. 
Draba cacuminum 87 
Draba incana 1 26 

Dracocephalum ruyschiana 1 20 

Drapamaldia glomerata 1 59 

Drapainaldia p1umosa ill 
Drepanocladus 129, 154, 196 
Drepanocladus aduncus 153 

Drepanocladus capillifolius. See D. 
longifolius 153 

Drepanocladus polygamus 153 
Drepanocladus tenuinervis. See D. 

sordidus 153 

Drepanocladus trichophyllus. See Wam-
storfia trichophylla 167 

Drosera anglica 26_, 102 
Drosera intermedia 26. 100 
Drosera rotundifolia 26, 98 

Dryas 83 
Dryas octopetala 1 2, 17, 83, JH.. 144 
Dryopteris 48 

Dryopteris carthusiana 41 
Dryopteris expansa 63 
Dryopteris filix-mas 37, 41, .12 
Dumontia contorta 203 

Echium vulgaie 1 3 1  
Ectocarpus siliculosus 194, 203, 204 
E1achista fucicola 202, 204 

Elakatothrix 1 62 

Elatine orthosperma 142 

Elatine triandra 142 
Eleocharis acicularis 140, 154, 156, 157, 

182, 196 

Eleocharis palustris 142, 155, 156 
Eleocharis paivula 182 

Eleocharis quinqueflora 95, 26 

Eleocharis uniglumis 129, 172, 176, 179, 
1 80 

Eleocharis uniglumis ssp. stemeri 126, 
129 

Eleocharis uniglumis var. fennica 1 79 
Elodea canadensis 146, 1 52, 155, 156, 

157 

Elodea nuttallii 158 
Elymus caninus 37, 41, ±2_, 174 
Elytrigia juncea 177 

Elytrigiajuncea ssp. boreoatlantica 182 

Elytrigia repens 1 30 
Empetrum 60, 65, 83 
Empetrumnigrum 59, Q!!, 6 1 ,  67, 26, 98, 



101,  104, 105, 122, 178 
Empetrum nigrum ssp. hermaphroditum 

79, 82, 83, M. 101,  178 
Empetrum nigrum ssp. nigrum 178 
Encalypta 128 
Enteromorpha 191,  203, 207 
Enteromorpha ahlneriana 194, 204 
Enteromorpha flexuosa 194, 204 
Enteromorpha intestinalis 194, 204 
Ephedra distachya 17 
Epilobium angustifolium4 1 ,  66, 67, 7 1 ,  

131  
Epilobium hirsutum 95 
Epilobium parviflorum 95 
Epipactis atrorubens 62, 132 
Epipactis helleborine 40, 42_, 132 
Epipactis pa1ustris 95, 2Q 
Epirrita autumnata 78 
Epithemia turgida 159 
Equisetum 47, 64, 105, 145 
Equisetum fluviatile 47, :!8., 121 ,  122, 

142, 153, 155, 156 
Equisetum hyemale 39 
Equisetum pratense 42. 
Equisetum sy1vaticum 64, 97 
Equisetum telmateia 95 
Equisetum variegatum 2Q 
Erica tetralix 1 1 ,  2Q, 100, 122, 123 
Erigeron borealis 120 
Eriophorum 64 
Eriophorum angustifolium 85, 94, 95, 

ill!. 100, 102 
Eriophorum latifolium 95 
Eriophorum russeolum 2Q 
Eriophorum scheuchzeri 85 
Eriophorum vaginatum 85, 94, 95, 2Q, 

98, 101,  106, 175 
Erodium cicutarium 130 
Erophila vema 29, 128 
Eryngium maritimum 177, 1 79, 182 

Erythrodermis traillii 193, 202 
Eudesme virescens 204 
Eudorina 161 

Euglenida 162, 194 
Eunotia exigua 159 
Eunotia implicata ill 
Eunotia incisa 159 
Euonymus europaeus 42_, 45, 120 
Euphorbia helioscopia 130 
Euphorbia palustris 176 
Euphrasia 1 8, 77, 127 
Euphrasia bottnica 1 82 
Euphrasia frigida var. frigida 143 
Euphrasia rostkoviana 122 
Euphrasia salisburgensis M, 87 
Eurhynchium 46 
Eurhynchium angustirete 42. 
Eurhynchium hians 4.2_ 
Eurhynchium striatum 42_, 50 

Fagus sylvatica 7, 10, 19, 20, 33, 40, :U.. 
12 

Festuca 1 19 
Festuca altissima 50 
Festuca arundinacea 174, 182 

Festuca ovina 28, 37, 42_, 43, 85, l l8-
120, 123, 126, 127, 129, 1 3 1 ,  139 

Festuca polesica 125 
Festuca pratensis 1 17, 130 
Festuca rubra 120, 171, 1 78, 179, 180 
Festuca rubra ssp. oelandica 126, 127 
Festuca vivipara 85 
Filago minima. See Logfia minima 125 ,  

130 
Filipendula ulmaria 46-48, 63, 64, 80, 

121 
Filipendula vulgaris 29, 1 19, 120, 125, 

127, 131 
Fissidens 42. 
Fissidens taxifolius 46 
Fomitopsus rosea 70 

Fontinalis 167, 205 
Fontinalis antipyretica 153, 196 
Fontinalis dalecarlica 153, 196, 205 
Fontinalis hypnoides 153 
Fragaria vesca 37, 61 ,  63 
Fragaria viridis 29, l l9, 120, 125,  127 
Fragilaria I 62 
Fragilaria exigua 159 
Fragilaria pulchella 159 
Fragilariopsis cylindrus 199 
Frangula alnus 42_, 43, 48, 97, 145 
Frankia 47 
Fraxinus 50, 113 
Fraxinus excelsior 10,  19, 33,  34,  39-

4.2_, 44, 46, 47, 49, 50, 12. 1 16, 121 ,  
131 ,  140 

Frustulia rhomboides 159 
Fucus 174, 190, 204, 207 
Fucus ceranoides 194 
Fucus evanescens 209 
Fucus serratus 199, 201 ,  202, 203 
Fucus spiralis 202 
Fucus vesiculosus 191 ,  192, 199, 200, 

201 ,  202, 203, 204, 208 
Fulgensia bracteata 128 
Fulgensia fulgens 1 28 
Fumana procumbens 126, 127, 128 
Funaria hygrometrica 66 
Furcellaria 174 
Furcellaria lumbricalis 199, 202, 204, 

208 

Galeopsis bifida 37, 174 
Galeopsis tetrahit 37 

Galium aparine 37, 41 ,  122 
Galium boreale 127 
Galium odoratum 36, 39, 40, 41 
Galium oelandicum 126, 127 
Galium palustre :!8., 121 ,  129 
Galium saxatile 1 1 , 25, J.Q, 123 
Galium verum 28, 1 19, 120, 122, 125-

127, 129, 131 ,  178 
Genista 122 
Gentiana nivalis 84, 120 
Gentianella tenella M 
Gentianella uliginosa 129, 182, 183 
Geocalyx graveolens 'JJl 
Geranium bohemicum 66 
Geranium lanuginosum 66 
Geranium sanguineum 29, 62, 1 19, 120 
Geranium sy 1vaticum 37, 42_, fill, 63, 64, 

80, 84, 120, 145 
Geum rivale 37, 46, 63, 80, 121 
Geum urbanum 37, 41, 42. 
Glaucium flavum 176, 182 

G1aux maritima 171- 173, 176, 179-181  
Globu1aria vulgaris 29, 126, 127 
Gloiodon strigosus 66 
Glyceria fluitans :!8., 156 
Glyceria maxima 146, 156, 158 
Gnaphalium norvegicum 80, M 
Gnaphalium supinum 83, M 

Gonyostomum 161, 162 
Gonyostomum semen 1 59, 162 
Grimmia pulvinata 128 
Gymnadenia conopsea var. densiflora 2Q 
Gymnadenia odoratissima 2Q 

Gymnocarpium dryopteris 38, 62, 63, 
68, 80, 142 

Gymnocolea inflata 98, 102 
Gymnodinium 162 
Gymnomitrion corallioides 83 
Gypsophila fastigiata 17, 29, 1 26, 127 

Haematomma ventosum 85 
Halarachnion ligulatum 193, 201, 202 
Halidrys siliquosa 200-202, 208 
Halimione peduncu1ata. See Atriplex 

pedunculata 182 

Halosiphon tomentosus 204 
Haploporus odorus 66 

Harpanthus scutatus 'JJl 
Hedera helix 7, 1 1 ,  19, J.Q, 38, 39, 4 1 ,  

42.. 4 5 ,  128 
Helianthemum 126, 127 
Helianthemum nurnmularium 17, 29, 62, 

1 19, 120, 127 
Helianthemum oelandicum 17, 29, 1 27 
Helianthemum oelandicum var. cane

scens 126 
Helianthemum oelandicum var. oe1an-

dicum 126, 127 
He1ichrysum arenarium 124, 125 
Helodium blandowii 2Q 

Heribaudiella fluviatilis 205 
Herzogiella seligeri 1Q 
Herzogiella turfacea 'JJl 
Heterosiphonia plumosa 201 
Hieracium 87 
Hieracium sect. Alpina 83 
Hieracium sect. Hieracium 37 

Hieracium sect. Vulgata 42. 
Hieracium umbellatum 42_, 178 
Hierochloe alpina 85 
Hierochloe odorata 84 
Hierochloe odorata ssp. baltica 1 83 
Hildenbrandia rivularis 205 
Hildenbrandia rubra 199, 205 
Himanthalia elongata 198 
Hippocrepis emerus 126-128 
Hippophae rhamnoides 17, 19, 176 
Hippuris tetraphylla 182, 1 83 
Hippuris vulgaris 122 
Homalothecium lutescens 120, 127 
Homalothecium sericeum 128, 132 
Honckenya peploides 1 77, 178, 181 
Hordelymus europaeus :U.. 50 
Hordeum secalinum 182 

Homungia petraea 29, 125, 126, 128 
Huperzia selago 86 
Hydrocharis morsus-ranae 155, 156, 157 
Hylocomium splendens 42_, 61, 62, 64, 

80, 83 
Hypericum 42. 
Hypericum tetrapterum 95, 2Q 

Hypnum cupressiforme 125, 127 
Hypocenomyce anthracophila 1Q 
Hypocenomyce castaneocinerea 1Q 
Hypocenomyce xanthococca ']J)_ 
Hypochoeris maculata 28 
Hypochoeris radicata 125 
Hypogymnia physodes 178 

Ilex aquifolium .3.6. 
Impatiens noli-tangere 38, 42_, 47 
lnula ensifolia 126 
Inula salicina 122 
Iris pseudacorus 47, 48, 140, 1 55 ,  156 
Isatis tinctoria 176, 182, 183 
Isoetes echinospora 142, 156, 196 
Isoetes lacustris 138, 142, 153, 154, 156, 

166, 196 
Isolepis setacea 154 

Jasione montana 17, 25, 27, 125 
Juncus 172 
Juncus articulatus 130 
Juncus articulatus var. hylandri 182 

Juncus biglumis 84 
Juncus bufonius 172 
Juncus bulbosus 146, 154, J2fi 
Juncus castaneus 85, 96 
Juncus cong1omeratus 121 
Juncus effusus 41,  121 
Juncus gerardii 172, 179, 180 
Juncus inflexus 95, 2Q 
Juncus maritimus 182 

Juncus squarrosus 1 1  
Juncus stygius 102 
Juncus subnodulosus 95, 2Q 
Juncus trifidus 1 2, 85 
Juncus triglumis 85, 96 
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Jungermannia 140 
Juniperus 19, 122 
Juniperus communis 42_, 43, 55, 6 1 ,  80, 

83, 97, 116, 120, 127, 128, 131  

Kephyrion 162 
Kiaeria starkei 84 
Kobresia myosuroides 83, M 

Koeleria glauca 124, 125 
Koenigia islandica 77 

Lamiastrum galeobdolon 40, :U. 
Laminaria 207 
Laminaria digitata 200, 202 
Laminaria hyperborea 201 
Laminaria saccharina 200-203 
Lamium album 130 
Lamium amplexicaule 130 
Lamium purpureum 130 
Lamprothamnium 194 
Lamprothamnium papulosum 194 
Larix 12 
Laserpitium latifolium 36, 42_, 44 
Lathraea squamaria 38 
Lathyrus japonicus 177, 178 
Lathyrus japonicus ssp. japonicus 182 

Lathyrus linifolius 37, 42_, 119 
Lathyrus sylvestris 132 
Lathyrus vemus 37, 40, 42_, 63 
Laurencia pirmatifida 203 
Leathesia difformis 208 
Lecanora 61 ,  85 
Lecanora calcarea. See Aspicilia calcarea 

128 
Lecanora effusella 'JJl 
Lecanora mughicola ']J)_ 
Lecanora sarcopidoides 'JJl 
Lecidea 61,  85 
Lecidea apochroeella 'JJl 
Lecidea dalecarlica 'JJl 
Lecidea enclitica 1Q 
Lecidea gibberosa 1Q 
Lecidea huxariensis 1Q 
Lecidea paraclitica 'JJl 
Lecidea scabridula 1Q 
Lecidea xylophi1a 'JJl 
Ledum palustre. See Rhododendron 

tomentosum 1 1 ,  57, 60, 64, 26_, 100, 
101 

Lemna minor 48, 155, 156, 157 
Lemna trisulca 152, 155, 156, 157 
Leontodon autumnalis 171, 179 
Leonurus cardiaca 130 
Lepidium latifolium 182, 183 
Lepidozia reptans 'JJl 
Leptobryum pyriforme 66 
Leucanthemum vulgare 1 19, 120 
Leucobryum glaucum 42_, 100 
Leucodon sciuroides 132 
Leymus arenarius 1 77, 178 
Licmophora communis 197 
Licmophora hyalina 197 
Licmophora oedipus 197 
Ligusticum scothicum 176 
Ligustrum vulgare .3.6. 
Lilium martagon 37 
Limonium humile 176, 181 ,  182 

Limonium vulgare 179, 181 ,  182 

Limosella aquatica 196 
Linnaea borealis 6 1 ,  142 
Linosyris vulgaris 126 
Linum catharticum 29, 127, 129 
Linum usitatissimum 130 
Liparis loeselii 95, 2Q 
Listera cordata 62 
Listera ovata 46 
Lithothamnion sonderi 202 
Littorella uniflora. See Plantago uniflora 

126, 153, 156, 157 
Littorina 202 
Lobelia dortmanna 153, 1 56, 157 
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Loeskypnum badium 95, 2Q, 102 
Logfia minima 1 25, 130 
Loise1euria procumbens 83, M 
Lolium perenne 1 30 
Lolium remotum 130 
Lomentaria clavellosa 202 
Lomentaria orcadensis 202 
Lonicera periclymenum .3.6_, 38, 42. 43 
Lonicera xylosteum JQ, 42, 44, 63 
Lophozia ascendens 1Q 
Lophozia incisa 1Q 
Lophozia longidens 1Q 
Lophozia longiflora 1Q 
Lophozia rutheana 2Q 
Lotus tenuis 182 

Lunaria rediviva JQ, 46 
Luzula arcuata 12, 85, 86 
Luzula campestris 1 1 9, 120 
Luzula pilosa 37, 39, 42, 60, 61, 66 
Luzula spicata 85 
Luzu1a wahlenbergii M 
Lychnis alpina 75, 126 
Lychnis alpina var. oe1andica 126, 127 
Lychnis alpina var. serpentinico1a 75 
Lychnis viscaria 27, 1 19, 1 3 1  
Lycopodium alpinum 83, M 

Lycopodium annotinum 6 1 ,  142 
Lycopodium comp1anatum 61 
Lycopus europaeus 39, 47, :18. 
Lysimachia thyrsiflora :18.. 1 2 1 ,  1 53, 1 56 
Lysimachia vulgaris 38, :18., 121  
Lythrum salicaria 48,  1 75 

Maianthemum bifolium 37, �. :18.. 6 1 ,  
62, 97, 1 45 

Mallomonas 162 
Malus sy1vestris 35 
Malva neglecta 1 30 
Marrubium vulgare 1 30 
Matricaria perforatum. See Tripleuro-

spermum perforatum 1 30 
Matteuccia struthiopteris 42, 46, 47, 63 
Medicago lupulina 127 
Medicago minima 1 25 
Medicago sativa ssp. falcata 1 25 
Meesia longiseta 2Q 
Meesia triquetra 2Q, I 07 
Meesia uliginosa 2Q 
Melampyrum 38, 40 
Melampyrum nemorosum JQ, 42, 44, 

120 
Melampyrum pratense 37, 42, 43, 60, 61 
Melampyrum sylvaticum 62, 145 
Melica ciliata 23, 24, 1 28, 1 3 1  
Melica nutans 37, 62, 63, 145 
Melica uniflora 37, 41, � 

Melilotus dentatus 182 

Melosira 199 
Melosira arctica 1 99 

Mentha aquatica 39 
Mentha arvensis 1 29 
Menyanthes trifoliata 94, 95, 2Q, 102, 

104, 153 
Mercurialis perennis 37,  38, 41,  45, 46, 

57, 63 
Merismopedia 162 
Mertensia maritima 182 

Mesogloia vermiculata 202, 208 
Micarea anterior 1Q 
Micarea contexta 1Q 
Micarea elachista 1Q 
Micarea eximia 1Q 
Micarea hedlundii 1Q 
Micarea melaeniza 1Q 
Micarea misella 1Q 
Micarea nigella 1Q 
Micarea rhabdogena 1Q 
Microcalicium ahlneri 1Q 
Microcystis 161, 163, 164 
Milium effusum 37, �. 63, 8 0  
Minuartia viscosa 1 25 
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Mnium homum 42 
Moehringia lateriflora 183 
Moehringia trinervia 39, 63 
Moerckia hibemica 2Q, I07 
Molinia caerulea 48, 95, 2Q, 102, 103, 

107, 1 2 1 - 1 23, 129, 142, 1 82 
Moneses uniflora 63 
Monoraphidium 162 
Monostroma balticum 1 9 1 ,  192 
Monotropa hypopitys ssp. hypophegea 

38 
Mougeotia 1 59, 198, 201 
Mycelis muralis 39, 128, 1 3 1  
Mylia taylorii 1Q 
Myosotis decumbens 84 
Myosotis laxa ssp. baltica 176 
Myosotis scorpioides ssp. praecox 183 
Myrica gale :18.. 1 04, 123 
Myriophyllum 167 
Myriophyllum altemiflorum 142, 145, 

146, 1 53, 156, 157 
Myriophyllum sibiricum 196 
Myriophyllum spicatum 152, 155, 156, 

157, 196 
Myriophyllum verticillatum 152, 1 55, 

196 

Najas flexilis 157 
Najas marina 1 55,  182, 196 
Nardus stricta 83, M, 1 1 8, 123 
Narthecium ossifragum 1 1 , 2Q 
Navicula angusta 1 59 
Navicula festiva 1 59 
Navicula lanceolata 159 
Navicula pelagica 199 
Navicula pseudoscutiformis lli 
Navicula ramosissima 1 99 
Navicula slesvicensis lli 
Navicula soehrensis 159 
Navicula subtilissima lli 
Navicula vanhoeffenii 199 
Nemalion multifidum 201 ,  203 
Neodiprion sertifer 68 
Neottia nidus-avis 38 
Nepeta cataria 1 30 
Nephroma 80, 83 
Nephroma arcticum 6 1  
Neslia paniculata 130 
Netrium ob1ongum 159 
Nitella 1 38, 1 57, 194 
Nitella flexilis 194 
Nitella opaca 1 53, 154, 156, 194 
Nitella tenuissima 155 
Nitzschia frigida 199 
Nitzschia levidensis 159 
Nonea versicolor 1 30 
Nowellia curvifolia 1Q 
Nuphar lutea 153-156, 157, 1 8 1  
Nuphar lutea x pumila 1 56 
Nuphar pumila 156 
Nymphaea alba 1 53-1 56, 1 57 
Nymphoides peltata 158 

Ochrolechia frigida 83 
Ochromonas 1 62 
Octodiceras fontanum 1 96 
Odonthalia dentata 202, 203 
Odontoschisma denudatum 7J1 
Odontoschisma sphagni 1 00 
Oedogonium 201 
Oenanthe aquatica 17, 155 
Oenanthe lachenalii 182 

Onopordum acanthium 130 
Oocystis 162 
Ophiog1ossum vu1gatum 179 
Ophrys insectifera 62, 95, 96 
Orchis 122, 129 
Orchis mascula 42, 45, 46, 127 
Orchis palustris 95 
Oreopteris limbosperma .3Q 
Origanum vulgare 28, 1 19, 120 

Orobanche alba 1 26 
Orthilia secunda 6 1  
Orthodontium lineare 1Q 
Oscillatoria 1 59 
Osmunda regalis 140 
Osmundea truncata 203 
Oxalis acetosella 37, 38, 40, �. 45, :18., 

62, 63 
Oxyria digyna M, 1 39 
Oxytropis campestris 29, 127 
Oxytropis campestris ssp. campestris 126 
Oxytropis lapponica M. 1 1 9  

Paludella squarrosa 85, 95, 2Q, 102, I07 
Palustriella 2Q, 102 
Papaver laestadianum 87 
Papaver radicatum 18, 87 
Papaver rhoeas 1 30 
Paris quadrifolia 37, 39, 40, 42. 63 
Parmelia 61 
Parmelia olivacea 79, 80 

Parme1ia physodes. See Hypogymnia 
physodes 178 

Parmelia saxatilis 142 
Parnassia palustris 80, 84, 85, 95, 145 
Pauliella taeniata 199 
Pediastrum 161, 163 
Pedicularis flammea 85 
Pedicularis hirsuta 86 
Pedicularis 1apponica 1 2, 79, 83 
Pedicularis oederi 85, 86 
Pedicularis sceptrum-carolinum 95, 143 
Peltigera 80, 83 
Peltigera aphtosa 61 
Percursaria percursa 194 
Peridiniella catenata 199 
Peridinium 1 62 
Persicaria amphibia 155,JjQ, 1 57 
Persicaria foliosa 142 
Petasites albus .3Q 
Petasites frigid us M 
Petasites hybridus 130 
Petasites spurius 182 

Petrorhagia prolifera 126 
Peucedanum palustre :18., 104 
Phaeophyta 1 87, 188 
Phalaris arundinacea 1 75, 176 
Phegopteris connectilis .:U, 62, 63 
Phellinus ferrugineofuscus 70 
Philonotis calcarea 2Q, 102, 107 
Philonotis seriata 2Q, 102 
Philonotis tomentella 1 02 
Phippsia algida M 
Phlebia centrifuga 70 
Ph1eum alpinum 84 
Phleum arenarium 1 25 
Ph1eum phleoides 120, 124 

Ph1eum pratense 1 17 
Phragmites 105, 154, 1 8 1  
Phragmites australis 104, 105, 107, 122, 

140, 142, 145, 151' 1 53, 1 55, 1 56, 
1 7 1 ,  173, 1 78, 1 80 

Phragmites communis. See P. australis 
155 

Phycodrys 207 
Phycodrys rubens 192, 200, 202, 207, 

208 
Phyllodoce caerulea 79, 83, M 

Phyllophora crispa 202 
Phyllophora pseudoceranoides 202, 203, 

204, 206, 208 
Phymatolithon lenormandii 201 
Phymatolithon purpureum 201 
Picea QQ, 64, 65, 67 

Picea abies 10, 1 8, 20, 34, 42, 43, 55, 
�. 57, 78, 2Q, 97, 1 16, 145 

Pilayella 207 
Pilayella littoralis 192, 194, 20 1 ,  203, 

204 
Pilosella officinarum 1 22 
Pimpinella saxi:fraga 29, 1 19 

Pinguicula a1pina 17, M, 85, 86 
Pinguicula villosa 2Q 
Pinguicula vulgaris 85, 95, 144, 1 45 
Pinnularia subcapitata 159 
Pinus QQ 
Pinus contorta �. 7 1  
Pinus sy1vestris 1 0 ,  1 7 ,  19, 22, 34, 55, 

�. 78, 81, .2Q, 97, 131, 142 
Plagiochila asp1enioides 62 
Plagiochila porelloides 62 
P1agiomnium affine 62 
Plagiomnium undulatum �. 46, :18. 
Plagiothecium 1aetum 1Q 
Plagiothecium latebricola 1Q 
Planktothrix 1 63, 164 
Plantago coronopus 182 

Plantago lanceolata 19, 28, 1 3 1  
Plantago major 1 9, 130 
Plantago maritima 171, 173, 1 74, 179-

1 8 1  
Plantago media 1 7  
Plantago tenuiflora 126, 129 
Plantago uniflora 126, 153, 156, 157 
P1atanthera chlorantha 46 
Platismatia g1auca 178 
P1atyhypnidium riparioides 1 53 
Pleurozium schreberi 42, :18.. 60, 6 1 ,  62, 

64, 67, 80, 101,  1 23 
Plocarnium cartilagineum 201 
Poa 87 

Poa alpinaM, 1 1 9, 1 26 
Poa annua 130 
Poa compressa 29, 1 29 
Poa glauca 120 
Poa laxa ssp. flexuosa 86 
Poa nemoralis 37, �. 42, 44 

Poa pratensis 1 2 1 ,  146 
Poa pratensis ssp. alpigena 146 
Poa pratensis ssp. angustifolia 37, 1 26 
Poa pratensis ssp. irrigata 146, 174, 1 78, 

1 80 
Pohlia drummondii 84 
Poh1ia nutans 178 
Pohlia wahlenbergii 84, 102 
Polemonium acutiflorum 12, 144 
Polygala comosa 126 
Polygonatum 39, 40 
Polygonatum multiflorum 37, 40, � 
Po1ygonatum odoratum 42, 1 28 
Polygonatum verticillatum JQ, 57 
Polygonum amphibium. See Persicaria 

amphibia 1 53, 1 55 ,  156, 157 
Polygonum aviculare 1 30 
Polygonum oxyspermum 182 

Polyides rotundus 202 
Polypodium vulgare 28, 38 
Polysiphonia 202 
Polysiphonia brodiaei 201 
Polysiphonia e1ongata 201 ,  202, 206 
Polysiphonia fibri.llosa 201 ,  203 
Polysiphonia fucoides 202, 203, 204, 

208 
Polysiphonia stricta 201 ,  202 
Polystichum lonchitis 1 28 
Polytrichastrum 83 
Polytrichastrum sexangulare 84 
Po1ytrichum 178 
Polytrichum commune :18., 60, 64 
Polytrichum formosum � 
Polytrichum juniperinum 60, 6 1 , 66 
Polytrichum piliferum 60, 6 1 ,  66, 1 25 
Polytrichum strictum 1 0 1  
Populus tremula 1 0 ,  1.7, 3 3 ,  34, 40, 42, 

55, �. 57, 6 1 ,  65, 66, 68, 78 
Porphyra 200, 201 
Potamogeton 167 
Potamogeton a1pinus 152, 1 54, 156 
Potamogeton berchto1dii 154, 156, 157 
Potamogeton crispus 152, 1 55 , 1 56, 157 
Potamogeton filiformis 155, 1 57 
Potamogeton friesii 1 55, 1 56, 1 57 



Potamogeton gramineus 142, 145, 146, 
154, 155, 156, 1 57 

Potamogeton gramineus x perfoliatus 
157 

Potamogeton 1ucens 152,  155, 156, 1 57 
Potamogeton natans 1 53-156, 157 
Potamogeton obtusifolius 156 
Potamogeton pectinatus 152, 1 55, 1 56, 

157, 196 
Potamogeton perfoliatus 142, 145, 154, 

1 55, 156, 157 
Potamogeton praelongus 1 56, 1 57 
Potamogeton vaginatus 196 
Potentilla anserina 1 7 1 , 174, 179, 180 
Potentilla anserina ssp. egedii 179, 1 83 
Potentilla argentea 27 
Potentilla crantzii 29, 84, M_, 1 19, 126 
Potentilla erecta 97, 145 
Potentilla fruticosa 126, 129 
Potentilla nivea .84. 
Potentilla palustris �. 97, 104 
Potentilla reptans 1 3 1  
Potentilla tabemaemontani 29, 1 1 9, 120, 

127, 1 3 1  
Potentilla vema 29 
Prasanthus suecicus 83 
Prasinophyceae 188 
Prasiola 204 
Prasiola stipitata 194, 201 
Primula elatior J.6 
Primula farinosa 95, 96, 122, 129 
Primula nutans ssp. finmarchica 182, 

1 83 
Primula scandinavica 87, 120 
Primula sibirica. See Primula nutans ssp. 

finmarchica 182, 1 83 
Primula stricta 144 
Primula veris 3 7  

Pristiphora abietina 6 8  
Prunella grandiflora 120, 126, 127 
Prunella vulgaris 129 
Prunus 39, 40 
Prunus avium 33 
Prunus padus 35, �. 46, 47, 55, 57, 63, 

64, 78, 80 
Prunus padus ssp. borealis 57 
Prunus spinosa 1 1 ,  28, 1 1 6, 120, 1 28 
Prymnesiophyta 1 88, 198 
Pseudo-calliergon 1ycopodioides 22 
Pseudo-calliergon trifarium 85, 22, 107 
Pseudo-calliergon turgescens 22, 129 
Pseudobryum cinclidioides 1 02 
Pseudolithoderma rosenvingii 204 
Pseudolithoderma subextensum 205 
Pteridium aquilinum 1 1 ,  38, 62, 144 
Pterosiphonia parasitica 201 
Pterothamnion plumula 202, 203 
Ptilidium ciliare 83 
Ptilidium pu1cherrimum 1Q 
Ptilium crista-castrensis 61 
Ptilota gunneri 201 
Puccinellia capillaris 175, 179 
Puccinellia maritima 173, 179, 182 
Puccinellia phryganodes 179, 182, 1 83 
Pulicaria dysenterica 182 
Pulmonaria angustifolia 120 
Pu1monaria obscura }!!, 40 
Pu1monaria officinalis }!! 
Pyrola 63 
Pyro1a chlorantha 61 
Pyro1a media 66 
Pyro1a minor 62 
Pyrola rotundifolia 62 
Pyrrhospora elabens 1Q 
Quercus 33, 40, 50, 1 1 3 
Quercus petraea 10, 33, �. 43 
Quercus robur 10, 1 1 ,  19, 33, 34, �.L �. 

43, 44, 46, �. 49, 55, ,iti, 63, 1 1 6, 
142 

Racomitrium 178 
Racomitrium canescens 1 25 
Racomitrium lanuginosum 6 1 ,  83, 85, 

100 
Ramalina polymorpha 175 
Ramalina sinensis 66 
Ranunculus 38, 87 
Ranunculus acris 36, 80, M_, 1 2 1  
Ranunculus aquatilis 1 5 2  
Ranunculus auricomus �. 44 

Ranunculus cassubicus }!! 
Ranunculus circinatus 155, 1 56, 1 57 
Ranunculus ficaria � 
Ranunculus glacialis 12, 85, 86 
Ranunculus illyricus 17, 120, 1 26, 127 
Ranunculus lapponicus 1 2  
Ranunculus lingua 1 44 ,  1 55, 1 5 6  
Ranunculus nivalis M. 85 
Ranunculus peltatus 142, 145, 146, 1 53, 

liQ., 157 
Ranunculus peltatus ssp. baudotii 182, 

196 
Ranunculus polyanthemos 120 
Ranunculus pygmaeus 85 
Ranunculus repens �. 129 
Ranunculus reptans 140, 142, 146, 154, 

156, 1 57,  1 82 
Raphidophyta 159, 160, 161 
Rebou1ia hemisphaerica 1 28 
Rhamnus cathartica 29, 120 
Rhinanthus minor 129 
Rhizocarpon 61, 85, 175 
Rhizoclonium implexum 194 
Rhizoclonium riparium 194 
Rhizomnium pseudopunctatum 102 
Rhizomnium punctatum � 
Rhodio1a rosea 139 
Rhodobryum roseum 62 
Rhodochorton purpureum 194 
Rhododendron lapponicum 83, M, 86 
Rhododendron tomentosum l l ,  57, 60, 

64, 22. 100, 101  
Rhodomela confervoides 192, 202, 204, 

208 
Rhodomonas 162 
Rhodophyta 188 
Rhoicosphenia abbreviata 159 
Rhynchospora 123 
Rhynchospora alba 94, 95, 2Q, 98, 100, 

102 
Rhynchostegium riparioides. See P1aty-

hypnidium riparioides 1 53 
Rhytidiadelphus 1oreus 43 
Rhytidiadelphus squarrosus 120 
Rhytidiadelphus triquetrus �. 62, 63 
Rhytidium rugosum 83, l26, 127 
Ribes 40 
Ribes alpinum 39, �. 44, 63 
Ribes spicatum 80 
Riccardia latifrons 1Q 
Riccardia palmata 1Q 
Riccia subbifurca 1 27 
Ricciocarpos natans 155 
Rivularia atra 204 
Rorippa palustris 146 
Rosa 28, 1 16, 120, 128 
Rosa majalis 145 
Rosa rugosa 178 
Rosenvingiella po1yrhiza 201 
Rubus 37, 41 

Rubus caesius �. 182 
Rubus chamaemorus 64, 78, 85, 22. 98, 

104, 175 
Rubus idaeus 37, 63, 71, 131, 174 
Rubus saxatilis 37, 40, 62, 63, 80 
Rumex 173 
Rumex acetosa 19, �. 80, M. 1 2 1  
Rumex acetosella 26, 27, 1 23, 178 
Rumex acetosella ssp. tenuifolius 1 19, 

1 25, 1 30 
Rumex hydrolapathum 155, 156 

Rumex maritimus 174, 182 
Rumex pseudonatronatus 182, 1 83 
Ruppia cirrhosa 182, 196 
Ruppia maritima 182, 196 

Sagina maritima 182 
Sagina nodosa 127 
Sagittaria sagittifolia 1 55, 156 
Salicornia 172, 179 
Salicomia europaea 1 7 1 ,  173 
Salix 17, 6 1 , 67, 97, 101, 1 17, 1 2 1 ,  123, 

135 
Sa1ix aurita 48 
Salix caprea 35, 55, ,iti, 57, 61, 63, 78 
Salix caprea ssp. sphacelata 57 
Salix caprea var. coaetanea. See Salix 

caprea ssp. sphacelata 57 
Salix cinerea 48, 64 
Salix glauca 64, 80, 83-85, 104, 142 
Salix hastata 80, 95 
Salix herbacea 83, M. 85 
Salix lanata 80, 84, 142 
Salix lapponum 64, 80, 84, 85, 104, 142 
Salix myrsinifolia 64, 142 
Salix myrsinites 85, 96 
Salix pentandra 64 
Salix phylicifolia 64, 80, 105 
Salix polaris M, 85 
Salix repens 178 
Salix reticulata M 
Salix triandra 1 83 
Salsola kali 177, 178, 1 8 1 ,  182 
Samolus valerandi 182 
Sanguisorba officinalis 1 26 
Sanicula europaea 63 
Sargassum muticum 202, 209 
Satureja acinos 29, 127 
Saussurea alpina 80, M, 95, 144, 145 
Saxifraga aizoides 85, 96, 1 39 
Saxifraga cemua 84 
Saxifraga foliolosa 84 
Saxifraga hirculus 22 
Saxifraga oppositifolia M, 85 
Saxifraga rivularis M. 85 
Saxifraga stellaris M 

Saxifraga tenuis 85 
Saxifraga tridactylites 29, 1 28 
Scabiosa columbaria 120 
Scandix pecten-veneris 1 30 
Scapania apiculata 1Q 
Scapania massalongi 1Q 
Scapania uliginosa 102 
Scapania umbrosa 1Q 
Scenedesmus 163 
Scheuchzeria palustris 94, 95, 22, 98, 

101 
Schistidium apocarpum 127, 1 28, 1 32 
Schoenop1ectus 1acustris 140, 153-155, 

156, 171, 1 8 1  
Schoenoplectus maritimus 1 5 5 ,  1 7 1 ,  

179, 182 
Schoenoplectus tabemaemontani 155, 

1 56, 172, 176, 179 
Schoenus ferrugineus 95, 96, 102 
Schoenus nigricans 95, 96 
Scirpus cespitosus. See Trichophorum 

cespitosum 85, 94, 22, 98, 101,  102 
Scirpus hudsonianus. See Trichophorum 

alpinum 95 
Scirpus lacustris. See Schoenoplectus 

lacustris 140, 153-155,  1 5 6, 1 7 1 ,  
1 8 1  

Scleranthus perennis 1 25 
Scorpidium 95, 154 
Scorpidium cossonii 95, 22 
Scorpidium revolvens 85 , 95 
Scorpidium scorpioides 85, �. 102, 107, 

129, 1 53, 167 
Scorzonera 1 20 
Scrophularia nodosa 40, 41. 
Scrophularia vemalis 130 
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Scutellaria galericulata � 
Scutellaria hastifolia 182, 1 83 
Scytosiphon lomentaria 203, 204 
Secale serale 1 30 
Sedum 1 1 9, 126 
Sedum acre 1 1 9, 1 25, 1 28 
Sedum album 29, 1 19, 1 28 
Sedum annuum 28 
Sedum reflexum. See S. rupestre 127 
Sedum rupestre 1 27 
Sedurn telephium 27 
Selaginella selaginoides 17, 85, 95 
Selinum carvifolia 122 
Senecio integrifolius. See Tephroseris 

integrifolia ssp. integrifolia 121  
Seneciojacobaea ssp. gotlandicus 1 26 
Senecio sylvaticus 7 1  
Senecio vemalis 1 30 
Seriphidiurn maritimum ssp. humifusum 

182, 1 83 
Seriphidium maritimum ssp. maritimum 

182, 1 83 
Serratula tinctoria 122 
Seseli libanotis 17, 120 
Sesleria 1 29 
Sesleria caerulea 62, 96, 122, 127, 129, 

1 3 1  
Sibbaldia procumbens 83, M 

Silene acaulis 83, M 
Silene dioica 78, 84, 1 74 
Silene nutans 28 
Silene rupestris 27, 6 1  
Si1ene uniflora 127, 1 8 1  
Si1ene uniflora ssp. petraea 126, 127 
Silene viscosa 182, 1 83 
Silene vulgaris 127 
Silene wahlbergella M 
Sisymbrium supinum 126 
Sium latifolium 140, 1 55, 1 56 
Skeletocutis tschulymica 70 
Skeletonema costatum 199 
Snowella 1 62 
Solanum dulcamara 17,  38, 47, 176 
Solidago virgaurea 39, �. 61, 83, a± 
Solorina crocea 85 
Sonchus arvensis 174 
Sonchus palustris 182 
Sorbus 67 
Sorbus aucuparia 17, 35, 40, 42, 55, ,iti, 

57, 6 1 -63, 78, 80, 1 3 1  
Sorbus aucuparia ssp. glabrata 57 
Sorbus intermedia }!! 
Sparganium 142, 145, 146, 1 54 
Sparganium angustifolium 154, 156 
Sparganium emersum 1 56 
Sparganium erectum 155, 1 56 
Sparganium gramineum 156 
Spergula arvensis 130 
Spergu1a morisonii 27, 61, 125 
Spergu1aria marina 1 7 1 ,  172, 179- 1 8 1  
Spergu1aria media 179, 182 
Spermatophyta 188 
Sphacelaria arctica 191,  200, 204, 206, 

208 
Sphacelaria cirrosa 20 1 ,  202 
Sphace1aria plumosa 202 
Sphaerocystis 162 
Sphagnum 47, 1:.8., 60, 64, 85, 142, 146, 

167 
Sphagnum affine 25_, 1 00 
Sphagnum angermanicum 102 
Sphagnum angustifolium 64, 25_, 98, 101 
Sphagnum aongstroemii 100 
Sphagnum austinii 25_, 98, 100 
Sphagnum balticum 25_, 98, 99 
Sphagnum capillifolium 175 
Sphagnum centrale 25_, 100 
Sphagnum compactum 25_, 100, 102 
Sphagnum contortum 25_, 2Q 
Sphagnum cuspidatum25_, 98, 100, 101 
Sphagnum denticulatum 25. 
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Sphagnum fallax 94-26_, 102 
Sphagnum fimbriatum ::1:.8.. 2j, 100 
Sphagnum flexuosum 2j 

Sphagnum fuscum 85, 2j, 98, 99-101 ,  

104, 105, 175 

Sphagnum girgensohnii 64, 97 
Sphagnum inundatum � 
Sphagnum jensenii 102 
Sphagnum lindbergii 85, 95, 100, 102 
Sphagnum rnagellanicum�, 98, IOO, IOI 

Sphagnum majus 95, 98, 102 

Sphagnum molle 100 

Sphagnum palustre ::1:.8., 2j, 100 

Sphagnum papiHosum 95, 100, 102 

Sphagnum pulchrum 95, 100, 102 

Sphagnum riparium 85, �. 100 

Sphagnum rubellum �. 98, 100 

Sphagnum mssowii 62 
Sphagnum squarrosum ::1:.8., 22. 
Sphagnum subfu1 vum 2,2, I 00, I 02 

Sphagnum subnitens �. 102 

Sphagnum subsecundum 22. 
Sphagnum tenellum 2j, 98-100 

Sphagnum teres 2,2 
Sphagnum warnstorfii 95, 26_, 10I , 105 

Spirodela polyrhiza I 55 

S pirogyra I 98, 20 1 
Spongomorpha aeruginosa 203, 204 

Sporochnus pedunculatus 208 

Stachys sy1vatica 40, !!:1, �. 46, 63 

Staurastrum 161, 162 

Staurodesmus 162 
Stellaria graminea 123, 178 

Stellaria ho1ostea 37, !!:.1 

Stellaria humifusa 183 

Stellaria media 37, 39, 130 
Stellaria neg1ecta J.Q 
Stellaria nemorum 84 
Stellaria nemorum ssp. glochidisperma 

46 

Stellaria nemomm ssp. montana J.Q, !!:1, 
46 

Stellaria nemomm ssp. nemorum � 
Stephanodiscus 162, 164 

Stereocaulon 59, 67, 83 

Stereocaulon paschale 60 

Stichog1oea I62 
Stictyosiphon torti1is I9I ,  194, 204 

Stigonerna mamillosum 159 

Stipa pennata I 20 
Stratiotes a1oides 145, 155, 156, 157 

Suaeda maritima 172, 174, 178, 179, 

182 

Subu1aria aquatica 140, 142, 154, 156, 

1 96 

Synedra acus I 97 
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Synedra ulna I 97 

Syntrichia ruralis. See Tortula ruralis 
125 

Tabellaria 1 62 

Tabellaria binalis 159 

Tabu1aria fasciculata 1 97 
Tabu1aria waemii 197 

Taraxacum 18, 87, 131  

Taraxacum crocodes 139 
Taraxacum sect. Ruderalia 37 

Tax u s  baccata 7, 11  

Tayloria tenuis 1Q 
Teesdalia nudicau1is 27, 125, 126 

Tephroseris integrifolia ssp. integrifolia 
120 

Tetrnemorus brebissoni 159 
Tetraedron 162 

Tetragonolobus maritimus 182, 183 

Tetraphis pellucida 1Q 
Teucrium scordium 129 
Thalassiosira baltica 199 

Tha1assiosira hyperborea 199 

Thalassiosira levanderi 199 

Thalictrum alpinum M 

Thalictrum aquilegiifo1ium J.Q, �. 47 
Thalictmm flavum 12I ,  I79 

Thalictrum simplex ssp. borea1e 144 
Tharnnolia vermicularis 83, I26, I27 

Thelocarpon depressellum 1Q 
Thelocarpon superellum 1Q 
Thelomma ocellatum 1Q 
Thymus serpyllum 29, 1 19, 120, 122, 

124, 125- 127, 1 3 1  

Tilia cordata 1 0 ,  1 9 ,  3 3 ,  34, 3 8 ,  � .  44, 

45, 55, � 

Tofieldia ca1yculata 95, 26. 

Tofie1dia pusilla 85 
To1ypella I94 

To1ypella nidifica 1 94 

Tomentypnum nitens 95, 26_, 1 0 1 ,  1 07 
Tomicus 68 
Tortella I 27-129 

Tortella fragilis 127 

Tortella inclinata 1 28 
Tortula ruralis 125 

Tortella tortuosa 83, 127, 128, 1 32 

Trachelomonas 162 

Tragopogon crocifolius 126 

Trapa natans 19 
Trichophomm alpinum 95 

Trichophorum cespitosum 85, 94, 2ft, 

98, 101 ,  1 02 
Trichophorum cespitosum ssp. cespi

tosum 1 23 

Trientalis europaea 42, 48, 61,  83, M 

Trifolium arvense 28, 125, 130 

Trifolium fragiferum 1 7 1 ,  179, I 80, 

182 

Trifolium medium 120 

Trifolium micranthum 182 

Trifolium pratense 1 1 7  

Trifolium repens 120 

Triglochin maritimum 172, 173, 176, 

I79- I 8 1  
Triglochin palustre 1 7 I  

Tripleurospermum maritimum 172 

Trip1eurospermum perforatum 1 30 

Tripo1ium vulgare 171 - 173, 176, 179 

Tritomaria exsectiformis 1Q 
Tritomaria polita 2Q 

Trollius europaeus 12, 64, 80, M. 1 44 

Tussilago farfara 80, 1 3 1  

Typha angustifolia 155, 1 56 
Typha latifolia I7, 1 55, 156 

Ulmus 33, 39, 49, 50, 1 13, 1 1 6  

Ulmus glabra 1 0 ,  1 9, 34, 40, 41 , �, 46, 
�. 12I  

Ulmus minor 34, �. 45, 46 

Ulothrix 204 

Ulothrix flacca 201, 203 

Ulothrix subflaccida 194, 204 
Ulothrix zonata 205 

Ulva 207 
Ulvophyceae I88 

Ulvopsis grevillei 191 ,  193, 204 

Umbilicaria 6I ,  85, 142, 175 
Uroglena I62, 164 
Urospora penicilliformis I93, 204 

Urtica dioica 37, 40, 41 
Utricularia 152 

Utricularia intermedia 102 
Utricularia minor 102 

Utricularia vulgaris I56, I 57 

Vaccinium 38, 39, �. ::1:.8., 6I ,  65, 71  
Vaccinium microcarpum 2Q., 98 

Vaccinium myrtillus 7, 36, 37, 4 I ,  43, 

60, 61, 62, 66, 67, 75, 80, 82, 83, 

M. 2Q, 122, 1 3 I ,  I42 

Vaccinium oxycoccos 95, 2ft, 98 

Vaccinium uliginosum 6 1 ,  62, 64, 80, 
82, 83, M, 2Q., 10I 

Vaccinium vitis-idaea 38, 41_, 59,  ®_, 
6 I ,  62, 66, 67, 80, 83, 26_, 122, I 23, 
I 3 I ,  I42, 145 

Valeriana dioica ::1:.8.. I 22 

Va1eriana sambucifolia 63, 64, I 74 
Valeriana sambucifolia ssp. salina 176 

Valeriana sambucifolia ssp. sambucifolia 
47 

Vaucheria 193, 194, 195 
Vaucheria compacta I 94 

Vaucheria dichotoma 1 94 

Veronica agrestis 130 

Veronica alpina 84 

Veronica chamaedrys 37, �. 63, 123 
Veronica hederifo1ia 39 
Veronica 1ongifolia I44 

Veronica montana J.Q 
Veronica officina! is 27, 63 
Veronica praecox I26 

Veronica spicata 29, 120, 127, I 29 
Verrucaria carbonella 1Q 
Verrucaria maura 1 75, 201 ,  204 

Verrucaria nigrescens 128 
Viburnum opulus � 
Vicia cracca I 72, 174 

Vicia sepium 37 

Vincetoxicum hirundinaria 29, J.Q, 126, 

127, 1 3 1 ,  182, 183 
Viola 40, 131  

Viola biflora 12 ,  80, M, 145 

Viola hirta 29 

Viola mirabilis 57, 63 

Viola palustris :l.!i. 85 
Viola purnila 1 26 
Viola reichenbachiana � 

Viola riviniana :U_, 62, 63 
Viola tricolor 28, 1 19 

Viscum album 7, 19, 38 

Vulpicida juniperinus 83 

Warnstorfia 102 

Warnstorfia exannulata 85, I 02, 1 53 

Wamstorfia procera 102 

Wamstorfia sarmentosa 84, 85, 95, 26_, 

102 
Warnstorfia trichophylla 153 
Warnstorfia tundrae 2Q, 153 

Woodsia alpina 126 

Woodsia ilvensis 28 
Woronichinia 162, 164 

Xanthophyta 188 
Xanthoria parietina 175 

Xylographa paralle1a 1Q 
Xylographa trunciseda 1Q 
Xylographa vitiligo 1Q 

Zannichellia palustris 196 
Zostera marina 182, 196 

Zostera noltii 196 
Zygnema 159, 198, 201 
Zygogonium ericetorum 98, 159 
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Abies - adelgran, silvergran 
Acer campestre - naverlonn 
Acer platanoides - lonn 
Achillea rnillefolium - rollika 
Aconitum lycoctonum - nordisk storm-

hatt 
Acorns calamus - kalmus 
Actaea erythrocarpa - rOd trolldruva 
Actaea spicata - trolldruva 
Adonis vemalis - varadonis 
Adoxa moschatellina - desmeknopp 
Agrimonia eupatoria - smaborre 
Agrostemma githago - kliitt 
Agrostis canina - brunven 
Agrostis capil\aris - rodven 
Agrostis gigantea - storven 
Agrostis gigantea var. glaucescens -

storven 
Agrostis stolonifera - krypven 
Agrostis vinealis - bergven 
Aira praecox - vartatel 
A juga pyramidalis - blasuga 
Alchernilla - daggkapa 
Alisma plantago-aquatica - svalting 
Alisma wahlenbergii - smasvalting 
Alliaria petiolata - lOktrav 
Allium lineare - klipplok 
Allium schoenoprasum - graslOk 
Allium schoenoprasum var. alvarense -

alvargraslOk 
Allium ursinum - ramslOk 
Alnus glutinosa - klibbal 
Alnus incana - graal 
Alopecurus aequalis - gulkavle 
Alopecurus arundinaceus - svartkavle 
Alopecurus geniculatus - kiirrkavle 
Ammophila arenaria - sandror 
Anagallis arvensis - rodrnire 
Andromeda polifolia - rosling 
Anemone hepatica - blasippa 
Anemone nemorosa - vitsippa 
Anemone patens - nipsippa 
Anemone pratensis - faltsippa 
Anemone pulsatilla - backsippa 
Anemone pulsatilla ssp. gotlandicus -

gotlandssippa 
Anemone ranunculoides - gulsippa 
Anemone sylvestris - tovsippa 
Anemone vernalis - mosippa 
Angelica archangelica - kvanne 
Angelica archangelica ssp. archangelica 

- fjiillkvanne 
Angelica sylvestris - stratta 
Antennaria - kattfot 
Anthemis arvensis - akerkulla 
Anthemis tinctoria - fargkulla 
Anthericum liliago - stor sandlilja 
Anthericum ramosum - liten sandlilja 
Anthoxanthum alpinum - fjiillvarbrodd 
Anthoxanthum odoratum - varbrodd 
Anthriscus sylvestris - hundkax 
Anthyllis vulneraria - getviippling 
Apera interrupta - alvarkosa 
Apium graveolens - selleri 
Arabis alpina - fjalltrav 
Arabis hirsuta - lundtrav 
Arctophila fulva - hanggriis 
Arctostaphylos alpinus - ripbar 
Arctostaphylos uva-ursi - mjolon 
Arenaria gothica - kalknarv 
Arenaria serpyllifolia - sandnarv 
Argentina anserina. See Potentilla anse-

rina - gasort, gronliindsk gasort 
Armeria maritima - trift 
Arnica angustifolia - fjiillamika 
Artemisia campestris - faltmalOrt 
Artemisia campestris ssp. bottnica -

bottnisk malOrt 

Artemisia maritima. See Seriphidium 
maritimum - baltisk malOrt, strand
malort 

Artemisia oelandica - alvarmalOrt 
Artemisia rupestris - stenmalort 
Artemisia vulgaris - grabo 
Asperula tinctoria - fargmara 
Asplenium ruta-muraria - murruta 
Asplenium septentrionale - gaffelbraken 
Asplenium trichomanes - svartbraken 
Asplenium viride - gronbraken 
Aster linosyris. See Linosyris vulgaris -

gullborste 
Aster tripolium. See Tripolium vulgare 

- strandaster 
Astragalus alpinus - fjallvedel 
Astragalus arenarius - sandvedel 
Astragalus frigidus - isvedel 
Athyrium distentifolium - fjiillbraken 
Athyrium filix-femina - majbraken 
Atriplex glabriuscula - broskmalla 
Atriplex hastata - flikmalla 
Atriplex littoralis - strandmalla 
Atriplex longipes ssp. praecox - brad-

matla 
Atriplex pedunculata - saltmalla 
Atriplex portulacoides - portlakmilla 
A venula pratensis - iingshavre 
A venula pubescens - luddhavre 
Baldellia ranunculoides - flocksvalting 
Bartsia alpina - svartho 
Berberis vulgaris - berberis 
Beta vulgaris ssp. maritima - strandbeta 
Betula nana - dviirgbjork 
Betula pendula - vartbjork 
Betula pubescens - glasbjork 
Betula pubescens ssp. czerepanovii -

fjallbjork 
Bistorta vivipara - orrnrot 
Blechnum spicant - kambraken 
Blysmus rufus - rodsav 
Botrychium boreale - nordlasbraken 
Botrychium lunaria - lasbraken 
Brachypodium pinnatum - backskafting 
Brachypodium sylvaticum - lundskafting 
Brassica napus ssp. napus - raps 
Brassica rapa ssp. oleifera - rybs 
Briza media - darrgriis 
Bromopsis benekenii - striivlosta 
Bromopsis ramosa - skugglosta 
Bromus hordeaceus - luddlosta 
Bromus secalinus - raglosta 
Bupleurum tenuissimum - strandnai 
Butomus umbellatus - blomvass 
Cakile maritima - marviol 
Calamagrostis arundinacea - pipror 
Calamagrostis canescens - grenror 
Calamagrostis lapponica - lappror 
Calamagrostis purpurea - brunror 
Calamagrostis stricta - madror 
Calamagrostis varia - piggror 
Callitriche cophocarpa - sommarlanke 
Callitriche hermaphroditica - hostlil.nke 
Callitriche palustris - smalanke 
Calluna vulgaris - ljung 
Caltha palustris - kabbleka 
Camelina alyssum - lindadra 
Camelina microcarpa ssp. microcarpa -

sanddil.dra 
Campanula latifolia - hiissleklocka 
Campanula persicifolia - stor blak!ocka 
Campanula rotundifolia - liten blak!ocka 
Campanula trachelium - nasselklocka 
Campanula uniflora - fjiillklocka 
Cardamine amara - biickbriisma 
Cardarnine bellidifolia - fjiillbriisma 
Cardarnine bulbifera - tandrot 
Cardarnine pratensis ssp. polemonioides 

- polarbriisma 
Carduus crispus - krustistel 
Carex acuta - vasstarr 
Carex acutiforrnis - brunstarr 
Carex appropinquata - tagelstarr 
Carex aquatilis - norrlandsstarr 
Carex arenaria - sandstarr 
Carex atrofusca - svedstarr 
Carex bigelowii - styvstarr 
Carex buxbaurnii - klubbstarr 
Carex canescens - gril.starr 
Carex capillaris - harstarr 
Carex capitata - huvudstarr 
Carex cespitosa - tuvstarr 
Carex chordorrhiza - strangstarr 
Carex digitata - vispstarr 
Carex distans - glesstarr 
Carex disticha - plattstarr 
Carex elata - bunkestarr 
Carex elongata - rankstarr 
Carex extensa - segstarr 
Carex flacca - slankstarr 
Carex flava - knagglestarr 
Carex glacialis - isstarr 
Carex glareosa - klapperstarr 
Carex globularis - klotstarr 
Carex halophila - osterbottensstarr 
Carex hostiana - angsstarr 
Carex lachenalii - ripstarr 
Carex lasiocarpa - tradstarr 
Carex lepidocarpa - nabbstarr 
Carex lepidocarpa ssp. jemtlandica -

jiimtstarr 
Carex ligerica - Olandsstarr 
Carex limosa - dystarr 
Carex livida - vitstarr 
Carex mackenziei - norskstarr 
Carex magellanica - sumpstarr 
Carex maritima - bagstarr 
Carex microglochin - borststarr 
Carex nardina - staggstarr 
Carex nigra - hundstarr 
Carex nigra ssp. juncella - styltstarr 
Carex obtusata - trubbstarr 
Carex paleacea - strandstarr 
Carex panicea - hirsstarr 
Carex paniculata - vippstarr 
Carex parallela - lappstarr 
Carex pauciflora - taggstarr 
Carex pilulifera - pillerstarr 
Carex pseudocyperus - slokstarr 
Carex remota - skiirmstarr 
Carex riparia - jattestarr 
Carex rostrata - flaskstarr 
Carex rotundata - rundstarr 
Carex rupestris - klippstarr 
Carex saxatilis - glansstarr 
Carex sylvatica - skogsstarr 
Carex vaginata - slidstarr 
Carex vesicaria - blasstarr 
Carlina vulgaris - spatistel 
Carpinus betulus - avenbok 
Carum carvi - kumrnin 
Cassiope hypnoides - mossljung 
Cassiope tetragona - kantljung 
Catabrosa aquatica - kallgras 
Centaurea cyanus - blaklint 
Centaurea jacea - rodklint 
Centaurea scabiosa - viiddklint 
Centaurium littorale - kustarun 
Centaurium pulchellum - dvargarun 
Cephalanthera - skogslilja 
Cerastium alpinum - fjiillarv 
Cerastium arcticum - snoarv 
Cerastium cerastoides - lapparv 
Cerastium pumilum - alvararv 
Cerastium semidecandrum - vil.rarv 
Ceratophyllum demersum - hornsiirv 

Chamaedaphne calyculata - finnmyrten 
Chamorchis alpina - dvargyxne 
Chenopodium chenopodioides - druv-

malla 
Chimaphila umbellata - ryl 
Cicerbita alpina - torta 
Cicuta virosa - sprangort 
Circaea alpina - dvarghiixort 
Circaea lutetiana - stor hiixort 
Cirsium acaule - jordtistel 
Cirsium arvense - akertistel 
Cirsium helenioides - borsttistel 
Cirsium oleraceum - kaltistel 
Cladium mariscus - ag 
Cochlearia danica - dansk skorbjuggsort 
Cochlearia officinalis - skorbjuggsort 
Consolida regalis - riddarsporre 
Convallaria majalis - liljekonvalj 
Cornus sanguinea - skogskornell 
Cornus suecica - honsbar 
Corydalis cava - halnunneort 
Corylus avellana - hassel 
Corynephorus canescens - borsttatel 
Cotoneaster - oxbiir 
Cram be maritima - strandkat 
Crassula aquatica - fyrling 
Crataegus - hagtorn 
Crepis paludosa - kiirrfibbla 
Crepis praemorsa - klasefibbla 
Crepis tectorum - klofibbla 
Crepis tectorurn ssp. pumila - alvarfibbla 
Cuscuta epilinum - linsnarja 
Cuscuta europaea - niisselsnarja 
Cynosurus cristatus - kamiixing 
Cypripedium calceolus - guckusko 
Cystopteris montana - finbraken 
Dactylis glomerata - hundiixing 
Dactylorhiza incarnata ssp. incarnata -

angsnycklar 
Dactylorhiza maculata ssp. fuchsii -

skogsnycklar 
Dactylorhiza maculata ssp. maculata -

Jungfru Marie nycklar 
Danthonia decumbens - knagras 
Daphne mezereum - tibast 
Dasiphora fruticosa. See Potentilla fruti-

cosa - tok 
Daucus carota - vildmorot 
Deschampsia alpina - fjillltatel 
Deschampsia bottnica - gultatel 
Deschampsia cespitosa - tuvtatel 
Deschampsia flexuosa - krustatel 
Dianthus arenarius - sandnejlika 
Dianthus superbus - praktnejlika 
Diapensia lapponica - fjallgrona 
Draba cacuminum - smaldraba 
Draba incana - gradraba 
Dracocephalumruyschiana - drakblomma 
Drosera anglica - storsileshar 
Drosera intermedia - smasileshar 
Drosera rotundifolia - rundsileshil.r 
Dryas octopetala - fjiillsippa 
Dryopteris carthusiana - skogsbraken 
Dryopteris expansa - nordbraken 
Dryopteris filix-mas - trajon 
Echium vulgare - bJaeld 
Elatine orthosperma - nordslamkrypa 
Elatine triandra - tretalig slamkrypa 
Eleocharis acicularis - nalsiiv 
Eleocharis palustris - knappsiiv 
Eleocharis parvula - dvargsav 
Eleocharis quinqueflora - tagelsav 
Eleocharis uniglumis - agnsiiv 
Eleocharis uniglumis ssp. sterneri -

alvaragnsav 
Eleocharis uniglumis var. fennica -

bottnisk agnsav 
Elodea canadensis - vattenpest 

Acta Phytogeogr. Suec. 84 



220 Vascular plants: Latin - Swedish 

Elodea nuttallii - smal vattenpest 
Elymus caninus - lundelm 
Elytrigia juncea - strandkvickrot 
Elytrigia repens - kvickrot 
Empetrum nigrum ssp. hermaphroditum 

- nordkrak:bii.r 
Empetrum nigrum ssp. nigrum - krakbii.r 
Ephedra distachya - efedra 
Epilobium angustifolium - mjolke 
Epi!obium hirsutum - rosendunort 
Epilobium parviflorum - luddunort 
Epipactis atrorubens - purpurknipprot 
Epipactis helleborine - skogsknipprot 
Epipactis palustris - kii.rrknipprot 
Equisetum fluviatile - sjofriiken 
Equisetum hyemale - skavfriiken 
Equisetum pratense - angsfriiken 
Equisetum sylvaticum - skogsfraken 
Equisetum telmateia - jiittefriiken 
Equisetum variegatum - smalfriiken 
Erica tetralix - klockljung 
Erigeron borealis - rosenbinka 
Eriophorum angustifolium - ii.ngsull 
Eriophorum latifolium - grasull 
Eriophorum russeolum - rostull 
Eriophorum scheuchzeri - polarull 
Eriophorum vaginatum - tuvull 
Erodium cicutarium - skatnava 
Erophila verna - nage!Ort 
Eryngium maritimum - martorn 
Euonymus europaeus - benved 
Euphorbia helioscopia - revormstOrel 
Euphorbia palustris - kii.rrtorel 
Euphrasia bottnica - strandogontrost 
Euphrasia frigida var. frigida - fjiillogon-

trost 
Euphrasia rostkoviana - stor ogontrost 
Euphrasia salisburgensis - lappogontrost 
Fagus sylvatica - bok 
Festuca altissima - skogssvingel 
Festuca arundinacea - rorsvingel 
Festuca ovina - farsvingel 
Festuca polesica - sandsvingel 
Festuca pratensis - ii.ngssvingel 
Festuca rubra - rOdsvingel 
Festuca rubra ssp. oelandica - bagsvingel 
Festuca vivipara - groddsvingel 
Filago minima. See Logfia minima -

spenslig ullort 
Filipendula ulmaria - alggras 
Filipendula vulgaris - brudbrOd 
Fragaria vesca - smultron 
Fragaria viridis - backsmultron 
Frangula alnus - brakved 
Fraxinus excelsior - ask 
Fumana procumbens - gotlandssolvii.nda 
Galeopsis bifida - toppdlin 
Galeopsis tetrahit - pipdlin 
Galium aparine - snarjmara 
Galium boreale - vitrnara 
Galium odoratum - myskmadra 
Galium oelandicum - Olandsmara 
Galium palustre - vattenmara 
Galium saxatile - stenmara 
Galium verum - gulmara 
Genista - ginst 
Gentiana nivalis - fjiillgentiana 
Gentianella tenella - lappgentiana 
Gentianella uliginosa - sumpgentiana 
Geranium bohemicum - svedjeniiva 
Geranium lanuginosum - brandnava 
Geranium sanguineum - blodniiva 
Geranium sylvaticum - midsommar-

blomster 
Geum rivale - humleblomster 
Geum urbanum - nejlikrot 
Glaux maritima - strandkrypa 
Globularia vulgaris - bergskrabba 
Glyceria fluitans - mannagriis 
Glyceria maxima - jattegroe 
Gnaphalium norvegicum - norsknoppa 
Gnaphalium supinum - fjallnoppa 
Gyrnnadenia odoratissima - luktsporre 
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Gymnocarpium dryopteris - ekbriiken 
Gypsophila fastigiata - sa port 
Hedera helix - murgrona 
Helianthemum nummularium - solvii.nda 
Helianthemum oelandicum var. cane-

scens - filthlirig Olandssolviinda 
Helianthemum oelandicum var. oelan

dicum - Olandssolviinda 
Helichrysum arenarium - hedblomster 
Helictotrichon. See A venula - luddhavre, 

ii.ngshavre 
Hieracium sect. Alpina - fjallfibblor 
Hieracium sect. Hieracium - skogs-

fibblor 
Hieracium sect. Vulgata - hagfibblor 
Hieracium umbellatum - flockfibbla 
Hierochloe alpina - fjiillmyskgriis 
Hierochloe odorata - myskgriis 
Hierochloe odorata ssp. baltica - strand-

myskgras 
Hippocrepis emerus - gulkronill 
Hippophae rhamnoides - havtorn 
Hippuris tetraphylla - ishavshastsvans 
Hippuris vulgaris - hastsvans 
Honckenya peploides - saltarv 
Hordelymus europaeus - skogskom 
Hordeum secalinum - angskom 
Homungia petraea - stenkrassing 
Huperzia selago - lopplummer 
Hydrocharis morsus-ranae - dyblad 
Hypericum - johannesort 
Hypericum tetrapterum - kiirrjohannes-

ort 
Hypochoeris maculata - slatterfibbla 
Hypochoeris radicata - rotfibbla 
Ilex aquifolium - jlimek 
Impatiens noli-tangere - springkom 
Inula ensifolia - svii.rdkrissla 
Inula salicina - kri ss! a 
Iris pseudacorus - svii.rdslilja 
Isatis tinctoria - vejde 
Isoetes echinospora - vekt braxengras 
Isoetes lacustris - styvt braxengras 
Isolepis setacea - borstsav 
Jasione montana - blamunkar 
Juncus articulatus - ryltag 
Juncus articulatus var. hylandri - stortag 
Juncus biglumis - polartag 
Juncus bufonius - viigmg 
Juncus bulbosus - !Okmg 
Juncus castaneus - bruntag 
Juncus conglomeratus - knapptag 
Juncus effusus - veketag 
Juncus gerardii - saltmg 
Juncus inflexus - blamg 
Juncus maritimus - strandmg 
Juncus squarrosus - borsttag 
Juncus stygius - dymg 
Juncus subnodulosus - trubbmg 
Juncus trifidus - klynnemg 
Juncus triglumis - lapptag 
Juniperus communis - en 
Kobresia myosuroides - enaxig siivstarr 
Koeleria glauca - tofsiixing 
Koenigia islandica - dvii.rgsyra 
Lamiastrum galeobdolon - gulplister 
Lamium album - vitplister 
Larnium amplexicaule - mjukplister 
Lamium purpureum - rodplister 
Larix - lark 
Laserpitium latifolium - spentirt 
Lathraea squamaria - vatteros 
Lathyrus japonicus - strandvial 
Lathyrus japonicus ssp. japonicus -

arktisk strandvial 
Lathyrus linifolius - gokiirt 
Lathyrus sylvestris - backvial 
Lathyrus vemus - varlirt 
Ledum palustre. See Rhododendron 

tomentosum - skvattram 
Lemna minor - andmat 
Lemna trisulca - korsandmat 
Leontodon autumnalis - hostfibbla 

Leonurus cardiaca - hjiirtstilla 
Lepidium latifolium - bitterkrassing 
Leucanthemum vulgare - prastkrage 
Leymus arenarius - strandrag 
Ligusticum scothicum - strandloka 
Ligustrum vulgare - liguster 
Lilium martagon - krollilja 
Limonium hurnile - bohusmarrisp 
Limonium vulgare - marrisp 
Limosella aquatica - iivjebrodd 
Linnea borealis - linnea 
Linosyris vulgaris - gullborste 
Linum catharticum - vildlin 
Linum usitatissimum - lin 
Liparis loeselii - gulyxne 
Listera cordata - spindelblomster 
Listera ovata - tvablad 
Lithospermum officinale - stenfro 
Littorella uniflora. See Plantago uniflora 

- strandpryl 
Lobelia dortmanna - notblomster 
Logfia minima - spenslig ullort 
Loiseleuria procumbens - krypljung 
Lolium perenne - engelskt raj gras 
Lolium remotum - linrepe 
Lonicera periclymenum - vildkaprifol 
Lonicera xylosteum - skogstry 
Lotus tenuis - smal kiiringtand 
Lunaria rediviva - mfuwiol 
Luzula arcuata - bagfryle 
Luzula campestris - knippfryle 
Luzula pilosa - vArfryle 
Luzula spicata - axfryle 
Luzula wahlenbergii - fjallfryle 
Lychnis alpina - fjiillnejlika 
Lychnis alpina var. oelandica - tilii.ndsk 

fjiillnejlika 
Lychnis alpina var. serpentinicola -

spenslig fjiillnejlika 
Lychnis viscaria - tjii.rblomster 
Lycopodium alpinum - fjallummer 
Lycopodium annotinum - revlummer 
Lycopodium complanatum - plattlummer 
Lycopus europaeus - strandklo 
Lysimachia thyrsiflora - topp!Osa 
Lysimachia vulgaris - strandlysing 
Lythrum salicaria - fackelblomster 
Maianthemum bifolium - ekorrbii.r 
Malus sylvestris - vildapel 
Malva neglecta - skii.r kattost 
Marrubium vulgare - kransborre 
Matricaria perforatum. See Tripleuro-

spermum perforatum - baldersbra 
Matteuccia struthiopteris - strutbriiken 
Medicago lupulina - humlelusem 
Medicago minima - sandlusem 
Medicago sativa ssp. falcata - gullusem 
Melampyrum nemorosum - natt och dag 
Melampyrum pratense - iingskovall 
Melampyrum sylvaticum - skogskovall 
Melica ciliata - grusslok 
Melica nutans - bergslok 
Melica uniflora - lundslok 
Melilotus dentatus - strandsotvappling 
Mentha aquatica - vattenmynta 
Mentha arvensis - ak:ermynta 
Menyanthes trifoliata - vattenklover 
Mercurialis perennis - skogsbingel 
Mertensia maritima - ostronort 
Milium effusum - hasslebrodd 
Minuartia viscosa - sandnorel 
Moehringia lateriflora - ryssnarv 
Moehringia trinervia - skogsnarv 
Molinia caerulea - blatatel 
Moneses uniflora - ogonpyrola 
Monotropa hypopitys ssp. hypophegea 

- kat tallort 
Mycelis muralis - skogssallat 
Myosotis decumbens - fjiillforgiitmigej 
Myosotis laxassp. baltica - strandforgat-

migej 
Myosotis scorpioides var. praecox -

praktforgiitmigej 

Myrica gale - pors 
Myriophyllum alterniflorum - harslinga 
Myriophyllum sibiricum - knoppslinga 
Myriophyllum spicatum - axslinga 
Myriophyllum verticillatum - krans-

slinga 
Najas flexilis - sjonajas 
Najas marina - havsnajas 
Nardus stricta - stagg 
Narthecium ossifragum - myrlilja 
Neottia nidus-avis - nastrot 
Nepeta cataria - kattmynta 
N eslia paniculata - komdadra 
N onea versicolor - nonnea 
Nuphar lutea - gul niickros 
Nuphar pumila - dvii.rgnackros 
Nymphaea alba - vit niickros 
Nymphoides peltata - sjogull 
Oenanthe aquatica - vattenstlikra 
Oenanthe lachenalii - smalstiikra 
Onopordum acanthium - ulltistel 
Ophioglossum vulgatum - ormtunga 
Ophrys insectifera - flugblomster 
Orchis mascula - Sankt Pers nycklar 
Orchis palustris - kiirrnycklar 
Oreopteris limbosperma - bergbriiken 
Origanum vulgare - kungsmynta 
Orobanche alba - timjansnyltrot 
Orthila secunda - bjorkpyrola 
Osmunda regalis - safsa 
Oxalis acetosella - harsyra 
Oxyria digyna - fjiillsyra 
Oxytropis campestris - faltvedel 
Oxytropis Japponica - lappvedel 
Papaver laestadianum - laestadiusvallmo 
Papaver radicatum - fjiillvallmo 
Papaver rhoeas - komvallmo 
Paris quadrifolia - ormbiir 
Pamassia palustris - slatterblomma 
Pedicularis flammea - brandspira 
Pedicularis hirsuta - fjallspira 
Pedicularis lapponica - lappspira 
Pedicularis oederi - gullspira 
Pedicularis sceptrum-carolinum - kung 

Karls spira 
Persicaria amphibia - vattenpilort 
Persicaria foliosa - iivjepilort 
Petasites albus - vitskrap 
Petasites frigidus - fjiillskrap 
Petasites hybridus - pestskrap 
Petasites spurius - spjutskrap 
Petrorhagia prolifera - hylsnejlika 
Peucedanum palustre - kiirrsilja 
Phalaris arundinacea - rtirflen 
Phegopteris connectilis - hultbriiken 
Phippsia algida - snogras 
Phleum alpinum - fjiilltimotej 
Phleum arenarium - sandtimotej 
Phleum phleoides - flentimotej 
Phleum pratense - timotej 
Phragmites australis - vass 
Phyllodoce caerulea - lappljung 
Picea abies - gran 
Pilosella officinarum - grafibbla 
Pimpinella saxifraga - bockrot 
Pinguicula alpina - fjalltatort 
Pinguicula villosa - dvii.rgtlitort 
Pinguicula vulgaris - tlitort 
Pinus contorta - contortatall 
Pinus sylvestris - tall 
Plantago coronopus - strandkiimpar 
Plantago lanceolata - svartkiimpar 
Plantago major - groblad 
Plantago maritima - gulkiimpar 
Plantago media - rodkiimpar 
Plantago tenuiflora - dvii.rgkiimpar 
Plantago uniflora - strandpryl 
Platanthera chlorantha - gronvit nattviol 
Poa alpina - fjiillgroe 
Poa annua - vitgrtie 
Poa compressa - berggroe 
Poa glauca - blagroe 
Poa laxa ssp. flexuosa - vekgroe 



Poa nemoralis - lundgroe 
Poa pratensis - angsgroe 
Poa pratensis ssp. alpigena - nordgroe 
Poa pratensis ssp. angustifolia- smalgroe 
Poa pratensis ssp. irrigata - smagroe 
Polemonium acutiflorum - lappblagull 
Polygala comosa - toppjungfrulin 
Polygonatum multiflorum - storrams 
Polygonatum odoratum - getrams 
Polygonatum verticillatum - kransrams 
Polygonum amphibium. See Persicaria 

amphibia - vattenpi!Ort 
Polygonum aviculare - tramport 
Polygonum oxyspermum - nabbtramport 
Polypodium vulgare - stensota 
Polystichum lonchitis - taggbriiken 
Populus tremula - asp 
Potamogeton alpinus - rostnate 
Potamogeton berchtoldii - gropnate 
Potamogeton crispus - krusnate 
Potamogeton filiformis - tradnate 
Potamogeton friesii - uddnate 
Potamogeton gramineus - grasnate 
Potamogeton lucens - grovnate 
Potamogeton natans - gaddnate 
Potamogeton obtusifolius - trubbnate 
Potamogeton pectinatus - borstnate 
Potamogeton perfoliatus - il.lnate 
Potamogeton praelongus - langnate 
Potamogeton vaginatus - slidnate 
Potentilla anserina - gasort 
Potentilla anserina ssp. egedii - gron-

Jandsgasort 
Potentilla argentea - femfingerort 
Potentilla crantzii - vfufingerort 
Potentilla erecta - blodrot 
Potentilla fruticosa - tok 
Potentilla nivea - lappfingerort 
Potentilla palustris - kratddover 
Potentilla reptans - revfingerort 
Potentilla tabemaemontani - smafinger-

Ort 
Primula elatior - lundviva 
Primula farinosa - majviva 
Primula nutans ssp. finmarchica - finn

marksviva 
Primula scandinavica - fjhllviva 
Primula sibirica. See Primula nu tans ssp. 

finmarchica - finnmarksviva 
Primula stricta - smalviva 
Primula veris - gullviva 
Prunella grandiflora - praktbrunort 
Prunella vulgaris - brunort 
Prunus avium - sotkorsbar 
Prunus padus - hagg 
Prunus padus ssp. borealis - nordhagg 
Prunus spinosa - slan 
Pteridium aquilinum - ombriiken 
Puccinellia capillaris - saltgras 
Puccinellia maritima - revigt saltgras 
Puccinellia phryganodes - arktiskt salt-

gras 
Puiicaria dysenterica - strandlopport 
Pulmonaria angustifolia - smalbladig 

lungort 
Pulmonaria obscura - lungort 
Pulmonaria officinalis - flacklung6rt 
Pyrola chlorantha - gronpyrola 
Pyrola media - klockpyrola 
Pyrola minor - klotpyrola 
Pyrola rotundifolia - vitpyrola 
Quercus petraea - bergek 
Quercus robur - ek 
Ranunculus acris - smorblomma 
Ranunculus aquatilis - vattenmoja 
Ranunculus auricomus - majsmorblomma 
Ranunculus cassubicus - lundsmor-

blomma 
Ranunculus circinatus - hjulmoja 
Ranunculus ficaria - svalort 
Ranunculus glacialis - isranunkel 
Ranunculus illyricus - ullranunkel 
Ranunculus lapponicus - lappranunkel 

Ranunculus lingua - sjoranunkel 
Ranunculus nivalis - fjallsmorblomma 
Ranunculus peltatus - skoldmoja 
Ranunculus peltatus ssp. baudotii -

vitstjalksmoja 
Ranunculus polyanthemos - backsmor-

blomma 
Ranunculus pygmaeus - dvargranunkel 
Ranunculus repens - revsmorblomma 
Ranunculus reptans - strandranunkel 
Rhamnus catharticus - getapel 
Rhinanthus minor - angsskallra 
Rhodiola rosea - rosenrot 
Rhododendron lapponicum - lapsk alp-

ros 
Rhododendron tomentosum - skvattram 
Rhynchospora alba - vitag 
Ribes alpinum - mabar 
Ribes spicatum - skogsvinbar 
Rorippa palustris - sumpfrane 
Rosa majalis - kanelros 
Rosa rugosa - vresros 
Rubus caesius - blahallon 
Rubus chamaemorus - hjortron 
Rubus idaeus - hallon 
Rubus saxatilis - stenbar 
Rubus sect. Rubus - bjornbii.r 
Rumex acetosa - angssyra 
Rumex acetosella - bergsyra 
Rumex acetosella ssp. tenuifolius - rod-

syra 
Rumex hydrolapathum - vattenskrappa 
Rumex maritimus - strandskrappa 
Rumex pseudonatronatus - finnskrappa 
Ruppia cirrhosa - skruvnating 
Ruppia maritima - harnating 
Sagina maritima - strandnarv 
Sagina nodosa - knutnarv 
Sagittaria sagittifolia - pilblad 
Salicomia europaea - glasort 
Salix aurita - bindvide 
Salix caprea - salg 
Salix caprea ssp. sphacelata - grasalg 
Salix caprea var. coaetanea. See Salix 

caprea spp. sphacelata - grasalg 
Salix cinerea - gravide 
Salix glauca - ripvide 
Salix hastata - fjallblekvide 
Salix herbacea - dvii.rgvide 
Salix lanata - ullvide 
Salix lapponum - lappvide 
Salix myrsinifolia - svartvide 
Salix myrsinites - glansvide 
Salix pentandra - jolster 
Salix phylicifolia - gronvide 
Salix polaris - polarvide 
Salix repens - krypvide 
Salix reticulata - natvide 
Salix triandra - mandelpil 
Salsola kali - sodaort 
Samolus valerandi - bunge 
Sanguisorba officinalis - blodtopp 
Sanicula europaea - sarliika 
Satureja acinos - harmynta 
Saussurea alpina - fjallskara 
Saxifraga aizoides - gullbracka 
Saxifraga cernua - knoppbracka 
Saxifraga foliolosa - groddbracka 
Saxifraga hirculus - myrbracka 
Saxifraga oppositifolia - purpurbracka 
Saxifraga rivularis - snobracka 
Saxifraga stellaris - stjarnbracka 
Saxifraga tenuis - spadbracka 
Saxifraga tridactylites - grusbracka 
Scabiosa columbaria - faltvadd 
Scandix pecten-veneris - nalkorvel 
Scheuchzeria palustris - kallgras 
Schoenoplectus lacustris - sav 
Schoenoplectus maritimus - havssav 
Schoenoplectus tabemaemontani - blasav 
Schoenus ferrugineus - axag 
Schoenus nigricans - knappag 
Scirpus cespitosus. See Trichophorum 

Vascular plants: Latin - Swedish 221 

cespitosum - tuvsav 
Scirpus hudsonianus. See Trichophorum 

alpinum - snip 
Scirpus lacustris. See Schoenoplectus 

Jacustris - sa V 
Scleranthus perennis - vitknavel 
Scorzonera humilis - svinrot 
Scrophularia nodosa - flenort 
Scrophularia vemalis - viirflenort 
Scutellaria galericulata - frossort 
Scutellaria hastifolia - toppfrossort 
Secale cereale - rag 
Sedum acre - gul fetknopp 
Sedum album - vit fetknopp 
Sedum annuum - liten fetknopp 
Sedum rupestre - stor fetknopp 
Sedum telephium - karleksort 
Selaginella selaginoides - dvarglummer 
Selinum carvifolia - krusfro 
Senecio integrifolius. See Tephroseris 

integrifolia ssp. integrifolia- faltnocka 
Senecio jacobaea ssp. gotlandicus - al-

varstands 
Senecio sylvaticus - bergkorsort 
Senecio vemalis - viirkorsort 
Seriphidium maritimum ssp. humifusum 

- baltisk ma!Ort 
Seriphidium maritimum ssp. mariti mum 

- strandma!Ort 
Serratula tinctoria - angsskara 
Seseli libanotis - safferot 
Sesleria caerulea - alvaxing 
Sibbaldia procumbens - dviirgfingerort 
Silene acaulis - fjallglim 
Silene dioica - rodblara 
Silene nutans - backglim 
Silene rupestris - bergglim 
Silene uniflora - strandglim 
Silene uniflora ssp. petraea - alvarglim 
Silene viscosa - klibbglim 
Silene vulgaris - smallglim 
Silene wahlbergella - fjallblara 
Sisymbrium supinum - kalkkrassing 
Sium latifolium - vattenmarke 
Solanum dulcamara - besksota 
Solidago virgaurea - gullris 
Sonchus arvensis - akermolke 
Sonchus palustris - strandmolke 
Sorbus aucuparia - ronn 
Sorbus aucuparia ssp. glabrata - nord

ronn 
Sorbus intermedia - oxel 
Sparganium angustifolium - plattbladig 

igelknopp 
Sparganium emersum - igelknopp 
Sparganium erectum - storigelknopp 
Sparganium gramineum - flotagras 
Spergula arvensis - akerspargel 
Spergula morisonii - viirspargel 
Spergularia marina - saltnarv 
Spergularia media - havsnarv 
Spirodela polyrhiza - stor andmat 
Stachys sylvatica - stinksyska 
Stellaria graminea - grasstjarnblomma 
Stellaria holostea - buskstjamblomma 
Stellaria humifusa - ishavsstjamblomma 
Stellaria media - vatarv 
Stellaria neglecta - bokarv 
Stellaria nemorum - lundarv 
Stellaria nemorum ssp. montana - syd

Iundarv 
Stellaria nemorum ssp. nemorum - nord-

lundarv 
Stipa pennata - fjadergras 
Stratiotes aloides - vattenaloe 
Suaeda maritima - sal tOrt 
Subularia aquatica - syl6rt 
Taraxacum - maskros 
Taraxacum crocodes -jamtlandsmaskros 
Taraxacum sect. Ruderalia - ograsmask-

ros 
Taxus baccata - idegran 
Teesdalia nudicaulis - sandkrassing 

Tephroseris integrifolia ssp. integrifolia 
- faltnocka 

Tetragonolobus maritimus - kloverart 
Teucrium scordium - !Okgamander 
Thalictrum alpinum - fjallruta 
Thalictrum aquilegiifolium - aklejruta 
Thalictrum flavum - angsruta 
Thalictrum simplex ssp. boreale - nord-

ruta 
Thymus serpyllum - backtimjan 
Tilia cordata - lind 
Tofieldia calyculata - karrlilja 
Tofieldia pusilla - bjornbrodd 
Tragopogon crocifolius - gotlandsk 

haverrot 
Trapa natans - sjonot 
Trichophorum alpinum - snip 
Trichophorum cespitosum - tuvsav 
Trientalis europaea - skogsstjama 
Trifolium arvense - harklover 
Trifolium fragiferum - smultronklover 
Trifolium medium - skogsklOver 
Trifolium micranthum - spadklover 
Trifolium pratense - rodklover 
Trifolium repens - vitklover 
Triglochin maritimum - havssalting 
Triglochin palustre - karrsalting 
Tripleurospermum maritimum - kust-

baldersbra 
Tripleurospennum perforatum - balders-

bra 
Tripolium vulgare - strandaster 
Trollius europaeus - smorbollar 
Tussilago farfara - hasthov 
Typha angustifolia - smalkaveldun 
Typha latifolia - bredkaveldun 
Ulmus glabra - aim 
Ulmus minor - lundalm 
Urtica dioica - brannassla 
Utricularia intermedia - dybladdra 
Utricularia minor - dvargbladdra 
Utricularia vulgaris - vattenbladdra 
Vaccinium microcarpum - dvargtranbii.r 
Vaccinium myrtillus - blabar 
Vaccinium oxycoccos - tranbar 
Vaccinium uliginosum - odon 
Vacciniurn vitis-idaea - lingon 
Valeriana dioica - smavanderot 
Valeriana sambucifolia - flactervanderot 
Valeriana sambucifolia ssp. salina -

strandvanderot 
Valeriana sambucifolia ssp. sambuci-

folia - akta fladervanderot 
Veronica agrestis - akerveronika 
Veronica alpina - fjallveronika 
Veronica chamaedrys - teveronika 
Veronica hederifolia- murgronsveronika 
Veronica longifolia - strandveronika 
Veronica montana - skogsveronika 
Veronica officinalis - arenpris 
Veronica praecox - alvarveronika 
Veronica spicata - axveronika 
Viburnum opulus - olvon 
Vicia cracca - krakvicker 
Vicia sepium - hackvicker 
Vincetoxicum hirundinaria - tulkort 
Viola biflora - fjallviol 
Viola hirta - buskviol 
Viola mirabilis - underviol 
Viola palustris - karrviol 
Viola pumila - dvargviol 
Viola reichenbachiana - lundviol 
Viola riviniana - skogsviol 
Viola tricolor - styvmorsviol 
Viscum album - mistel 
Woodsia alpina - fjallhallebraken 
Woodsia ilvensis - hallebraken 
Zannichellia palustris - sarv 
Zostera marina - bandtang 
Zostera noltii - dvargbandtang 
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ag - Claclium mariscus 
agnsav - Eleocharis uniglumis 
aklejruta - Thalictrum aquilegiifolium 
aim - Ulmus glabra 
alvaragnsav - Eleocharis uniglumis ssp. 

stemeri 
alvararv - Cerastium pumilum 
alvarfibbla- Crepis tectorum ssp. pumila 
alvarglim - Silene uniflora ssp. petraea 
alvargraslOk - Allium schoenoprasum 

var. alvarense 
alvarkosa - Apera interrupta 
alvarmali:irt - Artemisia oelandica 
alvarstands - Senecio jacobaea ssp. got-

landicus 
alvarveronika - Veronica praecox 
andmat - Lemna minor 
arktisk strand vial - Lathyrus japonicus 

ssp. japonicus 
arktiskt saltgras - Puccinellia phryga-

nodes 
ask - Fraxinus excelsior 
asp - Populus tremula 
avenbok - Carpinus betulus 
axag - Schoenus ferrugineus 
axfryle - Luzula spicata 
axslinga - Myriophyllum spicatum 
axveronika - Veronica spicata 
backglim - Silene nutans 
backsippa - Anemone pulsatilla 
backskafting - Brachypodium pinnatum 
backsmultron - Fragaria viridis 
backsmi:irblomma - Ranunculus poly-

anthemos 
backtimjan - Thymus serpyllum 
backvial - Lathyrus sylvestris 
baldersbn'i - Tripleurospermum perfora-

tum 
baltisk mali:irt - Seriphidium maritimum 

ssp. humifusum 
bandt{mg - Zostera marina 
benved - Euonymus europaeus 
berberis - Berberis vulgaris 
bergbraken - Oreopteris limbosperma 
bergek - Quercus petraea 
bergglim - Silene rupestris 
berggroe - Poa compressa 
bergkorsi:irt - Senecio sylvaticus 
bergskrabba - Globularia vulgaris 
bergslok - Melica nutans 
bergsyra - Rumex acetosella 
bergven - Agrostis vinealis 
besksOta - Solanum dulcamara 
bindvide - Salix aurita 
bitterkrassing - Lepiclium latifolium 
bjorkpyrola - Orthila secunda 
bjombrodd - Tofieldia pusilla 
bjombar - Rubus sect. Rubus 
blodnava - Geranium sanguineum 
blodrot - Potentilla erecta 
blodtopp - Sanguisorba officinalis 
blomvass - Butomus umbellatus 
blabar - Vaccinium myrtillus 
blaeld - Echium vulgare 
blagroe - Poa glauca 
blahallon - Rubus caesius 
blftklint - Centaurea cyanus 
blamunkar - Jasione montana 
blasippa - Anemone hepatica 
blasstarr - Carex vesicaria 
blftsuga - A juga pyramidalis 
blasav - Schoenoplectus tabemaemon-

tani 
blatag - Juncus inflexus 
blatatel - Molinia caerulea 
bockrot - Pimpinella saxifraga 
bohusmarrisp - Limonium humile 
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bok - Fagus sylvatica 
bokarv - Stellaria neglecta 
borstnate - Potamogeton pectinatus 
borststarr - Carex microglochin 
borstsav - Isolepis setacea 
borsttistel - Cirsium helenioides 
borsttag - Juncus squarrosus 
borsttatel - Corynephorus canescens 
bottnisk agnsav - Eleocharis uniglumis 

var. fennica 
bottnisk malort - Artemisia campestris 

ssp. bottnica 
brakved - Frangula alnus 
brandnava - Geranium lanuginosum 
brandspira - Pedicularis flammea 
bredkaveldun - Typha latifolia 
broskmalla - Atriplex glabriuscula 
brudbrod - Filipendula vulgaris 
brunri:ir - Calamagrostis purpurea 
brunstarr - Carex acutiformis 
bruntag - Juncus castaneus 
brunven - Agrostis canina 
brunort - Prunella vulgaris 
bradmilla - Atriplex longipes ssp. prae-

cox 
branniissla - Urtica dioica 
bunge - Samolus valerandi 
bunkestarr - Carex elata 
buskstjiirnblomma - Stellaria holostea 
buskviol - Viola hirta 
bagfryle - Luzula arcuata 
bagstarr - Carex maritima 
bagsvingel - Festuca rubra ssp. oelandica 
biickbriisma - Cardamine amara 
contortatall - Pinus contorta 
daggkapa - Alchemilla vulgaris 
dansk skorbjuggsi:irt - Cochlearia danica 
darrgriis - Briza media 
desmeknopp - Adoxa moschatellina 
drakblomma- Dracocephalumruyschiana 
druvmilla -Chenopodium chenopodioides 
dvargarun - Centaurium pulchellum 
dvargbandtang - Zostera noltii 
dvargbji:irk - Betula nana 
dvargbladdra - Utricularia minor 
dvargfingeri:irt - Sibbaldia procumbens 
dvarghiixi:irt - Circaea alpina 
dvargkiimpar - Plantago tenuiflora 
dvarglummer - Selaginella selaginoides 
dvargnackros - Nuphar pumila 
dvargranunkel - Ranunculus pygmaeus 
dvargsyra - Koenigia islandica 
dvargsiiv - Eleocharis parvula 
dvargtranbar- Vaccinium microcarpum 
dvargtiitort - Pinguicula villosa 
dvargvide - Salix herbacea 
dvargviol - Viola pumila 
dvargyxne - Chamorchis alpina 
dyblad - Hydrocharis morsus-ranae 
dybladdra - Utricularia intermedia 
dystarr - Carex limosa 
dytiig - Juncus stygius 
efedra - Ephedra distachya 
ek - Quercus robur 
ekbriiken - Gyrnnocarpium dryopteris 
ekorrbar - Maianthemum bifolium 
en - Juniperus communis 
enaxig savstarr - Kobresia myosuroides 
engelskt raj gras - Lolium perenne 
fackelblomster - Lythrum salicaria 
femfingerort - Potentilla argentea 
filthang olandssolvanda - Helianthemum 

oelandicum var. canescens 
finbraken - Cystopteris montana 
finnmarksviva - Primula nutans ssp. 

finmarchica 
finnmyrten - Chamaedaphne calyculata 

finnskrappa - Rumex pseudonatronatus 
fjadergras - Stipa pennata 
fjallarnika - Arnica angustifolia 
fjallarv - Cerastium alpinum 
fjallbjork - Betula pubescens ssp. czere-

panovii 
fjallblekvide - Salix hastata 
fjiillblara - Silene wahlbergella 
fjiillbraken - Athyrium distentifolium 
fjiillbrasma - Cardamine bellidifolia 
fjiillfibblor - Hieracium sect. Alpina 
fjallfryle - Luzula wahlenbergii 
fjiillforgatrnigej - Myosotis decumbens 
fjiillgentiana - Gentiana nivalis 
fjiillglim - Silene acaulis 
fjallgri:ie - Poa alpina 
fjallgrona - Diapensia lapponica 
fjaUhiillebraken - Woodsia alpina 
fjallklocka - Campanula uniflora 
fjallkvanne - Angelica archangelica ssp. 

archangelica 
fjallmyskgras - Hierochloe alpina 
fjallnejlika - Lychnis alpina 
fjallnoppa - Gnaphalium supinum 
fjallruta - Thalictrum alpinum 
fjallsippa - Dry as octopetala 
fjallskrap - Petasites frigidus 
fjallskara - Saussurea alpina 
fjallsmorblomma - Ranunculus nivalis 
fjaUspira - Pedicularis hirsuta 
fjallsyra - Oxyria digyna 
fjalltimotej - Phleum alpinum 
fjalltrav - Arabis alpina 
fjalltatel - Deschampsia alpina 
fjalltat6rt - Pinguicula alpina 
fjiillurnmer - Lycopodium alpinum 
fjallvallmo - Papaver radicatum 
fjallvedel - Astragalus alpinus 
fjallveronika - Veronica alpina 
fjiillviol - Viola biflora 
fjiillviva - Primula scandinavica 
fjallvarbrodd - Anthoxanthum alpinum 
fjiilli:igontrost - Euphrasia frigida var. 

frigida 
flaskstarr - Carex rostrata 
flentimotej - Phleum phleoides 
flenort - Scrophularia nodosa 
flikrnalla - Atriplex hastata 
flockfibbla - Hieracium umbellatum 
flocksvalting - Baldellia ranunculoides 
flotagras - Sparganium grarnineum 
flugblomster - Ophrys insectifera 
flacklungort - Pulmonaria officinalis 
fladervanderot - Valeriana sambucifolia 
frossort - Scutellaria galericulata 
fyrling - Crassula aquatica 
farsvingel - Festuca ovina 
faltmalOrt - Artemisia campestris 
faltnocka - Tephroseris integrifolia ssp. 

integrifolia 
faltsippa - Anemone pratensis 
faltvedel - Oxytropis campestris 
faltvadd - Scabiosa columbaria 
fargkulla - Anthemis tinctoria 
fargmara - Asperula tinctoria 
gaffelbriiken - Asplenium septentrionale 
getapel - Rhamnus catharticus 
getrams - Polygonatum odoratum 
getviippling - Anthyllis vulneraria 
ginst - Genista 
glansstarr - Carex saxatilis 
glansvide - Salix myrsinites 
glasbji:irk - Betula pubescens 
glasi:irt - Salicomia europaea 
glesstarr - Carex distans 
gotlandssippa - Anemone pulsatilla ssp. 

gotlandicus 

gotlandssolvanda - Fumana procumbens 
gotlandsk haverrot - Tragopogon croci-

folius 
gran - Picea abies 
grenri:ir - Calamagrostis canescens 
groblad - Plantago major 
groddbracka - Saxifraga foliolosa 
groddsvingel - Festuca vivipara 
gropnate - Potamogeton berchtoldii 
grovnate - Potamogeton lucens 
grusbriicka - Saxifraga tridactylites 
grusslok - Melica ciliata 
graal - Alnus incana 
grabo - Artemisia vulgaris 
gradraba - Draba incana 
griifibbla - Pilosella officinarum 
grastarr - Carex canescens 
grasiilg - Salix caprea ssp. sphacelata 
gravide - Salix cinerea 
grasli:ik - Allium schoenoprasum 
grasnate - Potamogeton grarnineus 
grasstjiirnblomma - Stellaria graminea 
grlisull - Eriophorum latifolium 
gri:inbraken - Asplenium vi ride 
gri:inlandsgasi:irt - Potentilla anserina ssp. 

egedii 
gronpyrola - Pyrola chlorantha 
gri:invide - Salix phylicifolia 
gronvit nattviol - Platanthera chlorantha 
guckusko - Cypripedium calceolus 
gul fetknopp - Sedum acre 
gulkavle - Alopecurus aequalis 
gulkronill - Hippocrepis emerus 
gulkampar - Plantago maritima 
gullborste - Linosyris vulgaris 
gullbriicka - Saxifraga aizoides 
gullris - Solidago virgaurea 
gullspira - Pedicularis oederi 
gullusem - Medicago sativa ssp. falcata 
gullviva - Primula veris 
gulmara - Galium verum 
gul nackros - Nuphar lutea 
gulplister - Lamiastrum galeobdolon 
gulsippa - Anemone ranunculoides 
gultatel - Deschampsia bottnica 
gulyxne - Liparis loeselii 
gasi:irt - Potentilla anserina 
gaddnate - Potamogeton natans 
gokiirt - Lathyrus linifolius 
hagfibblor - Hieracium sect. Vulgata 
hagtom - Crataegus 
hallon - Rubus idaeus 
harkli:iver - Trifolium arvense 
harmynta - Satureja acinos 
harsyra - Oxalis acetosella 
hassel - Corylus avellana 
havsnajas - Najas marina 
havsnarv - Spergularia media 
havssalting - Triglochin maritimum 
havssav - Schoenoplectus maritimus 
havtorn - Hippophae rhamnoides 
hedblomster - Helichrysum arenarium 
hirsstarr - Carex panicea 
hjortron - Rubus chamaemorus 
hjulmoja - Ranunculus circinatus 
hjiirtstilla - Leonurus cardiaca 
homsiirv - Ceratophyllum demersum 
hultbraken - Phegopteris connectilis 
humleblomster - Geum rivale 
humlelusem - Medicago lupulina 
hundkax - Anthriscus sylvestris 
hundstarr - Carex nigra 
hundaxing - Dactylis glomerata 
huvudstarr - Carex capitata 
hylsnejlika - Petrorhagia prolifera 
halnunneort - Corydalis cava 
hamating - Ruppia maritima 



harslinga - Myriophyllum altemiflorum 
harstarr - Carex capillaris 
hackvicker - Vicia sepium 
hagg - Prunus padus 
hallebraken - Woodsia ilvensis 
hanggras - Arctophila fulva 
hasslebrodd - Milium effusum 
hassleklocka - Campanula latifolia 
hasthov - Tussilago farfara 
hastsvans - Hippuris vulgaris 
honsbar - Corn us suecica 
hostfibbla - Leontodon autumnalis 
hostllmke - Callitriche hermaphroditica 
idegran - Taxus baccata 
igelknopp - Sparganium emersum 
ishavshastsvans - Hippuris tetraphylla 
ishavsstjamblomrna- Stellaria humifusa 
isranunkel - Ranunculus glacialis 
isstarr - Carex glacialis 
isvedel - Astragalus frigidus 
johannesort - Hypericum 
jolster - Salix pentandra 
jordtistel - Cirsiurn acaule 
Jungfru Marie nycklar - Dactylorhiza 

maculata ssp. maculata 
jamtlandsmaskros- Taraxacum crocodes 
jamtstarr - Carex lepidocarpa ssp. 

jemtlandica 
jamek - Ilex aquifolium 
jattefraken - Equisetum telmateia 
jattegroe - Glyceria maxima 
jattestarr - Carex riparia 
kabbleka - Caltha palustris 
kalkkrassing - Sisymbrium supinum 
kalknarv - Arenaria gothica 
kallgras - Scheuchzeria palustris 
kalmus - Acarus calamus 
kal tallort - Monotropa hypopitys ssp. 

hypophegea 
kambraken - Blechnum spicant 
kamaxing - Cynosurus cristatus 
kanelros - Rosa majalis 
kantljung - Cassiope tetragona 
kattfot - Antennaria dioica 
kattmynta - Nepeta cataria 
klapperstarr - Carex glareosa 
klasefibbla - Crepis praemorsa 
klibbal - Alnus glutinosa 
klibbglim - Silene viscosa 
klipp!Ok - Allium lineare 
klippstarr - Carex rupestris 
klockljung - Erica tetralix 
klockpyrola - Pyrola media 
klofibbla - Crepis tectorum 
klotpyrola - Pyrola minor 
klotstarr - Carex globularis 
klubbstarr - Carex buxbaumii 
klynnetag - Juncus trifidus 
klatt - Agrostemrna githago 
kloverart - Tetragonolobus maritimus 
knagglestarr - Carex flava 
knappag - Schoenus nigricans 
knappsav - Eleocharis palustris 
knapptil.g - Juncus conglomeratus 
knippfryle - Luzula campestris 
knoppbracka - Saxifraga cemua 
knoppslinga - Myriophyllum sibiricum 
knutnarv - Sagina nodosa 
knagras - Danthonia decumbens 
komdil.dra - Neslia paniculata 
komvallmo - Papaver rhoeas 
korsandmat - Lemna trisulca 
kransborre - Marrubium vulgare 
kransrams - Polygonatum verticillatum 
kransslinga - Myriophyllum verticil-

latum 
krissla - Inula salicina 
krollilja - Liliurn martagon 
krusfro - Selinum carvifolia 
krusnate - Potamogeton crispus 
krustistel - Carduus crispus 

krustil.tel - Deschampsia flexuosa 
krypljung - Loiseleuria procumbens 
krypven - Agrostis stolonifera 
krypvide - Salix repens 
kril.kbar -Empetrum nigrum ssp. nigrum 
kril.kklOver - Potentilla palustris 
kril.kvicker - Vicia cracca 
kummin - Carum carvi 
kung Karls spira - Pedicularis sceptrum-

carolinum 
kungsmynta - Origanum vulgare 
kustarun - Centaurium littorale 
kustbaldersbril. - Tripleurospermum 

maritimum 
kvanne - Angelica archangelica 
kvickrot - Elytrigia repens 
kil.ltistel - Cirsium oleraceum 
ka!lgras - Catabrosa aquatica 
karleksort - Sedum telephium 
karrfibbla - Crepis paludosa 
karrjohannesort - Hypericum tetrap-

terum 
karrkavle - Alopecurus geniculatus 
karrknipprot - Epipactis palustris 
karrlilja - Tofieldia calyculata 
karrnycklar - Orchis palustris 
karrsilja - Peucedanum palustre 
karrsalting - Triglochin palustre 
karrtorel - Euphorbia palustris 
karrviol - Viola palustris 
laestadiusvallmo- Papaver laestadianum 
lapparv - Cerastium cerastoides 
lappblagull - Polemonium acutiflorum 
lappfingerort - Potentilla nivea 
lappgentiana - Gentianella tenella 
lappljung - Phyllodoce caerulea 
lappranunkel - Ranunculus lapponicus 
lappror - Calamagrostis lapponica 
lappspira - Pedicularis lapponica 
lappstarr - Carex parallela 
lapptil.g - Juncus triglumis 
lappvedel - Oxytropis lapponica 
lappvide - Salix lapponum 
lappogontrost - Euphrasia salisburgensis 
lapsk alpros - Rhododendron lappo-

nicum 
liguster - Ligustrum vulgare 
liljekonvalj - Convallaria majalis 
lin - Linum usitatissimum 
lind - Tilia cordata 
lindadra - Camelina alyssum 
lingon - Vaccinium vitis-idaea 
linnea - Linnea borealis 
linrepe - Lolium remotum 
linsnfuja - Cuscuta epilinum 
liten blil.klocka- Campanula rotundifolia 
liten fetknopp - Sedum annuum 
liten sandlilja - Anthericum ramosum 
ljung - Calluna vulgaris 
lopplumrner - Huperzia selago 
luddhavre - A venula (Helictotrichon) 

pubescens 
luddlosta - Bromus hordeaceus 
luddunort - Epilobium parviflorum 
luktsporre - Gymnadenia odoratissima 
lundalm - Ulmus minor 
lundarv - Stellaria nemorum 
lundelm - Elymus caninus 
lundgroe - Poa nemoralis 
lundskafting- Brachypodium sylvaticum 
lundslok - Melica uniflora 
lundsmorblomrna - Ranunculus cassubi-

cus 
lundtrav - Arabis hirsuta 
lundviol - Viola reichenbachiana 
lundviva - Primula elatior 
lungort - Pulmonaria obscura 
langnate - Potamogeton praelongus 
lasbraken - Botrychium lunaria 
lark - Larix 
lokgamander - Teucrium scordium 
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loktrav - Alliaria petiolata 
loktag - Juncus bulbosus 
lonn - Acer platanoides 
madror - Calamagrostis stricta 
majbraken - Athyrium filix-fernina 
majsmorblomrna- Ranunculus auricomus 
majviva - Primula farinosa 
mandelpil - Salix triandra 
mannagras - Glyceria fluitans 
marrisp - Limonium vulgare 
martom - Eryngium maritimum 
marviol - Cakile maritima 
maskros - Taraxacum 
rnidsomrnarblomster - Geranium sylva-

ticum 
rnistel - Viscum album 
mjukplister - Larnium amplexicaule 
mjOlke - Epilobium angustifolium 
mjolon - Arctostaphylos uva-ursi 
mosippa - Anemone vemalis 
mossljung - Cassiope hypnoides 
murgrona - Hedera helix 
murgronsveronika- Veronica hederifolia 
murruta - Asplenium ruta-muraria 
myrbracka - Saxifraga hirculus 
myrlilja - Narthecium ossifragum 
myskgras - Hierochloe odorata 
myskmadra - Galium odoraturn 
mabar - Ribes alpinum 
manviol - Lunaria rediviva 
nagelOrt - Erophila vema 
natt och dag - Melampyrum nemorosum 
naverlonn - Acer campestre 
nejlikrot - Geum urbanum 
nipsippa - Anemone patens 
nonnea - Nonea versicolor 
nordbdiken - Dryopteris expansa 
nordgroe - Poa pratensis ssp. alpigena 
nordhagg - Prunus padus ssp. borealis 
nordisk storrnhatt - Aconitum lycocto-

num 
nordkril.kbar - Empetrum nigrum ssp. 

herrnaphroditom 
nordlundarv - Stellaria nemorum ssp. 

nemorum 
nordlil.sbraken - Botrychium boreale 
nordruta-Thalictrum simplex ssp. boreale 
nordronn - Sorbus aucuparia ssp. glabrata 
nordslarnkrypa - Elatine orthosperma 
norrlandsstarr - Carex aquatilis 
norsknoppa - Gnaphalium norvegicum 
norskstarr - Carex mackenziei 
notblomster - Lobelia d'ortmanna 
nalkorvel - Scandix pecten-veneris 
nalsav - Eleocharis acicularis 
nabbstarr - Carex lepidocarpa 
nabbtramport - Polygonum oxyspermum 
nasselklocka - Campanula trachelium 
nasselsnfuja - Cuscuta europaea 
nastrot - Neottia nidus-avis 
natvide - Salix reticulata 
odon - Vaccinium uliginosum 
ograsmaskros - Taraxacum sect. Rude-

ralia 
olvon - Viburnum opulus 
orrnbar - Paris quadrifolia 
orrnrot - Bistorta vi vi para 
orrntunga - Ophioglossum vulgatom 
ostronort - Mertensia maritima 
oxbar - Cotoneaster 
oxel - Sorbus intermedia 
pestskril.p - Petasites hybridus 
piggror - Calamagrostis varia 
pilblad - Sagittaria sagittifolia 
pillerstarr - Carex pilulifera 
pipdan - Galeopsis tetrahit 
pipror - Calamagrostis arundinacea 
plattbladig igelknopp - Sparganium 

angustifolium 
plattlumrner-Lycopodium complanatum 
plattstarr - Carex disticha 

polarbrasma - Cardarnine pratensis ssp. 
polemonioides 

polartag - Juncus biglumis 
polarull - Eriophorum scheuchzeri 
polarvide - Salix polaris 
pars - Myrica gale 
portlakrnalla - Atriplex portulacoides 
praktbrunort - Prunella grandiflora 
praktforgatrnigej - Myosotis scorpioides 

var. praecox 
praktnejlika - Dianthus superbus 
prastkrage - Leucanthemum vulgare 
purpurbracka - Saxifraga oppositifolia 
purpurknipprot - Epipactis atrorubens 
ramslOk - Allium ursinum 
rankstarr - Carex elongata 
raps - Brassica napus ssp. napus 
revfingerort - Potentilla reptans 
revigt saltgras - Puccinellia maritima 
revlumrner - Lycopodium annotinum 
revormstOrel - Euphorbia helioscopia 
revsmorblomrna - Ranunculus repens 
riddarsporre - Consolida regalis 
ripbar - Arctostaphylos alpinus 
ripstarr - Carex lachenalii 
ripvide - Salix glauca 
rosenbinka - Erigeron borealis 
rosendunort - Epilobium hirsutum 
rosenrot - Rhodiola rosea 
rosling - Andromeda polifolia 
rostnate - Potamogeton alpinus 
rostull - Eriophorum russeolum 
rotfibbla - Hypochoeris radicata 
rundsileshar - Drosera rotundifolia 
rundstarr - Carex rotundata 
rybs - Brassica rapa ssp. oleifera 
ryl - Chimaphila umbellata 
ryltil.g - Juncus articulatus 
ryssnarv - Moehringia lateriflora 
rlig - Secale cereale 
raglosta - Bromus secalinus 
rodblara - Silene dioica 
rOdklint - Centaurea jacea 
rOdklover - Trifolium pratense 
rodkampar - Plantago media 
rodrnire - Anagallis arvensis 
rOdplister - Larnium purpureum 
rOdsvingel - Festuca rubra 
rodsyra - Rumex acetosella ssp. tenui-

folius 
rodsav - Blysmus rufus 
rOd trolldruva - Actaea erythrocarpa 
rodven - Agrostis capillaris 
rollika - Achillea rnillefolium 
ronn - Sorbus aucuparia 
rorflen - Phalaris arundinacea 
rorsvingel - Festuca arundinacea 
safsa - Osmunda regalis 
saltarv - Honckenya peploides 
saltgras - Puccinellia capillaris 
saltmalla - Atriplex pedunculata 
saltnarv - Spergularia marina 
salttag - J uncus gerardii 
saltOrt - Suaeda maritima 
sanddadra - Camelina rnicrocarpa ssp. 

rnicrocarpa 
sandkrassing - Teesdalia nudicaulis 
sandlusern - Medicago minima 
sandnarv - Arenaria serphyllifolia 
sandnejlika - Dianthus arenarius 
sandnorel - Minuartia viscosa 
sandror - Arnmophila arenaria 
sandstarr - Carex arenaria 
sandsvingel - Festuca polesica 
sandtimotej - Phleum arenarium 
sandvedel - Astragalus arenarius 
Sankt Pers nycklar - Orchis mascula 
segstarr - Carex extensa 
selleri - Apium graveolens 
silvergran - Abies 
sjofraken - Equisetum fluviatile 
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224 Vascular plants: Swedish - Latin 

sjogull - Nymphoides peltata 
sjonajas - Najas flexilis 
sjonot - Trapa natans 
sjoranunkel - Ranunculus lingua 
skatnava - Erodium cicutarium 
skavfraken - Equisetum hyemale 
skogsbingel - Mercurialis perennis 
skogsbraken - Dryopteris carthusiana 
skogsfibblor - Hieracium sect. Hiera-

cium 
skogsfraken - Equisetum sylvaticum 
skogsklover - Trifolium medium 
skogsknipprot - Epipactis helleborine 
skogskom - Hordelymus europaeus 
skogskornell - Comus sanguinea 
skogskovall - Melampyrum sylvaticum 
skogslilja - Cephalanthera 
skogsnarv - Moehringia trinervia 
skogsnycklar - Dactylorhiza maculata 

ssp. fuchsii 
skogssallat - Mycelis muralis 
skogsstarr - Carex sylvatica 
skogsstjama - Trientalis europaea 
skogssvingel - Festuca altissima 
skogstry - Lonicera xylosteum 
skogsveronika - Veronica montana 
skogsvinbar - Ribes spicatum 
skogsviol - Viola riviniana 
skruvnating - Ruppia cirrhosa 
skugglosta - Bromopsis ramosa 
skvattram - Rhododendron tomentosum 
skar kattost - Malva neglecta 
skii.rmstarr - Carex remota 
skO!dmoja - Ranunculus peltatus 
skorbjuggsort - Cochlearia officinalis 
slankstarr - Carex flacca 
slidnate - Potamogeton vaginatus 
slidstarr - Carex vaginata 
slokstarr - Carex pseudocyperus 
sUm - Prunus spinosa 
sU'ttterblomma - Parnassia palustris 
slatterfibbla - Hypochoeris maculata 
smalbladig lungort - Pulmonaria angusti-

folia 
smaldraba - Draba cacuminum 
smalfraken - Equisetum variegatum 
smalgroe - Poa pratensis ssp. angustifolia 
smalkaveldun - Typha angustifolia 
smal karingtand - Lotus tenuis 
smalstakra - Oenanthe lachenalii 
smal vattenpest - Elodea nuttallii 
srnalviva - Primula stricta 
smultron - Fragaria vesca 
smultronklover - Trifolium fragiferum 
smaborre - Agrimonia eupatoria 
smiifingerort - Potentilla tabemaemon-

tani 
smagroe - Poa pratensis ssp. irrigata 
smaliinke - Callitriche palustris 
smasileshiir - Drosera intermedia 
smasvalting - Alisma wahlenbergii 
smavanderot - Valeriana dioica 
smallglim - Silene vulgaris 
smorblomma - Ranunculus acris 
smorbollar - Trollius europaeus 
snip - Trichophorum alpinum 
snfujmiira - Galium aparine 
snoarv - Cerastium arcticum 
snobracka - Saxifraga rivularis 
snogras - Phippsia algida 
sodaort - Sal sola kali 
solvanda - Helianthemum nummularium 
sommarlanke - Callitriche cophocarpa 
spenslig fjillnejlika- Lychnis alpina var. 

serpentinicola 
spenslig ullort - Logfia minima 
spenort - Laserpitium latifolium 
spindelblomster - Listera cordata 
spjutskrap - Petasites spurius 
springkom - Impatiens noli-tangere 
sprangort - Cicuta virosa 
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spatistel - Carlina vulgaris 
spadbracka - Saxifraga tenuis 
spadklover - Trifolium micranthum 
stagg - N ardus stricta 
staggstarr - Carex nardina 
stenbii.r - Rubus saxatilis 
stenfrti - Lithospermum officinale 
stenkrassing - Homungia petraea 
stenmaltirt - Artemisia rupestris 
stenmiira - Galium saxatile 
stensota - Polypodium vulgare 
stinksyska - Stachys sylvatica 
stjambracka - Saxifraga stellaris 
stor andmat - Spirodela polyrhiza 
stor bliiklocka - Campanula persicifolia 
stor fetknopp - Sedum rupestre 
stor sandlilja - Anthericum liliago 
storigelknopp - Sparganium erectum 
stor haxtirt - Circaea lutetiana 
storrams - Polygonatum multiflorum 
storsileshiir - Drosera anglica 
stortiig - Juncus articulatus var. hylandri 
storven - Agrostis gigantea 
stor ogontrost - Euphrasia rostkoviana 
strandaster - Tripolium vulgare 
strandbeta - Beta vulgaris ssp. maritima 
strandforgatmigej - Myosotis laxa ssp. 

baltica 
strandglim - Silene uniflora 
strandklo - Lycopus europaeus 
strandkrypa - Glaux maritima 
strandkvickrot - Elytrigia juncea 
strandkiil - Crambe maritima 
strandkampar - Plantago coronopus 
strandloka - Ligusticum scothicum 
strandlopport - Pulicaria dysenterica 
strandlysing - Lysimachia vulgaris 
strandmolke - Sonchus palustris 
strandmyskgras - Hierochloe odorata 

ssp. baltica 
strandmalla - Atriplex littoralis 
strandnarv - Sagina maritima 
strandnal - Bupleurum tenuissimum 
strandpryl - Plantago uniflora 
strandranunkel - Ranunculus reptans 
strandrag - Leymus arenarius 
strandskrappa - Rumex maritimus 
strandstarr - Carex paleacea . 
strandsOtvappling - Melilotus dentatus 
strandtiig - Juncus maritimus 
strandveronika - Veronica longifolia 
strand vial - Lathyrus japonicus 
strandvanderot - V aleriana sambucifolia 

ssp. salina 
strandogontrost - Euphrasia bottnica 
strutbraken - Matteuccia struthiopteris 
striingstarr - Carex chordorrhiza 
stratta - Angelica sylvestris 
stravlosta - Bromopsis benekenii 
styltstarr - Carex nigra ssp. juncella 
styvmorsviol - Viola tricolor 
styvstarr - Carex bigelowii 
styvt braxengras - Isoetes lacustris 
sumpfrane - Rorippa palustris 
sumpgentiana - Gentianella uliginosa 
sumpstarr - Carex magellanica 
svalting - Alisma plantago-aquatica 
svalort - Ranunculus ficaria 
svartbriiken - Asplenium trichomanes 
svartho - Bartsia alpina 
svartkavle - Alopecurus arundinaceus 
svartkampar - Plantago lanceolata 
svartvide - Salix myrsinifolia 
svedjenava - Geranium bohemicum 
svedstarr - Carex atrofusca 
svinrot - Scorzonera humilis 
svii.rdkrissla - lnula ensifolia 
svardslilja - Iris pseudacorus 
sydlundarv - Stellaria nemorum ssp. 

montana 
syltirt - Subularia aquatica 

sa port - Gypsophila fastigiata 
sarliika - Sanicula europaea 
safferot - Seseli libanotis 
salg - Salix caprea 
sarv - Zannichellia palustris 
sav - Schoenoplectus lacustris 
sotkorsbar - Prunus avium 
tagelstarr - Carex appropinquata 
tagelsav - Eleocharis quinqueflora 
taggbraken - Polystichum lonchitis 
taggstarr - Carex pauciflora 
tall - Pious sylvestris 
tandrot - Cardamine bulbifera 
teveronika - Veronica chamaedrys 
tibast - Daphne mezereum 
timjansnyltrot - Orobanche alba 
timotej - Phleum pratense 
tjarblomster - Lychnis viscaria 
tofsaxing - Koeleria glauca 
tok - Potentilla fruticosa 
toppdan - Galeopsis bifida 
toppfrossort - Scutellaria hastifolia 
toppjungfrulin - Poly gala comosa 
topplOsa - Lysimachia thyrsiflora 
torta - Cicerbita alpina 
tovsippa - Anemone sylvestris 
tramport - Polygonum aviculare 
tranbiir - Vaccinium oxycoccos 
tretalig slamkrypa - Elatine triandra 
trift - Armeria maritima 
trolldruva - Actaea spicata 
trubbnate - Potamogeton obtusifolius 
trubbstarr - Carex obtusata 
trubbtiig - Juncus subnodulosus 
triidnate - Potamogeton filiformis 
tradstarr - Carex lasiocarpa 
trajon - Dryopteris filix-mas 
tulkort - Vincetoxicum hirundinaria 
tuvstarr - Carex cespitosa 
tuvsav - Trichophorum cespitosum 
tuvtatel - Deschampsia cespitosa 
tuvull - Eriophorum vaginatum 
tvablad - Listera ovata 
tat6rt - Pinguicula vulgaris 
uddnate - Potamogeton friesii 
ullranunkel - Ranunculus illyricus 
ulltistel - Onopordum acanthium 
ullvide - Salix lanata 
underviol - Viola mirabilis 
vass - Phragmites australis 
vasstarr - Carex acuta 
vattenaloe - Stratiotes aloides 
vattenblii.ddra - Utricularia vulgaris 
vattenklover - Menyanthes trifoliata 
vattenmynta - Mentha aquatica 
vattenmiira - Galium palustre 
vattenmii.rke - Sium latifolium 
vattenmoja - Ranunculus aquatilis 
vattenpest - Elodea canadensis 
vattenpilort - Persicaria amphibia 
vattenskrappa - Rumex hydrolapathum 
vattenstakra - Oenanthe aquatica 
vejde - Isatis tinctoria 
veketag - Juncus effusus 
vekgroe - Poa laxa ssp. flexuosa 
vekt braxengras - Isoetes echinospora 
vildapel - Malus sylvestris 
vildkaprifol - Lonicera periclymenum 
vildlin - Unum catharticum 
vildmorot - Daucus carota 
vippstarr - Carex paniculata 
vispstarr - Carex digitata 
vitag - Rhynchospora alba 
vit fetknopp - Sedum album 
vitgrtie - Poa annua 
vitkltiver - Trifolium repens 
vitknavel - Scleranthus perennis 
vitrniira - Galium boreale 
vit nackros - Nymphaea alba 
vitplister - Lamium album 
vitpyrola - Pyrola rotundifolia 

vitsippa - Anemone nemorosa 
vitskrap - Petasites albus 
vitstarr - Carex livida 
vitstjhlksmoja- Ranunculus peltatus ssp. 

baudotii 
vresros - Rosa rugosa 
viiradonis - Adonis vernalis 
viirarv - Cerastium semidecandrum 
viirbrodd - Anthoxanthum odoratum 
viirfingerort - Potentilla crantzii 
viirflenort - Scrophularia vemalis 
viirfryle - Luzula pilosa 
viirkorsort - Senecio vernalis 
varspargel - Spergula morisonii 
viirtbjtirk - Betula pendula 
viirtatel - Aira praecox 
viirart - Lathyrus vernus 
vatarv - Stellaria media 
vaddklint - Centaurea scabiosa 
vagtag - Juncus bufonius 
vatteros - Lathraea squamaria 
iikerkulla - Anthemis arvensis 
iikermolke - Sonchus arvensis 
iikermynta - Mentha arvensis 
iikerspargel - Spergula arvensis 
iikertistel - Cirsium arvense 
iikerveronika - Veronica agrestis 
alnate - Potamogeton perfoliatus 
adelgran - Abies 
akta fladervanderot - V aleriana sambuci-

folia ssp. sambucifolia 
hlggras - Filipendula ulmaria 
alvaxing - Sesleria caerulea 
angsfraken - Equisetum pratense 
iingsgroe - Poa pratensis 
iingshavre - A venula (Helictotrichon) 

pratensis 
angskom - Hordeum secalinum 
angskovall - Melampyrum pratense 
angsnycklar - Dactylorhiza incamata ssp. 

incamata 
angsruta - Thalictrum flavum 
angsskallra - Rhinanthus minor 
iingsskara - Serratula tinctoria 
angsstarr - Carex hostiana 
angssvingel - Festuca pratensis 
angssyra - Rumex acetosa 
iingsull - Eriophorum angustifolium 
arenpris - Veronica officinalis 
avjebrodd - Limosella aquatica 
avjepilort - Persicaria foliosa 
ogonpyrola - Moneses uniflora 
Olandsmiira - Galium oelandicum 
Olandssolvanda - Helianthemum oelan-

dicum var. oelandicum 
olandsstarr - Carex ligerica 
Oliindsk fjhllnejlika - Lychnis alpina var. 

oelandica 
timbraken - Pteridium aquilinum 
osterbottensstarr - Carex halophila 



14C dating 17, 19, 20 
aapa mire 104, I l l  
abandoned field 125 
abandonment 131  
Abisko 76, 8 1  
acid 27, 33 ,  40, 41 ,  1 1 8, 159 
- bog 93 
- compound 22 
- lake 158, 165 
- leptosol 25 
- precipitation 107 
- soi1 10, 22-29, 34, 36, 83-85 
acidicole 23 
acidification 6, 2 1 ,  50,. 5 1 ,  93, 107, 

146, 164, 167 
-, counteraction of 107, 167 
-, pre- 167 
acidified 24, 105 
-, lake 158, 161 ,  166, 167 
acidifuge 23 
acidifying substance 50 
acidity 22-24, 26-30 
acido-tolerant species 42, 48 
acidophilous 44 
acrotelm 92 
adaptation 75-78, 1 38, 152, 17 1 ,  178 
adhesive seed 40 
adversity, abiotic 77 
-, biotic 77 
aeolian sediment 43 
aeration 38, 47, 150, 152 
aerenchyma 92, 104, 152, 173 
aerial stem 150 
age class 77 
agricultural field 10 
- landscape 115 
- region 155 
agriculture 6, 19, 33, 205 
Agrostis capillaris-Alchemilla spp.

Rhytidiadelphus squarrosus (mesic 
grassland) type 120 

Agrostis capillaris-Galium saxatile
Pleurozium schreberi (dry grass 
heath) type 123 

air 
- humidity 35, 38, 46 
- pollution 5 1 ,  122 
- pressure 66, 170 
airborne compound 209 
- deposition 21,  50 
- -, of nitrogen 107, 131  
airborne pollutant 21 
Aland Sea 181,  196 
alder 10, 1 1 ,  19, 46-48, 50, 1 83, 184 
- carr 19 
- swamp forest 34, 48, 50 
alder-ash forest 34, 40, 42, 46-48, 50 
alga 102, 158, 174 
- annual 199, 208 
- - brown 209 
- - filamentous 208 
-, attached 136, 149, 150, 157-159, 

165, 167, 1 98 
-, crustose 199, 202, 204, 205 
-, delicate 208 
-, ephemeral 206, 207 
-, epiphytic 148, 149, 1 87, 193, 201,  

203, 208 
-, filamentous 162, 165,  167,  174, 
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1 87, 193, 1 94, 204 
-, loose-lying 198 
-, recoiling 158, 160 
algal group 194 
- depth 199, 200 
- forest 187 
- pigment 199 
- zonation 208 
alien species 146 
alkaline 25, 30 
- lake 154, 155 
alkalinity 56, 58, 59, 154, 167, 193 
allelochemical substance 37 
AJI!erjijd 16, 17 
allocation of resources 173, 174 
allopolyploidation 1 8  
alluvial habitat 1 14, 183 
- plain 46 
alpine 10, 12, 1 8, 75, 77-79, 84, 87, 

ll4, 1 39 
- belt 10, 78, 85 
-, high 1 2, 75 
- lake 160-162 
-, low- 12, 75, 85, 86 
-, middle 12, 85, 86 
-, northern 153 
- plant 85, 143 
- zone 76, 1 02, 106 
altitude 56, 60, 66, 71 ,  136, 155 
aluminium 22, 23, 36, 165 
- buffer 25 
alvar 5, 11 , 17, 21 ,  1 13, 1 18, 125-130 
- lake 130 
Ammamii:s delta 1 14 
ammonia 36 
anaerobic (conditions) 91 -93, 172, 

173, 179 
anaerobiosis 173 
Ancylus Lake 5, 16, 144, 190 
Angerman River 135 
Angermanland 1 1 ,  16, l l9, 176 
annual 26-29, 38, 77, 125, 154, 171 ,  

172, 177, 179 
- algae 193, 199, 207, 208 
anoxic (bottom) 191 
ant 40 
anthropochorous 77 
anthropogenic factor 51 ,  8 1  
apatite 25 
apomictic group 1 8  
aquarian weed 157 
aquatic habitat 135 
- liverwort 196 
- macrophyte 155 
- moss 153, 1 87, 196, 204 
- phanerogam 196 
- plant 135 
arable 
-field (land) 6, 19, 113-115, 1 17, 130, 

183 
Archaean 5, 21,  29 
archipelago 6, 187, 196, 197 
- coast 1 89, 190 
Arctic (arctic) 10, 78, 87, 191  
- Circle 6, 65 
-, circumpolar 86 
- flora 199 
- Ocean 183 
- Seas 199 

arctic-alpine 17, 1 8, 126 
Are River 140 
asexual reproduction 40 
- spore 198, 201 
ash 10, 1 1 ,  19, 37, 45-48 
aspen 10, 17, 57, 66, 71 
Asplenium ruta-muraria-Asplenium 

trichomanes-Homalothecium 
sericeum (karst alvar vegetation) 
variant 128 

Atlantic 19, 20, 135, 194, 200 
- Ocean 192 
- species 191 
atmospheric pressure 169, 170, 179, 

199 
attribute (species-) 181  
autumnal moth 78  
avalanche 65 
Avenula pratensis-Festuca pratensis 

variant 120 
Avenula pratensis-Fragaria viridis

Filipendula vulgaris (dry grass
land) type 119 

A venula pratensis-Veronica spicata 
(alvar grassland) variant 127 

Avenula pubescens type 120 
avocet 184 

balanoid 199 
Baltic 16, 21, 29 
- Basin 15, 16 
- coast 46, 57, 1 16 
- ecotype 209 
- island 8, 11 ,  16 
- region 16 
Baltic Ice Lake 16, 190 
Baltic Marine Biologists 187, 193 
Baltic Sea 6, 15 ,  16, 29, 48, 170, 172, 

174, 178, 179, 1 81 , 1 83, 1 87-209 
- - Area 1 89, 190, 193-200, 206 
- - basin 124, 188 
- - coast 1 83 
- - ecosystem 189 
- - northern 170, 204 
- - proper 1 89, 193, 1 94, 196, 197, 

199, 200, 204, 206 
- -, southern 200, 206 
- -, western 194, 198 
Baltic states 15, 55 
basal shoot 57 
base cation 23 
- content 48 
- saturation 59 
base-rich 33, 45, 75, 83, 85 
- rock 76 
basicole 62 
- pine forest community 62 
basin configuration 150 
beach ridge 127 
beaver 67, 71 
bedrock 5, 21 ,  22, 26, 29, 58,  61 ,  75, 

128, 129, 187 
- crack 22 
-, exposed 2 1  
- ,  superficial 2 1  
- type 23 
beech 10, 20, 33, 35, 37, 40-44, 50 
- forest 10, 33, 40, 41 
beetle 37 

below-ground biomass 78 
Belt Sea area 198 
Belt Sea 16, 188, 189, 193 
benthic 1 87 
- alga 204, 207 
- diatom 198, 203 
- fauna 158 
- macroalga 193 
- microalga 197 
bentonite 131  
Bergslagen 1 14, 131  
bicentric distribution 18 
- species 86 
biennial 28 
Billingen 16 
bimodal distribution 56 
biochemical tolerance 173 
bioclimatology 56 

225 

bio (biotic-) diversity 6, 58, 60-64, 70, 
140, 143, 156, 158, 167, 1 83, 192, 
198, 200, 209 (see also species 
richness) 

biomass 38, 156, 159, 162-165 
- fluctuation 163 
biotope 150 
birch 10- 13, 17, 19, 48, 55, 57, 61 ,  

62, 66, 67, 71 , 75, 79, 80, 82, 1 83 
- belt 12, 19 
birch swamp forest 34, 48 
birch-oak forest 123 
birchwood 1 1 ,  12 
bird 39,  40, 158 
- dropping 175, 201 
- locality 121 
-, migrating 184 
Black Sea 124, 191 ,  197 
black-tailed godwit 184 
Blfrolen 67 
Blekinge 1 0, 17, 21,  40, 43, 117, 122 
Blekinge archipelago 122 
bloom 206 
-, spring 158 
blue-green algae 158, 160 
blue mussel 204 
bog 92, 94-96, 99, 1 1 1  
-, blanket I l l  
-, concentric 1 1 1  
- expanse I ll 
-, flat 100, I l l  
-, -, northern type I l l  
- margin 94 
- -, forest I l l  
-, plateau-formed raised I l l  
- pool 1 1 1  
-, raised 100, I l l  
Bohuslii:n 10, 22, 34, 40, 43, 1 19, 123, 

171 , 209 
boreal l l ,  13, 19, 57, 70, 95, 140, 142, 

145 
- forest 55 
- middle 10-12 
-,  northern 10, l l  
-, southern 10, 1 1  
- zone 79, 102 
boreo-nemoral 10, 1 1 ,  19, 13, 33-36, 

43, 45, 46, 50, 55, 57, 63, 70, 140 
Bornholm 200 
Bothnian area 178 
- coast 7, 181  
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Bothnian Bay 173,  1 79,  1 83 ,  1 87, 
1 89, 193, 194, 196, 197, 1 99, 203, 
205 

- -, northern 196, 200 
Bothnian Sea 57, 6 1 ,  174, 176, 179, 

183, 189, 194, 196, 1 97, 199, 204 
- -, northern 200 
- -, southern 1 89, 196, 205, 208 
bottom layer 33,  35, 58 
boulder 6, 12, 69, 7 1 ,  85, 1 1 5, 1 38, 

1 4 1 ,  144, 156, 169, 183, 1 87 
- meadow 1 39 
- shore 175 
boundary layer effect 77 
brackish 187, 209 
- water 16, 179, 1 80, 1 87, 1 92-194, 

197, 209 
- -, plant 1 87 
Bronze Age 1 9, 1 1 3 
brook 34, 40, 46, 48 
brown algae 1 88, 1 93- 1 95,  198-205 
- (algal) crust 205 
- earth 6, 4 1-45 
- water lake 149 
browsing 66 
- centre 37 
bryophyte community 140 
- flora 9 
buffering capacity 164 
bulb 38, 40 
buoyancy 152, 160 
burning 122, 1 23 
byssus thread 204 

cadmium 1 3 1  
caespitose 77 
calcareous 6, 1 1 ,  25, 29, 33, 34, 45, 

56, 58, 75, 84, 85, 95, UO, 122, 
1 25, 1 29, 144, 154 

- red algal crust 204 
- substrate 83 
calcicole 11, 22, 25, 29, 30, 31, 83, 

86 
calcifuge 22, 25, 27, 30, 3 1 ,  82 
calcium 75, 94 
- carbonate 21, 124, 1 78 
- - content 5, 1 19 
- hydrogen carbonate 152 
- oxalate 25 
calcium-rich 1 29 
Caledonian 1 2, 75 
- rock 5 
Caledonides 5 
Calluna vulgaris type 122 
Calothrix scopulorum community 

20 1 
Cambrian 5, 43 
Cambro-Silurian 1 1 ,  29, 95 
canalization 146 
canopy 38, 7 1 ,  204 
- closure 2 1 ,  50 
- opening 65 
capillary movement 93, 98 
carbon 8 1 ,  159 
-, inorganic 153 
- dioxide 152, 170, 173 
carbonate 1 2, 22 
- content 124, 1 25 
Carex acuta (wet grassland) type 1 2 1  
Carex flacca-Primula farinosa-Orchis 

spp. (calcareous moist grassland) 
type 122, 1 29 

carnivorous plant 77, 78 
carousel mode1 1 27 
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carpet 95 
carr 47, 104 
Caspian Sea 191 , 1 92 
catastrophic event 207 
catchment area 1 35, 149, 153, 157 
cation 93 
catotelm 92 
cattle27, 1 1 3, 1 16, 121, 155, 173, 183 
- food 145 
- forage 158 
- trampling 155 
caulescent 150 
cell membrane 22 
Central Sweden 8, 17, 1 9, 20, 46, 69, 

1 35, 1 36, 166, 1 73,  174, 1 80 
Central Swedish Moraines 16 
cereal 19 
chalk S 
chamaephyte 38, 77 
Chara lake 1 54 
charcoal 7 1  
charophyte 150, 1 53,  154, 1 88 
chelating organic compound 24 
chionophilous 83 
chionophobous 82 
chloride 172, 179 
chromium 75 
chrysophyte 161  
circumneutral lake 167 
circumpolar 15, 126 
cirque glacier 16 
citrate 25 
citric acid 25 
Cl (chlorine) 1 72 
cleaning 
-, biologica1 166 
-, chemical 166 
clear-cut 50, 57, 6 1 ,  7 1  
clear-water forest lake 160 
- lake 149, 153 
clearing 2 1  
cleistogamy 40 
climate (climatic) 8, 15, 1 8, 19, 29, 

35, 55, 58, 62, 65, 66, 76, 124, 
1 36, 1 5 1 ,  1 59, 169, 198 

- amelioration 68 
- change 20, 87, 107 
- gradient 6, 198 
clone (clonal) 40, 57, 77, 130 
- growth 40 
- propagation 77 
cluster analysis 155 
co-existence 99 
C02 29, 107 
coarse woody debris 69, 71 
coastal area 34 
- meadow 1 1 8 
- region 142 
- vegetation 22 
coastline 5, 143, 144 
cohort 65 
cold stenotherm species 199 
Coleoptera 40 
collenchyma 1 73 
colony (unicellular algae) 1 87, 1 93 
colonization 18,  75, 1 3 1 ,  144, 146, 

150, 152, 1 70, 171, 177, 1 8 1 , 1 83, 
184, 203, 207 

colonizing phase 207 
competition 20, 31,  37, 56, 68, 77, 85, 

99, 174, 176, 1 80, 1 9 1 , 192, 200, 
204, 206 

- ability 40, 1 8 1 ,  183 
- exclusion 1 8 1  

-, interspecific 36, 37, 173, 174 
-, intraspecific 1 73 
-, outcompeted 34, 99, 194 
-, root 68 
competitive species 27, 38, 46, 160, 

183, 200 
conductivity 92, 1 35 
congeliturbation 1 2  
coniferous (forest) 6, 1 1 - 1 3 ,  35-38, 

55, 59, 63, 65, 79, 1 14, 157 
- tree 10 
conservation 22, 48, 56, 71, 106, 1 1 8, 

145, 1 83, 208, 209 
conspecific population 192 
contarninant 206, 207, 209 
contamination 205 
continental, continentality 8, 9, 43, 44, 

48, 76, 120, 1 9 1  
ContinentaVSiberian species 1 26 
cooling-water discharge 199, 207 
copper 1 3 1  
coppicing 1 15 
corridor 1 35 
Corynephorus canescens community 

1 25 
Corynephorus canescens-Koeleria 

glauca (steppe) type 1 25 
crevice 26, 28, 139 
croft 1 1 3  
crop 1 17 
- rotation 1 30 
crustaceous lichen 1 38 
crustal rebound 135 
- uplift 5, 190 
crustose (alga) 193, 199, 202, 205 
cryptogam 33, 61  
cultivation 20, 48 
-, short-rotation 1 1 7  
cultural element 1 2  
- landscape 1 1 ,  19, 1 1 8  
cuticle 3 8 ,  1 73 
cuticular water loss 3 8  
CWD (coarse woody debris) 69 
cyanobacteria 
- bloom 206 
-, pico-colonial 162 

Dal River 1 1 ,  43, 1 35, 141,  142, 1 96 
Dalarna 5,  6, 8, 1 1 ,  17,  60, 62, 63, 75, 

103, 106, 1 14, 1 1 9, 1 56 
Dalby Si:iderskog 45 
Dalsland 1 1 9  
DaHilven. See Dal River 
damming 141,  146 
Dana River 16 
DBH (diameter at  breast height) 49 
debris 174, 176, 1 78 
decay 35, 37, 42, 46, 92, 98 
deciduous forest (species) 6, 10, 1 9, 

22, 33-36, 38-40, 42, 44, 48, 50, 
5 1 ,  55, 57, 63, 66, 7 1 ,  1 1 3  

deciduous hardwood 3 3 ,  34, 36, 38, 
42, 43, 49, 50, 5 1  

decomposer 3 3  
decomposing wood 70 
decomposition 22, 4 1 ,  70, 91 
- rate 76 
deer 37 
defoliation 66 
defoliator 68 
deforestation 1 2  
deglaciation 16, 1 8, 1 90 
delta 5, 144, 145 
deposit 1 35 

depth distribution 199-201, 208 
Deschampsia cespitosa (wet grass

land) type 121 
Deschampsia flexuosa-Galium saxa-

tile (dry grass heath) type 123 
desiccation 26, 38, 76, 126, 199 
desmid 159, 160 
deterioration 50 
detrimental condition 207 
Devonian 5, 1 25 
diaspore 40, 1 35, 144 
diatom 158, 162, 167, 1 87, 188, 192, 

1 97, 199, 203, 206 
- bloom 199 
- centric 198 
dieback 158 
diking 1 39, 146 
dimorphic seed 1 72 
- colonial 1 6 1  
dinoflagellate 1 5 8 ,  1 6 1 ,  1 99 
dioecious 78 
Diptera 40 
disjunct distribution 1 8, 182 
dispersal 20, 39, 40, 1 38, 144, 1 52, 

198, 209 
- ability 15 
-, ant- 40 
-, auto- 40 
- capacity 29 
- corridor 143 
-, downstream 143 
-, self- 7 1  
distribution 1 96 
-, eastern 36 
disturbance 18, 20, 38, 39, 55, 6 1 ,  65, 

7 1 ,  1 25, 1 27, 142, 158, 160, 1 99, 
207 

-, intermediate - hypothesis 143 
-, physical 209 
disturbance-tolerant 160 
ditching 107, 146 
diurnal 
- time scale 1 89 
diversity. See biodiversity 
diving profile 208 
dolomite 5 
domed raised bog 1 0 1 ,  1 1 1  
domestic animal 50 
domesticated 67 
dominance 68, 159, 163, 1 83, 1 84 
dominating emergent 153 
downward process 200, 201 , 208 
drainage 48, 50, 61 ,  70 
- area 1 88, 1 90 
- basin 205 
dredging 1 66 
drift line 1 7 1 ,  172, 174, 183 
- litter 171 
drought 36, 38, 40 
Dryas (period) 16- 1 9  
duck 1 21  
dune 177 
-, grey 1 78 
-, wandering 1 78 
-, white 178 
dunlin 184 
dwarf shrub 1 2, 17, 38, 4 1 ,  43, 58, 

75, 142, 145 
dystric 25 
dystrophic 149, 153, 1 54 

earth worm 33 
ecological amplitude 57 
- optimum 37 



- restoration 146 
- series 5 8  
ecophysiology 56, 172 
ecotone 135 
ecotype 87, 191-193, 209 
- differentiation 173 
electrical conductivity 94 
electrolyte 155 
elm 10, 1 1 ,  19, 37, 45, 46 
elm-ash forest 37, 42 
elodeid 142, 1 50, 153, 155 
- type 150 
eluvial layer 61 
emergent macrophyte (species) 150, 

155 
- vegetation 166 
enclosure act 1 1 4 
endemic, endemism 1 1 ,  87, 126, 176, 

1 82, 183, 1 9 1 - 193, 196 
-, alpine 18 
-, brackish-water 1 9 1  
endophytic 1 93 
energy allocation 193 
environmental quality 1 65 
ephemeral (species) 170, 172 
- alga 206, 207 
epidermis 38, 1 52 
epilithic 1 87 
epilittoral belt 142 
- crevice 175 
epipelic 1 87 
epiphytic (epiphyte) 35, 38, 70 
- alga 149 
- diatom 197, 198 
- host specific 202 
- lichen 79 
epipsammic 1 87 
equilibrium 18 
Equisetumfluviatile-Carex spp. (wet 

grassland) type 121 
Erica tetralix (wet heath) type 123 
erosion 2 1 ,  1 35, 139 
-, riverbank 138 
esker 5,  9, 60, 115, l l ?- 1 1 9  
estuary 1 89, 192, 194, 197 
euhaline 192, 1 94 
eukaryotic algae 1 87 
eulittoral l99 
euryhaline 191- 193 
eustatic sea level change 1 70 
eutrophic 42, 44, 46, 50, 135, 140, 

149, 152, 155, 159, 164, 1 82, 206 
- alder-ash forest 42, 46 
- lake 158 
- elm-ash forest 34, 42, 45, 48 
- forest 38, 39 
- stream 140 
- water 139, 182 
eutrophication 5 1 ,  140, 1 57, 164, 165, 

200, 205-207 
evaporation 169, 1 88, 1 9 1 ,  192 
evapotranspiration 8 
evergreen 39, 77, 78, 82 
evolution 1 9 1  
- process 193 
excretion 25 
-, salt 172 
expansion (vegetative) 1 8 1  
exudation 25 

fallow field 130 
Falsterbohalvon 209 
farmland 1 1 3  
farmyard 130 

Faro 178 
Fe {iron) citrate 25 
felty growth 1 94 
fen 12, 85, 92, 94-96, 105, 1 1 1  
- ,  extremely rich 95 
- flush 102 
-, inundated 103, 1 1 1  
- ,  lagg 97 
-, moderately rich 95 
-, sloping 100, 103, 1 1 1  
- ,  spring 102, 1 1 1  
- ,  raised bog 1 1 1  
- window 98 
- wood 47 

Fennoscandian Shield 5 
ferry traffic 207 
- route 1 99 
fertility 35, 40 
-, soil l13  
fertilization 27, 1 15,  120, 146, 162 
-, artificial 1 1 3  
Festuca ovina-Lychnis viscaria 

(grassland) type 1 1 9  
Festuca ovina-Bistorta vivipara 

(mesic grassland) type 1 20 
Festuca ovina-Pleurozium schreberi 

(dry grass heath) type 123 
F estuca ovina-Potentilla crantzii type 

1 19 
Festuca ovina-Tortella spp. (alvar 

grassland) type 127 
Fiby Forest (urskog) 57, 66, 68, 69 
field layer 38, 4 1 ,  58 
Filipendula ulmaria (wet grassland) 

type 121 
fine-grained substrate 178 
fiord, fjord 6, 169, 1 89 
fire 18, 20, 58, 65-67, 7 1  
-dependent (species) 66 
- scar 65, 66 
- severity 66 
-, surface 65 
fire-prone area 65 
fish 158, 167 
- farming 207 
fishing 163, 1 83 

fissure 1 28 
Fladen 202 
flagella 160 
flagellate (species) 158, 161- 163, 188, 

199 
flark 1 1 1  
- fen 100. 104, 1 1 1  
- pool 106, I l l  
floating ability 143 
- mat 1 1 1 , 194, 198 
floating-leaved (macrophyte) 150, 

1 53, 157, 158 
flood, flooding 65, 71,  1 36, 143, 146, 

173, 176, 179, 180 

- frequency 146 
flood-meadow 1 14, 116 
flood-pulse concept 140, 143 
flooding-tolerant species 1 80 
floodplain 139, 144, 145 
- forest 43, 138 
- lagoon 142 
flora 10 
flora of Stockholm 1 3 1  
floral element 126 
floristic composition 82 
- difference 1 00 
flotation 171 
flowering 39, 78, 173 

-, prolific 1 8 1  
flush I l l  
fluvio-glacial deposit 1 56 
fodder 1 14, 1 1 6, 122 
food web 165, 167 
forage 158 
fore-dune 1 77 
forest 
-, ancient 50 
-, commercial 69 
- continuity 50 
- dynamics 55 
- edge 36, 39, 145 
- fringe 44 
- growth 1 1  
- heath 79 
- lake 1 6 1 ,  162 
-, deep 1 5 1  
- limit 1 1  
- line 78, 80, 8 1  
- management 39 
- meadow 79 
- (site) type 58 
- tundra 17 
-, wet 57, 9 1  
forested fen 64 
forestry 50, 55,  146, 205 
-, sustainable 1 1 ,  12, 71  
Forestry Act 7 1  
Forsmark 1 89 
fossi1 19 
free-floating (hydrophyte) 1 50, 155 
freshwater 174, 1 8 1 ,  1 83, 188 
- affinity 198 
- origin 192, 194 
frost 127 
-, boar- 140 
- limit 1 35 
-, spring 40, 140 
- upheaval 6 
frost-hardy 154 
frost-heaving 75 
frost-induced soil 121 
fruit 39 
- ripening 39 
- weight 173 
Fucus belt 204 
Fucus vesiculosus belt 20 1 
functional algal group 207, 209 
- diversity 207, 209 
- type 37 
fungal attack 67 
- infection 78 
fungi 66, 70 

gamete 198, 201 
gap (forest) 57, 65, 66, 68, 69, 1 8 1  
- dynamics 6 8  
- regeneration 56 
Gardiken Reservoir 1 39, 141,  145 
gas diffusion 142 
Gastrikland 95, 121 
Gavle 11 
gene flow 192 
generative reproduction 40 
genetic differentiation 1 8, 173, 192, 

193 
- selection 192 
genotype 173, 174 
geolittoral 169, 175, 178, 179, 1 82, 

199, 203 
- zone 142 
geological resource 209 
geomorphology 135 
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geophyte 38, 39, 4 1 ,  44, 171 
Geranium sanguineum (dry grass

land) type 120 
Geranium sylvaticum (mesic grass

land) type 120 
germination 25, 27, 57, 170, 172- 174, 

176, 183 
glacial, glaciation 15,  1 8, 2 1 ,  38, 40, 

45, 87, 1 3 1 ,  135, 170, 1 83 
- clay 6 
- drift 6 
- period 15 
- refugium 1 5,  18 
- relict 126, 191  
- river 5 
- silt 6 
glacier 8, 16, 149 
glaciofluvial material 6 
- sediment 43, 60 
gley horizon 45 
gneiss 5, 2 1-23, 26, 27 
golden algae 1 58, 160 
golden-yellow algae 188 
goose 121,  184 
Gi:ita River (Gota alv) 16, 135 
Gotaland 11 ,  21 ,  22, 26,  27,  56 
Goteborg 209 
Gotland 5, 1 1 ,  17, 2 1 , 26, 29, 34, 44-

46, 62, 85, 95, 107, 1 16, 1 1 7, 1 19, 
122-128, 130, 1 3 1 ,  1 36, 154, 155, 
1 78, 187, 209 

gradient 1 1 ,  35, 36, 4 1 ,  56, 57, 59, 94-
96, 1 1 8, 1 55, 164, 1 8 1 ,  1 98 

- complex 36, 59 
-, downstream 143 
-, elevation 1 8 1  
-, environrnental l 91  
- ,  eutrophication 163 
-, flooding 140 
-, lake size 155 
-, land-water 140 
-, nutrient 59, 149 
-, poor - rich 96 
-, salinity 188, 1 89, 193, 201 
-, trophic 163 
-, water table 95 
graminoid 1 2, 38, 40, 4 1 ,  43, 58, 64, 

139, 142, 145, 171 
granite 5,  21 ,  22, 23, 27,  28 
grass-rich community 62 
grassland 19, 1 1 3,  1 1 8- 121  
-,  dry 1 1 8, 1 30 
-, mesic 120 
-, moist 120 
-, wet 120 
grass turf 183 
gravel 1 3 1 ,  153, 154, 1 87 
- bottom 154 
- pit l 3 1  
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grazing 1 1 ,  21 ,  26, 28, 39, 42, 44, 50, 
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- intensity 1 8 1  
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greenhouse effect 1 07 
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grey dune 1 78 
groundwater 8, 9, 48 
growing season 7, 12, 33, 34, 40, 139, 
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growth period 141 
- rate 68 
GulfofBothnia 7, 8, 19, 46, 144, 145, 

169, 170, 179, 181 , 1 83, 1 89, 192, 
196 

Gulf of Finland 189, 206 
Gulf of Riga 1 89, 206 
Gullmarfjorden 209 

Hackren Reservoir I41 
Halland 10, 34, 40, 43, 46, 48, 122, 

123, 1 87 
Hallandsasen 40 
Halobion System 192 
Halsingland 1 14 
Harjedalen 6, 8, 1 1 ,  60, 62 
halocline 189, 200, 203, 205-207 
halophyte 1 72, 1 8 1  
Halsaren skerry 208 
Haparanda archipelago 196 
Haparanda sandskiir 1 77 
hardwood 35, 36, 38, 40, 45, 47, 1 45 
- forest 33, 35-37 
- tree 34 
hay 1 17, 130, 1 83 
- collection 1 14 
- cultivation l l 7  
hay-making 107, 1 14, 1 16, 1 18, 120, 

1 2 1 ,  144, 145, 183 
hay-meadow 1 14 
hay-production 183 
hazel 10, 1 1 ,  19, 38, 44, 45 
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heath (land) 59, 63, 64, 82-86, 1 1 3, 

1 1 8, 122, 123, I 57 
-, alpine 84 
- beech forest 41  
- ,  dry grass 123 
-, dwarf shrub 123 
- forest 79 
-, grass 85, 123 
- mesic I23 
- moist 1 23 
- series 58, 62 
heavy metal 131  
HELCOM 209 
Helge River 136 
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helomorphic species 38 
helophyte 142, 145 , 171 ,  173 ,  174 
hemi-boreal 10, 11 
hemi-parasite 38, 77, 78 
hemicryptophyte 17, 38, 77, 1 7 1 ,  173 
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herbicide 71  
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history of land use 1 13 
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Holocene 16, 56, 66, 81  

Acta Phytogeogr. Suec. 84 

homestead 19 
hornbeam 10, 42, 50 
- forest 33, 42 
horse 1 16, 183 
human 209 
- activity 21,  48 
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humus 35, 60, 131 
- content 125 
- particle 200 
-, raw 43 
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- power 166 
- scheme 136, 146 
hydro-electricity 9 
hydrogen ion 22 
hydrogen sulphide 170 
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- zone 142 
hydrological factor 170 
hydrology 10, 9 1 ,  1 35,  140, 170 
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Hymenoptera 40 
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170, 173, 192, 199 
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- formation 1 54 
- melt S, 8 
-, pack 199 
- retreat I6, 1 8  
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- scouring 155, 1 99 
- sheet 15, 190 
ice age 149, 191  
ice-free period 158 
ICES 209 
igneous rock 2 1 ,  22, 28 
immigration 18, 144 
immobilization 24 
-, iron 27 
lndal River 135, 140 
indicator species 37 
industrial waste-water 163 
industrialized catchment 149 
industry 205 
infield land 1 17 
ingested seed 40 
inland sea 197 
inland water 192 
inner archipelago 196 
insect attack 65, 68 

- defoliator 68 
- outbreak 65 
insect-pollinated species 40 
insolation 45, 62 
interaction (biotic), 1 80, 193 
-, positive 77, 99 
inter-annual fluctuation 208 
interception 33 
interglacial 15 
- biota IS 
interstadial period 15 
intertidal (zone) 1 87, 191 ,  199 
introduced species 7 1 ,  157, 178, 191 ,  

202, 209 
introgressive hybridization 78 
inundated, inundation, 34, 36, 38, 44 

47, 48, 142, 172 
- fen 1 03, 1 1 1  
- meadow 1 1 7  
invasion I46 
- of a lake 162 
invertebrate 37, I43, 207 
iron 22-25, 27 
- deficiency 27 
- podzol 60, 61 
Iron Age 1 13, 1 17, 1 1 8, 120 
isoetid I42, I44, ISO, 153 
isohaline 190 
isolation 50, 192, 193 
isostatic depression I6 
- land upheaval (uplift). See land 

upheaval 
iteroparous perennial 77 
IUCN 154 
ivy 1 1 ,  39 

Jamtland 5,  6, 1 1 ,  1 7, 20, 1 19, 154 
Jokk Fall i44 
J othnian sandstone 5 
juniper shrubland I23 
Jutland 15 

K-selected species 193 
Kaitum River I44 
Kalix River 1 35, 141,  142, 144 
Kiirkevagge valley 76 
Kattegat I6, 18I ,  1 88, 193, 194, 198, 

200, 202, 203, 208 
Kebnekaise 86, 144 
key habitat 7 1  
Kinnekulle I25 
Kiruna-Malmberget ironfields 1 3 1  
Klar River 135 
Koeleria glauca (steppe) type I24 
Konkama-Muonio River 144 
Kopparstenama 209 
Koster (island) 1 88 

Lainio River 144 
Lais River 137, 139, 145 
laissez-faire 146 
lake 6, 9, I l7, 121 ,  1 44, 145, 149-167 
- classification 149 
-, hard water ISS 
-, lowland 160, 165 
-, humic forest- 160 
- margin 150 
- morphology 1 59 
-, oligotrophic 152, ISS, I57 
-, over-fertilized 1 63 
-, saline I92 
- sediments 17 
-, shallow 1 57 
- shore 48, 121 

- size 155 
-, temporary 1 53, 154 
- type 162 
Lake Hjhlmaren I64, 165 
Lake Hornborga 166 
Lake Krankesjon 1 57 
Lake Malaren 6, 1 1 ,  38, 40, 45, 1 1 3, 

1 17, 158, 163, 164, 166, I 82 
Lake Tometrask 79 
Lake T1ikern 157 
Lake Vanern 6, 163, 164 
Lake Vattem 45, 1 49, 163, 164 
land reform 114 
- upheaval 6, IS ,  16, 17,  I9, 21 ,46, 

48, 1 13- l i 8, I66, 170, I75, I81 
- runoff200 
- use 10, 21 ,  1 18, 209 
land-water interface 140 
landslide 65 
Lappland 6, I 1 ,  59, 60, 64, 66, 68, 75, 

76, 78, 104, I54 
lapwing 184 
Late glacial 16, 19 
- refugia 15 
late successional (diatom) I99 
latitude I 0, ISS 
lawn 105 
layering 56 
leaching 43, 105 , 125, 1 3 I ,  I77 
lead 1 3 I  
leaf anatomy 38 
leaf area index 35 
leaf form I SO 
leaf size 1 73 
leaf-like thallus 208 
Lecanora calcarea-Collema spp. (al-

var lichen vegetation) variant 128 
length of day I99 
Lepidoptera 40 
Leptosol 2 1-30 
- vegetation 26, 29 
Leucanthemum vulgare (mesic grass-

land) type 1 20 
liana 38 
lichen 20I,  203 
-, amphibious 138 
- community 140 
- mat 59 
- podzol 60 
life form 33, 37, 38, 77, 138, 150, 156, 

I61 ,  162, 17I ,  193 
- history I7I 
- strategy 160 
- -cycle 39, I49 
- -expectancy 174 
light 57, 68, 128, 1 8 1 , 206 
- climate 163 
- intensity 36, 38, 41 
- level 39 
- penetration 93, 1 49, 199, 208 
- quality 199, 200 
- quantity 200 
- regime I93 
- requirement I 52 
- spectrum 199 
light-demanding species 43, 46, 50, 

I72, I 8 I  
lightning 66 
- strike 67 
lignified 61,  I26 
Lilla Middelgrund 202 
lime (tree) 19 
lime-demanding 17 
lime-gyttja 125 



limes norrlandicus 1 1 , 20, 43, 47 
limestone 5, 2 1 ,  22, 24, 25, 27-29 
- area 95 
- bedrock 1 25 
- quarry 131  
- rock, bare 128 
liming (of lakes) 107, 146, 167 
Lina Rapids 138 
linden 10,  11  
Linderodsasen 40 
Litorina Sea 16, 190 
litter 35, 40, 41, 42, 46, 65, 107, 1 35, 

1 83, 184 
- accumulation 174 
- fall 33 
Little Ice Age 20 
littoral 169, 199 
- community 150 
- plant zonation 1 5 1  
- zone 1 42, 1 50, 1 5 3  
liverwort 196 
livestock 114, 117  
Ljungan River 35, 135  
Ljusnan River 35,  135  
loamy 45 
Lobelia lake 153 
lodgepole pine 7 1  
log 69 
logging 39, 50, 55, 70 
long-distance seed dispersa1 40, 17 1 
long-term dynamics 79 
low-molecular-weight organic acid 25 
low-water mark, extreme 142 
Lule River (Lule alv) 87, 135, 141 
luvisol l 1 9  

macroalga 1 87,  1 9 1 ,  193- 1 95, 204, 
206, 208 

macrofossil 19 
macrofungi 33 
macronutrient 206 
macrophyte 142, 149, 150, 153,  155-

157, 165, 166, 197 
- association 1 53 
magnesium 75 
Magnocariceta 94 
Maklappen 209 
Malaren. See Lake Malaren 
Malm6 1 83 
Malmohus 209 
Man-made habitat 1 30 
management 26, 70, 122 
- of lake 167 
manganese 22-25 
manure 1 1 7  
maple 1 0  
mapping o f  vegetation 5 9  
marine affinity 197, 198 
- algae 200 
- area 1 87-1 89, 208 
- origin 194, 196 
- plant 1 87 
- protected area 209 
- reserve 209 
- resource 209 
- sediment 6 
- species 1 8 1 ,  182, 208 
maritime climate 169 
marl lake 154 
marshland 1 5 1  
Mastogloia Sea 190 
meadow 6, 1 1 ,  19, 22, 44, 58, 62, 63, 

80, 84, 1 1 4, 1 1 9- 1 2 1 ,  142, 145, 
180 

-, abandoned 1 2 1  
-, alpine 84 
- beech forest 4 1  
- ,  boulder 1 39 
-, dry 127 
-, flood 1 14, l l 6  
- forest 79 
-, lower 1 74 
-, moist 121  
-, pond 1 14 
-, riparian 144, 145 
- series 58, 62 
-, unfertilized 1 1 6  
-, upper 1 74 
-, wet 120 
-, wooded 20, 44, 50, 1 1 5, 1 1 6 
-, - pasture 1 1 6, 123 
mean water level 169 
mechanical damage 173 
- stress 76 
Medieval period 1 1 3 
Mediterranean Sea 190-192 
melt water 85 
mesohaline 192, 197 
mesohalobous 192, 197 
mesomorphic (species) 38 
mesotrophic 35, 42, 44, 45, 50, 205 
- lake 149, 152, 155 
- mixed deciduous forest 34, 42, 44, 

48 
Mesozoic 5 
metal extraction 1 3 1  
metamorphic 5 
meteorological factor 170 
methane 107, 194 
micro-habitat 64 
microalga 1 38, 142, 1 87, 197 
microbial 26 
- activity 29 
- loop 158 
microclimate 50, 77, 135 
microcystin 164 
microfossil 190 
micronutrient 24 
microsite 40 
microspecies 87 
microtine rodent 78 
microtopography 94, 127 
- gradient 97 
Middle Ages 1 1 3,  1 14, 130, 1 83 
migrating bird 1 84 
migration 19, 20, 39, 1 8 1  
- ,  downward 1 8 1  
minerotrophic 92 
- mire 1 1 1  
mining 1 83 
mining deposit 1 3 1  
- district 1 3 1  
- of iron 1 3 1  
mire 6, 9-12, 57, 58, 85, 91 ,  100, 1 1 1 ,  

142, 144, 157 
- complex 1 0 1 ,  1 1 1  
- element 101,  1 1 1  
- expanse 97 
- margin 97 
-, mixed 106, 1 1 1  
-, patterned 103 
-, primary formation 1 04 
- unit 1 01 ,  1 1 1  
Mire Protection Plan 107 
Mittlandsskogen 35, 45 
mobility 77, 177 
molecular evidence 192 
Molinia caerulea (wet grassland) type 

1 2 1  
mollusc 3 7 ,  187 
monocorrnic 78 
monument 1 1 5, 1 1 8  
moose 67, 78 
mor 15, 26, 43, 60-62 
moraine 2 1 ,  1 82 
- till 44, 46 
morphological adaptation 77, 1 91  
- evidence 1 92 
morphotype 191 
mortality 66 
mosaic landscape 1 1 5  
- mixed mire 104, 1 1 1  
moth 39, 79 
-, autumnal 78 
mountain 10- 1 2, 1 8, 19, 56, 57, 62, 

83, 139 
- birch 78-81 
- birch forest 78, 79, 144 
- flora 86 
- lake 144 
mountainous 67 
moving ground water 84 
mowing 1 2 1 ,  130, 171, 1 79, 183, 1 84 
mud-bottom 97, 1 1 1 , 194 
Muddus National Park 59, 65, 66, 69 
mudflat 179 
mull humus 33 
multi-aged 66 
municipal discharge 207 
Mya and Lymnaea Sea 190 
mycorrhiza 38, 78 
-, arbuscular 78 
-, ecto- 78 
-, ericoid 78 

Na (sodium) 172 
NaC1 1 69 
naked flagellate 162, 1 99 
nanophanerophyte 38 
nanoplankton 159, 160 
Nardus stricta (moist grass heath) 

type 123 
National Board of Forestry 7 1  
National Forest Survey 56, 58 
national park 209 
native flora 157 
Natural Resources Act 138, 146 
Natural World Heritage 65 
Nature Conservation Act 106 
nature protection 209 
nature reserve 209 
needle flagellate 159, 160, 162 
nemoral 1 0, 12, 19, 20, 33, 34, 40, 

44-46, 57, 140 
- forest 19 
neurotoxin, neurotoxic 164 
neutralization 94 
NH/ 26 
nickel 75 
Niederwald 50 
nitrification 26, 36, 37 
- ratio 36, 37 
nitrogen 25, 26, 50, 60, 8 1 ,  1 3 1 , 1 5 1 ,  

158, 159, 162, 205, 206 
- availability 37, 59 
- deposition 26, 107 
- fixation 17, 47, 77, 1 6 1 ,  176, 206 
- limitation 206 
- mineralization 51 
-, total 62 
nitrophile 172 
nitrophilous species 51  

niva1 9 
N03- 26 

Subject index 229 

non-indigenous species 1 9 1 ,  195, 209 
non-mycorrhizal 78 
Norra Kvarken 189 
Norrbotten 67, 156 
Norrfjarden 196 
Norrland 19, 56, 156 
north-facing slope 63 
northern species 144 
northern Sweden 8, 19, 57, 61 ,  63, 7 1 ,  

94, 1 1 4, 1 1 7 ,  1 36, 137, 1 39, 141 , 
143,  149, 153, 1 62 

North Sea 1 89, 1 9 1 ,  200 
Norway spruce 10, 78 
nuisance (alga) 209 
nunatak 18, 20, 87 
- hypothesis 1 8 
nutrient(s) 22, 29, 36, 39, 48, 67, 8 1 ,  

149, 1 5 1 , 155, 206, 209 
- availability 38, 59, 70, 149, 152 
- concentration 162, 193,  206 
- deficiency 165 
- dynamics 206 
- economy 8 1  
- gradient 35, 36, 55, 59, 149 
- limitation 25 
-, limiting 206 
- loading 1 57, 166 
-, low content 162 
- recycling 191  
- replenishment 161  
- resorption 78 
- status 27, 36,  4 1 ,  161  
- supply 44, 122 
- transport 146 
- uptake 193 
nutrient-poor 56, 57, 82 
- alpine lake 1 6 1  
- lake 157, 1 58 
nutrient-rich 57, 63, 64, 78, 93 
- lake 149, 1 58 
nymphaeid 153,  155 
Narke 5 
Narke Sound 16, 18,  19 

oak 10, 11 ,  19, 33, 35, 39, 42, 43 , 45 
- forest 39, 42, 43 
oak-hazel forest 50 
oceanic 8, 12, 43, 76, 78, 122, 140, 

189, 1 92 
oceanic-continental gradient 100 
oceanity 8 
oil spill 209 
bland 5, 8, 1 0, 1 1 , 17, 2 1 ,  26, 29, 33,  

35,  39,  42-46, 48, 49, 62,  95,  1 16, 
1 17, 1 19, 122- 1 30, 1 36, 154, 177, 
1 8 1 ,  1 87 

old-growth forest 69 
Older Dryas 16, 17 
oligohaline 192, 197 
oligohalobous 192, 197 
oligotrophic, oligotrophy, 35, 38, 39, 

42, 43 , 107, 1 49,  150, 152-154, 
158, 1 59, 162-164, 205, 206 

- brown earth 42, 43 
- lake 152, 1 53, 155, 157 
- oak forest 33, 34, 39, 42, 43 
- water 1 35,  139, 140 
ombrotrophic 92, 106 
- mire 100, 1 1 1  
- pine bog 65 
oospore 1 54 
opportunist(ic) species 1 8 1  , 206, 208 

Acta Phytogeogr. Suec. 84 



230 

Ordovician 5, 2 1 ,  22, 125 
Ordovician limestone 2 1  
bregrund 205 
bresund 16, 1 8 1 ,  1 88, 1 89, 193, 194, 

197, 200, 202 
organic carbon 205 
- matter 149 
- waste 1 3 1  
Oslofjord 199 
osmotic potential 172 
- pressure 172 
bstergi:itland 5, 45, 95, 1 17, 122, 154, 

165 
overexploitation 209 
oxalate 25 
oxalic acid 25 
oxen 1 1 6 
oxygen 46, 1 52,  172, 173 
- consumption 205 
- deficiency 38, 170, 173, 191 
- depletion 205 
oxygen-poor 150 
oxygen-rich 64 
oxygenation 166 
oystercatcher 1 84 
ozone layer 87 

Paarpsrevet 203 
pack-ice 199 
Pajep Maskejaure 154 
palaeogeographic 16 
Palaeozoic 5, 75 
palatable 67 
palsa 100, 104 
paludification 9, 104 
parasite, parasitism 38-40, 42, 44, 47, 

50 
pasture 2 1 ,  28, 1 14- 1 1 6  
pathogen 65, 87 
peat 9, 15, 17, 62, 142 
- formation 58, 64, 91 
- harvesting 9 1 ,  106 
- pit 100 
- soi1 9 1  
peatland 6 ,  9 1  
pelagic 149, 1 87 
- diatom 206 
- microalgae 198 
- vernal diatom bloom 199 
perennial 26, 29, 39 
- alga 1 83,  193, 200, 207, 208 
- grass 177 
-, iteroparous 77 
- vegetation 199, 205 
permafrost 8, 56, 104 
pest 87 
pH 22-30, 35-37, 44, 45, 50, 5 1 ,  59-

6 1 ,  95, 96, 118 ,  159, 162, 167 
-, soil 23, 26 
phanerophyte 38 
phenological, phenology 33, 39, 126 
phenotype, phenotypic 170, 173, 177 
phosphate 22, 25-27, 36 
-, exchangeable 29 
phosphorus 23, 1 3 1 ,  146, 149, 1 5 1 ,  

1 59, 161, 1 63, 165-167, 177, 205, 
206 

- limitation 206 
- precipitation step 166 
- removal step 166 
photic zone 206 
photosynthesis 76, 92, 152, 173 
photosynthetic tissue 1 53 
phycoerytrin 199 
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phylogeny 159 
physiological, physiology 36, 37, 43 
- adaptation 37, 191- 193 
- evidence 192 
- stress 198 
phytoplankton 157- 160, 162-164, 167 
- biomass 162, 1 63 
- bloom 157 
Picea-dwarf shrub-Sphagnum swamp 

forest 64 
Picea-herb-rich swamp forest 64 
Picea-low herb community 63 
Picea-tall herb community 63 
Picea- Vaccinium myrtillus com-

munity 61  
Picea-Vaccinium myrtillus-low herb 

community 61  
picoplankton 159 
pine 11, 17, 19, 48, 55, 56, 59, 61 -64, 

66, 68 
- bog 91  
- forest 97,  144 
- - on rocky ground 60 
-, Scots 10, 78, 8 1 ,  177 
- wood 11 
Pinus-Calluna-Vaccinium uliginosum 

community 62 
Pinus-Iichen community 59 
Pinus-Vaccinium vitis-idaea com-

munity 61 
pioneer 34, 47 
Pite River 135, 139, 144 
planktic alga 149, 150, 158- 160, 163,  

165 
-- community 163, 1 66 
plankton 167, 1 87, 199 
- alga 158 
- community 160, 162 
plant cover 156 
- strategy. See strategy 
- uptake 22 
plant-microbial symbiosis 24 
plantation 33, 48 
planting 56 
plasmalemma membranes 23 
Pleistocene 5 
podzol 6, 26, 42, 43 
podzolisation 6, 12, 6 1 ,  64, 75 
pollarding 1 1 6  
pollen 1 7 ,  20, 40 
- diagram 17, 19 
- dispersal 39 
pollination 39, 40, 171 
- self- 40 
pollutant, pollution 146, 205, 207, 209 
polycormic 78, 79 
polygon field 139 
polygon-shaped frame 139 
polyhaline 192, 1 94 
polyhalobous 192, 197 
pond, temporary 1 54 
pond-meadow 1 1 4 
pool 129 
population cycle 78 
- density 69 
porphyrite 5 
post-fire 7 1  
- vegetation dynamics 66 
Postglacial 15, 16, 1 8, 104 
post-glacial change 15 
- history 5, 190 
- sediment 6 
- immigrant 191 
potassium 22, 172 

Potentillafruticosa variant 129 
Preboreal 19 
Precambrian 5, 43, 75 
precipitation 6-8, 43, 66, 76, 92, 101,  

1 88, 192 
prehistoric burial site 1 1 8  
- monument 1 19 
- times 1 83 
- productivity 44, 149, 157 
primeval stand 48 
production 63, 208 
- primary 92, 149, 205 
productive turbid 1 99 
productivity 149 
prokaryote 158, 1 87 
propagation 26 
prostrate growth habit 77 
protection 209 
protoctist 158 
Protoctista 1 87, 188 
protozoan grazing 159 
pseudo-annual species 179 
psu (practical salinity unit) 192 
pulp mill 163, 207 

quagmire 94 
quarry 1 3 1 ,  183 
quartzite 22, 75 
- rock 26 
- sandstone 21,  22 
Quaternary 17 
- history 15 
quillwort 196 

r-selected species 193 
radiation 39, 71, 87 
railway embankment 130 
- flora 130 
rainfall 8, 50 
randskog I l l  

Rane River 142 
ranker type 43, 44 
rapid 1 35, 137- 139, 141,  142, 145 
Raunkiaer 3 7 
re-colonization 50, 179 
re-establishment 50 
recession of the ice 19 
recreation 163 
recruitment 40 
red algae 1 88, 193-195, 198-205 
red (algal) crust 205 
red list categories 154 
red-listing 71, 171, 208 
Redfield Ratio 206 
redox potential 170 
reed 153, 194 
- bed 150, 165 
- swamp 1 5 1 ,  156 
refuge, refugium 15,  1 8, 1 99 
- hypothesis 87 
regeneration 2 1 ,  50, 66 
regulated river 136, 1 4 1 ,  1 43,  144, 

146 
reindeer 6 1 ,  67, 78, 8 1 ,  87 
- herbivory 8 1  
Reivo Nature Reserve 68 
rejuvenation 68 
relative growth rate 30, 39 
Rendzic 2 1 ,  25, 26, 29 
- Leptosol 22, 26 
rendzina 44 
Rendzolithic 2 1 , 29 
reproduction, reproductive 40, 77 
- organ 1 50, 174, 194, 201 

reservoir 138, 1 39, 141,  146 
resprout 66, 78 
restoration 1 1 8 ,  122, 1 3 1 , 146, 166, 

1 84 
retention time 149 
rhizoid 194 
rhizome 38, 66, 78, 150, 1 5 1 , 177, 178 
rhizomatous (species) 77 
rhizosphere 25, 26, 29, 176 
riparian corridor 143, 145, 146 
- forest 70, 71 ,  142, 145, 146 
- habitat 135 
- vegetation 135, 138 
- zone 140-143, 145, 150 
Ristafallen 140 
river 135-137 
- bank 34, 46, 1 82 
- channe1 141,  142 
- continuum concept 143 
- corridor 138 
-, damaged 146 
- discharge 136, 209 
-, free-flowing 141,  142, 144 
-, free-running 7 1  
-, impounded 141 
- lake 139, 153, 154 
- margin ecosystem 140 
- mouth 196 
- topography 1 35 
- valley 8, 1 1 ,  141 
road verge 130 
roadside 1 1 8, 130 
rock (rocky) (see also bedrock) 138, 

141 
- basin lake 156 
- bottom 205 
-, igneous 2 1 ,  22, 28 
- pool 175 
- shore 169, 175, 1 83, 198, 20 1 ,  207, 

208 
- substratum 200 
rodent 67, 78 
roe deer 37 
root exudation 25 
- growth 23 
root-shoot (ratio) 57, 78 
rosette (type, plant) 150, 153 
rowan 17, 183 
ruderal 38, 1 1 3 ,  146, 177 
rural landscape 11 
Ryggmossen 97, 101 

Saami people 81,  87 
saline conditions 172 
- lake 192 
- soil 169 
salinity 144, 169, 170- 1 73, 1 75,  1 79,  

1 89, 1 91- 193, 197,  198, 200, 203, 
209 

- amplitude 194 
-, critical 198 
- condition 190 
- gradient 188, 1 89,  193,  197, 201 
- optimum 193 
- tolerance 180, 192, 196, 198 
Salpaussdka 16 
salt accumulation 1 8 1  
- content 169, 172 
- excretion 172 
- marsh 169, 172, 178, 179 
- - species 1 8 1  
- pan 171,  179 
- spray 43, 1 84 
- tolerance (to1erant) 130, 172, 175, 
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- tolerant ecotype 192 
- water 169 
salt-avoiding species 180 
Salvorev 209 
sand (sandy) 6, 131, 153, 154, 169, 187 
- dune 60, 169 
- pit 131  
Sandhammaren 177 
sandstone 5, 21 
- shore 151 ,  177 
sapling 37, 66-69, 146 
- bank 66 
saprophyte 38 
Scandinavian mountain (Scandes) 

range 5, 12, 18, 56, 65, 75, 87, 135 
schist 5, 75 
schistose rock 139 
Sch1ei Estuary 198 
sclerenchyma 173 
scleromorphic species 38, 41 
sclerophyllous 93 , 177 
Scorzonera humilis (mesic grassland) 

type 120 
scree slope 76 
sea level 190 
- - fluctuation 1 70 
- - rise 190 
seashore 1 1 , 17, 47, 48, 169, 171  
- habitat 169 
- vegetation 1 1 ,  1 8 1  
sea-shell deposit 22 
seasonal development 160 
- flood 140 
- fluctuation 136, 141,  208 
- succession 158, 203, 204 
seasonality 8, 199, 203, 206 
seaweed 183 
Secchi depth 153 
sediment, sedimentation 6, 135, 136, 

142-146, 171, 194, 200, 205, 206, 
208 

- area 135 
- layer 166 
- texture 152 
- type 156 
Sedum album-Viola tricolor-Aira 

praecox (grassland) type 1 19  
Sedum album-Tortella spp. (alvar 

grassland) type 128 
seed 172, 173 
- longevity 57, 172 
- bank 40, 172, 181  
- bed 69 
- control 1 30 
- dispersal by water 152 
- maturation 78 
- predation 37, 39 
- production 152, 181 ,  183 
seeding 56 
seedling 25, 66, 69, 78, 8 1 ,  82, 183 
- survival 173 
- bank 66 
seepage 46, 70, 1 1 1 , 146 
- groundwater 64, 146 
selection 191 
selective cutting 65 
self-incompatibility 40 
semi-arid 125 
semi-cultural element 11  
semi-natural 22, 26, 33 ,  34, 40 
- grassland 1 17 
- vegetation 10 
- wetland 120 

serial discontinuity concept 143 
serpentine 5, 75 
Sesleria caerulea variant 129 
sewage 140, 165, 166 
- plant 206 
- water 163 
sexual reproduction 40, 77 
shade-intolerant 65, 67, 71 
shade-tolerant (species) 1 8, 34, 40, 45 
shading 167 
shale 2 1  
sheep 183 
shelter ( ed) 1 56 
- bay 156 
- shore 156 
shingle 169, 1 82, 183 
- shore 175, 176 
shore (level) displacement 170-172 
- meadow 169,  172-174, 178- 1 8 1 ,  

183, 1 84 
- species 170, 182 
- line 138, 146, 181  
- - displacement 170 
- - vegetation 146, 170 
-, wave-mixed 156 
shrub layer 48 
-, unpalatable 50 
silicate (siliceous) 21, 159, 192, 206 
- pool 206 
- rock 5, 22 
- soil 127 
sill 189 
silt 187 
Silurian 5, 21 ,  125 
- - limestone 21 
silvicultural 56 
Skagerrak 187-190, 199-202, 208, 

209 
Skalka Lake 141 
Skane 5, 10, 16, 1 8, 40, 42, 43, 45-

48, 5 1 ,  95, 1 14, 1 17, 1 19, 121-
124, 154-1 56, 165, 167, 169, 183, 
187 

Skattlosbergs Stormosse 107 
Skellefte River 135 
Skelleftea-Boliden copperfield 131 
ski lift 87 
slash-and-bum 1 14 
- technique 1 13  
slate 5, 21,  29 
sloe 1 1  
slow-flowing stretch 135-137, 142, 

144, 147 
Smaland 38, 40, 41, 43, 44, 48, 1 17, 

123, 149 
snow 38 
- accumulation 83 
- bed 12, 83 
- cover 7, 8, 77, 79, 84 
- depth 56, 80 
- field 12, 85 
- free 12 
-mobile 87 
- protection 80, 84 
snow-bed community 83 
snowfall S 
snowmelt 9, 1 36, 169, 179 
soak 1 1 1  
SOdermanland 44, 45, 165, 177 
Soderasen 40, 47 
sodium 172 
Sodra Kvarken 1 89 
soft bottom 1 87, 194, 196, 200, 206, 

207 

soft water lake 153 
soil 23 
- acid (acidity) 22, 24, 26, 30, 44, 83 
- acidification 50 
- aeration 91  
- chemistry 22, 23 ,  26 
- depth 22, 26, 28, 29, 59, 61,  127, 

128, 13 1  
- fertilizer 183 
- freezing 56 
-, frost-disturbed 126 
-, gleyic 47 
- instability 45 
- leaching 43 
- moisture 26, 36, 46, 47, 57-59, 1 1 8  
- - regime 55 
- nutrient 26, 55, 57, 61, 76 
- organic matter 22 
-, peaty 9 1  
- ranker type 43 
-, saline 169 
- scarification 56 
- solution 22 
- status 84 
- temperature 39, 8 1  
- texture 55, 13 1  
- water 61 ,  64 
soil-plant interaction 21  
soil-plant relationship 22 
solifluction 75 
solubility 24 
solubilization 26 
Sound. See Oresund 
South (southern, south-west, south

east) Sweden 7, 8, 17-20, 23, 25, 
27, 33-35, 42, 43, 46-48, 50, 55, 
57, 63, 64, 66, 1 14, 1 19-124, 126, 
131 ,  136, 140, 158, 159, 162, 164, 
176, 177 

- southern (species) distribution 36, 
126, 130 

south-eastern distribution 36, 44, 120, 
183 

south-eastern European distribution 
124, 126, 130 

south-western distribution 36 
south-western European distribution 

126 
speciation 192 
species composition 44, 157, 207 
- distribution 20, 56 
-, indicator 37 
-, introduced 157 
-, outcompeted 34, 194 
- pool 144, 178, 179 
- richness 23 , 28, 29, 35, 38, 44, 45, 

63, 1 19, 144, 152, 163, 165, 174, 
193, 194, 197, 198 

- survival 66 
-, threatened 208 
-, threatening 208, 209 
-, water dispersed 171 
-, wind dispersed 171 
species-rich (community) 63, 64, 83, 

92, 93, 120, 127, I39 
spilite 21,  29 
splash zone 199 
spore 99 
spray region 169 
- zone 194, 201 
spring 9, 48, 70, 1 1 1  
- bloom 158 
- fen 102, I l l  
- frost 40, I40 

23 1 

spruce 1 1 ,  19, 20, 33, 43, 48, 55, 56, 
59, 61 -69, 145 

- forest 144 
- pollen 20 
stability, environmental 191 
stagnant ground water 64, 65, 70 
- water 152 
starfish 203 
stem breakage 68 
stenotherm I 99 
- flow 33 
steppe 17, 58, 120, 1 24, 125 
- -like vegetation 1 1 ,  124, 125 
Stockholm 16, 55, 131 , 176, 179, 207 
Stockholm archipelago 46, 127, 175, 

194, 196 
stoloniferous species 140, 150, I 78, 

179 
stomata 152 
Stone Age l l3 
stone reef 200 
stonewort 1 87, 194, 196, 198, 207 
Stora A1varet I25, 128, I29 
Stora Dalby Lund 46 
Stora Middelgrund 202 
storage organ 38 
- reservoir 139, I41,  144-146 
Store Bre1t. See Belt sea 
Storforsen 145 
Storvindeln Lake 145 
strategy 75, 92, 152, 160, 171  
-, classification 92 
- type 37, 38 
stream 135 
stress 38 
- -tolerator 38, 39, 92 
stress-tolerant 160, I62, 163 
string 1 1 1  
string mixed mire 100, 1 1 1  
stump 69 
stump-shoot 57 
subalpine 10, 1 2, 55, 57, 67, 75-79, 

87 
- area 153 
- birch forest I 44 
- zone 76 
Subatlantic I9, 20 
Subboreal 19 
subcanopy 63 
subcontinental 65 
sublittoral (belt) (zone) I42, 181 ,  191,  

197, 199, 202, 203, 205, 208 
submerged (submergence) 155- 157, 

173, 174, 182, 1 83, 194, 200 
- aquatic plant 150, I 52 
- macrophyte 150, 152, 1 53, 157 
- moss 154 
- part 170 
- plant 167 
- vegetation 157, 165, 187 
submersion 171,  180 
suboceanic 1 1 ,  35, 43, 122 
- climate 43 
subspecies 57, 19 1 ,  192 
substrate disturbance 143 
- heterogeneity 143 
subtidal l99 
succession(al) 34, 61 ,  67, 68, 7 1 ,  158, 

170, 199 
succulence, succulent 26, 29, 126, 

128, 172, 183 
sulphate deposition 167 
sulphide mining 131  
sulphur bacteria 207 
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summer 6, 8, 17, 38, 39, 82, 1 16, 138, 

142, 158, 162, 163, 170, 179, 204 
- dominant 164 
- drought 127 
- dwelling settlement 1 14 
- low-water mark 142 
- temperature 6, 7, 56, 76 

summer-annual macrophyte 157 
Suorva Reservoir 141 
supralittoral 199, 201 

- meadow 1 69 
surface reduction 126 
surface-to-volume ratio 173 
survival 1 7 1 ,  201 

- strategy 207 

survivorship 174 
sustainable forestry 1 1 ,  12 
- land use 7 1  
Svealand 1 1 ,  56, 120 
swamp 50 

- forest 34-36, 38, 40, 47, 48, 64, 65, 

70 

Swedish Coniferous Forest Project 56 
Swedish mountains 6, 8, 12 
Swedish west coast 197 
syenite 75 
symbiosis 47, 176 

tabula rasa 1 8  
- hypothesis 1 8  

taiga 1 1 ,  1 3  
tailing 1 3 1  
tall-fern community 63 
Tfumforsen 140 
taproot 126 
Tarendo River 144 
taxonomic unit 192 

temperate 1 0, 13, 146, 1 9 1  

- lake 1 5 8  
temperature 6 ,  7, 1 5 ,  19, 20, 39, 40, 

7 1 ,  87, 140, 149, 159, 162, 172, 
190, 205 

- sum 39 
temporary lake 1 53, 154 
- pond 154 
- pool 1 29 

Tengelion River 144 
terrestrialization 104 
thallus 193, 204, 206-208 
thermal continentality 9 
therophyte 38, 171  
thinning 56,  1 39 
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threshold 1 89, 193 

- fiord 189 
tidal fluctuation 1 89 
- sea 192 
- sea coast 199 
- variation 141 
- water 1 89 
- zone 199 
- - level change 1 89 
tide 170, 1 83, 184 

till 5, 6, 60, 62 
-, clayey 6 
timber line 19, 8 1  
- floating 139, 146 
- transport 97 

Tjaktjajaure Reservoir 141 
topography 59, 82, 135, 141, 1 71  
Tome River 135-137, 144 
Tornetdisk 144 
toxic 23, 75, 161  
- algal bloom 207 
toxicity 23, 36 

toxicosis 163 
trampled, trampling 67, 155, 171, 183 
Trangslet dam 1 4 1  
transhumance system 1 14 
transparency 149, 153 
transpiration 38, 98 
tree layer 34 

- cutting 50 
- line 75, 81, 82, 84, 1 83 
trophic characterization 1 65 
- state (status) 15 1 ,  1 57, 164 
tuberous rootstock 150 
tundra 12, 19 
turbid, turbidity 149, 1 52, 1 57, 206 
turbulent 160 
turion 152 
turnover 65 

- of nutrients 78 
two- and three-field system 1 1 3  

Ulla Hau 178 
ultrabasic peridotites 5 
Ume River 135, 139, 145 

Umea 55 

UN convention 7 1  
understorey 46, 5 8 ,  142, 145, 201 
upper littoral 190, 199, 202 

Uppland 44, 45, 57, 60, 62, 63 , 66, 
68, 69, 95, 97, 1 1 3, 1 17, 119, 122, 
154, 1 55, 165, 166, 175, 178, 196 

Uppsala 55 

uprooting 68 
upward process 208 
urban area 1 3 1  
UV-B radiation 87 

Vaccinium myrtillus-Calluna vulgaris 
(heath) type 122 

Vaderoama (islands) 188 
Vanem. See Lake Vanern 
Vannskarsgrund 197 
Varmland 6, 1 1 ,  105, 114 
Vasterbotten 11,  59, 60, 62, 63, 209 
Vastergotland 5, 1 1 ,  16, 33, 34, 44, 

45, 95, 1 17, 1 1 9, 120, 122, 125, 
1 26, 127, 128, 154, 165 

Vasterstads Almlund 46 
Vattem. See Lake Vattern 
vegetation zonation 9, 10, 12, 19 
vegetative growth 27, 1 8 1  
- period 140, 143 
- regeneration 56, 57 

- reproduction 40 
velocity 135 
Venice System 192, 197 
vernal plant 39 
Viking Age 1 1 3 
Vindel River 65, 136, 1 38, 141- 143, 

145 

wader 1 2 1 ,  1 84 

warmth-demanding plant (species) 
19, 38, 140 

waste ground 130 
waste material 1 3 1  
water availability 80 
- circulation 205 
- colour 149 

- content 98 
- depth 1 50, 189, 1 99 
- dispersed species 171 
- food web 158 
- fringe 200 

- holding capacity 30, 1 3 1  
- level 9, 145, 173, 1 82, 1 99 

-- fluctuation 48, 135, 138, 141, 142, 
144- 146, 170 

- movement 198 
- quality 149, 1 58, 164, 1 67 
- root 173 
- table 48, 58, 65, 91 ,  92, 98 
- temperature 158, 1 62, 193, 198 

- turnover time 1 89 

waterbloom(ing) 160-163, 165,  166 
waterfall 139, 1 40, 144 
waterfowl I 57 
- lake 1 66 
waterline 203, 204 
waterlogged soil 170 

waterlogging 172, 173 
wave action 1 50, 156, 1 7 1 ,  193, 200, 

204 
wavelength 199 
wax cover 126 
weathering 5, 22 
weed 19, 130 

Weichsel(ian) 15, 190 
west-(western) arctic species 1 8, 86, 

183 
wet deposition 26 
wetland to, 1 1 ,  9 1  
- inventory 106 
White Sea 1 83, 191  
willow belt 84 
wind 65 
- action 150 
- wind dispersed species 171 
- disturbance 1 60 
- pollination 39, 1 7 1 , 179 
wind-exposed patch 82 
wind-throw 65 
windstorm 65 
winter bud 1 52 
- dormancy 39 
- fodder 19, 50, 1 14 
- moth 78 
- temperature 20, 40, 77 
wintergreen 39 
wood-inhabiting species 69, 70 
World Health Organization 164 

yellow substance 200 
yellow-green algae 1 59, 1 88, 194 
yew 1 1  
Yoldia Sea 16, 190 
Younger Dryas 16-19 
Ystad 1 14 

zinc 1 3 1  
zonation 1 4 1 ,  1 80, 202 
- of shores 170 
zooplankton 158, 165, 167 
zygote 198 



alvarmo 125 
alvartorrang 127 

backkiirr 1 1 1  
blandmyr 1 1 1  
bleke 129 
bhibar-Iagortgranskog 61  
blabarsgranskog 61  
borsttatelhed 1 25 
borsttatel-tofsiixing-variant 125 

dammiing 1 14 
ctra.P 1 1 1  

fagning 1 1 6  
fjiillbarrskog 1 2  
flarkgOI 1 1 1  
frakenslatter 1 22 
farsvingelalvar 1 27 
fabod 1 14, 1 16, 117  

gungflyn 1 1 1  
gol t l l  

hage 1 16 
hamling 1 16 
hedbokskog 41  
hedserien 58 
hardvallsang 1 14 

Swedish subject index 

ballmarksalvar 128 mader 1 14 
hiillmarkstallskog 60 margran 68 
hOgmossar 1 1 1  markvegetationstyp 58 
hOgsta kustlinje 16  mosaikblandmyr I l l 
hogstarrkarr 94 mosse 92, 1 1 1  
hOgortgranskog 63 - av nordlig typ 1 1 1  
hOlja 1 1 1  mosseplan 1 1 1  

myrenhet 1 1 1  
igenvaxning 104 myrkomplex I l l  
inaga 1 1 7  mar 60 
inagomark 1 17 

platamosse 1 1 1  
kalklavhiillmark 128 primar myrbildning 104 
kalktallskog 62 
karstalvar 128 raningar 1 14 
koncentriskt valvd mosse 1 1 1  rik sumpskog 64 
krattskogar 43 runnor 1 16 
kupolmosse I l l  
killla 1 1 1  sandstapp 124 
killlkarr 1 1 1  sidvallsang 1 14 
kiirr 92, I l l  siliing 1 1 6  

skogstyp 5 8  
laga skifte 1 14 skravelangar 139 
lagg 97, 1 1 1  sluttande hogmosse 1 1 1  
lavtallhed 59 solvandelavhed 1 27 
lingontallskog 6 1  sprickstriingalvar 1 28 
ljung-odontallskog 62 storskiftet 1 14 
Iagort-angsgranskog 63 strang 1 1 1  
16vang 50, 1 1 6  strangblandmyr 1 1 1  

stubbskottsang 1 1 6  
sumpskog, fattig 64 
svagt valvd mosse 1 1 1  
svedjebruk 1 14 

terriingtackande mosse 1 1 1  
trada 1 13 
tradesaker 130 
tuva l l l  

utmark 1 17 
utagomark 1 1 7  

va11 1 17 
vatmarksinventeringen 106 
vat 129 

adellovskog 33 
iinge 1 1 6  
angsbokskog 41  
iingshavresamhalle 127 
angsserien 58 

olandssolvanda-alvar 127 
oversilningsiing 1 16 
oversvarnningskarr 1 1 1  
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SVENSKA V AXTGEOGRAFISKA SALLSKAPET 
SOCIETAS PHYTOGEOGRAPHICA SUECANA 

Adress: Avdelningen for viixtekologi, Uppsala Universitet, Villaviigen 14, SE-752 36 Uppsala, Sweden 

Siillskapet bar till andama.I att vacka och underhalla intresse fOr 
viixtgeografien i vidstrackaste mening, att framja utforskande av 
flora och vegetation i Sverige och andra lander och att hiivda 
geobotanikens praktiska och vetenskapliga betydelse. 

Siillskapet anordnar sammankomster och exkursioner samt 
utger en publikationsserie. Medlemskap kan erhallas efter 
anmalan hos sekreteraren. Foreningar, bibliotek, laroanstalter 
och andra institutioner kan inga som abonnenter. 

Sallskapet utger arligen Acta Phytogeographica Suecica. 
Medlemmar och abonnenter er hailer arets Acta mot postfOrskott 
pa arsavgiften jamte porto och expeditionskostnader. 

Vissa ar utges extra band av Acta, so m erhalls mot en tillaggs
avgift. 

Silllskapet bar tidigare utgivit den ickeperiodiska serien Studies 
in Plant Ecology (vols. 1 -20 Vaxtekologiska studier). Den kan 
forvarvas efter bestallning hos OPULUS PRESS AB, Malmen, 
7401 1 Lanna, Sweden. 

The object of the Society is to promote investigations in flora 
and vegetation, their history and their ecological background. 
Through publication of monographs, and other activities, the 
society tries to stimulate geobotanical research and its applica
tion to practical and scientific problems. 

Individual members and subscribers (societies, institutes, li
braries, etc.) receive Acta Phytogeographica Suecica on pay
ment of the annual membership fee. There are additional fees in 
years when more than one volume is issued. For membership 
please, apply to the Secretary. 

The Society has also issued Studies in Plant Ecology (vols. 1 -
20 Vaxtekologiska studier). All volumes are still available and 
can be ordered through OPULUS PRESS AB, Malmen, SE-
740 1 1  Lanna, Sweden. 
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