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Part 1
The vegetation and its development within the special

area Jigarmossen

INTRODUCTION

The purpose of this investigation is to give an account of the vege-
tation and the habitat conditions of some drained peat land, in the
eastern part of central Sweden, which carries stands of forest trees at
various developmental stages and of various composition.

Mires have long held a leading place as an object of study in Scandi-
navian vegetation research; a natural consequence of their significance
in terms of area in the vegetation as a whole. These investigations have
been in various directions. Mire plant communities and their classi-
fication and regional distribution have been studied, or the relation
between the conditions of the habitat and the occurrence of a parti-
cular plant community or species. Peat land has attracted great
interest as a historical record, particularly since the development of
pollen analysis. With its help it has been possible to follow back the
post-glacial development of the vegetation and the dispersal of certain
species. Studies of more practical nature have also been carried out,
for instance regarding the utilization of the mires for forest produc-
tion or for agricultural purposes, and the inherent problems involved
(see Ch. 1).

Ditching and draining of an area of mire usually leads to very
considerable changes in physiognomy as well as nutrient economy.
However, the peat substrate is a common factor before and after
draining, and has a lasting effect.

In the work that has been practically inclined (Malmstrom several
papers; Melin 1917; etc.) most attention has in Sweden generally
been given to peat land which has given poor response to drainage with
the aim of afforestation, little or no forest growth resulting. These
investigations laid the foundations for the research on fertilization
of peat land, recently carried out in order to find economically practic-
able methods to stimulate forest growth.
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The peat lands regarded as good from a forestry point of view
usually presented no major problems of forest cultivation. Drainage
often gave rapid positive results at least at first, Later development
was in different directions; some drainage schemes gave resulis con-
tinuing to be favourable, while others showed stagnation of growth
of the young forest.

It was partly with the aim of finding the causes underlying these
differences in development that the present work begun.

The main part of the investigations described here have been made
on the drained mire Jigarmossen in the Forest Society’s Ekebyholm
complex in the parish of Rimbo in eastern Uppland. In addition,
survey observations have been made in Uppland on drained mires in
the regions of Gimo, Dannemora, Tierp, immediately east of Lake
Tamnaren and in the area between Gysinge and Téarnsjo in the western
part of Uppland. Some data for comparison have also been collected
from Jamtland, Visterbotten and some other places. The bulk of
these additional data could not be included in the present publication.
The conditions found for Jagarmossen can be regarded as fairly typi-
cal. Naturally other types of vegetation show up in this larger material.

The localities in Uppland are situated in a climatically favourable
part of the country. The fen peat land in this region is often character-
ized by high contents of certain nutrients. These circumstances are
favourable for forest production on the sites.

In connection with the planning of the work (including a survey
of the literature), during the process of the field work, and when
the first analytical results became available, it became increasingly
clear that this type of fen peat land as a site for growing forest was a
very variable object for study, and could provide inferesting informa-
tion about the nutrient ecology of such areas. Because of this the scope
of the work early became wider than had originally been planned.

A complete survey of the literature was not practical as there is
so little written with a direct bearing on the problem but a great deal
about adjoining fields of investigation.

On almost no occasion has the intention been to attempt to solve
predefined problems. Nor have the various factors of the habitat been
studied by means of experimental methods. Rather has the aim been
to record the various phenomena and then to find out how they are
related to one another. It can be said, more directly, that the work
in its present form mainly consists of the classification of a number
of observations, some of which are visual and some based on chemical
analysis or physical measurements.
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The presentation of data is in the following primary divisions:

I. Vegetation and its development within the specially investigated
area.
I1. Habitat conditions of the specially investigated area.
III. Forest production, and its relation to habitat conditions of good,
drained peat land.

The vegetation studies in part I refer exclusively to Jigarmossen,
choosen as a representative type. The appropriateness of this choice
has been well confirmed by the mentioned investigations in other
areas. The descriptions of the vegetation have been made in full detail.
There are two reasons for this. Firstly, these vegetation types are rela-
tively little known; this may depend on their artificial nature. Second-
ly, a description of the present state makes it possible to study the
subsequent phases of succession in the plant community when return-
ing to the locality on a later occasion. Knowledge of the later stages
would have theoretical as well as practical interest. During {he present
investigation the lack of more complete comparative data from an
earlier period of the development has presented difficulties on several
occasions, especially in the preparation of the section on the vegeta-
tional development (Ch. 5), in this paper. However, the unpublished
manuscript by G. Ullén, Master of Forestry, has been of great value
from this point of view. (See Ch. 5. A).

Part II and III also deal with data from the specially studied area,
but certain diagrams in part Il contain supplementary information
from other regions.

Acknowledgements. Professor G. Einar Du Rietz, former head of the
Institute of Plant LEcology, Uppsala, introduced me to the field of plant
ecology by his stimulating teaching. Professor Hugo Sjérs, present head of
the Institute of Plant Ecology, Uppsala, has been of invaluable help to me
for many years. In his lectures and during excursions, during my first
vears at Uppsala university, I received much useful information from him.
During his time at the Royal College of Forestry, Stockholm, I had the
opportunity of discussing many plant ecological problems with him. Then
and later, in the laboratory as well as in the field he has given me many
useful suggestions and he has also critically read the manuscript.

Professor Carl Olof Tamm, head of the Department of Forest Ecology,
Royal College of Forestry, Stockholm, has in every way facilitated my work
from its beginning when he stimulated its initiation. He has always shown an
interest in my investigations and has given me much useful advice. He has
critically read most of the manuscript and suggested improvements. He has
also placed the facilities of his department at my disposal and thus made
the present investigation possible,

I have had the advantage of accompanying Professor Carl Malmsirdm on
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many of his field investigations. This has given me many opportunities to
benefit from his Iong experience of the ecology of drained peat lands.

Professor Erik Bjorkman, head of the Department of Forest Botany, Royal
College of Forestry, accepted parts of the present paper as a thesis for the
degree of fil. lic. During my post in his department he facilitated my work
in every way. Professor Charles Carbonnier, head of the Department of
Forest Yield Research, Royal College of Forestry, placed the facilities of
his department at my disposal for yield data calculations and annual ring
measurements. Professor Bertil Matérn, head of the Department of Forest
Biometry, Royal College of Forestry, performed some statistical calculations
and helped me in interpreting the results.

On an excursion in Finland 1963, I benefited much from discussions with
Professors Leo Heikurainen and Olavi Huikari.

Greger Carpelan, Master of Forestry, district manager of the Forest
Society, has heen of great help to me in procuring foresters to help with
the practical field work. He has also allowed me access to old records.

Much of the mensurational field work has been done by Hans Burgtorf,
Forester, Department of Forest Ecology. He has also assisted in the whole-
tree-sampling and in the sampling of leaves.

The chemical analyses have been carried out by Miss Rauni Bjorklund,
Mrs Britta Hultin, Miss Eva Gustavsson, Mrs Katinka Gyorffy, Miss Marga-
reta Johansson and Miss Birgitta Kjellberg. Some analyses were done at the
State Institute for Agricultural Chemistry, with financial support from Stif-
telsen Svensk Vixtniringsforskning and Kungl. Skogs- och Lantbruksaka-
demien (Royal Swedishh Academy of Agriculture and Forestry) in the form
of a grant for “The study of chemical metheds to investigate nutrient status
of forest soils”. I also received a special grant from the Academy to study
the occurrence of extractable nutrients and exchange properties of the peat.

Part I of the manuscript has been translated by Doctor Margaret Jarvis
and the English of parts IT and IIT has been corrected by Doctors Margaret
and Paul Jarvis. They also made a number of valuable suggestions regarding
the content.

Mrs Maria Rydberg has done the typewriting of the tables.

During the course of the investigation I have had the great advantage of
fruitful discussions with many colleagues.

To all the people, named as well as unnamed, who have helped me in
various ways, I wish to express my sincere gratitude. Finally I wish to
express my thanks to my wife for her great patience and never-failing
support and encouragement during these years. ~

Hilmar Holmen

Department of Forest Ecolo g
Royal College of Forestry
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Chapter 1. Features of the development of
forest drainage in Sweden and some of the connected

problems

The nutrient-rich parts of the mires were early used for cultivation.
Peat lands have usually required comparatively little labour in order
to be utilized, primarily for grazing but also for haymaking (see Stal-
felt 1960, p. 153). These circumstances have meant, for example, that
certain types of peat land (eutrophic fens) have had a higher eco-
nomic value than productive forest land (see Ch. 3. D.; Stalfelt 1960).
The primary requirement for this type of exploitation has been to
regulate the water table to a suitable level. For forestry it is of major
significance that the surface layer of the land should be drained, if
a peat land or other type of land with a high water table is to be con-
verted to productive forest land.

In Sweden, forest ditching and draining of mires for forestry was
first carried out relatively recently; in the same way, forestry as an
industry is also a late development. Hence, in available forest statisti-
cal reports the annual increase in the length of ditches for the period
1873—1890 (the first available information) is given as 50—60 km;
whereas the corresponding figures for the period when ditching was
most intensive (1920—1940) reach 4 000—8 000 km (Fig. 1).

From Great Britain, for example, there are reports of forest cultiva-
tion on peat lands in the first half of the 18th century (Zehetmayr
1954, p. 5).

It was first at the end of the 19th century that forest drainage and
forest cultivation became significant in extent here in Sweden (see
Lindberg 1956; Lundberg 1914, 1926; Malmstrém 1942, 1946; Olofsson
and Nordlund 1898). This means that at most there is experience only
of one tree generation on drained peat land. Melin (1917) has come
across a forest drainage scheme from 1830, which was, however,
intended to provide land for cultivation. This was soon abandoned
and the land became forested.

Once forest drainage had commenced it was stimulated by the very
marked positive effects which it often had on tree growth. At the end
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Fig. 1. The length of forest ditches dug in Sweden 18731960 according to official statis-

tics. The height of the columns represents the yearly average for the different
length periods.

of the 19th century interest in various ways of increasing the growth
rate of forest trees heightened because of the rising demand for wood
products and wood pulp.

Fig. 1 shows the development of forest drainage, and the violent
fluctuations to which it has bheen subject. Up to the time of the first
World War there was a steady increase in the total length of the
ditches which had been laid down. This was interrupted by the war,
after which the increase continued again, at first caused by the
measures introduced in the 1920s to combat unemployment. The world



FOREST ECOLOGICAL STUDIES ON DRAINED PEAT LAND 11

economic crisis at the end of the 1920s and beginning of the 1930s
is reflected by the colossal increase in forest drainage at that time.
This was a consequence of steps taken to decrease unemployment.
With improvement in the economic situation and a changed view of
forest management there followed a period of continuous falling-off
in the amount of the drainage undertakings completed. The minimuwmn
was reached during and directly after the second World War, but
after this, with some interruptions, there has again been an increase,
so that during the 1950s about the same level of drainage activity has
been reached as that of the 1920s. This has probably to a large degree
been caused by the extensive mechanization which is developing in
forestry, and which has made ditch-digging very much easier, but
which, on the other hand, has meant that areas which are less suitable
for ditching have been used.

During the period 18731960, a total of at least 115 000 km of ditches
has been laid down, according to official sources of information. On
the basis of 6 hectares area drained per km length of ditch, the mea-
sure usually adopted in practice, the total area of forest land gained
is 650 000—700 000 hectares, i.e., an area equivalent to the whole of
the county of Stockholm or about 3 per cent of the country’s total
area of forest land. For comparision it may be mentioned that in
Finland, “the world’s most mire-rich country” (Sjérs 1956, p. 179),
where 32.6 % of the area is mire (Tirkkonen 1952)-—12.6 per cent
of the area of Sweden is mire (A6S)——111000 km of ditches were
laid down between 1900 and 1950, caleulated to have given 750 000
hectares of forest land (Tirkkonen 1952). In Finland forest drainage
has continued with increased intensity so that the drained area in
1961 is estimated at 1.4 million hectares and the annual increase at
110 000 to 130 000 hectares (Heikurainen 1961).

But in spite of all the labour and capital which has been invested
in forest drainage, on numerous occasions the result has been far
from as successful as has been expected, even when the water run off
has been satisfactory. Various aspects of this problem have been
treated at different times. Hesselman (1906, 1910) was the first in
Sweden to consider systematically some of the habitat conditions
important for forest growth in relation to drainage of peat land.
Among other things he studied the frost heaving of the iree seedlings.

Melin (1917) collected the experience which had been gained up to
that time. Because of the great and one-sided emphasis on the signi-
ficance of thorough drainage, without taking nutritional factors suf-
ficiently into account, this paper gives a very biased picture of the
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relations between vegetation and habitat. Neither did Melin’s ideas
agree with the experience gained by “peat societies” in connection
with the agricultural trials made on drained mires. The impression
was given that there remained many unsolved problems in the use
of mire land for forestry.

In Scandinavia it ‘was not before 1935, in a paper by Malmstrom,
that sufficient emphasis was laid on the fundamental significance of
plant nutrients. Malmstréom (1935) showed, with the help of an older
experiment by V. Alund, who added wood ashes to a nutrient-poor,
well-drained peat land, that good and persistent tree production could
be supported by an otherwise barren Trichophorum caespilosum mire,
if a comprehensive nutrient source was provided. In Central Europe
and in Great Britain, more or less refined experiments in which
nutrients had been added to peat land had already been carried out
(see, for example, Zehetmayr 1954, p. 67).

Refering to Malmstréom’s investigation, Bjorkman (1941) discussed
the development of mycorrhiza and its significance for the uptake
of nutrients by trees on ash-fertilized and non-fertilized parts of a
mire. After Alund’s successful result, there have been more and
more experiments on the nutrient supply of trees, and the methods
used have been more and more refined.

But there are still many unsolved problems about the relation be-
tween a plant and its habitat. The significance of regulating the water
table to a level suitable for trees has already been pointed out. A good
drainage is a primary and essential requirement if a mire is to be used
in rational forestry practice. Next to this, nutrient supply is the ques-
tion to be considered, but for unfertilized peat information is scanty.
Without anticipating the discussion of this topic (parts II-—III), it
may be pointed out that we know too little about the relations be-
tween forest productivity and reserves of plant nutrients in the soil,
or about the position of the lower limit for total amount per unit
area or concentration per unit volume of the various plant nutrients,
for tree growth in general under natural conditions. We can also
reformulate the problem and say that we have no suitable means to
express the results of chemical analysis, etc., to define these properties
with greater precision.



Chapter 2. Some of the terms used in studies

of peat land

Because of their artificial nature, mires which have been drained
for forest cultivation, take a place which is not clearly defined in
scientific terms. Their more or less successional plant communities
have points in common both with the mineral soil plant communities
and with the original mire.

1t seemed logical to proceed from the study of mires in general, and
to use expressions put forward by certain groups of biologists. These
terms often consist of words of common usage which have been de-
fined more precisely. Among several schemes, the terminology used at
the Institute of Plant Ecology at Uppsala University has been adopted.

The term ‘myr’ (mire) is used as a collective designation for peat
land with its vegetation. There are two subdivisions, ‘kérr’ (fen) and
‘mosse’ (bog). Through work by Du Rietz (1933, 1949, 1954), Osvald
(1937), Thunmark (1940, 1942), Sjors (1946, 1956), etc., the terms
‘karr’ and ‘mosse’ have been defined and distinguished on the basis of
the differentiation of the vegetation on either side of the ‘fastmarks-
vattengriansen’ (mineral soil water limit) (Thunmark op. cit.) or the
‘karrvaxtgransen’ (fen plant limit) (Sjérs 1946, p. 14). In later work
Sjors (1961b, 1963) has treated this subject in full detail. The boun-
dary is thus drawn partly on the basis of the occurrence of the mineral
soil water and partly on the type of vegetation on both sides of the
boundary. In practice the differences in the vegetation are usually
the only basis for drawing the boundary, although Malmer (1962a,
pp. 42—43) claims that the two subdivisions be defined directly from
the presence or absence of mineral soil water.

Parts of a mire which are cut off from the mineral soil water supply
are called ‘mosse’ (bog) whereas other parts are called ‘kérr’ (fen).
In those parts of the country where typically-formed bogs, according
to this definition, are numerous and often cover a large area (i. e. the
southern and central provinces of Sweden with extensions into Vister-
botten and Jamtland) it is usually not difficult to make such a distine-
tion.

The term ‘mosse’ (bog) was used in a wider sense by Malmstrém
(1923, 1925, 1928, 1935, 1937, etc.), Melin (1917), Almquist (1929)
ete., and by most British and American authors (see Gorham 1957,
Heinselman 1963), but this has not been adopted here. In consequence,
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the usage of the term ‘karr’ (fen) has been wider than in the quoted
work. When these authors are cited the terms are naturally used in

their original sense. Sjors (1948, pp. 46—60) gives a more complete
discussion of the concepts and terms used in the study of mires.

Using the terms bog and fen as defined above, the term ‘myr’ (imire)
may now be examined more critically. The question to be answered
is: what are the required characteristics of an area to be given this
name? Obviously a mire is in most cases an area covered by peat. But
the concept cannot be defined so simply, although the formation of
a peat layer is important. It is therefore relevant to consider critically
the term ‘torv’ (peat) as well as ‘myr’ (mire).

An unusually broad interpretation of the concept 'peat’ has been
put forward by Du Rietz (1945), who considers that peat comprises
both the material of which mires are built up and the superficial
wholly organic material on top of mineral soil profiles (see also Nils-
son 1902, p. 132 and Stalfelt 1960, p. 149).

An example of an older definition is put forward by Zailer and
Wilk (1907, p. 190), who cite an earlier definition by Weber, namely
that peat is “ein aus abgestorbenen, zellulosareichen Pflanzen ... durch

Vertorfung entstandenes, in Beriihrung mit Luft braun oder
schwarz gefarbtes ... organisches Mineral, dessen eigentiimlichen
Farbung auf seinem Gehalt an Ulmin beruht”. However, such a de-
finition is not especially satisfactory because, for example, peat is
not a material which is particularly rich in cellulose. It often contains
mostly lignin, hemicelluloses, etc. (see for example Waksman and
Stevens 1928). In addition, ulmin is not a well-defined substance.

Malmstrém has used the mode of formation and qualitative proper-
ties as the main features for characterization of peat (1923, 1928).
He wrote, for example (1928, p. 340; transl.), “in water or on wet
ground, more or less porous soil types, which consist mostly of
humified plant remains”. An area covered by this soil type is then
called peat land (‘torvmark’).

Sjors (1961a) now emphasizes that peat, in contrast to mor and
mull, is characterized by accumulation (at least potentially). “Humus
accumulated as growing deposits in wet sites is regarded as peat
(althongh accumulation of peat can be interrupted, so the deposits are
not always growing at present). The other types of humus do not
accumulate after equilibrium between deposition and decomposition
is reached, except on certain sites in very cool or wet climates, and
are developed on terrestrial (or semi-terrestrial) sites” (op. cit. p. 8).

From a purely pedological point of view, Gjems (1962, p. 112;
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transl.) writes that “we speak of organic soil or peat when the con-
tent of organic material in the uppermost 30 cm of the soil profile
exceeds 40 9 .

It is, however, surprising that often very little or nothing is men-
tioned about the fact that the formation of peat to an overwhelming
degree goes on in the complete absence of air, although this is gener-
ally known and has been described in different contexts (Stalfelt 1960,
p. 149). The turnover in the humus layer in mor and mull usually
takes place in fairly well-aerated conditions, whereas in turnover in
peat an anaerobic state prevails or gradually develops (see Lundberg
1914, p. 10; Malmstrém several papers; Sjors 1956, p. 67; Stalfelt 1960,
p. 162).

There are also various opinions about the meaning of the terms
‘myr’ (mire), and peat land. Complications arise because the terms
mire and peat land (‘myrmark, torvmark’) may be used as synony-
mous (e.g. Osvald 1937, p. 65) or not synonymous (e.g. von Post and
Granlund 1926). However, it is mostly the interests of the author
concerned which determines the precise interpretation.

In a paper by Weber (1908) it is pointed out that the term mire
{Moor) has changed from a purely botanical concept to a geological
one, and that a mire consists of an extensive area “das mit einer im
entwisserten Zustande mindestens 20 cm dicken Humusschicht be-
deckt ist” (op. cit. p. 91). He considers the geographical quality of
the mire, besides the feasible introduction of drainage.

Cajander (1913), who considers both the geological and biological
sides, says concisely “Geologisch sind die Moore natiirliche Lagerstit-
ten von Torf. Biologisch stellen die Moore torfbildende Pflanzenfor-
mationen dar” (op. cit. p. 7). Later in the same paper he adds to
this definition with a comment about the forest biology: “Ein gulge-
wachsener Wald ist forstlich wie biologisch Wald und nicht Moor, die
Torfschicht mag méchtig sein, wie sie will, und ein Moor, dass nur
mit Kriippelféhren bestanden ist und das auch sonst alle biologischen
Eigenschaften des Moores zeigt, ist forstlich wie biologisch ein Moor,
wie diinn die Torfschicht auch sein mag” (op. cit. p. 8). This definition
is satisfactory and is also generally comprehensive in the context of
forestry.

Sjors (1948, p. 46, and in his textbook, 1956, p. 163) points out that
the term mire refers both to the plant community and to the substra-
tum and thereby also covers the geographical viewpoint (see also
Faegri 1935).

In a paper by Du Rietz (1954, p. 571) is written: “Das Moor umfasst
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somit nicht nur das von seiner heutigen Organismenwelt und dessen
leblosen Jetztzeitumwelt zusammengesetzte Gleichgewichtsystem oder
Okosystem, sondern auch die subfossilen Riickstinde der friitheren
Entwicklungsstadien dieses Okosystems.”

It is obvious that for a practical definition of peat land or mire the
thickness of the peat layer has been of great importance (see Weber
1908). Lende-Njaa (1917, p. 12) stated that mire is the name given
to a soil layer at least 20 em in depth which consists mainly of more
or less humified plant remains. Lgddesgl and Lid (1943) say that the
least thickness of the peat layer——apart from the plant cover—is 20
em in a drained state or 30 cm in undrained state for an area to be
characterized as mire.

Granlund, who was concerned with the practical requirements rele-
vant to the peat land survey in south Sweden (von Post and Granlund
1926) considered that peat land (‘torvmark’) is a mire (‘myrmark’)
with a peat layer of at least 40 em (Granlund 1932, p. 8). Mire is in
turn distinguished by vegetation adapted to high soil water content,
ete.

From the above account it is apparent that only to a very limited
extent is there a terminology which is suitable also for drained and
forested peat land. Only Cajander (op.cit.; see also Faegri 1935, p. 3)
gives recommendations about its use under these special conditions.

In recent Finnish research, however, most types of mires have been
classified according to various classes of potential forest growth (Hei-
kurainen, Huikari, Sarasto). This classification is in the main based
on Cajander’s fundamental work.

However, in order to attain the consistency in presentation, which
was considered in the introduction to this chapter to be desirable,
there will be an attempt to use the term mire mainly in the plant
sociological sense. The mire is (or was) characterized by a certain
combination of species of plants distinguishing the environment. In the
present context the topographical meaning is of secondary signifi-
cance. The term peat land, on the other hand, is applicable o a peat-
covered area as a geological site and also, more generally to a geo-
graphical phenomenon. This means that, in principle, Jigarmossen
is today a peat land and the term mire is not applicable to it, except
for a very small area. However, when the condition before drainage
is considered the term mire, as well as peat land, can be applied to
the whole of the investigated area.



Chapter 3. General description of the area

A. Geography and geology

Jagarmossen consists of 45 hectares (110 acres) of afforested peat
land drained a good 40 years ago. It is situated in the eastern part of
Uppland, about 60 km (37 miles) NNE of Stockholm and 50 km (31
miles) ESE of Uppsala. In the new series of maps ‘Topographical map
of Sweden’, scale 1: 50 000, sheet 11 I Uppsala NE, it is shown 3.5 km
(2.2 miles) NE of Rimbo church. The peat land is bounded here by
the 35 m (115 ft.) contour and by main road no. 280.

This part of Uppland (Roslagen) is only slightly hilly with low
forested morainic slopes, between which lie some lakes and clay plains
used for arable cultivation. The highest point in the area is ca. 50 m
(165 ft.) above sea level and most of the lakes are at 15—25 m (50—
80 ft.). There is little variation in height; in ‘Atlas dver Sverige’ (AG6S)
it is classified among the landscapes with least relative relief of land
surface, i.e. = 25 m (82 ft.). As a rule such a landscape has only
few lakes but in Roslagen lakes are fairly numerous (see A6S), and
the number was formerly even larger (von Post and Granlund 1926).

The geological substratum is made up of granite of the Stockholm
granite type, but Archaean granites and Svionian veined gneisses are
found in the immediate vicinity. With regard to the fertility charac-
teristics of these rock types, they are classified in quality group Be
in J. Eklund’s scheme of classification (A06S), i.e., the second poorest
group in capacity to provide plant nutrients. However, in clay-rich
areas the fertility is in general hardly affected by the bed rock, al-
though in these moraines which are poor in clay it has a consider-
able significance.

In the forested area the layers above the bed rock are formed to a
large extent of large- and rich-blocked glacial drift, which at least
on and near the highest parts is very tightly packed. The glacial till
is mostly gravelly to sandy, but in small areas distinctly finer-grained
fractions can dominate, as is the case in the area directly south of
Jagarmossen where silty to clayey till occurs (Table 1).

The relief of the landscape is somewhat sharpened by two eskers
which cut through it in a north-south direction. The easternmost,
Lohérad’s esker, strefches for a considerable length, whereas the
other, on which part of the main road runs, is rather flattened and
indistinet in form. There are also a number of terminal moraines,

2—412204
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Table 1. Mechanical analysis and various chemical properties of the glacial till sampled at
five points in the neighbourheod of Jigarmossen

Particle size Percentage composition
mm Name
1 ‘ 2 1 3 4 5

< 0.002 Clay 2.5 4.8 4.7 4.9 20.2
0.002— 0.C06 | Fine silt 0.9 0.7 2.1 1.8 8.0
0.0C6— 0.02 Coarse silt 4.6 2.8 4.5 4.0 11.1
0.02 — 0.06 Very fine sand 9.6 6.9 11.4 9.0 16.1
0.06 — 0.2 Fine sand 14.5 16.1 17.9 9.9 11.6
0.2 — 0.6 Medium sand 18.8 16.3 15.1 15.0 12.3
0.6 — 2.0 Coarse sand 14.7 15.1 11.2 18.3 6.8
2.0 — 6.0 Fine gravel 14.6 15.0 15.7 15.6 9.2
6.0 —20.0 Coarse gravel 19.8 22.3 17.4 21.5 4.7
Loss on ignition 9%, 0.9 1.7 1.1 1.3 2.6
pH 5.3 5.3 5.1 6.0 5.6
P 9 0.07 0.03 0.04 0.03 0.02
K 9% 0.16 0.16 0.19 0.16 0.41
Ca % 0.34 0.28 0.38 (.42 0.44

arising from small oscillations during the retreat of the ice cover,
collected in the area directly north and northeast of Jagarmossen.
Geo-chronological investigations have shown that the retreating in-
land ice left the area about 7700 B.C. (A6S).

According to Lundqgvist’s (A6S 1953; 1958) classification of the
soil type regions of Sweden, the area lies in Uppland’s clayey till
region (see Lundqvist 1958, p. 72), which implies that clayey tills
occur extensively. From his description it can be seen that the finest-
grained material in these clays comes from the Cambro-Silurian rocks
in the Gulf of Bothnia, the dispersed products of disintegration of
which are known to cover large areas of east central Sweden. How-
ever, the lowest investigated layer of the till soil profile shows, at the
most, only moderate values for calcium content (Table 1). The samples
were taken at 66—75 cm below soil surface; very likely the leaching of
Ca which has taken place since the land rose above sea level has
reached a greater depth. The pH lowering which has accompanied
this leaching of calcium has been estimated for the surface, as 1--2
units (Sjors 1956, p. 70). However, the comparatively short time
(4 000—5 000 years) since the emergence of the area from the sea
and the fairly low precipitation, imply that leaching and acidification
are likely to be relatively moderate. In the marine glacial clay, the
‘glacialmergel’ (marl), the calcium content is constantly high at a cer-
tain depth, as shown by a number of old analyses (Svedmark 1887, p.
59). His sample from arable land about 1.5 km south of the area
contained 9.13 per cent calcium carbonate, and another taken directly
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west of the area at 1 m depth contained 6.13 per cent. These contents
in the clay are 5—10 times higher than those which were now found
for the moraine slopes adjacent to Jagarmossen, but which were
derived from a somewhat shallower level (Table 1). Post-glacial clay
is ‘lime-free’ (op. cit. p. 60).

Troedsson’s (1955) analyses of surface water and ground waler
from the lowlying Grenholmen region (ca. 30 km in an ENE direc-
tion) show high Ca contents in the ground water as compared with
the surface water. In addition, there are determinations from the same
area of the position of the ‘lime limit’ in the soil profile at heights up
to 20 m above sea level, i. e. in areas considerably younger than Jéagar-
mossen (33 m). The ‘lime limit’ is said to vary between 1 and 10 dm
below surface (unpublished data by Almberger and Mattson Méarn
1946, and Eriksson and Haglund 1948).

B. Climate

In spite of its fundamental importance in the development of mires
only some of the more general features of the climate—mainly from
A6S—will be mentioned here. The area is too small to show any
macro-climatic difference, and except for micro-climatic effects of the
forest cover, ete., climate can be considered to be constant as a set of
ecological factors. However, detailed information on the surplus of
precipitation over evapo-transpiration, expressed in terms of annual
run-off of water, would be of great value. Because of the extensive
technical installations needed, it has not been possible to make such
determinations. The map recently worked out by O. Tamm (1959)
gives general information in this respect. The 'humidity value’, i.e.
the difference between the mean annual precipitation and the mean
annual evapo-transpiration, the latter computed from a formula de-
rived from all available relevant run-off measurements, is somewhat
less than 200 mam (op. cit. p. 37). However, conditions on the drained
mire may deviate considerable from average figures (Heikurainen,
verbal communication).

The mean annual temperature is given as +5 to +6°C. In the
coldest month, February, the temperature is -— 3 to 4° C; and in
the warmest, July, about + 16° C. Spring (0 to + 10° C) lasts about
65 days; summer (> 4 10°C) 115 days; autumn (410 to 0° C) 65
days; and winter (< 0°C) 120 days. The number of frost days is
about 140. Annual precipitation reaches somewhat more than 500 mm,
of which less than a quarter falls as snow. The duration of the snow
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cover is about 110 days. The driest months are February and March,
with monthly precipitation 20 mm, and the wetfest is August, with
monthly precipitation somewhat more than 80 mm. During the “vege-
tation period” (= 3° C, according to A6S) of about 200 days, there is
about 250—300 mm precipitation.

C. The main features of the origin and development of Jigarmessen

The factors which to a large degree determined the development
of the peat lands of the region, as well as those of east central Sweden
as a whole, are a comparatively low precipitation, a fairly high tem-
perature during the vegetation period, and not least, the considerable
original lime content of the soil.

In the large peat land inventory which was made in the 1920s in
south and central Sweden, part of the results of which are given by
von Post and Granlund (1926), Jdgarmossen is placed in Svealand’s
low-lying former lake area. In this area the main part of the peat
land has arisen through filling-in of shallow lakes by sediments and
vegetation. In the system of classification which was developed at
the same time, the area is a topogenous peat land type (op. cit. p. 63),
i.e., a type which is completely dependent for its formation and deve-
lopment on its position in the terrain.

The type of formation of these peat lands means that they have a
schematic pattern of development, the details of which are modified
mainly by nutrient availability in the peat-building plant communities
and by fluctuations in waterlevel (Ingmar 1963). The main features
of a vertical profile in such an area show how the different layers
of lake sediments and peat succeed one another, and the changing
water and nutrient availability can be deduced from the type of vege-
tation from which the peat layers were formed. The peat which is
poorest in nutrients is nearest the surface; in the central parts of
some iires it may even be ombrogenous (Weber 1909, p. 8), ie,
formed from vegetation whose only source of nutrients is the atmos-
phere. Under this are successive layers formed from fen type vege-
tation, and under these are the sediments (mainly various sorts of
gvttja soils) which were originally deposited in the lake, resting on
the lake bottom made up of mineral deposits (clay, sand, glacial till,
etc.) or occasionally rock. Instructive eszamples of stratigraphical
types can be found in Weber (1808) and, in particular, in von Post
and Granlund (1926). The profiles found in Jigarmossen are of the
type just described and will be dealt with in more detail in Ch. 7.
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Topographically, Jagarmossen consists of the lower parts of a spoon-
shaped depression with the outflow towards the east. The passage
out of the depression lies at about 33 m above sea level.

Granlund (1931, p. 21) has given curves for the land uplift in the
Uppsala region. However, he (op. cit. p. 48) has shown that the salt
water boundary for Uppsala lies about 25 per cent higher than for
Stockholm and about 20 per cent higher than for the parish of Ske-
derid in Roslagen, not far from Jigarmossen. Provided the rate of
land rise after the Litorina maximum was proportional at Uppsala
and central Roslagen, then the time of cut off from the sea would
have occurred about 4 500-—5 000 years ago.

The catchment area of the peat land is comparatively small because
the topography is only slightly hilly. Its extent can be estimated from
the topographical map as 220 hectares (544 acres), so that the approxi-
mate ratio between peat land and catchment area is 1:5. Available
aerial photographs do not allow greater precision.

D. The recent developmental history of Jégarmossen

In practice, the only way to find out more about the recent history
of the area has been the study of the maps available.

1. Old land survey maps from 1705 and 1732

2. Ordnance map, sheet 85 Norrtelge from 1879, revised 1936

3. Sweden’s geological survey, sheet Norrtelge from 1884-—85

4. Topographical map of Sweden, sheet 11 I Uppsala NE from 1957

5. Aerial photographs from 1945, 1950 and 1959

6. Forest maps from 1912—13, 1921, 1924 and 1958

7. Work-map from 1927

On the oldest examined document about the Ekebyholm property,
the land survey maps, Jigarmossen is very summarily shown, but
under the more expressive name ‘Hégerméssen’ (Heron bog). ‘Kahl-
bylemassen’, situated ca. 1 km to the north, has been given with more
details of its physiognomy. Since this area of peat land is in principle
formed in the same way as Jigarmossen and in addition was mapped
by the same man in the same year, it is permissible to make a com-
parison between the two areas. It is said of the part of Kolbylemossen
which corresponds to Jigarmossen in the way it is drawn, in descrip-
tive notes with the 1705 map, that “the open fen is very wet and has
pine, birch and willow growing there. It gives 27 loads (of hay)” /transl./.
Of the immediately surrounding parts it is said that “the meadow
has trees and willow growing there” and finally of the central part
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that this consists of “an open, wet bog”. It is probable that a hay
harvest has also been obtained from parts of Jagarmossen, but if this
is the case one wonders why it was not mapped more carefully,
with the hay-producing fen communities shown specially. Informa-
tion about its capacity for production of cattle fodder would also have
been expected.

The scale of the Ordnance map naturally does not allow the com-
paratively small units concerned to be shown in any detail. Jagar-
mossen and Kolbylemossen are shown only by the sign for low-lying,
wet ground in general, together with signs for scattered coniferous
trees.

The geological map has the interesting information that bog peat
occurs mainly in only two localities on the whole of the Norrtelge
sheet, one of which is in an area west of Sadelmakarekrogen (the
Saddlemaker Inn) in the parish of Rimbo; this is Jigarmossen.

Neither the economiec map of 1907 nor a revision of the Ordnance
map sheet in 1936 contribute anything further {o the picture of the
development. The new topographical map of 1957 shows only the
final stages of the disappearing mire. Only the courses of the ditches,
in an area of forest otherwise shown as homogeneous indicate the
character of the land.

The aerial photographs available for the area have to some extent
been utilized in field reconnaissance. However, the period in which
aerial photographs of this area have been taken is only ca. 20 years,
so that the possibility of making comparative studies of the course
of plant colonization is limited, although structural changes in the
density of the tree stand show up very clearly. It can be seen how the
network of ditches becomes more and more hidden by the growing
forest which gets progressively denser. An evident shift in the pro-
portion of different tree species now takes place in Mjolnar fen, i.e.,
the south and west edge of the area.

Much better evidence is obtained from the forest maps. On the
forest map of 1912—13 separate details in the appearance of the mire
begin to be apparent. Only a very small part of the peat land at this
time consisted of productive forest land (the part corresponding close-
ly to that now called Langholmen, between Mjolnar fen and the central
Ledum-pine wood). There had been no ditching at this fime. On the
map the main part of the peat land had the sign for marshy ground,
but the central pine bog and the peripheral fen communities were
well distinguished. This map was later used as a basis to show the
new condition which had developed by 1921. The ditching important
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for the development of the mire had then been going on for three
years, and the still sparse network began to be apparent.

In 1924 a completely new forest management map of Ekebyholm’s
common forest land was made. The ditch network had been completed
in 1922 and the whole of it is shown on this map. The power line,
used for orientation subsequently, had also been erected. The trees
had been classified into different stands according to productivity,
age and species composition; however, only Lingholmen had such a
high volume of timber that a figure is quoted (30 mé?/hectare). Thus,
at this time other stands had a content of timber less than this, which
is interesting in comparison with the present situation. In Mjdlnar fen
(Mjolnarkéirret, Fig. 2), named for the first time, production was then
at an incipient stage, since its age class was given as 1--5 years and
the only tree species were black alder and birch.

The most recent forest map, from 1958, shows the intense develop-
ment undergone by the tree stand in the intervening period. All parts
of Jagarmossen are now classified as productive forest land, with a
timber content varying between 130 and 255 ms/hectare for the various
stands.

Finally, the map which has been most important and most used
for the field work must be mentioned. This is the work-map, scale
1: 4000, of peat land only, made in 1927, and intended to serve as
a basis for a broad investigation of the conditions for production in
the drained area. This is a good map and together with the descrip-
tions of habitat and vegetation made a few years later it gives an
excellent picture of the conditions which obtained at that time.

As far as one can judge, from this examined map material the area
has undergone lasting changes only in the last 40 years. Before this,
grazing and to some extent hay-harvesting had probably taken place,
but in general these had no great effect on development. In contrast,
the drainage carried out in 1918—22 abruptly and profoundly changed
ccological conditions, vegetation and potential of forest production
toward a state, in many respects similar to, although not identical
with that of a forest on mineral soil.



Chapter 4. The vegetation

A. The aims and methods of the investigation

In descriptions of Swedish vegetation, the vegetation of drained
mires and the changes in connection with drainage have attracted
little attention as a subject for detailed analytical study. This type
of vegetation is therefore generally little-known in many respects. A
critical survey of published work in this field shows that there has
hardly been a single publication in the last 25 years. However, in
foreign forestry literature there have been some more recent authors.
In Finland Lukkala (1937, 1951) and Sarasto (1951, 1952, 1957 and
1961) and many more, in Switzerland Griinig (1955). It is, however,
characteristic of these works, with the exception of Lukkala (1951),
that the vegetational studies have commenced a long time after the
draining; so that, at the best, only the main features of the original
plant communities can be reconstructed (see further Ch. 5).

Omne of the purposes of the present investigation is to give a detailed
description of the vegetation characteristics of a piece of forested peat
land in east central Sweden, which has been drained for at Ieast 40
vears. The description includes a classification of the present vegeta-
tion, with special treatment of certain elements of the flora (the
woody species), together with an attempt to analyse the vegetational
succession after drainage.

There are now many different well-developed methods available for the
detailed study of vegetation. In numerous plant scciological publications
in recent decades, the same principle has been applied, in the main, to the
studies of the compositicn of the vegetation, viz., a floristic survey of a
number of small squares within the frame of a larger area, in a homogeneous
plant community. Work of Arnborg (1943), Albertson (1946), v. Krusen-
stjerna (1945), Julin (1948), Sjors (1954, etc.), Steen (1954) may be cited.
Du Rietz (1921, 1930 etc.) discusses the fundamental principles.

For choosing the sample area and the size of the sampling quadrats, the
structure of the community {o be studied must be taken into account., For
example, a lichen community on a rock substratum requires a much smaller
arca than a forest plant community (Du Rietz 1921; Ellenberg 1956).

The vegetaticn analyses presented here have been made using 10—20
(1 m?) quadrats within sample areas (numbered Jm 1—Jjm 12) of 800—
1700 m2 (Fig, 2), with the aim that the quadrats should represent ‘“the
whole of the range of variation of the community in the locality”. Some
cf the species-rich communities are very difficult to describe with only
a few small quadrats. In the tree layer there may be a high degree of homo-
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geneity, while the vegetation of the field layer is very uneven. Thus species
which have escaped analysis, and are given as “other species” in the tables,
may constitute a large share of the tctal number of species in the sample
area. But when cnly just over 50 per cent of the tctal number of species
in the area is represented in the quadrat analysis (as for sample area Jm 5)
this indicates an unusually wide scatter of the species in the community.
According to Dahl (1956, p. 29) this may be explained by ecclogical dif-
ferences within the area: “If ecological conditions over an area are uniform
we would also expect that the vegetation would be uniform or homoge-
neous.” The ecological factor which may operate in this special case is
time (see below; grass-rich birch-spruce wood). The significance of the
time factor for soil formation has been pointed out by Jenny (1941) in a
factorial equation which has later been developed by Major (1951) to be
applicable to vegetation.

The results of the vegetation analysis are usually given in tabular form,
with each species occuring in the sample area recorded, followed by a
symbol for the degree of cever and by the quadrat frequency of the species
within the sample area. This is a presentation which in practice is only
a repetition of the notes made in the field, but which gives an illuminating
picture of the vegetation in the lecality. Sjérs (1954, p. 35) has indicated
a simple method for analysis of the data, by putting tegether in a single
expressicn the species’ frequency and the “average degree of cover” for
the sample areas investigated or—if desired—for the plant community as
a whole, In later papers this method of presentation has been used con-
sistently, in a somewhat modified form (Persson 1961; Malmer 1962 a, b),
and it undoubtedly has advantages if it is desired to obtain the maximum
infcrmation about the characteristics of the community in a concise form.
However its disadvantage, as pointed out by Sjoérs (1954), is that the
picture of the distributiocn of the species is naturally partly lost in this
guantitative summary. That is why only primary vegetation analysis data
are presented here.

In this paper the vegetation analyses are given in table form, according
to current Swedish practice. The contents cf the tables have been arranged
in terms of the different layers in the vegetation; however the shrubs in
the field layer have been given separately. Information about the composi-
tion of the tree layer is presented later, in the account of the production
study. In cases where tree seedlings have been observed in the quadrats,
the number is given under a special table heading. To express the degrec
of cover of the various plant species the 5-grade scale of Hult—Sernander
—Du Rietz, which is now used as a pure cover scale in Scandinavia but
criginally referred to density or frequency in its lower degrees, has been
adopted (see Du Rietz 1921, p. 223).

Scale of degree of cover (after Du Rietz 1921)

5 dominant (at least half the surface area)
4 abundant 1/4 —1)2 — ” —
3 scattered 1/8 —1/4 — i -
2 occasional 1/16—1/8 — ’ —
1 rare less than 1/16
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However, this scale, otherwise very convenient, has not always been
completely satisfactory mainly because of its low sensitivity at each end.
In some communities with Oxalis or Maianthemum in the field layer, and
with Lastrea dryopleris in some places, and Hylocomiumn splendens or
Pleurozium schreberi in the bottom layer, it is not uncommon that one of
these species covers the ground completely. On the other hand, in Oxalis
communities there are sometimes relicts of some of those species which
formed part of the vegetation before or directly after drainage, e.g., Carex
elongata and Calamagrostis canescens, but which are now represented by
only one or two shoots per m2 With the 5-grade scale, the first case is
classified as grade 5, equivalent to complete cover of Y>—1 m? (instead
of 3/;~— 1 m2 in the Braun-Blanquet, 1951, p. 60, system, for example); and
this is acceptable. But for the latter case grade 1 is appropriate, and this
corresponds to a cover of up to 625 cm?, although the species may actually
cover 5—10 cm? at the most; and this is of more doubtful value. That more
divisions of the cover grade scale are needed is shown by all the analysis
data in which the figures for the degree of cover are supplemented with
a + or —, in order to point out more closely the characteristics of the
species (see Du Rietz 1921, p. 225; Dahl 1956, p. 45). In some cases the
absolute cover values for the symbols (4 or —) have been intimated (Al-
bertson and Larsson 1960, p. 357). In the present paper “+” is used in
Ellenberg’s sense (1956, p. 27) “sparlich und nur wenig Fliche bedeckend”.

The plant sociological unit which has been found most suitable for
the classification of the vegetation is the association, i.e., a community
of moderately high rank, with several layers and based mainly on the
qualitative species composition. The next smaller unit, the sociation,
which is distingunished within the frame of an association only on the
basis of quantitative differences (Du Rietz 1942, 1949), will also be
used.

The divisions between the plant communities of Jagarmossen are
far from being sharp; the transitions from one to another are often
gradual and even, and of various widths. The boundaries are distinct
between the dwarf shrub communities of the central peat land, but
between the peripheral, herb-rich communities they are sometimes
difficult to define.

One element of the work has been the estimation of the forest pro-
duction in the various plant communities. Because of this it was
occasionally difficult, in laying out the sample areas, to reconcile
the plant sociological requirement for homogeneity in all the layers
of vegetation (with the units now used) and the requirement for
sufficiently large areas for an estimate of forest production. The prin-
ciple for selection of the areas was that they should be representative
both for various tree stands and for various lower-growing com-
munities. It was originally desired that pure stands of pine and spruce
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Fig. 2. Jiagarmossen. Plan of the drainage system and sample areas.—A. Limits of the
peat land. B. Ditches. C. Power line. ID. Former sample quadrats (1—14). E. Pres-
ent samples areas (Jm 1—12).

should be sought so that disturbing effects of other tree species would
be avoided in the comparison of the amount of production in the
different communities. However, it soon became clear that pure stands
of only one tree species were exceptional in the vegetalion of Jagar-
mossen, as has later also proved to be the case on the other drained
peat lands which have been examined. The main subordinate tree is
birch (Betula pubescens), or alder (Alnus glutinosa) in some places
where spruce is the main tree species. The field layer and bottom
layer of the vegetation are naturally affected by this, and the propor-
tions of the various tree species have a significant influence on the
composition of these layers. In the majority of the areas it has never-
theless been possible to reach an acceptable degree of homogeneity
in all the layers of the vegetation.

The vegetation map has been based on the above-described method
for the analysis of the plant communities together with a simple form
of line survey (by compass measurements and pacing out) for draw-
ing the plant community boundaries on the basic map. At the same
time, information was obtained for the study of the distribution pat-
tern of the woody species, ete. (Ch. 4.C.).
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A special chapter will be devoted to the effect of drainage on the
vegetational development, as deduced from the present vegetation and
other known qualities. This chapter will include an attempt to describe
the character of the vegetation of drained mires and the direction
in which change takes place after drainage. There are no contemporary
records to assist in the study of vegetational changes, but the main
basis has been an old manuscript including a description of the vege-
tation conditions directly after the ditching. Since this chapter will ke
concerned with development up to the present time a certain amount
of repetition of the vegetation description will be unavoidable.

Higher plant nomenclature follows Hylander (1955); moss nomen-
clature follows in the main Jensen (1939) and Nyholm (1954—1960).

B. The plani communities

Heath-forest communities

Pinus — Ledum — Pleurozium association (I. Ledum-pine wood)

One of the characteristic features of the vegetation of Jigarmossen
is that the plant communities are concentrically arranged around the
Lednm-pine wood sifuated in the middle of the area (Fig. 3). This
community covers ca. 2 hectares (5 acres) of surface. It is easily
distinguishable in its typical form, and well separated from adjacent
commyinities. The maximum thickness of the peat there is 3 m. Down
to a depth of 2 m it consists of low to moderately humified (Hy-H;
by von Post’s scale; von Post and Granlund 1926) Sphagnum- and
Sphagnum-cyperaceous peat with Scheuchzeria increasing in amount
downwards.

The permanent water table in the peat is 25-—35 cm under the sur-
face during the vegetation period, and it therefore hinders the down-
ward penetration of the roots. (For other information about the water
conditions, see part II.)

The association, from the point of view of forestry, has the least
productive tree stand, with pine (Fig. 4) as the main tree species. The
development of the pines from seedlings to the trees now about 10 m
high has been virtually wholly confined to the period since drainage.
In spite of the rather poor conditions they have grown relatively well
(25 cm per year, on average) and have healthy green though compara-
tively sparse crowns. However, the two other tree species, spruce and
birch (B. pubescens), show marked signs of sub-optimum conditions.
The birches have a bushlike habit and during the vegetation period
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Fig. 3. Jigarmossen. Map of the vegetation.—1I. Pinus — Ledum — Pleurozium ass (Type L
Ledum-pine wood). II. Pinus - Vaccinium myrtillus - Pleurozium ass (Type II.
Bilberry-pine wood). I1I1. Picea — Maianthemum —~ Vaccinium myrtillus — Pleurozium
ass (Type I1L Bilberry-spruce wood). IV. Picea — Oxalis - Maianthemum - Brachy-
thecium rutabulum ass (Type IV. Maianthemum-spruce wood). V. Picea - Oxalis -
— Brachythecium rutabulum ass (Type V. Oxalis-spruce wood). VI. Picea — Betula
pubescens — Calamagrostis canescens — Melica nutans — Brachythecium rutabulum ass
(Type VI. Grass-rich birch-spruce wood). O. A community with a very poorly
developed field layer. This type is not phytesociologically investigated. See Ch. 5.
“Qthers”.

they have only small leaves which are offen light green. Only excep-
tionally do they grow taller than 1t/; m. The spruce are usually over-
grown with lichens and sluggishly grown (annual increment in length
2—5 c¢m) and have short, yellow-green needles. They are seldom
more than 1 m high. Their occurrence is exceptionally scattered; it
was thus not possible to find a sufficient number (10) of individuals
within the boundaries of the sample area (Jm 1) of 35 x 35 m for
collection of needle samples for nutrient determinations.

The field layer (Table 2) is dominated almost completely by the
shrubs Ledum palustre and Vaccinium uliginosum. In the spring, be-
fore V. uliginosum has leaves, Eriophorum vaginatum is an easily
visible feature. Ledum usually oceurs in small groups; it is luxuriant
along the ditches. Of the other shrubs, Vaccinium vitis-idaea is im-
portant, but V. myrtillus is a recent arrival and is the only shrub not
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Fig. 4. Ledum-pine wood (sample area Jm 1). Only pine in the tree layer; stand age ca.
40 years. The largest pine in the centre is about 12 m tall.—June 1960.

vet seen in flower. The abundance of Lycopodium annotinum is worthy
of note. It can be seen in several places along the ditches. The absence
of Empetrum nigrum is remarkable. Among other field layer species,
Luzula pilosa may be classified as occasional in the community, but
Melampyrum pratense belongs to the regularly occurring species. Be-
cause its diaspores are dispered by ants (see Sernander 1906), it can
doubtless be expected to appear anywhere in the peat land, as the ant,
Formica rufa, is very common.

The most important species of the bottom layer are Pleurozium
schreberi and Dicranum polysetum, which both occur everywhere in
the community.

The two commonest Sphagnum species are S. magellanicum and
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Table 2. Vegetational analyses from the Pinus ~ Ledum = Pleurozium ass (Type L.
Ledum-pine wood) and the Pinus = Vaccinium myrtillus = Pleurozium ass (Type II.

Bilberry-pine wood). 20—21 July, 1959

Trees (number of seedlings) Jm 1 F-% Jn 6 7%
Betula pubescens 00 - = - ==& aa o aa Te-11- 18 = o mm e e m e m i mmwaa 0
Picea abies = 00000 4 e e e e a e e e m e e - - - 0 == === 1 m e e oo m - = - 6
Pinus silvestris 0000 o« w = = = e e oo oo oo oo 1 - 6 m e e m e e e mo o= oo 0

Dwarf shrubs

Andromeda polifolia -1111 111 1T111 111 €2 6
Ledum palusire 1-123 - =111 =~ 4 - a7 Q
Vaccinium myrtillus - e 1 - 18 100
oxycoccus 1T-111 Tewt111-a-14+12 71 o
uliginosum 12352 433445244541 100 35
vitis-idaea 12332 323323521215 100 94
Grasses and herbs
Dryopteris spinulosa = = = = = e = = a0 4w o e oo o O amm el e e e e e e .- I3
Briophorum vaginatum 341153 121241 -=1211 BB - e m st e e D m e e D= e m e 0
Luzula pilesa 000 e e e m e e e e e = mm o~ m = + € o etk e m ] oo = 24
Melampyrum vratense o 6 e e e o e T L | 18
Rubus chamaemorus 11321 241111112222 100 = - = e e T 1 e w1t mat 29
Mosses and lichens
Aulacomnium palustre T T B Te e a1 - 35 e e = - e - - 1-1=-=-12=-- 24
Brachythecium rutabulum @ - = = = = o o 0w o oo e e e oo 0 et m e e =] e d e e e e = 1 18
Dicranum polysetum 11231 223413423332 1C0 t-2531%223%312121131 o4
scoparium -1 -1 - T === T e - 28 +--=1==12+1-13111 65
Hylocomium splendens = = = = m & = =@ = = = = e = o -~ 0 ==111Twmuw-c+12-11ax 47
Plagiothecium denticulatum - = = = = o @ = w = & = = = = = = o] e e e e e m e e o 11 -1 = 4
Pleurozium schreber: 13121 351354235412 100 335%5135335%556544 400
Polytrichum strictum 2-11-= 1 d 1 2 53 e e mm o o m e a D m e e m = C
Ptilium crista-castrensis - = = - - - G B I i T R ——— 1--- 12
Sphagnum magellanicum 3 --=2 29 o et e e e o D m e m e - == o]
parvifolium 45555 221111-=-1122 82 ==l e m e dm e e e 6
Cladenia cornuta -1 -=-1 L B + - - 2 0
deformis 00 o o = = - L + o= - 12 o e m e e e m e e e === = 0
rangiferina 1=-1=3 2=3-=111+1+1 A T I T T R I Q
silvatica 1 - =11 211 =11+ ++ =1 e Q
F = Frequency Jm 1, the first groun represents a Sphagnum parvifolium-rich variant,

tional species (degree of cover 1 or +): Jm 1: Picea abies, Sphagnum fuscum. Jm 6: Betula pubescens, Deschamp-
sia flexucsa, Exiophorum vaginatam, Ledum palustre, Quercus robur, Rubus idaeus, Trientalis europaea and Orthedi-
¢ranum montanum, Sphagnum centrale, Cladonia silvatica.

S. parvifolium, whereas S. fuscum covers only a very small area (Table
2).

‘Ledum-pine wood is a community very poor in species of higher
plants, and it is also characterized by a conspicuously constant species
composition. Almquist (1929, pp. 274, 306) reported that the species oc-
curring occasionally are very few, and that the number of species in the
field layer is limited to 10+2 (see also Du Rietz and Nannfeldt 1925). On
the basis of this information it is of interest to mention something
about the very divergent vegetation which grows in and by the ditches
in the area. Quite a large number of different higher plant species
have come in here. These species have nothing in common with Le-
dum-pine wood in the limited sense, but belong to communities of
another character altogether, which in all environments within Jagar-
mossen are very much more nutrient-rich than the Ledum-pine wood.

Alnus glutinosa Luzula multiflora
Calamagrostis purpurea  Milium effusum
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Carex appropinquata Parnassia palusiris
elata Potentilla palustris
pseudocyperus Ranunculus repens

Filipendula ulmaria Salix pentandra

Glyceria fluitans Viola epipsila

and about 20 other higher plant species which are “foreign” to the
community.

Since neither the ditches nor the plant roots reach down to more
nutrient-rich layers of the peat, the cause can only be the addition of
nutrient-rich water from the mineral soil at the periphery of the area.
This supposition is supported by the observation that ditches which
lead directly from there are considerably richer in species than those
which are at an angle to these, i.e., the ditches which link the main
run-off ditches.

Put in its regional context, the association has a distribution which
coincides with the occurrence of Ledum, at least up to south Norrland.
It is common in Finland (Cajander 1913, p. 155), but is partly re-
placed by Chamaedaphne-rich types in the eastern parts of the country.
The main distribution is in the more continental parts of Europe, such
as Poland and Russia, and it has its equivalent in regions with a simi-
lar climate on the north American continent (Osvald 1937, p. 97; Sjors
1963, p. 87 f.), although with black spruce replacing the pine. See also
Harnisch’s regional survey (1929, p. 22, 25) and Kulezidski’s (1949, p.
77) treatment of the bogs of the Polesie basin.

The community has in Sweden been given various names, most of
which have been quoted by Almquist (1929). In Osvald’s book (1937)
“skogshogmosse™ (wood on raised bog) is used, a direct translation
of the earlier used term “Waldhochmoor” (Osvald 1925, p. 711).
Malmstrom (1928, p. 288) writes of slightly raised bogs, i.e. forest-
covered bogs, of east Swedish fype, in the same way as Tolf (1903, p.
99). In more recent work there is Du Rietz’s Ledo-Parvifolion alliance
(1949, ete.), a name used by v. Krusenstjerna (1945, p. 148) and
others. Sjors (1948), who came into contact with the association in
ihe eastern parts of the area he was studying, used the term “Pinus—
Ledum-Vaccininm moss ass.”

These names show that the community has been distinguished and
described on several occasions. This is of interest because the Ledum-
pine wood is the only one of the plant communities of Jigarmossen
with fully equivalent communities described from other localities. For
the other Jagarmossen communities there are in general no complete
equivalents in the literature, as will be shown later. .
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Ledum-pine wood lacks any connection with the communities on
the mineral soil and may thus be regarded as a type specific for peat
land, which however changes towards a heath type of pinewood with
dwarf shrubs (see Ch. 5), when drainage has been very intensive.

Pinus — Vaccinium muyrtillus — Pleurozium association (II. Bilberry-
pine wood)

Bilberry-pine wood (Fig. 3) is characterized by pine as the main
tree species, by a field layer which consists almost exclusively of
various shrub species (but with Ledum only in very small amounts),
and by a bottom layer exclusively of mosses, mainly Pleurozium schre-
beri (Table 2, Jm 6). Living Sphagnum occurs only in scattered
patches, but as in Ledum-pine wood the peat is formed of Sphagnum
species. The constituent species are the same as in the Ledum-pine
wood, but in the bilberry-pine wood Eriophorum vaginatum was im-
portant in peat formation. Identification of the peat-building vegeta-
tion is, however, made difficult by the fact that there has been more
humification in the surface layers than in the Ledum-pine community.
As a rule it is = H; in the von Post scale.

The surface layers of the peat are dark brown in colour and its
consisteney when dry rapidly becomes granular to powdery.

The thickness of the peat is 2 to 3 m in the bilberry-pine wood area.
In this community the permanent water table in the peat would not be
expected to be important in determining the depth of root penetration,
since it is seldom as high as 40—45 cm below the surface during the
vegetation period (see part II).

A good diagnostic species between Ledum-pine wood and bilberry-
pine wood is spruce, which regularly occurs in the latter and even
grows to trees. Towards the outer limits of the bilberry-pine wood,
nearest the edge of the peat land, spruce may even form stands. Vacci-
nium myrtillus is also well-developed in the community and is usually
dominant in the field layer,

This area of pine wood is closely parallel with Almquist’s (1929, p.
307) Vaccinium vitis-idaea pine wood. However, V. myrtillus is at
present so dominant an element that the name must reflect this. Be-
sides, V. myrtillus shows many features characteristic of expansion,
while V. pitis-idaea is clearly decreasing in the bilberry-pine wood.
This doubtless depends to a large extent on the increasing occurrence
of small spruces, with a shading effect. The inhibiting effect of a
closed tree canopy on the field layer, particularly the shrubs, can best
be shown by an example. The vegetation analysis in Table 3 is for an

3—412204
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Table 3. The influence of different degrees of cover in the tree layer on development of the
vegetation in the field and bottom layer

(1) (2)

Tree seedlings (number)
Piceaabies................... A 1 | ----- 1 -1 -
Dwarf shrubs
Vaccinium myrtillus. .......... -1 -=-=-1-1--- - -
uliginosum..........| - - = = = - - - - - - - -
vitis-idaea ..........| - = - = = = = - - - - 54
Grasses and herbs
Luzula pilosa................. -+ + =11 - - -1+ 11+ + - - - - 1 -
Maianthemum bifolium......... e e
Melampyrum pratense. ........ B e T 1
Mosses
Brachythecium rutabulum......| = - - = = = = — - - - | - = - - - - = - + -
velutinum.,.....| - - — = = = -~ = =~ = - | -~ - -~ - - - - -
Dicranum polysetum.......... 221 +12
scoparium. .........| - - - - - 1
Hylocomium splendens......... 2224
Pleurozium schreberi........... 555
Pohlianutans. ................| = = = = = = = = = — = | =+ - - - - 1
Ptilium crista-castrensis........| - - - - - - - - 1 -1 |- - =--- 1 - -
Rhytidiadelphus triquetrus.....| - - = - = = = = = = = | = = - - - - - - -
Sphagnum parvifolium.........| = = = = = = =+ = = - | - - = - - -~ - - -
Lophocolea heterophylla........| - = = = = = — « - — = | = = - - = - - - - -

LA |
(I
(13 3|

Additions (degree of cover 1 or +): Eriophorum vaginatum, Ledum palustre, Quercus
robur (seedling), Solidago virgaurea. (1) and (2) are sample areas 5 by 5 m?, inside which
quadrats 1 by 1 m? have been analyzed; distance between sample areas less than 10 m.

area not far from the boundary with the next association, and this
explains the presence of Maianthemum.

The main difference between the analyses is that the first (1) is for
a fairly closed stand where spruce is the main tree species and has a
marked shading effect, while the second (2) is for a stand where pine is
the main tree species. The light penetration is clearly greater in the
latter, partly because of the somewhat sparser tree stand, partly be-
cause of the nature of the pine crowns, which allow more light through.
The effect of this difference in conditions is remarkable. In the first
case the field layer is almost non-existent, represented by single indi-
viduals of the species present. However, the bottom layer is well devel-
oped, with complete cover.

In the lighter part (2) there are luxuriant dwarf-shrubs which in
turn seem to inhibit the development of the bottom layer. The presence
of Brachythecium rutabulum and Rhytidiadelphus triquelrus in this
heathy wood vegetation should be noticed.

However, it must be added that other causes may also contribute
to the differences between the vegetation, although the light climate
in this case is doubtless of great significance.
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Because of the boundaries which have been drawn between the
associations, the bilberry-pine wood is unavoidably of a somewhat
heterogeneous nature. The unevenness is shown, for example, by the
fact that the following sociations have been distinguished prelimi-
narily during the field work.

a. Pinus — Vaccinium myrtillus — Pleurozium soc

b. Pinus — Vaccinium uliginosum — Pleurozium soc

¢. Pinus — Vaccinium vitis-idaea - Pleurozium soc

d. Pinus — Picea — Vaccinium myrtillus — Pleurozium soc

e. Picea — Vaccinium myrtillus — Pleurozium (possibly Hylocomium
splendens) soc

The last of these sociations (e.) occupies a small area on the bound-
ary of the bilberry-spruce wood, but this has not been taken as a
reason to include it there, since its connection with bilberry-pine wood
is still obvious. Only a short time ago the tree stand was dominated
by pine, but through the effect of felling the present spruce-rich
stand has come about. As a result, the community has an indetermi-
nate, intermediate sociological position, until it eventually progresses
to a bilberry-spruce wood, probably with Maianthemum as a final
stage.

The association is characterized by a clear relationship with the
Ledum-pine wood. The similarity was probably even greater before
drainage, when the whole of the bilberry-pine wood and the Ledum-
pine wood was made up of Ledum-pine bog. The two communities are
the only ones in which Ledum palustre, Rubus chamaemorus and
Eriophorum vaginatum occur in noteworthy quantities (see Fig. 5)
and, in addition, it is only in these communities that pine forms stands
on the peat land (Fig. 14).

Almquist (1929, p. 307) has described a vegetation type which
agrees quite well with that described here. He also pointed out that it
developed from dried out or drained “tallmossar” (pine bogs), and
he cites Melin’s (1917) observations from the Gimo area in Uppland.
A somewhat different form of the community occurs on a mineral
soil substratum, and according to Almquist (1929), it is the province’s
most important pine wood type.

The dominants in the field layer vary, according to the composition
of the tree layer. Under a sparse tree layer of pine the field layer is
made up of Vaccinium vitis-idaea and V. uliginosum; whereas a more
closed tree layer of pine and spruce is combined with V. myrtillus
and V. vitis-idaea; and a closed tree layer mainly of spruce with V.
myrtillus dominant. In this ring-shaped zone pine is dominant towards
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Fig. 5. Eriophorum vaginatum (— — —— — ), Ledum palusire (————————) and Rubus
chamaemorus (+ + -+ 4 +). These species occur within the indicated areas. Note
how well the limits of distribution coincide with the pine wood area (I'ig. 14).

the centre and spruce more peripherally. In the same way there is a
gradient in tree height—low near the centre and increasing towards
the periphery. In number of stems per unit surface area spruce is
clearly predominant (sample area Jm 6), but in unit volume of timber
pine is predominant, and less than i/s of the total volume of the stand
is due to spruce.

Birch (Betula pubescens) is also present in the tree layer (Fig. 6).
Here and there, for example, birch branches touch pine crowns of
10—12 m height. There is a clear difference between birch growth
in the Ledum-pine wood and the bilberry-pine wood, in that the bound-
ary between the two is also the boundary between thin-stemmed or
bush-forming birch and tree-forming birch.

Seedlings of spruce occur here and there, but most sparsely nearest
to the Ledum-pine wood, except on the narrow lines of disturbed peat
turves along the ditches. As a rule, there is a really good supply of
seedlings where the peat has for some reason been bared through
disturbance of the surface layer, i.e. on the peat turned up along the
ditches and along roads and paths. Good seed beds are also formed
in places with intensive deer trampling. The restricted supply of seed-
lings inside the stand is illustrated to some extent by the fact that
seedlings occurred in only one of 16 sample areas of 1 m?2.

As in Ledum-pine wood, the field layer is characterized by quite
extreme poverty in species. Within the community the dwarf-shrubs
have a luxuriant, often tall, growth habit but fertility seems to be
low throughout.
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Fig. 6. Bilberry-pine wood (sample area Jm 6). Pine, spruce and birch in the tree layer,
stand age ca. 40 years.—June 1960.

When spruce increases in frequency and in degree of cover a number
of field layer species come in, first as seattered individuals, then more
and more richly, e.g. Deschampsia flexuosa and Dryopteris spinulosa.
Calamagrostis canescens begins to come in along the ditches. Dactyl-
orchis maculata, Trientalis europaea and Carex piiulifera occur occa-
sionally in the stand.

The increase in spruce also means that a number of species are no
longer present in the species lists, e.g. Vaccinium oxycoccus and Cla-
donia spp. But it is not only a question of small qualitative and quan-
titative changes in the vegetation at the “spruce boundary”. The main
significance of the spruce dominance in the tree layer is perhaps that
the impression given by the peat land vegetation as a whole is radi-
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cally changed. In the Ledum-pine wood and the nearest parts of the
bilberry-pine wood the vegetation has a clear mire-wood character,
but nearly all the area lying outside this, i.e., the main part of the peat
land, gives an undoubted impression of forest on dry land.

The constant species of the community, in 1 m? quadrats, are for
higher plants only Vaccinium myrtillus and V. vitis-idaea, and for
mosses—as in the Ledum-pine wood—Dicranum polysetum and Pleu-
rozium schreberi. All other species have only a moderate or small
quadrat frequency. It is possible that the frequency of Hylocomium
splendens has been somewhat underestimated. However, its degree of
cover only exceptionally attains high values in this association (sece
Table 2).

Certain species in the community are of an obvious relict type. In
its peripheral parts the good tree growth and scattered occurrence of
broad-leaved herb species gives a general impression of greater luxu-
riance, which indicates the occurrence of an environment considerably
richer in nutrients than that in which the following species are nor-
mally found, here regarded as relict bog species: Andromeda polifolia,
Ledum palustre, Eriophorum vaginatum, Sphagnum parvifoliuimn and
possibly Vaccinium uliginosum and Rubus chamaemorus.

In the field layer half the species are herbs and half are dwarf
shrubs, while in the Ledum-pine wood the herb species amount to
two thirds of the number of dwarf shrubs.

Picea - Maianthemum — Vaccinium myrtillus — Pleurozium association
(III. Bilberry-spruce wood)

Between the dwarf shrub-rich pine communities in the centre and
the herb-rich spruce wood communities at the periphery of the peat
land there is a community with intermediate qualities (Fig. 3). This
is characterized by several features that it has in common with the
pine wood, and at the same time by several new features which are
characteristic of the herb-rich meadow spruce forest.

The main tree species is spruce (e.g. Jm 2; Fig. 7) with some pine
in places (Jm 9, and Jm 10). Birch may occur in considerable amount
(Jm 10), and Alnus glutinosa begins to be a constant feature, though
it is still only occasional even towards the meadow-spruce forest. There
is no well-developed bush layer, and the bushes that occur are dis-
tributed sparsely. The field layer shows quite a large variability, but
Maianthemum and Vaccinium myrtillus are found throughout. The
larger ferns begin to be present in increased quantity, mainly Dry-
opteris spinulosa. D. filix-mas and Athyrium filix-femina have been
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Fig, 7. Bilberry-spruce wood (sample area Jm 9). Stand age ca. 65 years. Weakly devel-
oped field layer.—.]qne 1960.

observed growing at the edges of ditches, but they are scarcely part of
the community. Brachythecium rutabulum is more and more signifi-
cant in the bottom layer. As a consequence of differences at the time of
drainage (changing water conditions, possible clear felling in connec-
tion with the draining, etc.) the tree stands are very different in age
and development in different parts of the community. These condi-
tions have also affected the composition of the field layer and the
bottom layer.

The following sociations have been distinguished:

a. Picea — Vaccinium vitis-idaea — Hylocomium splendens soc

b. Picea — Deschampsia flexuosa — Pleurozium schreberi soc

¢. Picea — Maianthemum — Vaccinium myrtillus — Pleurozium schre-
beri soc
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d. Picea — Vaccinium myrtillus — Hylocomium splendens soc

e. Picea — Vaccinium myrtillus — Pleurozium schreberi soc

a. The Picea — Vaccinium vitis-idaea — Hylocomium splendens soc
includes only a small area in the eastern part of the peat land. At the
time of ditching this was clear-felled completely (felled in 1917), and
this is the reason for the present very even and close spruce stand.
Measurements of some of the qualities of the stand, made in 1927, i.e.
5 vears after the completion of the ditching, show that the spruce had
then only reached a mean height of 1.0 m (stems = 1.0 cm at breast
height). The mean diameter was 1.9 cm, volume of stems was 1.12 m3
per hectare, and number of stems was 1553 per hectare. In 1931 the
stem number was already 3 895 per hectare, the mean height had in-
creased to 2.1 m and the volume of stems to 5.9 m? per hectare. The
number of spruce seedlings was estimated as about 1 000 per hectare
in 1927, and the number of birch seedlings as about 13 000 per hectare

The equilibrium in the field layer and the bottom layer is very la-
bile, but it would be expected to become stabilized in the main part of
the area as a Picea — Maianthemum soc after a natural or possibly
a man-made thinning-out and maturation of the stand. The remainder,
the parts nearest the periphery of the peat land, probably changes in
the direction of Oxalis-spruce wood, i.e. a transition to meadow-spruce
forest.

As a consequence of the very closed tree layer and the limited light
penetration, the field layer is often very sparse or may even be
absent. Because of the large fali of needles the bottom layer may also
be absent. '

Representatives of heath- and meadow-series occur in the commu-
nity in an apparently random mixture. The type has been observed
by Almquist (1929, p. 299) who considered that he could only doubt-
fully assign it to a place in the sociological system. Almquist pointed
out its intermediate character (moss-herb-dwarf-shrub-rich coniferous
wood) “between proper heath- and meadow-woods, connected to the
heath series because of a more or less rich oceurrence of bilberry and
cowberry in a mixture with herbs (and grass)”—-transl. He further
pointed out that it is characteristic for the community that “thebounda-
ry is fluid, in both directions”. He eventually includes the type in the
heath series, and this is certainly correct. But likely some parts will
later pass into purely meadow-wood communities,

The following is a common species composition. The left column
comprises typical species for the heath series, the right those which
are common within the meadow series:
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Examples of species occurring in the field layer:

Deschampsia flexuosa Calamagrostis canescens
Luzula pilosa Fragaria vesca
Lycopodium annotinum  Lastrea dryopteris
Melampyrum pratense Melica nutans
Ramischia secunda Milium effusum
Solidago virgaurea Ozxalis acelosella
Trientalis europaea Rubus idaeus
Vaccinium myrtillus Veronica officinalis
vitis-idaea Viola riviniana

Examples of species occurring in the bottom layer:

Dicranum polysetum Brachythecium rutabulum
scoparium salebrosum

Hylccomium splendens Mnium cuspidatum

Pleurozium schreberi Rhodobryum roseum

Ptilium crista-castrensis Rhytidiadelphus triquetrus

The intermediate place which has here been allotted to Rhodobryum
and Rhytidiadelphus has also been pointed out by v. Krusenstjerna
(1945, p. 114) who considers thal the two species “are a meadow
element which in a typical heath-forest —- — —— clearly bring about the
transition to meadow communities” (transl.).

b. The Picea — Deschampsia flexuosa — Pleurozium schreberi soc also
has a very closed tree stand, where a field layer is developed only
on small, open patches. In these patches, Deschampsia flexuosa is
quantitatively the most important element. It is seldom fertile. The
D. flexuosa-rich sociation is distinguished from the preceding in that,
for example, the meadow herbs are absent. The typical species are
restricted to Vaeccinium myriillus and V. vitis-idaea—which are co-
dominant with D. flexuosa in several other places—together with
Lycopodium annotinum, Melampyrum pratense, Luzula pilosa and
single examples of Dryopteris spinulosa. In addition, the sociation is
an “outpost” area for Rubus chamaemorus (Fig. 5).

The most important bottom layer species are Pleurozium, Hyloco-
mium splendens, Ptilium crista-castrensis and Dicranum species. On
moister patches Sphagnum girgensohnii is also observed.

This wood community is very close to the type which Malmstrém
(1949, 1956) named “mossrika barrskogar med ris” (moss-rich coni-
ferous woods with dwarf shrubs) and is, as far as it is possible to judge,
a more peaty variant of Almquist’s (1929, p. 302) “Picea — Myrtillus
— Hylocomium” wood. In Arnborg’s system (1943) its field layer
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Table 4. Vegetational analyses from the Picea = Maianthemum - Vaccinium myr-
tillus = Pleurozium ass (Type IIL Bilberry-spruce wood). 14 July, 1959

Trees {number of ssedlings) Jm 2 Iz § Jm 10 7%

Bstula pubescens ~==00000o= = 2= - - - 120 = e m e e e v e e e e e e mm e e e e e e e e a e =

Picea abies B T e T T S U

Sorbus aucuparia B T T B T PO
Bushes

Rubus idaeus 00000 = e e e e e e e e s = e e o s e == m e === mm o= e o —m e — oo o - e o

Dwarf shrubs

Lyconodium annotinum = =134 e R 1 - e m - - 2 - El
Vaccinium myriillus 115222«431 ~m+ =111+ -+ =111 1111111111111 75
vitig-idaes L T TS T P fed

Grasses an

Carex digitata

45
ran pratense 11
ilelica nutans T
HMoehrirgia trinervia b
Oxalis acetosella Z
Taraxacum Sp. z
Trientalis europzez 18
Hosses
Brachythecium rutabulun 51
salebrosum id
Cirriphyllum piliferum 3
Dicranum fuscescens 11
polysetun 80
scoparium 8
Hylocomium splendens 100
Plagiocthecium denticulatum 20
Pleurozium schreberi 100
Ptilium crista-castrensis 52
Rhodobryum roseum 4
Rhytidiadelphus triquetrus 52
Sphagnum parvifolium a4
15

Lophocolea heterophylia
Ptilidium ciliare

F = Frequency
Additional species (&egree of cover 1 or +): Jm 2: See table + - Jn 9: Carex digitata, Cerastium holosieoides, Chamaenerion
angustifolium, Chelidonium majus, Cirsium vulgare, Dryopteris spinulosa, Equisetum palustre, Lactuca muralis, Milium effusum,
Moehringia trinervia, Oxalis acetosella, Rhamnus frangula, Rubus idaeus, Taraxacum sp.,. Trientalis europaea. - Jm 10: Drycrieris
cristata, Melampyrum pratense, Rhamnus frangula, Sorbus aucuparia, Vaccinium vitis-idaea; Rhcdobryum rossum.

would be classified as “Deschampsia flexuosa society”, which comes
under the “Vaccinium myrtillus union”, and, as at Jigarmossen,
occurs in open areas such as gaps in the tree canopy, felled areas etc.

The next three sociations are more typical parts of the association
and make up the major proportion of the area of the bilberry-spruce
wood.

¢. Picea — Maianthemum — Vaccinium myrtillus — Pleurozium soc. In
large parts of the sociation, shading and needle-fall from the trees
is less severe than in the previous sociations. Hence as a rule there are
well-developed field and bottom layers. Sample area Jm 2 (Table 4)
is an example of the species combination within the association which
is nearest to the meadow-spruce wood. Grasses and herbs transitional
to the meadow-wood communities are Lactuca muralis, Melica nutans,
Moehringia trinervia and Oxalis acetosella, which are however very
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sporadic in occurrence. The dominants in the sociation, Maianthemum
and Vaccinium myrtillus, are usually constant in 1 m?2 quadrats and
may alternate in dominance. A constant species of no diagnostic value
is Luzula pilosa, which occurs in every 1 m? quadrat. This species is
found in lichen-, shrub- and low-herb-woods (Malmstréom 1949). The
woodland mosses, Hylocomium splendens and Pleurozium schreberti,
are also always present here, with a high degree of cover, in the bottom
layer. Dicranum polysetum has a high frequency. Brachythecium ru-
tabulum and B. salebrosum occur in the species-poor bilberry-pine
wood (Table 2, Jmm 6) as well as in all meadow-wood communities. In
ecological range these species seem therefore to be similar to Lastrea
dryopteris, which, although uncommon, has been observed in bilberry-
pine wood but has its maximum frequency in the herb-rich communi-
ties. The same sort of trend is shown by Rhytidiadelphus triquetrus,
but this may make less demand on the substrate than the previous
species as it has a wider area of distribution and fairly high frequency
even in the transition zone between the pine- and spruce-wood com-
munities (Table 8, quadrat 4). It is apparent from Table 4 that it
is fairly common in the different variants of bilberry-spruce wood
(about 50 per cent frequency in the vegetation analysis). v. Krusen-
stjerna (1945, p. 122) is also of the opinion that it can be dominant
in the meadow- as well as the heath-series, even though he points out
(p. 211) that it is an indicator for dry to medium moist meadow-
woods. However, it occurs at least as often in moist or even wet mead-
ow-wood communities (Sjors, personal communication).

Two of the sample areas in Jm 2 (Table 4) are exceptional in that
the field layer is comparatively poorly developed, with Luzula pilosa
in place of Maianthemum.

In the western part of the area of the association the tree layer is
closed so that the projections of the crowns cover 90 per cent, or in
patches 100 per cent, of the ground. The light intensity is permanently
Iow under the trees and only when the sun is high in the sky are some
patches on the ground illuminated directiy for a short time. A good
example of the result of this condition is sample area Jm 9, which
has however been thinned somewhat. The most obvious feature is
that the field layer—both quantitatively and qualitatively—is usually
very poorly developed. The sociation’s dominants, Vaccinium myrtillus
and Maianthemum bifolium, fail to achieve degrees of cover higher
than 2 (Table 4). The bottom layer is clearly favoured by the lack
of competition from the field layer and luxuriant carpets are formed.

In some large gaps in the canopy, luxuriant Maianthemum gives an
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impression of clearing vegetation. Dryopteris spinulosa, Chelidonium
majus, Rubus idaeus, Melica nutans, Galeopsis tetrahit, Milium effu-
sum, Luzula pilosa (sometimes abundant), Deschampsia flexuosa,
Rhamnus frangula, etc., are present in varying amounts.

d. The Picea— Vaccinium myrtillus — Hylocomium splendens soc
oceurs in two small areas in the south and south-west parts of Lang-
holmen. The presence of a number of old trees shows that there was
a stand of trees even before drainage (see Ch. 3.D.). There is a wide
age range of spruce from first year seedlings to trees ready for felling.
In patches in the stand are small groups of birch. Where the tree layer
is sparse a clearing flora has developed, but in contrast to the previ-
ous sociation the bottom layer dominant is Hylocomium splendens. The
species suggestive of a clearing are in the main the same, but with the
following additional ones: Calamagrostis arundinacea, Carex digitata,
Lactuca muralis, Angelica silvestris, Fragaria vesca, Cirsium vulguare,
ete.

e. The Picea — Vaccinium myrtillus — Pleurozium schreberi soc. The
combination Vaccinium myrtillus — Pleurozium is mainly found in the
parts of the bilberry-spruce wood which are nearest the dwarf-shrub-
pine wood, but the sociation has other scattered occurrences within the
association.

It is common that Pleurozium and Hylocomium are co-dominants
in the bottom layer. Since there are large numbers of pine in some
places and few herbs, the community may superficially appear to be
more related to a spruce-rich variant of dwarf-shrub-pine wood. How-
ever, Maianthemum shows that the sociation really belongs to the
bilberry-spruce wood association.

A comparison of the analysis data from the three sample areas
(Table 4, Jm 2, Jm 9 and Jm 10) gives some interesting information
about the association. Of all the species recorded there are only two,
the mosses Hylocomium splendens and Pleurozium schreberi, which
have 100 per cent frequency, i.e. which are in all the 44 quadrats
analysed.

Only two of the 15 field layer species, Vaccinium myrtillus and Lu-
zula pilosa, have more than 50 per cent frequency; and as many as 9
have less than 10 per cent frequency. Of these, 5 are represented only
in Jm 2, which is somewhat atypical because it is in a boundary area.

The bottom layer species are distributed much more evenly within
the association, with 7 of 13 species with frequency from 100 to 50 per
cent, and only 2 with a frequency of less than 10 per cent. (it should
be remembered that the frequency values quoted are relevant only



FOREST ECOLOGICAL STUDIES ON DRAINED PEAT LAND 45

for communities in this particular area of drained peat land when
studied with quadrats of one sq.m size.)

Communities similar to the bilberry-spruce wood have been de-
scribed by Cajander (1921), Malmstrém (1925, ete.), Almquist (1929),
Arnborg (1943), and others. The nearest equivalent in Almquist (1929,
p. 229) is “Picea — Anemone — Myrtillus — Hylocomium” wood. How-
ever Anemone nemorosa is not so important that it can with advantage
give its name to an association, although it occurs in the community.
Malmstrom’s (1925, ete.) Dryopleris type seems to be nearly compa-
rable, qualitatively. In Cajander’s (1921) Oxalis — Myrtillus type
several of the constituent species are much too demanding to do well
in the bilberry-spruce wood environment. This type is nearest the
association to be described next. In Malmstrom’s later papers (e.g.
1949, p. 60) the equivalent to the community is found in the collective
term ‘low-herb woods’; later (1956, p. 7) also in “low-herb-coniferous
woods”. In this latter group the Maianthemum type has been given the
same rank as the Dryopteris type named above. The nearest equivalent
in Arnborg (1943) is Thelypteris dryopteris — Vaccinium muyrtillns
union (1943, p. 172), but with the modifications imposed by the more
northerly site.

Bottom layer communities of the same character are termed Plilio-
Hylocomietum by v. Krusenstjerna (1945, p. 112), a union which
comes under the very widely-occurring Pleurozium-Hylocomium-Di-
cranum alliance.

Meadow-forest communities

The three associations distinguished as meadow-forest communities
are in the peripheral parts of the peat land (Fig. 3).

The peat is of moderate thickness (Fig. 34) with greatest depth
exceptionally more than 2 m.

The humification of the peat is good throughout, from the surface
down to the underlying sediments, especially for associations IV and
V (see below) where the surface is usually crumbly or granular (‘peat
mull’). In several places the uppermost 10-20 em has a mull-like appear-
ance. Because of compression and high water content the peat under this
level is more compact in structure. When dug it tends to fall apart in
large pieces which can in turn be broken up along clearly formed planes
of weakness. In the grass-rich association VI (see below) the peat is
held together as a blanket of dead and living plant parts in the surface
layer, because of the thorough root penetration. Under this, it is simi-
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lar in appearance and qualities to the deeper layers in the other two
meadow-wood communities.

Good indicator species distinguishing the meadow-series vegetation
from the heath-series occur in the field layer as well as in the bush
and tree layer. In the field layer the most obvious are Filipendula
ulmaria, Paris quadrifolia and Urtica dioeca. In the bush layer the
most reliable are Daphne, Lonicera xylosteum and Viburnum opulus
(Fig. 26, 28); and in the tree layer Fraxinus is the most important
meadow-wood species. T'ilia cordata and Ulmus glabra (Fig. 20) are
also present, but are so rare that they are of no diagnostic value. It
has not been possible to distinguish any exclusive meadow-wood
mosses. Both Brachythecium species and Mnium species, which are
the only ones which occur generally, also grow in heath-wood com-
munities. It is better to say merely that these mosses have a prefe-
rence for meadow-series communities. It should be pointed out that
the Mnium species probably are more demanding in their requirements
than the Brachythecium species.

Picea — Oxalis — Maianthemum — Brachylhecium rutabulum association
(IV. Maianthemum-spruce wood)

Maianthemum-spruce wood (Table 5; Fig. 8) has the major part
of its area of distribution north of the main run-off channel. The
parts south of this are restricted to a wedgeshaped offshoot in the
western part of the area and an isolated outpost at sample area Jm 2.
In addition, it is the most important community in the transition area
to the non-peaty land. However, this does not show in the vegetation
map (Fig. 3).

In the transition area to the non-peaty land the association diverges
somewhat from the type-community on deep peat, but the differences
are not large. They comprise only minor shifts in the dominance
pattern.

The boundary zone is of varying width, depending on the slope of
the surrounding land towards the peat land. The main feature of the
boundary region is that the grasses, especially Calamagrostis arundi-
nacea and Deschampsia fleruosa, increase noticeably on the non-
peaty side. Both species are found on the peat land, but the former in
particular is rare on a peat substratum. However, on the surrounding
non-peaty land it is dominant in the field layer under pine. In this
it is opposite to C. canescens which tends to grow densely on the peat
land (see section *“Grass-rich birch-spruce wood” below). Pteridium
aquilinum is another species that seems to avoid a purely peaty
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Table 5. Vegetational analyses from the Picea = Oxalis = Maianthemum = Brachythe-
‘cium rutabulum ass (Type IV. Maianthemum-spruce wood). 20 July, 1959

Bushes Jm 2 Jm 11 Fb
Rubus idaeus 337 e e mime e e ... e mn .- 12
Dwarf shrubs
Lycopodium annctinum m e 2= e m e mm e a e e e mm = ... 4
Yaccinium myrtillus - -4 = [ ST T ST (NP [N 36
vitis~idaea - - R I B U I [ A, 36

Grasses and herbs

Anemone nemorosa - - el el m et e e - e == - 12
Carex digitata e e e e = e = dmm e e e - - - 4
Chamaenerion angustifolium -, = e === e e e e e e m . m— - 4
Dryopteris spinulosa - - D T T T 8
Epilobium palustre - e e mmaaaa U Y 4
Fragaria vesca - - I e e e T T T T TSNS 4
Galeopsis tetrahit U P 8
Lasirea dryopteris B T T 4
Luzula pilosa + + 1 = +=-+1++1-=-3++1111=-11111 80
Lysimachia thyrsiflora L B 4
Maianthemum bifolium -132 111121224+ 11Tecxeleemaa- 64
HMelampyrum pratense - - - + 1T =4+1T1Te+1 =1 alceeaeeoeo. 36
Moehringia trinervia B o 4
Oxalis acetosella 555 55555554555334443253532 100
Potentilla erecta . e o e o e o = e m e e e == —m = 4
Pyrola minor - - - U 8
Ramischia secunda L T ot mm e = o - 1 - - - = 12
Rubus saxatilis - -—- T aoeeclwe+laomeatlatl-al- 32
Teraxacum sp. R T T T T U 8
Trientalis eurcpaea - - - - Tt o m b b b= =l mm e o e e e == 24
Urtica dioceca 1 e e e e m e e et e et e e m e e e e e - - 4
losses

Brachythecium rutabulum 4311 1322324313111155255335 100
Cirriphyllum piliferum - - == B R T TR 1---- 12
Dicranum polysetum - - - - T B Ty B T 11 - 28
scoparium -4+ o+ 32111-21=-=a=1111--11-1- 64
Hylocomium splendens -121 2222312-11123%2 212523 g2
kniuvm cuspidatum -—— I 8
- - =1 EE R B e A T T By I B | 48

Pleurozium schreberi - 141 2244+ ~-11T-=+25411111111 &84
Ptilium crista-castrensis - =1 e < a--= T e e =l e e e e 1 - = = = 16
Rhodobryum roseum -+t - T e e e = e, = - 1 -1 -11 40
Rhytidiadelphus triquetrus 11+ - - T11-211-11--12~2-11 64
Lophocolea ketercphylla 11 =+ 171711111717 «1 0« -a-- 11 64

F = Frequency

Additional species {degree of cover 1 or +): Jm 2: Anemone nemorosa, Chelidonium majus,
Cirsium vulgare, Deschampsia flexuosa, Dryopteris filix-mas, D.spimulosa, Epilobium
montenum, Galium palustre, Lysimachia vulgaris, Kelam silvaticum, Poa nemoralis,
Populus tremulz (seedlings), Prunus padus, Rhamnus fren , Ribes alpinum, R.spicatun,
Solanum dulcamara; Brachythecium saletrosum, B.velubtinu a
Dicrarum majus. - Jm 11: Acer platancides {scedlings),
elongate, Dryovter cristata, Filipendula ulmaria, Des sia caespitosa, Fraxinus
excelsior {seedli Y, Galeopsis tet it, Laciuca m lis, Lastrea dryopteris, Lonicera
xylosteum, Lycor um annotinum, Peris guadrifolia, & us robur (seedlings), Rhamnus
frangula, Ribes alpirum, Rubus idaeus, Solidego virgaurea, Sorbus aucuparia.

substratum and therefore is first met with in the transition area be-
tween non-peaty and peat land where the substratum is peat mixed
with large amounts of sand.

The majority of the characteristic species of the bilberry-spruce
wood (Table 4) are also found in Maianthemum-spruce wood, but
the dominance as well as the frequency relations have shifted in the



48 HILMAR HOLMEN

Fig. 8. Maianthemum-spruce wood. Maianthemum bifolium grows luxuriantly in openings
or where the trees are scattered. Peat depth 1.5—2.0 m.—July 1960,

direction of the meadow series species. Thus Oxalis is important in
the field layer, where it is as a rule dominant and has 100 per cent
frequency in the quadrats, whereas the dwarf shrubs, mainly Vacci-
nium myrtillus, have a very low degree of cover and do not occur
in all the quadrats of the sample area. V. vilis-idaea is restricted al-
most completely to old tussocks or stumps. Meadow-wood mosses,
mainly Brachythecium rutabulum, have become dominant in the bot-
tom layer, while the heath series mosses, Hylocomium splendens and
Pleurozium schreberi, may still occur as sub-dominants. Rhytidia-
delphus triquetrus and Rhodobryum roseum were discussed in the
previous section, but it should be pointed out that both these species
show a marked preference for meadow-spruce wood communities.
Arnborg (1950, p. 11) regards them as not exclusive for meadow-
woods but also as elements of the heath series, where R. triquetrus is
diagnostic for the Triquefrum union, occurring in nutrient-rich areas.
In contrast, Brachythecium species come in the Brachythecium union,
a part of the meadow-spruce wood community.

Of the 29 field layer species coming in the quadrat analysis, only



FOREST ECOLOGICAL STUDIES ON DRAINED PEAT LAND 49

3, Luzula pilosa, Maianthemum bifolium and Oxalis acetosella, have
a quadrat frequency of more than 50 per cent, and as many as 18 do
not reach 10 per cent. The bottom layer is much more even in com-
position, as in the preceding association. Brachythecium rutabulum,
Hylocomium and Pleurczium occur in all the quadrats, and 6 of the
12 species have more than 50 per cent frequency, while only one has
less than 10 per cent.

The share of the dwarf shrubs in the vegetation is further decreased
as compared with that in the previous community and makes up about
/59 of the total number of field layer species.

The association is in general so homogeneous that there has been
no necessity to separate vegetation units of lower rank on the basis
of their dominants. Because of its relationship with the type described
by Almquist, mentioned below, one unit which diverges from the nor-
mal within the community can be named. Directly east of sample
area Jm 2 there is a small area with a tree layer which consists main-
ly of scattered birches. The under-vegetation is therefore better iilu-
minated, and this is reflected in the development of the bush and
field layers. There is an extensive bush layer with Prunus padus,
Rhamnus frangula, Rubus idaeus, Sorbus aucuparia and Viburnum
opulus as the most important species. In spring, Anemone nemorosa
makes @ noticeable and decoralive contribution to the field layer.
A. nemorosa is foliowed by Filipendula ulmaria which has a high
degree of cover over large parts of the area. The main species with
these two are Oxalis and Maianthemum. A high frequency, although
only a low degree of cover, is reached by Milinm effusum, Viola rivi-
niana and Convallaria majalis.

The number of tree seedlings within the association is variable, de-
spite the evenness of the tree layer; however, it may be, to a large
degree, the development of the field layer which determines the seed-
ling frequency. Parts of the field layer are unfavourable to tree seed-
lings’ early development, e.g. the 4. nemorosa community mentioned
above, or parts with luxuriant large ferns.

In respect of field layer species the type most related to the Maian-
themum-spruce wood is that with a similar name, viz., the Oxalis —
Maianthemum type (OMaT) of Cajander (1921, p. 31). However, Ca-
jander does not state any occurrence on peat land. Almquist’s (1929, p.
287) Picea — Anemone — Hylocomium wood, a low-herb-spruce wood,
is somewhat different from the Jagarmossen type, in that Anemone
hepalica and A. nemorosa are more important on non-peaty land. On
Jagarmossen, A. hepatica has only a few known localities and A. ne-

4412204
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morosa is only occasionally one of the foremost constituents of the
community (see above).

In Malmstréom’s survey of forest communities (1956, p. 7) the type,
like the foregoing and the following association (“III” and “V?”), is
placed among the low-herb-coniferous woods (see below, Oxalis-spruce-
wood). The term low herb-woods (Malmstrém 1949, p. 60) has also
been used by Sjors (1956, p. 120) and by Samuelsson (1960, p. 85).
In Arnborg’s (1943) woodland communities there are no good equi-
valents to the Oxalis — Maianthemum association. With regard to the
importance of dwarf-shrubs, it is intermediate between the unions of
the Aconitum septentrionale group and the Geranium silvaticum —
Vaccinium myrtillus union.

Picea — Oxzalis — Brachythecium rutabulum association (V. Oxalis-
spruce wood)

With the exception of a minor section in the eastern part of the
peat land, this community is restricted to the area north of the main
run off channel (Fig. 3). The peat thickness within the area of the
association is comparatively small. The maximum thickness is up
to 1t/z m, but it is usually == 1 m (Fig. 34). The effect of the mineral
layers underneath could therefore be greater in this community than
in any of those described previously. Before the ditches cut off the
direct link, the surrounding non-peaty land exerted a certain effect
through the water which seeped in from it over the peat land. These con-
ditions are responsible to a large extent for the differences in nutrient
conditions which now occur in different parts of the area. The nutrient
analyses from the sample areas in the Ozalis-spruce wood thus show
marked differences from the other communities in, for example, nitro-
gen, phosphorus and calcium contents. As a consequence of the fairly
high density of the soil in the community the differences in the reserve
of plant nutrients are still more obvious.

The distinguishing characleristic of the vegetation as opposed to
the preceding association is the almost complete absence of dwarf
shrubs. In addition, there is regularly a large number of exclusive
meadow-wood species such as Paris quadrifolia and Urtica dioeca,
and Fraxinus excelsior is always present. The constant occurrence of
the ferns Dryopteris spinulosa, Athyrium filix-femina and Lasirea
dryopteris is also conspicuous, and Dryopteris filix-mas and Lastrea
phegopteris occur somewhat less commonly. The number of species of
bushes and trees is also larger than in the other communities. There
is, for example, scattered occurrence of Ulmus glabra and Tilia cordata.
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Fig. 9. Oxalis-spruce wood. The field layer is often dominated by Oxalis acefosella which
here is seen together with its commonest associates: Urtica dioeca, Paris quadri-
folia and Milium effusum.— June 1960.

Within the association there are only the following sociations to be
distinguished:

a. Picea — Oxalis — Brachythecium rulabulum soc

b. Picea — Oxalis — Dryopleris spinulosa — Brachythecium rutabulum
soc

¢. Picea — Oxalis — Urtica dioeca — Brachythecium rutabulum soc

Hylocomium splendens and Rhytidiadelphus triquetrus occur more
or less richly in the bottom layer, the former however with uneven
frequency.

The Picea — Oxalis and Picea — Oxalis — Dryopteris sociations. cov-
er the greater part of the area of the association, whereas the Picea —
Oxalis — Urtica sociation is mainly localized to sample area Jm 8
and nearby. Minor patches of the sociation are also seen as ditch-edge
vegetation in some places in the north part of the peat land.

a. The Picea — Oxalis — Brachythecium soc is exemplified by sam-
ple area Jm 3 (Table 6). It is usually most clearly developed in the
densest, most luxuriant spruce stands where there are only a few
broad-leaved trees. There is usually no complete bush layer, and this
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Fig. 10. Oxalis-spruce wood. In the most eutrophic parts of Mjslnar fen, now invaded of
spruce, Paris gquadrifolia dominated patches, here with additions of Oxalis aceto-
sella, Urtica dioeca and Filipendula ulmaria, can be encountered.—June 1960.

layer is represented only by scattered occurrences, mainly of Lonicera
axylosteum, Prunus padus, Ribes alpinum, Sorbus aucuparia and Vi-
burnum opulus. In the bush layer low individuals of tree species
occur sporadically and also single examples of Corylus avellana and
Ribes spicatum. The comparatively species-poor field layer has most
species in common with the preceding association, but the shrubs, as
far as they occur at all, are restricted to old, erumbly, moss-covered
stumps. Ozxalis is dominant (Fig. 9) and usually has almost complete
cover in large areas. Table 6 shows that it may sometimes be the only
field layer species within the quadrats. But even in these very closed
stands scattered ferns may spread at the expence of the Oxalis. In
the same way, the bottom layer dominant, Brachythecium rutabulum,
forms mats with complete cover over large areas, though these are
broken up in patches by litter. The other mosses grow intermingled
in the carpets of Brachythecium. Hylocomium splendens and Pleuro-
zium schreberi do not often grow directly on the ground, but usually
occur on stumps and fallen trees, root bases etc., where other species
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have decreased competitive ability. The occurrence of Eurhynchium
zetterstedtii is worthy of note. In sample area Jm 3 (Table 6) it occurs
only in one place, and it has otherwise been seen in only two places
in the area. The constant occurrence of the very slender liverwort,
Lophocolea heterophylla, which is in all quadrats, is unique. It is
mainly found as a bright light-green cover on twigs, small branches
and cones lying on the ground.

b. The Picea — Oxalis — Dryopleris — Brachythecium soc differs from
the preceding one in having a well-developed {field layer of large
ferns, Dryopteris spinulosa, Athyrium filix-femina and sometimes also
D. filix-mas. The sociation is most luxuriant in more open tree stands,
but is also well-developed even under a fairly close canopy of spruce.
Other species in the field layer are Geum rivale, Filipendula ulmaria,
Lactuca muralis, Lastrea dryopteris, Milium effusum, Paris quadri-
folia (Fig. 10), Solanum dulcamara and Stachys silvatica (abundant
in places, but usually rare). Actaea spicata is also characteristic, al-
though relatively uncommon. '

c. The Picea — Oxalis — Urtica — Brachythecium soc is clearly favour-
ed by tree stands which are open in places, or at least rather sparse.
An obvious distinguishing feature of the community is the high con-
tent of species favoured by man’s aclivity (hemerophilous species);
these account for a large part of the species additional to those in the
two foregoing sociations. Thus besides Irtica dioeca (dominant),
there are Anthriscus silvestris, Chelidonium majus, Galeopsis tetrahil,
Geranium robertianum. Ranunculus repens, Scrophularia nodosa, ete.
The bottom layer is to some extent affected by the development of
the field layer, and so it may be quite sparse where herbs are most
abundant. The sociation is richer in species than any of those hitherto
described, and it has no equivalent among the other communities of
the peat land, in luxuriance and productivity in the field layer.

The number of coniferous tree seedlings in the Oxalis-spruce wood
is particulary small. In the densest tree stands there are in many
places no spruce seedlings within an area of 100 m? or even more,
and in the parts rich in ferns and herbs it is not uncommon to find
no seeedlings within an area of 500 m2.

The three sociations of the Picea — Ozxalis association can each be
considered to belong to one of the variants into which Almquist (1929)
divides the corresponding woodland community, Picea — Anemone —
Hylocomium wood. However, the association is clearly different from
Almquist’s low herb-spruce wood in that Brachythecium rutabulum
is dominant in the bottom layer and not Rhylidiadelphus triquetrus.
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In Malmstrém’s grouping, made on a purely physiognomical basis,
this association as well as the two preceding ones falls into the low-
herb~wood group (Malmstrém 1949, p. 60), which is less satisfactory
for the peat land communities. The low-herb-woods have points in
common with both the heath and meadow series of communities and
are thereby linked to several of the units of middle rank (associa-
tions) distinguished here. These associations are also easily distin-
guishable from one another on a nutrient-ecology basis (as will be
shown later). The reason that the herb-rich communities of the peat
land do not fit directly into Malmstrom’s system may lie in the fact
that the “low-herb-woods” are distinguished for non-peaty land con-
ditions, and mainly based on north Swedish forest communities.

Nor is there a type in Cajander (1921, p. 31) which alone covers
those distinguished here—a parallel may be found in his Oxalis —
Maianthemum type (OMaT) and better still in the fern type (FT).
This partly depends on the tree layer, which for OMaT is usually
made up of spruce (although a mixture with broad-leaved trees is
common). FT also has spruce as the main tree species, but here the
broad-leaved tree element is larger, and Alnus glulinosa is a constant
and very common species. Moreover, besides birch there are other
species recorded as rave here: Ulmus glabra, Tilia cordata and Acer
platanoides. By their presence only, these last three species give a
definite impression of Cajander’s fern type.

v. Krusenstjerna (1945, p. 137) has described communities from
the Uppsala region which are similar in respect to the bottom layer.
Points in common are found in the Eurhynchium federation and in the
Mnium — Climacium federation, the former in good habitats of medium
moistness and the latter in wetter habitats.

Picea — Betula pubescens — Calamagrostis canescens — Melica nutans -
Brachythecium rutabulum association. (VI. Grass-rich birch-spruce
wood)

The main area of distribution of this association is a broad U-shaped
region along the edge of the peat land in the west and south, forming
the outermost fringe of Jagarmossen on that side. The other end
bends off towards the north-east and north and cuts through the
Oxalis-spruce wood in that part of the area (Fig. 3).

From the area south of the “islands” of non-peaty land in the north-
west, and along the main part of the southern boundary of the peat
land, the type community is developed. In other parts of its area of
distribution the community is more divergent. As has been pointed out,
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the depth of peat is not large (maximum depth measured 1.3 m, and
see Fig. 34). The transition of the community to the surrounding non-
peaty land is not usually direct, but there is a border of varying width
mainly consisting of a community similar to Maianthemum-spruce
wood. However, in small stretches the grass community may reach
right up to the edge of the non-peaty land.

The ground is generally quite even, with little left of the pronounced
tussocky nature which was characteristic of the area at the time of
drainage. To a certain extent, the remaining tussocks are hidden by
trees or bushes now growing on them. Because the older trees are
often localized on tussocks, the stand has gaps in the canopy through-
out, with large open areas (up to several hundred m?2) between the
groups of trees in many places.

The tree stand consists mainly of birch (Betfula pubescens) and
spruce. At present, birch is the dominant tree species in volume, while
there are more individuals of spruce. There is a large number of Alnus
glutinosa, usually in a band towards the edge of the non-peaty land
(Fig. 15), as evidence of the previously wetter environment, whereas
the single pines which occur (Fig. 14) are a relict of the previous
tussock vegetation.

This association is distinguished from the others by the large num-
ber of species in the field layer. Thus there may be 50—70 vascular
plant species in a sample area, but it is seldom that any of the others
have as many as 40 or more in the same surface area. Another charac-
teristic of the association is the heterogeneity in the composition of
the field layer. Thus of the 67 species of higher plants, excluding the
trees but including tree seedlings, in sample area Jm 5 (Table 7), only
28 (42 per cent) are included in the ten 1 m?2 quadrats used in the
vegetation analysis. In contrast, sample area Jm 1 (Ledum-pine wood)
may be mentioned. In this 11 species (85 per cent of total) were in-
cluded in the 11 quadrats.

The labile state of the vegetation is the background to this. The
gaps in the stand which have never had trees growing in them, where
the plant community is part of a rapidly progressing succession, con-
tinuosly afford new opportunities for colonization by plants whose
ecological requirements are fulfilled by the changing conditions. A
large number of plants have been favoured in this way during the
development, including some which were once pioneer species (see,
e.g. Tansley 1939, p. 217; Ellenberg 1956, p. 89) and now have a more
or less relict character, and others which are now pioneers again. Some



Table 7. Vegetational analyses from the Picea = Betula pubescens = Calamagrostis
canescens - Melica nutans = Brachythecium rutabulum ass (Type VI. Grass-rich
birch-spruce wood). 17 and 20 July, 1959

< Average

Bushes Jn 5 F-% Jn 7 5% Jm 12 P o,
-%
Rhamnus frangula == 0o« 2 & - - e a - - O 11 e e e me e == 18 1 = = e e m e e e === - 6 e/
Ribes alpinum =00 o- e e == = - - - - QO = e e -a - O 2 ommowmm e emmmmm - 3
Rubus idaeus 12«2-met1e B0 = wolaaawa- 118 t=11-12-c-=211-12 65 46
Salix aurita =000 - - - - e w oo - 0w w o e mm - R« TSV 3
Sorbus aucuparia =000 o~ - e e e = m e - [o U U U 9 m e e e e e e e o e m e - = o o 3
Dwarf shrubs
Vaccinium vitis-idaea = « w - - = - - - =« O o e oemmm === G o e m e e e e e e e ... -~ 0 3
Grasses and herbs
Agrostis canina 000000 = - - - - - - - - - O == =14 =moe-w 18 o m e e m e mmm - - = 0 5
Anemone neworosa 000 = = = e = = = = = = [ O v 1 comoal o mm e = mm o 13 5
ingelica silvestris L ] 10 = e e e e e e - - - O === - ———— e e - 1-- 6 5
Calamagrostis canescens 555434===1 70 1211111341110 21-3124545455554 94 86
PUIPUTER = = = - = o~ = = = = O w = e e oo - - 0 = =2 c e mmcm e 2« 13 5
Campanula trachelium = - = = w = = = = = = 0 - - - - B 0 3
-Cerastium holosteoides R T B R T O = m s e e e e e e e e - - 0 5
Chamaenerion angusitifolium = = = « = = = = = = O = e e m e e .- - O =+ = cuectmoc-od-o-n~=- 19 8
Dryopteris cristata @~ = - - e o 2w oo - O = e e T - 9 2 m e e e e e e e e e e == 6 5
spinulosa Teoemlonman=-- 20 - - e - - - 2= = 9 e e et e m e e - m - 0 8
Epilobiwn montanum 0 = = = = = - = T == 10 = = 2 e e m e e == O = e e e e e e e e .- m - - - 0 3
Bguisetum palustre = o~ - - - = - - - - C 2221213331210 -11w==- 1111 -+-11 50 51
pratense 1===11T1T1T=1 60 = o om0 e e e o e = O = = m oo e e o e e e e e - - 0 16
Filipendula ulmeria == 1233113 60 +==-ctt+ouwtol 45 1cul1etla2121111~- 63 57
Fragaria vesca 11 2 =d 244w 80 =1 o e wcomnon G m e m e m e e . e e o 19
Galeopsis tetrahit B T B L A e e 18 = = = - - - 1 e e - = - [3 14
Galiwn mollugo =000 = = e e = e . - O = e et e e e e O = amm - -GS & 3
palustre - =1 - .- - 1- 20 = -~ - - R O e e e e e e .- - - I 11
uliginosum 0 o« = = = = = = - - - O = oo oo - - - + - D m e m e e e e mm ... 0 3
Geum rivale e 20 -1 6 11
Lactuca muralis =00 o= = = - = = = = -~ o - 5
Luzula pilosa B B B 30 - 4+ - 30
Lysimachia thyrsiflora @ - = = - = « = = « = 0 11 30
Maianthemun bifolium  « w - = = = = 1 - - C 124 38
YMelampyrum pratense =00~ = - -~ = = = - - - C 111 43
HMelica nutans ==1=31=1=-= 40 422 &1
HMiliuvwn effusum 1 132111 - = C -1 78
Moehringia trinervia R 10 + - 4 20
Oxalis acetosella 122213241 == 70 = acccnaoaana- 35
Paris guedrifolia = - - - - - - o= 0 = woelhel oo 6 H
Poa nemoralis 1=11271T1T 2= 60 = ccooaaan-=-a o) 16
Potentilla erecta = = = 0= = = - = - = = - = S o+ o+ - o} 16
Pyrola minor R A R L A e o 14
rotundifolia = - - - - o - - - - = O 1 cmmm e Tem= 18 =l cmaem e e e o= - 1=-= 13 1
Ranunculus repens =0 = = = ~ = = = = = = O = m ke e e mm - O o= = vl wmmmmm e === = 6 3
Ramischia secunda 2 mm e e - - - 1 =, et el mcme 2] ot e e e e e e, .. 0 11
Rubus saxatilis ~====00= = = = ~ = 1T=-=1 20 33131=21212= 82 «2=21221Tawleccaee=- 38 46
Scutellaria galericulata L B B i L + 4= 18 cmcmdiccdnc e mama 0 19
Trientalis europaea -1 -=1111=1 80 =11117=11111 82 121111 acaacaaa-= bl 54
Tussilago farfara I B SRR 10 = o o oo w oo - - O = o = e e e e mm e m .- 1 - 6 5
Veronica chameedrys = = = = = = =@ = = = & ~ [ R 18 e mmrmcm e e el - 6 8
officinalis = = = = = = T e m e 10 % e e e e e = O == =11 ;e ememm == = 1% 8
Vicia sepium 000000 - e = e e s a - - - L o O = = f ;e m - mm - - 1 -1« 13 5
Viola epipsila 212712 wca- 40 221213222217100 =1121172===2acaaa 38 57
palustris =00 = == s == e - O = e e e e 2= s 9 =-27i111+-=-=--11-1= 56 28
riviniana @~ ===00= - - - - T1==2 230 211721 ecaaacil 55 momecbeoe oo e a = o] 24
Mosses
Brachythecium reflexum - = = = = = = 1T== 10 - - 0o 0o b e e = O e m e e e e - m - = = 0 3
rutabulum 4414244480 142222117 +31100 4111+11451-22122 % 92
salebrosum 111 -2=-1111 8 =t~ - 27 112+ -=+11 =311 --- 63 57
velutinum = = = = = - = = & = QO = e e e - - R + 4+ ===1 25 14
Dicranum scoparium K 20 = e e e e e e e o [ 1 m e oo m - 6 8
Burynchium zetterstedtii @ - - -« - = = - - - = C = e e e e e - = - T - G o e e e e e s m - - m - - == o) 3
dylocomium splendens = = = - - = = B L 9 e e e macw D m e = - = 6 8
MHnium affine 000000 -~ = = e e m e - = O = e am == PR Q@ e b e e e e e e e e, - & 5
cuspidatum m e e e 1 e 2 e m 20 e e e e e m e == - D = m e m e e m e m e m = - o) 5
rugicum 00000000 - = e == == - - - O mcm bt cmmmdbem 27 o e e b e e e, == 0 8
seligeri A 1MV = e e e m e e m = D e e e e m m e e e = e = o] 3
Plagiothecium denticulatum 2 = = = 1 =« = 11 = 40 = 0 0 4 0 v = = = =« = 9 e e e e mc e, e~ 1 mm - - 6 16
Pleurozium schreberi wem 0 e 2] e e e e B - - == - 1emmm o= = 13 i1
Rhytidiadelphus trigquetrus - - - - - = T e == 10 = a e e e mm = — = O = - e m e e m - m— - = 0 3
Rhodobryum roseum 00 - = = = e =~ = e - QO m e et m e e - T 0 3
Cephslozia bicuspidaia e 10 m e e e e e e - O w e o m e mmmemm - = — - o] 3
Lophocolea heterephylla 41wl a1t 80 =+ 41 -2 e B T T T 21 == === 25 35

¥ = Freguency

Jm 7: Agrostis tenuis, Angelice silvestris, Carex elata,
Chareenerion angustifolium, Cirsium vulgare, Dryopteris
filix-mas, Fraxinus excelsior (seedlings), Paris quadri-
folia, Populus tremula (seedlings), Salix myrsinifolis,
Vaccinium uliginosum, Viburnum opulus. - Bryum sp., Di-
cranum scoparium, Pohlia nutans, Rhytidiadelphus triguet-
rus, Ptilium erista-castrensis.

Additional species (degree of cover 1 or +):
(seediings), Anemone nemorcsa, anthriscus
femina, Calamasrostis arundinacea, Carex dig
Cirsium arvense, C.vul, e, Daphne mezereum,

Deschm\psia caespitosa,
tata, Dofilix-mas, Galium uliginosum, Juniperus commu-

eris, Lonicera xylosteun, Lys chig
drifcliz, Pinus silv

thyrsiflora,
stris {seedlings),

m, Paris gquad
POu remota, Potentilla erecsa,
Lathyrus pratensis, Roegneria canina,
nerea x aurita, Solidago virgaurea, Sorbus aucy ria, Stachys sil
2, Taraxacurm sp., Urtica dioceca, Vaccinium myriillus, Vale
officinalis, Veronica chamaedrys, Viola palusiris. - Ptil

Jn 12: Agrostis canina, Anemcne heratica, Athyrium filix-

femira, Cirsium vulgare, Deschampsia flexuosa, Dryopteris

spinulosa, Epilobium montanum, Fragaria vesca, Lastrea
drycpteris, Lysimachia vulgaris, Poa nemoralis, Potentilla

* erecta, Stell a graminea, Vaccinium vitis-idaea, Vidbur-
nun opulus, Viela riviniana, - Mnium rugicum,

Salix myrsinifolia x aurita, S.
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of the species may be expected to remain when the tree stand becomes
closed, others will probably disappear from the community.
The following are regarded as relicts:

Carex elata Lysimachia thyrsiflora
nigra vulgaris

Equisetum palustre Pinus silvestris

Iris pseudacorus Scutellaria galericulata

The following are regarded as pioneers:

Angelica silvestris Potentilla erecta
Anthriscus silvestris Ranunculus auricomus
Taraxacum spp. Cirsium spp.
Campanula trachelium Tussilago farfara
Calamagrostis spp. Valeriana sambucifolia
Dryopteris cristala Viola epipsila
Lathyrus pratensis palustris

Most of the species in this latter group are seldom found in the
closed stand of the spruce wood-—towards which the community is
developing—as evidenced by analyses from such areas (sample areas
Jm 3 and Jm 4, Table 6).

Finally, there is a group of species which has apparently not been
affected very much by the change in water condition brought about
by the drainage. A part of the earlier tussock vegetation was affected
only to a small extent by the high water table before drainage and
was adapted to the moderately moist environment which prevailed
in the upper parts of the tussocks. The lowering of the water table
by drainage has not therefore caused any radical change in the habitat
conditions for this group of species and they therefore continue to
grow fairly undisturbed. Vaccinium spp., Salix spp. and other bushes,
Fragaria vesca, Geum rivale, Oxalis acetosella, Paris quadrifolia and
Trientalis europaea belong to this group.

It is mainly the two grass species, Calamagrostis canescens and Me-
lica nutans, which distinguish the field layer of this community from
the others. In patches, practically always in more open stands or under
gaps in the canopy (Fig. 11), these grasses, either alone or together,
form pure stands. Untypical conditions obtain under a dense tree
canopy or on thin peat with a fairly impermeable layer under it (in
the north-west part of the area). However, it has not generally been
difficult to determine the boundaries of the community since even
when it is least typically developed it retains conspicuous features of
the type community. The characteristic species Calamagrostis and Me-
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Fig. 11. The formerly very wet fen areas in Mjilnar fen are still, in several parts, free from
trees. The field layer is dominated by Melica nutans, Milium effusum and
Calamagrostis canescens.—June 1960.

lica are found as a rule even in small areas. In addition, the parti-
cularly sharp distinctions between the tree stands help in drawing
the boundary between the community and the neightbouring ones.
Thus in comparison with the surrounding community the grass-rich
birch-spruce wood has a considerably lower average age and is less
closed. In addition, it has different proportions of the various tree
species. These factors, as mentioned above, also have a marked effect
on the field layer.

As far as it is possible to judge, there are at least three different
communities of lower rank within the association. However, the ana-
lvsis material is at present too sparse to allow a close examination of
these, but some observations will be put forward.

In the north-west part of the community, under the thin peat layer
(Fig. 34) there is a layer of almost impermeable clay, which greatly
limits vertical water movement. Because of the slightness of slope of
the surface, horizontal run-off is also reduced. This condition was more
pronounced when and immediately after the ditches were laid down,
but during periods of snow melt it is still obvious. This part serves also



60 HILMAR HOLMEN

as a catchment area for melt water from the surrounding areas of non-
peaty land, which here slopes fairly steeply in towards the peat land.
These factors have probably considerably hindered the trees to grow
up the same extent as in the other drained areas (Ch. 6).

The main feature of the field layer in this part is its content of
large-leaved herbs, which may be dominant in many places. In shady
and moist places Filipendula ulmaria and Tussilago farfara some-
times cover the ground completely and only a few slender grass-leaved
plants like Roegneria canina, Milium effusum and Calamagrostis ca-
nescens can grow with them. In this mixed community Urfica dioeca
and Rubus idaeus may also grow densely, mainly in the better illumi-
nated patches under the gaps in the canopy.

Where the tree stand is very sparse or in glades with a high light
intensity the composition by species is variable. The most common are
Roegneria canina (dominant), Scrophularia nodosa, Valeriana sam-
bucifolia, Filipendula ulmaria, Cirsium heterophyllum and Milium
effusum. Of the more interesting species found in this environment,
the rare occurrence of Ulmus glabra is worth mentioning.

The easternmost part of the area of the association has a field
layer which is a transition between the type just described and the
grass-dominated main part of the community. Thus there is a con-
siderable number of broad-leaved plants but the grass element is
conspicuous too. However, the field layer is very variable in com-
position, because the boundaries with several of the other communi-
ties oceur here. Calamagrostis and Melica are always present, as a
common feature of the different variants of the community. They are
often in combination with Fragaria vesca, Rubus saxatilis or Oxalis
acetosella, but may also be together with Vaccinium vitis-idaea on the
sides of tussocks or near the non-peaty land. However, the most cha-
racteristic feature of this part is the particularly delightful-looking
Anemone nemorosa community in spring and early summer. Only
here in the whole of the area of peat land is there a well-developed
A. nemorosa community (however, see also above, Maianthemum-
spruce wood). The tree layer is comparatively even, with well-grown
spruce in a stand which is very closed in parts. Betula pubescens and
Alnus glutinosa are less important.

In its typical form the association is represented by sample areas
Jm 7 and Jm 12 (Table 7; Fig. 12), which show immediately that the
species of the heath series are very sparsely represented. The constant
species of the field layer of the community are conspicuous physiogno-
mically, but it should be pointed out that not always either Calama-
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Fig. 12. Grass-rich birch-spruce wood. Within some areas there was at the time of drain-
age a fairly even bush layer of birch, which now has given rise to a comparatively
thin birch stand. It can be seen how spruce begins to invade. Scattered alders from
the wet period are also seen.—October 1960.

grostis canescens or Melica nutans alone reaches complete dominance.
However, the two together often form a completely closed stand, which
after the pressure of the winter snow covers the ground with a tight,
thick blanket. In several places Milium is important in the grass vege-
tation. Calamagrostis purpurea is found in the community, but seldom
plays an important part.

It should now be apparent that one of the characteristic features
of the community is the large quantity of narrow-leaved grass-like
olants. The broad-leaved herbs which grow in the main part of the
association are of secondary importance fo the physiognomy, al-
though they may form an understorey of the field layer well-developed
in patches and may have a high degree of cover. Viola species,
Maianthemum bifolium, Rubus saxatilis, Fragaria vesca and the sterile
Filipendula ulmaria stands, for example, may form part of this layer.

The grass-rich birch-spruce wood has its equivalent, in Uppland,
in Almquist’s (1929, p. 324) Calamagrostis lanceolata (purpurea) —
rich deciduous wood. He characterized this type as a stage of develop-
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ment mostly on drained peat, and this fits the situation described
above.

Besides the vegetation types named above (I—VI), there are many
others too on drained peat lands, as found on a survey of other sites
in Uppland in particular. However, most of them seem to be varia-
tions of the communities described. Thus, the main types met with
may be characterized as dominated by dwarf-shrubs, herbs, or grasses
as on Jigarmossen. A conspicuous type, only weakly developed on
Jdgarmossen, is a community characterized by high degree of cover
for Lycopodinm annotinum. It has been observed in typical form on
well-drained sites poor in phosphorus and potassium but fairly high
in nitrogen (seen e.g., on Pristgardsangen and Masmossen, E Uppland,
and Tarnmossen, W Uppland).

The tree layer varies depending on water table, successional stage
and nutrient conditions. Early developmental stages with either pine
or birch are seen in many places (e.g. Kerstinbo mire, W Uppland).
Spruce is seen as pioneer only as admixture to birch under which it
gets shelter from frosts in late spring, e.g. on Gisselds mire in Jamt-
land (poorly drained). Generally the “climax” wood is spruce, except
for very wet and nutrient deficient sites, where pine is the only tree
species.

C. The woody species

One of the main objects of this paper is to attempt to define the
habitat conditions prevailing on an area of drained peat land. Thus
in the two next parts, a group of habitat conditions, viz., those meas-
ured by soil analysis, will be discussed. In addition, there follows below
a general examination made indirectly, i.e., by seeing how such proper-
ties have contributed to the distribution and success of certain species.
Points about the habitat requirements and the apparent vigour of
the species will also be included in this autecological section, but
there is no detailed study of any particular factor.

It may seem arbitrary which species or group of species are chosen
in such a context. But since it has not been practically possible, nor
desirable, to treat all the species of Jigarmossen in this way, it was
most suitable to chose a group of plants with some feature in common.
The woody plants make up a group with a fairly large number of
species, and several of them have a number of known general qualities
of habitat preference (though not as a rule known precisely).

It is known, for example, that certain species have a relatively small
requirement for nutrient availability, if other conditions for growth
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are favourable. Such species have a wide ecological range in respect
to nutrient factors and can grow on good or on less good soil. But on
better soil they fail to compete with species which have a greater de-
mand, either generally or specifically, on the plant environment. The
distribution of pine and spruce, which are opposites in this respect,
can be compared (below).

There are also species which have a wide habitat range and are
relatively insensitive to competition, e.g., Rhamnus frangula and Sor-
bus aucuparia. Both these species have a very even distribution
throughout Jigarmossen with the exception of the poorest part, where
they are absent.

Because of the unevenness of the substrate and also its change with
time in some parts, there is a rapid selection of species which get the
opportunity to colonize new areas. A study of the distribution also
gives valuable information to help in understanding these circum-
stances. With the data on the distribution of plant nutrients (to be
presented in part II) it is possible to study the relation between the
distribution of the plants and the plant nutrient conditions.

Distribution maps for the majority of tree and bush species are
included, with a simplified vegetation map as a base, so that the
distribution can be seen clearly.

The data below have been arranged so that the main tree species
(spruce, pine, birch and alder) come first; the others follow in syste-
matic order.

Spruce (Picea abies) is quantitatively far and away the most im-
portant of Jagarmossen’s tree species. From the descriptions above
it is apparent that it is a member of all the different plant communi-
ties, although it does no always form stands. Thus in the centre of
the peat land (Ledum-pine wood) and in the nearest parts of the
adjacent community (bilberry-pine wood) it is represented only by
scattered dwarf trees. But in the middle parts of the bilberry-pine
wood it is already an important element in the understorey and
towards the outer boundary the upper tree layer has spruce with
increasingly higher frequency. Its more important continuous area
of distribution lies north of the main run-off channel where a spruce
stand of very uniform appearance covers practically the whole area
in the east-west direction. The occurrence of spruce south of the
main run-off channel is less continuous. The most important but at
the same time the most dissimilar sites in this part are Langholmen,
with Jagarmossen’s most impressive and even spruce stand, and Mjol-
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nar fen where spruce still does not make up more than 30—40 per
cent of the volume of timber of the stand.

It is clear that, except for the parts dominated by pine, the present
distribution of spruce coincides in its main fealures with that which
existed before drainage, since spruces which are older than the time
since drainage have been found in all the other communities. But
aven the area now under pine was not completely lacking in spruce
before drainage. Within the sample areas examined in these com-
munities no spruces have been examined which date with certainty
from the pre-drainage time, but on the other hand there are spruces
which are at least 60 years old (at stump height), i.e., date from before
drainage, in some places in the bilberry-pine wood close to the Ledum-
pine wood.

Tree age at breast height is usually less than the time since drain-
age, which indicates that the distribution even of young spruce trees
was very mueh restricted before the ditching took place.

A clear feature in the picture of spruce distribution is that the
species has certainly not yvet reached its definitive limit in the pine
communities, but is in a stage of rapid colonization of land previously
without spruce. It is hardly possible to say more exactly how fast it
is spreading, but it is clear that the area of distribution is increasing
fairly rapidly. It is not now possible to determine where the final
boundary will lie during the next tree generation. The most important
factor limiting continued advance will undoubtedly be the low avail-
ability of the most important nutrient elements in the central part.
In this connection the importance of the effect of a high water table
in the peat during a large part of the vegetation period may be men-
tioned. This is limiting to a certain extent, and since it determines
the depth of root penetration it also determines access to nutrient
supply. This is not so important for potassium and phosphorus since
these are mostly in the surface parts of the peat. However, the posi-
tion of the water table is very important for nitrogen supply, perhaps
not primarily, but through the secondary effect of bad aeration and
the consequent slow or sometimes non-existent breakdown of the
organic material in the surface layer of the peat.

The age of the spruce in the sample areas studied is particularly
variable, and this shows the unevenness of the sparse stands which
were present at the time of drainage. The average age of the trees
examined is in general greater than the time since drainage, in spruce-
dominated stands. Older trees are found in the peripheral parts, where
the peat is comparatively thin, and also in more central parts on much
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thicker layers of peat. The maximum known age is from the south-
east periphery where a spruce more than 130 years old has been found,
but in the Langholmen stand there are also spruce trees more than
100 years old. It is also worth mentioning that in the grass-rich lagg
areas in the south and west there are fairly old trees, e.g., in sample
area Jm b there are spruce trees about 100 years old. In all these
cases the trees have grown on tussocks, now shrunken.

Maximum diameter and height have also been measured within the
areas. Thus in sample area Jm 8 there is a spruce with a diameter of
44 cm (height 22.9 m), and in Jm 2 one of height 25.9 m (diameter at
breast height 24 em).

In the more favourable localities the diameter growth of spruce
has been good after drainage and on average the highest value has
been achieved 1015 years after. However, in other localities maxi-
mum diameter growth has not been reached until nearly 30 years
after drainage (see Ch. 6).

For single trees in some years the growth in diameter has been as
much as 15—-20 mm, while an average of 10 mm in the measured
trees is not uncommon even over long periods.

Branch abcission is mostly not very active. The only stand where
there is satisfactory saw-timber quality is in Lingholmen. The crown
boundary—i.e., the lowest green parts of the crown—which is here
taken as a relative measure of the occurrence of branch abcission, is
an average of 5.1 m above the ground (1.6—10.0 m) in sample area
Jm 2, and 5.9 m (2.5—9.0 m) in Jm 9. The ratio of length of crown
to total tree height, the crown ratio, is hence as high as about 75 per
cent. In Mjolnar fen, where the trees often form groups, the crown
ratio is highest (& 90 per cent). This stand is also comparalively
young. The crown boundary for the three sample areas here is 1.2,
0.8 and 0.6 m (0.1—2.7 m) above the ground, which means that the
lower whorl of branches is often entangled in the luxuriant grass
field layer. There are dead branches remaining on the trees practi-
cally always right down the trunk, in all stands. As a consequence,
timber quality is rather variable, but as a rule considerably reduced,
and this reduction in quality is mainly in the valuable main trunk.

It should be pointed out that the degree of closure of the stand does
not seem to have been of much significance for the amount of branch
abcission (see Stélfelt 1932). Judging from observations made on
other similar peat lands, e.g., Bjurfors distriet in Vastmanland (see
figs. in Lundberg, 1952), relatively little branch abcission seems to
be a fairly characteristic feature at least for the first generation of

5—412204
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spruce on drained peat land (see Borjeson 1937). The newly-formed
stand begins from individuals of very varying age, but all the trees
from the time before drainage are characterized by very slow growth
up until drainage, and have very short distances between the whorls
of branches as compared with those afterwards. These older branches
are very resistent to rotting, and have a tendency to remain on the
trunks until a late stage in the life of the tree. It is thus not unusual
to find dead branches more than 60 years old left on a tree which is
itself not more than 10 years older.

Observations have been made of the tree root distribution at dif-
ferent depths in the soil and of the maximum root depth. These ob-
servations are only of a general nature. These features of the roots
are of particular interest in respect to the later discussion of the size
of the tree’s nutrient supply in the soil.

Since the previously described plant communifies contain spruce
stands with very great variation in age, it is not possible to make a
comparison between the plant community and the tree root depth. The
general features of spruce root distribution at the various localities
will, however, be mentioned.

The deepest spruce roots have been observed in sample areas Jm 2
and Jm 4, where they reach down to 60 ecm under the soil surface.
The maximum depth here is usually between 45 and 55 em. On the
other hand, the least maximum depth is in the grass-rich communities
(Mjolnar fen). In sample area Jm 7 no roots deeper than 30 cm have
been found. The average age of the spruce here is also generally con-
siderably lower than in the other places.

For two of the investigated sample areas (Jm 3, Jm 5) the maxi-
mum root depth is determined by the sediment layers (clay gyttja,
clay) which lie under the peat. Spruce roots have a marked tendency
not to penetrate the dense sediments. However, they often run in the
boundary between sediment and peat.

The levels at which roots are most frequent are considerably shall-
ower than those just quoted. For the great majority of sample areas
there is a zone richly woven through by roots from 1 or 2 to about
25 cm below the surface. It is mainly fine roots which are found at
greater depths. Coarse ones (> 15 mm in diameter) are only excep-
tionally deeper than 20 cm. Sample area Jm 9 was exceptional in that
there was even and abundant root distribution down to 35 cm.

A common phenomenon on peat land where the peat cover has
shrunk considerably and where some of the {rees originated on old tus-
socks or stumps is the appearance of thick stilt roots, which give
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Fig. 13. Oxalis-spruce wood (sample area Jm 8). Trees are encountered, especially at the
margin of the peat land, which have grown on old, more or less shrunken peat
tussocks.—May 1960.

the vegetation a mangrove-like look (Fig. 13; see also Lundberg 1952,
p- 37). When these roots were first laid down they followed the con-
tours of the tussock or stump, directly under the soil surface; and then
when it rotted and fell away they were exposed like legs of a tripod.
This feature occurs particularly in the peripheral zones of the peat
land where the distance to the mineral layers underneath is fairly
short.

Pine (Pinus silvestris). A picture of the main area of pine distribu-
tion has already emerged incidentally from the description of the
occurrence of spruce. Thus pine is the characteristic tree of the central
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Fig, 14. Pinus silvesiris. Dense shading: pine dominant in the tree layer; thin shading: pine
with an understorey of spruce and birch; points: isolated occurrences.

parts of the peat land, where it is ubiquitous in the parts with peat
which is least humified and poorest in nutrients. When the quality of
the peat improves out towards the edges, spruce is more common but
al the same time the pines have greater diameter and height. This
means that right up to the boundary of its general distribution pine
always makes up the largest proportion of the volume of the stand.
As well as in the central section, pine is found as isolated examples
in all the plant communities which have been distinguished. In these
cases it certainly constitutes remains of the earlier mire vegetation.
Except in the present-day pine communities, spontaneous establish-
ment of pine after drainage has occurred only to a very small extent;
and the conditions in the stands would hardly be expected to be such
as to favour extensive establishment of pine. Pine seedlings’ require-
ment for high light intensity excludes them from the well-closed
spruce stands. An obvious feature in the picture of distribution (Fig.
14) is thus the very few occurrences of pine in the luxuriantly-grown,
herb-rich stands north of the main run-off channel. However, scat-
tered examples have been found on this side, even from after ditching,
as is shown both by field notes and by some quite well-preserved
stumps. Where the trees still remain, a late stage of the uneven com-
petition for light with spruce can now be seen. This is particularly
so in the northern part of the peat land (the unnamed area on the
vegetation map, Fig. 3). The pine crowns are shaded by spruce to
such an extent that it probably will not be many years before the
pines are completely dead. The pines in the western part of the peat
land are also relicts, but here there is still not sufficient competition
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from other trees to inhibit pine growth. However, the very few pines
in the main part of Mjélnar fen belong to the category that will not
survive much longer.

The growth conditions have previously been partly mentioned
Some supplementary observations will be made here. In the middle
part of the Ledum-pine wood (sample area Jm 1) the dominant trees
reach 12—14 m in height. Out towards the edges of this association
and in the next, the tree height rises continuously to 15—17 m in the
outer part of the bilberry-pine wood (sample area Jm 6). The tallest
are single pines in sample areas Jm 9 and Jm 10, which are 19.4 and
18.6 m. The present difference between different areas will certainly
persist for a considerable time, because of the marked difference in
conditions of production between the central and edge parts of the
pine wood area. In addition, the outpost trees will eventually disappear,
because of competition from spruce or interference by man.

The diameter of pine is fairly small, 18—25 cm at 1.8 m above
ground (breast height). The lowest values are for the Ledum-pine
wood and the highest for the bilberry-pine wood. Since the trees in
the two habitats are about even-aged, this is an illustration of the
effect of habitat on the growth of the trees.

The growth-form of the pines is somewhat variable, depending on
the locality, but it is in general such that good quality saw-timber will
not be produced by the present stand generation. Broad crowns with
coarse, spaced-out branches are the normal developmental type in
the Ledum-pine wood and bilberry-pine wood, and are otherwise a
common feature of pine growing on a peat substratum (see Sylvén
1916, p. 205). The solitary pines in the peripheral parts of the peat
land are of a rather different type charcterized by a long branch-free
trunk and a more or less tuft-like crown. But even here there are pines
with thick dead branches extending a long way down the trunk. The
large number of pines on the bay projecting out towards the north-
east (Fig. 14) and also others in the immediate neighbourhood of the
non-peaty land have a growth-form which is identical with that which
prevails on the non-peaty land. Thus the trees all reach a height of
20 m or more, and have quite a straight stem, branchless until fairly
high up.

On the majority of favourable mineral soils pine has a fairly exten-
sive and deep root system (Sylvén 1916). However, its extent is affected
by the conditions of the habitat, in particular by the water table. Arn-
borg (1953, p. 63) considers that in general no roots go deeper than
50—60 cm in good soils. In a young pine stand Arnborg (1951) has
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found pine roots at a depth of 65 cm; in the same place grass roots
extended to more than 1 m deep. Heikurainen (1955) points out that
there is little reason to look for pine roots deeper than 20 cm on peat
lands, even if drained. He found that the uppermost 5 cm of the soil
contains 70 per cent of all roots; and the uppermost 10 em contains
90 per cent. Root length per unit of surface, in a fully-grown vigorous
stand, was estimated at 1 km per mz2 The root maximum is already
attained in a young stand and there is afterwards little increase, al-
though the roots go deeper as the age of the stand increases (Heiku-
rainen 1955, p. 79). Laitakari (1927) carried out investigations on the
same lines.

Nowhere on Jigarmossen is the pine especially deep-rooted, and the
root system is usually quite horizontal. The high water table has
doubtless previously been the main factor determining the depth of
root penetration (see water table measurements given in part II).
Thus, as expected, the shallowest root development is in the Ledum-
pine wood, where the bulk of roots is between 1 and 10 em and where
the greatest recorded root depth is 20 cm. In the neighbouring com-
munities the pine root depth is somewhat more and the “relict” pines
in the bilberry-spruce wood often have roots between 1 and 30 cm,
with the deepest ohserved roots at 80 em.

Birch (Betula pubescens) is quantitatively the most important de-
ciduous tree. In spite of careful searching it has not been possible to
find any large tree-formed example of B. verrucosa on the drained
peat land, although this species is common on the surrounding non-
peaty land. it is generally known, and confirmed by all who have
worked on the ecology of these two birches, that B. pubescens occurs
in moister habitats and B. verrucosa on drier (see, for example, Arn-
borg 1943, 1946, 1953; Lagerberg 1950; Lindquist 1953; Malmstrém
1949, among more recent authors).

Within the boundaries of the peat land, B. pubescens has the widest
range of habitats. It occurs in all the plant communities, in the poor
Ledum-pine wood as well as in the luxuriant herb-rich Oxalis-spruce
wood, but in very variable quantities. This ean probably be attributed
only to a very limited extent to soil properties. Competition from
spruce and interference by man have probably been more important
in determining the distribution and amount of birch.

Birch is now most common in Mjélnar fen where it dominates the
stand with respect to volume. In the three sample arveas sited here it
comprises between 39 and 75 per cent of the number of stems, and
58—94 per cent of the stem volume. Historical factors have been an



FOREST ECOLOGICAL STUDIES ON DRAINED PEAT LAND 71

important cause of this. At the time of drainage there was a copious
sowing of birch in Mjélnar fen, as in other parts near the non-peaty
land (see bilberry-spruce wood), at the same time as the dwarfed
birches in this part of the peat land began to grow rapidly (see dia-
gram of annual rings, Ch. 6). Subsequent development proceeded in
different directions, as reflected by the different proportions of the
various tree species in the stands at the present time. For example,
the area around sample area Jm 12 has to a large extent retained its
original character (94 per cent birch, 6 per cent spruce). Spruce first
became established very recently and forms only a very weak under-
storey. In contrast, sample area Jm 5 is an example of an area with a
relatively weak birch dominance (58 per cent birch, 42 per cent
spruce).

Apart from these places, birch alone is not an important stand-
building species, but contributes quite a moderate amount of the
volume of the stand (= 20 per cent).

On Jiagarmossen, the growth of B. pubescens persists for a con-
siderably shorter period than that of the other tree species studied
(spruce, pine and alder). This is a generally known phenomenon but
it is not usual for growth to decrease sharply at as early an age as
30 vears, as happens for the birch in Mjolnar fen. The reason for
this is not known and cannot be explained by data available.

As a rule, birch has a root system which is more exfensive and
deeper than either spruce or pine in the places where the trees grow
together. This has been shown, generally, in an extensive study by
Laitakari (1935, p. 200).

Birch does not generally show the same tendency as spruce to avoid
root growth down into the mineral sediments, when these lie at a
moderate depth. In sample areas Jm 3 and Jm 5, where peat thick-
ness is 40—>50 cm, there are fine birch roots in the clay-gyitja and
the clay, but not more than 10 cm down in this material. The maxi-
mum recorded root depth was in Jm 10 and Jm 12, where single roots
reach nearly 80 em deep. In Jm 7, where spruce roots are not seen
below 30 cm, birch roots go down to 60—65 cm. But birch, like pine
and spruce, has the major proportion of the roots much nearer the
surface than this. The layer 2—30 cm below surface is an average
depth for abundant and even occurrence of roots.

In many places birch has considerable dimensions, scarcely less
than those of spruce and much greater than those of pine. However,
like spruce, it cannot develop to large trees within the Ledum-pine
wood, but there forms sluggishly-growing dwarf trees.
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The tallest birches are in the closed, rapid-growing spruce stand
along the north and east edge of the area, where their tops are 1.5—
2.5 m under those of the spruce, i.e., 18--20 m high. The tallest meas-
ured tree is 23.8 m (diameter at breast height 43 cm). In sample area
Jm 10, where the stand consists of pine, spruce and birch in the pro-
portions by volume 10:70: 20, birch is a little (0.4 m) taller than
spruce, whereas pine is about 3 m shorter. In Mjolnar fen, as has
been mentioned, birch is still more important. However, the evening-
out which is going on is exemplified by sample area Jm 5, where the
highest layer (birch) is now only 1.4 m over the tops of the spruce
(16.8 m as opposed to 15.4 m). The major part of Mjolnar fen is repre-
sented by Jm 7 where birch is 4.7 m taller than spruce (17.1 m as
against 12.4 m) ; whereas in Jm 12, with complete birch dominance, the
maximum height of birch is 17.0 m as against 7.6 m of spruce.

Birch has approximately similar diameter dimensions to spruce.
In Jm 3 and Jm 4, birch maximum diameter at breast height is 40—
43 cm, but it is usually not more than 25--30 cm throughout the
whole extent of the stand north of the main run-off channel. The
same diameter is attained in Mjolnar fen. In Jm 5, spruce has a larger
diameter than birch at breast height (22.4 cm as compared with 21.1
cm) although its height still remains less (see above).

There is a large probability that within a very limited time B. pubes-
cens will no longer be one of the more important tree species on Ja-
garmossen. As a pioneer tree it rapidly widened its area of distribution
at the time of drainage but gradually the coniferous trees, and spruce
in particular, grew up and competition from them became more and
more difficult to withstand. In addition, forest management is directed
towards eliminating birch from the stands.

Alder (Alnus glutinosa) is the remaining tree species which has
been included in the production study. This implies that in some of
the sample areas alder was present in such quantities that it was
necessary to take its contribution to production into account. However,
this is generally quite small, a few per cent of the total volume, al-
though in one case (Jm 8) it is rather above 20 %.

Like the preceding species, alder occurs in all the plant communities,
but it has a very characteristic pattern of distribution with highest
frequency in the marginal zone of the peat land (Fig. 15). Hence the
distribution coincides almost completely with that of plant communi-
ties containing Owxalis and also gives an indication of the direction of
development of the wet alder-birch fen after drainage (Ch. 5). The
following species are the most characteristic of those occurring to-
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Fig. 15. Alnus glutinosa. The map includes mainly tree-forming alders.

gether with Alnus glutinosa. The majority of these have high demands
on the substratum.

Anemone nemorosa Iris pseudacorus
Anthriscus silvestris Lactuca muralis
Chamaenerion angustifolium (ster.) Lysimachia vulgaris
Chelidonium majus Paris quadrifolia
Filipendula ulmaria Ranunculus repens
Galeopsis tetrahit Solanum dulcamara
Geranium robertianum Urtica dioeca

Geum rivale

The group includes also Actaea spicala and Stachys silvatica, which
are rather rare. Many of these are regarded as “nitrate species” (Hes-
selman 1917; see also Romell 1939a). Bushes characteristic of the
environment are Lonicera xylosteum, Rhamnus frangula (common
in most of the peat land communities, but typical of the old alder fen),
Ribes alpinum and Viburnum opulus.

It is interesting that communities which correspond almost exactly
with this combination of species, in different geographical regions,
have been described by several authors, e.g., Eriksson (1912), Hessel-
man (1917), Halden (1928), in Sweden; Bornebusch (1914) in Den-
mark; Kujala (1924), Hildén (1929), in Finland; Lorenz (1858), but
a type which is not so clearly defined, Paul (1907), Tiixen (1937) with
Alnetum glutinosae typicum, Erlenbruchwald, Knapp (1949) with
Schwarzerlen-Bruchwilder (Alnetalia glutinosae) in Germany; ete.
These descriptions are usually of areas unaffected by drainage. The
flora which occurs together with Alnus glutinosa thus shows a clear
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tendency to persist, even when the habitat has undergone such a
drastic change as that imposed by drainage. In addition, on several
occasions alder has been thinned out after so that in patches there
is only the field layer flora of the alder-birch fen remaining. The bot-
tom layer has usually lost the moist habitat mosses which it contained
and hence lost its fen character.

Pettersson (1958, p. 258) has published similar observations of
stability in the vegetation, based partly upon an older study of mire
vegetation on Gotland (Méastermyr). Thus he states that almost all
the higher plant species from the undrained mire were still present
after drainage, while the mosses and algae had disappeared.

Apart from the peripheral areas, with their meadow-wood type of
plant community, there are some occurrences of alder, but only as
single trees, in the characteristic heath-wood communities (bilberry-
pine wood and bilberry-spruce wood). It would be expected that on
mineral soils dlnus glutinosa would occur occasionally in heath-wood
communities or in drier habitats (see for example Kujala 1924; Tscher-
mak 1950). There is an outpost locality for alder in the “poor” Le-
dum-pine wood just NW of sample area Jm 1 (Fig. 2), where there
are two trees, 4 m in height, which have grown from seed at the edge
of a ditch. See also Ch. 4. B. for further information about the divergent
diteh edge vegetation which occurs within the Leduni-pine wood. The
occurrence of Alnus in bilberry-pine wood should also be regarded as
an example of a fairly extreme locality. None the less, there is a tree
of about 12 m in height in a Iuxuriant and fairly closed stand of pine.

Alnus glutinosa is usually regarded as a tree with a high light require-
ment (Lagerberg 1850, 1953) which does best in a fairly open stand.
But even in the comparatively closed spruce stand at Jigarmossen it
develops well. There is no obvious difference in its growth in the
different localities where it occurs in large quantities. Its relatively
high requirement for moisture and good soil nutrient content is well
known and is reflected in the pattern of distribution in the studied
area.

Some details about the nutrition ecology of Alnus glutinosa have
been given by Bjérkman (1942, p. 105). In experiments in which
he cultivated the plants with humus of various types as the substrate,
he found that neither root nor shoot production was affected by ad-
ditions of ammonium nitrate, but that the formation of root nodules
(Actinomyces alni) decreased with inereasing nitrogen additions, as
compared with the controls grown on a substrate to which only distil-
led water had been added. In contrast, addition of phosphorus gave
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increased root and shool production and stimulated root nodule for-
mation. Simultaneous addition of nitrogen and phosphorus gave fur-
ther increase in root and shoot production, compared with phospho-
rus alone, but there was decrease in nodule formation, down to zero
at high levels of nitrogen and phosphorus.

It appears from this that in these conditions Alnus glutinosa is
comparatively independent of the nitrogen content of the substrate
for its dry matter production (there is of course a certain basic amount
of nitrogen in the humus substrate), and that an increase in nitrogen
content of the substrate leads to a change in the type of nutrient eco-
nomy of the tree. Addition of phosphorus has a double effect; it af-
feets the nutrient economy of the tree itself, and it favours the micro-
organism responsible for alder root nodule formation. The same effect
would be expected for other mineral nutrients.

In this way some light is thrown on the general significance of
mineral nutrient status on the distribution of alder. In a eutrophic
environment it will have increased competitive ability. At the periphe-
ry of the peat land—where alder is most frequent-—the phosphorus
content of the peat is approximately double that in the centre and the
calcium content is 5—10 times higher.

The characteristic formation of shoots from alder stumps (but not
from roots) has, in a few places where there are fresh stumps, given
rise to luxuriant groups of shoots at the base of the old trees. How-
ever, in present conditions this sucker formation does not lead to
the growth of trees, but the shoots die back successively, probably as
a consequence of heavy shading.

Where investigated, alder has proved to be very deep-rooted. How-
ever, more detailed information in the literature about the root distri-
bution at various depths, and the maximum root depth, is particular-
ly sparse. There is usually only a general statement that the roots
penetrate deep into the soil (Paul 1907, p. 56). However, in a paper
by Bornebusch (1914), some results are given showing the approxi-
mate maximum root depth for alder in its normal environment. He
wrote that “the roots go down to a water-containing layer just below
the peat at a depth of 105 em” (iransl.). It is apparent from the figures
in the paper that root penetration can be down to 120-—130 cm below
soil surface.

In places where careful observations of alder roots have been made
it is clear that a root depth of ca. 100 em is guite common. The maxi-
mum root depth measured is in sample area Jm 8 where the roots
penetrate right through the peat layer of 60 cm and down into the
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clay-gyttja where there are still 10 mm thick roots at 105 cm. The
finer roots are no longer seen below a depth of 120 cm. Thus it may be
assumed that an important part of the root zone is in an environment
very poor in oxygen where water movement through the dense clay
gyttja is very probably extremely slow. Tiixen (1937, p. 138) has also
pointed out that “Das typische Alnetum wéchst offenbar auf sauerstoff-
drmeren Boden bzw. Grundwasser . ..”, which had earlier been noted for
Alnus glutinosa by Bornebusch (1914, p. 85): “...the soil water must
have a certain oxygen content, though the black alder has a low re-
quirement in this respect” (transl.).

In age, height and diameter growth, Alnus has approximately simi-
lar characteristics to birch, on Jagarmossen. Thus its age is up to 60—
70 years in the eastern part of the peat land, where the age of a few
trees was measured. In sample area Jm 8 the height of the tallest tree
is 25.8 m and the mean height of the 10 tallest is 20.4 m. For compari-
son it may be mentioned that Tschermak (1950, p. 418) records stands
of black alder 30 m in height in East Prussia and the Baltic states.

Diameter at breast height, excluding the bark, is a maximum of 31
cm, and the mean for the 10 trees with thickest trunks is 26.7 cm.

The trunks are often fairly straight and well-grown with few
branches in the lower part. No rot disease has been encountered. Lager-
berg (1950, p. 138) is of different opinion; he considers that the
fairly short life of a single trunk is due to damage by rot.

Others

Juniperus communis occurs in only a few places on the peat land
(Fig. 16) and there as bushes less than 1 m in height. Its localities
are in the Ledum-pine wood, the bilberry-pine wood, the bilberry-
spruce wood, and the grass-rich birch-spruce wood. In Mjélnar fen it
probably grew on tussocks before drainage and now survives as a relict.

Salix species. S. aurita is the most common willow, and like S. myr-
sinifolia, S. cinerea and hybrids between them, is found mostly in open
sites, for example in Mjolnar fen or along the main run-off channel.
S. caprea has been observed only in two places, in the peripheral area.
The occurrence of S. pentandra and S. repens in the Ledum-pine wood
is unique. They both grow there in the ditch bank vegetation (Ch. 4. B).
S. repens has also been observed in Mjélnar fen.

Aspen (Populus tremula) is rare on the peat land, as seen in Fig.
17. Several of the localities there are in the transitional zone to the
non-peaty land, where the peat layer is insignificant. Aspen grows
fairly well there, with tall, straight and branch-free trunks. It also
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occurs on deep peat which is only moderately nutrient-rich within a
large part of the rhizosphere. This shows that it has a fairly modest
demand for soil nutrients. However, it avoids the poorest parts of the
area. The occurrences in the bilberry-pine wood are of a few indivi-
duals with thin trunks, only ca. 2 m in height. In the bilberry-spruce
wood, aspen is on 1.5-—2.0 m thick peat and may grow to trees 15 m
in height. These two localities are of interest because of aspen’s diffi-
culty in reproducing from seed, due to the rapid decrease of viability
after seed dispersal and to the sensitivity of the seedlings to drying
out in their first year (Lagerberg 1950). The localities are so far from
the nearest possible parent tree that the plants cannot have originated
from root sucker formation but must have grown from seed. In no
place does aspen form large stands, but occurs as groups of up to
10 to 12 trees (see Fig. 17). The largest aspen on Jdgarmossen is
in the west part of Mjolnar fen, with a height of ca. 20 m and dia-
meter at breast height 42 cm.

Hazel (Corylus avellana) has natural habitats in the more fertile
part of Jagarmossen situated near the non-peaty land (Fig. 18). It
grows well there, tending to form luxuriant bushes with several trunks.
Its fertility is low and fruiting individuals are found only exceptio-
nally. Its occurrences in the central part (bilberry-spruce and bilberry-
pine woods) are of such a type that they may be supposed to be only
temporary. In these places hazel plants grow up to !/ m high, but
usually considerably less, before fairly rapidly succumbing to the
unfavourable environment. Dispersal of the nuts in the area is, as far
as one can judge, by squirrels and, perhaps mainly, by jays, which are
particularly common at times (see also section on oak, below).

Oak (Quercus robur) has a distribution pattern (Fig. 19) which is
quite striking at first sight, with a large number of localities on the
peat land. There is a clear tendency to grouping of the occurrences
round the central part, with remarkably high frequency in the heath-
wood communities, but it is absent from the Ledum-pine wood.

Oak has high requirements from the habitat, for good growth, and
it develops best on clay-containing, good mull soil (Lagerberg 1947,
1950). It also occurs on raw humus soils where it has greater compe-
titive ability than on the better soils (Weimarck 1947, 1953). To a
certain extent this is a parallel to the peat land occurrences.

However, the environment available to oak on Jigarmossen does
not seem to be especially favourable, as it has difficulty in succeeding
in competition with the dominant tree species. The seedlings apparent-
ly live only a few years after germination. In the great majority of
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Fig. 16. Juniperus communis ( @) and Calluna vulgaris (O). See text.

cases, only thin stems a few em thick and less than 1> m. high are
seen, It grows like this both in heath- and meadow-wood communi-
ties. In two cases only considerably larger oaks have been recorded.
These are 7—8 m in height, but they are strongly competed against
by the surrounding spruces of twice the height.

One of the causes of the widespread distribution of the oak is the
transport of acorns by jays and squirrels. However, there is informa-
tion fo suggest that squirrels may not be of much significance for
nut and acorn dispersal. It has been shown that they have an excep-
tional ability to find nuts or acorns which they have dropped during
carrying (Daubenmire 1959, p. 303). However, this information pre-

Fig. 17. Populus tremula. See text.
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Fig. 18. Corylus avellana. The map includes seedlings as well as older, stronger bushes.

sumably refers to American squirrels, which belong to another species
and may behave differently from our native squirrel.

Even with the complete dispersal throughout the area which should
occur, the oak is infrequent in meadow-wood communities, especially
those with few dwarf shrubs. Large-leaved herbs and densely growing
grass have competed against the oak in its earliest development stage,
even though the light requirement of the seedling is said to be less than
that of the mature tree (Weimarck 1953, p. 165).

Ulmaus glabra ssp. scabra occurs in five localities on the peat land
(Fig. 20). Because of its high requirements (see for example Dahl-
beck 1953, p. 212) all these are only a short distance from the non-

Fig. 19. Quercus robur. The map includes all the observed occurrences of oak. Only few
of the occurrences were more than 2 m tall trees.
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Fig. 20. Ulmus glabra ssp. scabra (@) and Sorbus intermedia (O). Only two of the Ulmus
occurrences were trees, one of which was 14—15 m tall.

peaty land, where the peat layer is thin (20—40 cm) and intermixed
with mineral constituents. In two of the localities it forms trees up
to ca. 14 m high, whereas in the others it occurs as bushes.

Ribes alpinum occurs mainly in areas where the soil surface layer
consists of well-decomposed humus from deciduous leaves or Carex
fen (‘peat mull’), i.e. mainly in the meadow-wood communities. It is
fairly widespread there (Fig. 21) but there are large gaps in the distri-
bution.

Ribes spicatum is much more rare than R. alpinum and the places
where it occurs are concentrated in the eastern part of the area (Fig.
22).

Fig. 21. Ribes alpinum. See text.
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TFig. 22. Ribes spicatum. See text.

Sorbus intermedia is represented on Jagarmossen only by a few 2—3
m high bushes.

Rowan (Sorbus aucuparia) has been found evenly distributed
throughout the area, although it is rare in the two pine wood com-
munities (IFFig. 23). It has always a somewhat twisted form and only
exceptionally attains a height of 10 m. Malmstrom (1949, p. 129)
wrote of the habitat of rowan “it does well on almost all kinds of
ground except for mires” (transl.). A similar opinion was put for-
ward by Lagerberg (1950). Its present occurrence on Jagarmossen
shows that this assertion does not hold good for all types of mires.
However, it must be remembered that the environment at Jigarmos-

Fig. 23. Sorbus aucuparia has a uniform distribution over the whole peat land, with the
exception of the pine dominated area where it does not occur.

6—412204
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sen has been greatly modified as a result of draining and of the stands
of spruce and pine which have now grown up. Sylvén (1953, p. 233)
does not put forward a definite habitat type for rowan but considers
that “it oceurs on all land ... where the seeds can find a seed-bed”
(transl.). The present distribution of rowan on the peat land shows
that it can tolerate a peat substratum, provided only that this fulfils
certain not very stringent requirements for nutrient, aeration and
water factors.

Wild raspberry (Rubus idaeus) mainly belongs to the luxuriant
communities rich in herbs. It often occurs there in quantity, together
with Urtica dioeca, in gaps in the tree stand. In a few cases it enlers
the characteristic heath communities, but then forms only small,
spindly stems which fail to regenerate after few years. As is well
known, the raspberry is regarded as a *“‘nitrate species” (IHesselman
1917). In its most luxuriant form it is restricted to the parts of the
peat land which are high in nitrogen (2!/>—3%/2 % nitrogen in the
surface layer), where at least moderate nitrification would be expected.
See also the site descriptions for Alnus glutinosa.

Prunus padus has approximately the same distribution pattern as
the other “mull plants” discussed, but it is found especially in the
Oxalis-spruce wood region. Ocecasionally it extends across the bounda-
ry to the heath-coniferous region.

Tt is fertile only exceptionally, and then always in open sites in
the meadow-coniferous wood. It often forms rather long but very
slender, thin-stemmed individuals, which have a tendency to grow pa-
rallel with the ground for a large part of their length. Diameter at
breast height is not more than 12--14 cm.

Acer platanoides has in the main the same distribution as the other
demanding tree species in the area (Fig. 24). Thus it does not tend
to extend outside the meadow-wood communities. Nor does it seem
to stand the competition which obtains in the grass-rich communities
in Mjolnar fen. Most of the examples of A. platanoides are 1/>—1 m
high seedlings, but there are some 5—7 m tall trees. Occurrence in
the heath-wood is probably temporary. It germinates there, lives for
a few years and then disappears again from the locality.

One of the things stated about the habitat preferences of A. plata-
noides is that it seems to require a substratum poor in calcium for
its best performance and reproduction (Lindquist 1953, p. 193). On
deeper peat it grows rather slowly. Otherwise it is described as being
a rapidly growing tree in the young stages, with low light requirement
(Dengler 1935, p. 310; Tschermak 1950, p. 436). From this one gets
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the impression that a pure peat substratum is not favourable for this
species, even though the plant nutrient content of better fen peat
meets quite high requirements (for several elements).

Trees of A. platanoides occur first, characteristically, in the imme-
diate vicinity of the non-peaty land and on the surrounding non-peaty
land.

Rhamnus frangula is the commonest bush on the peat land (Fig.
25). Except for the Ledum-pine wood, it occurs in all communities.
However, it shows a clear preference for the nutrient-rich peat in the
peripheral areas, and it is there that it first appears to do well and
to attain a significant height (2—21/» m). The typical locality for
R. frangula is the former deciduous tree and Carex fen, where it is
sometimes so common that it is included in the quadrat analysis. Its
high frequency is also shown by the fact that it occurs in 9 out of 12
sample areas, and for woody plants this is exceeded only by birch,
spruce, and wild raspberry.

Rhamnus cathartica is an occasional species which has been ohserved
in one place at Mjolnar fen.

Small-leaved lime (Tilia cordata) has its few occurrences in the
central part of the Ozalis-spruce wood (Fig. 25). It may be said with
certainty that at least one of these localities dates from the period
preceding drainage, since Tilia was recorded there as 1-—2 m high
trees 5 years after completion of ditching. The marked increase in
closure of the stand after drainage is apparently disadvantageous to
Tilia in spite of its preference for shady habitats. This is shown, for
example, by poor growth and procumbent, almost creeping, badly
rot-infected stems. It has also been subject to grazing by elk (see
Herz 1925; Tschermalk 1950, p. 438) which has further contributed
to the decrease in its vitality. Tilia has not been observed fruiting, so
its continuation must at present be based entirely on vegetative repro-
duction, which is common in this species (Herz 1925, p. 110).

Daphne mezereum has the main part of its distribution in Mjélnar
fen and in the parts of the Oxalis-spruce wood nearest the non-
peaty land (Fig. 26). It obviously tolerates only the best soils and
avoids heavily shaded places, It usually occurs in the form of single,
spindly stems about 1> m high, but where conditions are specially
favourable it forms vigorous groups more than 1 m high.

Empetrum nigrum has been recorded only from two places in the
bilberry-pine wood. ‘

Ledum palustre. In the first half of June the splendid flowers of
Ledum palustre give a characteristic appearence to the central part
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Fig. 24. Acer plafanoides. Seedlings as well as trees are noted on the map.

of the peat land (description Ch. 4. B.). Figs. 5 and 14 show that the
range of distribution of Ledum palusire corresponds practically com-
pletely with the general occurrence of pine. Hence it grows together
with the commonest field layer dominants in the pine wood, i.e.,
Vaccinium myrtillus, V. vilis-idaea and V. uliginosum. Information
about the occurrence of these species, and of Andromeda polifolia, is
given in the plant community descriptions.

Calluna vulgaris is rare (Fig. 16), but is recorded from a few more
localities than Empefrum. It does nol extend outside the boundaries of
the heath-wood communities. Calluna has often been said to be a
calcifuge species (Lagerberg 1950), but there is so much evidence to
the contrary that it is best not to be too categorical about the question.

Fip. 25. Rhamnus frangula has a similar distribution to Seorbus aucuparia.
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Fig. 28. Tilia cordata (O) and Daphne mezereum (@). Both are strongly restricted to
the margin of the peat land.

Olsen (1936) pointed out that the majority of “acid soil plants” and
“basic soil plants” often have a wide amplitude in respect to the
acidity of the substrate. Calluna, for example, occurs on a pure lime-
stone substratum on Oland (see Stalfelt 1960, p. 301, and references
cited by him; Olsen 1921a, p. 88). McVean and Ratcliffe (1962, p. 170)
write “Calluna is a frequent component of calcareous rock face vege-
tation in the Highlands, sometimes in habitats where the feeding roots
could hardly avoid contact with free calcium carbonate, and the species
undoubtedly grows at times on soils which have a high content of
exchangeable calcium.”

Fig. 27. Fraxinus excelsior is strongly restricted to the meadow-forest area on Jégar-
mossen. Several of the occurrences are large trees, about 20 m tall.
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Ash (Fraxinus excelsior) shows a high degree of restriction to the
herb-rich peripheral areas (Fig. 27) with peat rich in phosphorus,
calcium and nitrogen.

There is probably no doubt that ash has very high demands on the
habitat. Thus Halden (1928) wrote categorically that it is highly de-
pendent on the distribution of calcareous areas. This should probably
not be interpreted simply to mean that ash is specifically dependent on
caleium, but rather that it is favoured by the generally high fertility
which is usually associated with calcareous habitats. But ash is also
found on fertile soil where there is no calcium carbonate, even at its
northern limit in Sweden, for example at Garpenberg (Sjors, personal
communication).

Huldén (1941), who has written a monograph on ash, considers
that the best conditions for its growth are offered by calcium-contain-
ing glacial till (op.cit,, p. 136), and according to Wardle (1961, p. 741)
it is most frequent in areas with calcium-containing bed rock. Rancken
(1953, p. 182) reported that ash undoubtably has a higher requirement
for soil fertility than other Scandinavian tree species. He further
defined its requirement as being for a moist, calcium- and nitrate-con-
taining soil. A pH of at least 5.8 is good for root growth, and maximum
root growth is at pH 6.3—6.5 (Huldén 1941, p. 156). Wardle (1961)
considers that it is usually absent if the pH of the surface of the soil
is < 4.2

Weis (1927) has also pointed out the high requirement of ash for
inorganic nitrogen compounds, but about phosphorus his view is that
“The demand of ash for phosphate (possibly also potassium) is so
strikingly small that large amounts may possibly have a deleterious
effect on it” (transl.). He probably means here such a high phosphorus
content in the substratum that inhibition of growth can occur. This
phenomenon is also mentioned by Lindquist (1938, p. 116). However,
Mgller (1941, p. 21 and 31) considers that ash has a high phosphorus
demand, since he writes “Ash has the highest demand for phosphate
of our common tree species™ (transl.).

These contrasting opinions indicate that it is wiser at present to
accept Tansley’s (1939, p. 253) less precise estimate of the nutrient
demand of ash: “Ash demands a good supply of mineral salts and
avoids all markedly acid soils.”

The comparatively little material from Jidgarmossen supports this
assertion of the generally high nufrient demand of ash. Of the sepa-
rately investigated components of the habitat complex (mainly the
plant nutrient status) the highest analysis figures have, in general,
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Fig. 28. Lonicera xylosteum (O) and Viburnum opulus (@). See text.

been obtained for those parts of the area where ash is present. This is
so primarily for nitrogen and calciin contents, and other important
factors also reach a maximum here, e.g. ash content, apparent den-
sity, degree of neutralization and total phosphorus content. However,
there are certain characteristic exceptions. Thus the contents of total
potassium, ammonium lactate-soluble potassium (K-AL) and hydro-
chloric acid-soluble potassium (K-HCI) are not significantly higher
within the area of ash distribution than in other parts of the peat
land. However, the quantities expressed per unit of surface area are
as a rule greater, as a consequence of the higher apparent density of
the peat in the herb-rich communties. On the other hand, the lowest
recorded contents of ammonium lactate-soluble phosphorus (P-AL)
are in the plant communities with ash. The above-cited information
in the literature about pH demand of ash holds only to a limited ex-
tent. As a rule, the pH values of the substrate where ash is present
are in the range 4.2-—5.6. (For more exhaustive treatment of plant
nutrient conditions see part II).

In several cases, ash has attained considerable dimensions, although
the environment is not the most favourable for the species. The tallest
trees reach 20 m, although the diameter at breast height is not more
than about 20 ecm. As a rule the trunks are rather crooked, and un-
suitable for quality timber.

Viburnum opulus and Lonicere xylosteumn finally may be mentioned.
These two bush species belong to the category of “mull plants”
already named. This comprises species which in the area only excep-
tionally extend over the boundary of the heath-wood communities
(Fig. 28).
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Of these two species, only Viburnum occurs, in two cases, in the
heath-coniferous wood. It should be remembered that the boundaries
between communities on the map are not distinet lines but an esti-
miated centre of a gradual transition, “ecotone” (Weaver and Clement
1929, p. 53), between two adjacent plant communities.

Lonicera and Viburnum as compared show a very peculiar feature of
distribution, namely that there is hardly any overlap of the two
areas of distribution. Thus with two exceptions Lonicera is restricted
to the NW in the area, and Viburnum to the N, E and S. At first sight
these distribution conditions may be regarded as arising by chance.
Of the factors which have been of most importance for the species’
distribution, i.e., historical development, dispersal conditions, and ha-
bitat factors, the first two would be expected to operate with similar
effect throughout the whole area. However, habitat factors are more
variable. But none of those investigated shows any feature which
might allow a simple explanation of the peculiarity of the distribution
pattern.

Chapter 5. Some features of the development of the
vegetation during the period since drainage

A, Survey and methods

Succession in plant communities has been studied for a consider-
able time, both here in Sweden and in other countries. Braun-Blanquet
(1951, p. 443) writes, for example, that as early as the beginning of
the 19th century attention was paid to the natural succession in the
vegetation.

In Sweden, succession in plant communities has been to a great
extent a practical question, and the result of certain treatments such
as clear-felling, thinning and burning of forest land, draining marshy
land, grazing, addition of fertilizers, etc. has been studied. However,
the results of these treatments have not been followed during the
whole of their process to a more or less stable final stage (“climax”)
—this is in fact seldom possible during one man’s lifetime—and *“opin-
ions have been based on single observations made on a large number
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of habitats rather than on long term, profound studies of the develop-
ment of the vegetation at a single place” (O. Tamm 1940, p. 227;
transl.).

The various features of vegetational changes proceed at different
rates, depending on the habitat factors (climate, soil type, ete.), the
type of change (colonization of drained areas, encroachment of vege-
tation at the edges of open water, development after fire, etc.). Tanttu
(1915, p. 23) pointed out that on drained peat soils the new forest type
appears first after several decades, and that the changes are seen only
along the drainage channels if drainage has been slight, an observa-
tion which is generally confirmed, for instance by work in Switzerland
(Griinig 1955, p. 481). Griinig also said that in some cases drainage
may bring about only slight changes in fen vegetation (“Flachmoor-
vegetation™) in 15 years. On the other hand, Pearsall (cited by Tans-
ley, 1939, p. 604) showed the rapid course of change which may be
associated with the encroachment of vegetation at the edges of open
water during a similar length of time.

The present type of change, i.e., drainage of a peat area with a per-
manent water table at or just under the surface, has been studied at
several places, but practically without exception only the state follow-
ing upon drainage. It probably need not be questioned that the conclu-
sions which have been drawn with regard to the vegetational develop-
ment are completely correct in their main features, but many details
have had to be omitted.

In the first decades of the 20th century, when research on peat land
was very active both in Sweden (Sernander, von Post, Melin, Osvald,
Malmstrém, ete.) and Finland (Cajander, Auer, Rancken, Tanttu, ete.),
and in central Europe (Weber, etc.), thorough work of a pioneer
character was done and this has since been a guide for later investiga-
tions of similar type. With the stratigraphy of the peat, ete., as a back-
ground the main lines of the mode of origin and development of peat
lands were established. Since at that time, peat land had higher eco-
nomic value than it has nowadays, for cultivation, forestry, prepara-
tion of peat for fuel, etc., the drained peat land was also of consider-
able interest, but unfortunately no base for future studies of the deve-
lopment of recent vegetation was laid down. For example, no perma-
nent quadrats were marked out.

Now, when direct observations of the development cannot be used,
other available sources must be taken up in the attempt to reconstruct
the past sequence. Summaries of the various methods with their ad-
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vantages and disadvantages have been given by Du Rietz (1930), Lidi
(1930), Braun-Blanquet (1951) and Ellenberg (1956), among others.

In this context, peat boring records, vegetation and habitat descrip-
tions and a number of extensive quadrat analyses made 5 years affer
ditching was completed on Jigarmossen have been used as a basis for
a description of change in the vegetation. Peat boring records are from
three transect lines laid out over the peat land, along which borings
had been made at least every 40 m, and at the same time general
notes were made on the characteristic features of the species compo-
sition of the tree and field layers. In addition, the 10 » 10 m quadrats
laid out by Dr. Carl Malmstrém were distributed very evenly over
the area and when these are put in on the survey map (Fig. 2) made
at that time (1927) they provide a good basis for a comparison with
the present-day state of the vegetation. The marks for the quadrats
are naturally not still in place, but their position can be determined
with relatively good accuracy. In the subsequent comparison it should
be borne in mind that there is some uncertainly involved here, despite
all possible care, since to some extent this can affect the species
content. However, this effect should be small and as a rule negli-
gible. To get some check on this, when the site of the quadrat had been
established its sides were increased by 1 m in each direction, so that
a 12 x 12 m quadrat was formed. Within this larger quadrat the
10 X 10 quadrat has been shifted so that one corner and two sides
have always coincided with those of the larger quadrat and the spe-
cies thereby coming into or disappearing from the survey have been
recorded. The total of these, together with the observations on the
original quadrat, have been used to decide whether a species should
be included in the data or not.

The presentation below differs from the original only technically. The
older quadrats (from 1927) have been called “quadrats 1—14” and
the new (1959—1960) “sample areas Jm 1—Jm 12> (Fig. 2).

The various features of the development refer, in the main, only
to the vegetation units distinguished as associations. The material
does not allow vegetational changes within lower rank units to be
treated. From a practical point of view these are of minor significance,
since in forestry the association is the most useful sociological unit.
It corresponds most closely to “forest type”.

The arrangement follows that used above for the plant community
descriptions, but to compress the material some similar associations
have been taken together.
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B. Vegetational development

Ledum-pine wood and bilberry-pine wood

Of Jagarmossen’s plant communities, the Ledum-pine wood has the
mosl conservative features. By this is meant that the changes which
have taken place in the species composition of the vegetation after
drainage have been insignificant (see Table 8, quadrats 1 and 2). The
main reason for this can be assumed to be that the draining effect in
this part is relatively small. The blocking up of the ditches dug in
this area, as a consequence of encroachment of vegetation and of ma-
terial which has fallen in, is sufficient to retain a high water table (see
water table measurements, part II) and to decrease or sometimes pre-
vent oxygen diffusion to any depth in the peat, and hence limit the
extent of the plant rooting zone. Therefore as long as the present con-
dition obtains, the Ledum-pine wood will retain at least the main
features of its character. There is still slight peat formation in patches
and humification of the peat is prevented to a great extent by the
high water table.

Because of the clearly relatively small changes in the habitat which
have come about after drainage, the conditions are fairly favourable
for retention of the original plant community. Thus the vegetation
comparisons which have been made show that only small shifts have
taken place, both quantitatively and qualitafively, in the field and
bottom layers.

Vaccinium myrtillus, which had reached the outer part of the Le-
dum-pine wood according to a record of the vegetation from 1927
(Table 8, quadrat 2), has now extended in over the boundary of the
central and poorest (in plant nutrients) part of this community. Both
V. uliginosum and V. vitis-idaea show noticable increase in degree of
cover and in patches V. uliginosum reaches 100 per cent degree of
cover. V. vitis-idaea is important in the “lower” field layer. Ledum
still has its earlier position, while V. oxycoccus and Rubus chamaemo-
rus have decreased. In the bottom layer Aulacomnium palustre has
decreased as well as Sphagnum fuscum and S. magellanicum; but S.
parvifolium has remained surprisingly unchanged. Dicranum scopa-
rinm has replaced D. bergeri. The slight recorded increase for Pleuro-
zium schreberi (2 to 3) is perhaps not so insignificant as it might
seem. It has been shown that patches with Pleurozium are significant-
ly drier in the surface layer than are the Sphagnum patches, and that
under these there is often a thin layer of well-humified plant remains
with the appearance of mor. Presumably this is a more suitable sub-
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Table 8. Changes in the vegetation in quadrats 1-—4 within the pine wood communities bet-
ween 29 June, 1927 and 20—21 July, 1969, — Changes in the vegetation in quadrat 9 in
the bilberry-spruce wood between 30 June, 1927 and 21 July, 1960

Trees

Betula pubescens
Picea abies
.Pinus silvestris
Quercus robur

Dwarf shrubs

Andromeda polifolia

Ledum palustre

Vaccinium mytillius
oxycoccus
uliginosum
vitis-idaea

Grasses and herbs

Chamaenerion angustifolium
Dactylorchis maculata
Dryopteris. spinulosa
Eriophorum -angustifolium

vagiratum
Galeopsis tetrahit
Luzula multiflora

pilosa

Meleampyrum pratense

silvaticum
Rubus chamaemorus

Changes in. the vegetation in ¢

Trees

Alnus glutinosa
Betula pubescens
Picea abies

Pinus silvestris
Sorbus aucuparia

Bushes

Rubus idaeus
Salix aurita

Dwarf shrubs

Vaccinium myrtillus
vitis-idaea

Grasses and herbs

Calamagrostis sp.
Chamaenerion angustifolium
Cirsium vulgare
Dactylorchis maculata
Dryopteris spinulosa
Galeopsis tetrahit
Luzula pilosa
Lycopodium annotinum
Maianthemum bifolium
NMelica nutans

Oxalis acetosella

strate for species requiring good soil than the moister Sphagnum

patches.

The increased degree of cover for pine is entirely due to increase in
the projection of the crowns of the pines, since the number of individ-
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uals has decreased rather than increased during the intervening years
(1927—1962). In the older description it is said that “dwarf shrub
bog” — this includes the bilberry-pine wood—“has had fairly large
pines, far apart, which were felled 19161917, and single birches and
very stunted pines” (transl.). The present Ledum-pine wood “was
grown with trees hardly useful even for thin timber” (transl.). To
judge from the age determinations the “stunted pines” were also
felled.

Historically, the bilberry-pine wood (Table 8§, quadrats 3 and 4)
can be said to be one stage after the Ledum-pine wood, since this lat-
ter is closer to a purely ombrotrophic (Du Rietz 1954, p. 572) nutrient
economy. At the stage just before drainage the Ledum-pine wood may
have been completely dependent on the precipitation falling on its
surface for its water and nutrient economy. The very low contents of
plant nutrients in its surface layer indicates this. The bilberry-pine
wood differs from the central community in having generally higher
contents per unit of dry weight (see part II), but above all larger total
amounts of nutrients. The surface layer of the soil also has a different
appearance, since the somewhat more humified peat is covered by
often well-developed mor. However, it is often not possible to separate
F-and H-layers.

Immediately after drainage “this part bore good pines which as a
rule yielded two lengths of timber 14/—16’” (when cut in 1916—17).
In quadrat 3 there were fairly large pines before felling “while the
present” (1927) “pines have mostly come up directly after felling. The
bog surface is clearly tussocky. The tussocks are formed partly by
Sphagnum, and partly have formed around tree stumps. Eriophorum
vaginatum here, in contrast to quadrats 1 and 2”—the Ledum-pine
wood—*“forms fairly tall, strong tussocks. It seems to have fruited heavi-
ly. The young pine and birch seedlings have good growth. The majority
of birches have stump shoots. Ledum is taller and more luxuriant
than in quadrats 1 and 2. Sphagnum spp. seem to be on the decline.
Here and there are bare patches with Pohlia” (iransl.).

The present status of the community, shown with the aid of quadrat
3 (Table 8) is a well-closed stand of pine with an understorey of birch
and vigorously growing spruce. Note that spruce was not mentioned
in the earlier description. The present boundary of distribution of
spruce growing in stands goes just E of the area (see pine distribution
map, Fig. 14 and Fig. 3). Betula pubescens occurs in the area only as
thin-stemmed individuals up to 3 m tall. Quercus robur is new among
the tree species—but only as minor bushes.
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The stumps in the area and its inunediate vicinity show that there has
been repeated felling there. The oldest stumps are generally now grown
over with moss and together with “fossil” tussocks give the ground
a rough appearance.

In general, the changes in the tree layer that have occurred in this
part are modest, but earlier seedlings have now grown up into trees,
and the tendency towards spruce development is very strong.

Vaccinium myrtillus which was previously a species of no quanti-
tative significance has now increased and taken a dominant position,
while Ledum and Vaccinium uliginosum have clearly receded. V. oxy-
coccus has disappeared completely, neither is it seen in the immediate
vieinity of the area. Eriophorum vaginatum and Rubus chamaemorus,
which were previously important, have decreased considerably and now
have an insignificant physiognomical value. Apart from these changes
it can be seen that some species have come in and others disappeared.
For hardly any of the latter would the environmental change be ex-
pected to have brought about the changes, and they can be attributed
to occurrences of a chance nature. For example, felling in the area
may have made seed dispersal and seedling survival easier for numerous
species on the peat land (see Sjérs 1954, p. 27, and literature cited
there).

The bottom layer shows clear traces of a transition to a drier soil.
Here it is negative features which are decisive. Thus all the Sphagnum
species have disappeared together with the moist-soil moss, Aulacom-
nium palustre. However, significant positive features are also noticed.
Pleurozium has increased and together with Dicranum polysetum and
Hylocomium splendens is dominant in the layer. Finally, it is found
that all the lichens have disappeared.

Quadrat 4 lies somewhat closer to the bilberry-spruce wood, but is
not affected by this to a noticeable degree, and agrees in its main fea-
tures with the previous quadrat. It was said in the previous description
that the trees in this part of the stand consisted partly of remains from
the earlier felling and partly of seedlings come up after that. The
dominating pines reached 2.5—3.0 m in height (in 1927). To a large
extent the birch had come up as stump shoots. The tree stand as a
whole was more open than before felling (1916-—1917). In the field
layer the dwarf shrub species were tall and well-grown, and Eriopho-
rum vaginatum was only sparsely represented (see Table 8, quadrats 3
and 4). Finally, it was pointed out that this part of the mire, in parti-
cular, had always been relatively dry.

The most striking change in appearance would be that instead of
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the young pine wood of about a man’s height there is now a closed
stand of pine and spruce. Qualitatively, the tree species proportions
have shifted, in that spruce has increased significantly at the expense
of birch. Pine degree of cover is little changed in spite of the increased
crown projection of the individual trees. It is clear that pine has actual-
ly decreased in number during the intervening period, a course of deve-
lopment which is also continuing. Development of spruce is very active
and it pushes in its crowns into and between those of pine. In a short
time it should prevail completely. Nor are pine seedlings seen any
longer. The singly occurring birch trees in the stand have ceased to
play a part.

The most marked changes in the field layer are in the Ericaceae.
Three species of the original six remain, and those formerly impor-
tant, Ledum, Vaceinium uliginosum and V. vitis-idaea, have been prac-
tically completely replaced by V. myriiilus.

Even Ledum has disappeared from the quadrat but is seen occasio-
nally in the vicinity. V. oxycoccus has also gone., Both Eriophorum
species are now absent, and Rubus chamaemorus, which was formely
fairly common, now occurs only as single individuals. There are only
two new species, both with low degree of cover.

From the bottom layer, both the two Sphagnum species and Aula-
comnium palustre have gone. They have been replaced by Hylocomium
and Pleurozium. In this connection, occurrence of the relatively de-
manding mosses, Brachythecium rutabulum and Rhytidiadelphus tri-
quetrus, is worthy of note.

Using as a background this description and the indicated directions
of development in the Ledum- and bilberry-pine wood, a general sum-
mary about what is known of the most nearly corresponding vegeta-
tion types from mnearby places with similar treatment may be useful,
in order to throw light on the connection with these.

Eriksson (1912) considers that pine bog can arise from an open
raised bog, if this is drained very effectively. Thus on Stormyren at
Béalinge in Uppland a line of pine wood grew up transversely across
the bog, after a channel had been dug. The “Vaginatum—facies”
(Eriksson, p. 171) cut across on this occasion may be linked with
Melin’s “Vaginatum-—bog” mentioned below, and comes close to
Sarasto’s (see below) Sphagnum — Eriophorum — Ledum combination.
A connection with Almquist’s (1929, p. 275) Pinus — Eriophorum
vaginatum — Sphagnum angustifolium—mire wood is also possible.

Melin’s (1917) work on forest vegetation on drained mires in cen-
tral Norrland has its value for reference in this connection in that the
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author has succeeded in finding very old drainage areas (the oldest
from the 1830s). However, this also applies a limitation, in the large
degree of uncertainty which must prevail in reconstructing the various
parent communities (see, e.g., Du Rietz 1930, p. 469 and Lidi 1930).
The microscopical analysis made of the peat cannot give the composi-
tion of the community in which it was formed with sufficient preci-
sion (see Malmstréom 1923, p. 65). An important limitation in the
present context is that these forest communities, very advanced in the
succession, described by Melin, are from an area about 500 km north
of Jagarmossen, so that it is hardly advisable to use his results directly.
But through the attention which Melin (1917, p. 295) also gave to
some mire areas in eastern Central Sweden, there is a possibility of
finding a connection with one or two of his “associations™ (see also
Lundberg 1914, with a number of pictures).

The two associations, Ledum- and bilberry-pine wood should thus
be related to “afforested Vaginalum-bog” (transl.,, Melin 1917, p. 115,
121 and 300) which, after good drainage, changes towards “wood of
Myrtillus — Vaccinium type (Melin 1917, p. 241; transl.).

Sarasto, who has studied corresponding communities in Finland,
considers that the following sequence, among others, may occur: a
Sphagnum — Eriophorum vaginatum — Ledum combination changes to-
wards a Pleurozium — Ledum combination (Sarasto 1951, p. 74), ie.,
the present condition on Jigarmossen. However, this latter com-
position should not be taken to be a final stage of the Ledum-pine
wood development but as a middle link in the succession towards a
community similar to a forest vegetation type on non-peaty land.

Melin’s (1917) Myrtillus — Vaccinium type, mentioned above, is
the community most closely linked to related non-peaty vegetation.
But before the Ledum- and bilberry-pine wood reaches this stage—
provided that the water table is lowered more than at present—it will
go through several sociologically important stages of development,
whose appearance is not known. It is therefore best at present to speak
uncategorically, like Lukkala (1920, 1929 a), of “a mire type corre-
sponding to drier conditions™ (transl.), during the first stages. Alm-
quist (1929, p. 274) also expresses himself generally on the develop-
ment of pine bogs by saying that they change to moss-rich Ledum-
pine wood after drainage.

The development is slow and there are no good examples to show
later stages of succession in the peat land type treated here. However,
a short description by Tolf (1900, p. 18) is not without interest. This
is of a clearly late stage in Ledum-pine wood development after drain-
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age: “In the vegetation ... there was nothing reminiscent of the com-
mon plant communities on peat. Sphagnum spp. were observed only
very rarely, but the peat was covered completely by Hylocomium spp.,
characteristic forest mosses on good soil. Ledum, V. myrtillus and V.
vitis-idaea were the dwarf shrub representatives” (transl.).
Therefore, it is probably not possible to follow the development of
the vegetation in detail, other than for a fairly limited period directly
after drainage. The special character of each area must be taken into
account, since the stratigraphy of the peat finally has a decisive effect,
anyway on the more deeply-rooted vegetation. As far as peat land is
concerned that originates from filling-in of a body of open water
(which in eastern Sweden was most often of eutrophic nature), the
shrinkage of the peat will lead to access to nutrient sources of varying
richness, from more or less bog-type peat at the surface to different
fen peat types, gyttja, ete., further down or near the non-peaty land.

Bilberry-spruce wood

Bilberry-spruce wood, Maianthemum- and Oxalis-spruce wood have
developed towards types which are already similar to a large degree
to wood communities on the non-peaty land. The proportion of mire
plants in the species list is very low, or, as is usually the case, they
are absent. Unfortunately, there is only one earlier-studied quadrat
(Table 8, quadrat 9) from the bilberry-spruce wood, so that the
variations in the development of the community cannot be discussed
as comprehensively as one would wish. From a forestry viewpoint this
part was regarded (1927) as a good, well-closed stand composed of
birch, alder, spruce and pine, and it showed a large increase in growth
after drainage. The stand was said to be “in great need of thinning,
especially in crowded groups of spruce and birch. Greatest height 10 m.
Scattered stumps of previously felled trees. Ground often covered by
a carpet of Hylocomium. Under the densest spruces the ground is bare
or covered by needles and birch leaves. In the more open parts, dwarf
shrubs and herbs are dominant. Vaccininum myrlillus, Maianthemum
and Rubus chamaemorus are most important physiognomically. The
plant community seems to be very vigorous. Long shoots are produced
on the trees. Bilberry fairly tall and luxuriant” (transl.).

The above account shows that the quadrat presents a different pic-
ture in practically all its details from that of only about 35 years ago.
Like pine, birch has mostly been felled, and there remain only the
well-decayed stumps of alder. In a stand estimate made in 1931 the
stem numbers were distributed as follows: pine 36 per cent, spruce 37

7T—412204
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per cent, broad-leaved trees 27 per cent. However, in 1959 there was
virtually 100 per cent spruce, and birch and pine occurred only occasion-
ally. The maximum height of spruce is now 18—20 m.

The impoverishment of the field layer is striking. This earlier (Table
8) consisted of Vaccinium spp. There are now only minor remnants
of these in the form of single plants or scattered groups. V. vitis-idaea
is generally absent (see also Table 4, sample areas Jm 9 and Jm 10).
The number of herb species is about the same on the two occasions,
but with only two species in common, viz., Maianthemum and Dryop-
teris spinulosa. Sphagnum spp. and Aulacomnium palustre have dis-
appeared from the bottom layer.

Comparison with other parts of the community gives the impression
that the above description applies fairly generally to its typical parts.
However, Langholmen, a part of which is bilberry-spruce wood, is
somewhat divergeni. The differences which occur can be attributed
partly to the earlier (natural) drainage of this area, and partly to forest
practice.

According to the older notes, soon after drainage the present bil-
berry-spruce wood was an Eriophorum vaginatum community rich in
dwarf shrubs. Except for Langholmen, this in turn was the first result
of drainage of a probably fairly wet community in the transition area
between the lagg, in the restricted sense, and the drier parts in the
centre.

The community which is assumed to precede the bilberry-spruce
wood, on undrained peat, has been described in one or two places in
the literature. Thus Eriksson (1912, p. 162) wrote that “Eriophorum
vaginatum bog has elements which are found in fen and Carex-bog
as well as in Calluna- and pine-bog” (transl.). Almquist (1929, p. 170)
also thinks that the type exists, although he has himself seldom seen
it. He places it in Eriophorum vaginatum — Sphagnum recurvum bog,
but as an intermediate form. As Almquist also suggests, it can be
linked with Melin’s Vaginatum-bog.

In this part the upper layer of the peat is too strongly humified for
a microscopic analysis. The only identifiable remains in two samples
were fragments of birch bark and leaves of Drepanocladus fluitans.

The topographical position of the former E. vaginatum community
fits well into the “normal” pattern of vegetational zonation on a forest
bog or at the edge of a pine bog or an east-Swedish raised bog (see
Eriksson 1912, fold-out map, Du Rietz and Nannfeldt 1925, Du Rietz
1950, Gorham 1952, ete.).

The lower vegetation layer of the bilberry-spruce wood is at present



FOREST ECOLOGICAL STUDIES ON DRAINED PEAT LAND 99

so well adapted to the moisture conditions that possible further lower-
ing of the water table in the peat would not have any positive effect
on the field- and bottom-layer vegetation. The present water table
conditions can probably be regarded as almost optimum for bilberry-
spruce wood. The moss-rich bilberry-spruce wood as such is also a
stable community on a mineral soil substratum, as shown for Upp-
Iand by Almquist (1929, p. 302), for example. The development which
may take place is brought about by change in the tree layer, as Alm-
quist points out as follows, “the density of the dwarf shrub stand
is seen to remain, within a wide range, inversely proportional to that
of the tree layer” (iransl.). There is also an example of this in the
present case (see Table 4, sample areas Jm 2, Jm 9 and Jm 10). Also
continued shrinkage of the peat, clear-felling, etc., may affect future
development.

Maianthemum-spruce wood and Oxalis-spruce wood

All the communities described below belong to the peripheral part
of the peat land which during their existence before drainage have
had complete access to mineral soil water for their nutrient supply.
Consequently they have had—and still have—a clearly eutrophic char-
acter, with the present Oxalis-spruce wood having the highest degree
of eutrophy.

On the forest map from 1912—1913, the peripheral part of Jigar-
mossen is treated as a unit, as fen or unspecified wet ground, and
it is clearly considered worthless. Thus on the map there is no sug-
gestion of differentiation between the fen communities. However, on
the forest map of 1924 (two years after completion of ditching) Léing-
holmen is distinguished as a stand with a timber standing crop of
30 m? per hectare (Ch. 3. D). Other parts were apparently not of such
a type that a forest estimate in them was thought to be worthwhile.
But obviously drainage had already had such a favourable effect that
large parts of the area north of the main run-off channel were no
longer regarded as unproductive wet ground.

The classification of the communities near the non-peaty land (the
lagg communities) in Ch. 4 depends on the qualitative and quantita-
tive properties of the present-day vegetation. In attempting to recon-
struct the condition at the time of drainage it may be assumed that
units which are now different probably correspond to previously
different vegetation types. This is certainly true for the main part
of the area, but the connection is complicated for parts where the
tree stand has been thinned severely, or where an overerowded stand
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hinders the full development of the lower layer of vegetation. A small
part burnt by a forest fire is another example of similar divergence.
In the thinned stand, decreased competition has stimulated the field
layer to a special luxuriance which would not exist in a more balanced
ecosystem. In the overcrowded stand, on the other hand, only the tree
and bottom layers are developed, and in extreme cases the bottom
layer may also have disappeared, but probably more as a consequence
of heavy leaf and twigfall than of the low light intensity. Finally, the
fire has removed the tree layer and indirectly favoured the growth of
a vegetation type, otherwise very atypical of the area, which includes
a number of hemerophytes. The following list is an example of the
composition of the “burnt-ground phase”. The relatively large number
of species which normally occur in a moist environment (marked as
-+ ) should be noticed. Hemerophytes are marked O.

Betula pubescens Galeopsis tetrahit
verrucosa -+ Galium palusire

Rubus idaeus Luzula multiflora
Salix cinerea pilosa

O Achillea millefolium Maianthemum bifolium
Agrostis tenuis Milium effusum

() Anthoxanthum odoratum Moehringia trinervia

(O Anthriscus silvestris -- Poa palusiris
Calamagroslis arundinacea - Poa trivialis

() canescens Potentilla erecla

O Campanula patula Roegneria canina

A Carex canescens (O Rumex acetosa
- digitata O acetosella

(+> echinata (O Scrophularia nodosa

() Cerastium vulgare Solidago virgaurea
Chamaenerion angustifolium O Sonchus arvensis

-+ Cirsium heterophyllum Taraxacum sp.

-+ palustre (O Dicranella cerviculata

O Dactylis glomerata Pleurozium schreberi
Deschampsia flexuosa (O Pohlia nutans
Dryopteris spinulosa Polytrichum commune
Epilobium montanum juniperinum

-+ palustre O Marchantia polymorpha

Fragaria vesca

The burnt area is instructive in showing that as soon as competi-
tion from the tree layer decreases or stops, Calamagrostis canescens
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grows luxuriantly and becomes the most important species physiogno-
mically. Thus in this respect the development reverses to the state
which obtained just after drainage, and which still obtains in local-
ities with similar conditions.

The much greater difficulties in attempting to reconstruct the pre-
vious species composition in the peripheral zones than in the central
zone are apparent from the above discussion. In addition to these
tactors, the parent community of these areas is only exceptionally
identifiable in the present vegetation and the peat material in the
surface layer is often destroyed out of all recognition. Therefore for
these areas, comparison with notes from previous surveys and also
with descriptions in literature from nearby equivalent vegdetation types
are more important than they have been earlier.

Maianthemum-spruce wood (Table 9, quadrat 14) has originated
from the least eutrophic of the parent communities of the meadow-
spruce wood, which was former a wooded fen or carr with birch
as the most important species but with a conifer element, mainly
spruce, probably also present. Stumps of Alnus gluiinosa, bored
through in the course of the peat investigation, show that lhis species
was also present, although the stumps are now commonly at a depth
of more than 50 c¢m, but its frequency has been low. Plants of Menyan-
thes trifoliata and Iris pseudacorus, even from somie time after drain-
age, give an indication that the locality has been fairly wet. Iris still
occurs as a relict in one or two places in the tree stand, but its normal
habitat is in the large main run-off channel. Various Cyperaceae, most-
ly Carex spp., were probably the most important species in the field
layer, and the bottom layer consisted of Drepanocladus spp. From
this the plant community can be said to be parallel with some of
Almgquist’s (1929, p. 106) Carex-fens, but having a tree layer. The
reason for this assumption is the occurrence in 1927 of Carex elata
and Carex nigra, Drepanocladus intermedius, and probably a D. exan-
nulatus form. In addition, there are several herbs in common with
Almquist’s list: Caltha palusiris, Potentilla palustris, Galium palusire,
Iris, Lysimachia spp., Menyanthes, etc.

Development immediately after drainage was characterized by the
major improvement in the conditions for spruce, which responded by
a marked increase in growth, and further, by movement of Calama-
grostis canescens out into the gaps between the tussocks, where it ra-
pidly became the dominant species. In this phase, Vaccinium vitis-
idaea had quite a high degree of cover although it occurred on the
tussocks.
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Table 9. Changes in the vegetation in quadrats 10, 11 and 14 in the herb-rich spruce wood
between 30 June, 1927 and 19 July, 1960

1927 1960 1927 1960
Trees 10 11 14 10 11 14 10 11 14 10 11 14
4cer platancides ( seedlings) - - 1 - =  Miliwn effusum - - 1 - -
Alnus glutinosa 121 1 -1 Oxalis acetosella 111 3573
Betula pubescens 224 11 -~ Paris guadrifolia - - -1
Picea gbies 2253 24 4 Poa trivialis 1 -~ -~
Pinus silvestris 111 - - = Potentilla palustris - - - -
Prunus padus’ 11 - 1 - - Pyrola rotundifolia 1« - - -~
Sorbus aucuparia 11- 1 - - Ranunculus reptans 11 = - - -
Tilia cordata -1 - - 1 -« Ramischia secunda 111 -=1
Bushes Rubus saxatilis 231 11
- Solidago virgaurea -1 = -~
Juniperus communis -1 - - ~ =  TDaraxacum sp. 111 - -~
Rhamnus frangula - 11 1«1 Trientalis europaea 211 1 -1
Rubus idaeus 111 1 -1 Urtica diceca - == -1~
Salix aurita 1 -2 - « = Viola palustris - - - 1 -~
cinerea -2- T Mosses and lichens
Dwarf shrubs Aulacomnium palustre - -1 - -
Vaccinivm myrtillus 331 1 =~ 1  Brachythecium rutabulum - - - 233
vitis-idaea 323 - -1 salebrosum 1 - - 11 «
1 Br, capillare 11 - -
Gresges and herds Cairﬁerggnella cuspidata 11 - -——
Athyrium filix femina 2°2 - 22 - Ceratodon purpureus 1= - -
Calamagrostis canescens 444 1 - -  Cirriphyllum piliferum - - - - -1
Calthe palustris 11 - = - - (Climacium dendroides 121 - =~
Carex digitata - - - - -1 Dicranum polysetum - =1 - -~
elata -=-2 - scoparium -1 = - 11
elongata - - - - ~  Drepanccladus uncinatus 1 -1 1T -~
Chamaenerion angustifolium 11 - - -1 “Hylocomnium splendens 1373 213
Chrysosplenium alterniflorum - - - ~ 1 -« Hyprnum cupressiforme - - - 1=~
Cirsium palustre -1 - - - - Inium cusspidatum -1~ - =1
Dryopteris spinulesa 11 - 111 punctatum 1-- - -
Eguisetum limosum -1 - - - gilvaticum -1 - - -
22 11 -  Orthodicranum montanum 1 - = 1 - -
11 = 11 - Plagiothecium denticulatum - - - - =1
1 - = 11 - silvaticum -4 - - - -
Galium palustre 17101 - - = Pleurozium schreberi 112 -—2
Geum rivale 11 - - - - Polytrichum commune 1 - - - -
Iris pseudacorus - -1 - - = Juniperinum - -1 - -
Lactuca murelis - - - 111 Ptilium crisia-castrensis - - - - -1
Lastrea drycpteris 1= 4 % -  Rhodobryum roseum - - - - -1
phegopteris -1 - ~ - = Rhytidiadelphus triquetrus 221 21
Luzula pilosa 1 - - 1 -1 Sphagnun girghensonii - -1 - -~
P‘yc?poal@ E'TLOtWT:“.m -7 -1 Lophocolea heterophylla -—- - 11
Lysimachia thyrsiflora - -1 === piilidiwe cili”re‘ 1 - N
vulgaris 1-2 - AEEE e
Maianthemum bifolium 221 T 11 Cladonia cenotea - -1 -——
Melampyrum pratense - - - -1 fimbriasia -~ 1 - -~
silvaticun - 11 - - - rangiferina T-1 -—
lielica nutans - = - 1T - - silvatica 1 -1 - - -
Menyanthes irifoliata - -1 - -

The habitat changes in the intermediate period can be traced in all
the vegetation layers, both quantitatively and qualitatively (Table 9,
quadrat 14). They are most marked, however, in the field layer. The
tree layer has lost two of its four species, but this is due to the influence
of man, as is the fact that spruce has not attained a higher degree of
cover. An obvious result of the changed environmental conditions is
that Salixz aurila has disappeared (this only applies to quadrat 14 and
its immediate vicinity). This species requires fairly good light and
water supply in order to do well. The field layer has mostly undergone
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negative changes. Dwarf shrubs are strongly reduced throughout and
occur on root bases or as unimportant remnants on the shrunken tus-
socks. Among grasses and herbs it is seen that Calamagrostis canescens
is no longer represented in the closed tree stand, although single sterile
relicts are present in the community, The hygrophilic element (see
above) has also disappeared. Oxalis acetosella is the only one of the
species earlier present to have shown a clear increase. In the bottom
layer, Brachythecium rutabulum has increased considerably, whereas
the species which were important earlier, Hylocomium splendens,
Pleurozium and Rhytidiadelphus triquefrus, have not changed signif-
icantly.

In spite of the close relationship of the Oxalis-spruce wood with the
Maianthemum-spruce wood, for reasons given above it has been con-
sidered justified to regard the two as separate associations. Such a
division could also be based on edaphic characteristics, such as the
physical nature of the peat layer, which may now be considered (for
nutritional conditions, ete., see part II). In the Oxalis-spruce wood
the peat is dark, almost black (dark brown when in a dry state), and
it is always almost completely humified in the surface layer (“peat
mull”). In the Maianthemum-spruce wood the surface layer is some-
what lighter in colour and of a more powdery consistency. On the basis
of the existence of differences in the structural characteristics of the
peat, etc., it is justified to assume that there were also differences be-
tween the two communities when the mire was undrained.

The original vegetation type of the sites now occupied by Ozalis-
spruce wood was probably intermediate between Almgquist’s (1929,
p. 372) tussocky birch fen and alder fen, to a large extent having both
Alnus glutinosa and Betula pubescens.

According to old notes on the vegetation, “the original vegetation
consisted of a tussocky birch-alder fen with oceasional spruce”
(transl.). Certain parts directly south of the main run-off channel,
where this leaves Jédgarmossen, were probably close to Almquist’s
(1929, p. 377) alder-ash-spruce fen. Here the peat is well-humified
from the surface to the bottom (Hg—H,, on the von Post scale) and
the consistency when dry is crumbly-granular, greasy when wet. The
substrate gives the impression of being very fertile. This is especially
apparent where the peat layer is so shallow that the plant roots reach
the underlaying layer. However, as will later be shown (part II) the
clay gyttja—which is most often the uppermost layer under the peat
with a high content of mineral constituents—is not particularly rich
in plant nutrients (expressed per unit weight).
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In this part the soil surface directly after draining was “markedly
tussocky?”, and the tree layer was composed of birch and alder together
with single spruces. “Birch seedlings are fairly abundant. The field
layer is dominated by dense grass (Calamagrostis), bushes of Saliz,
Rhamnus frangula, Sorbus aucuparia, ete. The soil dug out from the
main run-off channel is covered by an almost head-high, particularly
dense stand of Urtica dioeca. Older spruce, birch and alder were felled
in the years 1916—1917” (Ullén 1939; transl.).

The description refers to the area on both sides of the main run-
off channel, so that the features of the development of the part south
of the ditch cannot be followed in detail. This was obviously consider-
ably wetter than the N part and quite clearly different, e.g., in being
more tussocky and in having more alder. Hence, the tree layer is
rather uneven, with gaps without trees here and there, where in-
creased light penetration, “Lichtflecke” (Walter 1949, p. 345), has
favoured good growth of herbs (sample area Jm 8, Table 6). From
the available evidence, it is apparent that the structure of the com-
munity has changed completely during the period following drainage.
The composition of the tree layer has shifted towards spruce domi-
nance (as compared with the earlier “single spruce”), while birch
and alder each make up ca. 20 per cent of the stem volume of the
stand S of the main run-off channel (sample area Jm 8), but together
only 15—20 per cent of the stand N of the channel (sample areas Jm
3 and Jm 4). Calamagrostis, previously dominant, has disappeared
from the field layer and has been followed by a comparatively herb-
rich community, which has some species in common with the earlier
one (among the herbs Urlica dioeca is most noticeable, and among
woody plants, Rhamnus frangula, Salix cinerea and Sorbus aucu-
paria).

The Oxalis-spruce wood probably had two different vegetation types
as forerunners, viz., the recently mentioned wet type with little spruce,
and a spruce-rich, less wet type. These subsequently converted to-
wards the Picea— Oxalis association. The less wet type is exempli-
fied by quadrats 10 and 11 (Table 9). It has progressed to the “nor-
mal” (Ozalis-dominated) form of the community (see also sample
area Jm 3, Table 6). Lastrea dryopteris occasionally occurs locally in
large quantities (quadrat 10).

As for Maianthemum-spruce wood, a decrease caused by man in the
number of tree species, favouring spruce, can be discerned. However,
there has been no systematic removal of other tree species, so that
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both Acer platanoides and Tilia cordata are present in the sample
quadrats.

In the field layer there has been a considerable reduction in the
number of species (see quadrats 10 and 11, Table 9). Only a few
individuals of Vaccinium myrtillus remain, and among the other field
layer species the particularly insignificant position of Calamagrostis
canescens, as compared with earlier, is noticeable. At the same time,
the species characteristic of moist conditions have disappeared com-
pletely. In addition, there are a number of changes which are of funda-
mental interest; Oxalis and Lastrea dryopteris have increased strong-
ly, Melica nutans and Milium effusum have come in, whereas the
species more frequent in heath-wood, Maianthemum, Pyrola rotundi-
folia (probably also P. minor, although this is not in the species
list for 1927), Ramischia secunda, Rubus saxatilis, etc., have all de-
creased or disappeared.

As earlier, the bottom layer is comparatively weakly developed, and
it shows no large changes. However, it has lost half of its number
of species, and Brachythecium rutabulum is commonly the dominant
species.

The above comparison, between the state of the vegetation directly
after drainage and that now, has shown for the herb-rich communities
that the previous division of the field- and bottom-layer vegetation,
into relatively xerophilic vegetation of a heath character on the tus-
socks and stump bases, and more hygrophilic on the open surfaces
in between, no longer exists. With unimportant exceptions, the species
are now evenly distributed over the whole surface. To a large extent,
the tussocks have rotted down and form only minor elevations of the
surface of the ground. However, it is a commmon phenomenon that trees
now living grow on the shrunken tussocks (see Ch. 4. C. Spruce).

As shown by the data in the tables, in all cases the number of
species in the herb-spruce wood has decreased. This is so in all layers
of the vegetation and is mainly attributable to changes in light and
water factors. However, the opposite development has taken place in
the field layer in the parts of Langholmen where the tree layer has
been thinned (see below “Others”, and summary Ch. 5. C.).

Grass-rich birch-spruce wood

There is probably no doubt that in its main features this area at
the present time represents a successional stage which is probably
very similar to that which the two preceding associations (Maianthe-
mum-spruce wood and Oxalis-spruce wood) passed through directly
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after drainage. It is a characteristically moist community having a
tree layer with gaps and a grass-rich field layer. This community
is usually labile, but has changed only slowly during the period
since ditching, when drainage of the surface peat has elsewhere been
effective. However, it seems as if the S and SW part of Jagarmossen
were exceptional with respect to drainage, for a considerable time after
the ditches were dug, the area was so poor from a forest production
point of view that it was the only one that was omitted from the
forest survey of 1927 and 1931. Besides, it was stated of part of the
area that it was “of less interest, since ditching has not been fully
effective, and the stand is still afflicted with water” (transl.). It is
probable that the conditions for forest production were also judged
not to be good, since it was found that “the majority of the pine and
spruce seedlings which came up between the tussocks with deciduous
trees have died out” (transl.).

Thus the habitats in this part of the peat land have begun only very
slowly to change their character (see also Ch. 6., diagram of annual
rings). The plant community has therefore had a good chance of
retaining some of the original features, i.e., those prevailing at the
time of drainage. Before drainage the appearance of the vegetation
probably was very similar to the collective type distinguished as ‘bush
lagg’ (“busklaggen”) by Eriksson (1912, p. 126), comprising the two
main types ‘birch-alder-lagg’ and ‘Salix-lagg’. It is interesting to com-
pare Katz’ (1926, p. 198) “Betula alba — Calamagrostis lanceolata -
Sphagnaceae association” which occurs on mires in central Russia,
and Kulczyniski’s (1949, p. 289) “willow-birch bogs” in Poland. These
two types are perhaps not identical with the stage preceding the grass-
rich birch-spruce wood, but in all probability they are very near it.

In Mjolnar fen a gradual transition can be distinguished, from the
parts in the W least affected by drainage via the E intermediate types
to the purely meadow-spruce wood communities. This situation is
useful in that it gives indications which support the assumptions
made about the stages preceding the meadow-spruce wood.

Of the material available for comparison, quadrat 13 (Table 10)
illustrates the vegetation type which has been least affected by the
changed environmental conditions. It is informative to quote notes
about the area made on 30.6.1927: “The community is originally a
grass-Carer fen with scattered birch-Salix groups. The fen surface
is covered to a large extent with Carex Goodenowii and Festuca rubra.
In this community, Menyanthes, Comarum, Sonchus and Galium uli-
ginosum also occur, with Taraxacum here and there. There is usually
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Table 10. Changes in the vegetation in quadrats 7, 8 and 13 in the grass-rich birch-spruce
wood between 29—30 June, 1927 and 14 July, 1960

1927 1960 1927 1960
Trees 781 7813 7813 7813
Alnus glutinosa T 1 =~ - Melica nutans --=- 111
Betula pubescens 4 43 121 Mentha arvensis 1 - - - -
verrucosa -1 - ~ -~ -  lenyanthes trifoliata 1 -1 - - -
Praxinus excelsior 1 - = - -«  Milium effusum - == 311
Picea abies 11 %223 loehringia trinervia - - 11 -
Pinus silvestris -1 - - =1 Oxalis acetosella 171 - 33 -
Prunus padus 1 - - 11 - Paris guadrifolia -1 - 1 - -
Sorbus aucuparia -1- 1~ - Peucedanum palusire 1 == ===
Sushes Poa nemoralis 1 - - - -
pratensis -1 - - - =
Juniperus communis - =1 - - - trivialis 11 - - - -
Rhamnus frangule 111 711 Potentilla erecta R
Ribes alpinum - - -1~ palustris 1 -1 - - -
Rubus idaeus 11 - 121 Pyrola rotundifeolia -1 - - -1
Salix aurita T e~ =-=-1 auricomus T == ===
cineres 1 -1 - - -  Ranunculus repens - - - -1 -
nigricans T e =-- reptans -1 - - - -
pentandra 1 -1 ~ - - Ramischia secunda - - - - -1
vhylicifolia 1 - - - -1 Rubus chamasmorus -1 - - -
repens - =1 - - - saxatilis 121 111
Viburnum cpulus 1-- - -~ Rumex actosa -1 - - - -
Twarf shrubs Scutellaria gallericulata - - -1 -
Sonchus arvensis --1 .-
Vaccinium myrtillus 171 - - - - Stellaria palustris - -1 - - -
uligincsum -— - - -1 Taraxacum Spe 1711 - - -
vitis-idaea -1 - == Trientalis eurcpaea 11 111
Grasses and herbs Tus;ilagg ferfara [,
Urtica cioeca - - - 13-
Aremone nemorosa -2~ 11 ~ Valeriana officinalis - - - - - -
Angelica silvestris ~1 - - 1 -  Veronica chamzedrys -1 - - - -
Anthriscus silvestris - - - 1 - -  Vicia sepium -—— -1 -
Athyrium filix femina -1- ~ - - Viola epipsila 1 -1 1 -1
Calamagrostis canescens 131 123 palustris 1 -1 -1~
Caltha palustris 111 - - - riviniana --= =-=1
Carex :Eié‘;plnqaata ; _ [: _ :; Mosses and lichens
elongata -1 - - =< Aulacomnium palustre - -1 - - -
nigra - =1 - Brachythecium rutabulum - - - 113
panicea - =1 - - - salebrosum - - - 11 -
Cerastium vulgare - 11 -1 = velutinum - - - 11 -
Chamaenerion angustifolium 13 - - - Bryum bimum 1 - - - - -
Chelidonium majus -=-=- -1- ventricosum Tew ===
Cirsium palustre T - - Calliergonella cuspidata 1 - - - - -
Convallaria majelis - - - 1 -~ Campylium stellatum 1 - = - - -
Corallorhiza trifida - -1 - - - Ceravoden purpureus -1 - - - =
Daschampsia caespitosa L Climacium derdroides 1 -1 11 -
Dryopteris cristata -—- - -1 Dicranum bonjeani - -1 - - -
spinulosa 111 111 majus -1« - - -
Epilobium montanum -1 - - - scoparium -1 - -1-
Equisetum palustre - -~ «~ -1 Drepanocladus fluitans 1T == ===
Festuca rubra -=-2 ~--- intermedius - - - - -
Filipendula ulmaria 411 211 Fissidens adianthoides 1 - = - - -
Fregaria vesca -1 - =11 osmundoides N
Galeopsis tetrahit -1 - - ~ - FHylocomium splendens 111 111
Galium palustre 1 -1 - - - ¥nium cuspidatum 1 - - 111
uliginosum - -2 .- - punciatum - - - - -1
Geum rivale 21 - 1 -1 Plagiothecium denticulatum - - - -1
Lactuca muralis - - - -1 = silvaticum A - - -
Lastrea dryovteris 12 - 1 2 - Pleurozium schreberi 11 - 111
Luzula pilosa -1 - - -1 Pohlia nutans -1 - - - -
Lycopodium annotinum N Polytrichum. junipsrum -1 - - - -
Lysimachia thyrsifiora - 111 Rhodobryum roseum - - - - 11
vulgaris 111 1 -1 Rhytidiadelpnus tricuetrus 11 - 1711
iﬁ:iaﬁ;;iﬁ;mp;;i‘Zizzm 1 f 1 1 1 1 Loghocolea heierophylla - - - 111
silvaticum -1- =« - Cladonia fimbriata 11« - ==
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no bottom layer. The ground is largely covered by Carex and grass
shoots of the preceding year. However Amblystegium is present in
the wettest parts. Species preferring drier conditions, Hylocomium
spp., Trientalis, Majanthemum, etc., are completely restricted to the
tussocks, on which trees and bushes grow. Spirea wlmaria, Calama-
grostis lanceolata and Dryopteris spinulosa also tend to occur around
or on tussocks with bushes growing on them. After drainage of the
fen, Taraxacum has probably come in. No forest tree seedlings have
appeared yet on the fen surface” (transl.).

A comparison between the species lists of 1927 and 1960 reveals a
quantitative increase and a considerable qualitative change. However,
the increase is only in dwarf shrubs and mosses. Among tree species,
birch and spruce have increased (see below). Alder has disappeared
and pine has come in, but only as a single seedling about > m in
height. Among bushes, only Rhamnus frangula remains. Dwarf
shrubs, formerly absent from the area, are now represented by Vac-
cinium vitis-idaea and V. uliginosum. The number of other field layer
species has remained the same, but of the original 23 only 9 are left.
Thus 14 have disappeared and been replaced by others. The number
of species of mosses has increased from five to nine, but not one
of these is the same as those previously present.

Of the important community-builders in the lower layers, only
Calamagrostis canescens is in common now and previously. In the
bottom layer, as in many other parts of the peat land, Brachythecium
rutabulum has become most important, and in Mjélnar fen it has
succeeded Drepanocladus intermedius. This is of special interest be-
cause it clearly shows the wet nature of the previous environment.

Another clear change is the gradual disappearance of the distinetion
between the vegetation on the tussocks and on the flat surface in be-
tween them. Because the surface layer of the ground has gradually be-
come fairly thoroughly drained, plants which are restricted to a drier
substrate have also been able to move in from the surrounding land.
For example, Pyrola spp., Ramischia secunda, Trientalis, Veronica
chamaedrys, etc., are distributed relatively uniformly in the com-
munity. We may be reminded of the quite opposite development in the
Oxalis-spruce wood. But this may also be considered as an expression
of the development of the community, since when the more open wood
at Mjdlnar fen becomes closed, the present condition in the herb-rich
spruce wood will probably eventually be reached. Dwarf shrubs and
other elements of the heath wood are here restricted to refuges on the
remains of tussocks or overgrown stumps, where they can still com-
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pete successfully with the herbs, mainly Oxalis. But a number of
species somewhat favoured by moist conditions have come in, e.g.,
Equisetum palustre, Geum rivale, Milium effusum, Scutellaria galeri-
culata.

The important position taken by Melica nutans in the field layer is
characteristic of the vegetation of Mjolnar fen. From being general-
ly unrepresented in any of the quadrats from there, it has now become
one of the most important species of the association, in some parts
alone and in some in a mixture with Calamagrostis canescens.

Since drainage the tree layer has developed strongly. From being
entirely localized to the tussocks, spruce, in particular, and birch have
‘open fen surface”. However, it should
be pointed out that there are still large grass areas where lhe only
woody species is thin-stemmed birch (Fig. 11).

Sample area Jm 12 represents a variant of the type described above,
and has a very small amount of spruce. Identifiable stumps which can
be found show that there has been no spruce there in the immediately
preceding iree generation. There is a good basis for assuming that at
the time of drainage there was a fairly even bush layer of birch and
sparse tree layer of alder; as opposed to the foregoing type with large,
open fen surfaces with Carex, broken by the bush vegetation on the
tussocks. ,

In the SE part of Mjolnar fen there are two quadrats which clearly
represent a more luxuriant and herb-rich former vegetation than that
just described. The above-mentioned “bush lagg” (Eriksson 1912)
and Almquist’s (1929, p. 328) “Ulmaria-rich meadow-deciduous wood”
are very similar to this. The 1927 survey shows that quadrat 7 repre-
sented a tussocky community with Carex appropinquata and C. nigra
(?) as tussock formers. Filipendula ulmaria was important physiogno-
mically although it was distributed unevenly over the surface. It was
pointed out that, “the bottom layer is usually absent. Amblystegia
occurs only very infrequently. The previous year’s leaves of Carex spp.
form a fairly dense and impenetrable mat. Birch originally grew on
the fen. After felling of the birch the ground was burned to improve
grazing” (transl.). Quadrat 8 has also been subject to interference,
since “tall spruces, which formed a fairly closed stand” (transl.)
were felled in 1916-—1917. After felling there was vigorous growth of
birch, grass and herbs. In 1927 the thin-stemmed birch was 1/; to
It/2 m in height. “Spruces and pines which are present in the com-
munity have partly come in after felling, and partly were present
before, in the form of stunted bushes” (transl.). The poor develop-

3

now secured a position on the
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ment of the bottom layer is illustrated by quadrats 7 and 8 (Table 10).
It was also said that “between the stumps there is bare ground, or
ground, covered by a dense mat of previous year’s leaves of Calama-
grostis” (transl.).

The present character of these quadrats shows that there has been
a decrease in the number of higher plant species, and this has been
mainly in the field layer. Trees, as a crop which is harvested occa-
sionally, are judged less easily in this respect. Of the three species
formerly common to both quadrats (alder, birch and spruce), birch
and spruce remain. It is strange to find that all the Salix spp. have
gone from the bush layer, since the environment would not be expected
to be unfavourable for the occurrence of at least some of them. In
this layer Rhamnus frangula and Rubus idaeus are the species in
common. In the bottom layer there is a slight tendency towards a
decrease in the number of species, but probably an increase in the
degree of cover of those species which occur, because the condition
“the bottom layer is usually absent” does not now apply, at least half
of the surface area being covered by mosses.

It is interesting to find that several of the field layer species which
are most important in the present community were already present
at the time when the quadrats were established. They have naturally
been subject to quantitative changes, but nevertheless they show a
surprising constancy (as in other cases, with reservations because of
possible differences in estimation of degree of cover).

Others

Three of the available quadrats (no. 5, 6, 12; Table 11) have not
yet been discussed, because they were considered not to be very suit-
able for showing the development of the various plant communities
after drainage. Two of them are in Léngholmen, where they have
been affected by thinning the tree stand and the consequent increased
illumination. The third is in the N part of the peat land where the
density of the stand of spruce has practically completely prevented
the development of a field layer.

The quadrats in Langholimen are both in the boundary zone be-
tween Maianthemum-spruce wood and bilberry-spruce wood, and this
is why they have been treated separately.

These two quadrats were not particularly comparable with one an-
other at the beginning stage. Thus Rubus chamaemorus was the field
layer dominant in one, and Maianthemum and Trientalis in the other.

Of the 12 field layer species (apart from dwarf shrubs) there were
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Table 11, Changes in the vegetation in quadrats 5 and 6 in the meadow-spruce forest, and
in quadrat 12 in a part of it with a very poorly developed field layer between 2930 June,
1927 and 21 September, 1960

1927 1960 1927 1960
Trees 56 12 5612 5612 56 12
Alnus glutinosa -11 - - - Luzula pilosa 11 - 111
Betula pubescens 212 111 Lycopodium annotium 311 11 -
Picea abies 373 3 4 5 Maianthemum bifolium 142 21 -
Pinus silvestris 1 =1 - = - Melampyrum pratense 11 - 2~ -~
Populus tremula 1 - - 1 - =  Melica nutans - =1 2.1 -
Prunus padus - =1 - = = Milium effusum - - - 11 -
Quercus robur 11 - ~ - -~ Moehringia trinervia - - 11 -
Sorbus aucuparia 121 111 Oxalis acetosella -1 - 1% -
Paris quadrifolia - - - --1
Bushes Poa trivialis - - - 11 -
Juniperus communis 1 -1 - - = Potentilla erecta -12 -- -
Rhamnus frangula 111 11 - Pyrola rotundifolia - =1 - - -
Ribes alpinum -—-- ~ 1 - Rubus chamaemorus 41 - -—-
spicatum - - -1 = saxatilis - =1 ---
Rubus idaeus - - 2 2 -~ Sesleria coerulea - =1 - ==
Salix aurita - =1 - - ~ Solidago virgaurea - -1 ---
cinerea - -2 - - Sonchus arvensis - - - -1 =
Vivurnum opulus -1 - - - Taraxacum sp. - - - 11 -
Trientalis europzea 41 11 -
Dwarf shrubs Urtica dioeca - - - 11 -
Linnaea borealis - - = ~ Viola palustris - -1 - - -
Vacciniue myrtillus 54 2 21 -
uliginosum -=-1 - - - Mosses and lichens
vitis-idaea 54 2 11 - Aulacomnium palustre - -1 -
Brachythecium rutabulum -1 - 13 -
Grasses and herbs . salebrosum .- - =1
Anemone nemorosa - 1 - -~ velutinum - - - -1
Anthoxanthum odoratum -=-1 1w = Calliergonella cuspidata -1 - - - -
Calamagrostis canescens -22 - - - Dicranum bonjeani - - - - -
epigejos -=-2 - - majus -1 - -——
Carex flava -1 - - polysetum -1 - 11 -
loliacea - - - scoparium 111 111
nigra 1= 1 « =« « Hylocomium splendens 551 241
panicea -=-2 - - -  Hypnum cupressiforme - -1 -
vaginata - - - -1 -~ DIMnium cuspidatum - - - -1~
Cerastium caespitosum - T e - Orthodicranum montanum - - -
Chamaenerion angustifeolium - 1= 1 = - Plagiothecium denticulatum T -~ 111
Chelidonium majus --- 11 - Pleurozium schreberi 5 1 22 =
Convallaria majalis - -1 - = =~ Pohlia nutans T - 1=~
Crepis paludosa --1 - -« = Polytrichum commune 1 - - - -
Dactylorchis maculata -1 - =~ - Ptilium crista-castrensis - - - -1~
Deschampsia caespitosa - -1 - - - Rhodobryum roseum - - - 111
flexuosa -- - 2 = - PRhytidiadelphus triguetrus 121 111
Dryopteris spinulosa -1~ 17 1 -~  Sphagnum nemorsum 1 -9 ---
Epilobium montanum - - -1 - palustre - -1 - - -
Bouisetum palustre - <=1 - - - parvifolium - =1 - -
silvaticum - -1 - - rubellum - -1 --—-
Eriophorum vaginatum - =1 - - - Lophocolea heterophylla - - = -1
Festuca rubra - =1 ~ = - Ptilidium ciliare -1 - -1 -
Filipendula ulmaria --2 - - - Cladonia fimbriata 111 - = -
Fragaria vesca - -1 11 - rangiferina - 11 - - -
Galeopsis tetrahit - 11 - silvatica - -1 - - -
Geum rivale - -1 -
Juncus effusum - -1 - -
Lactuca muralis - - - 11 -
Lastrea dryopteris -2 - -2 -
only four in common, in contrast to the present situation where there
are 15 out of 25. A marked increase in number of species has taken

place.
Quadrat 5 (Table 11) represents a vegetation type which since drain-
age has undergone a complete metamorphosis from a species-poor
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“moss-rich spruce wood with Rubus chamaemorus”—fairly close to
a marshy spruce wood---to a species-rich spruce wood with low herbs.
Two of the field layer species, R. chamaemorus and Carex nigra, have
disappeared, but no less than 18 species have come in.

Quadrat 6 (Table 11) has also undergone extensive changes, but
not as pronounced as in the foregoing. Four out of ten species have
disappeared from the field layer and 14 have come in. In both quadrats
the bottom layer has changed to a fairly moderate extent. However,
it is clear that there is a shift from heath-wood towards meadow-
wood species. The supremity of Hylocomium splendens and Pleuro-
zium schreberi is no longer clear and these species have to a large
extent been replaced, mainly by Brachythecium rutabuium, and sec-
ondly, in patches, by rich occurrences of Mnium cuspidatum; Rhodo-
bryum roseum is constant but with low degree of cover. Those parts
of the area which have no bottom layer have probably increased some-
what in extent.

Quadrat 12 (Table 11) is an example of drastic change in the vege-
tation attributable to the particular effect of two important factors of
the environment—drainage and dense shading. The quadrat is sitnated
in the N part of the peat land not far from the edge and when it was
established in 1927 it was little affected by the drainage. In notes
from this time is written “the reaction after drainage not yet partic-
ularly obvious™ (transl.). The area is characterized by an “uneven
stand, with some gaps, of older birch, pine and dwarfed spruces to-
gether with some younger birch, alder and spruce” (transl.). The
trees were also said to be frost-damaged to a large extent. Otherwise
the quadrat is described as follows: “The ground surface is clearly
tussocky. The tussocks have arisen around the tree bases. Hylocomium
spp., dwarf shrubs, Maianthemum and Trientalis, together with Lin-
naea borealis, are mainly localized to the tussocks. In the wetter parts
grasses and sedges are most successful. The occurrence of Calamagros-
lis epigejos is worthy of note. In the wetter parts mosses are often
absent, although Sphagnum occurs with variable frequency. The most
common Carex in the wet parts is €. panicea” (transl.).

The position of the quadrat in the transitional region gives the
species composition the character of a mixture of fen and dryer habi-
tat species, but some particular features lead to its inclusion under
Eriksson’s (1912, p. 134) fen-meadow term. However, it is modified
by the occurrence of the trees and the tussocks with their characteris-
tic heath-wood vegetation. The physiognomic importance of Carex
panicea is also a reason for placing il near “Carex panicea formation”
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(op. cit.), which, however, like Almquist’s (1929, p. 124) “Carex pa-
nicea association”, has no tree layer.

On re-examination of the quadrat there is hardly a single character
in common with those at the time of establishment. For example,
none of the recorded field layer species is still present. The bottom
layer has even less than 5% cover; other parts are covered by needles

and twigs.

C. General remarks on the vegetational development

In the summary in Table 12 are shown the changes since drain-
age in the number of species in the various layers of the vegetation.
The data are derived from the 14 quadrats which have been discussed
in Ch. 3. B. and were established in 1927 and re-examined in 1960
(see Ch. 5. A.). The figures I-—VI represent the present-day plant
communities, in the order of description in Ch. 4. B.; and 0 is a
community which has not been specially distinguished, with poorly
developed field and bottom layers. .

In areas where the vegetation has developed “normally”, i.e., where
felling and thinning of the tree layer has not disturbed the develop-
ment to any large extent, there has usually been an impoverishment
of the flora. The exceptions are the quadrats (5 and 6) affected by
felling, where the number of species has increased somewhat, as in the
Ledum-pine wood. For Mjolnar fen (quadrat 13) the increase is main-
ly in the mosses.

In general it seems that drainage of this type of peat land favours
an increase of species which have a larger nutrient demand than the
species which were part of the original vegetation of the mire. At the
same time the less demanding species decrease in quantity. For
example, in the bottom layer the heath-coniferous wood mosses, Hy-
locomium, Pleurozium and Dicranum spp., give way to Brachythe-
cium, Rhytidiadelphus, Mnium spp., etc.; and in the field layer the
dwarf shrubs are displaced by herbs, e.g., Oxalis and Maianthemum.
The invasion of spruce into pine-dominated woods is a related feature.
In the most nutrient-deficient parts the changes are from poor-fen
species towards heath-wood species. Sphagnum spp. disappear and
are replaced by the above-listed heath-coniferous wood mosses. Erio-
phorum vaginatum, Vaccinium uliginosum, V. oxycoccus, etc. in the
field layer are followed by V. myrtillus and V. vitis-idaea, etc. (see
development scheme below).

In general, drainage leads clearly to an increase in eutrophy of the

8-—d412204
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environment, i.e. not an increase in the reserves of plant nutrients but
an increase in their availability.

To conclude this chapter, an attempt is made to give a schematic
survey of the succession in the forest communities on Jagarmossen.
This reconstruction is undoubtedly hypothetical on some points, but
the information presented above contributes some certain indications
so that it seems justified to include the scheme as a basis for further
discussion.

(I)—(VI) represent the present-day communities, as in the vege-
tation description and the earlier communities go back only to the time
of drainage.

Pinus — Vaccinium spp. — Pleurozium schreberi ass. (without mire

plants
/:f\
(I) Pinus — Ledum — Pleurozium ass. . (II) Pinus — Vaccinium
myrtillus — Pleurozium ass.
A
Pinus — Ledum — Sphagnum Pinus — Ledum — Eriophorum va-
parvifolium ass. ginatum S. parvifolium ass.

(IT11) Picea — Vaccinium myrtillus — Pleurozium ass.
~
]

Picea — Betula — Vaccinium spp. — Pleurozium ass.

Pinus — Picea — Betula — Vaccinium spp. — Eriophorum vaginatum —
Pleurozium ass.

(IV) Picea — Oxalis — Maianthemum — Brachythecium rutabulum ass.

A
. |
Picea — Betula — Calamagrostis canescens — Brachythecium rutabulum

ass.

Betula — Salix — Carex nigra — Drepanocladus spp. ass.

(V) Picea — Oxalis — Brachythecium rutabulum ass.

(VI) Picea — Betula — Calamagrostis — Melica — Brachythecium rutabu-
lum ass.
A
Betula — Salix — Carex elata — Drepanocladus intermedius ass.
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Dwarf shrub-pine wood (I and 1II) is seen to show two lines of devel-
opment, which gradually converge. The two beginning stages are
well-known because of {heir general occurrence, and there is hardly
any lack of certainty about their position as preceding stages of the
present (I and II) communities. However, it may be doubtful whether
it is correct to call the Eriophorum vaginatum-rich type an association,
but since the two communities develop somewhat differently during
a period of their existence—one leads to Ledum-pine wood and the
other bilberry-pine wood (with Ledum in the intermediate stages)—
they should be kept separate. The horizontal development I—II is
at present taking place on Jigarmossen, and may be accepted as well-
substantiated. The final stage without mire plants is hypothetical,
but there is certainly evidence for it in the literature (see Tolf 1900
and also Almquist 1929). The final stage as well as II often contains
spruce in important amounts. This has not been represented in the
scheme.

The stage immediately preceding the bilberry-spruce wood (III) is
known from an earlier observation but its origin on undrained peat
land must be sought in a comparison of the literature about similar
vegetation in other places. It is clear that in this case also, Eriophorum
vaginatum has been important in characterizing the community. It
has been distinguished in some cases as the peat-forming constituent
in the community. Other important components have been V. uligino-
sum and V. vilis-idaea, and among tree species, pine, spruce and birch,
growing on tussocks, have been part of a thin, weakly-growing stand.

The two meadow-spruce wood communities have had fairly similar
beginning stages but the somewhat different plant nutrient condi-
tions in the two have had a differential effect to a minor extent. Thus
Maianthemum-spruce wood (IV) seems to have originated from a
bush community with Carex nigra as an important field layer species
and non-specific mosses of wet ground (Drepanocladus fluitans, D.
exannulatus etc.) in the bottom layer. In contrast, Oxalis-spruce wood
(V) has had a Carex elata community as a forerunner, with bottom
layer species comprising somewhat more demanding mosses (Drepa-
nocladus intermedius, Campylium stellatum, Tomentypnum nitens,
etc.), Mniaceae etc. There were bushes on the large tussocks, Salix
spp., Rhamnus frangula, birch ete. Both communities have passed
through a grass-rich intermediate stage (VI) with Calamagrostis ca-
nescens as the field layer dominant in the first (IV), and Melica nu-
tans as co-dominant with C. canescens in the second (V).
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Chapter 6. The effect of drainage on the growth in

diameter of the trees (annual ring measurements)

To show clearly and simply the effect of drainage of Jagarmossen
on the growth of the trees a number of cores bored during the forest
survey have been carefully measured. The measurements have subse-
quently been used to construct some annual ring diagrams. For techni-
cal details about the method of measurement see Eklund (1949).

Of ca. 250 cores examined, half have been from the base of the trunk
and half from breast height (130 c¢m above ground level). In the
annual ring diagrams it is the measurements from breast height
which are shown. Annual rings from stump height are offen distorted
as a result of root buttresses, so that the values obtained are not fully
comparable. An investigation of the “distortion” in the material
showed that for spruce the ratio between the width of an annual ring
at 130 cm to that at the base of the trunk was 0.8—1.0 : 1.0 (mean
0.92 : 1.00).

Pine cores have been measured from three sample areas (Jm 1, Jm 6
and Jm 10; composite diagram for these in Fig. 29), from the Ledum-
pine wood, bilberry-pine wood and bilberry-spruce wood. As a rule, the
measurements go back to the time of drainage and for some trees they
go back considerably longer. During the time when ditches were dug,
and directly afterwards, pine grew similarly on sample areas Jm 1
and Jm 6, but from 1925 onward (3 years after ditching had been
completed) the curves diverge and for a 10 year period they are quite
distinet from one another. In Jm 6, vigorous growth starts early and
reaches a maximum in 1929. In the same period, there is a steady,
even rise in the curve for Jm 1, broken in 1936 by a marked increase
in growth, but it first reaches a maximum in 1939, 17 years after
completion of ditching, when the width of the annual rings attains
the same value as does Jm 6 in 1929. The curves correspond fairly
well after this, but that for Jm 6 (bilberry-pine wood) usually lies
somewhat higher. It is fairly certain that this difference in develop-
ment is connected with the water conditions in the peat. The central
Ledum-pine wood was at first drained with difficulty, but gradually
the outer layer became sufficiently dry for the root systems to be able
to extend somewhat deeper. However, this extension is still very weak
(see Ch. 4. C. Pine), although sufficient to bring about an increase
in the tree growth. This in turn increases the magnitude of the total
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Fig. 29. Annual ring diagrams for pire within the Ledum-pine wood (Jm 1), the bilberry-
pine wood (Jm 6) and the bilberry-spruce wood (Jm 10). Note especially how the
maximum ring widths in the Ledum-pine wood and the bilberry-pine wood occur
at different times. For comparison, the annual ring development (solid circles)
of trees on ground unaffected by drainage has been included. The width of the
annual rings is given in hundredths of a mm. The trees were bored at breast
height. For all the single curves there were more than 10 trees measured.

transpiration, completing the biological drainage—root development
cycle.

In the more peripheral sample area, Jm 6, drainage was earlier very
effective and this brought about acceleration in growth shortly after
ditching. As in Jm 1, the annual ring width has recently decreased
somewhat.

An interesting feature of the annual ring curves is that they agree
in some respects with the trends in annual ring width described by
Eklund (1954) for pine, which are thought to correspond with the
“growth year” character. Thus 1928 was said to be a poor growth
year, followed by an improvement reaching a maximum in 1931. How-
ever, the years 1934 and 1939, said to be average growth years, are
good years in the Jagarmossen material. Of the particularly bad
growth years, 1935 and 1938, only 1935 is apparently as bad here.
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Fig. 30. Annual ring diagram for all measured spruces within the bilberry-spruce wood,
the Maianthemum-spruce wood and the Ozxalis-spruce wood. See text to Fig. 29.

The annual ring development (Fig. 30) of spruce after drainage at
first shows the same features as pine, viz.,, an obvious increase in
width of the rings. The first maximum is in 1929 (for the total an-
nual ring width in all the measured trees, except for those from Mjosl-
nar fen) and there is a minimum in 1931 followed by a maximum
again in 1934. After this the curves for the two species agree only in
their main features. However, as for pine, after an absolute maximum
at the end of the 1930s there is a continuous decrease in annual ring
width interrupted by temporary minor increases which are possibly a
consequence of felling or thinning.

The first year when there was a noticeable increase in growth of
spruce is 1924. Ditching had commenced six years previously and
been concluded two years previously. The main run-off channel and
the large lateral ditches had been dug in 1918--1921. Thus the effect
of drainage was already apparent in the third year after the main
ditches were dug, and in the eighth year the effect was “complete”,
i.e., the water level as such was no longer a limiting factor for growth.
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After that the width of the annual rings was for a time determined
mainly by the general features of the climate which govern tree
growth in the region as a whole. After the time of the later maximum
(1938) it may be assumed that the stand’s demand on the substrate
had reached such a level that nutrient availability became a factor
which to a large extent determined the annual ring width.

The decrease with age (Eklund 1954, p. 29 ff.) was apparently of
no significance in the decrease in recent years in the measurements
(see below). However, as has been mentioned, both thinning and
felling have doubtless left traces in the diagram, although it is un-
fortunately not possible to date these processes.

The separate sample areas may be more or less different from the
general picture which has been described. The annual ring widths in
Jm 2 and Jm 8 reach a first well-marked maximum in 1929 and an
absolute maximum 1934. After 1934 the curve from Jm 2 already
shows a downward trend. There is a weaker increase in 1947—1948
and two pronounced minima in 1945 and 1954. In contrast, Jm 8 has
three very marked maxima after that in 1929, in 1937, 1946—1948 and
1953. Closely agreeing with Jm 2 are Jm 11, and also Jm 9 after 1929.
Jm 9 is somewhat divergent in the almost explosive development there
immediately after completion of ditching. Thus it reaches a well-
marked maximum as early as 1925, followed by a slight decrease in
1927, then it agrees with the features described above. This sample
area is very close to the main run-off channel, with one side parallel
to it (see Fig. 2), and two of the other sides are also close to ditches,
which have also contributed to a rapid and effective drainage. This
area should have had the most favourable potential drainage of all.

It seems as if proximity to the main channel has been of importance
for rapidity of growth reaction of the trees. Sample areas Jm 3 and
Jm 4, which are rather similar to one another, but are further from
the main run-off channel than Jm 8 and Jm 9 (Fig. 2), certainly have
the same steep rise in the annual ring curves as Jm 8 and Jm 9 in
the first stage after ditching, but their absolute maximum is not until
1938, 16 years after ditching.

In their important respects these observations agree with those
for drained peat land in Finland. Thus Lukkala (1937) states that
diameter growth of the trees begins to increase some years after ditch-
ing and successively rises to a maximum within 15—20 years. After
this there is a decrease, which may be followed by secondary maxima
lower than the first.

In the above account, annual ring measurements in sample areas
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Fig. 31. Annual ring diagrams for spruce within the grass-rich birch-spruce wood: Note
the difference between the growth of the annual rings in this community and in
the pure spruce wood communities (Fig. 30). See text to Fig. 29.

from the open birch-spruce wood with grass have not yet been mention-
ed. These, Jm 5, Jm 7 and Jm 12, have such different backgrounds (see
vegetation descriptions Ch. 4. B.) from all the others that they cannot
be treated as equal in their development history, nor, therefore, in
spruce annual ring development. These areas are part of a community
characterized by the sparse occurrence of bush-type spruces on tus-
socks, and after ditching the growth conditions improved only slowly.
Surface water remained in the area for a long time and probably
because it was open, frost damage took place. There is therefore a very
characteristic annual ring development in this part of the peat land
(Fig. 31).
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The few spruces occurring within Jm 5 from the time before ditch-
ing grow extremely slowly, on average only 20 per cent as fast as
spruces in other parts at the same time. This supports the hypothesis
that at least in this part of Mjoélnar fen free growth suffered more
from the unfavourable conditions than in other parts of the peat
land. After ditching, a distinct but slight increase of annual ring
width can be discerned for sample areas Jm 5 and Jm 7. Jm 5 reaches
a first maximum in 1938 but this is followed in the early 1940s by a
marked decrease and then a very pronounced increase toward the end
of the decade. The maximum attained in 1949 is the highest absolute
value of all the means for several trees measured on Jigarmossen.
The annual ring for that year was as much as 5.6 mm in width, cor-
responding to a diameter increase of more than 11 mm. After that
the curve goes down again, with secondary growth peaks in 1953 and
1957 and pronounced depressions in 1952 and 1955. Sample area
Jm 7 shows only a minor increase at the end of the 1930s, nor does
it have such marked changes as Jm 5. However, like Jm 5, it has a
growth peak in 1945, but its absolute maximum is attained in 1948,
one year earlier than Jm 5. As in all the other annual ring measure-
ments there is a decrease in growth in these two sample areas in 1958,
the last year of measurement.

In this material there is no clear decrease in annual ring width with
increasing tree age, nor is there any clear evidence as to whether trees
of different ages react at different speed to drainage. To study this to
some extent the measurements were sorted into five age classes from 30
to more than 70 years. However, the material is somewhat heteroge-
neous (for example there are only four trees in the lowest age class
and two in the highest).

The class > 70 years reaches its maximum first (1926) but after
this it has about the same annual radial increment as the other classes,
during a 15 year period up to about 1941. However, after that its
growth decreases relatively more rapidly than that of the other classes.
For the remaining classes the maximum falls in the order: 31—40, 61
—70, 51—60 and 41--50 years (1928, 1929, 1938 and 1938, respective-
ly). It should be remembered that the age classes correspond to a
certain extent with site on the peat land, so that the substrate and
drainage factors can change very significantly from class to class,
and therefore affect growth (see Heikurainen and Kuusela 1962).

How growth varies with age, in this particular case, can be shown
suitably in a simple table of mean annual ring widths of spruce during
different periods, in relation to a standard:
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Fig. 32. Annual ring diagram for birch (Jm 12). The birch rapidly attained maximum
growth rate after drainage, but this period was short. After less than 30 years,
growth fell off very markedlv.

Mean relative annual ring width for different age classes and different periods

Age class, years 31—40 41-—50 51 —60 61—-70 > 70
No. of cores 4 39 12 13 2
Before 1923 116 100 107 77 74
1923—1958 172 199 208 219 153
Total measurement period 166 172 177 166 123

Class 41—50 years has been taken as the base value as it includes
the Jargest number of measured cores.

It should be pointed out that these measurements are for age at
breast height (130 em above ground). The absolute age is often con-
siderably greater. Mean age at breast height for all the measured trees
is 31 years but the range of variation is great, from 4 to 83 years.

To judge from the annual ring measurements, Befula pubescens
(Fig. 32) first became more general in the communities of the periph-
eral zones as a consequence of drainage. In the years immediately
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after ditching the annual ring development is mainly the same as for
the other measured iree species, but afterwards the only point of
agreement is the maximum in 1934. This is also the absolute maximum
annual ring width of birch. After this there is at first a weak downward
tendency, with minor fluctuations. From 1953 onwards the downward
tendency has become more pronounced (see also Ch. 4. C. “Birch”).

The pattern of annual ring growth on various parts on Jigarmossen
is not uncommon on drained peat lands, even if other sites may show
a more or less divergent development.



Part 11

Habitat conditions in the area of detailed study

Chapter 7. Geological features

In the investigation started in 1927 of forest production on Jagar-
mossen, the substratum was also studied fairly thoroughly. However,
the result of this study is represented only by a peat boring record
and a sketch of two peat profiles based on that record.

From notes and the profile sketch it is apparent that different kinds
of sediments as well as sedentary soils (peat) are to be found. The
sediments are algal gyttja, clay gyttja, chalk gyttja (see Kubiéna 1950)
and alluvial clay, and they were all deposited in open, calm water. The
basin was cut off from the sea 4500—5000 years ago (Ch. 3).

The most common sediment is the clay gyttja (clay mud), which
covers the mineral soil substratum (glacial till, sand and clay) over
the largest part of the peat land. The general properties of the clay
gyttja, as well as of the other soils occurring, are fully described by
von Post and Granlund (1926) and Osvald (1937). Hence only observa-
tions made within the area will be discussed. The terminology used
by von Post and Granlund and Osvald (op. cit.) has been followed.

The clay gyttja stratum is often very thick: in the deepest parts of
the basin (Fig. 33) it may be almost 2 m. Towards the shore of the
former lake it becomes thinner but a few meters from the shore-line
it is still easy to discern it in most parts (see Fig. 33, in which it can
be seen that the clay gyttja only 20 m from the shore-line is as much
as 7—8 dm thick).

The occurrence of clay gyttja near the boundary between the former
lake and the present-day non-peaty land means that peat formation
has not extended beyond the shore-line of the lake further than the
thickness of the peat layer since the time when the lake was filled-in.
Accordingly, the surrounding land has not become paludified to any
noticeable extent.
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Within small parts in the NW of the peat land the clay gyttja is
not typical, but forms a transition to pure clay. Clay is thus the layer
nearest to the overlying peat in that part. The ash content of the clay is
90 % or more in comparison to 75—80 % for the clay gyttja in the
other sites and the apparent density of the clayey matter is about 1300
g/dms? as against 400 g/dm? for the clay gyttja proper.

A peculiar formation in the southern part of the area is the hollow,
filled up by clay and silt, below the clay gyttja. It is easily seen in both
the peat profiles (Fig. 33). This hollow is of interest because its exten-
sion within the peat land completely coincides with Langholmen, the
only part of the area with a comparatively good tree stand before the
ditching, i.e., with good natural draining.

The clay gyttja is throughout very poor in fossils, but shells of My-
tilus in the gyttja as well as in the transition layer to the underlying
sand provide evidence of the marine epoch of the former lake. Remains
of “brown mosses” have also been found embedded in the gyttja. In-
formation on some of the chemical properties of the clay gyttja is
given later. It has not been investigated microscopically, therefore it
is not possible to decide how much of it is of brackish or fresh-water
origin.

After the clay gyttja, the algal gyttja (algal mud) is quantitatively
the most important of the sediments. This occurs in the central and
deepest part of the former lake. The algal gyttja is a characteristic
dull reddish brown and has a firm jelly-like consistency. It is nowhere
particularly thick; about 70-—80 em is the maximum. Because it is
only in the deeper parts, it does not occur in any of the vertical pro-
files for peat sampling, but it has been cut through in some deep peat
profile pits immediately S and N of the pine wood communities, in
both places at a depth of 160--180 cm. In contrast to the clay gyttja,
the algal gyttja contains some identifiable remains, e.g., fruits of
Alnus, Betula, Tilia and Acer and leaves of Alnus, Betula and Salix sp.
Since the algal gyttja is not the immediate substratum for the vegeta-
tion at any site, it has not been chemically analysed.

Between the clay gyttja and the algal gyttja, there are a few smaller
areas with calcareous gyttja. These areas lie N and S of the central
part at a depth of 2—3 m below the ground surface. The thickness is
up to 40—50 ecm. The large number of broken shells of various mol-
luscs and of lime concretions give the gyttja a pronounced granular
structure which causes ils easy break-down into small pieces when
dug up. Here and there in the gyttja, as well as in the transition zone
to overlying and underlying sediments, there is often a large number



127

FOREST ECOLOGICAL STUDIES ON DRAINED PEAT LAND

*1Z61 UL 9pelt sSULIoq WOIf URMIA "N Aq U2193s ¥ uo paseq APSieT—1¢ "Si] 298 ‘g pur y Jo.1 "1ead oy} ySnoQty] so[Ijodd -uossounreSe ‘¢g "SnLl

W 0gg

008

BISM|[0} DUIJBW Jo SN2US o
e0sn|ol auilisnde) Jo s112Ys ¢

Le1d 1
pueg s
N 1ePrelg v

005

— T

0s% 0o 05

00% 0S2

T

002 0&l 00l 0§ 0
— —— S A

TN
S 5 s o S S o sw_g./_/ Ly

Aag G<H 182d  grH  jead < H S>H
Ae1d ef}140 efy3hd el Ad jead ;:mE\mSm nudeydg msm_am;am 1e2d mumsa je2d
JelAntly  snoaJdede) 1edy Rety  us} Apoopm,  snoydaowy  snoaaessdky snozoesadA) snoacedadA) wnudeydg  winudeyds

AA A T
A A A —

wnss

L—

0sY




128 . HILMAR HOLMEN

of undestroyed shells of bivalves and snails. The high carbonate con-
tent of the calcareous gyttja is easily demonstrated by pouring hydro-
chloric acid upon it. It then effervesces strongly.

The alluvial clay in the W part of the peat land has a relatively small
area. of distribution. It has presumably been formed from the clayey
moraine and clay deposits which constitutes the substratum of the
former lake and also its immediate surroundings in that area.

These soils, in general far out of reach of the roots of the living
vegetation, have been treated in relatively great detail because they
give an instructive picture of the conditions for the formation of the
peat land and also, to a certain extent, of the properties of the sur-
rounding non-peaty land.

In general, the peat-forming plant communities grew over an only
slightly concave lake bottom, because the sediments had filled up the
deepest parts. In the shore zones the bottom was more steeply sloping.
This shallow basin was progressively filled up and today there is a
hint of convexity in the surface profile in a small part in the centre
of the area.

The limnic peat types are very sparse; remains of Phragmites com-
munis occur in only a few places and then as extremely thin layers in
the profile. In the peripheral areas the sediments are mainly over-
layered by different kinds of woody fen peat and, in the centre, by
Sphagnum-cyperaceous peat, indicating that the open water surface
was first over-grown by a quagmire; the peripheral areas were then
already very wet fen communities. The quagmire for a time consisted
of tall Carex species, mainly C. lasiocarpa, the fruits of which have
often been found in the peat samples. Remains of Menyanthes trifolia-
ta and, above all, of Scheuchzeria palustris have also been found. Re-
mains of the latter species (mainly fruits) have been found in nearly
all of the peat samples from the deeper levels within the area studied.
Within the area which now corresponds to the Ledum-pine wood,
such remains also occur at considerably shallower depths; at a level
60—70 cm below the surface there is a large number of Scheuchzeria-
rhizomes. The dominating mosses in the quagmire have been different
Sphagnum species able to tolerate the very wet site, but “brown moss-
es” have also been observed (Paludella squarrosa is the only identi-
fied species; Drepanocladus was also represented).

As a consequence of the continuing filling-in process the quagmire
gradually sank down and settled on the sediments. The surface layer
generally became more firm and less wet and plant communities
favoured by the wet site were succeded by others. Finally the central
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part was filled-in, but it is still possible to find lenses of water enclosed
in the peat. In the surface layer of the central area drier communities
have developed with less wet-demanding Sphagnum species and with
Eriophorum vaginatum as the quantitatively most important species.
The peripheral communities have remained very wel even up to some
time after draining. Once formed, the woody fen and the Carex fen
communities have maintained the main features of their appearance
up to the time of drainage. During a period of their development these
communities also extended over the Sphagnum-cyperaceous commu-
nities in the central part (see Fig. 33). However, these latter com-
munities later recolonized the lost areas.

Today only a small area, very nearly coincident with the Ledum-
pine wood, has a low-humified Sphagnum peat (S. fuscum, §. magel-
lanicum, S. parvifolium). In the direction of the peripheral area from
the Ledum-pine wood, there is a wide section, comprising the main
part of the bilberry-pine wood, the bilberry-spruce wood and also
tongues of the Maianthemum-spruce wood, with a moderately or high-
ly humified Sphagnum peat which in large areas is strongly mixed
with or substituted by Eriophorum vaginatum peat. Between that
section and the boundary with the non-peaty land, different, rather
highly humified fen peat types follow. In the most superficial layers,
humification can be complete (Hy,) and the peat is then characterized
as “peat mull” (“muck soil”). However, small parts of the SW area
of Mjélnar fen have only moderately (H;) humified Carex peat even
in the surface layers. It is particularly the tall Carex species (C. lasio-
carpa and C. elata) which contribute to the firm structure with still
identifiable plant remains.

In the area SW-SE of sample area Jm 2 the surface peat is com-
pletely humified (H,,). This peat is probably partly composed of low-
growing Carex species (C. nigra, C. panicea, etc.) and partly of fen
“dy” (amorphous peaty matter) i.e., a kind of peat deposited by a
Carex community without a bottom layer “in which the plant remains
are decomposed to an amorphous ‘dy’ under the influence of water rich
in oxygen” (von Post and Granlund 1926; transl.).

9—412204
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Chapter 8. Topography of the peat land, thickness of
the peat, and area distribution of different depths

The peat land slopes weakly from N to S and from W to E. The
levelled profiles (Fig. 33, A and B) show that in the N—S direction
the slope is at the most, about 1 in 400 (profile C, not shown in Fig.
33). If the comparatively steep rise in the transition zone to the non-
peaty land is disregarded, the slope of the peat land is only 1 in 800
for profile C, <1 in 1000 for profile B (580 m long) and 1 in 1000—
2000 for profile A (560 m long), i.e.,, angles of inclination < 0.°1.

The westernmost profile (A) shows a weak convexity in the surface
contour. The part may be an offshoot of the central “bog area”. Pro-
file B, however, which cuts across “the bog”, is hollowed out in that
part which is sometimes thought of as ombrogeneous. There are two
possible explanations for this: (1) “The bog” area has never been
raised above the surroundings, and was perhaps not even ombrotrophic
(see also Ch. 10. a., cation exchange properties). (2) The peat has
subsided as a consequence of draining. An average rise in the profile
of at least 50 cm would be needed for the surface of “the bog” area
to lie above the level of surrounding fen areas. If this were so “the
bog” would be cut off from mineral soil water. The subsidence, if it
occurred, must have happened between the ditching period and the
first borings in the area, i.e., within a period of five years, because
the thickness of the peat then (1927) and now (1960) is identical
there.

According to Lukkala (1929 a), subsidence of the peat in “Weiss-
moore” and “Braunmoore”, as a consequence of ditching, can reach
50—80 cm during the first five years after drainage with ditches 1.5
m deep. Within “the bog” area the depth of the ditches was 0.8—1.0 m
when dug. Hence it is possible that subsidence of the peat in the area
amounted to 25—40 cm, i.e., hardly sufficient to explain the ombro-
geneous character. Therefore it is uncertain at present whether the
central part of Jigarmossen was ever ombrotrophic.

The greatest measured thickness of the peat layer of Jédgarmossen
is 3.1 m, a figure which is fairly moderate in comparison with other
places. The total thickness of the organic matter is, however, more
than five meters.

For some German peat lands, Frith and Schroter (1904, p. 155)
mention 8—13 m as highest values, while in a site in East Prussia
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Fig. 34. Jagarmossen. Contours of the peat depth. A—C topographical sections, and in-
[vestigated peat profiles; see also Fig. 33.

bottom had not been reached at a depth of 24.6 m. From Finland,
Backman (1919) reports peat depths up 1o 7 m. The following Swedish
measurements may be mentioned: Skagerhult bog (province Narke)
8 m (von Post and Sernander 1910), Deger6é mire (province Vasterbot-
ten) 7.8 m (Malmstrom 1923), Akhult mire (province Smaland) 13 m
(Malmer 1962 a).

The map (Fig. 34) shows the thickness of the peat layer on Jagar-
mossen. This map is based on borings at a rectangular spacing of 20
by 40 m. The percentage distribution of different classes of peat thick-
ness is seen from the following table:

Table 13, The percentage distribution of peat in different depth classes

} Peat depth class Area-9 Cumulaotive
‘ m area-9,
i
0.0—0.5 31.5 31.5
0.5—1.0 19.5 51.0
1.0—1.5 12.5 63.5
| 1.5—2.0 14.0 77.5
2.0—2.5 9.5 87.0
2.5—3.0 12.0 99.0
>3.0 1.0 100.0
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It is seen that half the area of the peat land has peat layers more
than 1 m thick. This implies that nearly all the living vegetation is
cut off from connection with the mineral soil substratum, and hence
is wholly dependent on the store of nutrients in the peat for nutritional
support.

At the same time as the peat depths were determined, an attempt
was made to determine the change of the boundary between peaty
and non-peaty land during the period after draining.

It must be emphasized that such a determination must be imperfect
because the method used previously to distinguish between peat and
mineral soil is not known and because it is in general also difficult
to distinguish between these two kinds of soil in the boundary zone.

On this occasion the boundary was fixed subjectively., A distinct
layer of organic matter more than two decimeters thick, below the
earlier stated limit to the non-peaty land, has been regarded as peat.
Through the activities of earthworms earlier shallow peat land has
generally become strongly mixed with mineral soil matter. Here and
there the peat is mull-like, with a granular-crumbly structure.

In general it can be stated that the peat land has receded 2—5 m
where the surrounding non-peaty land borders on the peat land with
a fairly slight slope. The ground thus ‘gained’ can at present be esti-
mated at about 1.5 hectares, ie., ca. 3 % of the total area of Jagar-
mossen.

Chapter 9. Water relations and ditching

The catchment area of Jagarmossen is estimated to be about 220 ha
(Ch. 3.C.), of which about one-fifth is peat land. The yearly mean
run-off which is “an excellent measure of the water balance” (O.
Tamm 1959, p. 1; transl.), precipitation-evaporation, is for this region
calculated to be near 200 mm. In a more detailed study (Dr. T. Ahl)
made at the Limnological Institute, University of Uppsala, the annual
run-off (for an average year) was calculated to be ca. 170 mm for
an area immediately N of Jigarmossen.

Before ditching a large quantity of water gathered in the basin
filled in by peat every year. This water was considerably slowed down
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Fig. 35. The depth of the water table below the peat surface on Jigarmossen in sample
areas Jm 1-—12, in the years 1961—63. The diagrams are grouped according to
heath-forest (Jm 1,6,9 and 10); Maianthemum-spruce wood (Jm 2, 11); Oxalis-
spruce wood (Jm 3,4 and 8), and grass-rich birch-spruce wood (Jm 5,7 and 12).
The measurements will be put in relation to precipitation data in connexion
with a later treatment of water chemical analysis.

in its movement and rose to a higher level than today, since the passage
out of the depression was higher. Before draining, the area S of the
main ditch and E of the power-line (FFig. 2) was said to be impassable
in summer, since the water stood high between the tussocks; and the
area N of the main ditch was characterized as very wet. To make the
area suitable for forest growth it was essential to draw off the surplus
water. Hence a fairly extensive ditching undertaking was planned and
was carried out during the years 1918-—22. The main ditches were
dug in 1918—21 and the secondary ditches in 1922.

The total length of the ditches on Jigarmossen amounts to about
10 800 m, i.e., about 250 m of ditches per ha. The dimensions of the
main run-off channel were considerable: mean depth 1.6 m, width at
the ground surface 4.0 m and at the bottom 0.5 m. All ditches were
dug by hand.

As expected, the close ditching system had a very marked effect at
first on the superficial water run-off. However, the effects were some-
what uneven. In some of the W parts there was an apparent lag in the
development of the vegetation and the tree growth. This can only be
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Table 14. Lowest water table measured within sample areas Jm 1—12, 15 November, 1959.
The symbol > means that the water table wells reached the indicated level but that free
water was not seen there

Lowest Lowest
S‘ample Peat water table Sample Peat water table
area no. depth m area no. depth m
cm cm
Jm 1 2.80 80 Jm 7 0.95 >100
2 1.60 150 8 0.60 >120
3 0.50 > 60 9 1.60 >150
4 1.30 >>100 10 1.80 >200
5 0.40 > 80 11 1.80 >100
6 2.70 110 12 1.00 120

interpreted on the basis that the drainage was insufficient. There are
still peripheral areas which seem still to be too wet to permit good tree
growth, and the Ledum-pine wood (in the centre) is also at a disad-
vantage because of too high a water table (see below).

The ground water table has also been subject to a considerable sink-
ing as a consequence of the ditching and of the increased water con-
sumption of the vegetation. However, it is still subject to great fluctua-
tions in certain areas (Fig. 35). In this figure an account is given of a
series of water table measurements over a period of more than two
years. Supplementary to these measurements are the observations of the
lowest water tables encountered within the sample areas. These latter
observations are from autumn 1959 after a period with very little pre-
cipitation. In 1959, precipitation was about 60-—65 % of that in 1962,
which was an average year. However, the regular water table measure-
ments did not begin until 1961.

The Ledum-pine wood (Jm 1) differs from all the other communi-
ties with respect to water relations. The measurements indicate that
even in a year with moderate precipitation (1962) there is a water
table which effectively stops root penetration in a vertical direction at
20—30 cm below the surface. The sample area Jm 6 (bilberry-pine
wood) is most closely related to the Ledum-pine wood in the proper-
ties of the surface peat and vegetation, but with respect to the water
table it is more closely related to the peripheral sample areas. In all
but one (Jm 5) of these the water table during the vegetation period
seldom reaches a level likely to be inhibitory to the roots of the trees
or of other plants with a moderate root depth. The tree roots certainly
reach the upper water table levels (50—70 cm) but are not immersed
in water for very long. Further, only a very small part of the total root
mass reaches as deep as 50 em. A water table of 70 em is usually regard-
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ed as indicating entirely sufficient drainage of peat land intended for
forest growth (Kokkonen 1929). More recent Finnish research also
shows that a permanent water table only 30—40 cm below the surface
has no deleterious influence on the development of trees, because of
the small rooting depth of trees on peat land (Heikurainen 1955, see
also Huikari 1959). The water relations of Mjélnar fen (Jm 5, 7 and
12) are somewhat less favourable than in other parts of the area
(except for Jm 1). In particular sample area Jm 5 has a high water
table during the vegetation period (about 30 cm below the surface in
certain wet years). Because of this there are still many gaps in the tree
stand in the area.

The lowest water tables measured (Table 14) show that in several
sites the water table was greatly lowered when precipitation was very
small. Sample areas with a peat layer less than 1 m thick (Jm 3, 3,
§ and 12) had no free water table in the peat in autumn 1959. For
some areas with a peat layer more than 1.5 m there was no free water
until the transition zone between peat and sediment (Jm 2 and 9) and
in one sample area (Jm 10) there was still no free water at a depth
of 2 m, i.e, in the calcareous gyttja. Also in this case, Jm 1 differs
in having a lowest recorded water table at less than 1 m below surface.
After the well had been dug there, the water table was not in equilib-
rium until after nine days.

Chapter 10. Chemical properties of the peat

A. General remarks

The physical and chemical properties of the soil have a determinant
effect npon the vegetation. However, correlations between soil and
vegetation in sites influenced by man as well as in virgin sites are
extremely complicated. Although such correlations have been studied
for a long time, it is still necessary to collect material from different
types of vegetation and soil. Nevertheless, there have been several
attempts to study the relations between habitat factors and vegetation,
and certain evident tendencies have been revealed (see Ch. 13, and
literature cited there).
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There have also been attempts to relate the production of plant
matter to the properties of the substratum. For farming this is an
expected approach, since soil analysis is one of the bases frequently
used when preparing a fertilization programme (Fredriksson 1961 a,
b; Svanberg and Egnér 1961). For forestry, soil analysis has not yet
achieved such an importance probably, for example, because of the
difficulties in interpreting the highly stratified profiles. But in this
case a knowledge of the plant nutrient status is a valuable aid in esti-
mating the potential productivity of a site.

Among other things, the break-through in the manufacture of ferti-
lizers at the end of the 19th and the beginning of the 20th century was
responsible for the intensified reclamation of peat lands in N and NW
Europe. A number of societies for promoting the cultivation of peat
lands were formed. At the same time comprehensive analysis of the phys-
ical and chemical properties of peat began. Peat analysis naturally took
place outside these societies (Vahtera 1956), but it was through the
activity of the peat societies that it became of regional importance.

In forestry, analysis activity was small at that time and the inter-
pretation had to be based upon agricultural experiences, which indeed
to a large extent is still the case today.

To characterize different kinds of peat with regard to plant nutrient
content, the analyses promoted by the peat societies are excellent be-
cause of their multitude. Hjertstedt (1936), e.g., made a summary ot
more than 7 000 peat analyses made at the laboratory of the Swedish
peat society (see also Osvald 1937). A summary of peat analyses is
also given by Melin (1917, p. 186). Malmstrom (1935, 1952) also
contributed with peat analyses (only a few published as yet) from
various regions, but like Melin (1917) mainly from oligotrophic peat
lands. Sjors (1961 a) has summarized a number of comprehensive peat
analyses from different types of peat lands in Sweden; these include to-
tal analyses as well as extractable ions. Malmer (1962 a, b) and Persson
(1962) have published numerous peat analyses. A large body of ana-
lyses are available from Finland (Kaila, Puustjarvi, ete.).

Because of different methods of analysis it is often impossible to
make a direct comparison of the numerical values obtained at various
times (Vahtera 1956).

B. Peat sampling

The sampling of peat has been done in three parts, the first two of which
are concerned exclusively with the special area (Jigarmossen): (1) An
“intensive” collection of samples within the sample areas only, i.e., many
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samples per unit area. (2) An “extensive” grid sampling according to a
prefixed spacing with comparatively few samples per unit area. (3) Sam-
pling on other drained peat lands.

It is known that the physical and chemical properties of the soil within
even apparently very homogeneous areas may vary considerably (Ferrari
and Vermeulen 1956). To characterize a site reasonably well with regard
to soil properties great attention must be paid to the collection of samples
in the field. “The analysis can be no better than the sample” (Jackson
1958). To avoid subjective influence, the samples have been distributed
according to a previously fixed pattern comprising 15 cores per sample
area, i.e., an average of one single soil sample per 75—100 m2, This is
much fewer than Aaltonen (1926, 1929) thought was desirable in a more
intensive soil investigation, viz., a sample density of one per 20 m2: “... we-
nigstens 5—10 Stiick aus jedem Bestand auf einem Gebiet von 100—200 m2".
Gjems et al. (1960) also recommend taking about 15 samples from an
apparently homogeneous area.

In this way alinost 200 samples were obtained from the 0—20 cm level.
Each of the 15 samples from the sample areas was treated individually and
transported to the laboratory in a polythene bag, usually within a day or
two.

In vertical profile, samples have been taken for each 10 cm to a maxi-
mum depth of 100 cm, within each sample area. In cases where “the sub-
soil” (clay gyttja, clay, sand) was reached at shallower depths, the sampling
was discontinued earlier (sample areas Jm 3, 5 and 8). Later in the fext the
clay gyttja is sometimes referred to as a “mineral-rich subsoil” and the
like. This must not be taken to imply that the clay gyttja is classified as
a mineral soil. It is only a relative concept used to mark the wide differ-
ences between peat proper and other organic soils, of which clay gyttja is
an example.

The vertical profiles sampled were in the middle of the sample areas and
they never coincided with any of the earlier sampling sites. 100 cm was
taken as the greatest depth because it was considered that the lower limit
of root penetration was then certainly passed. It was also thought that the
peat below 100 cm could hardly have any appreciable influence on the
nutrient supply to the trees. Lukkala (1920) wrote that “der Torf in einer
Tiefe von mehr als einem Meter eine kaum bemerkbare Bedeutung fiir den
Waldwuchs eines Moores besitzt”. However, the roots of Alnus glulinosa
have been seen at a depth of 120 cm.

The second type of sampling comprised 300 peat samples distributed over
the whole of Jigarmossen in a quadratic spacing of 40 by 40 m. On certain
boundaries this spacing was completed by taking only 10—20 m between
the single samples. As the peat land has an area of about 45 ha this cor-
responds to one sample per 1500 m2, ie., very infrequent sampling with
reference to the recommendations mentioned.

The soil sampling on other drained peat lands was made as representative
as possible. In general, 12—15 samples were taken from each site. From
these one composite sample was later made.

In the sampling process, the cores were taken out with a simple auger
made of a slightly conical tube of stainless sheet-iron with saw teeth at
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the lower end. The cross-sectional area of the tube at the cutting edge was
100 cm2. Every 5 cm the tube was partly sawn through so that it was
possible to put a knife in the fissures and so divide the core into slices of
desired thickness before taking it out of the tube, thus avoiding changes
in the degree of compaction.

The mineral soil samples (Ch. 3.A.) were taken from the C horizon.
Neither the volume nor the weight was determined, but they comprised ca.
two litres of soil with a particle size = 20 mm.

In the laboratory the peat samples have not all been treated similarly.
Portions were taken out of samples of the first group for pH determinations
on the fresh peat and then the samples were dried in a drying cupboard (25—
30° C) with aforced draught, They were weighed air-dry and pH was
determined once more. Large roots were then removed, After grinding in
a Wiley-mill the surface (0--20 cm) samples from each sample area were
aggregated in groups of five and carefully mixed. The three composite
samples so obtained from each sample area were subsequently analysed.

The samples of the vertical profiles were treated in the same way but
these were not mixed.

On samples of groups two and three, pH and fresh weight of the fresh
soil was determined. After air drying, pH was determined again, and the
samples were ground. Then the soil was weighed-out for all the other
analyses. At the same time per cent oven-dry weight was determined,

No determinations were made on fresh mineral soil samples.

C. Scope and methods of analysis

The scope of the analysis is seen from the following summary:

Mineral Plant
Group 1 Group 2 soil analysis
Ch.3 |Ch. 11, 12

Apparent density (bulk density) ......
Residue on ignition (total ash content).
Mechanical analysis..................
pH (hydrogen ion activity)...........

S S T

P o

K } total......... ...

—~

et e N B IR I

Specific conductivity ........ ... ...,
Exchangeable metal jons. ............
Exchangeable hydrogen ions .........

2
[l ++++ ] 4+ |+
IR I o I
+

Symbols: + means analysis made, — means no analysis, (4) means
analysis made only on a limited number of samples.



FOREST ECOLOGICAL STUDIES ON DRAINED PEAT LAND 139

Apparent density (bulk density, volume weight) is the mass of the dry
soil (dried at 100—110° C) per unit volume (Buckman and Brady 1960, p.
50; Jackson 1958, p. 10).

Residue on ignition (total ash content) is an approximate expression of
the mineral matter content of the soil. It has been determined by igniting
the samples in a muffle furnace at ca. 550° C to constant weight,

Mechanical analysis. The particle size of the coarser fractions of the mine-
ral soil has been determined by sieving and of the finer fractions by the
hydrometer method (Bouyoucos 1927; Gandahl 1952).

pH (hydrogen ion activity) has been determined electrometrically using
a glass electrode (Radiometer 22 pH meter) in a suspension of soil in
distilled water.

In spite of the present frequent use of pH determinations, there are still
great variations in methods. There are (1) different reagents for extraction,
when used at all; (2) different quantities of extraction reagent with regard
to quantity of sample; (3) different time of extraction. Further, determina-
tions are sometimes made on dried and stored samples, and sometimes on
fresh soil. All these variations may lead to different results. See, e.g., Davis
(1943), Gorham (1960), Piper (1950), Puustjirvi (1957), Ramaut (1954).

In the present case the volume ratio soil/suspension has been 1:2 (Knut-
son in Malmstrém 1949). The substitution of soil volume for dry weight,
and of suspension volume for quantity of distilled water, reduces the dif-
ference between various types of organic soils considerably. But the differ-
ences between the two main types of soil (mineral soil and organic soil)
in terms of buffer capacity and colloidal content are not overcome com-
pletely even with this method. As purely mineral soils are never compared
to organic soils this is of no great importance for the present investigation.

The samples were prepared in the afterncon and left until the following
day, when they were stirred with a glass rod and left for sedimentation
to occur for one or two hours. On measuring, the electrodes were put in
the supernatant liquid.

Total nitrogen (N) was determined by the Kjeldahl method, on a macro-
scale for the soil samples and on a micro-scale for the plant samples.

The solutions for determination of the ash components in peat, mineral
soil and leaves were obtained by wet ashing in Kjeldahl flasks with 25 ml
conc, nitric acid and 5—10 ml cone. perchloric acid (see Tamm 1953, p.
13).

Total phosphorus (P) was determined colorimetrically according to
Scheel (see Tamm 19353).

Total potassium (K) was determined with an Eppendorf flame-photometer
using a propane-air flame (Tamm 1953).

'Total calcium (Ca) was determined with the same flame-photometer as
potassium, first it was precipitated as oxalate, then the precipitate was
dissolved in hydrochloric acid and calcium was determined in an acetylene-
air flame (Tamm 1953). For the mineral soil, Ca was determined gravi-
metrically after oxalate precipitation.

Total magnesium (Mg) was determined with a flame-photometer in an
acetylene-oxygen flame, according to Knutson (1957).

P-AL and K-AL. To determine the content of extractable nutrients the
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so-called AL-method has been in use for some time in agricultural chemistry.
Phosphorus and potassium are then determined in the same solution. This
is obtained by extracting 5 g of soil with 100 ml of a solution (AL-solution)
which is 0.1 M in ammonium lactate and 0.4 M in acetic acid. The pH of
the solution is 3.75 and its considerable buffering capacity makes it suitable
also for soils with fairly high contents of free calcium carbonate without
a disturbing rise in pH. According to the original method the soil is shaken
with the solution for 2 hours at 20 = 1° ¢ (Egnér et al. 1960). However, the
modification to 11/ hours shaking (Karlsson and Jonsson 1959) has been
used in this investigation.

Much of the potassium bound colloidally and that which is superficially
adsorbed to the corners and edges of the minerals is by this extraction

brought into solution (exchanged with NH:which is in great excess) and
can be determined. Phosphorus present as calcium phosphate is brought
into solution and at least a part of that occurring as iron and aluminum
phosphate.

To determine the more tightly bound nutrients (reserves) the soil was
extracted with hydrochloric acid (Egnér et al. 1960). 2.00 g of fine-grained
soil was extracted with 2 M HCI for 2 hours on a steam-bath.

In addition to the easily soluble potassium, this method also extracts the
lattice-bound potassium. As a result, very characteristic differences appear
between a mineral soil and an organic soil. The organic soils (at least
those with a low ash content) hardly contain any lattice-bound potassium
in contrast to the mineral soils, this is why the K-AL and K-HCI values, on
the whole, are often about the same size (see also Fredriksson 1961 a:
Fig. 3). For some analyses the AL values were higher than the HCI values.
This is an analytical error which may depend on the fact that the methods
have been worked out for mineral soils and are possibly not fully satisfactory
for highly organic soils.

The hydrochloric acid extraction dissolves nearly all inorganic phosphates
and hydrolyzable organic phosphates.

The difference between the two methods (the AL-method and the HCI-
method) from a pedological point of view, is that the former gives an idea
of the content of easily “mobilizable fractions” of potassium and phos-
phorus, while the latter is an expression for the soil reserves of K and P.
The hydrochloric acid extraction can also be regarded as an accelerated
process of weathering.

The specific conductivity at + 20° C (ohm cm™ X 10—°) was measured
with a Metrohm Konduktometer E 182 (cell constant 0.66 ecm™) in the same
suspension as the soil pH, but before the pH measurement. The values are
given as reduced conductivity, i.e., the conductivity due to the hydrogen
ions is subtracted from the measured values (Sjors 1948; Malmer 1962 a, b).

For determinations of cation exchange capacity in soils there are several
methods in use today and it is difficult to say whether any one of them
is preferable to any other. In the present investigation two methods have
been used: (1) The cobalt method. When a soil sample is shaken with
a solution containing Co®* this ion will, on replacing other positive ions,
be adsorbed on to the soil and an equilibrium will be reached between
adsorbed Co2* and Co2?* left in the solution. A 0.01-—0.1 N Co2* solution
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has a red colour, the intensity of which can be easily determined colori-
metrically. Thus the exchangeable metal ions (S-value) are determined.
The hydronium ions are determined after buffering the system at pH=7.
A T-value (sum of metal ions and hydronium ions) is calculated according
to a formula (see Johansson 1961). (2) Brown’s method (Brown 1943), is
well-known and easy to handle. In Sweden it has come into use during
recent years and it has been critically examined by Sjérs (1961 a). The
principle of the method is to determine the pH displacement in a soil
extract made of 1 M acetic acid for extractable metal ions and in a soil
extract made of 1 M ammonium acetate for extractable hydrogen ions.

Most of the determinations presented below are performed according to
the cobalt method.

D. Peat analysis

1. Some relationships studied

As a tool for site classification on virgin peat land the apparent
density and the ash content, as such, of the peat have only a restricted
value. But both these properties are often fairly well correlated with
other properties of the peat. To be able to compute the store of nutri-
ents, apparent density must be known.

The following are examples of average values of apparent density
(g/dm?®) of different organic soils:

1 @ (3)
Bog peat soils 150 Sphagnum peat 95 Maissig zersetztes Hochmoor 90
Fen peat soils 250 Calluna-rich peat 125 Gut zersetztes Hochmoor 120
Lacustrine ’dy¢ 350 Carex peat 235 Ubergangsmoor 180
Gyttja soils 375 Niederungsmoor 250

(1) Osvald (1937, p. 208). (2) Lgddesgl (1934, p. 107). (3) Fleischer
(cited by Briine 1948, p. 18).

The lightest kinds of peat are seen to be Sphagnum peat, after which
come various fen peat types. The sediments (the gyttja soils), in
which the mineral matter is often considerable, have the highest
densities. The degree of humification of the peat influences also the
size of the apparent density, see (3) above. Osvald’s comparatively
high values for bog and fen peat probably depend on the fact that the
soils have been cultivated for farming. On the other hand, undisturbed
clay gyttja may have considerably higher values, e.g., on Jigarmossen,
up to 700-—800 g/dm®.

As a result af mechanical disintegration of peat, which is accom-
panied by increase in the “natural” humification through oxidation
and microbial activity, the porosity diminishes and the apparent den-
sity increases. This is illustrated by the example below.
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Fig. 36. Relationship between apparent density (g/dm?) and ash content in peat. Open
circles indicate samples from the layer 0—20 cm below soil surface, filled circles
indicate samples from >20 cm below soil surface, and an oblique line through the
circles indicates that the samples come from other sites than Jidgarmossen.

Apparent density (g/dm?)

Sample
P 1 2 3 ] 4 | s 6 7| 8
(1) Natural structure...... 100 96 92 88 80 153 150 | 140
(2) Disintegrated......... 292 279 269 216 183 450 439 ‘ 434

1—5 is a low-humified fen peat composed of different Sphagnum
spp. and 6—38 high-humified fen peat of “brown mosses”, Carex spp.,
etc. (1) Apparent density measured by the usual method (see above,
B. Peat sampling), i.e., the peat has its natural structure. (2) Apparent
density after grinding. The volume of peat powder was measured in
a measuring cylinder, in which it was compacted by shaking.

Roughly, apparent density increases with increasing ash content of
the peat, even though there is wide variation (Fig. 36).
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Table 15. Distribution of the pH deviations in pHy classes and classes of deviation, pHf
is the pH determinated on the fresh samples. pHqd is the pH of the same samples after air

drying
pHy classes

Classes of 3.0 3.6 4.1 4.6 5.1 5.6 6.1 6.6

deviation — — — — — — — —

pH/(—pH, 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

Number of samples ’ no. ] %

+0.39—+0.30 1 1 2 0.3
+0.29—+0.20 1 2 3 0.4
+0.19—+0.10 2 1 2 1 1 1 8 1.0
+0.09— L0 10 8 7 12 7 44 5.7
—0.01——0.10; 12 29 14 29 8 3 2 97 | 12.6
-—0.11——0.20] 12 38 34 46 19 18 167 | 21.7
—0.21——0.30 2 29 31 64 27 25 5 183 | 23.8
—0.31——0.40 4 12 28 29 30 26 18 1 148 | 19.2
—0.41——0.50 5 10 18 24 13 5 3 78 | 10.1
—0.51——0.60 5 1 1 4 4 8 1 24 31
—0.61——0.70 5 1 1 7 0.9
—0.71——0.80 1 2 1 4 0.5
—0.81——0.90 1 1 2 0.3
—0.91——1.00 2 1 3 0.4

pH. A determination of soil acidity (pH) is often a useful comple-
ment to other analyses in site description. It may even be the most
valuable of all possible analyses of habitat factors. “Perhaps the most
important chemical property of soil as a medium for plant growth is
its pH value or hydrogen ion activity” (Jackson 1958, p. 38); see also
Buckman and Brady (1960, Ch. 14). The reason for this is that the
acidity is often closely correlated with other habitat factors, of which
“acid and base status” (Gorham 1953) may be mentioned (see also
Lukkala 1929 a; Lundegardh 1957; Schénhar 1952; Sjors 1954, 1961 a;
Stalfelt 1960). Nulrient availability also is affected by soil pH; it is
shown that for wood-sedge organic soils the ideal pH is 5.5—5.8 and
for Sphagnum peats about 5.0 (Lucas and Davis 1961),

The results of investigations included in the present paper support
the opinion that there is an increase in acidity of soil when it is dried
and re-wetted before measuring. From Table 15 it is seen that most of
the soil samples had lower pH values when dried. Only a few (7—8 %)
had higher values. If deviations of = 0.1 pH unit are regarded as
normal analytical errors then less than 2 % of the samples had higher
pH after drying. About 18 % did not change at all (deviations < = 0.1
unit) and the rest (80 %) became more acid. As seen from the table,
most of the changes were small, i.e., within = 0.3 units in more than
60 % of the samples. Changes greater than 0.5 units were exceptional.
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Fig. 36.

Kivinen (1938) comes to the same conclusion and says decrease on
drying can “sogar 0.5 pH-Einheit ausmachen”.

It is evident that for peat soils the changes are pH dependent and the
relation between the different pH classes is almost linear. Thus drying
seems to have only a slight effect on the very acid Sphagnum peat and

.Sphagnum—Eriophorum vaginatum peat while the less acid Carex
peat and Carex-“brown mosses” peat becomes considerably more acid
on. drying.

The reasons for the changes have not been analysed and the litera-
ture contains only general discussion with the conclusion that the
decrease is a consequence of oxidation and formation of organic
acids. A pH increase (Kivekds 1958) is said to depend on the libera-
tion of NH* ions, which, as well as amide nitrogen, increase noticeably
on drying the soil (Lebendjanzev 1924, cited by Kivekids 1958). The
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Fig. 38. Relationship between acidity (pH) and calcium (Ca) content in peat.—For sym-
hols, see I¥ig. 36.

probable importance of the microorganisms is indicated by investiga-
tions by Gauger and Ziegenspeck (1930). After rapid drying of the
soil there was a noticeable increase of the pH value (0.19—0.65 units),
whereas drying for a longer time (14 days) at low temperature was
followed by an equivalent decrease (0.22—0.70 units). It is also shown
that the amounis of carbon and nitrogen mineralized are increased on
soil drying and re-wetting (Birch 1960).

Acidity in relation to ash content of the peat is shown in Fig. 37.
For peat in general such a relation was reported by Kotilainen (1928,
p. 136), for example; for cultivated peat soils, however, the relation
is likely to be less defined. Lundblad (1931, p. 258) even thought that
such a relation could not be established. For the peat soils here under
consideration there is certainly a fairly obvious relation between pH
and ash content, at least for ash contents up to about 20 %. Because

10—412204
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a considerable proportion of the ash consists of calcium, which is
important in determining the pH value (see below), such a relation
might easily be explained.

One of the ecological effects of calcium is its modifying influence
on the pH value of acid soils (Stalfelt 1960, p. 314). Hence a certain
relation between pH and Ca content of the soil is to be expected; a
high Ca content would be expected to be correlated with a high pH
and vice versa. This relationship is generally, but not always realized
(Lundblad 1931, p. 263). Fig. 38 shows the relation pH/Ca for the
peat soils studied.

The main feature of the results support Kotilainen’s (1928, p. 136)
statement: “-— — — ein hoher Kalkgehalt setzt zwar immer einen
hohen pH-Wert voraus, umgekehrt setzen jedoch die Hohen pH-
Werte nicht immer einen hohen Kalkgehalt voraus, — — —.”
However, the Ca content corresponding with a particular pH value is
generally considerably higher for peat from Uppland than in Kotilai-
nen’s analyses from various Finnish sites. In his material all samples
with pH < 4.0 have <1 % CaO (0.7 % Ca), while several samples
of peat from Uppland with between 1 and 2 % Ca have pH < 4.0. On
the other hand, all Uppland samples with pH > 5.0 have Ca contents
> 2 %, and only a few samples with pH 4.5 have Ca contents <2 %.
This agrees with Kotilainen’s statements (op. cit. p. 133).

From Fig. 38 it is apparent that samples from other peat lands
investigated agree well with those from Jégarmossen in the relation-
ship between pH and calcium. This diagram is closely similar to that
of the relation pH/ash (Fig. 37).

Only the macro-nutrients nitrogen, phosphorus, potassium and
calcium have been analysed. As a rule, these nutrients are probably
the most important in determining the composition and produectivity
of the vegetation. In common Scandinavian forest soil types it is
probably very rare that other nutrients (including micro-nutrients)
are so sparse that they become limiting for the growth of trees (see
Ingestad 1958).

Since the plant community forming the peat is influenced by the
mineral nutrients, it is to be expected that the nitrogen content is
also related to the mineral nutrient content. The degree of humifica-
tion also affects the nitrogen content (Malmstrém 1952, p. 23).
Humification involves, among other things, a decrease in dry matter
because of loss of CO:. This loss causes changes in the weight relations
between the constituents of the peat.
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The relationships between peat type and nitrogen content are sum-

marized below.

Peat types %N Reference
Low-humified Eriophorum-Sphagnum peatl =1.00 Warén 1924
Moderately-humified sedge peat >2.50 »
Tall Carex peat 1.00—3.00 v.Post and Granlund 1926
‘Woody fen peat =2.00 »
Sphagnum fuscum-S. magellanicum peat <1.00 »
Sphagnumpeat ......... .. ... ... 1.00—2.00 Kotilainen 1928
Carex-Sphagnum peat............. ... ... 1.00—2.00 »
Carexpeat................. ... i, >2.50 »

Sphagnum peat always has a fairly low nitrogen content, but this
rises noticeably when there is an admixture of various vascular plants

in the peat.

The following are examples of nitrogen content of some of the

individual peat-forming plant species.

Species %N

Reference

Carex acuta
elata
Eriophorum vaginatum
Scheuchzeria palusiris
Calliergon spp.
Scorpidium scorpioides
Sphagnun cuspidatum
cymbifolium
nemoreum
Eriophorum vaginatum
Sphagnum cuspidatum
fuscum
nemoreum
Carex elata
Eriophorum vaginatum
Sphagnum magellanicum
Eriophorum vaginatum
Do., after fertilizing
Carex lasiocarpa, leaves only
limosa, do.

—1.43

-—0.82
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Zailer and Wilk 1907

Gorham 1953
»
»
Tamm 1954
»
Malmer and Sjors 1955

»

Analyses of the surface peat (0—20 em) from Jidgarmossen show

the following:

Sphagnum magellanicum and 8. parvifolium peat with some admix-

ture of Eriophorum vaginatum

0.75—1.21 % N

Eriophorum vaginatum peat with some admixture of these two

Sphagnum spp.

1.28—1.68 % N

Peat of tall Carex species (Carex elata, C. appropinquata, C. lasio-
carpa) with some admixture of small Carex species (Carex nigra, C.
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Fig. 39. Relationship between nitrogen (N) content and acidity (pH) in peat.—For symbols
see Fig. 36.

anicea) and “brown mosses” (Drepanocladus, Calliergon, Tomen-
b 2

typnum) 2.72—3.44 9 N
Woody fen peat (not strictly defined as to parent material; however,
many herbs have been present in the community) 2.34--3.56 9% N

Nitrogen content has been shown to be more or less obviously cor-
related with many of the other habitat factors analysed, e.g., pH, cal-
cium, phosphorus and ash content and apparent density. There seems
to be no correlation with potassium.

The relation N/pH is fairly clear even though the deviations between
individual observations are great. Thus there is a regular increase in
nitrogen with increasing pH (Fig. 39), at least for the surface samples
(0—20 em). However, for the samples from greater depth (> 20 cm)
there is a tendency towards decreasing nifrogen content at pH > 5.5.

There is not always an increasing nitrogen content with decreasing
acidity. Sjors (1954, p. 76) wrote that for various types of meadows
the pH dependence of nitrogen is “almost non-existent”. Lundblad
(1931, p. 261) was of the same opinion about cultivated peat land and
this lack of correlation certainly depends on the upset equilibrium
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Fig. 40. Relationship between nitrogen (N) and calcium (Ca) contents in peat.—For sym-
bols, see Fig. 36.

between the various processes in the soil consequent upon mechanical
working and fertilizing.

The acidity of the peat is an important factor in the different
processes of nitrification. Hence for NH;— NOj the lower pH limit
probably lies at 3.7—4.0 (Waksman 1957, p. 64) and for nitrate for-
mation, the pH minimum, at least in culture, is at higher values. In
fields, nitrate may occasionally be present down to pH 4.0 and some-
times lower, but the nitrification rate becomes negligible below 5.0
(Alexander 1961, p. 274). According to Romell (1953), nitrate forma-
tion has been shown in American mor samples at pH 2.9.

Because of strong acidity, in large areas of Jigarmossen there is
probably no formation of easily soluble nitrogen through nitrification.
Nor is the nitrification likely to be of any great importance for other
parts of the area. The nitrogen economy of the plants here, as well
as in more acid forest land, is mainly based upon ammonium-nitrogen.
However, the nitrification process has been mentioned because nitrate
is certainly formed. Urlica dioeca, a known nitrate-specific plant
(Olsen 1921 a) occurs commonly in many places within the boundaries
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of the area, and this must presumably indicate that nitrification does
occur. Urtica is especially abundant in places where there is little
competition from trees, for instance under the power line and along
the main run-off channel (“felling area effect”; see Romell 1935) but
it is also found in the stands (see vegetation analyses).

Effective drainage has, as far as one can judge, two opposite effects
on peal land intended as a habitat for forestry. Humification is
hastened as a consequence of increased aeration and of oxidation
processes and the contents of the nutrients rise; this is favourable for
potential forestry. It has been shown, for instance, that if the humifica-
tion of the peat is to be satisfactorily rapid, the primary N content
should be > 1.7 % ; at lower values humification is delayed or incom-
plete (Waksman and Tanney 1928). On the other hand, nitrification
is retarded by the, on the whole, generally increasing acidity following
drying out of the peat. The increase in acidity with drying out is
greatest at the higher original pH values, where nitrification would be
likely to begin.

The relation N/Ca, Fig. 40, is completely analogous to the N/pH
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relation. This is to be expected, as pH is fairly closely correlated with
calcium content (Fig. 38).

A possible reason for the nitrogen increase at higher pH is that
denitrification is in progress. The comparatively moderately acid soil
and the probably often entirely oxygen-free conditions at depths of
the peat greater than the level of the average fluctuations of the ground
water, may be favourable for the activity of denitrification bacteria
(see Alexander 1961, p. 302—303).

The relation Nyash (Fig. 41) is probably indirect, because at low and
moderate ash contents, a great portion of the ash is calcium, which
acts as a pH regulator. Thus the relation may be referred firstly to a
pH effect and secondly, to the acid and base status.

The relation N/apparent density (Fig. 42) is to a certain degree,
related to the relation of nitrogen/ash content and the other correlated
factors, and to the degree of humification.

The relation N/P (Fig. 43) shows rather special features. As in the
other diagrams, the analyses are classified according to sampling
depth. For the surface samples (0-—20 cm) there is a slight positive,
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probably curvilinear correlation (see Malmer 1962 a, p. 202), i.e., an
increasing P content is accompanied by an increasing N content. On the
other hand, for samples below this level (> 20 em) there seems to be
no such correlation. Hence the N content increases completely inde-
pendently of the P content, which lies between fairly narrow limits,
about 0.02—0.04 9%, i.e., about half the content of the surface peat.
The cause of this is likely to be the living vegetation, which has lowered
the P content of the substratum to a low and nearly constant level
(Tamm 1958, p. 240). Consequently the impoverishment of the store
of phosphorus has progressed gradually during the time when new
peat has been formed and the thickness of the peat layer has increased
(see also below, “Vertical distribution”).

Fig. 44, Ca/ash, shows that the relations for samples from the 0--20
cm level and those from > 20 cm below the surface deviate somewhat
from one another at higher ash contents in that the former seem to fol-
low a curved line while the latter follow a straight line. Apart from the
drying effect, the explanation probably is, that extractable Ca has
been leached out of the surface peat which has therefore a low pH



FOREST ECOLOGICAL STUDIES ON DRAINED PEAT LAND 153

6.00

% Ca

300

2.00

1.00 |

0.00 - ) ) _ % ash )
00 50 100 150 200

Fig. 44. Relationship between calcium (Ca) and ash contents in peat.—For symbols, see
Fig. 36.

but still a high ash content. Peat from greater depths has not been so
strongly leached—if leached at all—and so it has a high pH value
and a high ash content.

2. Properties of the peat within the different plant communities
a. Horizontal distribution in the layer 0-—20 cm below soil surface

The account is based on some maps of the geographical distribution
of all analysis values of the individual habitat properties (although
all properties studied are not treated in this way) and on some diagrams
with representative samples from the plant communties only (see
below and Table 28). The same simplified vegetation map as that
used for showing the distribution of the woody species is used as a
base (Ch. 4. C.; see also Fig. 3). For the saké of conveniance the
plant communities may be enumerated:
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Heath-forest communities
I. Ledum-pine wood

I1. Bilberry-pine wood
ITI. Bilberry-spruce wood

Meadow-forest communities

IV. Maianthemum-spruce wood
V. Ozxalis-spruce wood

VI. Grass-rich birch-spruce wood

In the text and on many of the diagrams the numbers of the commu-
nities alone are sometimes referred to. Some of the diagrams have two

symbols for the analyses; a stroke

for those based on the “extensive”

(see Ch. 10. B.) sampling (except for total N, P, K, Ca, for which only
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sample area analyses are available) and a small circle for those from
the sample areas.

The apparent density of peat from JiAgarmossen and other sites
visited in Uppland agree fairly well with the figures given in Ch.
10.D.1. of average values for various peat types. However, the varia-
tions between the separate sampling cores within the same plant
community can be considerable (Figs. 45, 46). This is highly dependent
on the sampling method. The phenomenon is most evident for the
“extensively” taken samples with a rigid sampling space (40 by 40 m
generally); this means that the boundaries between the communities,
and especially the boundaries with the non-peaty land, are included in
the samples. As stated in Ch. 4, the boundaries between the com-
munities are never discrete lines, but zones of varying width with
characteristics of both adjoining communities. In the diagram (Fig.
46), the extreme samples are omitted since their high ash contents
are not representative of the plant communities (see below). However,
they can be seen on the map of apparent density distribution. Apart
from these deviations, there is still considerable variation. These may
be attributed, for example, to the former distribution of the mire
vegetation on tussocks and intervening plane areas. The tussocks,
often composed of Sphagnum spp. were (and are, where they still
remain) very porous and their peat is still often only slightly humified,
giving a low apparent density. The intervening areas were composed
of a vegetation which has usually given rise to a more tightly packed
peat, now moderately to highly humified and having comparatively
high apparent density. Thus there are examples of tussock peat from
the Oxalis-spruce wood with an apparent density of 80 g/dms3, while
it is 175—200 g/dms3 for the peat in between.

The determinations show that the peat of the heath-forest com-
munities is, on average, considerably lighter than that of the meadow-
forest communities. This is due to the properties of the parent material
and also to the degree of humification. These variations will greatly
affect the evaluation of the store of nutrients in the various com-
munities (see below c.).

Considering the representative samples only, it is seen (Fig. 46)
that the samples from the sample areas agree well with those of the
“extensive” sampling. This makes it likely that the originally deter-
mined boundaries between the plant communities, based exclusively
upon the vegetation, also correspond to differencies (boundaries) in
chemical properties (see also below, ash content, pH).

The ash content (Figs. 47, 48) has a very wide range, between 1 and
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Fig. 47. Distribution of the ash content of the peat on Jidgarmossen.—Dotted lines:
boundaries between the plant communities.

90 % of dry matter. The only slightly humified Sphagnum peat ot
the Ledum-pine wood has about 1 % and then there is a gradual
increase towards the boundary with the non-peaty land until there is
an average of about 10 % in the peripheral meadow-forest communi-
ties. The highest figures are from the mineral soil-mixed peat of the
transition zone to the non-peaty land, below the former mire boundary
but now areas in many places regarded as non-peaty land.

Fig. 48 shows the varying ash contents within the different plant
communities. In this diagram, and also in the others of the same type,
no peat samples with more than 20 % ash are included. The ash
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Iig. 48. Distribution of the ash content of the peat in the different plant communities on
Jégarmossen.—For symbols, see Fig. 46.
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content has therefore determined whether a sample has been desig-
nated as peat (<20 % ash) or as mineral soil-mixed peat (> 20 %
ash). This is doubtless a very narrow restriction of the peat concept
(see Ch. 2) and it must be emphasized that it is applicable to this
case only. The relations between various soil properties studied change
markedly at ash contents above ca. 20 %. Up to 20 % ash there are
clear, although not necessarily close, correlations between for instance
pH/ash, pH/Ca, N/pH, etc. When ash content of the soil rises above
ca. 20 %, the spread of the points become more proncunced and gradu-
ally so large that no correlations seem to exist. It should be remem-
bered that on maps of distribution of analysis values within the whole
area, all “extensively” collected samples are included.

pH determinations. Only determinations on dried samples are
shown. The pH diagram (Fig. 50) shows that there are minor devia-
tions between the two kinds of sampling. Thus the sample area peat
from the bilberry-pine wood (II) is considerably less acid than peat
from the “extensive” sampling. The reason for this is doubtless the
position of the sample area (Jm 6) at the outer edge of the community
near the bilberry-spruce wood (III). The part of the community be-
tween the sample area and the Ledum-pine wood, which comprises a
fairly large area, thus becomes strongly represented in the diagram,
and that area is one of the most acid on Jagarmossen (see also map,
Fig. 49).

The pH values show a considerable average increment from the
central area towards the periphery (ca. 1.5 unit). None the less the
peat of the peripheral meadow-forest communities is very acid. Within
the heath-forest (I-—III) the mean pH is 3.2—3.7 and in the meadow-
forest communities 4.3——4.6. (As to averaging pIl it will be referred to
Jackson 1958, p. 38 f.) It is characteristic that Heikurainen (1953, p.
138) found considerably higher pH wvalues (5—7) for undrained
eutrophic peat lands in N Finland.

There is some indication that the spruce-dominated parts of the
area have a somewhat more acid peat than those with many broad-
leaved trees, especially birch. The very low pH, as such, does not seem
to be unfavourable to the trees. Unfavourable effects may, however,
oceur because of low mineral contents (Lucas and Davis 1961). On
Jagarmossen low pH is accompanied by low content of some nutrients,
but the nutrient status of the trees does not seem to be dependent on
pH or mineral content of the peat to any noticeable degree, except
for the Ledum-pine wood where, besides a low nutrient content and a
very acid peat, there is at times a high water table which may impede
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Fig. 49. Distribution of the acidity (pH) of the peat on Jigarmossen.—Dotted lines:
boundaries between the plant communities.

nutrient uptake (see also Ch. 11.C.2.). The highest pH values of all,
pH 5—7, have been recorded for the mineral soil-mixed peat of the
boundary with the non-peaty land, partly a somewhat clayey and
partly a somewhat sandy peat.

Before pH determination, the specific conductivity (Figs. 51, 52)
was measured in the peat suspension. These figures (dried samples)
have the same main features as those mentioned for apparent density,
ash content and pH, but the differences between the various com-
munities are not quite as prominent, However, the differences are
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Fig. 50. Distribution of the acidity (pH) of the peat in the different plant communities on
Jagarmossen.—For symbols, see Fig. 46.
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Fig. 51, Distribution of the specific conductivity of the peat on Jidgarmossen.—Dotted
lines: boundaries between the plant communities.

statistically significant, except between the Oxalis-spruce wood and

the grass-rich birch-spruce wood.

Nevertheless values of specific conduectivity of such a soil suspen-
sion must be interpreted with great care. The determinations are
highly dependent on various methodical factors and, more particularly,
on the concentration of the suspension. For pH, a logarithmic func-
tion, the dilution effect is of less importance. In a study of this, it
was found (in 16 mineral soil samples) that for a volume ratio soil/
water 1:9, the specific conductivity was on average 17 x 10~ and
pH 4.1, and for the ratio 1:1, 66 X 10— ohm—! em ! and pH still
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Fig. 52. Distribution of the specific conductivity of the peat in the different plant com-
munities on Jigarmossen.—For symbols, see Fig. 46.
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4.1, so that there was a highly noticeable change in specific conductivi-
ty while there was no change in pH.

Another factor causing uncertainty is the very great sensitivity of
specific conductivity to whether fresh or dry samples are used. For
example, for some determinations on fresh samples the specific
conductivity had an average range of 10—75 X 107", while those on
the corresponding dried samples had 40—300 X 10~ ohm™ ecm™,
and the ratio fresh/dry determinations varied from 0.07 to 0.44.

In this paper no great stress is laid on the specific conductivity
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Fig. 54. Distribution of the cation exchange capacity of the peat in the different plant
communities on Jigarmossen.—For symbols, see Fig. 46.
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determinations in spite of their fairly good agreement with the factors
mentioned above. Specific conductivity is only one of the properties
used in trying to get different expressions of the complexity of a
site. The total value of electrically charged dissolved particles in an
aqueous solution might usefully reflect a significant environmental
factor. But because of the difficulties in method, it seems wise for
the present not to make too broad inferences from specific conduc-
tivity determinations on peat.

Cation exchange capacity and degree of neutralization are a com-
mon expression of the exchange properties of a soil. These properties
are shown in Figures 55—56.

The total exchange capacity (H;O" ions and metal ions) does not
vary much between the plant communities (Figs. 53, 54); the average
of all samples is within the range 125 to 175 meq./100 g of soil. When
computed per unit volume the range increases to about 120—230 meq./
dm? of soil. However, the variations between separate analyses are
much greater. For ash contents < 20 %, the exchange capacity may
vary from about 60 to 270 meq./100 g of soil (70—440 meqg/dm3).

In the central area, the cation exchange capacity is highly affected
by the great excess of HzO  ions giving rise to fairly high total ex-
change capacities: 100—-170 meq./100 g (60—165 meq./dm3). How-
ever, the highest values on a weight basis are recorded from the Oxalis-
spruce wood. The lowest, on the other hand, are for the boundary with
the non-peaty land. The mineral soil-mixed peat, which is very like
mull, even has exchange properties suggestive of mull, viz., exchange
capacities of 20—150 meq./100 g, which are in general lower values
than those of peat proper. On a volume basis, the corresponding values
are 180—470 meq./dm?; and computed on combustible matter, 170—
330 meq./100 g, which is on average somewhat higher than Sjérs’
(1961 a) values for “forest mull”.

In 252 peat samples, mainly from N Finland, Puustjarvi (1956)
measured exchange capacities varying between 47 and 167 meq./100 g
for various peat types (dried samples). The figures are not strictly
comparable to those from Jégarmossen and other sites in Uppland
because of the different methods used, but they are useful as relative
figures in showing that there is a characteristic order of various peat
types, in the same way as is shown in the present paper.

The metallic cations, on the other hand, show distinet differences
between the plant communities. The central pine wood area and the
neighbouring bilberry-spruce wood have only small quantities of
exchangeable metal ions, usually < 50 meq./100 g, whereas the mead-

11—412204
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ow-forest communties have 80—-100 meq./100 g. The mineral soil-
mixed peat of the boundary also has a comparatively low value for
exchangeable metal ions, 10—50 meq./100 g. The greater part of Jigar-
mossen rests on a substratum of sand, with clay in places, and doubt-
less these soils have an important effect on the exchange properties
of the peat directly above. Where the admixture of clay is large, the
quantity of exchangeable metal ions may even be fairly high, up to
50 meq./100 g, but where there is more sand there are only about
10—20 meq./100 g of exchangeable metal ions.

Sjors (1961 a, p. 22) gives figures for the exchangeable metal ions
for various types of peat land: 14 meq. or less in 100 g of combustible
matter in an ombrotrophic bog, 15—49 in poor fen, 45—80 in mode-
rately rich fen and 93 or more in extremely rich fen. In comparison
the Ledum-pine wood and the bilberry-pine wood fall in the poor
fen class, the bilberry-spruce wood and the Maianthemum-spruce
wood in the rich fen class and the Oxalis-spruce wood and grass-rich
birch-spruce wood in the extremely rich fen class. Consequently, on
the basis of this classification, the Ledum-pine wood was never an
ombrotrophic area, because the average content of exchangeable metal
ions is 26—27 meq./100 g loss on ignition. As yet there has probably
been no metal ion supply to the surface peat after drainage, since the
ditches are too deep to allow a superficial stream transporting mineral
soil-water. Thus the metal ions present were probably present before
drainage. But the conditions are somewhat complicated because in-
creased aeration and humification of the surface peat are likely to
have changed the exchange properties.

The degree of neutralization probably gives a better description of
a site than any of the other exchange properties mentioned. It is also
independent of the organic matter content of the soil, as is especially
obvious in the samples from the boundary with the non-peaty land,
where ash content is very variable. The degree of neutralization (Figs.
55, 56) also agrees better with those properties showing an apparent
positive gradient from the centre towards the periphery. The Ledum-
pine wood has an average of about 20 %, the grass-rich birch-spruce
wood about 60 %, and the other communities have intermediate values.
About a quarter of all samples from the pine wood area have 20 % or
less degree of neutralization and the lowest value recorded is 10 %
these are figures as low as those recorded from various ombrotrophic
areas (bogs), where they seem to vary from 16 % downward, “the per-
centage of neutralization is 16 or less in the true bogs” (Sjoérs 1961 a,
p. 22, 50; see also Malmer 1962 a: Fig. 57). But experience from other
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Fig. 55. Distribution of the degree of neutralization of the peat on Jigarmossen.—Dotted
lines: boundaries between the plant communities.

peat lands visited has shown that values as low as 20 % or less for
drained peat land are uncommon. It also seems that very high percent-
ages (2 75 %) for such sites are uncommon. The acidification follow-
ing on draining evidently leads to a decrease in degree of neutraliza-
tion too.

Determinations of total nitrogen, phosphorus, potassium and cal-
cium have been made on peat from the sample areas only, so that
a smaller number of analyses have been obtained.

The nitrogen content of the peat from the same vegetation type
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Fig. 56. Distribution of the degree of neutralization of the peat in the different plant
communities on Jigarmossen.—For symbols, see Fig. 46.
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Fig. 57. Distribution of the nitrogen (N) content of the peat in the different plant commu-
nities on Jigarmossen—Each line indicates a sample from a sample area. VI,
see Fig. 3.

can vary considerably (see Malmstrém 1952), but usually bog peat
is low in N in contradistinction to various kinds of fen peat, where
values as high as 3—b5 % on an ash-free basis, have been recorded
for extremely rich fens (Sjors 1961 a, p. 25, 50).

For Jagarmossen there is a strong tendency towards increasing peat
N content in the direction from the poor Ledum-pine wood towards
the richer meadow-forest communities of the periphery (Fig. 57).
Average N content varies from 1 to 3.5 %. The lowest recorded N con-
tent was 0.75 % (the Ledum-pine wood) and the highest was 3.5 %
(the Oxalis-spruce wood). The clay gyttja reaches as high a value of
N as 4.7 % of the loss on ignition, which is as high as Sjors (1961 a,
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Fig. 58. Distribution of the phosphorus (P) content of the peat in the different plant com-
munities on Jdgarmossen.—For symbols, see Fig. 57.
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Fig. 59. Distribution of the potassium (K) content of the peat in the different plant com-
munities on Jagarmossen.—For symbols, see Fig. 57.

p- 46) measured for forest mull. On pure peat the highest value
measured in the present study was 4.7 % N from Gisselds mire in
Jamtland and the lowest was 0.47 9% N from MAasmossen in eastern
Uppland. Similar tendencies have been reported by other authors:
Osvald (1937, Table 9) quotes 2.4 % N for a number of fen peat soils
and 1.3 % for bog peat soils (cultivated?); Persson (1962, pp. 66—69,
75), 4—b5 9% N for various extremely rich fens; Malmer (1962 a, pp.
304—306; 1962 b, pp. 58—60), 0.6—2.9 % N for bog and fen sites.
The results of the phosphorus analyses are in agreement with the
known fact that the phosphorus content of peat is generally low in
comparison with that of a mineral soil (a notable exception is peat
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Fig. 60. Distribution of the calcium (Ca) content of the peat in the different plant com-
munities on Jigarmossen.—For symbols, see Fig. 57.
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containing some vivianite). The percentage contents have the same
numerical values as the surrounding mineral soil (Ch. 3), but because
the apparent density of the mineral soil is 5—15 times that of the
peat, the store of phosphorus is at least 5—15 times less than in the
mineral soil.

In the surface samples from Jagarmossen the P contents vary from
0.04 to 0.14 %. There is an even, but not particularly large increase in
percentages and weights per unit area from the centre of the peat
land to its marginal areas, from a mean value of about 0.05 % P in
the Ledum-pine wood to 0.11 % P in the Oxalis-spruce wood (Fig. 58
and Table 28). This is not a general rule as bog peat and “better”
fen peat often have similar P contents (Osvald 1937, p. 220). Bog peat
may even have a higher P content than fen peat, so that the P reserve
may sometimes be the same in different peat types (Malmer 1962 a,
p. 202). Similar results, from limited material were shown by Lukkala
(1929 b) for three different forest plant communities on different peat
substrata. In Sjors’ (1961 a, p. 50) material the rich fens usually have
considerably higher P contents than the poor fens or ombrotrophic
bogs.

When the drier soil and younger plant communities of Jagarmossen
were formed it is assumed, that the communities nearest to the mi-
neral soil obtained more P from the mineral soil-water than commu-
nities farther out. Nevertheless there are examples that show that
even in the central areas the surface peat has about the same percent-
age content of P as in the peripheral areas, thus supporting some
published data. In the main, however, there is a consistent variation
between the plant communities studied, which is in agreement with
Mattson and Karlsson’s (1944, p. 194) analyses of various peat-form-
ing plants. It has also been shown that the P content of the green parts
of more demanding plants is higher than that of less demanding
(op. cit)). -

The comparatively even distribution of the percentage P contents
between the plant communities may be explained by a higher uptake
by the vegetation in the originally P richer (and on the whole more
eutrophic) parts, and a lower uptake in the P poorer (more oli-
gotrophic) parts.

P contents > 0.1 % have been obtained only within the sample
areas next to the non-peaty land, where the thickness of the peat is
small (0.3—1.0 m). The surrounding mineral soil and the mineral
soil below the peat certainly has an effect. At present there is not
likely to be any supply from surrounding mineral soil because there
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are ca. 60 cm deep marginal ditches. However, the slight solubility of
the phosphorus means that the greater part of phosphorus fixed in
peat (plant remains) before ditching still remains there, although a
certain amount has been taken up by the present vegetation.

The highest phosphorus contents (0.20—0.25 % P, see Fig. 43) have
been recorded from some very wet birch communities rich in grass
and herbs on the large Kerstinbo mire in W Uppland.

The potassium content is, Fig. 59, exceedingly low in comparison
with a mineral soil and the concentration to the superficial parts of
the soil is extremely pronounced.

At a depth of 0—20 cm in the sample areas, the K contents vary
between 0.023 and 0.073 % (mean of 41 analyses 0.038 % K). At 0—10
and 10—20 cm depths, 13 samples of each, the first group has a mean
of 0.047 % (0.028-—0.067 %) and the second 0.020 % (0.014—
0.027 %), so that 10--20 em below the soil surface the K content is
already less than half that of the layer above. In all samples from the
surface layer (0—20 cm) only once does the K content reach the same
value as the P content. The quotient P/K is, on average, 2:1 (1.0—
4.6:1) in the layer 0—20 c¢m. The layers 0--10 and 10—20 cm have
the average values 1.9:1 (1.2-—5.0: 1) and 3.3:1 (1.6—5.5:1). From
this follows that the relation between P and K increases by an average
of almost 75 % when sampling depth is increased 10 em. This implies
that K content diminishes appreciably more rapidly with depth than
P content; the differences at depths > 20 cm are still greater (see
below, c¢.). By comparison, in the surrounding mineral soil the P/K
ratio is 0.07--0.3: 1.

The comparatively high contents of P and K in the superficial, well
aerated, parts of the peat presumably mainly depend on the concentra-
tion that is occurring and has occurred in living and recently dead
organisms (roots, fungi, bacteria, animals, etc.). Yet a preliminary
investigation showed that only about 10 9% of the total amount of
potassium in a soil sample was in the roots.

Potassium is the only plant nutrient studied that does not show
any regular variations in total percentages between the plant com-
munities (see e.g., Heikurainen 1953, p. 136) except that there is
slightly less K in the more productive areas (Fig. 59). This is also
likely with regard to the primarily low K content of peat and its main
occurrence as easily soluble ions (Ch. 14). As for P (and also for
other nutrienfs) the consumption is highest in the productive stands,
but the availability of K is more limiting (see Ch. 14). The compara-
tively high calcium contents may also o a certain degree be unfavour-
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able for the K economy. At higher Ca concentrations, the Ca ions will
tend to replace the exchangeable i, which then may be leached out
from the site by drainage water.

As will be shown later, the K analyses are fairly typical of a drained,
forested peat land on a moderately lime-rich substratum. Thus K con-
tents in the surface peat (0—20 cm) higher than 0.08 % and lower
than about 0.02 % are fairly rare in other peat lands studied.

Calcium has about the same distribution pattern as nitrogen in the
area, with increasing values from the centre towards the boundaries
(Fig. 60). In contrast to phosphorus and potassium, there is increasing
calcium concentration with increasing depth in the peat (see below,
b.).

On the whole, none of the other nutrients shows so great differences
between the various plant communities as calcium. Thus the range
between the Ledum-pine wood and the Owxalis-spruce wood is 0.3—
3.0 % Ca, and the differences between the heath-forest communities
(I-—III) and the meadow-forest communities (IV—VI) are very dis-
tinct (Fig. 60).

Recent agricultural chemical investigations have led to other me-
thods of determining easily soluble nutrients and nutrient reserves (Ch.
10. C.). An account of the results of these methods applied to P and
K for the peat samples from Jigarmossen is given below. The agri-
cultural classification is included to make interpretation of the ana-
lyses easier. Both for AL- and HCl-soluble P and K there are five
classes based on increasing yield with increasing content of the various
nutrients in the soil (see Fredriksson 1961 b).

Table 16. Standards for the evaluation of ammonium lactate extractable (AL) and hydro-
chloric acid extractable (FICl) soil phosphorus and soil potassium analyses for agricultural
purposes. Mg per 100 g air-dry arable soil (see Fredriksson 1961h)

Classes
I | 11 [ 11l | v l Y
K-AL......... =~ 4 40— 80| 81— 16 | 17 — 32 = 32
P-AL......... > 2 2.0~ 40| 41— 80 8.1— 16 > 16
K-HCL....... =50 50 —100 (101 —200 | 201 —400 =400
P-HCI........ >20 20 — 40 | 41 — 60 61 — 80 > 80

13

It must be emphasized that at present these “site classes” probably
cannot be applied neither to mineral nor to organic forest soils. There
is as yet (as far as is known to the author) not a single experiment
in forestry where these methods are studied or applied to forest cco-
logical problems. As an example of the difficulties which may arise,
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the present investigation shows that there is a negative relation be-
tween annual increment of growth of the tree stands and the contents
of P-AL in the soil. For total P the relation is positive. Under such
circumstances it seems hazardous to apply the unmodified AL or HCI
methods to forest sites. It must, however, be remembered that these
analyses are intended for practical farming and more particularly for
preparation of fertilization programmes. Therefore it is not to be
expected that they would immediately be applicable to forestry pur-
poses.

In the diagrams and maps the original units are used, mg/100 g of
soil, but in contrast to agricultural routine the values are computed
per unit of oven-dry and not air-dry matter. Such values are not very
greately different since, on average oven-dry matter analyses are
about 10 % lower than air-dry. Moreover, the classes on the maps are
more detailed than in agricultural practice because there are no or
very few samples falling in the higher classes.

For P-AL and P-HCl (ammonium lactate-soluble and hydrochloric
acid-soluble phosphorus) there are certain characteristics which dif-
fer from those of total P. There seems to be no correlation between
P-HCl and the various plant communities (¥igs. 61, 62). The mean
values fall in the range 18 to 22 mg/100 g of soil and the order between
them is quite irregular, e.g., the Ledum-pine has the same P-HCI value
as the Maianthemum-spruce wood and the bilberry-pine wood the
same as the grass-rich birch-spruce wood. However, if the P-HCI is
computed on a kg/ha basis the picture becomes somewhat different,
because of the denser peat of the meadow-forest communities. Hence
there is the regular order of increasing values (mean) from the central
to the peripheral part of the area, but as seen in Fig. 62, there is also
considerable variation within a single vegetation type, so that most
of the analyses are over-lapping.

The AL method (as well as the HCl method) has been in use only
a relatively short time, but as the P analyses give values in close corre-
lation (Karlsson and Jonsson 1959) to Egnér’s well-known lactate
method which has been used for a long time, it may be permissible to
equate the two kinds of analyses on making comparisons with data
in the literature. Unfortunately there is only a very scanty material
for comparisons in forest ecological literature and particularly in
literature about forested peat land. For virgin peat soils there are,
however, some comprehensive collections of data from Finland (Kaila
1956 a, b), but none of her methods are the same as that used in the
present investigation.
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Fig. 61. Distribution of the P-HCI content of the peat on Jigarmossen.—Dotted lines:
boundaries between the plant communities.

As a rule, only a small fraction of the total phosphorus is extract-
able with the AL solution (or lactate solution according to Egnér). As
low values as 1 % have been reported by Sjoérs (1961 a, p. 24). For 13
samples from Jagarmossen, an average of 9 % (2—17) was obtained
with the AL method (35—40 % of total phosphorus with the HCI
extraction).

Sjors (op. cit. p. 50) has listed lactate P values of 3—8 mg/100 g
for ombrotrophic and poor fen sites and 1-—18 mg for various rich
fens sites. In the main it seems that the P-AL wvalues from Jigar-
mossen are in agreement with those of the poor sites but lower than
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Fig. 62. Distribution of the P-HCI content of the peat in the different plant communities
on Jidgarmossen.—I7or symbols, see Fig. 46.
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Fig. 63. Distribution of the P-AL content of the peat on Jiagarmossen.—Dotted lines:
boundaries between the plant communities.

those of the rich sites. Only once was P-AL as high as 10 mg/100 g of
soil. Even Sjors’ values for “forest mull” (op. cit. p. 46), which is
poor in soluble P, are generally higher than those for Jigarmossen.
On Jagarmossen there is a very characteristic distribution pattern
for the values from P-AL analyses (Figs. 63, 64). The highest are for
the poor communities of the heath-forest type and the lowest for the
communities of the meadow-forest type, i.e., just the opposite of most
of the other properties studied. However, the lowest mean value from
the heath-forest is from the Ledum-pine wood, but this is not as low
as any of those for the meadow-forest. The bilberry-pine wood has
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Fig. 64. Distribution of the P-AL content of the peat in the different plant communities
on Jégarmossen.—For symbols, see Fig. 46.
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Fig. 65. Distribution of the K-HCI content of the peat on Jagarmossen.—Dotted lines:
boundaries between the plant communities.

the highest mean P-AL value of all communities and then there is a
gradual decrease in P-AL towards the non-peaty land. The differences
on a percentage basis are so great that it makes little difference if
P-AL is computed on a kg/ha basis and except for slight deviations
the order between the communities remains the same.

For K-AL and K-HCl (Figs. 65—68), there are tendencies similar
to those for P-AL and P-HCI. Thus as seen in Fig. 66, there are very
small differences in X-HCl between the plant communities. The mean
values are about the same for the communities I and IV (12—13
mg/100 g) and for II, I, V and VI (15—17 mg/100 g), but the varia-
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Fig. 66. Distribution of the K-HCI content of the peat in the different plant communities
on Jigarmossen.—For symbols, see Fig. 46.
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Fig. 67. Distribution of the K-AL content of the peat on Jégarmossen.—Dotted lines:
boundaries between the plant communities.

tion within a single community is very large. When K-HCI is computed
in kg/ha, there is a slight increase from the central area to the peri-
pheral part, but the Maianthemum-spruce wood still has as low a mean
value as the poor pine wood area. The map, Fig. 65, shows that the
influence from the mineral soil is very strong at the boundary with
the non-peaty land. It is especially the underlying clay gyttja that has
a fairly high percentage of K. Moreover, the gyttja soil has a much
higher apparent density than the peat, and therefore the differences
become still more marked when computing K-HCI in kg/ha.

The distribution of K-AL is (Figs. 67, 68), on average, similar to
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Fig. 68. Distribution of the K-AL content of the peat in the different plant communities on
Jdgarmossen.—For symbols, see Fig. 46.
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that of P-AL, i.e., fairly high values in the heath-forest and low in the
meadow-forest. But the K-AL values are more irregular in that quite
high values are obtained for peat from the central area as well as for
mineral soil-mixed peat at the boundary.

b. Vertical distribution

Some properties of the peat, similar to those treated in the preced-
ing section, will now be discussed in relation to depth.

In the centre of each sample area a vertical profile was dug to vary-
ing depths. The profiles were at the most 2 m deep, but sampling
never occurred at depths greater than 1 m. In three profiles (Jm 3,
5 and 8) the subsoil (clay gyttja) was reached before 1 m (50, 50 and
70 cm respectively) and sampling was not continued to greater depths;
in two profiles (Jm 7 and 12) the subsoil was reached at the 90—100
cm level. The other profiles consisted of peat to a depth of at least
100 em. Only half the number of profiles is shown in the Figures
69—75; these profiles have been selected as representative of each
plant community (I-—VI), but the others are also discussed in the text.

The results of the analyses may be roughly divided into three
groups: (1) those that increase with depth, viz., ash content, pH and
calcium content; (2) those that decrease with depth, viz., potassium
and phosphorus content, and (3) those that change only slightly or
irregularly with depth, viz., apparent density, nitrogen content.

At other sites studied it was found that the degree of neutralization,
specific conductivity and extractable calcium (AL and HCl) also in-
crease with depth. Total magnesium seems first to decrease (0—30
cm) and then to increase. Extractable potassium and phosphorus (AL
and HCl), like total P and XK, also decrease with depth. Exchange
capacity seems to be fairly constant throughout a profile, provided no
strata with extreme properties occur.

The regular increase in ash content with increasing depth is shown
in Fig. 69. The profile from the Ledum-pine wood (I, Jm 1) differs
from the others in having the maximum value (3.2 %) already in the
0—10 em level. After thalt the values decrease down to the 40—50
cm level (0.96 %, absolute minimum for all profiles), which is follow-
ed by a secondary maximum (1.8 %) in the 70—80 cm level. The
comparatively high value at the surface is a phenomenon of quite
general occurrence concerning peat of a more or less ombrotrophic
origin in Europe (von Post 1926; Mattson et al. 1954; Assarsson 1961;
see also Tamm 1958). For the other profiles this effect is masked by
the increase in ash content that follows humification of the peat.
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Fig. 69. Vertical distribution (cm below soil surface) of the ash content of the peat in
different sample areas (plant communities).—For sample areas Jm 1, 4, 6, 9, 11
and 12 and plant communities I—VI, see Figs. 2 and 3.

Mattson et al. (1954) suggest that the higher ash concentration in the
surface layers is closely correlated with intensified farming in more
recent periods. This has contributed to the increased amounts of air-
borne, and later deposited, material. It is thought to be mainly SiO;
and Fe:03 4+ Al:Os which raise the ash content in this way. Assarsson
(1961), however, considers that he cannot “support the anemophorous
supply”. Binns (1962) also has doubts about the effects of air-borne
matter. Fraser (1933, p. 58) ascribes the high ash contents of the
surface peat “to the unavoidable inclusion of living plants in the
sample”. However, the air-borne matter must be important because
most of the ash is composed of silica and aluminum compounds,
which probably cannot reach an ombrotrophic site in considerable
quantities in any other way than through the atmosphere, even if
there is a vertical capillary movement (Assarsson 1961, p. 21).

In the profiles not affected by the mineral-rich subsoil, the ash
contents usually vary between 3 and 6 % at the surface and 12—14 %,
and sometimes somewhat higher contents, at the bottom. Differing
from this pattern is profile Jm 8 (V, not shown in Fig. 69) in which
the ash content is nowhere lower than 11 % (11.2—13.2 %). In
Carex and Carex-“brown mosses” peat in general, the surface layers
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Fig. 70. Vertical distribution of the acidity (pH) of the peat in different sample areas (plant
communities).—Cf. legend in Fig. 69.

usually have a lower ash content (<10 %), and reach values as high
as those of Jm 8 only at greater depths. See also Heikurainen’s (1953)
very high ash values for eutrophic pine mires in N Finland.

For some profiles there are no great changes between the different
levels (e.g., II and III) while others show considerable changes (e.g.,
V and VI with a doubling for a 10 cm increase in depth.

The variations in pH (Fig. 70) are still more pronounced than those
in ash. In all profiles there is an inerease in pH with increasing depth,
but some irregularities should be pointed out. In the heath-forest pro-
files, but in none of those from the meadow-forest, there is in the
surface layers a decrease in pH. This effect is probably due to drying
of the surface peat. The very high water-table within the Ledum-pine
wood (I) has hindered such a development, but where the water-
table is low (II, III, Jm 6 and 9 and also Jm 2 on the boundary between
heath-forest and meadow-forest) it is evident. In the true meadow-
forest profiles there has certainly also been such a pH decrease but
the very high Ca content (Fig. 71) of that area probably has a strongly
buffering effect.

The greatest difference (2.3 units) between surface peat and bot-
tom peat is shown for profile Jm 10 (III) with pH 3.6 at the top and 5.9
at the bottom, and the least (0.8 units) in profile Jm 12 (VI) with
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Fig. 71. Vertical distribution of the calcium (Ca) content of the peat in different sample
areas (plant communities).—Cf. legend in Fig. 69.

pH 4.7 and 5.5 at the top and bottom, respectively. The average varia-
tion between top and bottom is about 1.5 units.

Calcium (Fig. 71) also shows a marked increase with depth. Its
property of being fairly easily leached is shown by the moderate
contents in the 0-—10 cm level and the pronounced increases in the
next one or two decimeters. In the Ledum-pine wood the situation is
different, however. There a high permanent water table impedes a
downward leaching water movement. On the other sites such move-
ment is likely to occur. However, the situation becomes rather compli-
cated because other peat types with other qualitative properties and
other original contents of caleium are met with at greater depths. The
permeability of the material may also be decisive (Troedsson 1957).
Thus, because of the various habitats in which the peat has been
formed, the profiles become different from one another. Profile Jm
1 (I), Ledum-pine wood, has developed in an oligotrophic site (poor
fen) and has on the whole, about the same Ca contents throughout
(see also above). Most of the other profiles show an increase in Ca
content from the top to the 30—50 cm level and then more or less
constant values. The profiles Jm 2, 6 and 9 (III -~ 1V, II and III) have
a steady increase in Ca down to 100 cm and not even a tendency to-
wards a decrease at the bottom in spite of the very high Ca percentages.

12412204
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Fig. 72. Vertical distribution of the phosphorus (P) content of the peat in different sample
areas (plant communities).—C{. legend in Fig. 69.

These differences between the profiles are most easily explained by
the suggestion that the peat composed of the most lime-rich com-
munities has not yet been reached at the bottom of the latter series
of profiles. In consequence of the greater filling-in of lime-poor peat
in the centre of the area, contemporary deposits are met with at
greater depths in the central than in the peripheral parts. That
the lime content was once also high there is shown by the very rich
lime precipitation (calcareous mud) during the last epoch of the
former lake (see Fig. 33).

Total phosphorus decreases with increasing depth (Fig. 72) to a
depth of not more than about 30—40 cm below the soil surface, after
which it is fairly constant. The content in the surface layer (0--10
cm) of 0.04—0.14 % has already changed to 0.03—0.06 % in the 10---
20 cm level, below which the contents on average are 0.03 % (> 0.02
—> 0.04 %) down to the bottom. The effect of the vegetation on the
vertical distribution of P, suggested earlier, is fairly evident.

The decreasing P content with depth contrasts in part with the in-
vestigation by Kaila (1956 a). She found that there was no regular
relation between P content (total) and depth except for “some tenden-
cy to an increase in the P content with increasing depth in the peat
lands of lower quality, in peal lands of higher quality the opposite
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Fig. 73. Vertical distribution of the potassium (K) content of the peat in different sample
areas (plant communities).—Cf. legend in Fig. 69.

often holds true” (op. cit. p. 92). However, all profiles from Jigarmos-
sen, as well as those from other sites in Uppland show decreasing P
content with depth even on poor sites.

A peculiar feature of the stratification of P is its very even concen-
tration below the main part of the rooting region. It was suggested
above that the vegetation gradually reduces the level of P to a uniform
concentration irrespective of the other properties of the peat. It is
conceivable, although speculative, that the difference between the P
content of the surface layers and the “constant” content of about
0.025 % P in the layers below, is that part of the total phosphorus
which enters into the circulation between substratum and living
organisms, making allowance for that part leached out of the site.
For the measured P contents and an assumed average apparent density
of about 150 g/dm?, the P in circulation would then be 456—375 kg
per ha to a depth of 20 cm, for the sample areas. To some extent
this opinion is supported by an investigation by Kaila (1956 a), accord-
ing to which the solubility of organic as well as inorganic P diminishes
noticeably at greater depths in the peat. Kaila also found that the
easily extractable P is taken up by the organisms; some of it can
even be removed by leaching water.

The distribution of potassium (Fig. 73) is very like that of P. The
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ease with which K is released from a peat soil is shown in the
profiles where it can be seen that much of the K is concentrated in
the surface soil. In peat from a greater depth than 20 cm, the K
content is exceedingly low. A large number of the analysis values are
as low as one or a few thousandths of a per cent. It is difficult to
put these values in perspective because accounts for sample series
in deep, vertical profiles are fairly rare in the literature, and methods
of analysis are different. According to Kaila and Kivekis (1956), K
accumulation in the surface layer seems to be fairly typical for a
peat land.

On Gisselas mire, a calcareous mire in the province of Jamtland,
Booberg (1930, p. 206) obtained a minimum of 0.02 % K.O in samples
from 65—75 cm below the surface (0.05—0.08 9% in the surface 0—
20 cm), but the present author has, for three potassium-deficient sites
on the same mire, obtained only 0.004—0.009 % K in the level 10—
20 cm below surface. Von Post (1926, p. 37) mentioned 0.01 % K.O
as the lowest content in the 50—100 ecm layer in a 9 m deep profile.
Numerically comparable K contents were reported by Lgddesgl (1934,
p.- 108) for a sampling depth of 40—60 cm on various peat lands.
Malmstrom (1935 and 1952) reported K:O contents of less than
0.01 % even in superficial layers on the nutrient-poor Hall mires in
the province of Véasterbotten. Binns (1962) found ca. 0.01 % K at a
depth of 20—25 cm.

The clay gyttja is K-rich; some samples reach about 1 %, which
is even more than that of the subsoil of the surrounding mineral soil.
The K contents of mineral soils are, however, often very variable. For
instance, O. Tamm (1940, p. 58 and 121) mentioned K:O contents of
0.43—3.14 % in glacial till. Because of the high K content of the clay
gyttja, the variation within the profiles reaching this is very distinctive
(Fig. 73, VI). Thus, in profile Jm 8 (V) the ratio between the lowest
and highest contents is about 1:150, which is a ratio not approached
in any of the other profiles. But also within purely peaty profiles the
variations are large; in Jm 6 (II) the ratio between the lowest and
highest contents is 1:70. Between the profiles this ratio can reach
as high as 1:1000. In this respect the peat soils differ markedly
from mineral soils (at least those uncultivated). It should be remem-
bered that the differences in concentration found in the peat do not,
to more than a small degree, depend on the various qualities of the
peat as such, but on other factors such as the uptake of the organisms,
leaching ete. The range of K contents in all the peat types studied
is very moderate.
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Fig. 74. Vertical distribution of the apparent density (g/dm?) of the peat in different sample
areas (plant communities).—Cf. legend in Fig. 69.

Within the third group—mno or irregular changes with depth—
apparent density and nitrogen show, in the main, the same features,
but there are minor deviations here too.

Apparent density (Fig. 74) seems to be a sensitive characteristic of
the nature of the material sampled. In some profiles with an ap-
parently homogeneous stratigraphy large variations were found even
with only small changes in depth. On investigating the peat more
thoroughly it was found that the variations were due to fallen, almost
completely humified, trees which were difficult to discern in the
samples when the peat was wet. The tree remains had a lower apparent
density than the peat proper. This relation is exemplified in the bot-
tom of profile Jm 4 (V).

In the Ledum-pine wood (Jm 1) the highest apparent density is
at the surface, the lowest at the bottom of the profile. In all other
profiles, the highest apparent density is at a level below 20 cm, except
for those profiles reaching the clay gyttja, in which the maximum
occurs. While the peat proper has apparent densities of < 300 g/dms,
the clay gyttja reaches 300—800 g/dms3. The very ash-rich clay gyttja
at Jm 5 even has as high a value as many clay soils in general, about
1300 g/dms. In the profiles reaching the clay gyttja, it was found
that the transition zone between the gyttja and the peat is very re-
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Fig. 75. Vertical distribution of the nitrogen (N) content of the peat in different sample
areas (plant communities).—Cf. legend in Fig. 69.

stricted. No noticeable increase in apparent density indicating the
proximity of the gyttja, occurs until the sample auger cuts into it; see
for instance Jm 12 (VI) and compare with the ash distribution (Fig.
69).

As seen in Fig. 75, there are no marked features in the nitrogen varia-
tion within the profiles; most of the changes are apparently irregular.
In three of the purely peaty profiles (Jm 2, 6 and 9) there is an
obvious increase with depth (compare calcium), but in two others
the values at the top are higher than those of the bottom sample
(Jm 1 and 4; the Ledum-pine wood and the Oxalis-spruce wood). The
greatest variations in nitrogen content (calculated on a dry matter
basis) of the profiles occur when the profiles reach the ash-rich clay
gyttja. In this nitrogen resembles the other analyses, except pH which
is not to any noticeable extent affected by the clay gyttja. In a profile
with only peat the ratio between highest and lowest N content is never
more than 2:1, but in a profile with clay gyttja this ratio becomes 7:1
because of the fairly low percentage of nitrogen in the clay gyttja.
When N percentage is calculated on the basis of organic matter (which,
on principle, it should be) the picture becomes considerably changed.
Then N contents reach the same numerical values in the clay gyttja
as in the peat, and sometimes the highest values of peat are exceeded
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(Jm 8). The variations between various peat types are partly illustrated
by the ratio between highest and lowest N contents of about 5:1
(“peat mull”, with degree of humification H, ,,: low-humiftied Sphag-
num peat with rhizomes of Scheuchzeria, H.).

¢. Store of nutrients

The total store of nutrients in the soil might be assumed to be a
factor of prominent importance for estimates of the potential produc-
tivity of a site.

The relations between productivity and the store of nutrients, how-
ever, are far from solved, and some of the ideas expressed in the
literature seem at first, to be quite contradictory. For instance,
Osvald (1937, p. 221) wrote referring to nitrogen, that the property
most important from a practical point of view, is the quantity per
hectare to a certain depth (usually 20 cm). Romell {1955), also refer-
ring to nitrogen, but with a general bearing as well, wrote of “the
great importance of the sfore of nutrients as a site factor, the store of
nitrogen in the first place — — —.” Jansson (1959), on the other
hand, is of the opinion that a determination of the static store of
nitrogen is fairly meaningless; it would be better to try to make an
estimation of the “net mineralization”. He further wrote (op. cit.;
transl.), “that it is of little use, to calculate analysis data in kg per ha
and then try to relate these figures to the demand of the crops. Instead,
the analysis data should be treated as relative numbers, of which a
high value denotes favourable equilibrium conditions, i.e., a rapid
restoration of the plant-available fraction gradually drawn off by the
uptake of the crops.”

Surely it is a common view that the store of nutrients should be
regarded as relative magnitudes; this is largely the case where forest
nutrition problems are concerned. The relationship between produc-
tivity and store of nutrients is probably more complicated for forest
crops than for field crops since it is affected to a larger extent by other
factors (water balance, tree species distribution, stand age, rotation,
ete.) than the individual properties of the trees. For field crops, with
their short rotation period and the more controlled conditions of
cultivation, it is therefore usually easier to determine the nutrient
requirements of the plants to maintain a certain production during
average circumstances.

In forestry the quantity of nutrients removed by the crop is, at least
in Scandinavian forestry, still of fairly small importance to the nutrient
economy, since the most important parts of the trees (needles, twigs,
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Table 17. Standards for the evaluation of peat soil analyses, according to Hjertstedt (1936)

Apparent Lime |Nitrogen
* p - Jidgarmossen
Ash 9% density 108 ke to 20 . =
o ldm? g to cm Number of sample areas
o depth
1 2 3 4 1 2 3 4
Slight <1 <2 — — 1 1
Very low < 5 <100 1—2 2—4 4 1 2 2
Low 5-—10{ 100—150 2—3 4—6 5 5 1 3
Tolerably low 150—200 3—4 6—38 — 4 1 1
Moderate 10—15| 200—250 4—6 §—10 3 -2 2 3
Tolerably high 250—300 6—8 10—12 — — 2 2
High 15—20] 300—350 8—10 | 12—14 —— — 2 —_
Very high >20 =350 10—12 | 14—16 — — 1 —_
Unusually high| >12 16 — — —

bark in many cases, stumps and roots) are left in the forest. Of greater
importance is the quantity of nutrients contained by the trees, with-
drawn from the circulation. This is especially obvious on sites with a
suboptimal supply of nutrients (see Ch. 11 and 14).

Two tables concerning the store of nutrients in peat soils are pre-
sented below. Table 17 is a summary of classification of peat analyses
according to Hjertstedt (1936) and Osvald (1937). For comparison,
the analyses from the 12 sample areas on Jigarmossen are included
and distributed with respect to the various classes. This summary was
intended for agricultural purposes and cannot be directly applied to
forestry, but it gives a rough estimate of the nutrient status of the
various sites. .

With regard to ash content and apparent density, the number of
sample areas suitable for cultivation is two and three, respectively,
and with regard to nitrogen and lime only five and seven. It can thus
be seen that it is very difficult to apply practical experience from
farming to practical forestry. All the sample areas, except one, have,
as will be shown later, a forest production which far exceeds the
average for that part of the country and is equal in magnitude to that
on the best sites. However, it must be remembered that the present
tree stands are the first generation only.

1t was found that the distribution of tree roots at various levels in
the soil was only exceptionally restricted to the 0—20 cm level. The
summary in Table 18 shows that, in general, there is fairly even root
distribution to a depth of 25—30 cm, sometimes still deeper. This
means that a nutrient store greater than the stated standard (Table
17) is at the disposal of the trees. Below the levels mentioned the root
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Table 18. Total quantity of nutrients down to the level of greatest root frequency and
greatest root depth within the individual sample areas (see text)

Sample | Plant [Tt & 1 p | Kk | calGreatest | N | P | K | Ca
root fre-
area commii- root depth
no nity* quency cm
’ cm 10% kg per hectare 10°% kg per hectare
Jm 1 I 10 1.0| 0.06| 0.05] 0.3 20 1.5| 0.08| 0.06| 0.5
2 1141V 25 58| 0.18| 0.08| 4.5 60 144 0.35| 0.10} 16.2
3 v 25 14.5| 0.63} 0.16| 11.7 50 25.2| 0.94| 0.54| 19.8
4 v 30 12,5] 0.45] 0.11| 18.0 50 19.8| 0.54| 0.14| 32.5
5 VI 30 12.5] 0.38| 0.26| 10.8 45 20.7| 0.81} 0.99| 24.3
6 11 25 4.5( 0.15] 0.11| 1.4 60 11.7] 0.29 0.13] 5.8
7 Vi 30 13.5| 0.35| 0.11] 14.4 65 32.4] 0.58| 0.22{ 51.3
8 v 25 13.5| 0.38 0.18| 15.3 50 24.31 0.50] 0.22] 32.4
9 III 35 8.6| 0.22| 0.14| 5.8 70 22.5| 0.39] 0.16| 25.2
10 111 30 8.1 0.23| 0.11| 5.0 65 21.6| 0.43( 0.14] 25.2
11 v 35 9.91 0.25| 0.10} 14.4 40 11.7| 0.31| 0.12| 19.8
12 VI 50 19.8| 0.40] 0.17) 38.7 75 32.4] 0.52] 0.24| 56.7

1 See Fig. 3 and Ch. 4. B.

frequency falls off very rapidly; as is shown by the maximum depths.
Within the Ledum-pine wood (Jm 1) the root frequency is already low
at a depth of 12-—14 cm.

It seems wise, when studying forest trees, not to use a standard
depth for evaluating the store of nutrients within reach of the tree
roots, but to make an estimation based on the root depths of the trees
within the individual stands. When, as in Table 18, this method is
applied, the differences in store of N and Ca become still more pro-
nounced, and the “anomalies” in the distribution of K and P stores
less evident.



Part 111

Forest production and nutrient status

Chapter 11. Production

A, Methods

The study of production comprised 12 sample areas distributed within
the various plant communities (Fig. 2). Within each sample area
standing crop and annual increment were measured twice, 1959
(spring) and 1963 (autumn). Annual increment was determined as the
difference between the measurements in 1959 and 1963 and estimated
on the basis of measurements on felled sample trees and increment
cores for the two five-year-periods before.

Naturally total yield since the formation of the stands had been of
great interest (Lundberg 1952, see also below, B), but uncontrolied
fellings and thinnings at different times makes it indeterminable.

All trees = 4.5 cm at breast height were numbered by tags and calipered
twice to the nearest mm. The two measurements were made in two direc-
tions at right angles to each other. Number, species and diameter were
recorded. Trees with technical defects, injuries and diseases were specially
noted as K-trees, After calipering, standing sample trees were selected for
further observation. The number of these was based upon the total number
of each tree species, excluding the K-trees, and the estimated distribution
of the tree species (according to basal area). All standing sample trees
were labelled R-trees in the record, and G-trees for those of largest di-
ameters (the number of G-trees was determined similarly to the R-trees), and
RG when these two categories coincided. Height, “crown boundary”, i.e.,
the lowest green parts of the crowns, and bark thickness were measured on
the standing sample trees. Finally, 25 R-trees were taken for borings at
breast height. The increment cores were taken alternately in a N-E-S-W
direction.

For further observations ten trees among the R-, RG- and G-trees were
felled. Only one of these was allowed to fall in the diameter class 4.5—9.9
cm. If the felled trees had not been bored bhefore at breast height a core
was taken there. Moreover increment cores were taken at stump height to
determine the age of the tree. Age determination was also made in the field



Table 19. Survey of stand data

tand before tnimning Remaining stard
Plant Tree Age |Mean | Mean Volume | Mean | Mean |Ko.of|Basal area | Volume
Sampls area no. | commu~-|species|year|dia- |height|trees o.bark-i dia- |height|trees| o.vark oebark
nity meter nater
1) o o cn n per Ledtare |
am 1 I pine
Spring 1949 Te52 25,8
" 1954 8.86 36,0
" 1959 39 10.4 8.8 1364 52.9 1041 .7 1282 10,36 4743
Autumn 1963 44 1.5 9.8 1282 65,5 11 9,6 1282 1%.24 65.5
Jm 2 III+IV spruce _
Spring 1949 24,44 199.5
" 1954 : 29,07 257.2
" 1959 82 21.6 19,8 908 33.15  305.C  21.2 19,7 648 29.20 273.8
Autumn 1963 e7 23,1 848 35463 3%8,6 23,7 25.8 &00 35,15 334.8
Jm 3 v
Spring 1949 spruce 21,45 142,0
" pirch 3.56 23.7
25,01 162.
Spring 1654 spruce 28,40 215.0
" birch 4.72 25:9
2,12 250,
Spring 1959 spruce 69 18,2 17.5 1259 32,68 27444 17.9 174 1117 28,21 236,56
" birch 2241 18,9 142 5.43 45,8 22,1 18,9 i42 5.43 45.8
1&01 25.11 520, 2 1259 “.5& 252.4
Autumn 1963 spruce T4 19.4 1117 32495 301.1 20,2 13,3 1000 32,14 29643
" birch 23,4 142 611 5345 4 0 142 6,11 S2.5
125 39,06 1142 38,25 2]
Jn 4 v
Spring 1943 spruce
n birch
Spring 1354 spruce
" birch
Spring 1959 spruce 64 19,3 17.6 843 24,61 204.5 18,6 17,2 724
" birch 22,1 18.5 154 6.48 53.5 23,1 18.5 154
1 Lo 1 678
Autumn 1963 szrace 63 20,1 724 20,9 653
" birch 24,2 154 24,6 13,3 119
e Iz
Jm 5 VI
Spring 1949 spruce 2.92 1646
" birch 5 3344
7 50,0
Spring 1954 spruce 7450 37.6
" birch 9.37 57t
16.87
Spring 1959 spruce 51 12.4 12,2 891 10,83 63,7 11,6 11,5 808  8.51
" birch 6.9 1545 1.92 85.7 6.5 15,5 233 11,92
149.4 1341 20.
Autum 1963 spruce 56 13,8 T7.7 14,1 13,5 76T 11.95
" birch 1843 1 8 8.9 17,1 4283 13,55
5 1250 25,50
Jn 6 II
Spring 1949 pine
" spruce
Spring 1954 pine
" spruce
Sprirg 1959 pine 41 15.2 12,9 838 15460 9.1 13,2 12,9 779
" spruce 8.1 9.0 936 4.78 22.8 1 9.0 956
1794 20,38 121.9 1718
Autumn 1963 pine 46 16,8 779 17.18 17,9 16.8 14,3 772
" Spruce 9,9 936 .15 8.3 10.0 10,6 907
1715 24,33 156.2 1567
Im 7 VI
Sprirg 1949 spruce
" birch
Spring 1954 spruce
" birch
Spring 1959 spruce 39 12,5 10,1 683 8.40 a1.7 12,1 9.8 6C0
" bircn 19,0 15.8 392 11,10 9.6 19,0 15.8 332
1075 19.50 992
Autumn 1963 spruce 44 4.4 600 375 14.4 11,8 620
" birch 21.0 392 13,56 1.1 17,2 383
992 25,31 963
1)

See Fig.3.



of the sample areas on Jigarmossen

Stand before thinning Remaining stand T
Plent | Tree (Age {Mean { Mean |No.of |Basal area| Volume | Mean | Mean Tho,of[Basal area | Volume
Sample area no. commu=-|species|yearidia~ |height|trees| o.bark o.bark { dia- |heightjtrees| o.bark o.bark
nity. neter o m meter I o
1) om m per hectare on n _ per hectare
Jm 8 v
Spring 1949 spruce 12.03 80,1
" birch : 4.14 27.6
" alder 4.38 28,0
20, 125,
Spring 1954 spruce 15,60 114.2
" birch 4.90 3549
" alder 5.18 3644
22.68 166.,2
Spring 1359 spruce 74 17.5 1744 766 18,40 146.3 16.3 16.9 683 14.22 110.8
" birch 19:1  17.4 200 5476 45.8 19:1 1704 200 5.76 45.8
" alder 22.7 18,0 150 6.09 46,5 2 18,0 150 6.09 4645
1116 042 238.6 1033 26,0 202.1
Autumn 1963 spruce 79  18.2 683 17485 151.7 19,0 18,9 617  17.56 150.7
" birch 20.0 200 6.27 52,8 20,0 18,6 200 6.27 52.8
" alder 247 150 Te17 58,6 24.7 195 150 _T1.17 5846
1022 142 26%3,1 & 1.00 262.1
Jm 9 III
Spring 1949 spruce 22,10 1594.7
" pine Q.43 2.7
" birch 0.34 2.3
22,87 159.7
Spring 1954 spruce 26,85 2141
T pine 0.48 3.5
n birch 0.41 3.2
2074 220,8
Spring 1959 spruce 66 19,0 18,2 1054 29,87 256,41 18.8 18,0 967  26.92 229,7
" pine 16,0 16,4 0.54 4.2 16,0 16.4 27 0.54 442
" birch 21,5 18,5 __13 0447 3.9 21,5 18,5 13 _0.47 3.9
108 0.88 264.2 1007 27.93 237.8
Autumn 1963 spruce 71 20.6 967 32,25 302.7 20.8 19.9 947 32,16 302.3
" pine 171 27 0,62 541 171 17.9 27 0,62 Sel
B birch 22,8 13 0.53 4.7 22,8 19.8 13 _0.53 47
1OQZ 40 120 98 31 31241
Jm 10 III
Spring 1949 spruce 15.20 g4t
" birch 3.42 2141
" pine 2.08 11.7
20,70 ‘:16.2
Spring 1954 spruce 17438 105.9
" birch £.15 28,1
" pine 2.55 15.8
24.08 149.8
Spring 1959 spruce 50 12,8 13,2 1516 19455 128.4 12,4 13,0 1433 17.44 11343
v birch 14,8 15.6 283 2.88 35.6 14.8 15.6 283 4.88 35,5
" pine 13,9 13.7 200 2.0 20.2 13:9 13.7 200 3.03 2042
1999 27446 184,2 1916 25.35 1691
Autumn 1963 spruce 55 133 1433 19,92 1411 13,7 14.4 1325 19.45 133,0
" birch 15601 283 5.75 4443 16.1 16,7 283 5.75 4443
" pine 14.8 200 3. 24,5 16,1 1541 158 3.22 23.2
1916 29,12 209. 1766 28.42 206.2
Jm 11 pa
Spring 1949 spruce 17.86 116.8
" birch 2034 1541
20,20 121.2
Spring 1954 spruce 21,99 160,2
n birch 3,61 25.9
25.60 186.1
Spring 1959 spruce 68 16.8 16,5 1142 25,41 200.4 1644 16,3 1054 22,25 7443
" birch 17,3 16,7 _184 4435 33,8 17.0 16,6 _17] _4.02 3141
1326 29,76 234.2 1231 26.2 205
Autumn 1963 spruce 73 17.4 1054 25,09 209.9 4 17,6 925 24,59 20747
" birch 18,1 177 4.55 36,7 17.7 170 _4.54 56.6
1231 29054 2466 10 29.1 244,
Jm 12 VI
Spring 1949 ‘birch 9450 6443
i spruce 0.38 163
, s B
Spring 1954 birch 12,84 93.2
" spruce 0.82 Sl
13.68 6,3
Spring 1959 birch 39 17,0 1641 653 14.62 11149
" spruce 9e2  Te2 214 1.42 525
867  16.2 V)
Autumn 1963 birch 44 18.7 653 17,86 14143 18:8 1743 %29  17.55 139,19
" spruce 11.5 214 2:22 9.7 1.5 8.5 214 2.22 9.7
867 20,10 151.0 823 13.1 148.8
1)

See Fig.3.



190 HILMAR HOLMEN

by counting the annual rings to the pith on the cut surface of stump. Al-
lowance was made for stump height. A control measurement of tree height
and crown boundary was made on the felled trees too. Ultimately the
lengths of the leaders of the last ten years was determined by measuring
the distance from branch-whorl to branch-whorl. A control of this meas-
urement was made by cutting the stem at intervals and counting the annual
rings.

To facilitate observations on later occasions, the number of every iree
measured was painted on the tree as well as a cross (breast height cross)
in one of the directions where breast height diameter was measured, but
always facing the same direction.

B. Stand data

Table 19 is a summary of the calculations made at the Department of
Forest Yield Research at the Royal College of Forestry. It is based on the
measurements described above. The table is the main result of the
production study. Some of the field data collected have been useful
for other purposes as well. Thus, tree height, tree diameter and crown
boundary have been used in the description of the vegetation (Ch. 4.
C.). The annual ring measurements have been used to demonstrate the
diameter development of the trees before and after draining (Ch. 6).

The diameter in the table is the diameter of mean basal area tree
and height is the mean height weighted by basal area. The basal
area of a single tree is the actual cross sectional area of the stem at
breast height and it may also be used to designate the sum of the
cross sectional areas at breast height of all the trees growing on a
specified unit, and stated in terms of e.g., m? per hectare.

The table shows that spruce is the dominant tree species on most
of the sample areas. Making allowance for trees < 4.5 cm diameter at
breast height, no sample area lack spruce. Exceptionally spruce is the
only tree species in a sample area, but usually it grows associated
with birch as in six sample areas. On two sample areas (Jm 9, 10)
there is a mixture of spruce, pine and birch. On sample area Jm 8
more alder is present than birch and therefore it has been treated
separately. Pine is most abundant in the centre of the area (Jm 1, 6)
and birch in the formerly open lagg (Mjélnar fen, Jm 5, 7 and 12).

Tree distribution according to basal area, shows that pine occupies
a range of 2-—100 % (four sample areas) of the total stand, spruce
11—100 9% (11 sample areas), birch 2—89 % (nine sample areas)
and alder 23 % (one sample area). There are alders on other sample
areas too, but their share of the stand is so small that they have not
been treated separately, and are included in the figures for birch. On
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some occasions, scattered birches also have been inciuded in the
figures for the conifers (on Jm 2, e.g., there are 36 birches per ha
compared with 764 spruces).

Stand age could not be determined with very great accuracy since
the age of only ten trees per sample area was determined. The average
ages are probably too high in many cases, as the trees sampled for
age were the larger ones (see above, A.). The age stated can only be
regarded as fully representative of the stand when the stands are
rather even-aged (mainly sample areas Jm 1, 2, 6 and 12). Usually the
individual tree ages vary greatly, since the stands originated as older
slow-growing “tussock-trees” with new colonizers between them. The

~maximum age difference between the oldest and the youngest trees
measured may reach 70—80 years (Ch. 6.).

In the main there are no especially large or tall trees on this peat
land. Maximum data are given in Ch. 4. C. It is notable that birch
is often taller and of a larger diameter than spruce where these two
species grow together.

The number of stems per unit surface area shows considerable varia-
tion with extreme values of 772 and 1766 stems per ha. Most of the
sample areas have 900 to 1500 stems per ha. The average value is
1300. These figures imply that the average tree has ca. 8 m? of soil
surface at its disposal.

The volume of the stands also vary a great deal. The Ledum-pine
wood has the lowest volume and some parts of the Oxalis-spruce wood
the highest, but even sample area Jm 9 (bilberry-spruce wood) has
an appreciable volume of timber although the vegetation of this area
gives a fairly poor impression. These variations can be a consequence
of historical development. Thus, the nutrient-poor bilberry-pine wood
(Jm 6) has about the same volume figure as that of sample areas Jm
7 and 12 (grass-rich birch-spruce wood).

Volume and basal area increment for the three periods measured
(19481953, 1953—1958, 1958—1963), Table 20, show thal on average
the lowest annual growth was for the middle period and the highest
for the last (mean annual volume increments for all sample areas for
the three periods are 9.2, 8.6 and 9.8 m3 per ha, respectively).

It is not clear whether these differences are real, but if so, there are
several possible causes of the changes in growth rate, some of a
temporary character and some of more precise nature. At first the
high water table affected tree development adversely, but when the
water regime improved during the course of time, nutrient conditions
may have gained in importance. On areas where growth has decreased
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Table 20. Annual increment in basal area and volume during three five-year-perieds 1948-
1963. Last period measured as difference in standing crop between 1958 and 1963, earlier
periods estimated from measurements on increment cores and felled sample trees

Annual basal area increment Annual volume increment
m? per ha m? per ha
Sample Plant ‘

ai‘oea community! 1948 1953 1958 1948 | 1948 | 1953 ‘ 1958 | 1948
no. N — _ . L - —_ - —
1953 1958 1963 1863 | 1953 | 1958 ‘ 1963 | 1963
Jm 1 1 0.27 0.53 0.58 0.46 2.0 3.4 3.6 3.0
2 IIT4+1V 0.93 0.82 1.17 0.97 11.5 9.6 | 13.0 | 114

3 v 1.62 1.00 1.09 1.24 17.0 | 13.9 | 144 | 151
4 v 1.18 0.89 0.79 0.95 12.0 | 10.7 8.6 | 10.5

5 v 1.30 1.18 1.13 1.20 9.0 | 10.9 | 10.5 | 10.1
6 11 0.89 0.85 1.08 0.94 6.4 6.7 8.7 7.3

7 Vi 0.92 0.94 1.07 0.98 6.6 8.4 9.3 8.1
8 v 1.02 0.91 1.05 1.00 10.2 | 10.4 | 12,0 | 10.8
9 11T 0.97 0:62 1.10 0.90 12.3 8.6 | 15.0 | 12.0

10 111 0.68 0.68 0.75 0.71 6.6 6.9 8.2 7.1
11 v 1.08 0.83 0.68 0.87 10.9 9.6 8.2 9.6
12 VI 0.76 0.52 0.77 0.68 6.2 4.2 6.7 5.7

! See Fig, 3 and Ch. 4. B.

the increased nutrient consumption may be one of the causes. Thus,
growth decrease is most pronounced for areas with the lowest recorded
soil potassium content (Jm 4 and 11). Certainly increased stand den-
sity may be of essential importance too, not only as a factor in compe-
tition for nutrients, but because of decreased light supply as well.

For some of the sample areas in which growth has increased (Jm 1,
5 and 7), the high water table was probably unfavourable for a long
time, but when the surface layers of the peat were sufficiently drained,
the trees of these areas were also able to increase in growth (see also
next paragraph and Ch. 12).

Some old stand data have made it possible to make a rough recon-
struction of the forest stands on Jigarmossen around the time of
draining (1918—22). It is noticeable that at the time of draining there
was no stand with an estimated volume of > 20 m? per ha (Table 21)
and even in 1931 the highest volume measured was 60 m? per ha.
This means that the mean annual growth has been well above 10 m?
per ha during the last 30 years for some areas.

C. Whole tree harvest data: dry matter and chemical elements

1. Methods

In a 10—15 m wide strip around the sample areas Jm 1 (Ledum-pine
wood, Fig. 4) and Jm 9 (bilberry-spruce wood, Fig. 7), ten sample trees
were selected for felling (August 1963) in four of the diameter classes
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Table 21. Data on the early stand development on Jigarmossen based on surveys in 1927
and 1931. Data from the recent (1963) sample areas in the same stands included for com-

parison
. Basal Volume | Annual
S‘;{znd Mean Mean I\tg'mosf area over bark |increment
: Year diameter height s m? m? m?
Sample
cm m
area no.
Per hectare

1 1912 4.5 6355 1.06 2.9

1917 5.2 884 1.88 5.9 0.6

1922 5.6 1284 3.18 11.0 1.3

1927 6.4 2 003 6.47 25.1 4.6

1931 6.3 5.5 4 544 14.13 44.4 7.1

Jm 8 1963 20.1 18.8 967 31.00 262.1 12.0
7 1912 6.4 750 2.40 6.3

1917 6.9 837 3.18 9.2 0.6

1922 7.9 884 4.38 14.3 1.4

1927 9.9 1130 8.67 33.8 6.6

1931 9.4 7.7 1851 12.78 60.1 7.2

Jm 2 1963 23.7 20.8 800 35.15 334.8 13.0
12 1912 4.9 464 0.86 2.4

1917 5.3 719 1.57 4.9 0.5

1922 5.5 1236 2.98 10.4 1.4

1927 6.5 2 056 6.78 26.8 5.4

1931 7.0 3 288 12.62 47.4 6.4

Jm 9 1963 20.7 19.8 987 33.31 312.1 15.0
15 1912 1 060 1.41 3.9

1917 1460 2.71 8.4 0.9

1922 2070 5.00 17.4 2.2

1927 2 860 10.57 42.1 8.1

1931 - 3 300 13.63 53.7 9.7

Jm 3 1963 20.6 19.4 1142 38.25 349.8 14.4
16 1912 3.3 507 0.43 0.9

1917 3.9 1001 1.17 3.4 0.5

1922 4.4 1934 2.98 9.6 1.6

1927 5.4 3 854 8.78 31.9 7.6

1931 5.6 5.5 3 764 9.22 32.9 5.1

Jm 10 1963 14.3 14.8 1766 28.42 206.5 8.2

obtained from measurements of trees within the sample areas. Three {rees
were cut from each of the two larger classes and two from each of the
two smaller classes. Trees with defects (K-trees) were not accepted as
sample trees. Fellings within the sample areas was avoided since it would
affect later production studies,

After felling, the branches were cut off and a typical branch was taken
(subjectively) from each tenth of the crown length. These branches were

13—<¢12204
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Table 22. Oven-dry weight and nutrient content of a pine stand, 44 years cld, on three me-

ters deep low-humified Sphagnum peat (sample area Jm 1). Volume of the stand 65.5 m®

per ha, number of stems 1282 per ha, annual increment 3.6 m?® per ha. For other data see

Tables 19 and 20. For nuirient percentages of oven-dry weight see Table 24. Store of nu-

trients in the peat to the level of greatest rost frequency included for comparison, Esti-
mated annual growth, tentative figures only

Oven-dry | Propor- N \ P 1 K { Ca l Mg
Part of tree weight 103| tion of -
kg per ha| parts 9, Kg per ha in stand above ground

Wood........oiiin 24.2 61.4 18.4 1.9 8.2 12.1 4.6
Bark............. ... .. 3.0 7.6 10.2 1.3 4.7 18.6 2.0
Living branches.......... 7.1 18.0 31.8 4.0 13.4| 21.2 4.5
Needles. . ............... 3.5 8.8 47.2 48| 17.0| 11.8 4.5
Dead branches........... 1.6 4.2 4.9 0.3 0.7 5.4 0.4
Total. ..., 39.4 100.0 | 112.5] 12.3] 44.0| 69.1| 16.0
Estimated annual growth:
Wood.........ooviiiint 1.3 1.0} 0.10| 045! 0.65] 0.25
Bark............... ..., 0.2 0.5 0.05| 025 1.05) 0.10
Living branchest......... 0.3 1.3 0.15| 0.55{ 0.85| 0.20
Needles?................. 1.2 15.7| 1.6 5.7 4.0 1.5
Total. . ..........oo..... 187 1.9 | 70| 66 | 20
Immobilized in trunk (wood

and bark)............. 1.5 1.5 0.2 0.7 1.7 0.4
Store of nutrients inthe peat

to the level of greatest

root frequency. Kg per ha 1000 60 60 300

! Total amounts in living branches divided by 25, the approximative age of the oldest
living branches.
2 Total amounts in needles divided by 3, the average age of the needles.

used to determine the oven-dry weight of the crown and the ratio between
branches and needles. A composite sample of dead branches was taken
from each site, ten per cent of the dead branches from every sample tree.
Total fresh weight of trunk, living branches and dead branches was deter-
mined in the field. The trunk volume was later determined from measure-
ments collected at the same time.

Spruce needles were left to dry on the branches. Pine needles were
stripped off the branches before air-drying. Sample discs from the trunk
were taken at stump height (1 %), 12.5, 25, 37.5, 50, 62.5, 75 and 87.5 %
of the height above ground level. The discs were used to determine trunk
oven-dry weight and ratio hetween wood and bark, Bark was peeled off
before air-drying. Air-dry weight was determined on all parts separately.
Oven-dry weight was determined on ground samples after drying in a
vacuum oven (70°C).

To check whether the ielled trees were representative, discs also were
taken at breast height to compare the diameter growth during the last five-
year-period for the sample trees with that of trees of the same diameter
class within the sample area. The growth values agreed well on the whole.

Chemical analyses were performed with the methods outlined in Ch. 10.
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Table 23. Oven-dry weight and nutrient ccntent of a spruce stand, zbcut 60—70 years cld,

on 1.6 m deep highly humified Sphagnum-cyperacecus peat (sample area Jm 9), Volume

of the stand 312.1 m?® per ha, number of stems 987 per ha and annual increment 15.0 m?

per ha. Feor other data see Takles 19 and 20. For nutrient percentages of oven-dry weight

see Table 25. Store of nutrients in the peat to the level of greatest root frequency included
for comparison. Estimated annual growth, tentative figures enly

Oven-dry | Propor= N ‘ P l K I Ca I Mg
Part of tree weight 103 tion of
kg per ha! parts 9, | Kg per ha in stand above ground

Wood. ...l 117.7 66.3 77.7 9.4] 294| 78.8] 11.8
Bark................. ... 10.0 5.6 53.9 7.0 20.7] 128.2 8.3
Living branches.......... 29.3 16.5 | 170.2 19.1| 49.9] 161.4| 18.2
Needles. . ............... 15.9 9.0 | 210.1| 33.6| 65.3| 128.9] 22.3}
Dead branches........... 4.7 2.6 22.0 1.3 23| 23.9 0.6
Total................... 177.6 100.0 | 533.9 ‘ 70.4| 167.6 | 521.2| 61.2
Estimated annual growth:
Wood. ... 5.7 4.0 045 1.4 4.0 0.6
Bark.................... 0.5 2.6 0.35 1.0 6.1 0.4
Living branches!......... 0.7 4.3 0.50 1.2 4.0 0.5
Needles? . ............... 2.0 26.3| 4.2 8.2 17.1 2.8
Total. .. ....ooiiiiiii., | 8.9 37.2] 55 | 11.8] 31.2] 43
Immobilized in trunk (wood

and bark)............. 6.2 6.6 0.8 24| 101 1.0
Store of nutrients in the peat

to the level of greatest

root frequency. Kg per ha 8 600 220 140 5 800

1 Total amounts in living branches divided by 40, the approximate age of the oldest
living branches.
2 Total amounts in ncedles divided by 8, the average age of the needles.

2. Results

The results are given in Tables 22 and 23. Some comparison with
investigated stands on other sites may be illustrative, although data
for closely comparable stands are not obtainable. Two pine stands
for comparison are from two poor sites (experiments no. 873 and 876)
about 400 km SW of Jigarmossen but with a climate not very different
from that in Uppland. Another stand (experiment no. 728) is from
a poor site 800——-900 km N of Jagarmossen and with a much shorter
vegetation period than in Uppland (about 118 days against about 163
days with = 4+ 6° C mean temperature).

1t is noticeable (Table 24) that the nitrogen percentages generally
are higher for all parts of the trees on Jigarmossen than on the other
sites. Phosphorus and potassium percentages are somewhat irregular,
but in the main the Jigarmossen samples do not differ much from
those of the other sites. For calcium there is a remarkably high value
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Table 24. Comparison between nutrient content in different parts of pine on different
localities and on Jigarmossen

Part of . N P ’ K ca Mg
tree Locality
Per cent

‘Wood M 0.06 0.007 0.051 0.039

H 0.06 0.005 0.041 0.040

S 0.05 0.004 0.034 0.053

Jm 0.08 0.008 0.034 0.050 0.02
Bark M 0.28 0.037 0.12 0.16

H 0.20 0.022 0.08 0.18

S 0.26 0.045 0.17 0.39

Jm 0.34 0.043 0.16 0.62 0.07
Living M 0.37 0.050 0.24 0.14 0.056
branches H 0.28 0.037 0.18 0.20 0.057

S 0.32 0.037 0.18 0.28

Jm 0.45 0.056 0.19 0.30 0.06
Needles M 1.38 0.15 0.60 0.19 0.092

H 1.24 0.13 0.69 0.20 0.098

S 0.92 0.09 0.30 0.44

Jm 1.36 0.14 0.49 0.34 0.13
Dead M 0.28 0.015 0.038 0.12 0.027
branches H 0.23 0.012 0.034 0.14 0.016

S 0.19 0.011 0.030 0.24

Jm 0.30 0.018 0.040 0.33 0.02

Explanations: M. Experiment 873, province Smaéland; stand volume 109 m?® per ha,
annual increment 4.1 m?® per ha, Soil: sediment (sand). H. Experiment 876, province
Smaland; stand volume 90 m? per ha, annual increment 3.4 m? per ha. Soil: sediment
(sand). S. Experiment 728, province Lappland; stand volume 90 m?® per ha, annual in-
crement 2.1 m? per ha. Soil: sandy moraine. Age 69 years. Jm, Jigarmossen, sample area
Jm 1.

Data for M and H from unpublished data (see Tamm 1963). S from Popovi¢ and Burg-
torf (1964, in press).

for pine bark from Jidgarmossen, up to four times higher than that
of the other bark samples.

The fairly high nutrient contents of pine on Jigarmossen suggest
the possibility of a yield greater than that obtained. Therefore it
seems possible that nutrient content is not the only, and perhaps not
the most important, growth-limiting factor at present. The water-
regime, with sometimes very high water tables may have a growth
depressing effect. The high acidity and the special microbiological
conditions may also contribute to a low growth rate, but it should be
noted that the total nutrient content of the stand or percentage of
nutrients in the crown of the trees, ete., are less good indicators of the
nutrient status than well-exposed leaves, which will be treated in the
next chapter.
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Table 25. Comparison between nutrient content in different parts of spruce on Frodeparken
and Jigarmossen

N ‘ P I K Ca Mg
Pir‘teOf Locality
e Per cent

Wood F 0.07 0.006 0.039 0.048 0.011
Jm 0.06 0.008 0.025 0.067 0.010
Bark F 0.45 0.059 0.24 0.57 0.074
Jm 0.54 0.070 0.21 1.28 0.083
Living F 0.44 0.054 0.17 0.28 0.052
branches Jm 0.58 0.065 0.17 0.55 0.062
Needles F 1.13 0.19 0.39 0.44 0.085

Jm 1.32 0.21 0.41 0.81 0.14
Dead F 0.25 0.019 0.04 0.16 0.021
branches Jm 0.47 0.028 0.05 0.51 0.013

Explanations: F. Experiment 883 (Frodeparken), province Halland. Stand volume
287 m® per ha, annual increment 13.5 m? per ha. Age 52 years. Soil: sandy moraine,
formerly used as arable land (see Tamm 1963). Jm, Jdgarmossen sample area Jm 9.

Table 25 gives some comparative data for spruce, obtained for a
high quality site about 450 km SW of Jigarmossen. The table shows
that only wood of spruce from Frodeparken has higher nitrogen
content than that of the Jigarmossen trees. All P values are higher for
the trees on Jigarmossen, but K is lower in wood and bark. Caleium
is obviously higher for the Jégarmossen trees; in the main the
percentages are double those for the trees at Frodeparken. For mag-
nesium, the needles only of the spruce from Jagarmossen have a
considerably higher content. For Ca the values at Jigarmossen seem
to fairly well reflect the habitat conditions. The Ca percentages of
the peat are very high in the rooting zone (Fig. 71).

Chapter 12. Foliar analysis and nutrient status

Sampling of needles and leaves was according to the general prin-
ciples developed at the Department of Forest Ecology at the Royal
College of Forestry (see Tamm 1951, 1955, 1956 a, 1964, in press). The
seasonal variation in nutrient content of the leaves of the common
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forest trees in Sweden shows that the most suitable time for collecting
birch leaves is shortly before the fall of the leaves, and for conifer
needles during winter, since the nutrient contents of the leaves are
most constant at these times (Tamm 1955).

The analyses are based on birch leaves collected in late August and
spruce and pine needles collected in November. Only current needles were
used.

Suitable shoots of up to 6—7 m tall trees were cut with pruning scis-
sors cn a pole; and shoots of taller irees, which were more generally
required were obtained by using a shot-gun. Within the sample areas an
equal portion of shoots was taken from each of the ten sample trees (ob-
jectively selected) and these ten samples were mixed and treated as a
composite sample of that area. Needles and leaves were taken from well-
exposed twigs in the top of the crown.

Birch leaves and spruce needles were prepared as soon as possible (the
same day) for air-drying and pine needles for drying in a vacuum oven
(70° C). Before drying, pine needles and birch leaves were removed from
the twigs, spruce needles were left to dry on the twigs.

Spruce needles and birch leaves were collected from all sample areas,
pine needles from three sample areas only, the areas where pine is more
abundant. On sample area Jm 1 spruce and birch occur only as an under-
storey under pine. Hence the light climate is somewhat different from that
for the same species on the other sample areas, where all sample trees are
of about the same height.

Before presenting the analysis data, some concepts have to be
defined. “The ‘nutrient status’ of a forest stand is a measure of the
degree in which the nuirient requirements for maximum growth are
satisfied. A stand with optimum nutrient supply has thus a very
good (or optimum) nutrient status, while the opposite is true of stands
on many poor sites. It is thus clear that the nufrient status can be
optimum or in excess with respect to some plant nutrients at the
same time as it is very low in others™ (Tamm 1964, in press).

Deficiency is defined according to Tamm (19536 a), ie., a nutrient
state where growth is much increased on supply of the deficient ele-
ment(s) in an available form. “Deficiency level” implies a concentra-
tion of nutrients in the leaves, where growth is strongly inhibited and
visible symptoms of deficiency are usually seen on the foliage. For
seedlings in nutrient solutions, Ingestad (1962) has precisely defined
different nutrient levels.

From Table 26 and from work cited the following statements can
be made:

Nitrogen: Nutrient status clearly suboptimal for all tree species on
every sample area. On some sample areas the nifrogen concentration is,
however, somewhat closer to the optimum range than on others (e.g.,
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Table 26, Nutrient concentrations in leaves of pine, spruce and birch from the different
sample areas in the years 1959 and 1963, Per cent of oven-dry weight. Suggested deficiency
levels are included

Sample PINE SPRUCE BIRCH
area Year
number N l P 1 K ’ Ca \ Mg | N P K ’ Ca Mg | N P K Ca Mg
Jm 1 1959 (1.34 [0.15 [0.49 | 0.20 1.09 10.14 {0.58 | 0.31 1.62 10.19 {0.49 | 0.79
m 1963 [1.62 }0.18 {0.53 {0.34 |0.15 {1.10 |0.14 {0.52 |0.32 |0.12 |1.78 |0.19 | 0.46 | 0.80 | 0.40
N 1959 1.36 | 0.18 | 0.57 | 0.49 2,05 |1 0.15 | 0.58 | 0.84
= 1963 1.38 {0.16 |0.42 ]0.66 {0.12 |2.560 {0.16 |0.54 {1.10 | 0.34
3 1959 1.39 10.14 |0.63 {0.58 2.54 10.13 |0.77 1 0.95
1963 1.44 {0.14 |0.563 10.72 |0.10 |2.68 [0.14 | 0.79 [1.30 | 0.23
4 1959 1.41 {0.16 |0.28 | 0.49 2.36 1 0.19 |0.57 |1.01
1963 1.62 {0.19 |0.23 |0.60 |0.11 |2.66 [0.18 |0.51 {1.24 |0.28
5 1959 1.43 {0.17 [0.91 | 0.48 2.07 {0.11 [0.68 {0.95
1963 1.30 [0.17 }10.77 | 0.63 {0.12 |2.60 |0.14 |0.80 |1.15 { 0.28
6 1959 (1.46 [0.17 {0.41 [0.15 1.46 |0.20 | 0.50 |0.42 1.97 10.19 1 0.67 | 0.76
1963 |1.60 |0.17 ] 0.46 }0.29 [0.14 | 1.51 | 0.22 | 0.50 1 0.57 |0.15 }2.65 |0.24 }0.83 |0.86 |0.40
- 1959 1.50 [0.16 {0.70 | 0.44 2.04 |0.10 {0.47 [ 0.97
1963 1.45 [0.15 [0.68 {0.60 |0.12 |2.45 |0.12 | 0.66 [1.08 | 0.24
3 1959 1.52 [0.17 [|0.71 | 0.53 2.06 | 0.15 }0.79 |1.02
1963 1.65 |0.16 [0.52 |0.78 {0.15 |2.56 |0.20 {0.91 [1.16 {0.19
9 1959 1.48 [0.18 1 0.71 | 0.53 2.06 |0.17 10.59 | 0.83
1963 1.60 | 0.20 10.50 | 0.64 |0.16 }2.88 |0.20 {0.72 | 1.14 | 0.34
10 1959 |1.39 10.16 [0.38 | 0.15 1.36 [0.16 |0.45 | 0.49 2,11 | 0.15 }10.46 | 1.03
1963 ]1.41 }0.15 | 0.40 }0.26 | 0.12 [1.30 | 0.15 |0.40 | 0.50 |0.12 |2.36 |0.16 | 0.54 |1.14 | 0.33
1 1959 1.38 [0.14 1 0.35 [0.52 2.22 10.12 |0.59 | 1.07
1963 1.26 10.14 [0.28 [0.62 {0.12 [ 2.50 | 0.13 | 0.48 |1.21 |0.28
19 1959 1.51 {0.21 [0.79 [0.38 1.95 | 0.11 ] 0.42 | 1.07
1963 1.52 |0.24 10.74 |0.54 |0.13 |2.67 |0.13 | 0.54 |1.07 {0.26
Suggested deficiency
levels according to
Tamm (1956 a) 1.1- | 0.09- 0.8- {0.07-|0.15- 1.8~ 10.08-{0.29-
and 1.6 [0.10 1.3 |0.08 |0.30 2.4 10.10 | 0.34
Ingestad (1962)
“Range of mode- [1.1- 10.08-|0.44-|0.03-}0.06-[0.9- ] 0.07-{ 0.3~ | 0.02-]0.09-| 2.4- | 0.1- | 0.5- | 0.06-] 0.22
rate deficiency” [2.4 (0.15 |0.9 |0.04 {0.20 |1.8 }0.10 [0.7 |0.09 {0.13 |34 0.2 1.5 |0.16 [0.29

spruce on Jm 4, 8 and 9). For birch the deficiency is severe on Jm 1.
Phosphorus: Satisfactory nutrient status for pine and spruce. For
birch there is a moderate deficiency on Jm 2, 3, 5 and 10 and a strong
deficiency on Jm 7 and 12 (Mjélnar fen).
Potassium: Suboptimal nutrient status for pine on every sampled
area. For spruce the supply of potassium appears to be satisfactory on

Jm 5, 7 and 12 (the sample areas of Mjoélnar fen). A moderate
deficiency is suggested on Jm 2, 6 and 10 and a severe deficiency on
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Jm 4 and 11. For birch, plots Jm 1, 2, 4 and 10—12 appear to be
potassium-deficient.

Calcium and magnesium: All stands have a nutrient status ap-
parently falling within the optimum range with regard to these ele-
ments.

Thus, on the basis of the present analyses and data obtained in
field experiments (Tamm 1956 a) and in nutrient solutions (Ingestad
1962) it is probable that nitrogen and potassium, especially nitrogen,
are the elements most limiting for the growth of the tree species
studied. For spruce, however, potassium seems to be the specific
deficient element on some sample areas (Jm 4 and 11, see also birch
on these areas) and development is so far advanced that there are
visible symptoms of deficiency. Se further Table 20, from which it is
apparent that yield on these areas has decreased continually during
the whole measuring period. The K content of the birch leaves on the
same areas is, however, not particularly low, but lies in the middle of
all analyses for this species. Phosphorus appears to be the element
limiting growth of birch, in the first place, and this species difference
is to be noticed.

From Table 26 it is further seen that from 1959 to 1963 the nitrogen
status has improved for pine in the centre of the peat land (Jm 1 and
6), the other nutrients have not changed very much. Nitrogen con-
centration in spruce leaves has increased on half the number of the
sample areas and decreased on four of them. Phosphorus has not
changed much. The potassium situation has, however, become more
unfavourable, since in most of the areas there is a decreased K con-
centration in the leaves, and for the areas (Jm 4 and 11) in which
there was already a critical K state in 1959 it has now become still
worse.

For birch, on the other hand, the situation is quite different. All
sample areas show an improved N state and also the Ca concentration
has increased, but probably this latter is without significance for the
growth. In most of the sample areas there is an increased P concentra-
tion in the leaves, but it is still very low. For K the concentration in the
leaves is higher in eight of the sample areas and lower in the other four,
which include Jm 4 and 11, in which K is also low in spruce leaves.
Even if allowance is made for the “normal” fluctuations in the nutrient
content of the leaves, it appears that the general trend in nutrient
status for the period studied (1959—63) has been a deterioration for
the conifers but an improvement for the birch.

From the different foliar analyses it is now evident that on the
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peat land there are some areas with a comparatively favourable nutri-
ent status, while others are far from this. Within the central area the
nitrogen content of the peat is so exceedingly low (0.75—0.80 %, but
the total store is considerable), that the supply to the trees is expected
to be strongly limiting, but most of the area has such high nitrogen
percentages and such large stores of N that the supply should be
sufficient. Nevertheless nitrogen is limiting growth for the whole
area. For a drained peat land site not far from Jigarmossen, Tamm
(1956 b) found similar conditions, i.e,, high N content in the peat
but low in the foliage. A peat with a total N content of 2—21/» % is
usually designated “remarkably nitrogen-rich” (Malmstrom 1952),
see also Tamm (1956 b), and a peat with > 1.3 % N is considered
capable of maintaining a tree stand, provided other nutrients are
adequate (Malmstrém, verbal communication). This may be compared
with the present N contents ranging between 2 and 3.5 % for the
largest part of the area and the still low leaf contents. Presumably it
is not the N percentage content as such which determines the nutrient
status of the vegetation, but its availability.

The potassium conditions appear to be somewhat clearer. 0.085 %
of K (0.1 % K:0) has been suggested as a minimum level for peat
able to support a prolonged forest yvield (Malmstrém et al. 1956).
Nowhere on Jagarmossen is such a high value oblained, but at most
the K content reaches about one half to three quarters of it (see Ch.
10.2.). Under such circumstances it is not unexpected that growth there
is inhibited because of scarcity for potassium. Paradoxically enough it
also seems that K contents > 0.08 % are extremely rare on high
quality drained peat land sites.

At a phosphorus content of less than 0.045—0.090 % (0.1—0.2 %
P:0s), the resources are regarded as “poor and possibly insufficient”
(Malmstrom et al. 1956). More than half the number of the surface
peat analyses of Jigarmossen have < 0.07 % P, one-third has 0.07—
0.09 % and only one-sixth > 0.09 %, i.e., a sufficient content in com-
parison with the above stated preliminary minimum Ilevel. Never-
theless, the yield of the stands is far above the average for the part of
the country. However, judging from the foliar analyses there is a
phosphorus deficiency in birch at least.

The relations between nutrient contents in the leaves and current
increment are far from being clear, and possibly such relationships
are not to be expected in the present case because of the very low
nutrient contents which often obtain. Under such circumstances it is
meaningless to try to elucidate relations between yield and leaf nutrient
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Fig. 76. Relationships between the contents of nitrogen (N), phosphorus (P), potassium (K)
and calcium (Ca) in the leaves of the trees (index ”’1”’) and in the peat (index ’p”’)
in the same sites.—For symbols, see figure.

contents (Tamm 1956 a). Thus for Jigarmossen no relations are found
between yield and leaf contents of N, P and K. For Ca there seems to
be a certain relation, and increased Ca content in leaves is followed
by increased yield.

For stands on mineral soils, however, fairly good correlations were
obtained for site classes and nitrogen and phosphorus concentration
in the leaves, but not for the calcium concentration (Nebe 1963;
Wehrman 1963).

It is known that the plants discriminately take up dissolved sub-
stances from soil water, but the uptake is not in the same proportions
as the elements are there (see, e.g., Stalfelt 1960, p. 55). To demonstrate
the selective uptake the quotients in Table 27 have been computed
(content in exposed leaves divided by content in peat in the same
site), see also Figs. 76 and 77. The tree species behave somewhat
differently, but generally the variations between them are not partic-
ularly large. For all species the nitrogen quotient has the range 0.4—



FOREST ECOLOGICAL STUDIES ON DRAINED PEAT LAND 203

T
| %P %P
[
k
] 0.20 \‘ & A 0.20 ( .k
| - . ‘ w
A AC Ec & Qé‘x_ o & R
o C o =
0101 2 “ 0.10 .8
000 , P-AL mg/1080g |44, ‘ ‘ _ P-HCl mg/100g ;
00 50 100 0 10 20 30 40 50
Ty | %K
100 100 .
& &
) o & o4 &
N &k o
o ‘o & ¢ o - o 5 .

050 3 5, o |050] . il .
i . el H |
| & A
; i
tago _ K-AL mg/100g | 0 ‘ KHCL mg/i00g |
[0 10 20 0 0 10 20 30 \
!

Fig. 77. Relationships between the contents of total phosphorus (P) and total potassium (K)
in the leaves of the trees (index "1”’) and the contents of P-AL, P-HCl, K-AL
and K~HCI in the peat.—For symbols, see Fig. 76.

1.7, with low wvalues for the meadow-forest area and high for the
heath-forest area. It is interesting that quotients of the same size were
found by Malmer and Sjérs (1955) for shoots of Rhynchospora albu
on a bog site. The figures obtained indicate no concentration of N
in the plants. For phosphorus there seems to be a concentration in
the plants since the quotient has the average value 2—3. The figures
again agree surprisingly well with those {for Rhynchospora alba (1.4—-
3.9). But calculations based on acetic acid extractable P in peat (Mal-
mer and Sjoérs 1955) gave the quotients 36—83, and for P-AL in
Jidgarmossen peat 20-—45, which suggests a strong uptake of easily
soluble P. The quotient for potassium is very much higher than that
of the other elements studied. Evidently there is a very strong con-
centration of K in the leaves. It is remarkable that both the highest
and the lowest quotient for spruce occurs in sample areas Jm 4 and
7, with about the same K content in the peat (0.027 and 0.028 % K).
Moreover, the lower quotient is for an area (Jm 4) with greater stand-
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Table 27. Relation between nutrient concentration in the leaves (index»I») and in the peat
(index »p») for the different sample areas and tree species

PINE SPRUCE BIRCH

Sample
mumber | Nt | Pu| Ko Cap) Np| P Kyl Ca ) Ny | Py K Cay
Np | P, | Kp | Cap| Np | Py | Kp | Cap| Np | Py | Kp | Cay
Jm 1 1.5 | 3.0 12 | 0.9 | 1.1 | 25 131 11| 1.7 35 11 | 2.8
2 0.7 | 3.0 18| 0.4} 1.2 | 3.0 20 | 0.8
3 0.4 ] 1.0 17 | 0.3} 0.8 ] 1.0 23] 05
4 0.6 | 2.0 9| 02] 1.0} 20 20 | 0.3
5 0.4 | 2.0 16 | 021 0.7 1.5 14 | 0.4
6 1.0 | 25 10| 0.5 1.0 3.5 12 { 1.2 1.5 | 3.5 17 | 1.8
7 0.5 | 2.0 231 02| 08 1.5 19 | 0.5
8 0.5 | 2.0 15| 021 0.7 | 2.0 20 | 0.4
9 1.0 | 3.0 15| 0.8 1.4 | 3.0 16 | 1.2
10 0.8 | 2.5 12 0.2 ] 0.8 | 25 12| 051 1.2 | 2.0 15| 1.0
11 0.6 | 2.0 11| 0.2} 1.0} 2.0 18 | 0.6
12 0.5 ] 3.0 201 0.2 | 0.8 | 1.5 13 | 0.5

ing crop and annual increment than that of the higher one. Possibly
this is caused by a simple “dilution effect”, i.e., a higher standing
crop has a greater bulk of living tissue to support from the same
concentration in the substratum than a stand of less volume and less
living tissue. For K-AL the quotient are about two to three times
higher than those for K total.

The quotient for Ca shows that in the main there is no concentra-
tion of Ca in the trees except in birch on Jm 1. It seems that birch in
general has higher quotients than the conifers; see also Table 26.
Possibly there is a specific species difference in that property. Birch is
generally regarded as a greater “Ca consumer” than pine and spruce,
and this is also evidenced by the deficiency level for Ca, which is
higher for birch than for the conifers.

Malmer and Sjors (1935) reported a considerable concentration of
K by the shoots of Rhynchospora. The quotients varied between 15
and 50 (acetic acid soluble K in peat). From figures of Aaltonen
(1956) for mineral soils and varying forest types, the following quo-
tients can be calculated for birch: P 31 (21—42); K 105 (60—140);
Ca 33 (8—70)!

The quotients mentioned should not be taken as exact values, but
only as a rough estimate of the selective nutrient uptake. Such figures
cannol be calculated exactly because of varying concentrations in
leaves and also in soil, from time to time. The present figures are
mean values based on foliar content in 1959 and 1963. Although the
figures are slightly different for leaves from the individual years they
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are nevertheless of about the same size. They are of ecological interest
because they indicate that on such sites there usually is no concen-
tration in the leaves of nitrogen and calcium, as compared with the
substratum, but slight concentration of phosphorus and strong or very
strong concentration of potassium. Compare also the quotients cal-
culated from Aaltonen’s figures.

As a conclusion to this chapter it may be stated that the present
data do not support the idea of using foliar analysis as a method in
evaluating site fertility. From results for several Finnish forest stands
Aaltonen (1950, 1956) came to the same conclusion and so did Viro
(1961) for different forest sites in Europe. Nebe (1963) and Wehr-
mann (1963) have been considerably more optimistic in this respect.
However, leaf analysis is very useful in giving an estimate of the
actual nutrient status of the tree stand.

Chapter 13. Some relationships between vegetation and

habitat properties

A, Introduction

This chapter is devoted to a general discussion of the three groups
of observations described above (vegetation, habitat conditions and
yield data for the forest trees) and it will be presented in the form
of a study of the relations between these observations.

Relationships between plant communities and soil properties have
been studied for a long time and the literature is extensive (see, e.g.,
Braun-Blanquet 1951, and literature cited by him). Valmari (1921)
made a summary of various forest types in Finland and related them
to site classes. But in general accounts of the relations between forest
yield and soil properties are rather few (Ilvessalo 1923; Hickock et
al. 1931). In itself this is to be expected as it is difficult to examine
these relations in detail in natural forest stands, because of the
variations within the stands (differences in age, proportion be-
tween tree species, genetical origin, historical development, forest fires,
fellings, thinnings, drainings, ete.). Thus, at the very beginning of
such an investigation doubts exist about the possibilities of obtaining
a material of homogeneous origin.
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In several recent investigations, however, attempts have been made
to correlate site index or forest growth data (leader growth, basal
area and volume increment) with soil properties (Zo6ttl 1960; Mader
and Owen 1961; Pawluk and Arneman 1961; Rennie 1962 and litera-
ture cited by him; Fiedler and Nebe 1963; Heinsdorf 1963), or with
nutrient status of the trees (Aaltonen 1950, 1956; Viro 1961; Nebe
1963; Wehrmann 1963). Sometimes rather good correlations have
been obtained.

In the present restricted case, yield seems to be fairly well correlated
with various plant communities (“forest types”) and these in their
turn with the soil content of various nutrients etc.

It is found that the properties most clearly different between the
different vegetation types are the contents of nitrogen and calcium
in the peat. Phosphorus shows a similar trend, but not quite so
distinectly.

B. Plant communities

The classificalion of the vegetation in heath-forest communties and
meadow-forest communities fits well with differences in soil properties
(Table 28, see also Diagrams, Fig. 46 et. seq. and the differences in
several of the analytical values between the types I—III and IV—VI).
The more detailed units of classification (the associations based on
the qualitative properties of the vegetation) are also characterized by
certain ranges of soil data, as are also certain of the characteristic
species of the communities. But it must be remembered that often it
is not the nutrient conditions as such which are solely determinative
for the distribution of a species. Nutrient contents may possibly not
even be the properties of greatest importance. On the other hand, at
a certain nutrient level a certain species or a combination of species
is better adapted to a site than another, provided no differences occur
in other environmental properties.

Ledum palustre, Eriophorum vaginatum and Rubus chamaemorus
in the field layer and pine in the tree layer, in the main have the same
area of distribution (Figs. 5 and 14). These species are qualitatively
and quantitatively the most important of the pine-wood area. Within
this area the N content of the peat varies from 0.75 to 1.70 %, P from
0.04 to 0.06 %, K from 0.03 to 0.04 ¢ and Ca from 0.18 to 0.80 %, pH is
3.0—3.6. The species mentioned are most abundant at the lower ends
of these ranges. At the higher ends they occur more scattered (not so
distinctly for R. chamaemorus). At the same time as the nutrient
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percentages rise, the distance to the water level does the same. At the
higher nutrient levels, it seems no longer possible for some of these
species to compete with the less demanding ones characterizing the
neighbouring communities. Otherwise it is well-known, for instance,
that Eriophorum vaginatum endures considerable quantities of nutri-
ents without the habitat becoming unfavourable (Tamm 1954); its
fertility even increases with increases in the nutrient concentrations.
Ledum has similar properties; its small sensitivity to a high N content
(> 2.5 % in the peat), for instance, is exemplified by an oceurrence
in northern Uppland. It may be more sensitive to a high lime content
or a high pH. Water conditions seem to be of less importance for this
species (when not extreme) since it grows on very wet sites in Central
and S Sweden as well as on fairly dry sandy-silty sediments in N
Sweden. In this respect it resembles Vaccinium uliginousum, one of
its most common associates.

The cause of the gradual change in vegetation is possibly not the
nufrient increase as such in the present case, but more likely the
more intense interference from the less demanding species which
are able to play an increasingly important role in the community.
Addition of a dense tree layer of spruce certainly produces unfavour-
able conditions for Ledum and Eriophorum (see Table 8 regarding
the change in degree of cover of these species during the period after
draining).

In the surrounding community (the bilberry-spruce wood), the
degree of cover and the frequency of bilberry increase and some herbs
are added. But the position of the bilberry becomes more hazardous
when habitat conditions alter towards the periphery of the community.
In the zone where bilberry occurs free from Eriophorum, Ledum and
Rubus, the N content rises to 1.5 to 2.0 %, P and K are unchanged,
Ca reaches 1 % and pH about 4.0.

If the importance of the nutrient properties is masked to some
extent by other habitat properties in the case of the heath-forest com-
munities, 1t is somewhat clearer in the meadow-forest communities.
These comprise a relatively uniform area, with respect to both histori-
cal development and the present state (stand age, species composition
of the stand, density, water conditions, dispersal possibilities, ete.).
A large part of the differences in the field and bottom layer vegetation
may therefore be ascribed to differences in the substratum.

The soil data for the Maianthemum-spruce wood (IV) and the
Oxalis-spruce wood (V) differ in many respects from one another
(Table 28). Because of the gradual change in many properties (de-
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creasing towards the heath-forest and increasing towards the Oxalis-
spruce wood) it seems permissible to suppose that the optimum con-
ditions for the Maianthemum-spruce wood are realized on Jéagar-
mossen. On average, values for many analysis data for the Maianthe-
mum-spruce-wood (1V) are about 30—50 % lower than for the Oxalis-
spruce wood (V). It should be noted that the characteristic species of
the former, Maianthemum bifolium, also occurs in type III, but more
scattered. It has thus a considerably wider amplitude than the com-
munity itself. In that respect it is similar to Owxalis acetosella, the
characteristic species of the Owxalis-spruce wood; both species have
quite a wide amplitude on the peat land, but they never occur in the
most oligotrophic communities (I and II). Within the eutrophic com-
munities (the meadow-forest) they occur regularly, but with very
variable frequency (see Tables 5-—7). It has not been possible to
determine if the optimum conditions for the Oxalis-spruce wood are
realized on Jégarmossen or on any other peat land visited, because
no community of still higher quality has been seen. (In this case
optimum has a subjective significance mainly relating to the pro-
ductivity of the community.) Communities related to Cajander’s (1921)
“Sanicula-Typ (ST)” probably represent one of the most luxuriant
of all the forest communities in this part of the country.

The grass-rich birch-spruce wood which, with respect to vegeta-
tional development, is at an intermediary stage developing to types
IV and V, also shows analysis data intermediate between these com-
munities.

C. Tree stands

The area of distribution of the woody species and their general
relationships to habitat have been discussed in Ch. 4. C. In the present
section the relation of annual increment of the four most common
tree species (pine, spruce, birch and alder) to some soil properties
will be discussed. The account will be largely in the form of simple
diagrams, in which the sum of the yields of these species is the
dependent variable.

It has not been possible to establish statistically significant rela-
tionships between yield and soil because of the small number of
sample areas with known yield. The only case where an indication
of a statistical significance was obtained for the soil properties studied,
was for the relation yield/per cent P (total) in peat. From the dia-
grams it is evident that one of the three sample areas in which more

14—412204¢
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than half the production is from broad-leaved trees often differs from
the others. On the whole the birch-rich stands are characteristic of
the areas where tree stands are not yet stabilized after draining. Hence
they do not represent more than a part of their potential productivity.
This is particularly true of sample area Jm 12, with ca. 90 % birch
by volume (see Fig. 12 and Table 19). But in broad outlines there
seem to be increasing yields associated with inecreasing contents of
some plant nutrients in the peat, and also with some other soil proper-
ties, but the variations are wide. (For information on the nutrient
status of the trees in relation to the substratum and yield of the stands
in relation to nutrient status, see Ch. 12.)

Apparent density. Fig. 78 shows that there is increasing yield with
increasing apparent density. In reality this implies that yield is cor-
related with the store of all kinds of nufrients, since the stores in-
crease with increased apparent density, even if the percentage con-
tents are unaltered or somewhat smaller. For peat soils this relation



FOREST ECOLOGICAL STUDIES ON DRAINED PEAT LAND 211

m¥%ha m¥he
150 150
® 9
£
100l =) @ ® =
® @ ¢
® e ® =
® O e
50| 50
- = - 8
() L/
00 ) % degree of neutralization 09 . . ) %N )
0 25 50 75 000 100 200 300 400
m¥ha m¥na
150 150
@ L
00| Py P f 100 | ? @%
® =) =2
@ (] _ N
50 50
o ® o ®
a0 ’ pH ) a0 %P ‘
30 40 50 000 005 010 015
Fig. 79. Relationships between growth (of the trees)  Fig. 80. Relationships between growth (of the trees)
and degree of neutralization and acidity and contents of nitrogen (N) and phos-
(pH) of the peat.—For symbols, see Fig. 78. phorus (P) of the peat.—For symbols, see
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appears not to have been studied previously; for mineral soils a not very
successful attempt was made by Pawluk and Arneman (1961) to
correlate site index with apparent density of the B, horizon.

Ash content (Fig. 78) gives a total expression of the contents of
inorganic matters in the soil, including such elements which are of
little or no direct importance as plant nutrients (silica, aluminum,
ete.).

In Fig. 79 is shown the relation yield/pH and yield/per cent degree
of neutralization. These two soil properties are closely related to one
another (they are different expressions of the acid and base status)
and alone they do not give an unequivoecal expression of site quality.
But their greatest advantage is that they sum several important site
properties in one expression. Regarding pH relations, see also Ch.
10. D.

Nitrogen (Fig. 80). There is a slight tendency to a positive relation
between vield and percentage of N, but the variations are wide. An
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example of the variation around the general trend is offered by sample
areas Jm 8 and 9, both with a yield of 10—12 m3 per ha and year but
with N percentages varying between 1.7 and 3.3, and a store of nitro-
gen to a depth of 20 cm varying from 4000 kg to 11000 kg per ha.
Ilvessalo (1923) wrote, that on some investigated mineral soil sites
there is an obvious relation between increment and store of nitrogen,
and he also stated that an increase in the nitrogen store in the soil of
1000 kg entails an increased yield of about 1.1-—1.8 m? per ha and
year. A rough estimate from the present data gives a corresponding
annual increase of 1.2—1.3 m3 per ha. Zinke (1961) reported a linear
regression between site index and soil nitrogen contents for Pinus
ponderosa stands on different mineral soils, and Zo6ttl (1960) a cur-
vilinear relationship between yield and nitrogen released on incuba-
tion.

Phosphorus (Fig. 80). Since, of all properties studied, yield appeared
to be best correlated with apparent density, it was an obvious step
to make a study of yield/store of P to certain depths. Three variants
were studied: Store between (a) 0 to 20 cm, (b) 0 to 40 cm and (c¢)
to the level of greatest root frequency (see Ch. 10.c.). The best cor-
relation, but not significant, was obtained for (e¢), which incidentally
emphasizes the significance of root depth determinations. But in this,
and other examples too, interpretations should be made with care
because of the few data available.

Yield shows a negative relation to AL-extractable P (see Ch. 10. C.;
Fig. 82) and to HCl-extractable P a very weak positive relation. The
greater part of the AL-extractable P might possibly be rapidly taken
up by the vegetation on high quality sites, so that this “fraction” of
P decreases more in such sites than in those of poorer quality. There is
the same tendency for mull soils (Ch. 10.D.). Valmari (1921) also
obtained such an inverse relation, which as he wrote, was unexpected
(... Diese unerwarteten Ergebnisse...”).

Potassium (Fig. 81). There is no correlation between yield and
total K. See also the distribution of K within the various plant com-
munities (Ch. 10.D. 2.). Between yield and K-HCl a suggestion of a
very weak (negative) relation is seen and between yield and K-AL
a somewhat stronger relation. The negative tendency may probably
be explained in the same way as for P-AL. Potassium is probably the
least differentiating of the macro nutrients, both for type of vege-
tation and for its productivity, unless deficiency prevails.

Calcium (Fig. 81). There is a slight tendency to a positive relation
between yield and Ca content of the peat. But it is certainly not Ca
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as a nutrient element only which is important, but secondary effects
of Ca: pH regulation, effect on the structure of the peat (particularly
marked for the highly humified woody fen peat, “peat mull”, of the
peripheral parts of the area), stimulaling the activity of earth-worms,
etc. For mineral soils, Valmari (1921) obtained a good correlation
between forest types and store of Ca to 20 em depth in the soil; see
also Viro (1951). Fiedler and Nebe (1963), on the other hand, only
obtained a moderate relation between height increment and per cent
Ca in the A horizon.

Generalized conclusions about the individual relations may not be
drawn from the above account. It must be remembered that at the
same time as soil chemical properties change, certain physical ones
change as well, e.g., structure of the peat (parent matter), water
conditions, light conditions, etc., and the chemical and physical prop-
erties are more or less mutually interdependent, as well as the various
chemical ones. Another objection to a simple interpretation of the
diagrams is the uneven tree species distribution within the various
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stands; and age differences are also a disadvantage. But nevertheless
some more general frends seem to be fairly well illustrated by the dia-
grams.

Chapter 14. Nutrient economy

When the former mire was drained, the habitat was subject to far-
reaching ecological consequences. Water supply from the surroundings
was then concentrated to narrow, more or less deep drainage-courses
between which areas were cut off from mineral soil-water supply.
Thus the store of most nutrients in the peat at the disposal of the
vegetation can be said to have been determined by its size at the
time of draining. Hence it follows that the present vegetation draws
upon a capital which is not renewed. However, there are still some
“items of income”: (1) Supply by air and precipitation; (2) nitrogen
fixation, symbiotic fixation by Alnus is the most obvious; (3) mobili-
zation of the nutrients in the peat by the gradual process of humifica-
tion. In the last case it is not a question of a direct income, only a
transformation of the nutrients in the peat (“weathering”) into an
accessible form (in reality a consumption of capital). For mineral
soils, however, soil weathering is regarded as an increase in capital
(Ovington 1962, p. 151). The atmospheric supply of some nutrients
is sufficiently large to be considered when making a balance sheet for
an area with low reserves of many of the nutrients.

The supply of nutrients by air and precipitation can be estimated
fairly well, since the sampling station Erken is situated only 14 km
ENE of Jiagarmossen (see Egnér and Eriksson 1955). There are also
precipitation and air analysis data for Ultuna about 45 km westwards,
but these are probably not fully representative because of a different
precipitation and the situation of the station in a large farming district.
See Table 29 which contains data according to Egnér and Eriksson
1955.

Compared with the total stores of N and Ca in peat, the supply in
precipitation is infinitely small, usually < 1/1000, but with regard to
available N this supply is possibly not without importance. The two
stands investigated show that above ground there is an annual im-
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Table 29, Precipitation and supply of chemical elements in the precipitation at the stations
Erken (Er) and Ultuna (Ul) in Uppland (see Egnér and Eriksson 1955)

o ~
Precipitation | 05N l NH,-N I K | Mg l Ca

mm

Year kg ha=! year—?

Er | Ul Er‘Ul Er\Ul Er‘Ul Er}Ul Er | Ul

1955 411 366 | 0.60| 0.81}4 0.77| 1.35}1 1.18| 0.65| 0.51| 0.54} 2.61| 2.99
1956 412 438 | 0.34| 0.66] 0.99| 1.17] 2.00| 0.72] 0.86| 0.64| 2.64| 3.06
1957 583 646 | 0.56| 1.05| 0.65| 1.30| 1.11| 0.85| 0.65| 0.87} 2.90| 3.08
1958 508 639 | 0.81] 1.09| 1.00| 1.64| 1.82| 0.79] 0.85| 0.66| 4.37| 3.02

Average
1955—58) 478 522 | 0.58] 0.90] 0.85] 1.36] 1.53| 0.75] 0.72] 0.63] 3.13| 3.04

mobilization of nitrogen amounting to 1.5—6.6 kg per ha. The supply
in precipitation is about 1.5—2.0 kg per ha and year. For the best
growing stands the losses by fixation in the trunks (wood + bark)
probably cannot be compensated for, but for the stands of medium
and low growth these two items can be balanced. There is also an-
other item of income, viz., gaseous NHj, the supply of which may
possibly reach 10—-20 kg per ha and year (Egnér 1953). However, in
relation to the annual uptake all these sources would not be sufficient
if the greater part of the N taken up was not released in the litter fall.
Ovington (1962, p. 175), for instance, has calculated the total uptake
of N for a 55 year-old extremely well-growing pine stand to be 4817
kg per ha, i.e., an average of 88 kg per year. Ebermayer (1876) stated
that a well-growing spruce stand with a rotation of 120 years took
up about 70 kg ha and year.

There is little information on the amounts of P supplied in precipi-
tation in Sweden. Tamm (1953) stated a value of 0.01—0.1 ppm for
rain water (filtered samples which seem to give much too low values)
and Tamm (1958) 0.1 kg water soluble P per ha and year (filtered
samples). With an annual precipitation of 500 mm the former values
corresponds to a quantity of 0.05 to 0.5 kg per ha and year. The stands
in question have 1.9 and 9.4 kg P in wood, i.e., on average 0.04 to 0.14
kg P has been fixed in wood per year. The present uptake for wood
and bark is 0.2 to 0.8 kg per ha and year.

The annual supply of K in precipitation (about 1.5 kg per ha) barely
compensates the losses by K fixation in wood, which are estimated to
be 0.5—1.4 kg per ha and year for wood only, and 0.7—-2.4 kg for
wood and bark. For a 55 year-old pine stand Ovington (1962) cal-
culated the total uptake of K to be 1933 kg per ha (35 kg per ha and
year) but only 150 kg (8 % of the total) was present in the living
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trees. For the spruce stand mentioned above, Ebermayer (1876)
calculated the total annual K uptake to be only 7-—8 kg per ha.

Calecium in precipitation probably is not quite sufficient to balance
the uptake by the trees in all the stands.

Magnesium supply, about 0.7 kg per ha and year, is of the same
magnitude as the fixation in the trunk (wood + bark).

The supply of nitrogen through fixation by microorganisms possibly
is considerable. The only tree species with root nodules likely to be
of importance in this connexion, Alnus glulinosa, occurs especially
in the marginal area as shown in Fig. 15.

On the gradual humification of the peat, nutrients are mobilized
by the disintegration of the more or less complicated compounds
present in the former living plants. In principle, this release corre-
sponds to the weathering in a mineral soil, but in peat the reserves
of some nutrients are fairly limited. The quantities released by de-
composition have not been estimated.

Besides the nutrient “losses” mentioned (incorporation of nutrients
into the wood and bark), there is a considerable uptake into the other
parts of the tree (needles, leaves, branches), see e.g., Ebermayer
(1876), Rennie (1955) and Ovington (1962) regarding total uptake.
Some of these nutrients are returned to the soil in litter fall. Examples
of yearly turn over of nutrients in litter of various species are given
by Lindquist (1938), Romell (1939b), Mork (1942), Julin (1948),
Sjors (1954), etc. See also Miller (1963 a, b).

A real loss from the site does not occur before the harvested trunks
are removed. Otherwise there is a dynamic equilibrium between litter
fall and nutrient uptake, but there are leaks from the system.

Water run-off is responible for the loss of considerable quantities
of nutrients. The annual run-off from Jégarmossen can be esfimated
as 175 mm per year (Ch. 9). On the basis of this value and a number
of drainage water analyses an estimate of the yearly loss of nutrients
has been calculated (Table 30). The nulrient content of drainage
water is characterized by the habitat condition, so that there are
fairly high values for calcium in water sampled at different times.
Compare for instance the analyses by Viro (1953) of 0.26 kg P, 4.1 kg
K, 11.2 kg Ca and 4.1 kg Mg per ha and year for the estimated run-
off losses in five Finnish rivers. In the present case it must be remem-
bered that the drainage water originates not only in the peat land,
but the greater part of it is from the surrounding non-peaty land. The
relation peat land/total catchment area is 1: 5. The supply of nutrients
to the peat land in water from the non-peaty land may reduce the fig-
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Table 30. Order of magnitude of the nutrient store of the peat land and some of the items in
the nutrient balance (atmospheric supply, losses by leaching, immobilization in harvested
trees). All figures in kg per ha

N P K Ca Mg

Nutrient store to level of
(a)greatestroot frequency|1000-20000{ 60—630 50—260 {300—39000 —e

(b)level of greatest root

depth................. 1700-36000) 90—1050] 70—600 |500—63000 —_
NHj;: 10—
Nutrient supply by 20(gaseous)
atmosphere (references, |[NO;:0.3— 0.05—0.5 | 1.1—92.0 |2.6-—4.4 0.5—0.9
seetext) .............. 0.8
NH;:0.7—
1.1
Annual immobilization in
wood and bark......... 1.5—6.6 0.2—0.8 0.7—2.4 |1.7—10.1 | 0.4—1.0
Annual loss by drainage
water (leaching)........ <1 0.05—0.3 1—4 50—70 3—>5
Nutrient balance in rela- |Changes A decrease |A decrease | Changes Changes
tion to tree growth small and | in phos- in potas- | not im- probably
probably | phorus sium portant not im-
not im- store, pro-| store, portant
portant bably not | often cri-
critical tical

ures for losses by leaching somewhat for some nutrients. Otherwise the
store of potassium, for instance, which amounts only to 75—200 kg per
ha to a depth of 20 cm, would be expected to be leached out of the site
within a few hundreds years. In the “balance sheet” (Table 30), how-
ever, no account has been taken of this supply of nufrients to the site.
Even if allowance is made for a considerable portion of the potassium
in run-off water coming from the mineral soil, the K situation of the
peat land must be regarded as critical for the vegetation. More inten-
sive forestry for a long time can hardly be contemplated without appli-
cation of potassium fertilizers.

In recent years “the whole tree-method” has come into use in
Swedish forestry (as experiments as yet). This means that the whole
cut tree is removed from the growing site to a central place for con-
version. If such a felling technique were to be applied to sites such
as Jigarmossen, the present parlous nutrient balance would probably
be completely destroyed. From Tables 22 and 23 it can be seen that
the P content in the trees is 20—30 % of that in the peat horizons
with the greatest root mass. The K content in the trees is 90-—120 %
of that in the peat!

Even if the trunks (wood and bark) only are removed, the P and
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K stores would be considerably depleted (Tables 22, 23 and 30). Symp-
toms of K deficiency already occur in some places. They are most
evident around sample area Jm 4, the most potassium poor part of
Jigarmossen (< 0.03 % K in the 020 cm layer), but other parts of
the peat land also have so low K contents in the peat, that visible K
deficiency symptoms may appear at any time. On Pristgardsingen in
NE Uppland, K deficiency was fully evident and retarded growth
occurred at a K content < 0.025 % in the peat. The P content was at
the same time 0.065 9% (Tamm 1956 b). An application of a K fertilizer
in that case removed the deficiency symptoms and stimulated growth;
application of a P fertilizer, on the other hand, strengthend the K
deficiency symptoms. On other peat land areas in Uppland similar
observations have been made. At an average K content in the peat of
slightly less than 0.03 % on Jagarmossen, a high yield still occurs.

However, the interpretation of K analyses of a peat substratum are
rather complicated presumably because of the mobility of the K ion.
Even if the deficiency symptoms are removed, growth may be appreci-
ably retarted (Ch. 12). Judging from the analyses of exposed leaves
a growth response for K application would still be espected on some
of the plots with the highest K contents of the peat found on Jégar-
mossen (0.05-—0.06 %).

An attempt was made to determine the K concentration in peatl at
which deficiency symptoms first appear. For the well grow stands on
Jigarmossen, 0.026—0.028 % K seemed to be such a concentration
limit, and based on some other sites it was thought that at 0.023——
0.027 % K the deficiency symptoms would appear. Recent data obtained
have, however, shown the difficulty of determining such a limit
(Table 31). It is probable that we must regard the problem as dynamic
and not static. If so, the low K percentages as such may be of little
importance as long as some K is released gradually by humification
of the peat, i.e., as soon as K is released from the litter, etc., it is taken
up by the vegetation.

It is also a common experience that the K content in peat is often
precariously small and in the soil water quite insufficient, but yet
fairly normal growth and also K content of the plants are found (Mal-
mer and Sjors 1955; Malmer 1958). However, when attempts are made
to raise the plant production of the site by planting a cultivated crop
or a more demanding tree stand, the risk of deficiency occurring is
obvious. See also Fig. 73, which shows that the original mire vegeta-
tion had the ability to extract K down to a content of a few thou-
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Table 31, Potassium contents of peat on sites deficient and non-deficient in potassinm,

“ based on visual symptoms on spruce
Deficient Non-deficient
Locality
% K inpeat samples from 0—20 em depth

Gisselas, provinee Jiamtland.............. 0.016

» » D e 0.017
Robertsfors, province Visterbotten....... 0.025 0.044
» » | 0.022 0.048
Kerstinbo mire, province Uppland........ 0.024 0.028
» » » P e 0.021 0.020
Nolmyra, province Uppland............. 0.017

Postboda, province Uppland............. - 0.019

» » P e 0.013
Botarbomossen, province Uppland!. ...... 0.026

Préstgardsingen, province Uppland. ...... 0.016

» » » 2. 0.014

Stormossen, province Uppland........... 0.019
Mésmossen, province Uppland........... 0.016 0.023
» » L 0.016 0.026
Jigarmossen, sample area Jm 2. ........ 0.028

» » »ooJm 4. 0.027

» » » Jmtt, .. ... 0.028

1) Earlier with deficiency symptoms. Positive growth response to K application.
2) Fertilized with H,PO,.

sandths of a per cent while the surface layers have about fen times
as much.

With regard to P there also is some risk of leaching losses, but these
are far from being as serious as for K. The absolute figures of P losses
are only about one tenth of those for K, and the store of P is consider-
ably greater. Furthermore the requirement for P of most common
forest trees present is only about 15—20 9% of that for K.

Another source of income not earlier taken into account is the more
remote mineral-rich soil under the peat. Even now the more deep-
rooted vegetation in the peripheral areas (Jm 3, 5, and possibly also
Jm 8) is affected. The clay gyttja, which is the nearest stratum rich
in mineral matter, moreover has a considerahle K content which is of
greatest interest in this discussion.



Chapter 15. Summary of Parts I—IIT

1. Jagarmossen consists of 45 hectares (110 acres) of afforested
peat land drained in 1918—22. It is situated in the province Uppland,
E Central Sweden about 60 km (37 miles) NNE of Stockholm. Height
above sea level is ca. 35 m (115 ft.). The retreating inland ice left the
area about 7700 B.C. In this part of the country the main part of the
peat land (as well as Jigarmossen) has arisen through filling-in of
shallow lakes by sediments and vegetation. The catchment area of
Jigarmossen is about 220 hectares (544 acres), so that the approxi-
mate ratio between peat land and catchment area is 1:5. Mean annual
temperature is +5 to --6° C, the annual precipitation is somewhat
more than 500 mm. The vegetation period (= + 3° () is about 200
days.

2. The present vegetation on Jigarmossen has been classified in
six communities (associations) which have been described. They are:
1. Pinus — Ledum — Pleurozium ass (Ledum-pine wood). II. Pinus -
Vaccinium myrtillus — Pleurozium ass (Bilberry-pine wood). IIl. Picea
— Maianthemum — Vaccinium myrtillus — Pleurozium ass (Bilberry-
spruce wood). IV. Picea — Oxalis — Maianthemum — Brachythecium ru-
tabulum ass (Maianthemum-spruce wood). V. Picea — Oxalis — Brachy-
thecium rutabulum ass (Oxalis-spruce wood). VI. Picea — Betula pu-
bescens — Calamagrostis canescens — Melica nulans — Brachythecium
rutabulum ass (Grass-rich birch-spruce wood). It is characteristic
that the communities are concentrically arranged around the Ledum-
pine wood in the middle of the area (Fig. 3).

3. Most of the woody species have been treated in some detail and
distribution maps of the majority are included (Fig. 5, 14—28). Some
species are restricted to the central, dwarf shrub-rich and on the
whole nutrient-poor communities (e.g., Ledum palustre, Pinus sil-
vesiris, Fig. 5, 14). Other species are restricted to the peripheral, herb-
rich and on the whole nutrient-rich, communities (e.g., Alnus gluti-
nosa, Fraxinus excelsior, Fig. 15, 27), and some species seem to have
no decided preference with regard to environmental features (e.g.,
Rhamnus frangula, Sorbus aucuparia, Fig. 23, 25). They occur all over
the peat land.

4. In general it seems that drainage of this type of peat land favours
an increase in frequency of species which have a larger nutrient de-
mand than the species which were part of the original vegetation of
the mire. For example, in the bottom layer the heath-forest mosses,



FOREST ECOLOGICAL STUDIES ON DRAINED PEAT LAND 221

Hylocomium splendens, Pleurozinm schreberi and Dicranum spp. give
way to Brachythecium spp., Rhytidiadelphus triquetrus, Mnium spp.
ete., and in the field layer the dwarf shrubs are displaced by herbs,
e.g., Oxalis acetosella and Maianthemum bifolium. In the most nu-
trient-deficient parts, Sphagnum spp. disappear and are replaced by
Hylocomium splendens, Pleurozium schreberi, ete. Eriophorum vagi-
natum, Vaccinium uliginosum and V. oxyjcoccus, ete.,, in the field
layer are replaced by V. myrtillus and V. vitis-idaea (Tables 8—12).

5. The annual ring diagrams (Fig. 29—32) show clearly that the
effect of drainage of Jdgarmossen is to increase the growth of the
trees (pine, spruce and birch). Already in five years after drainage
there is a noticeable increase in annual ring width of spruce in most
areas. But in the formerly very wet margin areas of the peat land, now
covered by a mixed stand of birch and spruce, an obvious increase in
annual ring width of spruce is not seen until after 15—20 years.

6. Jagarmossen occupies a spoon-shaped depression once a lake,
which was cut off from the sea probably 4500—5000 years ago. The
most common peat types are Sphagnum peat, Sphagnum-cyperaceous
peat and woody fen peat. Under the peat clay gyttja, algal gyttja and
calcareous gyttja horizons occur. The total thickness of the gyltja
layers is > 2 m. The peat land slopes weakly (< 0.°1) from N to S
and from W to E with the outflow towards the east. The greatest
measured thickness of the peat layer is 3.1 m and half the area has
peat layers >1 m thick (Table 13 and Fig. 34). The subsidence of
the peat has resulted in a ‘gain’ of ground of ca. 3 % of the total area
of Jagarmossen. Almost 11 km (6.7 miles) of ditches were dug, ie.,
a fairly thorough draining, but the water table is still very high in
some places (Fig. 35).

7. Peat analysis has revealed that there are positive relationships
between: (1) Apparent density (g/dms3) and ash content. (2) Calcium
(Ca) content and ash content. (3) Acidity (pH) and ash content. (4)
pH and Ca content. (5) Nitrogen (N) and pH. (6) N and ash content.
(7) N and phosphorus (P) content for samples from 0-—20 cm depth
only, but not for samples from greater depths.

An increase in acidity on drying of peat of up to one pH unit was
obtained for the pH range 3—7 with greater deviations from the fresh
peat at the higher pH values.

The total quantities of nutrients down to the level of greatest root
frequency were: N 1.0—20.0, P 0.06—0.63, K 0.05-——0.26 and Ca 0.3—
38.7 - 103 kg per ha. Similar quantities of nutrients to the level of
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greatest root depth were: N 1.0—32.4, P 0.08—0.94, K 0.06—0.99 and
Ca 0.5—b6.7 - 103 kg per ha.

The distribution of the analyses in the different communities shows
three main features radiating out from the centre (Ledum-pine wood)
towards the periphery, i.e., from the oligotrophic to the eutrophic part
of the peat land. (a) Increasing values: pH, apparent density, specific
conductivity, cation exchange capacity (not so distinct), degree of
neutralization, percentages (total) of nitrogen (N), phosphorus (P)
and calcium (Ca). (b) Analysis values irregular: percentage (total)
of potassium (K) and percentages of hydrochloric acid extractable
P and K (P-HCl and K-HCl). (c¢) Decreasing values: ammonium
lactate extractable K and P (K-AL and P-AL).

The vertical distribution of the analyses also may be roughly divided
into three groups: (a) Those that increase with depth, viz., ash con-
tent, pH and Ca content; (b) those that decrease with depth, viz., K and
P contents, and (c¢) those that change slightly or irregularly with
depth, viz., apparent density, N content.

On other sites studied it was found that the degree of neutralization,
specific conductivity and extractable Ca (Ca-AL and Ca-HCIl) also
increase with depth. Total magnesium seems first to decrease (0—30
cm, rooting zone) and then to increase. K-AL, P-AL, K-HCI and P-HC],
like total K and P, also decrease with depth. Cation exchange capacity
seems to be fairly constant throughout the profile.

8. The number of stems of the various stands varies between about
800 and 1800 per ha. The volume of the stands varies between 66 and
350 m? per ha and the annual increment (period 1958—63) between
3.6 and 15.0 m? per ha, It is estimated that the annual increment was
> 10 ms3 per ha for a large area of the peat land during the last 30
years.

9. The dry matter and chemical elements of the tree stands have
been calculated by felling and analysing sample trees from a low-
quality and a high-quality site (Jm 1 and Jm 9, see Fig. 4 and 7 and
Tables 22, 23). The pine stand (Jm 1), 65.5 m3 per ha, contained
39.4 - 103 kg oven-dry matter per ha and the weight proportions of
each part of the trees were: 61.4 % wood, 7.6 % bark, 18.0 % living
branches, 8.8 % needles and 4.2 % dead branches. Total nutrient con-
tents in the stand above ground were: N 112.5, P 12.3, K 44.0, Ca 69.1
and Mg 16.0 kg per ha. The spruce stand, 312.1 m? per ha, contained
177.6 - 103 kg oven-dry matter per ha and the weight proportions of
each part of the trees were: 66.3 % wood, 5.6 % bark, 16.5 % living
branches, 9.0 % needles and 2.6 % dead branches. Total nutrient con-
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tents in the stand above ground were: N 533.9, P 70.4, K 167.6, Ca
521.2 and Mg 61.2 kg per ha. Compared with data for other stands
investigated, the nutrient content of the trees shows no fundamental
differences between different sites and climates. However, there are
exceptions, probably dependent on varying habitat properties. Thus
the bark of pine and all parts of the spruce on Jidgarmossen have
unusually high Ca contents. High Ca percentages occur in the rooting
zone of the spruce site (Fig. 71, Jm 9). The pine site, however, is not
particularly high in Ca.

10. Foliar analysis has revealed relatively low concentrations of N,
P and K in exposed leaves over large parts of Jagarmossen.

The significance of foliar analysis as a method of determining
nutrient status of stands is discussed with regard to sites where more
than one nutrient is deficient. Although difficulties are met with in
the interpretation of foliar concentrations under such conditions, it
is concluded that the supply of N, P and K is often suboptimal on
Jagarmossen. The relations between foliar concentrations and peat
concentrations of some elements are also discussed.

11. The best relation between forest growth and environment ap-
pears to be between growth and plant community. The data obtained
partly support the classical concept of forest types (Cajander 1909,
1921), viz., that a relationship exists between site quality (site index)
and vegetation (see also Rennie 1962).

A detailed study of the yield on 12 sample plots in relation to a
number of soil properties suggests a positive relationship between
yield and apparent density, per cent ash, pH, degree of neutralization,
percentages of N, P and Ca (total). In the case of P-AL and K-AL a
negative trend was found, while total K showed no correlation at all
with the yield.

12. Nutrient economy is discussed. An estimate revealed that the
stores of nutrients are sufficient with regard to N, P, Ca and probably
also Mg for a long time, despite annual losses of nutrients by im-
mobilization in tree trunks and by leaching. However, both the store
and supply of K is small and intensive forestry without application of
K fertilizers would probably have fatal consequences. It was shown
that the P content in the trees was 20—30 %, and the K content 90—
120 % of that in the peat horizons with the greatest root mass.
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Sammanfattning
Skogsekologiska studier pa dikad torvmark i Uppland.
Del I-II1.

1. Detta arbete 4r huvuddelen av en redogérelse Over vegetations-
och standortsférhallanden pa sbittres, dikad och skogbevuxen torv-
mark i Uppland. Undersékningen har dels omfattat ett detaljunder-
sokt omrade, Jigarmossen, dels 6versiktliga studier pa andra skogs-
dikade torvimmarker. Det nu féreliggande arbetet behandlar i allt vé-
sentligt det detaljundersékta omradet, men jamfdrelser med andra
omraden har gjorts.

For utarbetande av avsnitten om vegetationsutveckling (Chapter 5)
och tradbestiandens utveckling (Table 21) har vérdefulla uppgifter
erhallits ur ett manuskript av jagmaéstare Gunnar Ullén (se Refer-
ences). Arbetet bakom denna undersékning leddes ar 1927, betraffande
skogsproduktionsférhéliandena, av docent Erik Lund med bitridde av
jagmistare Erik Lindh. Docent Carl Malmstrém och fil. mag. Nils
Willén svarade for de vegetations- och torvgeologiska (Fig. 33) under-
sokningar som samtidigt gjordes. Ullén foretog en ny taxering av
tradbestanden ar 1931, varefter han sedermera sammanstéillde resul-
taten hérav, liksom av den tidigare undersékningen.

Jagarmossen utgdres av en 45 ha stor, skogbevuxen torvmark, som
dikades 1918—22. Den ligger i Upplands O del ca 60 km NNO om
Stockholm péa Skogsséllskapets ekebyholmkomplex i Rimbo s:n. Den
omslutes hir av nivdkurvan f6r 35 m 6. h. och lanshuvudvag nr 280.
Den tillbakagaende inlandsisen stod &ver trakten omkr. 7 700 f. Kr.
Inom denna del av landet har storre delen av torvimarkerna bildats
genom igenvaxning av grunda sjoar (igenvixningstorvmarker). Jigar-
mossens nederbérdsomrade 4r ca 220 ha, och forhallandet mellan
torvmark och nederbérdsomrade ar 1:5. Arsmedeltemperaturen ar
+ 5 till +6° C, arsnederborden (genomsnittliga) nagot mer &4n 500
mm. Vegetationsperioden varar omkring 200 dygn (= + 3° C).

2. Den nuvarande vegetationen pa Jagarmossen har uppdelats pa

sex vixtsamhillen (associationer) vilka har beskrivits. De ar: 1. Pinus
— Ledum — Pleurozium ass (skvattramtallskog). I1. Pinus — Vaccinium
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myrtillus — Pleurozium ass (blabartallskog). IIl. Picea — Maianthemum
— Vaccinium myrtillus — Pleurozium ass (blabargranskog). IV. Picea
— Ozalis — Maianthemum — Brachythecium rutabulum ass (ekorrbar-
granskog). V. Picea — Oxalis — Brachythecium rutabulum ass (harsyra-
granskog). VI. Picea — Betula pubescens — Calamagrostis canescens —
Melica nutans — Brachythecium rutabulum ass (grasrik bjork-gran-
skog). I—III har forts till 6vergruppen hedskog (hedbarrskog), IV—
VI har forts till évergruppen dngsskog (dngsbarrskog).

3. Flera vedvaxter har behandlats ratt ingdende och for de flesta
har utbredningskartor upprittats. Nagra arter har sin huvadutbred-
ning inom de risrika och pa det hela taget niringsfattiga samhillena
i centrum (t. ex. Ledum palustre, Pinus silvestris; Fig. 5, 14). Andra
ar i huvudsak begrinsade till de perifera, ortrika och pa det hela
taget naringsrika samhéillena (t. ex. Alnus glutinosa, Fraxinus excel-
sior; Fig. 15, 27) och andra har synbarligen inga bestimda ansprak
med hidnsyn till miljén, de férekommer spridda &ver praktiskt taget
hela omradet (t. ex. Rhamnus frangula, Sorbus aucuparia, Fig. 23,
25).

4. Det forefaller som om dikning och torrliggning av en torvmark
av detta slag gynnar sidana arter, som har stérre ansprak pé substra-
tet an de som ingick i den ursprungliga myrvegetationen, nar sta-
dierna fore och efter torrldggning ar jamforbara. S& ar de tidigare
mycket blota karrpartierna med ofta ytligt vatten och med méinga
specifika blétmarksviaxter ej jamforbara med de nuvarande skogbe-
vuxna Ort- och griasrika omradena. Daremot dr de omraden som redan
tidigare var jamférelsevis torra, med ytligt vatten endast vissa mycket
vata perioder, vil jamfoérbara med de nuvarande samhillena pid mot-
svarande platser.

I bottenskiktet har t. ex. Hylocomium splendens, Pleurozium schre-
beri och Dicranum-arter ersatts av Brachythecium-arter, Rhytidia-
delphus triquetrus, Mnium-arter, etc. och i filtskiktet har risen er-
satts av orter, t. ex. Oxalis acetosella, Maianthemum bifolium m. fl.
I de mest niringsfattiga delarna (och tidigare ocksa vata) har olika
Sphagnum-arter féljts av Hylocomium, Pleurozium, ete. Eriophorum
vaginatum, Vaccinium uliginosun och V. cxycoccus, m. fl. 1 faltskiktet
har £6ljts av V. myrtillus, V. vitis-idaea m. {l. [se Tables (tab.) 8—12].

5. Arsringsdiagrammen (Fig. 29-—32) visar klart draneringseffekten
pa tradens (tall, gran och bjérk) tillvixt pa Jdgarmossen. Redan
inom fem ar efter dikningen har arsringsbredden 6kat mirkbart for
gran inom de flesta undersékta provytorna. Aven tall och bjérk rea-
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gerade snabbt. Inom de tidigare mycket blota kantpartierna visar
granen diremot en starkt markerad efterslapning i friga om {ill-
vaxtokning (Fig. 31). Inte férrdn 15—20 ar efter dikningen kommer
en verkligt markerad tillvixtreaktion.

6. Jagarmossen utfyller de djupare delarna av en skalformig for-
djupning som en gang var sj6. Den avskars fran havet fér omkring
4 500—5 000 ar sedan. De vanligaste torvslagen ar Sphagnum-torv,
Sphagnum-cyperacé-torv och olika kirrtorvslag. Under den egentliga
torven #r olika gyttjor lagrade pa varandra: lergyttja, alggyttja och
kalkgyttja (Fig. 33). Gyttjorna har en maximal méktighet av > 2 m.
Det stoérsta uppmitta torvdjupet ar 3,1 m och mer &n héalften av om-
rddets yta har >1 m maéktiga torvbildningar (Table 13, Fig. 34).
Torvmarken lutar svagt (< 0,°1) fran N mot S och fran V mot O och
den avrinner mot O. I kantomradet kan man rékna med en »vinst»
av fastmark av omkring 3 % av totalarealen som en foljd av torvens
hopsjunkning (se dven Fig. 13). Hopsjunkningen synes ha varit storst
omedelbart efter dikningen (jfr Dawson 1956, s. 386). Fragan om en
del av torvinarken har varit ombrotrof (dvs. helt avskuren fran direkt
tillforsel av fastmarksvatten) diskuteras, men kan ej anses 16st. Nar-
mare 11 km diken har tagits upp, dvs. en mycket effektiv dranering,
men vattenstandet ar alltjAimt hogt inom vissa delar (Fig. 35).

7. Torvanalyserna har gett positiva samband mellan: (1) Volym-
vikt (g/dm3) och askhalt (9 ash i diagrammen). (2) Calcium (Ca)
halt och askhalt. (3) Surhetsgrad (pH) och askhalt. (4) pH och Ca-
halt. (5) Kvidve (N) halt och pH. (6) N och askhalt. (7) N och fosfor
(P) halt fér prov fran 0—20 cm djup, men ej f6r prov fran storre
djup.

En ¢kning av torvens surhetsgrad (pH) med upp till en pH-enhet
vid provens torkning erhélls for pH-omradet 3—7, med stdérre av-
vikelser vid hégre pH-varden.

Totalméngderna av néringsamnen ned till nivin f6ér siorsta rot-
frekvens var: N 1,0—20,0, P 0,06—0,63, K 0,06—0,26 och Ca 0,3—38,7 -
- 103 kg per ha. Motsvarande virden till nivan for siérsta rotdjup
var: N 1,5—32,4, P 0,08—0,94, K 0,06—0,99 och Ca 0,5—56,7 - 102 kg
per ha.

Torvanalysvirdenas férdelning (0—20 em djup) i de olika vixt-
samhéllena visar tre huvuddrag i riktning fran centrum (skvattram-
tallskogen) mot periferien, dvs. fran torvmarkens oligotrofa mot dess
eutrofa del. (a) Stigande varden: pH, volymvikt, specifik ledningsfor-
miga, utbyteskapacitet (ej s utpraglat), neutralisationsgrad, total-
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halter av N, P och Ca. (b) Analysviardena oregelbundna: totalhalt av
kalium (K) och halter av saltsyralosligt P och K (P-HCl och K-HCl).
(¢) Avtagande virden: ammoniumlaktatlosligt X och P (K-AL och
P-AL).

I stort kan ocksa analysvirdenas vertikala (0—100 cm) férdelning
indelas i tre grupper: (a) De som okar med dkat djup, namligen ask-
halt, pH och Ca-halt; (b) de som avtar med okat djup, nidmligen K-
och P-halt och (¢) de som dndras mycket litet eller oregelbundet med
okat djup, namligen volymvikt och N-halt.

P4 andra undersékta lokaler har det visat sig att neutralisations-
graden, specifika ledningsférmégan och halterna av Ca-AL och Ca-
HCI ocksa 0kar med ékat djup. Totalhalten av magnesium tycks forst
minska (0—30 em, rotzonen) och sedan 6ka. K-AL, P-AL, K-HCI och
P-H(, liksom total K och P, avtar ocksa med okat djup. Utbyteska-
paciteten forefaller vara tamligen konstant lings hela profilen.

8. Uppmitningarna av triadbestdnden pa Jagarmossen har visat att
stora viaxlingar rader mellan olika delar ifrAga om antal stammar
per ytenhet, tradslagsfordelning, volyminnehall, tillvaxt, m. m. Stam-
antalet p4 de 12 provytorna varierar mellan ca 800 och 1800 per ha
(Table 19); tridslagsfordelningen med avseende pa grundytan &r f{or
tall 2—100 % (fyra provytor), fér gran 11—100 % (elva provytor),
for bjork 2—89 % (nio provytor) och fér klibbal 23 % (en provyta).
Bestandens volyminneh#ll véxlar mellan 66 och 350 m? per ha och
den éarliga tillvixten (perioden 1958—63) mellan 3,6 och 15,0 m3 per
ha (Table 20). For en stor del av Jigarmossen har den lépande arliga
tillvaxten berdknats till > 10 m3 per ha (Table 21) under den senaste
30-arsperioden.

9. Nagra triadbestands torrsubstansinneh&ll och innehall av olika
kemiska element har beridknats genom att falla och analysera prov-
trad fran en lagproduktiv och en hégproduktiv lokal (Jm 1 och Jm 9;
se Fig. 4 och 7 och Tables 22 och 23). Tallbestandet (Jm 1), 65,5 ms3
per ha, innehéll 39,4 - 103 kg torrsubstans per ha och viktsproportio-
nerna for varje del av trdden var: 61,4 % ved, 7,6 % bark, 18,0 % le-
vande grenar, 8,8 % barr och 4,2 % ddéda grenar. Bestandets totala
niringsinnehall ovan mark var: N 112,5, P 12,3, K 44,0, Ca 69,1 och
Mg 16,0 kg per ha. Granbestdndet (Jm 9), 312,1 m® per ha, innehdll
177,6 - 103 kg torrsubstans per ha och viktsproportionerna fér varje
del av traden var: 66,3 % ved, 5,6 % bark, 16,5 % levande grenar,
9,0 % barr och 2,6 % doda grenar. Bestidndets totala niringsinnehéll
ovan mark var: N 533,9, P 70,4, K 167,6, Ca 521,2 och Mg 61,2 kg per
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ha. Niringsinnehéallet i dessa bestand visar, jamfort med andra under-
sokta bestand, inga grundliggande avvikelser med hansyn till olika
lokaler och klimat. Jamférelsebestanden ligger dels i Sméland och
Halland (400—450 km SV om Jigarmossen) och dels i Lappland
(800—900 km N om Jagarmossen). Det finns dock vissa modifika-
tioner sannolikt beroende pa vixlande miljéegenskaper. Sidlunda har
tallbarken och alla delar av granen pa Jigarmossen mycket hoga Ca-
halter. Hoga Ca-halter férekommer i rotzonen pa granlokalen (Fig. 71,
Jm 9). Tallokalen diaremot har ej sarskilt hog Ca-halt i substratet.

10. Analyser av vil belysta barr och blad har visat att halterna av
N, P och K ar laga for stora delar av Jagarmossen.

Bladanalysens betydelse som metod vid bestimning av tradbestan-
dens naringsstatus har diskuterats med hénsyn till lokaler med brist
pa flera dmnen an eit. Under sidana omstindigheter dr innebérden
av olika halter svar att tolka, men trots detta antas att tillgdngen pa
N, P och K ofta ar suboptimal pa Jagarmossen. Sambanden mellan
bladhalter och motsvarande halter i torven diskuteras fér nagra ele-
ment (Table 27, Fig. 76—77).

11. Det bésta sambandet mellan skoglig tillvixt och miljo, tycks
finnas mellan tillvaxt och vixtsamhélle. De erhallna resultaten stdder
den klassiska skogstypsteorien (Cajander 1909, 1921), namligen att
ett samband {foreligger mellan en lokals produktionsférmiga och
vegetationens karaktar.

En detaljundersékning av avkastningen pa de 12 provytorna i rela-
tion till ett antal markegenskaper antyder ett positivt samband mellan
tillvixt och torvens volymvikt, askhalt, pH, neutralisationsgrad, to-
talhalter av N, P och Ca. For P-AL och K-AL finns tecken till ett
negativt samband och for totalkalium finns inget som helst samband
med tillvaxten (Fig. 78—82).

12. Néringshushallningen diskuteras. En berdkning visade att for-
rdden av N, P och Ca och troligen ocksa Mg ér tillriackliga f6r en ur
praktisk synpunkt obegransad tid, trots de arliga forlusterna genom
inlagring i tradstammarna (ved och bark) och utlakning. Férradet
av K ar diremot litet och det ar troligl, att ett intensivt skogsbruk
utan tillférsel av K skulle f4 6desdigra foéljder. Det har visats att
P-innehallet i tradbestanden ar 20—30 % och K-innehéllet 90—120 %
av férradet i torven pa motsvarande lokaler till nivan fér storsta rot-
frekvens. Konsekvenserna for naringshushallningen vid en tillimp-
ning av den s. k. »hela trad metodens i skogsbruket pa dylika lokaler
blir hari ratt klart illustrerade.
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