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Finnish Integrated Monitoring Programme:
reports and publications in 1987—1994

Preface
permanent field staff to take care of the routine
sampling and field equipment and to provide
assistance to visiting specialists. The contribu
tions of the field technicians Seppo Aikio,
Ritva Koivunen, Tellervo Kuusela, Matti
Lemettinen, Kari Lyytikäinen, Markku Rontti,
Väinö Turpeinen and Pekka Vuori are grate
fully acknowledged.
The IM Programme is one of the most
intensive ecological cooperation programmes
ever conducted in Finland. Hence this report
has been a challenge to all the participants
from various realms of science. The challenge
has been to measure and evaluate ecosystems
holistically. The authors and editors hope that
this first comprehensive report on the Finnish
IM Programme will prove that the multidisci
plinary approach to the monitoring of ecosys
tems is worthy of implementation and further
development.
The Finnish IM Programme has received a
major part of its funding from the Finnish
Ministry of the Environment but the participat
ing institutes, universities and local authorities
have also contributed financial support.
Publication of this report was funded by the
Ministry of the Environment.

The Integrated Monitoring (IM) Programme
started in the mid-1980s as a joint Nordic
cooperation programme under the Nordic
Council of Ministers. From 1989 to 1991 it
was run as the Pilot Programme on Integrated
Monitoring by the United Nations Economic
Commission of Europe (UN ECE) under the
Convention on Long-Range Transboundary
Air Pollution. After a favourable evaluation in
1993 IM became a permanent monitoring
programme of the UN ECE: the “International
Co-operative Programme on Integrated
Monitoring of Air Pollution Effects on Ecosys
tems”. During 1987—1991, the IM Programme
was implemented at the first four monitoring
areas in Finland.
This report is a summary of the results
obtained during the first five years of monitor
ing (1987—1991) in Finland when the Pro
gramme was in its Nordic and UN ECE Pilot
Programme phases. Most of the IM subpro
grammes have not been running for the whole
of this period and some have only been
running for a year. We are aware that a five
year period is too short to reveal any signifi
cant trends in our relatively unpolluted natural
ecosystems. However, comparisons between
the IM areas and the assessment of the design
and compatibility of subprogrammes and
integrability of the results are possible using
the data from such a short period.
Most Finnish research institutes and
universities involved in environmental re
search have participated in the IM Programme
and several regional authorities have made
considerable contributions. In particular, the
authors would like to acknowledge the follow
ing: the National Board of Waters and the
Environment (from 1.3.1995, the Finnish
Environment Agency), the Finnish Forest and
Park Service, the Finnish Forest Research
Institute, the Finnish Game and Fisheries
Institute, the Finnish Meteorological Institute,
the Geological Survey of Finland, the Hel
sinki, Oulu, North Karelia, Vaasa and Lapland
Water and Environment Districts (from
1.3.1995, the Uusimaa, North Ostrobothnia,
North Karelia, West Finland and Lapland
Regional Environment Centres), the Evo
Institute of Forestry, and the Universities of
Helsinki, Joensuu, Oulu and Turku and their
field stations. This kind of intensive monitor
ing would not have been possible without
11

1 Introduction
1.1 Background and the
objectives of the Integrated
Monitoring Programme

expert group of the Nordic Council of Minis
ters in the eariy 1980s (Nordiska Ministerrådet
1981). A more detaiied pian was presented in
1984 (Nordiska Ministerrådet 1984). The main
goal was to monitor air poilution effects over a
Nordic network of representative ecosystems
in an integrated way (Nordiska Ministerrådet
1984). The Finnish Ministry of the Environ
ment started to impiement the Nordic Inte
grated Monitoring Programme in 1987
(Ympäristöministeriö 1987) according to
Nordic guideiines (Nordic Councii of Minis
ters 1988).

The fact that very Iittle was known about the
effects of acidifying substances and heavy
metais on northern coniferous forest ecosys
tems was the main reason for the initiation of
the joint Nordic Programme on Integrated
Monitoring in the eariy 1980s. Such a monitor
ing programme was first suggested by an

O Integrated
Country participating
Monitoring inProgramme

Figure 1.1.1. Countries
participating in Inte
grated Monitoring
Programme (Canada is
not shown).
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In 1989, the Nordic Integrated Monitoring
Programme was adopted as the Pilot Pro
gramme on Integrated Monitoring by the
United Nations Economic Commission of
Europe (UN ECE) and several continental
European countries joined in with the Nordic
countries. From 1993 the Integrated Monitor
ing Programme ofAir Pollution Effects on
Ecosystems (IM Programme) has been run as a
permanent ecosystem monitoring programme
under the auspices of the UN ECE. It is now
one of five International Co-operative Pro
grammes (also often called ICPs) under the
Convention on Long-Range Transboundary
Air Pollution. The main aim of the IM Pro
gramme is to determine the state of ecosys
tems catchments and to predict their changes
in a long-term perspective, with respect to
regional variation and the impact of air pollut
ants, especially nitrogen, sulphur and ozone,
including their effects on biota (Environment
Data Centre 1992). By the end of 1993, 22
countries have joined the IM Programme (Fig.
1.1.1).
The Evaluation Report of the Pilot Pro
gramme phase of the IM Programme (Environ
ment Data Centre 1992) set the following
short-term objectives:
To establish a network of IM sites, using
comparable methodologies;
To provide a comprehensive description
of within-site and between-site variability;
To evaluate relationships between
atmospheric deposition of sulphur and nitro
gen compounds and ecosystem responses. It
wilI be necessary to use information from both
the IM network and other long-term data sets;
To validate existing modeis and provide
preliminary predictions of ecosystem re
sponses to changes in deposition of sulphur
and nitrogen compounds;
To outline future trends and make appro
priate recommendations for the long-term
Programme.
Two longer-term objectives are:
To monitor the current and future states
of ecosystems and provide an explanation of
changes in terms of causative environmental
factors in order to provide a scientific basis
(e.g. critical loads) for emission controls;
To develop and validate modeis for the
simulation of ecosystem responses and to use
them (a) in conjunction with survey data to
make regional assessments, and (b) to estimate
responses for actual or predicted changes in
pollutant stress.
As stated above, the main aims of the IM
Programme are to observe and predict the state
and possible changes of the natural ecosys
tems. To achieve this a large number of
—

—

—

—

ecological variabies are monitored simultane
ously in the same catchment areas (in this
report also referred to as monitoring areas)
using the same methods. It is supposed that,
using such an approach, will enahle the
detection and modelling of cause-and-effect
relationships in ecosystems and facilitate a
more comprehensive understanding of the
ecosystems studied.
In relatively unpolluted ecosystems, such
as the Finnish IM areas, a five-year period is
not really long enough to achieve even the
short-term monitoring objectives of the IM
Programme. The natural temporal and spatial
variation hide small anthropogenic effects on
the ecosystem. However, some predictions
about the future state of the ecosystems can be
made based on accurate multidisciplinary
studies of the present state of the monitoring
areas.

1.2 The international and
national organisation of the
Programme
The international organisation of the IM
Programme is outlined in Figure 1.2.1. The
Expert Institutes (EIs) in each Country ColleCt
samples, carry out analyses, do the ion balanc
ing and report the data to the National Focal
Point (NFP). The EIs also have the primary
responsibility for data quality assuranCe. In
prinCiple, the NFPs Collect the data from the
EIs, run defined modeis based on primary data
(if possible), evaluate the national results and
report statistiCs and conclusions to the interna
tional Environment Data Centre (EDC). The

—

—

—
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Figure 1.2.1. International organisation of
Integrated Monitoring Programme.

EDC is Iocated at the Finnish National Board
of Waters and the Environment, Helsinki (from
1.3.1995, the Finnish Environment Agency).
The EDC collects and stores national statistics,
performs data quality tests prior to storage in
the data base and provides access to the data
base. It also evaluates spatial and temporal
differences on a continental scale, produces
annual synoptic reports, and gives guidance to
the NFPs for modelling. The Programme Task
Force acts as the steering body of the IM
Programme. It specifies the timetable for
performances and reports the developments to
the Executive Body of the Working Group on
Effects, the Programme control organisation of
the UN ECE.
Up until 1992, when the IM Programme
was stili in the Nordic and Pilot phases, the
Finnish Ministry of the Environment had the
national coordination responsibility for the
Finnish IM Programme. Since 1992 this
responsibility has been taken by the Water and
Environment Research Institute of the Finnish
National Board of Waters and the Environ
ment. The NFP level has not been established
in Finland due to close connections between
the EIs and the EDC. The EIs and some local
authorities are in charge of the relevant
subprogrammes, storage of primary data, and
evaluation of the data they have collected.

International level
Finnish Ministry of the Environment
international contacts

—

National Board of Waters
and the Environment
— National Focal Point
Expert Institutes
Finnish Game and Fisheries Institute
Finnish Forest Research Institute
Finnish Meteorological Institute
Geological Survey of Finland
Water and Environment Research Institute
Universities of Helsinki, Joensuu, Oulu, Turku
— sample collecting, analyses, on balancing

Co-operation between the participants of the
IM Programme (the coordinator institute, the
EIs, EDC and the Ministry of the Environ
ment) is organised through a National Working
Group of Integrated Monitoring.
There is a permanent field technician based
in each of the four actively monitored IM
areas. The technician takes care of the field
equipment, collects the routine samples,
delivers them to the EIs for analysis and assists
the researchers in the field when necessary.

1.3 The Manuals
During the Nordic Programme phase (1987—
1988), Nordic guidelines (Nordic Council of
Ministers 1988) were used to implement
Integrated Monitoring. In the UN ECE Pilot
Programme phase, IM was guided by two
Manuals (Environment Data Centre 1989a,
1989b). These Manuals described the
subprogrammes, the sampling procedures, the
variabies to be measured, the analytical
methods to be used and the data reporting
formats. The parameters within the
subprogrammes were divided into two catego
ries: “basic” and “optional”. From February
1993, a new revised and combined version of
the former UN ECE IM Manuals was adopted
(Environment Data Centre 1993). The
subprogrammes according to the Pilot Pro
gramme phase Manual and those in the revised
version of the Manual are given in Appendix 1
for comparison.
The results presented in this report were
collected on the basis of the Nordic and UN
ECE Pilot Programme phases. Many of the
instructions in the Manuals were very general
and this has resulted in some problems in
carrying out the IM Programme. Several of the
subprogrammes were modified and these
changes are largely reflected in the new
Manual.

Field organisation
Water and Environment Districts
Biological stations of universities
Evo lnstitute of Forestry
— sample collecting, analyses
— area-associated field technician in each area

Figure 1.2.2. Organisation oflntegrated Moni
toring Programme in Finland.
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2 Material and methods
The area may vary in size from a few tens
to several hundred ha;
The areas should be located in different
parts of the country, with preference given to
those parts where the need for reference areas
is greatest;
No large emission sources should exist
close to the area, and no direct impact from
local human activities should be allowed;
At the commencement of monitoring, the
area should be under State ownership;
The area should have a power supply and
should be reasonably accessible to facilitate
observation tasks and the transport of field
research equipment and sampies;
It must be possible to establish a base in
the area, and
The area should be located within a
reasonable distance of a research station, so
that it is possible to travel there daily.

2.1 Monitoring areas

—

—

2.1.1 Location and seiection criteria for
the monitoring areas
The location of the Finnish IM areas was
planned on the basis of the guiding principles
Iaid down by the Nordiska Ministerrådet
(1984). The areas recommended for the
Integrated Monitoring in Finland by the expert
group of the Ministry of the Environment
(Ympäristöministeriö 1987) as well as the
areas established to date are presented in
Figure 2.1.1.1. The IM area codes are those
used by the EDC.
The Musta-Kotinen and Storträsket IM
areas are not yet actively being monitored but
some basic mapping and inventories have been
done. Some data from Musta-Kotinen catch
ment is presented in this report in connection
with the adjacent Valkea-Kotinen IM area. The
Hietajärvi IM area consists of two subcatch
ments, the larger Iso Hietajärvi catchment and
the considerably smaller Pieni Hietajärvi
catchment. In this report the latter catchment is
usually treated as a part of the former one, but
some data are given for the subcatchments
separately.
Selection of the IM areas in Finland was
made on the basis of the three main Nordic IM
Programme site selection Criteria and other
suppiementary criteria were deduced from
them (Ympäristöministeriö 1987). The three
main site selection criteria were:
The areas should be representative of the
biogeographical province in which it lies.
(Finland is responsible for the Integrated
Monitoring of the northern boreal vegetation
zone in particular);
The areas had to he primarily forested
and in as natural a state as possible;
The catchment area should he distinct
and unambiguous.
The suppiementary criteria were as fol
lows:
To measure runoff, the lake in the area
should have a constantly flowing outlet where
a permanent dam with a calibrated outflow can
be installed;
If possible, the area should have a lake in
which the inflow and outflow can he meas
ured;

—

—

—

—

—

Monitoring
area
Planned
area
FIO~

Pe: .sjärvi
(K usamo)

—

Ostrobothnia

L

—

—

en
a-Kotinen
(Lammi)
(;..

Åland

—

F106
Storträsket
(Tam m isaari)
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0FIO
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-

arvi Figure. 2.1.1.1. Codes
a) and names ofFinnish
Integrated Monitoring
areas. Municipalities in
which areas are located
are mentioned in
parentheses. Storträsket
and Musta-Kotinen
areas are not actively
monitored. In the case
ofplanned areas,
province is mentioned.

These criteria were derived from the initial
objectives of the Nordic Programme outiined
by the Working Group of the Nordic Council
of Ministers (Nordiska Ministerrådet 1981).
Since the Programme became an International
Co-operative Programme under the UN ECE,
these strict criteria have been considerably
widened.
The concept of “natural state” can be
interpreted in many ways. Therefore, addi
tional criteria were used in seiecting the
monitoring areas:
There shouid have been no clear cutting
of timber in the area within a period represent
ing the average forestry rotation period of the
area;
Any thinning operations that may have
been carried out in the area should be insignifi
cant and the area affected smaii;
The forests shouid be representative of
the region;
Peatiand in the catchment should not
have been artificiaiiy drained nor large quanti
ties of peat removed;
There shouid be no human settlement or
industry in the catchment area;
There shouid he no agricuiture within the
catchment area, and
Pesticides or fertilizers should not have
been applied in the catchment area.
Whiie the Finnish IM areas fuifil most of
these criteria, no catchment was found that
fulfiiied ali the seiection criteria. These
shortcomings are mentioned in the area
descriptions (Chapters 2.1.2—2.1.5).
Many of the biological and chemical IM
subprogrammes are carried out on permanent
piots (Tabies 2.2.1—2.2.4) within the IM areas.
In the text, the permanent plots are referred to
by the name of the IM area and piot number
(e.g. Valkea-Kotinen Piot 1) but by the IM area
code and plot number in the Tabies and
Figures and sometimes in the text (e.g.
FIOlOl). In 1990, the permanent plots and
associated subprogrammes were reorganised
and some new plots estabiished. These
changes are described in Chapter 2.2.

Upland forests

—

—

—

—

—

—

—

The dominant trees are 80—150-year-old
Norway spruce (Picea abies). Old birch
(Betula spp.), aspen (Populus tremula) and
Scots pine (Pinus sylvestris) occur among the
spruce. The oldest emergent trees are Scots
pines over 350 years old. Traces of forest fires
can be seen on old tree trunks. Forest fires
occurred every 25—30 years in the late l8th
and the l9th centuries. The fires usually
affected only a small part of the catchment. On
the west side of the lake, some of the broad
leaved trees have been felled by beavers. The
southern part of the catchment has been
subject to forest management, and most of the
trees in that section are only 40—50 years old.
The Valkea-Kotinen catchment was pro
tected as a part of Kotinen State Forest Re
serve in 1955 by the National Board of For
estry (later the Finnish Forest and Park Ser
vice). The protected area was enlarged in
1987, and at the beginning of 1994 the area
was made a nature reserve as a part of the
protection scheme for primeval forests in
Finland.
Province/municipality
Vegetation zone
Climatological zone
Protection status
Coordinates
Topographic map
Min. elevation
Max. elevation
Annual mean temperature
Annual mean precipitation
Vegetation period (>5 C)

2.1.2 Valkea-Kotinen

Häme/Lammi
Southern boreal
Southern boreal
coniferous region
Nature reserve
61 14 N,25 04 E
213406 Auttoinen
150 m a.s.I.
190 m a.s.I.
3.1 C
618 mm
112 d

The water divide of the catchment is well
defined. At some unknown time in the past, the
outlet from the lake was clearly modified by
digging and the outflow is now more accentu
ated and confined to the present channel. This
modification lowered the water level of the
lake and accounts for the observed drainage
effect on the peatland vegetation (Vegetation
and Fig. 2.1.2.7). There are no inlets to the
lake.

General features of the monitoring area
The Valkea-Kotinen catchment is the smallest
of the Finnish IM areas, being oniy about 30
ha. It contains a small headwater lake, Valkea
Kotinen. Upiand forests cover about 66% and
peatiands 21% of the totai area (Fig. 2.1.2.1).
The forests are mainly old virgin forests with
several canopy layers. The area has a lot of
dead standing trees and fallen decaying logs.
16

Figure 2.1.2.1. Areas
(ha) ofbiotopes in
Valkea-Kotinen Inte
grated Monitoring area.
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The first IM activities were started in 1987
and have since expanded to include most of
the IM subprogrammes (Fig. 2.1.2.2). Due to
the thin cover of glacial till, the area lacks
suitable sites for groundwater wells. Some
leakage from the outflow weir has been
observed, but it does not significantly affect
the outflow measurements. In 1987—1991 three
extra studies were conducted as a result of
national interest in Finland: a detailed vegeta
tion mapping, a fish community study and a
census of breeding bird fauna. Intensive
hydrobiological studies were started in April
1990.

and sand sediments. These sediments were
then thoroughly metamorphosed so that their
original structures are no longer apparent. The
strike of the bedrock is approximately south
north and the dip is to the west, vearing 30—
80.
The direction of ice movement during the
last Tee Age was 340 The area is supra
aquatic, i.e. above the highest shoreline of the
former stages of the Baltic. The highest
coastline of the postglacial Yoldia Sea in the
area is about 139 m above sea level (a.s.l.).
The area is covered with a 1—3-m-thick silty
till (Fig. 2.1.2.4).
Histosois (peat) account about a fifth of the
land area of the catchment and are located
mainly around the lake. Most of the non
organic soil in the catchment may be classified
as dystric cambisols with transitions to
podzols, particularly on the upper slopes.
.

Geology and soils
The bedrock at the Valkea-Kotinen catchment
(Fig. 2.1.2.3) is part of an old penepiane. The
dominant bedrock type is 1 900-million-yearold mica gneiss which had originally been clay

EI

Veined gneiss

EI

Granodiorite

EI
[1
EI

Carexpeat

EI

Sphagnum peat

Bedrock outcrops
Till

sta-Kotine

nen

TN
0

0.1

0.2

0.3

0.4

0.5

O

km

0.1

0.2

0.3

0.4

0.5

km

Figure. 2.1.2.3. Bedrock of Valkea-Kotinen and
Musta-Kotinen Integrated Monitoring areas.
Mapped area does not exactly correspond to
catchment borders.

Figure 2.1.2.4. Surficial deposits of Valkea
Kotinen and Musta-Kotinen Integrated Monitor
ing areas. Mapped area does not exactly corre
spond to catchment borders.
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Vegetation
Submesic heath
forests

The dominant forest vegetation site types (see
Hämet-Ahti 1989, for forest site types) are
mesic and rich heaths (Figs. 2.1.2.5 and
2.1.2.6). Both site types are relatively rich in
nutrients. The lake is surrounded by a narrow
zone of dwarf shrub pine bog, which turns into
a treeless fen area to the south of the lake.
Beyond the zone of dwarf shrub pine bog, a
thin strip of thin-peated spruce heath forest
occurs on the east side of the lake. A some
what more extensive area of peat resembling
Vaccinium myrtillus drained peatland forests
occurs on the west side of the lake (see Eurola
et al. 1984, for mire types).

0.2 ha

Mesic heath
forests

Rich heath
forests

Figure 2.1.2.5. Areas
(ha) offorest site types
in Valkea-Kotinen
Integrated Monitoring
area.

mires

Drained peatlanci
forests

Hummock level bogs/pine mires

EI

Rich heath forest

0

Mesic heath forest

EI
lOI
EI
[1
EI
EI
EI
EI
EI

Figure 2.1.2. Z Areas
(ha) ofmire lypes in
Valkea-Kotinen Inte
grated Monitoring area.

Submesic heath forest
Thin-peated spruce heath forest
Vaccinium myrtillus spruce mire

0
00

Spruce-pine mire and dwarf shrub pine bog
Poor pine fen
Short sedge fen
Vaccinium myrtillus drained peatland forest

Lake
Paludifled depression

0.2

0.3

km

0.4

0.5

Figure 2.1.2.6. Vegeta
tion of Valkea-Kotinen
Integrated Monitoring
area.

The lake

2.1.3 Hietajärvi

Lake Valkea-Kotinen is a small, humic and
acidic headwater lake. It is quite shallow and
is usually frozen over between November and
May, or for about 170 days of the year (Fig.
2.1.2.8 and Table 2.1.2.1). The acid-neutraliz
ing capacity of the lake water is low. The
annual primary production is relatively high,
despite the shallow (2 m) epilimnion. The lake
is thermally stratified in both summer and
winter. At the end of the stratification periods,
the entire hypolimnion becomes anaerobic.
There is no runoff in very dry summers.

General features of the monitoring area
The Hietajärvi IM area is about 464 ha (Fig.
2.1.3.1). It consists oftwo catchment areas
with lakes. In this report, the catchment of
Pieni Hietajärvi is considered to be part of the
main catchment, Iso Hietajärvi, but some
results are presented separately. The forests are
mainly mature or old, but the northern and
eastern parts have young cultivated forest
stands. The last major forest fires occurred
130—140 years ago. Up until the beginning of
the 2Oth century, small-scale slash-and-burn
clearing and tar-burning was carried out by
local peasants. The IM area is a part of
Patvinsuo National Park, which was estab
lished in 1982.
Province/municipality
Vegetation zone
Climatological zone
Coordinates
Topographic map
Protection status
Max. elevation
Min. elevation
Annual mean temperature
Annual mean precipitation
Vegetation period (>5 C)

The relief of the Hietajärvi area is rather low
(49 m). Some parts of the northeastern catch
ment area have been particularly difficult to
define. Discharge is monitored at two weirs,
one measuring the inflow to Pieni Hietajärvi
and the other the outflow from Iso Hietajärvi
(Fig. 2.1.3.2). A small brook connects the two
lakes.
The first bulk precipitation and lake water
sampies were collected in 1987. Most of the
other IM subprogrammes (Fig. 2.1.3.2) started
during the next two years. The groundwater
tubes were installed in spring 1993, and
intensive hydrobiological studies were con
ducted during 1990—1991.

0 2040 6080100

m

Figure 2.1.2.8. Bathymetric map ofLake Valkea
Kotinen.

Table 2.1.2.1. Characteristics ofLake
Valkea-Kotinen.
Elevation a.s.I., m
Catchment area, ha
Ice period, d 1
Water surface area, ha
Maximum depth, m
Mean depth, m
Volume, 106 m3
Runoff, ~Q 1991, 1 s1 km2
pH1
Gran alkalinity, eq m3 2
Water colour, mg Pt M 2
Yearly primary production, g C m2
1
2

1

North Karelia/Lieksa
Middle boreal
Middle boreal coniferous
region
63~10 N, 30’ 43 E
4331 12 Surkanvaara
National park
214 m a.s.l.
165 m a.s.I.
2.0’ C
592 mm
102 d

156
30
170
3.6
6.5
ca. 3.0
0.077
5.9
5.3
0.00
115
34.5

Other, including
unmapped area

9 ha

Lakes and

forests

Figure 2.1.3.1. Areas
(ha) ofbiotopes in
Hietajärvi Integrated
Monitoring area.

Mean of the years 1990—1991.
Epilimnion, growing season averages 1990—1991.
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Precipitation Chemistry (DC) subprogramme~

Q

Runoff Water Chem~stry (RW) and Hydrobiotogy
(WB; only plankton sampling) subprogrammes at
measuring wew.

X

Runoff Water Chemistry (AW) and
(WB; only plankton sampIing~ subprogrammes
in the lake.
Runoff Water Chemistry (RW) and Hydrobiology
(WB; plankton and macrobenthos sampllng)
subprogrammes iii the lake.

Terres~riaf permanent piot and number (n).
See Table 2.2.2 for tist of subprogrammes
carried out.
Epiphytes (EP) subprogramme (Le. llchen sampia
plot1 sample trees are just outside the pernianent
piot).
n Ceilulose decomposition measurements.
Piot number (n) is indicated.
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Figure 2.1.3.2. Location ofpermanentplots for different subprogrammes in Hietajärvi Integrated Monitoring area.
© National Land Survey ofFinland.
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Geology and soils
The bedrock in the Hietajärvi area is only
rarely exposed. Hence the bedrock information
is based on outcrops that occur along roads in
the vicinity, and no bedrock map of the IM
area is included here. The dominant rock types
are granitoids. Porphyritic granodiorites
appear to dominate large areas. The basement
of the area is formed of 2 500-million-year-old
Archean acidic granitoids. Weathered bedrock
(mostly porphyritic types) is observed in a few
places.
The Hietajärvi area is supraaquatic. How
ever, during the period when the ice was
retreating, the meltwater washed the upper
most layers of loose till, removing the finer
material. Some small eskers and esker-like
remnants of glaciofluvial deposits occur in the
eastern half of the catchment (Fig. 2.1.3.3).
Over a third of the area is covered by fibric
histosois, with the remaining area being
mainly divided between haplic and ferric
podzols. Gleyic properties, indicating a
shallow fluctuating water table, are quite
widespread and give rise to gleyic podzols and
gleysols in a few places.

Bedrock outcrops
Till

LI

Sand and grave
Peat

~c5~
Figure 2.1.3.3.
Surficial deposits
ofHietajärvi
Integrated Moni
toring area.
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The Hietajärvi area lies in a transition beit
between two vegetation zones. In terms of
geobotanical zonation (Ahti et al. 1968) it lies
in the boundary between the middle boreal and
southern boreal zones. In terms of forest
vegetation zonation (Kalela 1961), it lies
between the zones of southern Finland and
southern Ostrobothnia—Kainuu and, according
to mire vegetation zonation, between the
eccentric bogs and Sphagnum fuscum bogs of
North Karelia and southern aapa mires
(Ruuhijärvi 1983, Eurola et al. 1984).
The most common forest site types (see
Hämet-Ahti 1989, for forest site types) are
submesic heaths (Figs. 2.1.3.4 and 2.1.3.5).

~
~

Mesic heath forest

Poor pine fen
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Flark or intermediate-level bogs

Dry heath forest
Spruce mire
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pine mire and spruce-pine mire
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~ Unmapped area
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Figure 2.1.3.4. Areas (ha) offorest site types in
Hietajärvi Integrated Monitoring area.
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Figure 2.1.3.5. Vegetdtion ofHietajärvi Integrated Monitoring area.
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Figure 2.1.3.6. Areas (ha) ofmire lypes in
Hietajärvi Integrated Monitoring area.

Figure 2.1.3.7. Bathymetric map ofLake Iso Hietajärvi.

Scots pine is the dominant tree species.
Norway spruce, birch and aspen occur among
the pine. The peatlands are in a natural condi
tion. The larger expanses of mire display
features of both main mire complex types,
aapa mires and raised bogs. The central parts
of the large mire areas are nearly ombro
trophic, but the typical physiognomy of raised
bogs has not yet developed. This kind of
transitional mire vegetation is common in
North Karelia. Ombro-oligotrophic short sedge
pine fens and pine fens with flarks, as well as
treeless, ombro-oligotrophic short sedge fens
and flark fens are typical of large mire areas.
Sphagnum fuscum bogs are also common
(Figs. 2.1.3.5 and 2.1.3.6).

The water of Pieni Hietajärvi is humic,
whereas that of Iso Hietajärvi is clear. Both
lakes have rather low alkalinity (Table
2.1.3.1). During the stratified period, an
oxygen shortage has been observed near the
lake bottom. The lakes are oligotrophic.
Table 2.1.3.1. Characteristics ofLakes Iso Hietajärvi and Pieni Hietajärvi.

Elevation a.s.I., m
Catchment area, ha
Ice period, d 1
Water surface area, ha
Maximum depth, m
Mean depth, m
Volume, 106 m3
Runoff, MQ 1991, 1 s1 km2
pH
Gran alkallnity, eq m3 2
Water colour, mg Pt M 2
Vearly primary production, g C m2 ~

The lakes
Two lakes, Iso Hietajärvi (Fig. 2.1.3.7) and
Pieni Hietajärvi, and a number of small ponds
are Iocated in the Hietajärvi IM area. The ice
period in the region usually lasts about 175
days (Kuusisto 1986, means of 1950—1971).
Both IM lakes are quite shallow, the mean
depth being only about 3.5 m (Table 2.1.3.1).

Kuusisto (1986).
Epilimnion, growing season averages 1990.
~ Mean of the years 1990—1991.
1
2
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Iso Hietajärvi

Pieni Hietajäsvi

165
464
175

165
76
175
2.4
7.0
3.5
0.086
8.4
5.9
0.09
72
14

83
8.8
3.6
2.9
13.2
6.6
0.07
15
15

2.1.4 Pesosjärvi
General features of the monitoring area
The total area of the Pesosjärvi IM area is
about 630 ha, making it the largest of the
Finnish IM areas (Fig. 2.1.4.1). It is long and
narrow in shape. In addition to Lake Pesos
järvi, there are several smaller lakes, ponds
and brooklets in the area. The total water area
is about 9% of the entire catchment. Due to the
large size of the area, the catchment has been
divided into two areas with most of the IM
activities concentrated in the eastern part (Fig.
2.1.4.2).
The Pesosjärvi IM area is part of the
Kitkanniemi area which was incorporated into
Oulanka National Park in 1989. The IM area is
largely undisturbed except for the northwest
ern corner of the catchment, which was clear
cut at the end of the 1980s.
The forests are mainly mature or old, and
the tree trunks display signs of forest fires that
occurred at the turn of this century. Along the
banks of brooklets there are meadows which
have been harvested in the past for cattle feed.
Province/municipality
Vegetation zone
Climatological zone
Coordinates
Topographic map
Protection status
Max. elevation
Min. elevation
Annual mean temperature
Annual mean precipitation
Vegetation period (>5 C)

Kainuu/Kuusamo
Northern boreal
Northern boreal
coniferous region
66°17N,29 31 E
461305 Juuma
National park
300 m a.s.I.
256 m a.s.I.
-0.5 C
571 mm
82 d

mes began one year later (Fig. 2.1.4.2). In
autumn 1989 a European Monitoring and
Evaluation Programme (EMEP) station was
established in the vicinity of the IM area to
monitor deposition, suspended particles and
gaseous compounds. An intensive two-year
study of the hydrobiology of the lake was
conducted in 1992—1993.
Geology and soils
The Pesosjärvi IM area is situated in a contact
zone with quartzites (Rukatunturi quartzite
formation) and basic volcanics (Greenstone
formation III; Silvennoinen 1972). Arkosic and
sericite quartzites dominate the northeastern
half of the catchment, and massive basaltic
lavas with thin tuff interlayers dominate in the
southwestern half (Fig. 2.1.4.3). In the contact
zone, carbonate minerais occur regularly, both
in volcanics and in quartzites, especially in the
bottom part. The Pesosjärvi catchment follows
to the above-mentioned contact zone which,
due to the presence of carbonate-rich rock
types with low abrasion resistance, is eroded
deeper than the surrounding area. Conse
quently the glacial till of the overburden is
more calcareous than normal. The strike of the
bedrock in the area is roughly from northwest
to southeast. The dip of the schistosity is
generally 40—70° to the southwest.
The ice flow direction during the last Ice
Age was approximately from northwest to

The siope around the inflow weir is rather
shallow and water occasionally backs up
behind the weir. The soil at the outflow weir is
quite stony and permeable, which made for
difficulties when constructing the weir, as
excavating machines were not allowed in the
area.
Collecting of bulk deposition started in
1988, and most of the other IM subprogram

E
O
E~

Quartsites
Siltschists
Volcanics

Lake and ponds

0

0.5

km
Upland
forests

Figure 2.1.4.1. Areas (ha) ofbiotopes in
Pesosjärvi Integrated Monitoring area.

Figure 2.1.4.3. Bedrock ofPesosjärvi Integrated Monitoring area.
Mapped area does not exactly correspond to catchment borders.
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Precipftat~on Chemistry (DC) subprogramme.

Runoff Water Chemistry (RW) ~subprogramme
at measuring weir.
Runoff Water Chemistry (RW) and Hydrobiology
(WB; plankton and macrobenthos sampling)
subprogrammes in the Jake.
Terrestrial permanent piot and number (ii).
See Table 2.2.3 for Iist of subprogrammes
carried out.
Epiphytes (EP) subproqramme (La Jichen sampia piot,
sample trees are just outside the permanent ploO.
Cellulose decomposition measurements.
Piot number (n) is indicated.
Border of the interisively monitored area.
Catchment border.
0

0.1
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0.4
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Figure 2.1.4.2. Location ofpermanent plots for different subprogrammes in Pesosjärvi Integrated Monitoring area.
© National Land Survey ofFinland.
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southeast. The bedrock is covered by till
deposits (Fig. 2.1.4.4). The area is supra
aquatic and little washing of the till has taken
place. Weathered bedrock can probably be
found in the distal siopes of the hills and in
valleys.
The soil types in the Pesosjärvi area have
not yet been studied in any detail, but as
peatlands cover about 123 ha (Fig. 2.1.4.1),
histosols can be assumed to account for about
a fifth of the soils in the area. Ali of the
permanent plots on mineral soil have been
classified as podzols (Table 2.2.3), and most of
the nonorganic soils in the area are also
expected to he podzols.

Bedrockoutcrops
Till
Carexpeat

Vegetation
Like the vegetation in Kuusamo area irL
general, the vegetation of the Pesosjärvi IM
area is diverse and rich. This is due to the
presence of calcareous material in the till
covering the catchment. There are about 60
different vegetation site types, and most are
mires (see Eurola et al. 1984, for mire types).
The number of plant species, including some
classified as threatened, is very high (Pohjois
Pohjanmaan seutukaavaliitto 1990, Keränen
1993, Keränen & Kokko 1993).
In terms of geobotanical zonation (Ahti et
al. 1968), the area belongs to the slightly
oceanic subzone of the northern boreal zone.
The forest vegetation consists of coniferous
forest typical of northern Ostrobothnia.
According to the classification of mire vegeta
tion zones, the area lies in the main aapa mire
zone (Ruuhijärvi 1983, Eurola et al. 1984).
The dominant forests are mesic heath
forests (Figs. 2.1.4.5 and 2.1.4.6). Several
small stands of rich heaths and herb-grass
forests also occur in the catchment (see
Hämet-Ahti 1989, for forest site types).
Rich mire vegetation is typically concen
trated in the valleys along brooksides and
around ponds. Poorer mire vegetation occurs
especially on the mire margins and on the
upper parts of the hilis. Spruce mires and thin
peated forests appear as narrow belts in the
depressions of hili siopes. Pine mires and bogs
occur in the mire areas on hiil siopes and in
mire margins. Carex giobularis pine mires are
typical of the Pesosjärvi area. Rich combina
tion types, birch-spruce mires with rich fen
features and rich pine fens are also very
common. There are many springs and seepage
areas in the Pesosjärvi area and most are meso
eutrophic. Their influence on the mire types is
apparent. Local variants, e.g. Carex
lasiocarpa.-Scorpidium flark fens, have been
described for these mire types.

0

0.5
km

Figure 2.1.4.4. Surficial deposits ofPesosjärvi Integrated Monitoring area.
Only southeastern part of catchment is mapped, and borders of mapped area
do not exactly correspond to catchment borders.

forests

Mesic heath forests

Figure 2.1.4.5. Areas
(ha) offorest site types
in Pesosjärvi Integrated
Monitoring area.
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Figure 2.1.4.7. Areas
(ha) ofmire types in
Pesosjärvi Integrated
Monitoring area.
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Figure 2.1.4.6. Vegetation ofPesosjärvi Integrated Monitoring area. General distribution of mineral soils and peatlands
(top) and a detailed vegetation map of southeastern part of the catchment (bottom).
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2.1.5 Vuoskojärvi
General features of the monitoring area

o

o.i

0.2

0.3

0.4

The Vuoskojärvi IM area comprises 178 ha, of
which Lake Vuoskojärvi covers about 8%.
After the water divide had been rechecked in
1992, the area of the catchment was reduced
by about 20 ha in the northern part of the area
(i.e. from 192 ha to 178 ha). However, in this
report the areas of different biotopes are
measured according to the old boundary (Figs.
2.1.5.1 and 2.1.5.4). The new boundary is
presented in Figure 2.1.5.2.
The Vuoskojärvi IM area has the greatest
range in relief of any of the four Finnish IM
areas, being 105 m. Subalpine birch forests
dominate on the mineral soils. In 1964—1965
the geometrid moth Epirrita autumnata
(Lepidoptera, Geometridae) caused damage
and defoliated large areas of birch forest in the
vicinity (Kallio & Lehtonen 1973). Damaged
mountain birch (Betula pubescens ssp.
tortuosa) forests cover about 7 ha of the
Vuoskojärvi catchment. There are also stands
of Scots pine forests in the area, which may be
regarded as disjunct fragments of the conifer
ous zone (Hämet-Ahti 1963). The IM area is
situated in the northern part of the Kevo Strict
Nature Reserve which was incorporated into
the original Kevo Reserve in 1982.

0.5

km

Figure 2.1.4.8. Bathymetric map ofLake
Pesosjärvi.

The lake
This IM area has one large lake, Pesosjärvi
(Fig. 2.1.4.8), and four small lakes and ponds
(Fig. 2.1.4.6). The mean depth ofLake
Pesosjärvi is 4.7 m (Table 2.1.4.1). The lake
water is clear and oligotrophic and its acid
neutralizing capacity is high. In general, the
oxygen situation of the entire water body is
good, though hypolimnetic oxygen concentra
tions may decrease markedly during stagnation
periods. According to the mean data for the
region (Kuusisto 1986, means of 1950—1971),
the lake is covered with ice for about seven
months of the year.

Province/municipality
Vegetation zone
Climatological zone
Coordinates
Topographic map
Protection status
Max. elevation
Min. elevation
Annual mean temperature
Annual mean precipitation
Vegetation period (>5~ C)

Table 2.1.4.1. Characteristics ofLake
Pesosjärvi.
Elevation a.s.L, m
Catchment area, ha
Ice period, d 1
Water surface area, ha
Maximum depth, m
Mean depth, m
Volume, 106 m3
Runoff, MQ 1992, 1 s~ km2 2
pH
Gran alkalinity, eq m3 ~
Water colour, mg Pt I~ ~
Yearly primary production, g C m2 ~

Lapland/Utsjoki
Northern boreal
Northern boreal
coniferous region
69’44N,26 57’E
3914 10 Uhtsaskaiddas
3914 11 Mielkejokskaidi
Strict nature reserve
240 m a.s.l.
135 m a.s.I.
-1.9 C
395 mm
57 d

Vuoskojärvi is a headwater lake which
discharges to the south. Discharge from the
256
628
197

lake is not, however, confined only to the
channel where the weir is located (Fig.
2.1.5.2). Part of the discharge leaves as surface

44

12.8
4.7

2.08
13.2
7.3
0.44
56
22

Peatlands

1 Kuusisto (1986).
2 Mean of June-December.

~ Epilimnion, growing season averages 1990.

Upland forests

4year 1992.
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Figure 2.1.5.1. Areas
(ha) ofbiotopes in
Vuoskojärvi Integrated
Monitoring area
according to old
catchment boundary.

Prec~pitation Chemistry (DC) subprogramma

X

Runoff Water Chemistry (RW) subprogramrne
at measuring weir.

+

Runoff Water Chemistry (RW) and Hydrobk,Iogy
(WB; only macrobenthos sampting)
subprogrammee in the lake

Epiphytes (EP) subprogramme (i.e. Iichen sampio piot,
sampte trees are juet outside the permanent piot).
n

Cellulose decomposition measurements.
Piot number (n) is ~ndicated.
Catohment border.

Terrestrial permanent piot and number (ri).
See Table 2.2.4 for liot of subprogrammes
carried out.

Figure 2.1.5.2. Location ofpermanent plots for different subprogrammes in Vuoskojärvi Integrated Monitoring area.
© National Land Survey ofFinland.
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and shallow subsurface runoff through the
surrounding undergrowth and fiat stony area
surrounding the channel. This discharge is not
registered by the automatic recording station at
the weir, and therefore the outflow from the
catchment is greater than reported. Moreover,
ice formation at the weir during the harsh
winter months often prevents the measurement
of outflow.
The first monitoring activity, i.e. physico
chemical lake water sampling, started in 1988
and most of the other IM subprogrammes soon
thereafter (Fig. 2.1.5.2).
Geology and soils

Mountain birch forests of subalpine
Mountain birch
Empetrum-Lichenes -type
forests of subalpine
86 ha
Empetrum-LichenesPleurozium -type
24.4 ha

~a75~6ha
Pine forests

Figure 2.1.5.4. Areas (ha) offorest site types in
Vuoskojärvi Integrated Monitoring area accord
ing to old catchment boundary.

The topographic and geophysical maps
indicate that the Vuoskojärvi catchment is
situated in a strong south-north fracture zone
approximately parallel to the Teno River
canyon. The Vuoskojärvi IM area is situated in
a contact zone between granulite and granitic

L

Mountain
birch forests
of Empetrum
Myrtilus -type

O

Pine
Mountain birch forest of subalpine
Empetrum-Lichenes -type
Mountain birch forest of subalpine
Empetrum-Lichenes-Pleurozium -type
Mountain birch forest of subalpine
Empetrum-Myrtillus -type

Hornblende gneiss
Quartz — feldspar gneiss

O

Amphibolite

~ Mire

Folded quartz — feldspar gneiss

LI

Orohemiarctic heath

Boulder

~ Lake

o o.i

0.2 0.3 0.4 0.5
km

Figure 2.1.5.3. Bedrock of Vuoskojärvi Inte
grated Monitoring area. Mapped area does not
exactly correspond to catchment borders.
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Figure 2.1.5.5. Vegetation of Vuoskojärvi Integrated Monitoring area
according to old catchment boundary.
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0.4

0.5

gneiss, which is typical of the eastern bound
ary of the granulite beit in the region. The
main bedrock types are gneisses and
amphibolites which usually contain small
amounts of sulphide minerais (Fig. 2.1.5.3).
The strike of the bedrock is roughly south
north and the dip runs at 40—50° to the east.
During the iast Ice Age, the main ice flow
direction was roughly south-north. The conti
nental ice withdrew from the area about
10 000 years ago and left behind till deposits
in the valleys. The hilltops generally iack a
cover of loose material except for scattered
block fields. The area is supraaquatic.
No inventory of the soils in Vuoskojärvi
has yet been made, but given the area of
peatland in the catchment (Fig. 2.1.5.1),
histosois can be expected to account for about
13% of the soiis. Most of the remaining soils
can be expected to be podzols. Lithic leptosols
are also anticipated. A discontinuous hard iron
pan layer in the top of the enriched B (podzol)
horizon occurs in the area of mountain birch
southeast of the lake.

Table 2.1.5.1. Characterjstjcs ofLake
Vuoskojärvi.
Elevation a.s.I., m
Catchment area, ha
lce period, d 1
Water surface area, ha
Maximum depth, m
Mean depth, m
Volume, 106 m3
Runoff, MQ 1991, 1 s1 km2 2
pH
Gran alkalinity, eq m3 ~
Water colour, mg Pt r1 ~
Yearly primary production, g C m2

145
178
218
17
6.6
3.0
0.51
2.9
6.9
ca. 0.15
10

1 Kuusisto (1986)
2JuIy 1991.
~ Epilimnion, growing season averages 1990.

The lake
Lake Vuoskojärvi is a clearwater lake, where
light penetrates to the bottom. The ice period
in the region normally lasts over seven months
(from late October to the beginning of June) a
year (Kuusisto 1986, means of 1950—1971).
Since the lake is quite shailow (Table 2.1.5.1,
Fig. 2.1.5.6) and the ice period long, oxygen
depietion occurs in the winter. The lake is not
thermally stratified. The acid-neutraiizing
capacity is relatively high.

Vegetation
In terms of geobotanical zonation (Ahti et al.
1968), Vuoskojärvi is situated in the northern
boundary of the northern boreal zone. The
forest vegetation belongs to the continental
subzone of the subaipine mountain birch zone
(Hämet-Ahti 1963, Ahti et al. 1968). The mire
vegetation belongs to the palsa mire zone
(Ruuhijärvi 1983, Eurola et al. 1984).
Subaipine birch forests dominate on
mineral soils (Figs. 2.1.5.4 and 2.1.5.5).
Mountain birch accounts for almost ali of the
tree and shrub layers. Lichens and Pleurozium
schreberi dominate in the bottom layer.
Empetrum hermafroditum and, on mesic sites,
also Vaccinium myrtillus dominate in the field
layer. Pine forests ciassified as “Lichen
woodland rich in mosses” and “Lichen wood
land poor in mosses” (Hämet-Ahti 1963) occur
especially in the southern part of the catch
ment. Orohemiarctic heaths dominated by
dwarf shrubs and lichens are found on the
upper siopes of the catchment.
The boundary between minerai soils and
peatlands is not very clear. The vegetation
characteristicaily forms a mosaic of paludified
heaths and mire vegetation. The peat layer is
usually thin, with a broad influence of
groundwater and surface water. The nutrient
status of the mire vegetation varies from
oligotrophic to eutrophic. Typical mire types
are Betula nana pine mires and rich pine fens.
Other combination types of mire vegetation
are also common (Fig. 2.1.5.5).
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Figure 2.1.5.6. Bathymetric map ofLake Vuoskojärvi.
31

2.2 Permanent sampling plots
and location of related
terrestrial subprogrammes
In 1987—1989, the Finnish Forest Research
Institute estab!ished 4—7 permanent plots in
each of the four IM catchments (Starr &
Ukonmaanaho 1992). These permanent plots
are located in stands representative of the main
forest types and, if possible, also at high and
low elevations in each catchment. Each piot is
as homogeneous as possible regarding the soil,
ground vegetation and tree stand, and the site
is as level as possible. Where the site was not
large enough to establish the 40 x 40-m piot,
the piot was made as large as possible.
At first, both the Trees (TR) and Soil
Chemistry (SC) subprogrammes were carried
out on these plots, as was allowed according to
IM guidelines at that time (Nordic Council of
Ministers 1988). The defoliation and discol
oration parts of the Forest Stands (AR)
subprogramme were also carried out on these
plots, and the Soil Water Chemistry (SW),
Throughfall (TF) and Stemflow (SF)
subprogrammes were established around some
plots. In 1988—1989, the Understorey Vegeta
tion (VG) subprogramme was also carried out
on most of the plots. However, in 1990 it was
decided that the VG subprogramme would he

TtToughfall (TF)
collector

carried out only on 2—3 of the plots in each
catchment (i.e. those plots most representative
of the main vegetation type(s) and where the
SW, TF, SF, Foliage Chemistry (NC), Litterfall
(LF), AR (defoliation and discoloration only),
and Epiphytes (EP) subprogrammes were
being carried out). Furthermore, due to the
disturbance to vegetation caused by soil
sampling, it was decided that the SC subpro
gramme should no longer he carried out on the
plots set aside for the VG subprogramme and
new soil chemistry plots were established
nearby instead.
The pairs of plots thus formed, a vegetation
piot and an adjacent soi! chemistry piot, are
referred to as intensiveplotpairs. In some
cases, completely new pairs of intensive plots
have been established and some of the original
plots have been discontinued altogether. The
SC, AR (defoliation and discoloration only)
and NC subprogrammes and a reduced TR
subprogramme are stili being carried out on
those remaining p!ots not designated as
intensive. Subsequent additional soil water
samp!ing and litterfal! sampling has been
diverted to the new soil chemistry plots of the
intensive piot pairs.
A description of al! the plots and a !ist of
the subprogrammes being carried out on them
is given in Tabies 2.2.1—2.2.4. The sampling
design and layout of the subprogrammes on
and around the p!ots is shown in Figure 2.2.1.

O Sample piot for understorey vegetation (VG)

Soil water (SW)
sampier

monitoring

* Sample trees for forest condition (AR) monitoring

® Sample trees for follage chemistiy (NC) monitoring
A

A\o

Do

0
0*

O~

0*
0

0

.0

.

~
~

*

Stemflow (SF) collector

0

*
*

0*
*

0

O*
0,

0
~

*0
.

A

~

D

A

0

Soil chemistry (SC) piot

00

0.
0*

0

0

0

0

Litterfall (LF) collector

~

*O

0

*

~O

lOm

Trees (TR) and understorey
vegetation (VG) piot

Figure 2.2.1. Subprogrammes (abbreviations in parentheses; for complete subprogramme title, see Appendix 1).
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Table 2.2.1. Characteristics of intensively monitoredperrnanentplots in Valkea-Kotinen.
Plots 3 & 10 and 8 & 11 are intensive plotpairs (Chapter 2.2).
Date of
establlshment

Piot
size
mx m

Site
type3

Stand
Dominantinondomin. spec.4

Soi!
Group &
Unit5

Parent
material

156

KR

P/S

40x40

156

Mtkg

S / P, B

10/87

30x40

161

OMT

S, B / P

10/87

30x30

157

MT

S / B, P

10/87

25x35

172

MT

S / P, B

4/90

30x40

163

MT

5/ A, B, P

SO, SW, TR, LF

4/91

30x25

164

OMT

S / B, L

TE, SE, SC, TR, LF,

4/91

25x35

162

MT

5 / B, A

Fibric
Histosol
Terric
Histosol
Dystric
Cambisol
Dystric
Cambisol
Dystric
Oambisol
Dystric
Cambisol
Dystric
Oambisol
Dystric
Oambisol

Organic
(peat)
Organic
(peat)
Glacial
(till)
Glacial
(till)
GlaciaI
(till)
Glacial
(till)
Glacial
(till)
Glacial
(till)

PIot
No.1

Subprogramme2

01

SO, AR6,TR, NC

10/87

40x30

02

10/87

08

TF, SF, 50, AR6,
TR, NC, LF
TF, SF, (SC), SW, AR6,
TR, yO, NC, LF
SC, AR6, TR, (VG),
NC
SC, SW, AR6, TR,
~!G), NO
AR6, TR, VG, NO

10
11

03
04
07

Elevation
m a.s.l.

Plots 5 and 6 have been discontinued. Piot 9 is an intensive Iichen piot.
For abbreviations of the subprogrammes, see Appendix 1. Subprogrammes in parenthesis have been discontinued.
~ See Eurola et al. (1984) for peatland types and Oajander (1926 and 1949) for mineral soil sites types; KR = Spruce-pine mire, Mtkg = Vaccinium myrtillus
drained peatland forest, OMT = OxaIis-Myrtillus type, MT = Myrtillus type.
~ P = Scots pine (Pinus sylvestris), S = Norway spruce (Picea abies), B = Birch (Betula spp.), A = Aspen (Populus tremula), Al = Grey alder (.4lnus incana),
L = Lime (77/ja cordata).
~ FAO.
6 Defoliation and disooloration on permanent plots.
1
2

Table 2.2.2. Characteristics of intensively monitoredpermanentplots in Hietajärvi.
Plots 1 & 9, 4 & 10 and 7 & 8 are intensive piot pairs (Chapter 2.2).
Date of
Piot
No)

Subprogramme2

establishment

Piot
size
mxm

E!evation
m a.s.I.

Site
type3

Stand
Dominantinondomin. spec.4

Soi!
Group &
Unit5

Parent
material

01

TE, SF, (SO), SW, AR6,
TR, VG, NO, LF,

8/88

40x40

168

EVT

P / B, S

Haplic
Podzol

Glaciofluvial
(sorted)

02

SO, AR6, TR, NO

8/88

40x30

211

VMT

P/

04

TE, SE, (SO), SW, AR6,
TR, VG, NO, LF

8/88

40x40

167

EVT

P/B

Haplic
Podzol
Haplic
Podzol

Glacial
(till)
Glaciofluvial
(sorted)

05

SO, AR6, TR, NO

8/88

30x40

168

EVT

P1 B

07

TR, VG, NO

6/91

30x30

167

TR

P1

08

SO, TR

6/91

30x30

167

TR

P1-

09

SO, SW, AR6, TR, LE

6/91

40x40

168

EVT

P1 B

10

SO, SW, TR, LE

6/91

40x40

167

EVT

P1 B

Haplic
Podzol
Fibric
Histosol
Fibric
Histosol
Haplic
Podzol
Haplic
Podzol

Glaciofluvial
(sorted)
Organic
(peat)
Organic
(peat)
Glaciofluvial
(sorted)
Glaciofluvial
(sorted)

-

-

Plots 3 and 6 have been discontinued.
For abbreviations of subprogrammes, see Appendix 1. Subprogrammes in parentheses have been discontinued.
~ See Eurola et al. (1984) for peatland types and lajander (1926 and 1949) for mineral soil site types; EVT
Empetrum-Vaccinium type, VMT = Vaccinium-Myrtillus type and TR = Eriophorum vaginatum pine bog.
~ P = Scots pine (Pinus sylvestris), S = Norway spruce (Picea abies), B = Birch (Betula spp.).
~ FAO.
6 Defoliation and discoloration on permanent plots.
1
2
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Table 2.2.3. Characteristics of intensively monitoredpermanentplots in Pesosjärvi.
Plots 2 & 7, 5 & 9 and 6 & 10 are intensiveplotpairs (Chapter 2.2).
Date of
establishment

Piot
size
mxm

Elevation
m a.s.I.

Site

type3

Stand
Dominantinondomin. spec.4

Soi!
Group &
Unit5

Parent
material

TF, SE, (SC), Ala6, TR,
(yO), NC, LF

6/89

30x30

263

HMT

S / P, B, A

Carbic

Glaciofluvial

Podzol

(sorted)

02

TE, SE, (SC), SW, Ala6,
TR, VG, NC, LF

6/89

30x40

270

HMT

P / 5, B

Haplic
Podzol

Glacial
(till)

03

(SC), SW, AR6,TR,
(VG), NC

6/89

30x40

293

HMT

5/ B, P, A

Haplic
Podzol

Glacial
(till)

05

(SC), AR6, TR,
VG, NC

6/89

30x30

270

HMT

S / P, B

Carbic
Podzol

Glacial
(till)

06

AR6, TR, VG, NC

6/91

30x30

267

PsR

P / B, 5

Terric
Histosol

Organic
(peat)

07

SC, SW, TR, LE

8/91

30x40

273

HMT

S / B, P

Haplic
Podzol

Glacial
(till)

08

SC, SW, TR

8/91

30x40

293

HMT

S / B, P, A

Haplic
Podzol

Glacial
(till)

09

SC, TR

8/91

30x30

271

HMT

S / P, B

Carbic
Podzol

Glacial
(till)

10

SC, TR

8/91

30x30

267

PsR

P / B, 5

Terric
Histosol

Organic
(peat)

PIot
No.1

Subprogramme2

01

Piot 4 has been discontinued.
For abbreviations of the subprogrammes, see Appendix 1. Subprogrammes in parenthesis have been discontinued.
~ See Eurola et al. (1984) for peatland types and Gajander (1926 and 1949) for mineral soil site types;
HMT = Hylocomium-Myrtillus type, PsR = Carex giobularis pine mire.
~ P = Scots pine (Pinus sylvestris), S = Norway spruce (Picea abies), B = Birch (Betula spp.), A = Aspen (Populus tremula).
~ FAO.
6 Defoliation and discoloration on permanent plots.
1
2

Table 2.2.4. Characteristics of intensively monitoredpermanentplots in Vuoskojärvi.
Plots 2 & 5, 3 & 6 and 4 & 7 are intensiveplotpairs (Chapter 2.2).
Date of
establishment

PIot
size
mxm

Elevation
m a.s.l.

Site

(SC), SW, AR5, TR,
(yO), NC
TE, (SC), TR, VG, LF

8/88

40x40

146

8/88

30x30

146

Lichen
woodland6
sELiPIT

8/88

40x40

158

04

TE, SE, (SC), SW, AR5,
TR, VG, NC, LE
(SC), TR, VG

8/88

30x30

05

SC, SW, TR, LE

6/91

06

SC, SW, TR, LF

07

SC

PIot
No.

Subprogramme1

01
02
03

1
2

~
~
~
6

~

type2

Stand
Soi!
Dominant/non- Group &
domin. spec.3 Unit4
P / Bt
Bt / P
P / Bt

231

Lichen
woodland7
sELiT

30x30

146

sEL1PIT

Bt / P

6/91

40x40

162

P1 Bt

6/91

40x20

230

Lichen
woodland7
sELiT

Bt / P

Bt / P

Haplic
Podzol
Haplic
Podzol
Haplic
Podzol
Haplic
Podzol
Haplic
Podzol

Glacial
(till)
Glacial
(till)
Glacial
(till)
Glacial
(till)
Glacial
(till)

Haplic
Podzol
Haplic
Podzol

Glacial
(till)
Glacial
(till)

For abbreviations of the subprogrammes, see Appendix 1. Subprogrammes in parenthesis have been discontinued.
See Hämet-Ahti (1963) for site types. sELiT = subalpine Empetrum-Lichenes type, sELiPIT = subalpine Empetrum-Lichenes-Pleurozium type.
P = Scots pine (Pinus sylvestris), Bt = Mountain birch (Betula pubescens ssp. tortuosa).
FAO.
Defoliation and discoloration on permanent plots.
Intermediate type between Lichen woodland rich in mosses and Liohen woodland poor in mosses.
Lichen woodland rich in mosses.
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Parent
material

2.3 Physicochemical monitoring

examine the variation of deposition within the
catchment area, two additional samplers with
an identical measuring programme were set up
in June—July 1990 about 100 m away from the
others for about two years.
After visual checking, the weekiy sampies
were combined to form monthly sampies, kept
cool and anaiysed in the laboratory of the
Finnish Meteorological Institute. For deter
mining heavy metal deposition, ali the stations
were equipped with an acid-washed bulk
deposition collector in June 1990. The heavy
metai deposition sampies were coilected
monthly. The anaiytical programme and the
methods used are presented in Table 2.3.2.2.
The quality of the analysis of acidifying
components was checked by calculating a
cation anion balance and by comparing the
measured and calculated conductivity. If
needed, the samples were reanaiysed by the
checking procedure.

2.3.1 Climate observations
The climatoiogical data for the IM areas
Valkea-Kotinen, Hietajärvi, Pesosjärvi and
Vuoskojärvi for the monitoring period January
1, 1987 December 31, 1991 was obtained
from meteoroiogical stations (Table 2.3.1.1) by
the Finnish Meteorological Institute according
to the Meteorology (AM) subprogramme.
—

2.3.2 Air quality and deposition
Air quaiity has been measured since October
21, 1989 according to the EMEP, ECE at the
Ouianka EMEP station established by the
Finnish Meteorologicai Institute. The station is
situated about 5 km northwest of Pesosjärvi.
Table 2.3.2.1 lists the components and meth
ods used according to the Air Chemistry (AC)
subprogramme.
The Finnish Meteoroiogical Institute has
established deposition measurement stations,
which operate according to the Precipitation
Chemistry (DC) subprogramme in the IM
areas (Figs. 2.1.2.2, 2.1.3.2, 2.1.4.2 and
2.1.5.2). Bulk deposition measurements of the
acidifying components with three paraliel
standardized precipitation coliectors at each
station started first in Valkea-Kotinen on April
1987, then in Hietajärvi and Vuoskojärvi on
November 1987. The measurements were
started in the Pesosjärvi IM area on July 1988.
For quality assurance purposes, three
parallel precipitation collectors are in use in
each catchment area. Parailel sampiing serves
as a method of continuously monitoring the
precision of the sampling procedure as weli as
a checkup of sampie contamination. To

2.3.3 Throughfall and stemflow
Throughfall
Throughfail is that part of the incident precipi
tation which reaches the forest fioor after
having passed through the canopy and gaps. At
the time of plot establishment (Tables 2.2.1—
2.2.4), throughfall collectors were placed
systematically at 10-m intervais (Fig. 2.2.1)
around 2—3 of the permanent plots in each
catchment. Depending on its size, there are
10—16 coilectors around each plot.
Each throughfali collector consists of an
acid-washed poiyethyiene funnel (collecting
area 308 cm ) connected to an acid-washed
polyethylene bottle (Fig. 2.2.1). The
throughfali sampies were coilected once a
week. The volume of throughfall coliected by

Table 2.3.1.1. Location of meteorological stations representing Integrated Monitoring areas and meteorological data delivered
by thern.
Meteorological
station

IM area

Lammi, Biological Station
Lammi, Iso-Evo
Lahti, Laune
Lieksa, Lampela
Ilomantsi, Church
Joensuu, Airport
Kuusamo, Kolvanki
Kuusamo, Kiutaköngäs
Utsjoki, Kevo

Valkea-Kotinen
Valkea-Kotinen
Valkea-Kotinen
Hietajärvi
Hietajärvi
Hietajärvi
Pesosjärvi
Pesosjärvi
Vuoskojärvi

Latitude
61°03’N
61°11’N
60°58’N
63°19’N
62°41 ‘N
62°40’N
65°59 N
66°22’N
69°45’N
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Longitude
25°03’E
25°02’E
25°35’E
30°13’E
30°57’E
29°38’E
29°13’E
29°19’E
27°02’E

Data collected
Temperature Precipitation
Wind
x
x

x
x

x

x

x

Growing season

x

x
x
x
x

x
x
x

x

x
x

x

x

Table 2.3.2.1. Air quality rneasurements and methods used in Air Chemistry (AC) subprogramme.
Component

Sampling time

Method

S02

24h

SO~
HNO3+N0~

24 h
24h

NH3+NH~

24h

NO2
03

continuous
continuous

NaØH-impregnated Whatrnan 40 filter,
on chromatography
Whatman 40 filter, jon chromatography
Whatman 40 filter+ NaOH-impregnated
Whatman 40 filter, jon chromatography
øxalic acid-impregnated Whatman 40 filter,
spectrophotomefty
Spectrophotomet~, Salzman
Spectrophotomet~

Table 2.3.2.2. Analyticalprogramrne and methods used for deposition
sampies in Precipitation Chemistry (DC) subprogramme.
Component

Method

pH
H
Conductivity
C1, NO~, SO~
NH
Mg2~, Ca2~, Na~, K~

Potentiometry, pH-meter
Calculated from pH
Conductometry
lon chromatography
Spectrophotometry, (indophenol blue)
Atomic absorption spectrophotometry,
(fiame)
Atomic absorption spectrophotometry,
(graphite furnace)

Zn, Pb, Cu, Cd, Cr, Ni, Fe, V, Mn

each device was recorded before being poured
into a common acid-washed polyethylene
canister. A subsample was then taken for
analysis. Sampling was carried out during the
snow-free period; this was usually May
through OctoberfNovember.
For sample pretreatment and analysis see
Chapter 2.3.5 (Soil water chemistry). If
concentrations were below detection limits, a
value of half the detection limit was given in
accordance with the revised IM Manual
(Environment Data Centre 1993).

2.2.1—2.2.4), collar-type collectors made of
ethylene propane rubber edging (U-shaped in
cross section) were used. In 1991, these
collectors were replaced with a spiral-type
collector made of silicon (Fig. 2.2.1). The
sample is collected in an acid-washed
Table 2.3.3.1. Distribution of stemflow collectors
according to piot and tree species in Stemflow
Cheinistry (SF) subprogramme (for piot codes
see Chapter 2.1.1).
Piot code

Stemflow

P

The part of the incident precipitation collected
by branches and trunks and deposited on the
forest fioor immediately around the base of the
tree is called stemflow. Stemflow collectors in
the Stemflow Chemistry (SF) subprogramme
(Fig. 2.2.1) have been fitted to 5—10 trees
around 1—3 plots in each catchment (Table
2.3.3.1). The plots are the same as those where
throughfall is collected. The collectors have
been fitted to the dominant tree species. In the
case of mixed stands, more than one tree
species has been selected.
At the time of piot establishment (Tabies

FIOl •022
FIOl •03
FI01.1 1

Tree species1
S
B
4
5
3

5
2

-

3

-

-

-

Total
A
-

2

4
10
7

F103•01
F103•04

7
7

10
7

F104•01
F104•02

-

6

-

3

3

-

3

-

9
6

F105•03

8

-

-

-

8

P = Scots pine (Pinus sylvestris, S = Norway spruce
(Picea abies), B = Birch (Betula spp.), A Aspen
(Populus tremula).
2organic soil (peat) piot.
1
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poiyethyiene bucket piaced inside a plastic
sack lined with aluminium foil to protect the
sampie from direct suniight.
The volume of stemflow in each bucket
was recorded weekiy and then emptied into a
large acid-washed poiyethyiene canister; a
separate one was used for each tree species at
the piot. The canister was shaken and a
subsample of this composite poured into an
acid-washed poiyethylene bottle for analysis.
Sampiing was carried out during the snow-free
period; this was usually May through October
November. Sampie pretreatment and analysis
was the same as for throughfall.
In 1990 (1991 for the Piot FIOl 11; for the
codes see Chapter 2.1.1), the position of the
stemflow trees was mapped and basic charac
teristics (species, diameter at breast height
(dbh), height and canopy projection; see
Chapter 2.4.1 for details) were measured.

ues”, were taken from Rtihiing et al. (1987,
1992). The metal concentrations in mosses are
also compared with buik deposition and
throughfall.

2.3.5 Soil and soil water
Soil chemistry
The list of plots on which the Soil Chemistry
(SC) subprogramme has been carried out is
given in Tables 2.2.1—2.2.4. The location of the
plots is indicated in Figures 2.1.2.2, 2.1.3.2,
2.1.4.2 and 2.1.5.2. The ciassification of the
soils into FAO soil units is based on a simple
profiie description made from a single soil pit
dug close to, but outside, each piot.
Data for piots that have since been discon
tinued (FIOl 05 and FIOl 06) are inciuded in
this report. Both of these plots show signs of
having been thinned in the recent past (i.e.,
stumps present), and Plot Fbi 06 is aiso just
outside the catchment.
The first round of soil sampiing was carried
out in iate August—September 1988 for the
Hietajärvi and Vuoskojärvi catchments, and in
late August—September 1989 for the Pesosjärvi
and the Valkea-Kotinen catchments. Sampiing
was repeated in 1991—1992. Only the data
from the first round of sampling is complete at
present, and it is this data that is presented in
this report.
Three sets of soil sampies were taken: 1)
sampies by fixed depth layers, 2) sampies by
morphological (pedogenic) horizons, and 3)
undisturbed volumetric samples. The “fixed
depth” sampies were used for the purposes of
the SC subprogramme, i.e., soil chemistry
monitoring. It is this data that is presented in
this report. The “horizon sampies” were taken
for the purposes of soil classification and for
comparison with the “fixed depth sampies”;
they wiii probahly he taken only once. The
undisturbed volumetric sampies were taken for
the determination of bulk density. Details of
the sampling procedures have been described
by Starr and Ukonmaanaho (1992).
For the “fixed depth” sampling, four
composite sampies of each iayer (humus iayer,
0—5-cm, 5—20-cm and, where possible, aiso the
20—40-cm) were taken using an auger. The
composite subsamples were taken at the
intersections of a 10 x 10-m grid laid out over
the piot. Thus, depending upon piot size
(Tabies 2.2.1—2.2.4), the number of
subsamples in each composite sampie varied
from 12 to 25. At each 10-m intersection, the
sampling was repeated four times, thus giving
four parallel composite sampies for each iayer
and piot. In the case of the peat plots (F10101

2.3.4 Moss chemistry
Sampies of two carpet-forming moss species,
Hylocomium splendens and Pleurozium
schreberi, were collected during summer 1991
in ali IM areas for heavy metal analysis
according to the Moss Chemistry (MC)
subprogramme. In the Hietajärvi catchment,
only Pleurozium schreberi was coilected.
Some sampies were aiready taken in 1988 and
1989. Hylocomium splendens was coliected in
the Valkea-Kotinen area in 1988 and in the
Hietajärvi and Pesosjärvi areas in 1989.
Composite sampies consisting of 5—10
subsamples were collected throughout each
area. Sampling sites were open areas, i.e. smaii
gaps in the forest not exposed to throughfail
from trees. Sampling was done according to
Rtihiing et al. (1992) and Standard no. 5671
(Suomen Standardisoimisliitto 1990a).
The three youngest fuily developed seg
ments of each Hylocomium splendens or
corresponding shoots of Pleurozium schreberi
were removed and dried to constant weight at
40° C. After homogenizing, 1 g of dried
material was digested in a mixture of concen
trated nitric acid and perchioric acid, in a
proportion of 4:1. The concentrations of eight
heavy metais in moss sampies were analysed
in the Technical Research Centre of Finland
using the inductively coupied piasma emission
technique (ICP). The following heavy metals
were determined: Cd, Pb, Cr, Ni, Cu, Zn, V
and Fe.
In this report, the heavy metal concentra
tions in moss sampies from the IM areas are
compared with those from regional back
ground areas. Regional background values,
which later wili be cailed “background vai37

and FIOl 02; Fig. 2.1.2.2), the following
layers were sampled: 0—5, 5—10, 10—20 and
20—40-cm, and only one subsample was taken
at each 10-m intersection, giving a single
composite sample for analysis.
The set of horizon sampies was taken from
a soi! pit dug to make a soi! profile description
(Appendix 2). The location of the pit was
chosen subjectively, being considered repre
sentative for the p!ot. If the soil was not too
stony, undisturbed volumetric sampies (i.e. 3 x
0.61-dm3 cores from each fixed depth layer or
horizon) were a!so taken from the soi! pit.
The soil sampies were kept in piastic bags
for up to three days in coo! (+ 4° C), dark
conditions until they were transported to the
laboratory. Upon arrival, the samples were
frozen untii they couid be dried. Drying took
place in a !arge ventilated drying chamber in
which the temperature was thermostaticaiiy
controlied at 40—60° C. After drying, the mass
of the sample was recorded. Coarse fragments
(stems, roots, cones, etc.) were removed by
hand from the surface humus Iayer and peat
sampies before being mil!ed into a fine pow
der. The mineral soil sampies were sieved and
the < 2-mm fraction weighed and retained for
analysis.
The sampies were ana!ysed for the com
piete set of basic SC subprogramme properties
(Environment Data Centre 1989a, 1989b): pH
(measured in water and 1M KC1), exchange
ahle titratable acidity (EA), exchangeable
(extractable) base cations (Na, K, Ca and Mg),
base saturation (BS~), both total organic
carbon (TOC) and !oss on ignition (LOI), and
total nitrogen. The following optional van
ab!es were a!so determined: exchangeab!e
titratabie aluminium acidity (EAAI), total
titratable acidity (TTA), potential cation
exchange capacity (CEC~), total phosphorus
and sulphur, and the “slowly avaiiable frac
tion” of Mn, Pb, Cd, Cu and Zn (i.e., for
humus iayer = total; for mineral soil = organi
caiiy bound plus the easi!y weatherable
mineral fraction; Bringmark 1989). Selenium
and the heavy metais Hg, Cr, As, Ni and V,
which are aiso optional variabies, were not
determined. Additional variab!es determined
inciuded an estimate of the effective cation
exchange capacity (CECe)~ i.e. the CEC at
fieid pH, and its corresponding base saturation
value (BS). These variabies were calculated
according to Bringmark (1989). If concentra
tions were below detection !imits, a value of
ha!f the detection !imit was given in accor
dance with the revised IM Manual (Environ
ment Data Centre 1993).
As far as possible, the procedures and
methods outlined in the IM Manual were

fo!lowed (Environment Data Centre 1989a).
Ful! ana!ytical detai!s were described by
Ukonmaanaho (1992). In the case of the
“slowly available fraction” of heavy metais
and total phosphorus, the conventional dry
ashing procedure of the Finnish Forest Re
search Institute for the total analysis of piant
material (Halonen et al. 1983) was used. The
wet digestion procedures recommended in the
IM Manual (Environment Data Centre 1989a)
were not routinely used at the Finnish Forest
Research Institute laboratory at the time, and
there is stili disagreement within the IM
Programme about which method to use for
heavy metal analysis. The dry ashing values
for the humus !ayer and peat samples can be
considered comparable to wet digestion va!ues
(i.e. totais), but not so in the case of the
mineral soil sampies. Ali data (except pH)
were caicuiated on an oven-dry mass basis.

Soil water chemistry
At the time of estab!ishing the permanent plots
in the Soil Water Chemistry (SW) subpro
gramme (Tables 2.2.1—2.2.4), six suction soil
water samplers were instaiied in two of the
piots in each catchment. With the exception of
Piots FIOl 07 and F105 01, stemflow and
throughfa!i were also coilected from the same
piots.
The soi! water samplers (PRENART tefion
sampiers) as recommended in the IM Manua!
(Environment Data Centre 1989a) were
insta!led in pairs at three positions just inside
the piots (Fig. 2.2.1). One of each pair was
installed to a depth of 15 cm and the other to a
depth of 35 cm. A vacuum of about 60 kPa
was appiied to each samp!er and the sampie
coliected after two weeks. The sampie volume
was recorded and then transferred to an acid
washed polyethyiene bottle for transport to the
laboratory. The coliection bottie was rinsed
with distiiled deionized water and vacuum was
reapplied for the next two-week period.
Sampling was carried out during the frost-free
period; this was usua!iy May through October/
November.
In 1991 and 1992, additional suction soi!
water sampiers (DIAPOR and Soi! Moisture
ceramic cups) were instal!ed in some of the
piots. Zero-tension iysimeters, which aliow the
water flux to be measured, were also instai!ed
in 1992 in Hietajärvi (Plots F103 09 and
F10310). However, the data related to these
new sampiers are not presented in this report.
The sampies were stored in dark and cool
(+ 4° C) conditions unti! the analysis began.
Upon analysis, the sampies were fiitered using
a Schieicher & Schueli 589 fiiter paper. The
—
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sampies from each sampier were analysed
individually.
The chemical properties determined are
those listed in the IM Manual (Environment
Data Centre 1989a). Details of the analytical
methods and procedures used are given by
Ukonmaanaho (1992). Acidity (pH) and
specific conductivity were determined using a
combined electrode conductivity meter. If the
pH of the sample was > 4.2, alkalinity was
measured by titration. The concentrations of
Ca, Mg, K, Na, P, Al, Mn, Fe, Si, Pb, Cu, Cd
and Zn were determined using an ICP analyser
(since 1991, concentrated nitric acid was
added before analysis; 1:200 v/v). Mercury
was not determined as concentrations were
expected to be so low as not to justify the cost
of the separate analysis which would be
required. Labile aluminium concentrations
were also not determined. Concentrations of
P043, SO~, NO3 and Cl ions were measured
using high-pressure ion chromatography
(fluoride was found not to be present), and
ammonium concentrations were determined by
flow-injection analysis and gas diifusion.
Since 1991, concentrations of dissolved
organic carbon (DOC) have been determined
using a Shimadzu TOC-5000 analyser. Sam
pies for the analysis of nitrate and DOC were
not conserved wjth mercuric chloride (Envi
ronment Data Centre 1989a). If concentrations
were below detection limits, a value of half the
detection limit was given in accordance with
the revised IM Manual (Environment Data
Centre 1993).

using a Ruttner or Limnos sampier (Environ
ment Data Centre 1989a), except at Valkea
Kotinen where a teflon-coated Limnos
sampier (Keskitalo & Salonen 1994) was used.
The sampling stations in each IM area are
shown in Figures 2.1.2.2, 2.1.3.2, 2.1.4.2, and
2.1.5.2.
The surface water sampies from the inlet
and outlet streams were taken weekiy during
the spring peak runoff period, once a month
during the summer and bimonthly during the
autumn. Lake deep sampies from Lakes Iso
Hietajärvi, Pieni Hietajärvi, Pesosjärvi and
Vuoskojärvi were taken 2—6 times per year
(Nordic Council of Ministers 1988). The
sampies from the lake deeps were taken at
depths of 1, 3 and 5 m and at 1 m above the
lake bottom. The lake water sampies from
Vaikea-Kotjnen were taken in connection with
the phytoplankton programme (Chapter 2.4.6),
i.e. weekiy during the ice-free period and
monthly during winter from the surface and 1,
2, 3 and 5 m depths. Sampiing was therefore
more intensive at Vaikea-Kotinen, with 25—30
sampies per year. Ali the water sampies were
anaiysed as described in Tabie 2.3.6.1.
The runoff values of inlets and outlets and
the water chemistry resuits were stored as
monthly means in the IM data base at the
EDC. The resuits of streams (inlets and
outlets) are not presented in this report but
they are used in catchment ion mass budget
calculations (Chapter 2.3.7). However, the
results of lake deeps (Figs. 3.8.1.1—3.8.1.16
and Tabies 3.8.1.1—3.8.1.4) represent well the
water chemistry of the IM areas.

2.3.6 Catchment runoff and surface waters
Catchment runoff

Table 2.3.6.1. Surface water variabies measured and respective analytical
rnethods iii Runoff Water Chemistry (RW) subprogramme.

Discharge from the IM areas was measured at
a gauging-station located in a suitable section
of the outlet channel just below the catchment
boundary (Figs. 2.1.2.2, 2.1.3.2, 2.1.4.2 and
2.1.5.2). The gauging station was fitted with a
V-notch wejr and a continuous water-stage
recorder (Iimnigraph). The inflow channels to
the lakes in the Hietajärvi and Pesosjärvi areas
were also fitted wjth a gauging-station. The
mean daily, monthly and annual runoff (and
lake inflow) values were calculated. Monthly
runoff values were reported to the EDC. Mean
runoff values are presented in the connection
with the area descriptions in Tabies 2.1.2.1,
2.1.3.1, 2.1.4.1 and 2.1.5.1.

Variable

Analytical method

Temperature
pH-value
Specific conductivity
Oxygen
Alkalinity
Colour value
Total phosphorus
Phosphate phosphorus
Total nitrogen
Ammonium nitrogen
Nitrate nitrogen

Mercur~y thermometer in sampier’
Potentiometry, pH-meter
Condwctometry
Titrimetry, Winkler method1
Acid titration, Gran-piot
Spectrophotometry at 420 nm
Spectrophotometry, after wet oxidation
Spectrophotometry, molybdate method
Spectrophotometry, after wet oxidation
Spectrophotometry, indophenol method
Spectrophotometry, as nitrite after
cadmium reduction
Acidification and bubbling method with
IR detection2
High temperature combustion2

Dissolved inorganic carbon

Water chemistry

Dissolved organic carbon

Water sampies for physicochemical analysis
were taken from iake deeps, inlets and outlets

1
2
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YSI (YeIIow Springs Instruments) probe in Valkea-Kotinen.
During phytoplankton sampling in Valkea-Kotinen and Hietajärvi.

Lake sedimentation
Sedimented matter was sampled biweekly
(once a month in winter) from early June 1991
at Valkea-Kotinen. With the exception of the
sedimentation trap construction, the methods
followed those described by Keskitalo and
Salonen (1994).
Sedimented matter was collected in a trap
consisting of a vertical cylinder (0 140 mm),
divided into two parts. The lower part was
filled with polyurethane foam to make the trap
buoyant. The upper part (height 760 mm) was
for sediment collection and its mouth was
located at 2 m above the bottom (at 4.5 m). A
rope was run from the surface buoy to the
vertical trap through rollers attached to two
bottom weights 2—3 m apart. When the rope
was detached from the surface buoy, the
buoyancy elevated the trap. The rising velocity
was kept smooth by slowly releasing more
rope until the trap reached the surface. Water
laying above sedimented matter was gradually
drained by removing stoppers along the side of
the trap. When a suitable water volume was
left, the sample was taken into a bottle.
The advantages of this sampling arrange
ment are: 1) since there are no ropes or floats
above the trap, the sample is free from con
tamination by periphytic growth, and 2)
bottom disturbance and resuspension are
avoided because the weights remain in place
on the bottom.
After removing large animals (copepods,
Chaoborus larvae) from the sedimented
matter, dry weight (24 h, 60° C) and ignition
residue (4 h, 450° C) were determined. Or
ganic matter was calculated by subtracting the
weight of the residue from the dry weight.
Organic carbon was determined with a carbon
analyser (Salonen 1979) and total phosphorus
and total nitrogen with an AKEA autoanalyser
using the persulphate oxidation method
(Koroleff 1979).

2.3.7 Catchment ion mass budgets
Adequate data for determining ion mass
budgets was available for Valkea-Kotinen and
the two Hietajärvi catchments, Iso Hietajärvi
and Pieni Hietajärvi. The ions included in the
input output calculations were: Na~, K~, Ca2~,
Mg2~, NH4~, H~, N03, HC03, Cl, S042-, and A
(organic anions). The annual (water year)
budgets are based on 2—5 years of measure
ments, depending on the catchment. A detailed
description of the methods and results of the
budget calculations is given in Forsius et al.
(1994).

There are a number of methods for estimat
ing total (wet + dry) deposition. In this study,
the determination of total deposition to the
catchments was based on open-field measure
ments (bulk deposition) and throughfall
studies (Chapters 2.3.2 and 2.3.3). To estimate
the filtering effects on the forest stands, a
filtering correction was made for the base
cations, Cl- and S042, based on deposition
ratios (DR; i.e. deposition to forest stands
divided by deposition in open field). However,
since the internal cycling of Ca2~, Mg2~ and K~
can be considerable, the correction factor for
these ions was derived using the filtering
correction (FC) of Na~ instead (Ivens 1990).
The specific filtering abilities of different
stands (throughfall plots) were taken into
account (Kallio & Kauppi 1990):
DR,A1
FC

+

DR2A2

+

DR0A~

+

A0

=

where FC filtering correction factor for a
catchment; DR1, DR2, DR~ = deposition ratio
for 1...n stands; A1, A2, A = area of stands
1...n; A0 = area of open field; A~0~ = total area
of catchment. Deposition to the basins for the
hydrological years was calculated as the sum
of monthly values. The total deposition values
for months when throughfall was recorded
(May—October/November) were obtained by
multiplying the open field depositions by the
FC factor. For the other months (snow/frost
period), bulk deposition measurements were
used.
The output fluxes from the catchments
were calculated from the quality and quantity
of the runoff water. The annual number of
sampies varied 20—40 (Chapter 2.3.6). The
fluxes were estimated by weighting the sample
concentrations with the flow at the time of
sampling (Rekolainen et al. 1991).
Hydrogen ion budgets were estimated on
the basis of deposition, weathering, ion
exchange, retention and biological accumula
tion processes (van Breemen et al. 1984,
Kallio & Kauppi 1990). The net hydrogen ion
flux due to nitrogen transformations was
determined as the difference between the net
outputs of ammonium and nitrate (van
Breemen et al. 1983). Hydrogen ion produc
tion attributed to dissociation of organic anions
was estimated using an empirical dissociation
equation (Oliver et al. 1983). Average values
for the net uptake of base cations due to tree
growth were interpolated from a national data
base (Johansson & Janssen 1994). The ratio
between external (anthropogenic) and internal
proton sources was calculated according to van
Breemen et al. (1984).
40

2.3.8 Dynamic model appiication
The dynamic Simulation Model for Acidifica
tion’s Regional Trends (SMART acidification
model; de Vries et al. 1989, Posch et al. 1993)
has been calibrated for seven IM catchments in
Europe, including the Valkea-Kotinen (FIOl)
and Hietajärvi (F103) catchments in Finland. A
detailed description of the modeling exercise is
given in Bleeker et al. (1994a, 1994b). The
model application had two major objectives:
To test if SMART can he run using the
data as requested and stored in the IM EDC
data base, or if additional data are required, and;
To calibrate SMART within IM data so
that it can be used for assessing the environ
mental consequences of different emission
reduction strategies developed under the
framework of the UN ECE.
The SMART model was developed to
estimate long-term chemical changes in soil,
soil water and runoff water in response to
changes in atmospheric deposition. The model
was originally designed for applications on a
regional scale but has since been applied to
individual catchments and plots. The output
from SMART includes soil base saturation and
concentrations of the major anions and cations
in soil solution and runoff water.
The model structure is based on the anion
mobility concept by incorporating the charge
balance principle (Reuss et al. 1986). SMART
consists of a set of mass balance equations
which describe the soil input output relation
ships for the major cations and anions, and a
set of equilibrium equations which describe
the equilibrium soil processes. The soil solu
tion chemistry depends solely on the net
element input from the atmosphere and the
geochemical interactions (weathering and
cation exchange) in the soil.
Apart from the net uptake of nitrogen and
base cations in harvested plants and the net
nitrogen immobilization in the forest fioor, the
influence of the nutrient cycle (foliar exuda
tion, foliar uptake, litterfall, mineralisation and
root uptake) is not taken into account. The
various exchange reactions are described by
Gaines-Thomas equations. Uptake and reduc
tion of sulphate as welI as biological fixation
of nitrogen are assumed to be negligible. The
weathering rate of base cations from silicates
is independent of the soil pH. Lately the soil
model has been enhanced by the inclusion of a
description of (i) sulphate adsorption desorp
tion, modeled by a Langmuir isotherm (Cosby
et al. 1986), (ii) dissociation of organic anions
as a function of pH, (iii) denitrification mod
eled as a fraction of the net nitrogen input, and
(iv) nitrogen immobilization as a function of
—

—
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the C:N ratio (Posch et al. 1993, de Vries et al.
1994).
A lake water module has also been devel
oped recently. This module computes the
concentrations of the major ions in the lake
water, using the jon fluxes from the catchment
soils and direct atmospheric deposition as
input. In-lake processes included in the lake
module are the retention of sulphate, nitrate
and ammonia, the precipitation of aluminium
as carbon dioxide degasses, as well as the
inorganic carbon equilibria.
The data needed for running the SMART
model is a mixture of model parameters, and
data for driving variabies and initial conditions
that should be specified for each catchment.
Even though SMART is designed for a
lumped-process description to minimize the
input data requirements, empirical information
for many model variables are generally
unavailable or are impossible to determine on
a catchment scale. A calibration procedure is
therefore necessary to fit the model outputs
with the observations. A detailed description
of the calibration procedure and model param
eters is given in Bleeker et al. (1994a, 1994b).
The historical trend of the sulphur deposi
tions was derived from the report by Mylona
(1993), in which the trend of suphur deposi
tions is based on available historical sulphur
emission data. The depositions given in the
report by Mylona (1993) were used to scale
back the depositions using 1990 as the refer
ence year. The deposition data from 1960 to
2000 were derived by means of the Finnish
Integrated Acidification Assessment Model
(HAKOMA; Johansson et al. 1989).
The deposition history for nitrate and
ammonium deposition was derived according
to Wright et al. (1988). For the period 1960—
2000, the same approach as for sulphur was
used. The base cation historical deposition
trend was similar to the sulphur trend, because
the nonmarine-base cation deposition was
assumed to be caused by industrial emissions
only.

2.4 Biological monitoring
2.4.1 Tree stand and forest condition
The first round of the Trees (TR) subpro
gramme was carried out during August—
October in 1987—1989 and repeated in 1991
1992. Only the data collected for the first
round are presented in this report (for the
location and characteristics of the plots, see
Figs. 2.1.2.2, 2.1.3.2, 2.1.4.2, 2.1.5.2 and
Tabies 2.2.1—2.2.4).

Basic programme parameters were mea
sured as foilows. Every standing tree (iiving
and dead) on the piot with a dbh > 5 cm was
permanently numbered. The exact iocation of
each numbered tree, stump, broken stem and
corresponding fallen stem and stump was
mapped using standard procedures (Finnish
Forest Research Institute 1987). The species
was recorded and dbh measured using caiipers
to an accuracy of ± 1 mm in two directions:
paraliel to the numbered tag and at right angies
to it (Finnish Forest Research Institute 1986).
The stem diameter at 6 m and height were
measured from 30 systematicaiiy chosen
sample trees per piot, except at Vuoskojärvi,
where the height of ali trees with a dbh > 5 cm
on the piot was measured. The stem diameter
at 6 m was measured from one direction and to
an accuracy of ± 1 cm using a tree diameter
ruler attached to a 5-m pole. Where tree height
was > 5 m, it was measured using a Suunto
clinometer (± 1 dm). Where tree height was
<5 m, it was measured with a 5-m measuring
pole. The tree height mensuration procedure
has an accuracy of ± 2 dm. In the case of dead
trees where the stem had snapped, the height
of the standing stem and the length of the
falien stem on the ground were measured.
For dead trees, the cause of death was
indentified according to the list of causes
given in the IM Manual (Environment Data
Centre 1989b). Tre~ fertiiity of the forest
condition sample trees (see below) was
assessed annually according to cone (concur
rent year) abundance classes.
Extended programme parameters, canopy
projection and crown form of each numbered
tree was measured in 1990—1992. The distance
from the centre of the stem to the tip of the
branches in the four cardinai compass direc
tions was measured to an accuracy of ± 1 dm.
The form of the crown was classified accord
ing to the classes given in the IM Manual
(Environment Data Centre 1989a). In 1990,
trees with dbh < 5 cm were aiso mapped and
height and canopy projection measured.
In the Piiot phase of the IM Programme,
the monitoring of forest condition (defoliation
and discoioration) was part of the Forest
Stands (AR) subprogramme, i.e., the catch
ment-wide forest programme (Environment
Data Centre 1989a). However, the Finnish
Forest Research Institute has carried out tree
condition assessments on each permanent piot.
Defoliation, discoioration and diseases have
been registered annually using 20 selected
dominant or codominant coniferous trees and
standard methods (Finnish Forest Research
Institute 1986, Miilier & Stieriin 1990,
Salemaa et al. 1991).

2.4.2 Needies and litterfall
Needle chemistry
Needle sampling according to the Foliage
Chemistry (NC) subprogramme has been
carried out annually since 1988 (Tabies 2.2.1—
2.2.4). The needle sampie trees are located
around the permanent plots (Fig. 2.2.1). They
are the healthiest dominant coniferous trees in
the stand considered capabie of enduring
continuous needie sampling, and are similar to
those on the tree stand plots. Usually, the same
trees were sampied every year. However, on
some plots the sample trees in any one year
have been selected from a larger number of
reserved trees; resting trees in aiternative years
to minimize possible damage due to sampiing.
In October—November, two or three shoots
were collected 2—4 m down from the tree top
on the south side of the canopy using a tree
pruner attached to a pole or, if too high, by
climbing the tree. The shoots were placed in
paper bags, kept cooi and transported to the
laboratory.
In the laboratory, shoots of the concurrent
(c) and preceding (c+1) years were separated if
they had not aiready been done so in the field,
piaced in paper bags and dried at 60° C for at
ieast 48 h. The needies were then removed
from the shoots and milied into a fine powder
and stored in piastic bags. For analysis, sub
sampies of the miiied needies were digested in
a mixture of nitric acid and hydrogen peroxide
and concentrations of S, Ca, Mg, Na, K, P, Mn,
Zn, Cu, Pd and Cd determined using the ICP
technique. The iist of elements for the NC
subprogramme (Environment Data Centre
1989a) also includes boron and moiybdenum,
but these eiements have not been determined
because this would have required a separate
analysis. Total nitrogen and carbon were
determined using a LECO CHN analyser.

Litterfall chemistry
In 1990, iitterfali collectors were piaced under
the canopies of 5—6 dominant trees in accor
dance with the IM Manual (Environment Data
Centre 1989a) around those permanent piots
where stemflow and throughfali were being
coliected (Tabies 2.2.1—2.2.4). In 1991,
coliectors were aiso piaced under the canopies
of four trees around the new Piot (FIOl 11) in
Valkea-Kotinen.
The funnei-shaped coiiectors (Fig. 2.2.1)
have a coliecting surface area of 0.5 m2 and
stands about 1.5 m above the forest fioor. The
cotton bag containing the litterfail sample was
repiaced with a clean bag at the beginning of
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each month during the frost-free period; this is
usually May through OctoberlNovember.
In 1991, six additional litterfall collectors
were set out in a systematic 10 x 10-m grid in
the middle of the new soil chemistry plots. The
purpose of these additional collectors was to
provide litterfall data representative of the piot
and not of a tree, as the original collectors did.
In the laboratory, the bags and their con
tents were Ieft to dry at room temperature and
then stored. Before analysis, the samples were
dried at 40—60° C for 24 h, weighed, and then
milled into a fine powder. For analysis, the
sampies for May and June, and for July and
August were combined; sampies for other
months were analysed individually. The
sampies were analysed according to the same
procedures as described for the NC subpro
gramme.

In Finland, Scots pine is the main tree
species monitored in the EP subprogramme.
Mountain birch was also selected for monitor
ing in the Vuoskojärvi area, and Norway
spruce in Valkea-Kotinen and Pesosjärvi. The
monitoring of spruce was later discontinued
due to methodo!ogical difficulties especially in
the Pesosjärvi area where the spruce branches
come down almost to ground level. The spruce
monitoring results are not presented here.
Eight sample trees were usually selected
for monitoring in each intensive lichen piot.
The sample trees belonged to the dominant
tree !ayer and the dbh was 20—40 cm. There
were also certain other tree selection criteria
concerning health of the tree and shape of the
trunk (Mäkelä 1992).
The abundance of different lichen species
was measured using the tape method (Environ
ment Data Centre 1989a). An elastic tape was
stretched clockwise around the trunk on 4—5
fixed !evels (lines). The !ines were 60, 90, 120
and 150 cm above the ground in Valkea
Kotinen and Hietajärvi. In the two northern
most areas, Pesosjärvi and Vuoskojärvi, the
upper lines were situated higher up due to the
presence of reindeer. In Pesosjärvi, the meas
ured lines were 120, 150, 250 and 280 cm and
in Vuoskojärvi 60, 90, 120, 150 and 220 cm
above the ground. However, the 220-cm line
was not high enough to prevent reindeer
grazing. On the lines, each lichen thallus was
recorded to an accuracy of 1 mm according to
a specific species Iist (Table 2.4.3.2). The
presence of other species not included in the
species list was also noted as well as species
not encountered along the measurement lines,
but stil! existing on the trunk at the heights of
60—15 0.

2.4.3 Epiphytes
Monitoring of lichens according to the Epi
phytes (EP) subprogramme started in 1988.
Since then the sample plot system has been
improved and the selection criteria for lichen
plots and sample trees have changed. In 1988
the lichen plots were joint plots for lichens,
understorey vegetation, trees and soil. This
degree of activity caused excessive distur
bance to the plots, and since 1989 the lichen
plots have been separate plots situated prefer
ably near the vegetation, tree stand and soi!
measurements (for reorganisation of plots, see
also Chapter 2.2). The plots monitored and
sample trees measured are listed in Table
2.4.3.1. The location of the plots not discontin
ued is indicated in Figures 2.1.2.2, 2.1.3.2,
2.1.4.2 and 2.1.5.2.

Table 2.4.3.1. Information on moizitoring years, lichen plots and sample trees in Epiphytes (EP,)
subprogramme.
Area

Year of obs. Piot number

Valkea-Kotinen

1988

3, 4, 5, 6, 7

Sample trees at each piot

Other information
Plots 3—6 discontinued’

1990

7,9

8 pine (each piot)
7 spruce (Piot 7)
8pine

Hietajärvi

1990

1,2,3

8pine

Pesosjärvi

1989
1991

2,3,4,5
2,5,6

8 pine
8 pine

Vuoskojärvi

1989

1,2,3

1991

1,2,3,4

8 pine (Plots 1 and 3)
8 birch (Piot 2)
8 pine (Plots 1 and 3)
19 birch (Plots 2 and 4)

+

1

Results from discontinued plots are not presented in this report.
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Piot 9 established
Plots 3 and 4 discontinued1
Piot 6 established

A new method for birches,
Piot 4 estabhshed and
new trees selected on Piot 2

In addition to the mandatory variabies
(Environment Data Centre 1989a), the vitality
of ali lichen species as a whole and of
Hypogymnia physodes separately was esti
mated according to the Finnish Standard for
lichen vitality (Suomen Standardisoimisliitto
1990b). The length of every filamentous
specimen was also noted at the heights of 120—
150 cm, except in the Pesosjärvi area (1989).
Of these measurements, only the vitality of
Hypogymnia physodes is reported here.
The lichen monitoring of mountain birches
in Vuoskojärvi started in 1989. The tape
method proved to he poorly suited for use on
crooked mountain birches with several stems.
Therefore, in the second round of measuring in
Vuoskojärvi (1991), only a species list was
made at the heights of 50—100 cm, 100—150
cm, 150—200 cm and 200—250 cm.
The Pollution Sensitivity Index (PSI) for
each area was calculated using the formula
given in the revised IM Manual (Environment
Data Centre 1993). Values for the sensitivity
factor ~H (an empirical sensitivity factor for
each lichen species) were according to
Hultengren et al. (1991; Tahle 2.4.3.2).

The Index of Atmospheric Purity (JAP) was
caicuiated according to the formula (Kuusinen
et al. 1990):
IAP=1O’x~(QM xf)

where
= average number of other species
growing with the target (= indicator) species
(Table 2.4.3.2); i indicator species (Tabie
2.4.3.2); f = mean cover of the ith species area.
Values for ~M were taken from data ob
tained from the Eighth National Forest Inven
tory (8-NFI) by the Finnish Forest Research
Institute (Mikkola, K. pers. comm. 1993).
Only indicator species with ~M values (a total
of 14 species, Table 2.4.3.2) were inciuded.
In Pesosjärvi, aerial green aigae growing
on spruce needles were observed in 1991
according to the IM Extended Programme
(Environment Data Centre 1989a). Three
branches of each of the 40 sampie trees (height
3—7 m) were examined. Since 1991 the Aerial
Green Algae (AL) subprogramme has been
inciuded in the IM Programme (Environment
Data Centre 1993).

2.4.4 Understorey vegetation
The Understorey Vegetation (VG) subpro
gramme was carried out on 2—3 permanent
vegetation piots (Mäkelä 1992). Ali piots are
joint piots with the TR subprogramme (Fig.
2.2.1). At the beginning of monitoring in 1988
and 1989 in Valkea-Kotinen, Pesosjärvi and
Vuoskojärvi, the piots were also shared with
the SC subprogramme, but later soi! monitor
ing was discontinued on these p!ots. New soi!

Table 2.4.3.2. List of observed species
(Nordic Council of Ministers 1988) and their
QH values (Hultengren et al. 1991) for Pollution
Sensitivity Index (PSI) and QM values (Mikkola,
K pers.comm. 1993) for Index ofAtmospheric
Purity (L4P) used iii Epiphytes (EP)
subprogramme.
Species
Alectoria sarmentosa
B,yoria spp.
Cetraria chlorophylla
Hypocenomyce sca!aris
Hypogymnia farinacea
Hypogymnia physodes
Hypogymnia tubulosa
Imshaugia aleurites
Lecanora conizaeoides
Melanelia olivacea
Parmella sulcata
Parmeliopsis ambigua
Parmeliopsis hyperopta
Piatismatia glauca
Pseudevernia furfuracea
Usnea spp.
Vulpicida pinastri
Pleurococcus viridis
Scoliciosporum chlorococcum
Mean of the values given to
No value given.
~ Value for Parmellopsis spp.
1
2

~H

~M

7
6~
4

4.1

5
2

4.1
4.3

studies were repeated on one old and one new
mineral soi! piot in 1990. In Hietajärvi the
monitoring started in 1990 on two mineral soil
plots and on one peatland plot (Table 2.2.2).
These plots were not remeasured until 1992. In
Pesosjärvi the monitoring started on five
mineral soil plots in 1989 (Tahle 2.2.3).
Monitoring continued on two old mineral soi!

•2

2.9

6

2

7

3.8~

6
3

~

o

chemistry plots were established near these old
plots (Chapter 2.2).
In Valkea-Kotinen the monitoring of
understorey vegetation started in 1988 on five
permanent plots (Table 2.2.1). Monitoring

2

~
~

2
4

~

4

4.6

5’
2

4.3
3.4

2

2.9

plots and on one new peatland piot in 1991. In
Vuoskojärvi the monitoring started on four
minera! soil plots in 1989 and continued on
three of these p!ots (Table 2.2.4) in 1991.
Results from discontinued plots are not
presented in this report.
Detailed observations of understorey
vegetation were performed on sma!ler sample
plots (0.5 x 0.5-m) inside the intensive vegeta
tion p!ots (Fig. 2.2.1). These samp!e plots were

BryorialUsnea species.
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established on intensive vegetation plots by
using stratified random sampling: 2—3 sample
plots for each 10 x 10-m quadrat depending on
the heterogeneity of the intensive piot. Earlier
in 1988 in Valkea-Kotinen larger (1.0 x 1.0-m)
sample plots were used and placed on inten
sive vegetation plots using systematic sam
pling. In 1990 these plots were substituted for
smaller (0.5 x 0.5-m) sample plots to standard
ize the methods on the Nordic level. Results of
these larger plots are not reported here.
On each permanent sample piot shrub, field
and bottom layers were studied. The shrub
layer was defined as consisting of shrubs and
trees with heights of 0.5—2.0 m. The field layer
consists of tree saplings and shrubs with height
<0.5 m and other vascular plants regardless of
height. The bottom layer consists of mosses
and lichens. The definitions are different from
those presented in IM Manual (Environment
Data Centre 1989a), but are normally used in
Finnish vegetation studies.
The observations were made in July—
August, when the majority of the species are
fully developed. The cover percentage of each
layer, physiognomic group and species was
estimated using scale 0.2, 0.5, 1, 2, 3, ...99,
100%. The cover of total litter and different
litter types (needle, leaf, herb and twig) as well
as the cover of divergent surface was also
estimated, as was the cover of bare mineral
soil in 1990—1991.
In addition to the mandatory variabies
(cover and piot frequency of species; Environ
ment Data Centre 1989a, Bråkenhielm 1989),
rooted and shoot frequencies of species were
also recorded on 10 x 10-cm subplots. These
measurements were made as a resuit of na
tional interest and the results are not included
in this report.
For each vegetation sample piot informa
tion on forest stand (relation to dominant tree
layer and undergrowth, crown cover), soil,
topographic position, siope, exposure etc. are
reported as background information. Some
background information is also reported for
intensive vegetation plots (Kokko 1990,
Mäkelä 1992).

Needle litter decomposition
Two-year-old shoots from a young Scots pine
stand in the vicinity of the Valkea-Kotinen
catchment were taken in June 1988. The
shoots were dried at 60° C and the needles
removed. Needies (1.0 g) were placed in an 8
x 8-cm nylon bag (mesh size 0.5 mm).
In June 1990, 60 bags were placed on the
humus layer at each of five experimental sites
in both the Valkea-Kotinen and Hietajärvi
catchments. A third of the bags at each site
were retrieved after one year (1991) and
another third after two years (1992); the
remaining bags were retrieved after the third
year of exposure (1993). Upon retrieval, the
bags were immediately air-dried to halt the
decomposition process. The weight of the
remaining needle litter was recorded and the
weight loss calculated. Only the one-year
decomposition results are presented in this
report.
Cellulose decomposition
Cellulose decomposition was measured in
1989 and 1990. The rate of cellulose decompo
sition was determined as the weight loss of
strips of bleached a-cellulose. Cellulose strips
(1 x 30 x 50 mm) were dried at 105° C and
then allowed to stabilize to room temperature
for two hours before recording their weight.
Four cellulose strips were placed lengthwise in
a nylon bag (mesh size 1 mm).
In October—November of 1989 and 1990
the cellulose bags were set out in two lines in
intensive plots on upland soils: Valkea-Kotinen
Plots 3—7; Hietajärvi Plots 1, 2, 4 and 5;
Pesosjärvi Plots 1—5; Vuoskojärvi Plots 1—4
(Figs. 2.1.2.2, 2.1.3.2, 2.1.4.2 and 2.1.5.2). In

Intensive piot

2.4.5 Soil microbiology
Soil microbiology measurements were not
included in IM subprogrammes until 1993
(Environment Data Centre 1993). However,
some were aiready recommended in the former
version of the Manual (Environment Data
Centre 1989a). In Finland, a quite wide soil
microbiology programme was conducted
already since 1988 due to national interest.

//////‘r”//’ ~ Humus Iayer

Mineral soil
Figure 2.4.5.1. Layout and placement ofcellu
lose strips in an intensive piot.
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each line, five bags were placed on the surface
of the humus layer and five inserted into the
humus layer at an angle (15°) to a depth of
5 cm (Fig. 2.4.5.1). There were thus a total of
20 cellulose decomposition bags per piot
altogether. The bags were left out for one year.
The decomposition rate of the cellulose is
often so high that little remains after one year.
When the bags were retrieved, roots and
mosses were removed and the bags gently
washed. The bags were then dried as described
above and the remaining cellulose weighed.
The cellulose decomposition was then calcu
lated as the weight loss.

Soil respiration, ATF concentration, micro
bial biomass and metabolic quotient
The soil microbiological measurements were
carried out in two of the IM catchments,
Valkea-Kotinen and Hietajärvi. Five sampling
plots were located in representative forest
stands in both catchment areas. A composite
sample of the humus layer in each piot was
taken in July 1991. Each composite sample
consisted of 10 cores of the F + H horizons
taken randomly using a stainless steel cylinder
(75-mm-diameter). The sampies were sieved
(mesh size = 4 mm), visible plant material
removed and the sample stored at 4° C. The
microbiological measurements were com
pleted within two weeks of sample collection.
Soil respiration and the concentration of
adenosine triphosphate (ATP) in the humus
layer sampies, which is related to the amount
of active microbial biomass, were measured
according to Vanhala and Ahtiainen (1994).
The carbon content of the total microbial
biomass was determined using the method
described by Martikainen and Palojärvi
(1990). Extractable organic carbon was
determined using an IR-carbon analyser and
the content of organic matter was measured as
LOI using a temperature of 550° C. The
metabolic quotient (qCO2) was calculated as
the ratio of respired carbon and microbial
biomass carbon contents.

2.4.6 Hydrobioiogy
Hydrobiological measurements were carried
out more extensively than described in the
Hydrobiology (WB) subprogramme (Environ
ment Data Centre 1989a) due to national
interest. The complete set of measurements are
presented in the optimum programme of
Hydrobiology of Lakes as described by
Keskitalo and Salonen (1994). Macrophyte
and bacteria results will he reported later.

Plankton communities
Plankton studies have been carried out on
Lakes Valkea-Kotinen and Iso Hietajärvi since
spring 1990. In general plankton sampies were
taken and processes measured weekly from the
ice melt to the end of September. Only
zooplankton were sampled biweekly. In
October the respective frequencies were
biweekly and monthly during ice cover. In
Lake Iso Hietajärvi, plankton samples were
not taken during winter.
Primary production and other processes
were assessed in the middle of the lakes (Figs.
2.1.2.2 and 2.1.3.2) from different depths of
the epilimnion. Plankton assemblage sampies
were taken at two sampling sites and were
pooled to obtain one vertical series covering
the entire water column. Some processes were
also measured at Pieni Hietajärvi and at its
inlet brooklet and at the outlet brooklet of Iso
Hietajärvi (Fig. 2.1.3.2).
Samples for the determination of primary
production, inorganic carbon dark fixation,
plankton respiration, and net community
production (the latter only in Lake Valkea
Kotinen) were taken with a Limnos sampier
(Keskitalo & Salonen 1994). Primary produc
tion and dark fixation were determined with
the acidification and bubbling modification of
the 14C method (Schindler et al. 1972, Niemi et
al. 1983). The samples were incubated for 24 h
in situ, after which formaidehyde solution was
added to stop the carbon assimilation. Radio
activities were measured with a scintillation
counter, and the primary production results
calculated as differences between light and
dark fixation of carbon.
Respiration of plankton was measured as
an increase of dissolved inorganic carbon
(DIC) in dark bottles and net community
production as a decrease of DIC in light botties
during an incubation time of 24 h in situ. The
DIC samples were carried in crushed ice to the
laboratory and measured with a carbon ana
lyser (Salonen 1981) usually during the same
day after sampling or incubation.
Chlorophyll, phytoplankton and zoo
plankton samples were taken with a 1.0-mlong, 6.6-dm3 tube sampler from Lake Valkea
Kotinen and with a Limnos sampier from
Hietajärvi. When using the Limnos (height 0.3
m), sampies were taken stepwise downwards
to cover the 1-m (or 2-m) columns.
Subsamples from the column sample were
taken for chlorophyll, phytoplankton and
diatoms, and the rest (usually 11—12 dm3) was
concentrated on a 50-~tm plankton net to
obtain zooplankton.
For the chlorophyll determination algae
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were filtered through glass microfibre filters.
Chlorophyil was extracted in 94% ethanol, and
the absorbances were measured with a
spectrophotometer at wavelengths of 665 and
750 nm. In 1990 the extraction time was 18 h
at a temperature of + 4° C. In 1991 chiorophyil
was extracted in hot ethanol (5 min in a 75° C
bath) and measured immediately. In four
paraliel sample series there were no statisti
cally significant differences between the
results calcuiated by these two methods
(multifactor ANOVA).
Phytoplankton sampies for species determi
nation were fixed with acid Lugol’s solution
and stored a maximum of one year before
microscopy. After settling for 24 h in a 50-cm3
chamber (Utermöhi 1958), the sample was
counted with an inverted microscope. For
larger species 25% of the cuvette bottom area
was counted with a magnification of 390 x,
and for smalier species 30 fields of view were
counted with a magnification of 625 x.
Zooplankton sampies (exciuding Protozoa)
were preserved in 4% formaidehyde. Small
size (< 200 ~m) fractions were counted with
an inverted microscope using the settiing
chamber technique whiie large fractions were
counted using a dissecting microscope and a
grooved disk. In addition to microscopic
counting, the carbon contents of some species
were determined by a carbon analyser, and
biomasses in 1990—1991 expressed as carbon
content will be reported elsewhere. Enumera
tion of protozoan piankton was done in
connection with the phytoplankton study.
Phytopiankton and zooplankton sampies
were stored in an environmental sample
repository and documented with video and
photographic techniques (Keskitalo & Salonen
1994).
Benthic fauna
Soft profundal and intermediate depth bottoms
were sampied with an Ekman grab (sampiing
area 256—298 cm2, 2—5 samples) and the
littoral regions by a hand net, respectiveiy. The
sampling depths are shown in Tabie 2.4.6.1.

Table 2.4.6.1. Sampling depths (m) for benthic
fauna in Integrated Monitoring lakes.
Lake
Valkea-Kotinen
Iso Hietajärvi
Pesosjärvi
Vuoskojärvi

Profundal Intermediate Littoral
6.0-6.5

2.5-3.0

7.0-7.5
12.0
5.5-6.0

3.0-4.0
5.0-6.0

0.5-1.0
1.0
0.5
0.5

The littoral sampling site in Lake Vuoskojärvi
was stony and covered by benthic algae, whiie
in Lakes Pesosjärvi and Iso Hietajärvi the sites
were situated on sandy silty bottoms with
emergent vegetation. In Lake Valkea-Kotinen
the bottom was soft and muddy with sparse
Nuphar vegetation. The profundal regions
were sampied in ali lakes both in spring and
autumn, while other depths were sampled oniy
occasionally. The sieved sampies (mesh size
0.5 mm, except 0.6 mm in 1990—1991 in Lake
Valkea-Kotinen) were preserved in ethanoi in
the field and sorting of the animals was
performed in the laboratory on a white dish
through an iiluminated magnification (6 x)
glass. The biomass values are expressed as
organic dry weights converted from wet
weight measurements multiplied by a factor of
0.11 and for molluscs 0.055, respectiveiy
(Palomäki 1994). A modified Benthic Quaiity
Index (BQI; Paasivirta 1987) was caicuiated
on the profundal data. Index values vary from
1 (uitraoligotrophy) to 5 (eutrophy). When no
indicators were found, the index value was
zero. Some information is aiready pubiished in
Koskenniemi and Sevola (1992).
Fish
The fish communities of the iakes were
sampied by using eight-net series of 1.8 x 30m benthic giil nets. The mesh sizes of the nets
were 12, 15, 20, 25, 30, 35, 45 and 60 mm,
except in Hietajärvi where the 30-mm net was
replaced by one with 75-mm mesh size. The
nets were kept in the lakes overnight. The
intensity of the sampiing was approximateiy
one net-series catch per 10 ha of iake area.
Hietajärvi was sampied in 1988, the other
lakes in 1990.
Ali fish of each catch were measured for
iength frequency distribution. Sampies of 50
individuais of each fish species were taken for
the determination of age and growth. In
Valkea-Kotinen the size of the perch (Perca
fiuviatilis) population was estimated with a
mark recapture procedure in 1991. The fish
were caught with wire traps (1-cm square
mesh) during their spawning time in May,
measured for iength frequency distribution,
marked (fin clipping) and released. No fish
were removed from the lake during the mark
ing and recapturing which iasted about three
weeks.

2.4.7 Breeding birds
The breeding bird fauna was censused in
Valkea-Kotinen, Hietajärvi and Pesosjärvi in
1987—1990 and in Vuoskojärvi in 1988—1990.
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From each monitoring area a uniform study
piot of 60 ha was chosen which represented
the natural habitats of the area as welI as
possible. The land birds of the study plots were
censused by a standard mapping method
(Koskimies & Väisänen 1991). Each piot was
visited 10 times during a breeding season. The
study piot of Valkea-Kotinen also covered
parts of the Musta-Kotinen catchment and
parts outside both.
The waterfowl (divers, grebes, swans,
geese and ducks) and larids (gulis and terns) of
the study plots were also censused by the
point-count method, i.e. looking for swimming
birds from the shore.
The catchment area outside the study piot
was visited during the breeding season on
several mornings to list the breeding species
found in the entire catchment. The catchment
of Musta-Kotinen was studied simultaneously
with Valkea-Kotinen and the results of these
two catchments are presented together. An
index of the breeding evidence was used to
clarify the breeding status of different bird
species.

Executive Body
(UN ECE Convention on Long-Range
Transboundary Air Pollution)

Programme Task Force

International
Programme Centre
(EDC)

National Focal Points

National Expert Institutes

2.5 Data storage and handling
2.5.1 International data base
The data network
Impiementation of the IM Programme in each
Country i5 divided between a number of EIs
(Chapter 1.2) and laboratories responsible for
the performance of subprogrammes within the
monitoring areas. In principle, each country
has chosen one institute as an NFP, which
should serve as the collector of national data
and is responsible for communication to the
EDC. The NFPs are responsible for the
reporting of the national data in the appropri
ate format to the EDC. However, Finnish EIs
have reported their values directly to the EDC.
Information and data flow within the Pro
gramme are shown in Figure 2.5.1.1.
The EDC is responsible for the storage of
data, and the evaluation and reporting of
spatial and temporal patterns on a continental
scale. During the Pilot phase of the Pro
gramme (1989—1991) reporting included
fluxes of elements into and out of IM areas
(long-term data, if available), ion mass budgets
and proton budgets. Biological parameters
have also been reported. It is intended to
analyse how changes in the biotic components
of the ecosystem correlate with changes in the
physicochemical state of the IM areas. The use

Areas

Figure 2.5.1.1. Information and data flow
within Integrated Monitoring Programme.
of modeis for forecasting the response of
ecosystems to a reduction of pollutants is one
of the main goals for data analysis. So far
model runs have been Carried out using the
SMART acidification model (Bleeker et al.
1994a, 1994b; Chapter 2.3.8).
Data reporting formats
Data reporting formats are structured 50 as to
ease storage and processing at the EDC. The
data reporting formats are divided into three
types of data subsets: areal description, station
identification and variable subsets.
The areal description subset of data com
prises data common to the monitoring area.
SUCh data are normally reported only once and
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include, e.g., location, climate, vegetation
zone, length of growing season, topography
and hydrology etc. (see Chapters 2.1.2—2.1.5).
The results from animal and plant inventories
are reported every five years.
The station identification subset comprises
data specifying the stations, i.e. the measuring
or observation sites plots. A station may
consist of a number of pooled measuring sites.
The station subset of data is of a fixed nature
and includes the vegetation and soi! types,
location within the monitoring area, and codes
for identifying subprogramme and the institute
performing the measurements.
The variable subset of data contains the
actual measured or observed values or calcu
lated statistics (mean, extremes, deviation etc.)
of a specific variable at the stations, including
information on samp!ing month, medium (e.g.
plant material, soil, lake water etc.) and level
(sampling height in the ecosystem). A variable
file is identified by its subprogramme, per
former institute and station codes.

2.5.2 National data bases
In Finland, EIs have reported their data
direct!y to the EDC. Due to close connections
between the EIs and the EDC, the NFP level in
Finland has not been established and each EI
has stored the primary data in its own data
bases and reported it to the EDC. However, not
all the data are yet properly stored in a data
base, which is the case especially with
subprogrammes carried out by the universities
(Table 2.5.2.1).
Data from some of the catchment-scale
mapping and inventory subprogrammes have
not yet been completely entered into data
bases within the period of 1989—1991: Vegeta
tion mapping and taxa inventories (universities
of Helsinki, Joensuu, Oulu and Turku, Na
tional Board of Waters and the Environment)
and mapping of bedrock and surficial deposits
(Geological Survey of Finland).

Table 2.5.2.1. Storage of data ofIntegrated Monitoring subprogrammes
in Expert Institutes. + = permanent data base. = no permanent data base.
—

Subprogramme

Expert Institute1

AM Meteorology
AC Air Chemistry
DC Precipitation Chemistry
TE Throughtall chemistry
SF Stemflow
SC Soil chemistry
SW Soil water chemistry
RW Runoff water chemistry
WB Hydrobiology

FMI
FMI
FMI
FFRI
FFRI
FFRI
FFRI
WERI, WED
Universities, WERI,
WED, FGFRI
FFRI
FFRI
WERI
WERI, Universities
FFRI
FFRI
WERI

AR Forest stand
TR Trees
VG Understorey vegetation
EP Epiphytes
NC Foliage chemistry
LF Litterfall
MC Moss chemistry

lnstitute:
FMI = Finnish Meteorological lnstitute.
FFRI = Finnish Forest Research lnstitute.
WERI = Water and Environment Research lnstitute.
WED = Water and Environment Districts.
FGFRI Finnish Game and Fisheries Research lnstitute.
Universities: Universities of Helsinki, Joensuu, Oulu and Turku.
1

Data base
+
+
+
+
+
+
+
+

+
+
+
+
+
+

3 Results and discussion
3.1 Climate and meteorology

Monitoring (IM) areas are given in Figures
3.1.1—3.1.10. For IM areas Valkea-Kotinen and
Pesosjärvi there are temperature and precipita
tion data from two nearhy weather stations.
The stations nearest to the IM areas (Iso-Evo

The temperature, precipitation and wind data
at weather stations run by the Finnish Mete
orological Institute nearest the Integrated
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Figure 3.1.1. Monthly mean temperature 198 7—1991 and monthly normal value in 1961—1990 atLammi Biological Station
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Integrated Monitoring area.
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and Kiutaköngäs, respectively) have run for a
shorter time and data from only of the IM
measuring period are presented. Ali other
stations also contain long-term temperature
and precipitation data of 196 1—1990 (normal
period) for comparison. Some climatoiogical
characteristics of the IM areas are given in
Chapters 2.1.2—2.1.5.
Figure 3.1.3. Distribu
tion of wind direction in
eight sectors in 1987—
1991 atLahti, Laune
weather station. Data
represent Valkea
Kotinen Integrated
Monitoring area.
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Figure 3.1.5. Distribu
tion of wind direction in
eight sectors in 1987—
1991 at Ilomantsi,
Church weather station.
Data represent
Hietajärvi Integrated
Monitoring area.
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Figure 3.1.8. Distribu
tion of wind direction in
eight sectors in 1987—
1991 at Kuusamo,
Kolvanki weather
station. Data represent
Pesosjarvi Integrated
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Figure 3.1.9. Monthly mean temperature (top) and precipitation (bottom) in 1987—1991 and monthly normal values in 1961—1990
at Utsjoki, Kevo weather station. Data represent Vuoskojärvi Integrated Monitoring area.
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Figure 3.1.10. Distribu
tion of wind direction in
eight sectors in 1987—
1991 at Utsjoki, Kevo
weather station. Data
represent Vuoskojärvi
Integrated Monitoring
area.
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3.2 Air quality

4-

The Finnish Meteoroiogical Institute has run
the Oulanka European Monitoring and Evalua
tion Programme (EMEP) station near the
Pesosjärvi IM area since October 1989. The air
chemistry data untii the end of 1991 have been
included in this report. Figure 3.2.1 shows the
seasonal variation of sulphur dioxide, partic
ulate suiphate, and sums of nitric acid + nitrate
and ammonia + ammonium. Ali these compo
nents have an acidifying effect, each is present
in higher concentrations in winter than in
summer. The difference between high and low
monthiy mean concentrations was largest for
sulphur dioxide.
Figure 3.2.2 shows the seasonal variation
of nitrogen dioxide and ozone. Due to gaps in
the time series oniy data for 1990 were chosen
as an example. Nitrogen dioxide had the same
yeariy variation as sulphur dioxide. The ozone
concentration attained its maximum in April;
minimum concentrations were shown during
the summer months.
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3.3 Bulk deposition
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3.3.1 Representativeness
The representativeness of the deposition
measurements in the IM Programme for larger
areas can be studied by comparing the mean
deposition values in IM areas to corresponding
ones in other parts of the country. The mean
annual values for different components of
deposition in the IM areas were calculated for
1989—1991. The resuits from background air
poliution measurement stations of the Finnish
Meteorological Institute (Leinonen & Juntto
1990, 1991, 1992) were used for comparison
(Figs. 3.3.1.1—3.3.1.3).
The deposition of sulphate, calcium,
ammonium and nitrate in the IM areas were
comparable with other regional values. The
map of the sulphate deposition in Finland is
presented as an example in Figure 3.3.1.1. The
depositions of the components mentioned
attained a maximum in the southwestern and
southeastern parts of the country. At the
Hietajärvi IM area the depositions of sulphate,
nitrate and ammonium were as high as at the
Punkaharju station 170 km to the south—
southwest, but the deposition of neutralizing
calcium was lower.
The deposition of hydrogen ions at the
Hietajärvi IM area (Fig. 3.3.1.2) was higher
than at the measuring stations nearby. This
phenomenon can be seen every year during
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Figure 3.2.1. Air chemistry at Oulanka European Monitoring and Evaluation
Programme (EMEP) station in 1989—1991. Monthly mean values ofsulphate
and sulphur dioxide (top) and nitric acid + nitrate and ammonia + ammo
nium (bottom) are presented. Data represent Pesosjärvi Integrated Monitor
ing area.
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Figure 3.2.2. Air chemistry at Oulanka European Monitoring and Evaluation
Programme (EMEP) station in 1990. Monthly mean values ofnitrogen
dioxide and ozone are presented. Data represent Pesosjärvi Integrated
Monitoring area.
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1989—1991. The variation of the hydrogen ion
deposition in Finland agreed with sulphate
deposition. Measurements at Hietajärvi did not
totally agree with the other stations. Air
pollution sources east of the Hietajärvi station
might be one reason for its rather heavy
deposition of acidifying components. In this
study it was not possible to determine the
reason for the weaker representativeness of
hydrogen ion deposition at Hietajärvi.
The chloride depositions at the IM areas
(Fig. 3.3.1.3) also agreed with those of the
other stations. Sea effects can be seen as
higher values near the coasts.
The annual deposition of potassium did not
show any trend throughout the Country as did
the other Components; thus the representative
ness of the IM area results Could not be
evaluated in the same way as for the other
Components.
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Figure 3.3.1.2. Annual mean for hydrogen ion
wet deposition (mmol m-2) in 1989—1991 at
Finnish Meteorological Institute measuring
stations.
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Figure 3.3.1.1. Annual mean for sulphate sulphur
wet deposition (g m-2) in 1 989—1991 at Finnish
Meteorological Institute measuring stations.

Figure 3.3.1.3. Annual mean for chloride wet
deposition (g m-2) in 1 989—1991 at Finnish
Meteorological Institute measuring stations.
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To evaluate the representativeness of
measured values at one point in the entire
catchment area, variation of concentrations
and wet deposition in different sites within
catchment area were studied (Karisson 1994).
In addition to the three parallel collectors used
for the basic Precipitation Chemistry (DC)
subprogramme, two extra collectors were
piaced elsewhere in the areas for two-year
period. According to the results, there were
slight differences in the concentrations. In ali
cases the relative standard deviation of ali five
collectors in the areas was larger than the
respective value of the three parallel coilec
tors, which is also an indication of concentra
tion differences. The wet deposition is a
function of concentration and precipitation
amount. When the individual sampie amounts
of different coilectors were used as precipita
tion amounts, the differences of wet deposition
compared to differences of concentration were
smailer or even disappeared for some of the
components. Several possible expianations for
these phenomena are possible. The differences
in concentrations and wet deposition may be
real. It is aiso possible that the differences are
related to nonidentical surroundings of the
collectors. The surrounding environment
(different wind fields etc.) has an effect on
collection efficiency of precipitation. The
reason for the differences may also he diifer
ences in dry deposition washed off from trees
nearhy. Tabie 3.3.1.1 shows the mean annual
depositions for precipitation components in the
IM areas.

3.3.2 Yeariy variation of deposition
Deposition has been measured since April
1987 at Vaikea-Kotinen, November 1987 at
Hietajärvi and Vuoskojärvi and Juiy 1988 at
Pesosjärvi. The time series untii the end of
1991 is too short for trend anaiysis; thus this
objective of the IM Programme cannot be
fuifiiled without severai more years of mea
surements. However, the data coiiected thus
far enabied the study of geographic and yeariy
variations.
Figures 3.3.2.1—3.3.2.5 show mean
monthiy depositions of the precipitation
components separateiy for each area. Ali the
data avaiiable were used in the calcuiations.
Deposition was caiculated by muitipiying the
concentration of each component in rainwater
by the amount of rainwater. The depositions of
severai components were generaily weii
correlated with the yearly variation of rainfail.
Precipitation in each area was at its highest
during the summer months and iowest in Aprii
(Fig. 3.3.2.1). In the Vaikea-Kotinen and

Table 3.3.1.1. Mean annual deposition in 1 989—1991 for precipitation
cotnponents at the Integrated Monitoring areas.
Variable
H~, mmol m2
C1, mg m2
NO~-N, mg m2
SO~-S, mg m2
NH~-N,mgm2
Na4, mg m2
K~,mgm2
Ca2~, mg m2
M 2+, mg m2

Valkea
Kotinen

Hietajärvi

Pesosjäivi

Vuoskojärvi

24
172
222
471
222
108
74
104
22

21
120
170
391
148
70
39
77
14

15
80
87
240
66
51
20
30
9

8
238
33
128
15
138
15
26
18

Vuoskojärvi areas, precipitation was more
even tIiroughout the year.
The geographic variation of hydrogen jon
deposition was ciear (Fig. 3.3.2.2). The
Vaikea-Kotinen area had the highest vaiues
during January—March and during the summer
months. In the northern areas oniy the summer
maximum couid be seen. In the southern areas
the annuai ioad of hydrogen ions was more
even throughout the year. In Hietajärvi in
particuiar, the variation from month to month
was iow. In the northern IM areas the ioad was
heavily concentrated in the summer months.
Suiphate showed a ciear seasonai variation
in every area (Fig. 3.3.2.3). The vaiues were
highest in summer and lowest in winter. The
gradient in deposition from south to north was
steep.
Caicium deposition (Fig. 3.3.2.4) was
much higher in the south than in the north and
correiated weii with the amount of precipita
tion. In Vuoskojärvi no seasonai variation
couid be seen.
The highest nitrate depositions (Fig.
3.3.2.5) occurred in February—March in the
two southern areas, though the precipitation at
that time of the year was iow. The geographi
cai difference in nitrogen deposition was very
ciear between the northern and southern parts
of the Country.
The ammonium deposition (Fig. 3.3.2.5)
was at its greatest during May—June in the
three most southeriy areas. In Vuoskojärvi the
Concentrations were very low, often CioSe to
the deteCtion limit for the method used and no
seasonal variation could be seen.
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Figure 3.3.2.2. Monthly mean values of hydrogen ion
deposition in 1 987—1991 in Integrated Monitoring areas.
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Figure 3.3.2.1. Monthly mean values ofprecipitation in
1987—1991 in Integrated Monitoring areas.
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deposition in 1 987—1991 in Integrated Monitoring areas.
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Figure 3.3.2.4. Monthly mean values ofcalcium deposition
in 1987—1991 in Integrated Monitoring areas.

One objective of the IM Programme is to
provide a comprehensive description of
between site variability. The deposition
measurements presented in this report showed
differences in yearly variation between south
ern and northern areas. The meteorological
years differed very much from each other, and
thus further data is needed for a more accurate
picture of the variability.

3.3.3 Deposition of heavy metais
Deposition measurements of heavy metais in
the IM areas have been carried out since July
1990. The time series for the period up to the
end of 1991 was too short for any seasonal
analysis. Table 3.3.3.1 shows depositions for
the first 12 months as an example. The highest
values for most metais were measured in
Valkea-Kotinen and the Iowest in Vuoskojärvi.

Table 3.3.3.1. Deposition ofheavy metais iii Integrated Monitoring areas July 1, 1990—June 30,1991.
Deposition for Valkea-Kotinen was calculatedfrom 10-monthly sampies, but an estimate for missing
sa~nples is included.
Area

Precipitation Zn
mm
mg m2

Pb
mg m2

Cu
mg m2

Cd
~ m~

Cr
p.g m’2

Valkea-Kotinen
Hietajärvi
Pesosjärvi
Vuoskojärvi

648
557
498
273

1.4
1.0
0.7
0.2

0.6
0.6
0.9
0.5

28
21
15
15

75
139
71
29

3.0
2.1
1.3
0.6

OJ

Valkea-Kotinen

Fe
mg m2

Hietajärvi

Mn
mg m2

18
12
8
3

2.5
1.8
0.8
0.3

~I

Valkea-Kotinen

EI

Hietajäivi

50
c’J

c~I

E

)40

E

E

s30

0
(0
0
0.
G)

(0)

0

~20,

z

z
+~

0~

x 10
z

0

z

r1

1

IL

0
J

F

M

A

M

J

J

A

S

0

N

10

J

F

1987-1991 (monthly mean values)

~ Pesosjärvi

M

A

M

Vuoskojärvi

~ Pesosjärvi
50

E 25

)40

1
1
Ii
1 II I

15
0.
0)
V

10

z
05

huOli

~
S®

N

10

30
~20

1 1 1!

0

Vuoskojärvi

1
II
II 1

c’J

20

JA

1987-1991 (monthly mean values)

30

0

J

x~10
z
0

J

F

M

A

M

J

J

A

S

0

1987-1991 (monthly mean values)

N

10

J

F

M

A

M

J

JA

80

N

D

1987-1991 (monthly mean values)

Figure 3.3.2.5. Monthly mean values of nitrate nitrogen (left) and ammonium nitrogen (right) depositions in 1987—1991 in Inte
grated Monitoring areas.
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3.4 Throughfali and stemflow

140

3.4.1. Quantity of throughfall and
stemflow

TF=1 .004÷0.814 P

120

R2=90 % (n=97)
O

E
E

As reported in many throughfail studies
(review by Parker, 1983), the main factor
determining the amount of throughfail at ali
IM piots was the amount of incident precipita
tion. The correlation between monthly
throughfail and rainfali in the combined data
from ali piots from 1989—1991 was very
strong (r = + 0.95, Fig. 3.4.1.1), even though
there were differences in stand structure and
composition (Tabies 3.9.1.1—3.9.1.4) and data
for October (after leaf-fall) were included.
Average monthly throughfall yield
(throughfali/rainfaii) varied 66—99% (Fig.
3.4.1.2), depending on the piot. The remainder
of the rainfall was held in the canopy (i.e.
interception).
The differences in throughfaii yield he
tween the plots reflected differences in stand
composition and structure. Thus, monthly
(June—September) average throughfall yieid
tended to decrease with increasing piot stem
density, mean diameter at breast height (dbh),
basal area and canopy coverage. The reiation
ship between the summer monthly average
throughfali yieid and piot canopy coverage is
shown in Figure 3.4.1.3. The lowest through
fail yields were associated with the Valkea
Kotinen piots. These stands have the highest
stem densities and canopy coverages and
contain little or no Scots pine (Pinus sylvestris;
Table 3.9.1.1). The highest throughfall yieids
were associated with the pine-dominated
stands (F103 01, F103 04, F104 02 and
F10503) and the mountain birch (Betula
pubescens ssp. tortuosa) stand at Vuoskojärvi
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Figure 3.4.1.1. Relation
ship between monthiy
throughfali (TF) and
rainfali (P; top) and
monthly stemflow (SF)
and rainfail (P; bottom).
Combined data from ali
plots, June—October
1 989—1991.

110
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(F10502).
The mean throughfaii yield at the mountain
birch piot at Vuoskojärvi (i.e. Piot 2) is 100%.
This is because the throughfall collectors were
mostiy located between and at the same ievel
as the shrub-iike birches, and therefore mainly
coiiected incident rainfali. Throughfall yields,
particuiary at Pesosjärvi and Vuoskojärvi,
sometimes exceeded 100% (Fig. 3.4.1.2). This
could be attributed to several causes, including
variabiiity in rainfall over the catchment;
greater measurement error when rainfail was
small; small differences in the throughfaii and
rainfail coilection periods; and interception of
lateraliy wind-blown rain, mist and fog.
Monthiy stemflow amounts by piots
(caiculated for each species according to basal
area vaiues and then summed) are shown
against incident rainfali in Figure 3.4.1.1. The
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Figure 3.4.1.2. Average
monthiy yield (percent
age of bulk deposition)
ofthroughfail (top) and
stemflow (bottom) by
piot and year. Values are
means for 1989—1991.
Error bars are standard
deviations.

observed spread in the data was due to diifer
ences in the relationship between stemflow
and rainfail, resuiting from differences in
branching architecture and bark smoothness
and from whether broad-leaved trees were in
leaf or not (Parker 1983). With the exception
of the mixed coniferous/broad-leaved stands at
Valkea-Kotinen (FIOl 03 and Fbi 11), the
correlation between the amounts of stemflow
and rainfail was stronger when calculated for
each piot separately (r> + 0.7). The inclusion
of data for October (i.e. after ieaf-fall) resulted
in the low correiation coefficients for Plots
F10103 and Fbi 11 (r = + 0.3 and + 0.5).
Relative stemflow yields (stemflow
rainfail) were very small. The maximum
monthly stemflow yield for any plot was 0.4
and commonly <0.2% (Fig. 3.4.1.2). Stem
flow yields varied between species (Fig.
3.4.1.4), the greatest being for birch (Betula
sp.) and the ieast for Norway spruce (Picea
abies). Pine and aspen (Populus tremula)
stemflow yieids were in the intermediate
range. However, pine and birch stemflow trees
sometimes collected considerable volumes of
stemflow, e.g. the single pines at Vuoskojärvi
have yieided> 10 dm3 of stemflow in a 12-h
period. Stemflow, although of iittle importance
to the piot as a whole compared to throughfall,
is important at the scale of individual trees.
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accumulated dry deposition. Ammonium and
nitrate were removed from rainfali by the
canopy, at least at Vaikea-Kotinen and
Hietajärvi. This removal was the resuit of
nutrient uptake by the foiiage. Microflora and
epiphytes in the canopy may also have been
important in these canopy interactions
(Edmonds et al. 1991, Tarrant et al. 1968).
With the exception of Vuoskojärvi,
throughfali soiute concentrations generally
decreased with catchment latitude (reflecting
the same trend in bulk precipitation) and
potassium and sulphate were the dominant
cation and anion, respectively. Potassium is a
mobile element and easily Ieached from
foliage while sulphate was the dominant anion
in buik precipitation. BuIk precipitation at
Vuoskojärvi was dominated by sodium and
chloride and reflected the proximity of the
Arctic Ocean. Throughfali at Vuoskojärvi,
particularly that of Plot 3, was therefore also
dominated by sodium and chloride. Heavy
metal concentrations in throughfall were very
low (often below the detection limit) and
showed little variation within and between
catchments.
The greatest level of acid throughfall
(highest hydrogen ion concentrations) was
associated with the spruce stand (Valkea
Kotinen) and pine stands, regardless of geo

3.4.2 Throughfall chemistry
Mean monthly specific conductivity and
concentrations of major solutes in throughfall
are presented for each piot in Table 3.4.2.1.
The means were calculated only from values
for June—July and August—September, because
throughfall collections for these four months
were common to ali catchments and most plots
during 1989—1991. In the absence of annual
values, values for this common period allowed
geographic comparisons to be made. Further
more, weekly throughfall samples with phos
phate concentrations> 1 mg dm3 were consid
ered contaminated by bird droppings and
excluded (Novo et al. 1992). For comparison,
mean monthly concentrations of major solutes
in bulk precipitation are presented in Table
3.4.2.2.
Differences between solute concentrations
in throughfall and bulk precipitation indicate
canopy interaction as the rainfali passes
through the canopy (Nihlgård 1970, Parker
1983, Ros~n & Lundmark-Thelin 1985,
Helmisaari & Mälkönen 1989, Hyvärinen
1990). Except for ammonium and nitrate,
throughfall at ali plots was generally enriched
with soiutes. Enrichment was primarily the
resuit of foliar leaching and the washoff of
60

Figure 3.4.1.4. Monthly
stemflow yield (percent
age ofprecipitation) for
each tree species. Values
are means ofallplots
studied in 1 989—1991.
Error bars are standard
deviations.

Table 3.4.2.1. Specific conductivity and concentrations ofsolutes’ in th,vughfall collected during June—September 1989—1991
for each throughfallplot. Values are volume—weighted monthly means (ii = 12). Standard deviations are also indicated.
Variable

2

Specific
conductivity, mS m~
H~, imol dm3
NH~-N, mg dm3
Ca2~, mg dm3
Mg2~, mg dm3
K~, mg dm3
Na~, mg dm3
NO~-N, mg dm3
C1, mg dm3
SO~-S, mg dm3
PO~-P, ~.tg dm3
Al, ~g dm3
Cd, ~.tg dm3
Cu, .tg dm3
Pb, ~.tg dm3
Zn, ~.tg dm3

Valkea-Kotinen
3

4.7 ±1.69
49.4 ±15.04
0.2 ±o.ii
1.0 ±0.39
0.2 ±0.10
3.1 ±0.96
0.3 ±0.11
0.2 ±0.10
1.2 ±0.41
2.1 ±0.80
29.2 ±26.35
33.6 ±30.57
1.1 ±0.15
5.0 ±4.42
19.2 ±12.09
11.1 ±5.80

4.1
39.9
0.2
0.6
0.2
2.4
0.2
0.2
0.7

±1.69
±12.78
±0.09
±0.25
±0.13
±0.93
±0.09
±0.14
±0.32

1.6 ±0.60

21.1
22.5
1.0
2.9
15.3
5.6

±5.32
±10.71
±0.12
±1.43
±4.45
±1.39

Hietajärvi2
1

3.4 ±1.78
3.9
41.0 *14.54 43.8
0.2 ±0.10
0.2
0.4 ±0.20
0.3
0.1 ±0.05
0.1
0.6 ±0.31
0.7
0.2 ±0.07
0.2
0.2 ±0.08
0.1
0.3 ±0.11
0.3
1.0 ±0.45
1.0
22.9 ±8.53 31.7
23.0 ±12.89 32.5
1.0 ±0.07

2.9
15.5

±1.27
±4.42

6.1 ±2.69

Total heavy metais are determined.
1989, only August—September, (n = 10).
~ 1989, only August—September, and 1990, only June-August, (n

1

4

±2.32
±17.50
±0.08
±0.15
±0.04
±0.44
±0.08
±0.05
±0.16
±0.41
±38.16
±17.65

3.6
30.7
0.1
0.5
0.1
1.3
0.3
0.1
0.7

Pesosjärvi3
2

±2.10
±15.87
±0.10
±0.44
±0.09
±0.70
±0.22
±0.05
±0.73

1.1 ±0.60

22.2
25.3

±5.35
±16.46

1.0 ±0.07

1.0 ±0.05

2.8

3.8

±0.95

15.1 ±4.04

6.3

±2.42

±2.18

16.9 ±5.90

5.7

±2.55

2

2.4 *0.89
27.0 ±8.37
0.1 ±0.10
0.2 ±0.05
<0.1 ±0.02
0.6 ±0.24
0.1 ±0.06
0.1 ±0.06
0.3 ±0.15
0.7 ±0.24
19.6 ±0.01
18.5 ±5.93

±1.96
±10.46
±0.06
±0.08
±0.08
±0.41
±0.52

0.1 ±0.04

±1.52

0.9
0.5
63.6
18.7
1.2
3.1

±6.60

18.4 ±8.03

1.0 <±0.01

3.5
16.8
4.9

3.0
21.9
<0.1
0.1
0.1
0.5
0.5

Vuoskojärvi2
3

±0.81

5.3

±1.02
±0.20
±76.68
±7.33
±0.31
±1.55
±1.89

5.6
47.5
0.1
0.6
0.6
0.8

±4.87
±30.03
±0.03
±0.73
±0.76
±0.67

4.1 ±5.44
0.1 ±0.07

6.8
1.3
76.1
30.8
1.1
3.2

±8.54
±1.07
±116.44
*29.18
±0.17
±1.45

15.3 ±6.46

9.7

±9.45

1
2

graphic location. In general, where the stand
composition of the plots within a catchment
was clearly different (Tabies 3.9.1.1—3.9.1.4)
throughfall solute concentrations also tended
to diifer. Thus, the Vuoskojärvi plots showed
the greatest differences (p < 0.05) while the
mean solute concentrations from the Hietajärvi
plots were very similar to each other.
The pine canopy at Vuoskojärvi Plot ~
appeared to have accumulated sea salts (dry
deposition) during the winter which were
subsequently washed off during spring rainfail,
resulting in strongly sea salt-enriched throughfali. The mountain birch stand (Plot 2), did not
accumulate sea salts during winter, presumably
due to its deciduous nature, and spring
throughfall was not enriched to the same
extent as that from the pine stand. Further
more, since the mountain birch is shrub-like,
most of the throughfall collectors around Piot
2 were located in gaps and not under the
canopy. The collectors, therefore, collected
mostly bulk precipitation unaffected by canopy
interaction.
.
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Table 3.4.2.2. Specific conductivity and concentrations of major solutes iii
bulk deposition collected during June—Septernber 1 989—1991 for each
catch,ne,zt. Values are volume—weighted monthly means (n = 12). Standard
deviations are also indicated.
.

Vanable

.

Specific
conductivity, mS m1
H~ ~tmoI dm3
NH~-N mg dm3
Ca2~, mg dm~3
Mg2~, mg dm3
K’~, mg dm~3
Na~, mg dm3
NO~-N, mg dm
ci, mg dm3
SO~-S, mg dm3

Valkea-Kotinen Hietajärvi

2.2 ±0.87
33.8 ±13.93
0.4 ±0.26
0.2 ±0.13
<0.1 ±0.02
0.2 ±0.19
0.1 ±0.04
0.3 ±0.11
0.2 ±0.09
0.8 ±0.41

1.9 ±0.65
32.7 ±11.32
0.3 ±0.19
0.2 ±0.14
<0.1 ±0.02
0.1 ±0.05
0.1 ±0.06
0.2 ±0.09
0.2 ±0.06
0.7 ±0.32

3.4.3.1. The mean values are for the same four
month period in which throughfall was mea
sured (June—September, 1989—1991). The
proximity of the sea clearly affected stemflow
chemistry at Vuoskojärvi, with sodium and
chloride ions dominating. Stemflow cation
concentrations at other catchments were
dominated by potassium and calcium, and
anion concentrations by sulphate.

3.4.3 Stemflow chemistry
Mean monthly specific conductivity and
concentrations of solutes in stemflow are
presented by species and catchment in Table
61

Pesosjarvi

1.5
28
0.1
0.1
<0.1
<0.1
0.1
0.1
0.1
0.5

±0.45
±8.40
±0.09
±0.03
±0.02
±0.03
±0.10
±0.06
±0.10
±0.21

Vuoskojarvi

1.7 ±1.25
28.8 ±14.91
<0.1 ±0.02
0.1 ±0.15
0.1 ±0.14
0.1 ±0.11
0.4 ±o.94
0.1 ±0.04
0.7 ±1.33
0.4 ±0.25

With some exceptions (H~ for aspen,
N03-N for ali species, NH-N for pine, birch
and aspen but not spruce), solute concentra
tions in the stemflow of ail species tended to
he greater than in bulk precipitation (and also
throughfail), indicating enrichment as a result
of contact with the stem. Aspen had the
strongest influence on stemflow quaiity. The
acidity of aspen stemflow was considerabiy

reduced compared to buik precipitation, while
the concentrations of potassium and caicium
were increased. This indicated a strong acid
neutraiizing effect of aspen bark. Aspen is
known to accumuiate base cations from the
soil (Aiban 1982) and the vegetation around
the base of aspen trunks is often luxuriant as a
result of nutrient-rich stemflow.

Table 3.4.3.1. Specific conductivity and concentrations ofsolutes’ iii steinflow collected during June—
September 1 989—1991 for each tree species and catchnzent. Values are volurne—weighted inonthly
means (n = 12). Standard deviations are also indicated.

Variab!e
Specific
conductivity, mS m~
H~, ~tmoI dm3
NH~-N, mg dm3
Ca~, mg dm~3
Mg~, mg dm3
K~, mg dm3
Na~, mg dm3
NO~-N, mg dm3
cr, mg dm3
SO~-S, mg dm3
PO~-P, ~ig dm~
Al, .tg dm3
Cd, ig dm3
Cu, ~ig dm3
Pb, ig dm3
Zn, ~ig dm3

Hietajärvi2

20.8
346.8
0.4
7.8
1.1
4.7
1.4
0.3
3.8
8.1
75.8
996.7
1.1
3.3
18.1
58.9

±4.25
±73.42
±0.42
±2.87
±0.39
±1.14
±0.43
±0.39
±1.74
±2.74
±125.67
±456.16
±0.16
±1.74
±13.03
±25.54

Spruce

Pine
Pesosiärvi3

22.2
356.8
0.1
5.9
1.4
8.1
1.9
<0.1
4.9
6.9
73.7
860.2
1.0
4.2
18.4
85.8

Vuoskolärvi2

44.8
551.1
<0.1
9.1
4.8
7.9
32.8
<0.1
54.3
11.0
27.9
1687.1
1.0
10.6
17.9
111.6

±4.87
±90.55
±0.12
±2.24
±0.56
±1.98
±0.58
±0.12
±2.57
±2.63
±86.10
±303.00
<±0.01
±2.38
±13.58
±65.34

Total heavy metais are determined.
1989, only August-September. (n = 10).
~ 1989, only August-September and 1990, only June-August, (n

±32.06
±322.28
±0.16
±9.30
±4.84
±4.73
±30.38
<±0.01
±63.85
±8.56
±22.20
±1404.21
<±0.01
±16.74
±10.26
±84.81

Valkea-Kotinen1

15.1
147.6
2.4
5.4
0.9
9.2
1.3
0.1
3.9
7.7
436.1
120.9
1.0
3.4
18.5
188.2

±5.44
±110.94
±2.49
*2.53
±0.34
±2.98
±0.36
±0.16
±1.33
±2.82
±537.75
±83.74
<±0.01
±1.82
±9.86
±112.26

1
2

Variable
Specific
conductivity, mS m~
W, ~tmoI dm3
NH~-N, mg dm3
Ca~, mg dm3
Mg~, mg dm3
K~, mg dm3
Na~, mg dm3
NO~-N, mg dm3
cr, mg dm3
SO~-S, mg dm3
PO~-P, ~tg dm3
Al, ~ig dm3
Cd, ~ig dm3
Cu, ~g dm3
Pb, ig dm3
Zn, ~ig dm3

Valkea-Kotinen1

16.3
158.6
0.2
3.3
1.2
24.4
1.1
<0.1
3.0
6.8
31.7
137.5
1.0
2.9
12.5
122.3

±5.77
±124.01
±0.42
±1.15
±0.38
±24.95
±0.32
±0.14
±1.36
±2.06
±19.28
±76.08
<±0.01
±0.98
<±0.01
±64.02

=

9).

Birch
Hieta ~rvi2

21.7
382.1
0.3
3.7
1.0
9.5
1.3
<0.1
4.1
9.1
70.2
291.4
1.1
2.9
12.5
64.5

Pesos arvi3

13.0
183.7
<0.1
1.6
0.8
7.4
0.8
<0.1
2.0
4.2
26.1
55.4
1.0
4.7
15.4
41.5

±9.86
±139.87
±0.33
±3.02
±0.79
±5.97
±0.93
±0.17
±4.76
±5.85
±125.59
±244.59
±0.22
±0.71
<±0.01
±51.36

Total heavy metais are determined.
1989, only August-September, (n = 10).
~1989, only August-September and 1990, only June-August, (n
1
2

62
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±5.46
±71.35
±0.12
±0.81
±0.41
±3.05
±0.39
<±0.10
±1.61
±2.17
±9.92
±25.30
<±0.01
±2.41
±7.94
±21.27

As en
Pesos arvi3

14.6
1.1
0.1
14.5
3.6
25.0
0.6
0.1
2.0
7.2
127.8
21.6
1.0
7.2
17.0
60.8

±4.65
±1.03
±0.15
±4.84
±1.37
±7.32
±0.14
±0.15
±1.35
±4.00
±309.29
±8.73
±0.12
±3.90
±8.09
±18.30

Pesosjäivi3

26.9
203.6
1.3
14.5
2.3
16.2
3.5
0.1
9.0
16.4
964.8
156.6
1.1
10.4
48.1
208.7

±21.14
±200.29
±1.19
±17.68
±2.66
±15.85
±2.54
±0.18
±6.40
±19.09
±1206.49
±148.24
±0.18
±4.86
±56.43
±211.74

3.4.4 Total forest deposition

enrichment of the precipitation was evidently
the resuit of canopy ieaching. The total forest
deposition of potassium, calcium and magne
sium at Vaikea-Kotinen increased during
October. This increase may have been related,
at least in part, to the internal retransiocation
of nutrients in the foiiage in preparation for
winter (Katainen 1985). However, this in
crease in the totai forest deposition of base
cations in autumn was not observed at other
catchments.
In contrast, the total forest deposition of
ammonium (Fig. 3.4.4.2) and nitrate (Fig.
3.4.4.7) was Iess than in the bulk deposition,
indicating canopy uptake. This same phenom
enon has been observed in many throughfail
studies (Helmisaari & Mälkönen 1989,
Hyvärinen 1990). Boreai forest growth is often
limited by a shortage of availabie nitrogen; the
uptake of nitrogen in the canopy was consist
ent with this. However, the difference between
total forest deposition and buik deposition
decreased northwards (even though the buik
deposition of inorganic nitrogen decreased
northwards) and was even positive at
Vuoskojärvi for severai months. The demand
for available nitrogen may therefore he iess in
the north than in the south.

Total forest deposition to the forest fioor is the
sum of throughfali and stemflow deposition
(Parker 1983). The monthiy total forest
deposition and buik deposition values for H~,
NH~-N, Ca2~, Mg2~, K~, Na~, NO;-N, C[ and
SO~-S during 1989—1991 are plotted in
Figures 3.4.4.1—3.4.4.9, respectively. The
contribution of stemflow deposition at the
stand level was negligibie compared to that of
throughfali deposition and is therefore not
distinguished separately in the Figures.
The pattern of monthly total forest deposi
tion generally followed that set by bulk depo
sition and, ultimately, the amount of rainfail.
However, there were differences in the actual
leveis of total forest deposition and bulk
deposition, which varied with solute depend
ing on how they interacted with the canopy.
The difference between total forest deposition
and buik deposition aiso appeared to be
affected by the location of the catchment.
At ali catchments, but particuiariy at
Valkea-Kotinen, the total forest deposition of
potassium (Fig. 3.4.4.5), caicium (Fig. 3.4.4.3)
and magnesium (Fig. 3.4.4.4) was greater than
the buik deposition of these soiutes. This
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Figure 3.4.4.1. Totalforest deposition (throughfall+stemflow) and bulk deposition ofprotons during measurementperiod (May—
October, depending on year) 1989—1991. Values are monthly averages.
63

II

70-

I
1

~50E

RIot2

Vaflea-Kotinen............~.

60-

40-

~t2III

c’1

PIot3

BEJIk d~itiön

E

BuIk

III

Piot 1

E
2:

30—

+~.

+~

1

1

z

z
10-

10

- - -

1

J

1

JA

1

1

SMJ

1

1

JA

1

1

SO

1989

1

1

MJ

0-1

1

JA

1990

:
J

S

JA

S

M

J

JA

1989

1991

SO

MJ

JA

11990

S

1991

!-~I
1
PIot4
E

BuIk deposition

—

2

E

2:

~30

40

+~

+~

1

1

z

z

10

10

.J

1989

1990

1991

J

A

S

M

J

J

A

1.989

S 0

M

J

1990

J

A

S

1991
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150-

150

30

~t2

Valkea-Kotineni

11

120-

120

BUIkdEr

C~E

E

j~

/J

Piot 1
PIöt2
Bulk deposition

Pesosjärvi

.•t3

60-~

1
1
1
1
1
1
1
1
1
1
1
1
1
JA SM J JA S CM J JA S

1989

1990

1

1

1

1

1

1

1

1

1

I~LL
1

JJASMJJASØMJJAS
1989
1990
1991

1.991
150

Piot 1
Ph5t 4
BuIk deposition

120-

Ii’
III

~600

301

1

1

1

1

1

1

1

1

JJASMJJASØMJJAS
11990
1991
1989

PIot2
PIöt 3
BuIk depositio

120

~60
30

0
J

JA SM
1989

J

JA

S CM
1990

J

JA S
1991

Figure 3.4.4.3. Totalforest deposition (throughfall+stemflow) and bulk deposition of calcium during measurementperiod
(May—October, depending on year) 1989—1991. Values are monthly averages.
64

50-

40

i

30-

-

L

BuIk deposition

/

: ‘1
~

-

~20100—
JJASMJJASOMJJAS
1989~

1990

ASGMJJAS

1991

1989

1930

1991

50
40

—

PIot2
Plot3
BuIk deposition

p30—
~20
10
0~..—T———...——I

III

I~.

Iii

liii

JJASMJJASOMJJAS
1989
1990
1991

1989

1990

1991

Figure 3.4.4.4. Totalforest deposition (throughfall+stemflow) and bulk deposition of magnesium during measurementperiod
(May—Qctobei; depending on year) 1989—1991. Values are monthly averages.
300

:\
200 -~

250

1!

~yik deposition

O

.‘% i~

~1501J~j!\

1
0 ~

PIot2
PIot3

VaIkea-~inen

i•7-~iIi

JJ

V

100

-

-•

50
1

ASM.JJ

1989

91 200
E

0

ASOMJJAS’
1i990

SMJJ

1991

1989

1

1

ASØMJJAS
1990

1991

1990

1991

300

-!--

PIot 1
Plot4

250

1
1

91 200-~
E
:
~ 150
100

——

50
0

liii’

ii

JJASMJJASOMJJAS
1989
1990
1991.

0

1989

Figure 3.4.4.5. Totalforest deposition (throughfall+stemflow) and bulk deposition ofpotassium during measurementperiod
(May—October~ depending on year) 1 989—1991. Values are monthly averages.
65

300

250
200
E 150
+

z 100
50
1

JJASMJJASØMJJAS

J

1

JA

1

1

1

SM~J

1

1

JA

1

S

1

ØM

1

J

J

AS

1989

1990

1991

1989

1990

1991

300
250

1

1

1

1

1

1

1

1

1

i

JJASMJJAS€~JJAS

1989

1990

1991

Figure 3.4.4.6. Totalforest deposition (throughfall+stemflow) and bulk deposition ofsodium during measurementperiod (May—
October, depending on year) 1989—1991. Values are monthly averages.
70

Valkea-Kotinen
i’-OPIot 2
~
Piot

60~
~ 50~

~

1

70-60C5~

—

40

1

E 40

; ::~~r
10

•I•

iii
ir ~

~

~

~30-

0

z 20
10-

-\~-

1

J

JA SM
1989

J

JA S OM
1990

-1c.J

E

J

dJJ

JA S
1991

1

A SM
1989

1

1

1

1

1

1

1

1

1

J

JA S ØM
1990

J

J

J

J

J

J

1

AS
1991

O

PJot 1
PIot4 ~
BiJIk d~~iti~n

E

E
E
2:

~30

0
z 20

1

III’
~
J JA SM J JA S ØM J JA S

1989

1990

1991

~
J

JA

1989

SM

AS

1990

CM

AS

1991

Figure 3.4.4. Z Totalforest deposition (throughfall+stemflow) and bulk deposition of nitrate nitrogen during measurement period
(May—October~ depending on year) 1989—1991. Values are monthly averages.
66

500
Valkea-Kotinen

400
300
0)

2

()

200
100
0
J

JA

SM

J

JA

S

1989

OM

J

JA

1990

S

1991

1989

500

500

400

400

1990

Vuoskojärvi

2 300

2 300
0)

E

o

RIot2

E

200

°

100

100

0

0
J

JA

SM

J

JA

1989

S

ØM

J

JA

1990

]

200

S

II
1

E1

c~

0)

1991

PIot3I
BuIk

II

1

r~POS1~j~fl

-

J

1991

JA

SM

J

JA

1989

S

ØM

J

JA

1990

S

1991

Figure 3.4.4.8. Totalforest deposition (throughfall+stemflow) and bulk deposition of chloride during measurementperiod
(May—October, depending on year) 1 989—1991. Values are monthly averages.
400

c’~

400

BIot3
•..
BuIk deposition

300

E

(1)

100

:

2

~

0

0
J

JA SM
1989

J

JA

S GM
1990

J

JA S
1991

1
1 JL•
J

JA

SM

J

JA

1989

400

BuIk deposition

~
S

OM

J

1990

—

J

A~

1~99i

400
Hi

—

300
200

Pioti

~~sjarvi

200

0

Iji.
O

I

Pioti
IE’Iot4

~

Piot 3

300

1

0)

BuIk deposition

Ci) 100

22

1
LI

Nbo:

0
JJASMJJASØMdJJAS
1989
1990
1991

BuIk d1sition

J

JA

1989

SM

J

JA

S

II

®M

1990

J

JA

S

1991

Figure 3.4.4.9. Totalforest deposition (throughfall+stemflow) and bulk deposition of sulphate sulphur during measurementperiod
(May—October~ depending on year) 1 989—1991. Values are monthly averages.
67

The influence of the sea at Vuoskojärvi and
the canopy accumulation of sea salts during
winter by pine (Piot 3) was clearly seen in the
total forest deposition of sodium (Fig. 3.4.4.6),
magnesium (Fig. 3.4.4.4) and chloride (Fig.
3.4.4.8). The total forest deposition of sodium
and chloride at other catchments was other
wise very similar to those in the bulk deposi
tion, indicating little interaction with the
canopy for these solutes in areas unaffected by
the sea.
The monthiy (June—September, 1989—
1991) volume-weighted total forest deposition
of cadmium averaged 49 ~g m2 at Valkea
Kotinen, 63 ~tg m2 at Hietajärvi, 52 ~g m2 at
Pesosjärvi and 39 ~tg m2 at Vuoskojärvi. The
corresponding depositions of copper, lead and
zinc were 184, 803 and 392 ~ig m2at Valkea
Kotinen; 190, 985 and 347 ~g m2at
Hietajärvi; 190, 857 and 276 ~ig m2at
Pesosjärvi and 113, 607 and 212 ~tg m2at
Vuoskojärvi. The monthly mean total forest
depositions of these heavy metais were
strongly determined by the amount of rainfali.
The correlation coefficients between total
forest depositions and rainfali using ali plots
(n = 92) were: 0.9 for cadmium, 0.6 for
copper, 0.7 for lead and 0.6 for zinc.
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The method used for measuring heavy metais
in mosses as part of the monitoring of atmos
pheric heavy metal deposition was developed
in Sweden in the late 1960s (Röhiing & Tyler
1968, 1970) and has been later used in inven
tories at both the local and international ievel.
The method is based on the fact that mosses,
especially the carpet-forming species, obtain
most of their nutrients and trace eiements
directiy from precipitation and from airborne
particulate matter. Contact with the underiying
mor iayer and soil is negligibie for most
carpet-forming mosses, and their uptake of
metais from the substrate is therefore normally
insignificant (Rt~h1ing et al. 1992).
Metal concentrations of Pleurozium
schreberi and Hylocomium splendens in IM
areas were compared with buik deposition
(Table 3.3.3.1; Leinonen & Juntto 1992),
throughfail deposition and concentrations in
mosses from regional background areas (Figs.
3.5.1 and 3.5.2). Metal concentrations in
regional background areas were taken from a
North European Survey (Rtihling et al. 1992).
Concentrations used in comparisons were the
mean values of different concentration classes
presented by Ruhling et al. (1992). However,
the regional background concentration values

6 E

I

1

1

Eb•ILIII

—

1

0.50
0

of iron were taken from a previous Nordic
survey conducted in 1985 (Ruhling et al.
1987), where more detailed concentration
classes were presented for Finland.
Cadmium concentrations in mosses in IM
areas were quite low, but there was a clear,
decreasing trend from the southernmost
Finnish IM area, Valkea-Kotinen, to the
northernmost, Vuoskojärvi (Fig. 3.5.1). The
trend was quite similar to that found in the
regional background areas but the concentra
tions in IM areas were considerably lower
compared with the regional background areas
in Finland. Ali cadmium concentrations of
mosses in regional background areas in
Finland were <0.8 mg kg1, and there was a
decreasing trend from south to north (Riihiing
et al. 1992).
Lead concentrations of mosses in the IM
areas were < 14 mg kg-1 and there was a clear,
decreasing trend from Vaikea-Kotinen to
Vuoskojärvi (Fig. 3.5.1). The concentrations in
the IM areas were Iower than in the regional
background areas, except for Pleurozium
schreberi in Hietajärvi. In Finland, background
concentrations of iead show a decreasing trend
from south to north (Rtihling et al. 1992). Lead
emissions originate mainly from leaded
petroleum. Nowadays the use of leaded
petroleum has diminished considerably in
Finland. The concentrations in Pleurozium
were higher than in Hylocomium in both
Valkea-Kotinen and Vuoskojärvi. Long-range
atmospheric transport from densely populated
areas aiso plays an important role (Ruhling et
al. 1992).
The chromium concentrations in mosses
collected in IM areas were 1.5—2.5 times
higher than in the background areas (Fig.
3.5.1). A decreasing trend in concentrations
from south to north was ciear. In Pesosjärvi
and Vuoskojärvi, the chromium values were
only half of those in Vaikea-Kotinen and
Hietajärvi. Bulk deposition was at its highest
(though stili low) in Hietajärvi and it de
creased towards Valkea-Kotinen and
Vuoskojärvi (Table 3.3.3.1). Chromium has
not been measured in throughfall. In Finland,
the background concentrations of chromium
show only a weak, decreasing trend from south
to north (Riihling et al. 1992). The main
chromium source is industry, and the most
significant local source areas are the Tornio
region and the Kola peninsula (Rtihiing et al.
1992).
Variation in the nickel concentration of
mosses between the IM areas was quite small
(Fig. 3.5.1). In Hylocomium, there was a weak,
decreasing trend from south to north but the
highest concentrations in Pleurozium were
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Figure 3.5.2. Bulk deposition and throughfall deposition of copper and
vanadium (top,), zinc and iron (bottom) and concentrations ofcorrespönding
heavy metais in mosses in Integrated Monitoring areas in 1991 and compara
ble data from regional background areas iii 1990 ~iron in 1.98~5~), according to
Rähling et al. (19&7, 1.992). ~ = not measured.
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found in Valkea-Kotinen and Vuoskojärvi. A
high concentration in the north was also
observed in regional background values
(Rtihling et al. 1992). The bulk deposition
values decreased clearly from south to north
(Table 3.3.3.1). Nickel has not been measured
in throughfall. The concentrations in both
moss species in the IM areas were about twice
as high as in the background areas, except in
Vuoskojärvi where the concentrations were at
the same level. The effect of industry at
Harjavalta in southern Finland and in the Kola
peninsula could he seen clearly in the map
presented by Rtihling et al. (1992). The high
concentration in Vuoskojärvi was presumably
caused by the proximity of the Kola district,
and elevated values in Valkea-Kotinen by local
emission sources in southern Finland and by
long-range transport.
Copper concentrations in mosses showed
no geographical trend between the IM areas
(Fig. 3.5.2). In throughfall, however, there was
a weak, decreasing trend from Valkea-Kotinen
to Vuoskojärvi. Concentrations in the IM areas
in both moss species were slightly higher than
in the regional background areas, and the
concentrations in Hylocomium were higher
than in Pleurozium. In the maps presented by
Riihling et al. (1992), the distribution pattern
of copper was quite even in Finland, with the
exception of some local industriai areas. The
effect of the Kola smelters was clearly feit in
eastern Lapiand and was aiso detected in the
moss concentrations at Vuoskoj ärvi.
The zinc concentrations in mosses from
Valkea-Kotinen were approximately twice as
high as in the other IM areas (Fig. 3.5.2). The
lowest concentration was found in Pesosjärvi.
Both in bulk deposition and in throughfall
there was a very slight, decreasing trend from
Valkea-Kotinen to Vuoskojärvi. The regional
background concentrations were higher in the
southern than the northern part of the Country
(Rtihling et al. 1992).
Vanadium ConCentrations in mosses and
bulk deposition values showed no geographi
cal trend between the IM areas (Fig. 3.5.2).
Vanadium throughfall has not been measured.
In the map presented by Rfihling et al. (1992),
higher concentrations were reCorded in mosses
from southern Finland and from the Central
Lake District. In northeastern and northwest
ern Finland the concentrations were at a
minimum.
Iron Concentrations in Hylocomium
splendens showed a fairly clear, decreasing
trend from south to north in the IM areas (Fig.
3.5.2). The concentrations in Pleurozium
schreberi decreased from Valkea-Kotinen to
Pesosjärvi, but values in Vuoskojärvi were

somewhat higher than in Pesosjärvi. Weaker,
decreasing trends were observed in buik
deposition and in throughfali deposition. Iron
ConCentrations had a fairly even distribution
pattern in Finland in 1985, with the exception
of the southernmost part of the Country,
aCCording to the map presented by Ruhling et
al. (1987). This pattern Could also he seen in
regional background values extrapolated from
Rtihling et al. (1987) for the IM areas, with the
exCeption of Vuoskojärvi (Fig. 3.5.2).
Generally, the metal ConCentrations in
mosses both in IM and in baCkground areas
showed either a deCreasing trend from south to
north or no trend at ali. The raised values of
niCkel and copper found at Vuoskojärvi were
due to iong-range transport of emissions from
the Kola smeiters.
The metal ConCentrations in the two moss
speCies examined were found to he either quite
similar or otherwise the Concentrations in
Pleurozium were slightly higher than in
Hylocomium.
In the IM areas, metal concentrations in
mosses were Cleariy higher than the buik
deposition (Fig 3.5.3). However, Concentra
tions in both Hylocomium and Pleurozium
were highly Correlated with the buik deposi
tion (r = 0.92, and r 0.94, respectively). The
Correiation between ConCentrations in mosses
and throughfali was lower (Hylocomium r =
0.77, Pleurozium r = 0.79; Fig. 3.5.3). How
ever, the correlation between the concentra
tions in mosses and in bulk deposition and
throughfali deposition varied by metai. The
copper Concentration in mosses had no relation
at ali with copper deposition, and Chromium
aiso had a very weak relation. Other metals
showed stronger regressions. Copper concen
tration in mosses also showed no reiation with
throughfall deposition, but for other elements
the relation with throughfali deposition was
Clear.
ACCording to Rt~hiing et al. (1992), metal
ConCentrations in mosses are approximately
four times higher than bulk deposition per
year. This is beCause in mosses the metal
ConCentrations are analysed from the three
youngest segments, i.e. the growth of the three
most reCent years. Anaiysing the ConCentra
tions from this latest growth gives a quite good
piCture of the deposition, beCause the short
term variation will he smaller and ConCentra
tions higher. Correlation between the concen
trations in mosses and bulk deposition in the
IM areas was quite good, but the slope was
steeper than that presented by Rtihling et al.
(1992). This may have been due in part to the
different sampling period. Bulk deposition was
ColleCted between July 1, 1990 and June 30,
70

1991. Throughfall was measured in the sum
mer months from 1989 to 1991, and annual
mean values were calculated from that data.
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3.6Soil

data on total sulphur in Finnish forest soils
against which to compare our data, but values
for total organic carbon (TOC) and total
nitrogen were compatible with those presented
by Tamminen and Starr (1990) and Tamminen
(1991). Our concentrations of “total” (dry ash)
copper, zinc, lead and cadmium are compara
ble with those presented by Tamminen and
Starr (1990).
The values for pH water and CEC e for the two
peat p!ots at Valkea-Kotinen (Fbi 01 and
F10102) were lower and those for BSe higher
than those presented by Westman (1981).
These discrepancies may have been due to
differences in analytical methods and the
higher trophic status of the site types in this
study. Values for pH water CEC BS and base
cations were comparable with the results for
drained o!igotrophic peat site types presented
by Pätilä and Nieminen (1990). Total sulphur
values for the two peat plots at Valkea-Kotinen
were very similar to values published by Pätilä
and Nieminen (1990).

3.6.1 Comparability of soil chemistry data
The results from the first round of the Soi!
Chemistry (SC) subprogramme are summa
rized in Table 3.6.1.1. In general, the variation
in the soil chemistry properties was greater
between catchments, often considerably so,
than between plots within the catchments
(Starr & Ukonmaanaho 1992).
The values for mineral soil pH, tota!
titratable acidity (TIA), exchangeable acidity
(EA), and the exchangeable acidity due to
aluminium (EAM), potential and effective
cation exchange capacities (CEC~ and CECe)
and their corresponding base saturations (BS~
and BSe)~ and exchangeable base cation (K~,
Na~, Ca2~ and Mg2j concentrations were
within the ranges presented by Tamminen and
Starr (1990), Tamminen (1991), and Starr and
Tamminen (1992). There is little published

p
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p

tion (bottom) in Inte
grated Monitoring
areas, 1991.

Table 3.6.1.1 Results offirst round (1 988—1 989) ofSoil Chernistry (SC) subprograinine by area and 1ayer~ In Valkea-Kotinen area,
results are given separately for peat and forest soil plots.
Variable

Layer

Valkea-Kotinen
Peat
Forest soil
min. max.
min. max.

Hietajärvi
Forest soil
min. max.

Humus
0—5 cm
5-20cm86
20—40 cm

69
76
122
106

74
106
907
152

131
717
1249

166
1012
1000

94
1044
1416
1098

123
1267
1222
1559

106
1265
1387
1370

124
1436
1046
1679

1 18
880
1261

152
1272

P~,ater

Humus
0—5 cm
5—20 cm
20—40cm

3.46
3.30
3.52
5.55

3.80
3.63
3.78
5.82

3.84
4.13
4.50
3.66

4.09
4.52
5.24
4.11

3.51
4.40
5.10
5.21

3.64
4.50
5.36
5.33

3.68
4.12
4.83

3.85
4.43
5.10

3.71
4.26
4.95

3.92
4.61
5.42

pHKcI

Humus
0—5 cm
5—20 cm
20—40 cm
Humus
0—5cm
5—20 cm
20—40 cm
Humus
0—5cm
5—20 cm
20—40 cm
Humus
0—5 cm
5—20 cm
20—40 cm
Humus
0—5 cm
5—20 cm
20—40cm
Humus
0—5cm
5—20cm
20—40 cm
Humus
0—5cm
5—20cm
20—40cm
Humus
0—5 cm
5—20cm
20—40cm

2.62
2.47
2.57
2.61
53.1
52.2
52.3
55.8
0.97
0.95
1.13
1.23
0.16
0.17
0.23
0.23
598
504
539
466
3.9
3.7
2.5
2.5
45.5
30.5
15.3
5.4
17.2
26.1
14.1
7.6

2.92
2.72
2.83
2.97
53.2
52.2
52.8
56.1
1.21
1.07
1.26
1.6
0.17
0.19
0.28
0.33
681
507
570
536
7.1
5.0
4.1
6.7
48.1
35.7
18.8
10.1
24.5
26.1
14.5
8.4

2.93
3.33
3.72

3.26
3.52
3.92

49.4
2.1
1.2

1.31
0.17
0.16

0.96
0.03
0.01

1.21
0.15
0.13

0.12
0.01
0.03

0.18
0.02
0.04

0.13
0.01
0.01

0.16
0.01
0.01

648
87
208

1075
670
1604

608
115
184

953
163
266

7.2
3.9
8.3

8.4
12.8
20.2

4.7
3.1
8.3

5.9
7.1
13.3

27.3
11.1
22.3

78.4
76.1
97.4

3.08
3.43
3.92
3.92
53.7
2.2
1.6
0.8
1.16
0.08
0.06
0.03
0.15
0.01
0.01
0.02
1024
242
528
276
7.0
6.0
16.3
21.9
42.8
4.2
12.9
4.5
18.9
9.3
5.8
2.6

40.5
1.6
1.1

0.97
0.13
0.11

2.91
3.20
3.81
3.87
50.6
1.3
0.9
0.3
0.94
0.04
0.03
0.02
0.13
0.01
0.01
0.01
859
96
155
160
5.6
1.5
4.1
7.1
28.6
2.0
3.2
2.5
16.2
3.7
2.2
1.9

2.97
3.62
3.83

49.2
5.0
3.6

2.80
3.60
3.94
3.83
49.6
1.8
1.3
0.3
1.05
0.04
0.09
0.02
0.15
0.01
0.02
0.01
792
234
873
252
7.1
1.9
2.4
2.9
53.9
9.8
27.2
10.0
37.0
12.8
24.6
13.4

2.76
3.41
3.75

35.8
3.4
2.3

2.62
3.43
3.77
3.78
46.2
0.9
0.6
0.2
0.87
0.01
0.01
0.01
0.11
0.01
0.01
0.01
653
147
368
193
5.3
1.1
1.5
2.0
36.5
3.2
8.8
6.2
25.3
8.8
18.6
11.8

28.6
6.7
15.7

48.4
12.2
22.5

13.7
13.5
22.0

15.6
19.0
27.4

Bulk density, g dm3

Total organic C (TOC), %

Total N, %

TotaIS, %

Total P, mg kg1

2

Total Cu, mg kg~

2

Total Zn, mg kg~

2

Total Pb, mg kg~

2

1

—

35.9
9.6
3.5

—

52.1
17.8
6.8

1 For peat plots (FIOl 01 and Elli 02— see Table 2.2.1), layers are 0—5, 5—10, 10—20 and 20—40 cm.
2Drj ashing and taken up in HCI acid (see chapter 2.3.5).

Pesosjäivi
Forest soi!
min. max.

Vuoskojärvi
Forest soi!
min. max.

Table 3.6.1.1 (continued)
Layer

Variable

1

Valkea-Kotinen
Peat
Forest soil

Hietajärvi
Forest soil

Pesosjä,vi
Forest soi!

min•

max.

min.

max.

min.

max.

min.

max.

Humus
0—5cm
5—20 cm
20—40cm
Humus
0—5 cm
5—20 cm
20—40cm
Humus
0—5cm
5—20 cm
20—40cm
Humus
0—5cm
5—20 cm
20—40 cm
Humus
0—5 cm
5—20 cm
20—40cm
Humus
0—5cm
5—20 cm
20—40cm

38
52
47
44
716
382
168
57
2051
3511
2556
2901
430
596
430
457
67
105
108
106
47.7
53.0
44.7
37.1

43
57
54
53
809
448
238
103
3807
4698
4407
4109
437
639
646
527
82
148
116
164
73.0
83.1
67.1
59.4

18
3
3

28
6
5

682
36
21

839
61
36

2807
132
48

4328
222
140

289
22
7

530
34
14

93
229
84

182
332
188

36.3
26.5
10.0

55.9
35.0
20.3

17
2
2
2
835
15
7
3
2073
14
19
17
253
3
2
1
115
86
15
4
57.8
7.2
2.0
1.1

21
3
3
3
1044
25
13
7
2853
46
24
18
354
7
4
2
161
139
56
6
59.5
11.7
5.6
1.2

15
3
2
3
990
19
13
7
2362
59
33
13
420
15
8
4
46
86
38
10
49.5
11.7
5.3
2.2

22
4
3
3
1307
31
18
13
3837
117
100
46
551
32
14
12
86
142
106
56
61.2
19.3
11.8
6.4

Humus
0—5cm
5—20 cm
20—40cm

0.0
6.1
9.6
11.8

0.0
9.8
13.1
15.1

2.0
20.0
7.4

10.2
25.5
15.6

1.6
4.6
1.0
0.1

5.0
7.9
4.1
0.5

0.0
6.9
3.4
0.8

Humus
0—5cm
5—20 cm
20—40cm

735
1267
1325
1019

1107
1375
1443
1523

691
149
125

1074
207
218

817
31
66
10

1041
80
139
28

Humus
5—20 cm
20-40 cm

231
320
236
247

296
354
326
278

228
38
15

332
48
26

207
10
3
2

Potential cation exchange
capacity (CEC~)~ meq kg~

Humus
0—5 cm
5—20 cm
20—40cm

894
1568
1494
1204

1356
1612
1725
1755

874
164
129

1350
221
225

Effect. Base Sat. (BSe), %

Humus
0-5cm
5—20 cm
20—40 cm

68
74
72
76

84
85
86
88

80
25
21

Potent. Base Saturation (BS~), %

Humus
0—5cm
5—20 cm
20—40cm

18
15
11
14

18
19
16
16

20
6
3

Exchangeable Na, mg kg1

Exchangeable K, mg kg~

Exchangeable Ca, mg kg~

Exchangeable Mg, mg kg~

ExchangeableAl, mg kg~

Exch. titr. acidity (EA), meq kg~

Exch. titr. Al

(~AI)’

meq kg~

Total titr. acidity (TTA), meq kg~

Effective cation exchange
capacity (CECe), meq kg~

0—5 cm

Vuoskojärvi
Forest soi!
min. max.
37
8
7

74
15
9

617
15
7

954
18
11

2027
58
29

2532
83
48

581
16
6

657
24
9

53
190
51

477
247
100

44.8
12.9
4.6

83.6
22.6
7.1

0.6
12.0
9.0
4.5

0.2
8.3
3.6

32.9
16.8
5.6

709
36
62
19

861
67
118
75

759
85
80

978
108
95

243
15
8
2

250
20
8
4

314
26
17
9

227
20
7

259
28
10

966
33
67
12

1235
84
141
29

898
42
67
22

1126
74
125
79

963
91
84

1154
114
98

87
33
49

72
15
25
39

76
32
48
54

76
23
25
31

84
42
41
47

68
20
26

81
35
40

26
9
4

15
2
1
3

16
5
2
14

20
10
4
4

23
20
6
10

15
5
3

21
7
4

1 For peat plots (Fbi 01 and FlO1...02 — see Table 2.2.1), bayers are 0—5, 5—10, 10—20 and 20—40 cm.
2Dry ashing and taken up in HCI acid (see chapter 2.3.5).

3.6.2 Leveis of soil acidity and
acidification

the effects of uptake and retention by organic
matter, i.e., biologicai enrichment. Levels of
lead in the soi! were reiated to atmospheric
deposition of lead. Concentrations of !ead in
the humus iayer showed a ciear south—north
gradient, with the highest concentrations in
Valkea-Kotinen, the most southeriy catchment.
The bulk deposition of !ead also showed the
same trend (Table 3.3.3.1). In the mineral soi!
iayers, only copper concentrations showed a
consistent trend with depth, with concentra
tions increasing with depth. Except for zinc,
“total” metal contents in the mineral soi! were
not correlated with the organic matter content
of the soil. Therefore, an important part of the
“totai” concentration of these meta!s must
come from the soil mineral fraction.

Leveis of soil acidification may be evaluated
in relation to a number of theoretical critical
values and parameters. Ulrich (1981) defined a
number of mineral soil pH ranges in which
various acid-buffering mechanisms are active.
The most relevant for our conditions are the
aluminium buffering range (pH 2.8—4.2), the
cation exchange range (pH 4.2—5.0) and the
silicate weathering range (pH 5.0—6.0). When
mineral soil pH values are < 4.2 and BS~
values < 15%, the soil solution is theoretically
no longer dominated by Ca2~, and A13~ and
heavy metais may start to reach toxic concen
trations (Reuss 1983, Uirich 1981). Mineral
soil CECC values <5 meq kg-’ (and pH values
<5.0) are considered to indicate a “low
buffering capacity” and a “very low degree of
elasticity (resiiience)” against inputs of acidity
(Meiwes et al. 1986).
According to our PHwater values, soil in the
0-5-cm iayer would be placed in the cation
exchange range; the exception being Plots
F10104, FIOl 06 and F104 04, which feli just
within the aluminium buffering range. Soi! in
the 5—20-cm layer feli into either the cation
exchange range or the silicate weathering
range. Soil in the 20—40-cm layer feil into the
silicate weathering range. Mineral soil with
CECe values < 5 meq kg’ occurred in the 5—
20-cm and 20—40-cm layers in the Hietajärvi
and Pesosjärvi catchments (Starr & Ukon
maanaho 1992). The soil at these plots may
thus be considered as potentially the most
sensitive to acidic deposition. However, PHwa,e,
values were > 5.0 and BS va!ues remained>
15%. Furthermore, water infiltrating the soil
would first encounter the considerable buifer
ing capacity of the humus layer. The p!ots with
the most acidified mineral soil (i.e. highest
EA EAAl and TTA values and iowest pH water
and BS va!ues) were associated with the
Valkea-Kotinen catchment. However, the BSe
values were ali> 15%.
It may therefore he concluded that the
present leveis of soi! acidification are unlike!y
to represent an immediate threat to forest
heaith in the Finnish IM areas.

3.7 Soil water
The Soi! Water Chemistry (SW) subpro
gramme proved to he difficuit to carry out and
there were a considerable number of occa
sions, particuiarly at Hietajärvi, when no
sampie was taken. !t is not known whether the
lack of a sampie was due to problems with the
instai!ation of the samplers (i.e. poor soil
contact), ieakage in the vacuum system or
simp!y a lack of availab!e soi! water at the
sampling tension used (to he expected during
summer); however, as a resuit of this, presen
tation of the data is somewhat problematic.
The mean specific conductivity and soiute
concentrations of samples coilected during
June—September 1989—199 1 are presented in
Tab!e 3.7.1. The data are presented by catch
ment rather than by individual plot due to the
sporadic nature of the soi! water data, even
though the variability in soil water chemistry
is known to be considerabie (Starr 1985).
Samples of smail vo!ume showed considerab!e
variability in so!ute concentrations and the
water in such sampies was only like!y to have
come from the zone of disturbed soil immedi
ately around the sampler cup (Starr 1985).
Sampies with a volume of ≤ 50 cm3 were
therefore exciuded.
In general, concentrations of major soiutes
tended to he higher at Valkea-Kotinen and at
15-cm depth. However, the differences be
tween catchments and depths were not usually
significant (p > 0.05). Soi! water soiute
concentrations at Valkea-Kotinen, Hietajärvi
and Pesosjärvi were dominated by caicium and
suiphate, and at Vuoskojärvi by sodium and
chloride. These different concentrations
reflected differences in the composition of the
throughfali and, ultimately, bulk deposition.
Soi! water was !ess acid than throughfall and

3.6.3 Trace and heavy metais
Concentrations of copper and cadmium, but to
a lesser extent, were higher in the mineral soii
than in the humus layer. In contrast, the
concentrations of manganese, zinc and lead
were considerably greater in the humus layer
than those in the mineral soi!. The enrichment
of manganese and zinc was probabiy due to
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stemflow as a resuit of acid-buffering of the
infiltrating water. The most acid soil water
sampies were associated with Vuoskojärvi.
The mean hydrogen ion concentrations for the
15- and 35-cm depths corresponded to pH
values of 5.0 and 5.1. The corresponding pH
values at Valkea-Kotinen were 5.2 and 5.3, at
Hietajärvi 5.7 and 6.3, and at Pesosjärvi 5.6
and 6.0. The mean concentrations of heavy
metais did not differ between depths or catchments.
Aluminium toxicity has been widely
considered to he the cause of forest damage
(Ulrich et al. 1979). However, Arovaara and
Ilvesniemi (1990) showed that, depending on
nutrition, the growth of Norway spruce
seedlings was inhibited only at aluminium
concentrations varying 10—50 mg dm-3. The
corresponding concentrations for Scots pine
seedlings were 20—50 mg dm3. Soil water
aluminium concentrations in the IM areas were
generally < 1 mg dm while maximum
aluminium concentrations in soil water at
Valkea-Kotinen, Hietajärvi, Pesosjärvi and
Vuoskojärvi were 1.4, 0.1, 2.4 and 4.8 mg
dm3, respectively. In sampies from which
dissolved organic carbon (DOC) values were
determined (after 1991), aluminium concentrations > 0.1 mg dm3 were directly correlated to
DOC concentrations (r = 0.69, n = 25), indicat
ing that the aluminium was in an organically
complexed (nontoxic) form. The DOC concentrations were highest at Vuoskojärvi (~ = 50.2
mg dm 3). The apparent stronger mobilization
of aluminium at Vuoskojärvi may thus have
been due to the production ofAJ-organic
complexes, perhaps the resuit of more active
podzolization processes.
Calcium concentrations should be taken
into account when considering the toxicity of
aluminium concentrations to tree roots (RostSiebert 1983). Thus, aluminium toxicity ~S
considered to occur when the Ca:A1 (A13j
molar ratio of the soil solution around the roots
drops to < 1. None of the soil water sampies
collected at Valkea-Kotinen and Hietajärvi had
a Ca:A1 molar ratio < 1; at Pesosjärvi and
Vuoskojärvi, however, 11% and 15% of
collected sampies, respectively, had Ca:A1
molar ratios < 1. It must be remembered that
the aluminium referred to here is total aluminium; Ca:A1 ratios based on free AP~
concentrations would be higher (Lindroos
1992). Furthermore, the soil water sampled
may not be the soil water that is in immediate
contact with the roots, since such water is
likely to be held at tensions greater than that
applied to the suction soil water samplers.
‘,

Table 3. Z1. Specific conductivily and concentrations ofsolutes’ in soil water
sampies collected duringJune—Septeinber 1989—1991 presented by catchment
and sampling depth. Mean values and standard deviations are given.
n = number of sampies analysed; potential number = 288.
Valkea-Kotinen
Variable

15 cm

(n=17—27)

Hietajärvi
-

35 cm

(n=29—42)

15 cm

(n=17—23)

35 cm

(n=6—12)

Specific
conductivity, mS m~

H~, i.tmoi dm3
NH~-N, mg drn3
€a2~, mg dm3
Mg2~, mg dm3
K~, mg dm3
Na~, mg dm3
Nø~~-N, mg dm3
ei-, mg dm3
S0~-S, mg dm3
Pø~-P, ~ig dm3
Ai, ~tg dm3
Cd, .tg dm3~
Cu, ~.tg dm3
Pb, ~tg dm3
Zn, ~tg dm3
1

7.8

±7.47

7.3

±5.47

4.3

±3.36

3.8

5.5
<0.1
4.4

±5.39

±7.40

±0.96

3.4
1.3
<0.1
3.5
4.8
20.0
149.3
1.1
3.7
15.7
29.1

±3.20

2.2
<0.1
1.0
0.3
0.9
1.0
<0.1
0.9
0.9
25.0
43.7
1.1
3.0
14.1
5.2

±2.66

1.4

5.1
0.1
3.6
1.5
1.9
1.6
<0.1
2.1
3.7
53.0
265.0
1.1
3.4
14.8
21.5

0.5
<0.1
1.1
0.4
0.7
1.1
<0.1
0.8
0.5
20.0
18.1
1.1
3.8
20.1
6.0

±0.11
±3.61

±1.16
±0.00
±4.64
±2.32
±0.0
±166.75
±0.35
±4.18
±8.39
±18.68

±0.14
±1.32
±0.65
±1.36
±0.71
±0.05
±1.16
±1.42
±162.0
±319.00
±0.31
±2.52
±6.26
±17.41

±0.86
±0.37
±0.87
±0.61
±0.12
±0.97
±0.46
±24.0
±39.93
±0.35
±1.30
±5.40
±2.25

±0.58
±0.03
±0.28
±0.09
±0.49
±0.18
±0.00
±0.24
±0.21
±0.0
±7.28
±0.35
±1.68
±12.54
±3.59

Totai heavy metais are determined.

Pesosjärvi

15 cm
Variable
Specific
conductivity, mS m~
H~, ~.tmoi dm3
NH~-N, mg dm3

Ca2~, mg dm3
Mg2~, mg dm3
K~, mg dm3
Na~, mg dm3
NO~-N, mg dm3
Ci, mg dm3
so~-s, mg dm3
~ ~ dm3
Al, ~ig dm3
Cd, ~tg dm3
Cu, ~ig dm3
Pb ~g dm3
Zn, ~ig dm3
1

±0.03

±2.00

(n

=

56—62)

Vuosko än,i

35 cm
(n

=

54—64)

±4.54

±6.73

4.2
1.0
<0.1
1.5
0.8
0.3
1.1
<0.1
0.9
1.2
24.0
61.8
1.1
3.5
16.0

±8.12

9.2

±9.82

3.7

±2.90

2.6
<0.1
1.6
0.7
0.7
0.9
<0.1
1.0
1.2
30.0
221.8
1.1
3.0
14.2
8.8

±3.95
±0.06
±1.09
±0.33
±0.76
±0.36
±0.00
±0.79
±0.89
±69.0
*322.31
±0.44
±1.56

Total heavy metais are determined.

±1.53
±0.04
±0.57
±0.33
±0.44
±0.35
<±0.01
±0.32
±0.51
±28.0
±298.89
±0.24
±3.91
±8.33

15 cm
(n = 57—89)

(n

4.6
9.4
0.1
1.5
0.6
0.6
2.6
<0.1
5.0
1.0
24.0
531.7
1.1
4.3
17.8
21.5

5.1
8.2
0.1
1.4
0.6
0.4
3.5
<0.1
5.5
1.1
22.0
300.0
1.1
4.3
15.4
29.2

±2.31
±9.86
±0.18
±0.84
±0.41
±0.49
±1.77
±0.01
±4.84
±0.47
±28.0
±676.55
±0.28
±4.11
±11.64
±24.60

35 cm
61—1 04)

=

±4.14
±9.33
±0.17
±0.88
±0.49
±0.88
±3.14
±0.01
±6.22
±0.63
±18.0
±597.42
±0.33
±4.29
±8.79
±50.64

appeared again (Fig. 3.8.1.1). In 1991, the ice
melted around May 5, which is a common
time for small lakes in the area.
Mean water temperatures during the
growing season (Table 3.8.1.1) were similar in
both years. Due to the shallow nature of the
epilimnion (about 2 m in late summer; Fig.
3.13.1.2) its temperature closely followed the
air temperature. The patterns of change in the
heat contents, were almost identical during the
two years (Fig. 3.8.1.2), although the maxi
mum was slightly higher in 1991. The Birgean
work index and the Schmidt thermal stability
index showed a greater stability of water
stratification in the latter year. Oxygen was

3.8 Surface waters
3.8.1 Water chemistry
Lake Valkea-Kotinen
In late winter 1990 the water layers close to
the lake bottom were depleted of oxygen. After
the ice had melted (April 20—21), water
temperature became stratified within a few
days, and at the beginning of May anoxia
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m
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depleted at leveis < 2.5 m until autumn turn
over began in September. Soon after the
formation of ice cover in the mid-November,
oxygen decreased rapidly near the lake bottom
(Fig. 3.8.1.1).
Due to the high concentration of humic
substances, the water colour was fairly strong
and Secchi disc transparency low (Table
3.8.1.1). In general, the colour of the
hypolimnion was stronger than that of
epilimnion (Fig. 3.8.1.1). An exceptionally low
colour in the epilimnion observed in April
1991 was due to meltwater accumulated under
the ice.
The epilimnion water was acidic, with
alkalinity zero or even negative (Table 3.8.1.1,
Fig. 3.8.1.3). During the growing season the
concentration of dissolved inorganic carbon
(DIC) in the epilimnion was very low (Table
3.8.1.1), but high in the hypolimnion (mostly
> 5 g m-3). The concentration of DOC in the
epilimnion was about 10 g m3 during the
entire study period.
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Table 3.8.1.1. Physical and chemical variabies during growing season
(May—September) in 1 990—1991 for Lake Valkea-Kotinen (sampling depth
= 0—1 m). Values are time—weighted ,neans.

5m

Variable

0~

E

1990

1991

1.6
15.3
10.0
5.2
3.0
103
462
14
4
19
4
-0.007
0.44
9.6

1.5
15.0
9.6
5.4
2.8
128
560
13

150
Secchi disc transparency, m
Temperature, °C
Oxygen concentration, g m3
pH
Specific conductivity, mS m1 (25 °C)
Water colour, g Pt m3
Total N, mg m3
NO~-N, mg m3
NH~-N, mg m3
Total P, mg m3
I~issoIved P®~-P, mg m3
Gran alkalinity, eq m3
L9issolved inorganio carbon (E~IC), g m3
E~issoIved organic carbon (EX~G), g m3

100
50
0
JFMAMJJASONDJFMAMJJASQND
1990
1991

Figure 3.8.1.1. Water temperature (top), oxygen
concentration (middle) and water colour (bot
tom) in 1990—1991 for Lake Valkea-Kotinen.
Duration of ice cover is indicated.
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Figure 3.8.1.3. Water
pH (top) and Gran
alkalinity (bottom) in
1990—1991 for Lake
Valkea-Kotinen. Dura
tion of ice cover is
indicated.
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Figure 3.8.1.2. Heat content (top), Birgean wind
work and Schmidt thermal stabilily (bottom) in
1990—1991 for Lake Valkea-Kotinen (for calcula
tions, see Bowling & Salonen 1990). Duration of
ice cover is indicated.

The mean concentration of epilimnetic total
phosphorus was about 20 mg m3 during the
growing season and slightly lower in winter.
During the ice-free season, total phosphorus
concentrations were generally similar in the
epilimnion and hypolimnion, but in winter the
concentration (similar to total nitrogen)
increased strongly in deep water (Fig. 3.8.1.4).
In the epilimnion, the ammonium concentra
tion was low but detectable (Table 3.8.1.1),
while in the hypolimnion it was generally
100—1 000 mg m3. In winter, when the pri
mary production of phytoplankton was low,
the ammonium concentration increased in
upper water Iayers to about 100 mg m3.
Some differences in the physicochemical
properties of the water occurred between 1990
and 1991. Due to the earlier occurrence and
shorter duration of the spring turnover in 1990,
the summer oxygen depietion lasted four
weeks longer than in 1991. Therefore chemical
differences between the epilimnion and
hypolimnion were smaller and lasted a shorter
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Figure 3.8.1.4. Total
phosphorus (top) and
total nitrogen (bottom)
concentrations in 1990—
1991 for Lake Valkea
Kotinen. Duration of ice
cover is indicated.

time in summer 1991 (Figs. 3.8.1.1, 3.8.1.3
and 3.8.1.4). The leveis of epilimnetic pH,
alkalinity, colour, total nitrogen and total
phosphorus in 1991 increased, while Secchi
disc transparency and conductivity slightly
decreased, compared to 1990 (Table 3.8.1.1).
The 1990 growing season was somewhat less
rainy than the corresponding period in 1991
(260 and 295 mm in May—September, respec
tively; Finnish Meteorological Institute
monthly reports). A more abundant input
leaching of substances from the catchment
area into the lake in 1991 might partly explain
the increased total nutrient concentrations,
colour values and decreased Secchi disc
transparency.
The high water colour, shallow epilimnion
and sharp stratification of the water body in
Valkea-Kotinen are typical properties of
Finnish forest lakes (Arvola 1983, Salonen et
al. 1990). Similarly, the depietion of hypo
Iimnetic oxygen is a common phenomenon
even in natural lakes (Salonen et al. 1990).
Total phosphorus and nitrogen concentrations
were in agreement with those observed by
Arvola et al. (1990) in small lakes in the
surrounding area.
The diatom composition found in the
sediment indicated that the water pH of
Valkea-Kotinen was 6.0—6.1 between the last
century and the early 1970s (Liukkonen 1989).
Thus, rather recently, water pH has decreased
by almost one unit and alkalinity has almost
completely disappeared. Anoxia in the
hypolimnion of Valkea-Kotinen seems very
important for the generation of alkalinity by
sulphate reduction and also retards acidifica
tion (Cook et al. 1986).

DOC values in Iso Hietajärvi (Table 3.8.1.2).
The nutrient concentrations of Iso
Hietajärvi (Table 3.8.1.2) are typical for an
oligotrophic lake. In the hypolimnion, nutrient
concentration peaks are probably due to
nutrient release from the sediment during
oxygen depletion (Fig. 3.8.1.7).
Pieni Hietajärvi is a dimictic lake. Secci
disc transparency was rather low and water
colour high (Table 3.8.1.2, Fig. 3.8.1.8), due to
the high content of humic substances. This
reflects the high proportion of peatlands in this
catchment (Fig. 2.1.3.5). The highest
epilimnetic temperatures were about 20° C
(Fig. 3.8.1.8). The lake was thermally stratified
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Lakes Iso Hietajärvi and Pieni Hietajärvi
Iso Hietajärvi is a dimictic lake with neutral or
weakly acidic water (Table 3.8.1.2, Fig.
3.8.1.6). Alkalinity in Iso Hietajärvi is fairly
low, indicating a weak buffering capacity
against acidification. The maximum summer
temperature of the epilimnion was ~ 20° C
(Fig. 3.8.1.5). The lake was strongly stratified
in summer 1988, but more weakly stratified in
1990—1991. This resulted in occasionally low
hypolimnetic oxygen concentrations in the
summers of 1988 and 1989, while oxygen
conditions were better in the summers of 1990
and 1991. During winter stratification, de
crease of oxygen was also recorded (Fig.
3.8.1.5).
The colour values for Iso Hietajärvi were
lower than those for Pieni Hietajärvi (Figs.
3.8.1.5 and 3.8.1.8). This was due to the low
humus content which also contributes to low
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Figure 3.8.1.5. Water
temperature (top),
oxygen concentration
(middle) and water
colour (bottom) in
1988—1991 forLake Iso
Hietajärvi. Duration of
ice cover is indicated.
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Figure 3.8.1.6. WaterpH (top) and Gran alkalin
ity (bottom) in 1 988—1991 for Lake Iso
Hietajärvi. Duration of ice cover is indicated.
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Figure 3.8.1.7. Total phosphorus (top) and total
nitrogen (bottom) concentrations in 1988-1991
for Lake Iso Hietajärvi. Duration of ice cover is
indicated.

both in winter and in summer. Oxygen deple
tion also occurred both in winter and in
summer (Fig. 3.8.1.8). Low buffering capacity
in the epilimnion was recorded, especially
during the snowmelt period (Fig 3.8.1.9).
The epilimnetic total nutrient concentra
tions of Pieni Hietajärvi were slightly higher
than those of Iso Hietajärvi (Table 3.8.1.2). In
the hypolimnion, phosphorus concentrations
were occasionally high due to nutrient release
from the sediment during the oxygen depietion
(Fig.3.8. 1. 10).
The clear difference between the water
quality of Lakes Pieni Hietajärvi and Iso
Hietajärvi shows the strong influence of the
catchment area on water quality, which is also
clearly seen in the proton budgets of these
catchments (Chapter 4.2). The catchment of
Lake Pieni Hietajärvi is characterized by an
abundance of peatland, whereas that of Lake
Iso Hietajärvi is dominated by mineral soils
(Fig. 2.1.3.5).

Table 3.8.1.2. Physical and chemical variabies during growing season iii
1 990—1991 for Lakes Iso Hietajärvi and Pieni Hietajärvi (sampling depth
= 0—1 m). Values are time—weighted means.
Variable
Secchi disc transparency, m
Temperature, °C
Oxygen concentration, g m3
pH
Specific conductivity, mS m1 (25 °C)
Water colour, g Pt m3
Total N, mg m3
NO~ -N, mg m3
NH~ -N, mg m3
Total P, mg m3
Dissolved PO~ -P, mg m3
Gran alkalinity, eq m3
Organic carbon, g m3
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Iso Hietajärvi
1990
1991
4.3
11.1
10.7

6.7
1.6
18
210
10

6
7
2
0.071
3.1

Pieni Hietajärvi
1990
1991

4.2
14.7
9.4
6.8

.8
11.3
9.2

1.6
14.4

6.4

1.7

1.5
82
260
12
5
15
2

5.9
1.5
120
270

15
190
10
4
7
2
0.080
3.1

0.073
7.1

8.0

11
5
12
2
0.050
10.8
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Figure 3.8.1.9. Water
pH (top) and Gran
alkalinity (bottom) in
1988-1991 for Lake
Pieni Hietajärvi.
Duration of ice cover is
indicated.
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Figure 3.8.1.8. Water temperature (top), oxygen
concentration (middle) and water colour (bot
tom) in 1988—1991 for Lake Pieni Hietajärvi.
Duration of ice cover is indicated.
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Figure 3.8.1.10. Total
phosphorus (top) and
total nitrogen (bottom)
concentrations in 1988—
1991 for Lake Pieni
Hietajärvi. Duration of
ice cover is indicated.

Lake Pesosjärvi
Lake Pesosjärvi is dimictic and thermally
stratified. The highest epilimnion temperature
in the study period (1990—1991) was about
170 C and occurred in summer 1991. Oxygen
condition was in general rather good, although
a hypolimnetic oxygen depletion was recorded
in late winter 1991 (Fig. 3.8.1.11).
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Figure 3.8.1.12. Water
pH (top) and Gran
alkalinity (bottom) in
1990—1991 for Lake
Pesosjärvi. Duration of
ice cover is indicated.
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Figure 3.8.1.11. Water temperature (top), oxygen
concentratjon (middle) and water colour (bot
tom) in 1990—1991 for Lake Pesosjärvi. Dura
tion of ice cover is indicated.
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Figure 3.8.1.13. Total
phosphorus (top) and
total nitrogen (bottom)
concentrations in
1990—1991 for Lake
Pesosjärvi. Duration of
ice cover is indicated.

Variable

1990

1991

5.0
Secchi disc transparency, m
10.6
Temperature, °C
9.9
Oxygen concentration, g m3
7.5
pH
Electric conductivity, mS m1 (25 °C) 5.6
20
Water colour, g Pt m3
210
Total N, mg m3
14
NO~-N, mg m3
2
NH~-N, mg m3
5
Total P, mg m3
2
Dissolved PO~ -P, mg m3
0.44
Gran alkalinity, eq m3
4.2
Organic carbon, g m3

5.0
14.8
10.1
7.3
5.2
27
240
16
7
6
2
0.41
5.0

—1.m

20

Table 3.8.1.3. Physical and chemical variabies
during growing season 1990—1991 for Lake
Pesosjärvi (sampling depth = 0—1 m). Values are
time—weighted means.
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Due to the presence of calcareous soil in
the catchment area, the lake water is alkaline
and the Gran alkalinity high, indicating that
the lake has a good buffering capacity (Fig.
3.8.1.12). The water is poor in nutrients (Fig.
3.8.1.13) and its colour is very low (Table
3.8.1.3, Fig. 3.8.1.11).
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Lake Vuoskojärvi

~20

Vuoskojärvi is a clearwater lake (Table 3.8.1.4,
Fig. 3.8.1.14) and it is not thermally stratified
during the ice-free seasons (for the region
approximately June—October; Kuusisto 1986).
The mean water temperature in the epilimnion
was about 100 C in summer. Due to mixing of
the water in summer and autumn, the entire
body of lake was rich in oxygen. During late
winter in 1991 oxygen concentrations de
creased strongly (Fig. 3.8.1.14). This is due to
rapid freezing in autumn and the long ice
covered period of this northern lake. The
oxygen deficiency is a very common phenom
enon in northern lakes, although there would
not be any local loading. Water pH and aika
linity were quite high (Tahle 3.8.1.4, Fig.
3.8.1.15), and nutrient concentrations (espe
cially total phosphorus) very low (Fig.
3.8.1.16).
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1991
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Table 3.8.1.4. Physical and chemical variabies
during 1991 growing season for Lake Vuosko
järvi (sampling depth = 0—1 m). Values are time—
weighted means.
Var~abIe
Secchi disc transparency, m
Temperature, °C
Oxygen concentration, g m3
pH
Electric conductivity, mS m1 (25 °C)
Water colour, g Pt m3
Total N, mg m3
NO~-N, mg m3
NH-N, mg m3
Total P, mg m3
Dissolved PO~-P, mg m3
Gran alkallnfty, eq m3
Organic carbon, g m~3
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1991

10.4
9.8
7.4
3.2
13
290
13
19

4
0.13

4.0

Figure 3.8.1.14. Water
temperature (top),
oxygen concentration
(middle) and water
colour (bottom) in 1991
for Lake Vuoskojärvi.
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Figure 3.8.1.15. WaterpH (top) and Gran
alkalinity (bottom) in 1991 for Lake Vuoskojärvi.

Figure 3.8.1.16. Total phosphorus (top) and total
nitrogen (bottom) concentrations in 1991 for
Lake Vuoskojärvi.

Comparison between the lakes

the IM areas. The longest period of water
quality data is available from the Valkea
Kotinen and Hietajärvi areas, partly due to
intensive biological monitoring during 1990—
1991. Consequently it is difficult at this stage
to draw any further conclusions or to calculate
trends for the evaluation of the impact of acidic
deposition on water quality.

The nutrient-richest of the IM lakes is Lake
Valkea-Kotinen. However, compared with
other areas, the impact of acidic deposition
was most evident in its catchment (Forsius et
al. 1994) and in the lake itself. The water
colour of Lake Pieni Hietajärvi was higher
than that of Iso Hietajärvi, due to the high
content of humic substances. Lake Iso
Hietajärvi is an oligotrophic, clearwater lake
and, due to a quite low alkalinity, it is rather
sensitive to acidic deposition (Forsius et al.
1994). This was recorded in a palaeo
limnological survey (Simola et al. 1991) as a
slight decline in reconstructed pH. In contrast,
Lake Pesosjärvi has a good buffering capacity,
due to its dolomite-rich catchment area. Lake
Vuoskojärvi is a nutrient-poor, clearwater lake
and also has quite a high neutralizing capacity.
In Lake Vuoskojärvi, oxygen deficiency in
winter is a common phenomenon, due to the
long ice-covered period.
The first IM monitoring period was short
and the sampling intensity also varied between

3.8.2 Lake sedimentation
The sedimentation rate was high in Valkea
Kotinen in early June and September, 1991, but
decreased strongly after the formation of ice.
The seasonal cycles of sedimented nutrients
were similar to those for total sedimented
matter, except that phosphorus precipitation
was most abundant in September (Fig. 3.8.2.1).
As the sampling was started one month after
the ice had melted, only approximate estimates
can be given for the annual sedimentation rates
(Table 3.8.2.1).
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3.9 Tree stand
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3.9.1 Composition and structure

~

Tabies 3.9.1.1—3.9.1.4 show the following
stand characteristics for each piot where the
Trees (TR) subprogramme has been carried
out: stem density, basal area, dbh and height
by species. The data refer to the first round of
measurements and only to living trees having a
dbh > 5 cm. The coring of living trees to
determine age has so far been restricted due to
the protected nature of the IM areas. The exact
age structure of the stands is therefore un
known.
The stand basal area, which is closely
related to stand productivity, decreased with
increasing catchment latitude (Fig. 3.9.1.1),
reflecting the strong climatic influence on
primary productivity. The effect of differences
in climate between the catchments was also
seen in the relationship between mean height
and dbh, e.g., pines of the same dbh were
shorter with increasing latitude (Fig. 3.9.1.2).
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Figure 3.8.2.1. Sedimented matter in Lake
Valkea-Kotinen during June—December, 1991.
Dry weight and organic carbon (top), total
phosphorus (middle) and total nitrogen (bottom).
Duration of ice cover is indicated.
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Figure 3.9.1.1. Relation
ship between stand
basal area and Inte
grated Monitoring
catchment latitude. Bars
indicate minimum and
maximum piot values.
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Valkea

Table 3.8.2.1. Annual sedimentation rates of
different components for Lake Valkea-Kotiizen
for 1991. Winter and spring rates for 1992 are
used iii calculations.
Variable
Dry weight
Organicmatter
Organic carbon
Nitrogen
Phosphorus

gm2a1
61
47
20
1.9
0.2

Kotinen
61°14

Hietajärvi
63~10

Pesosjärvi Vuoskojärvi
66~17
69 44

Catchment Iatitucie

%
100
77
33
3.1
0.3

E

30
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25
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Figure 3.9.1.2. Relationship between height and breast height diameter for
Scots pine (Pinus sylvestris) in Integrated Monitoring areas.
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The dbh distribution of living trees in the 5-cm
classes (including 0—5 cm) for plots at which
the Throughfall Chemistry (TF) and Stemflow
Chemistry (SF) subprogrammes have been
carried out are presented in Figures 3.9.1.3—
3.9.1.6. In general, the dbh distributions are
wide and form a reverse J-shaped curve typical
of undisturbed old forests (Oliver & Larson
1990). Plantations or managed forests, in
contrast, typically show bell-shaped (some
times truncated) diameter distributions.
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Most of the lower and mid siopes at Valkea
Kotinen (Table 3.9.1.1) are covered by forest
represented by Plots 3 (Fig. 3.9.1.3), 4 and 11.
The overstorey is dominated by spruce with a
substantial broad-leaved species component:
bir’ch in Plots 3 and 4, and aspen and birch in
Piot 11. Rowan (Sorbus aucuparia), aider
(Ainus sp.), lime (Tilia cordata) and hazel
(Corylus avellana) are also present. The pine
component is limited to a few large specimens
in the overstorey. The forest on the upper
siopes is typified by Piot 7, where spruce and
pine are codominant in the overstorey. These
forests represent communities at a late stage of
succession where the climax species, spruce, is
emerging at the expense of pine and broad
leaved pioneer species after several forest
fires. Plots 1 and 2 (Fig. 3.9.1.3) are located on
histosois. The peaty zone around the lake is
pine-dominated.
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Table 3.9.1.1. Some stand characteristics of Iiving trees with breast height diameter (dbh)
by piot in Valkea-Kotinen catchment, collected during first measurementperiod (1987).

>

5 cm

Piot
Variable

1

~1

21

3

4

7

Scots pine
Stem density, stems ha1
Basal area, m2 ha1
Mean dbh, cm
Mean height, m

1025
24
18.9
14.9

50
3
28.0
23.6

17
2
37.5
28.3

67
6
37.5
24.9

331
22
30.8
26.2

Norway spruce
Stem density, stems ha1
Basal area, m2 ha-1
Mean dbh, cm
Mean height, m3

17
<1
9.6
10.5

938
34
26.5
21.6

758
27
24.9
22.3

1356
32
21.3
21.0

720
21
22.0
20.9

1086
37
30.1
25.9

Broad-Ieaved species
Stem density, stems ha1
Basal area, m2 ha~1
Mean dbh, cm
Mean height, m

8
<1
6.7
8.3

100
3
21.4
20.0

383
19
26.6
26.9

233
12
29.0
23.6

137
6
26.3
23.8

80
10
43.5
28.5

1
2
~‘

Peatland.
1992.
Weighted by basal area.
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Figure 3.9.1.3. Distribu
tion of living trees into
diameter classes for
Plots 2 (top) and 3
(bottom) in Valkea
Kotinen Integrated
Monitoring area.

Hietajärvi

Pesosjärvi

The forests at Hietajärvi are pine-dominated
(Table 3.9.1.2), reflecting the nutrient-poor and
xeric growth conditions that are the resuit of
the coarse-textured, easily drained soil. This
local (geologic) factor explains why the basal
areas of the Hietajärvi plots are Iower than
would he expected from its latitude (Fig.
3.9.1.1). The pines at Piot 1 are distributed
more densely, and the diameter distribution
dominated by smaller trees, than at Piot 4 (Fig.
3.9.1.4). The stand at Piot 5 has the highest
stem density and the smallest trees.

Plots 2, 3 and 5 are typical of the upland forest
in this catchment (Table 3.9.1.3). Spruce
accounted for most of the smaller diameter
classes (Fig. 3.9.1.5), stand basal area and
stem numbers, and forms an emerging under
storey. Pine stem densities are low and mostly
restricted to large trees in the overstorey. There
are few small pines, indicating poor regenera
tion ofpine. Pesosjärvi Piot 1 (Fig. 3.9.1.5) is
rather atypical of the catchment: the stand
issparse and consists of large spruces and a
few large aspens. Small-sized trees are few,
indicating little regeneration.
Vuoskojärvi
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0
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Breast height diameter class, cm

The forests at Vuoskojärvi consist of mountain
birch woodlands and sparse stands of large
pine trees (Fig. 3.9.1.6). Spruce is absent, as
the area is so far north. The stem density for
the mountain birch stands (Plots 2 and 4) is
misleading in that several stems come from the
same base (Table 3.9.1.4). The difference in
stand characteristics between the two moun
tain birch plots is due to the relatively large
difference in their elevations; Piot 4, located at
231 m above sea level, is considerably more
exposed than Piot 1. The basal areas at
Vuoskojärvi (Table 3.9.1.4) are the smallest
recorded, reflecting low stand productivity at
such high latitudes. However, the dominance
of pine in the O—5-cm-diameter class indicates
that regeneration is taking place.

600
500

—_

Broad-Ieaved
species
O

D

Scots pine

O

Table 3.9.1.2. Some stand characteristics of living trees with breast height
diameter (dbh) > 5 cm by piot in Hietajärvi catchment, collected during
first measurementperiod (1988).

400
300

Piot
Variable

1

2

4

5

575
18

258
24
35.9
21.00

263
19
31.6
23.7

2042
25
14.4
13.8

13

8

-

-

<1
8.0
8.1

<1
10.7
8.4

-

-

-

-

-

-

200

Scots pine
Stem density, stems ha1
Basal area, m2 ha1
Mean dbh, cm 1
Mean height, m 1
Norway spruce
Stem density, stems ha1
Basal area, m2 ha1
Mean dbh, cm 1
Mean height, m 1
Broad-Ieaved species
Stem density, stems ha1
Basal area, m2 ha1
Mean dbh, cm 1
Mean height, m 1
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0
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Breast height diameter class, cm

Figure 3.9.1.4. Distribution of Iiving trees into
diameter classes for Plots 1 (top) and 4 (bottom)
in Hietajärvi Integrated Monitoring area.

1

6

Weighted by basal area.

24.5
18.9

169
4
18.3

17.0

-

-

88

42

2
21.6
20.0

<1
8.2
10.8

Table 3.9.1.3. Some stand characteristics of Iiving trees with breast height
diameter (dbh) > 5 cm bypiot iii Pesosjärvi catchment, collected duriizg
first ineasurementperiod (1989).

Broad-Ieav~
species
LLi ~dts ~
~ Noiway spruce

•

Piot
Variable

0

51015202530354045505560
Breast height diameter class, cm

1000
800

II
1••••
~
~

~~600
cIi.

~400
0

Broad-Ieaved
spec,es
U S~~5ts pine
~ Norway spruce
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1 1

0

0
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II
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Stem density, stems ha1
Basal area, m2 ha1
Mean dbh, cm 1
Mean height, m 1
Norway spruce
Stem density, stems ha1
Basal area, m2 ha1
Mean dbh, cm 1
Mean height, m 1
Broad-Ieaved species
Stem density, stems ha1
Basal area, m2 ha1
Mean dbh, cm 1
Mean height, m 1
1

1

2

3

5

89
<1
10.4
9.4

125
10
37.0
18.4

58
4
31.4
17.2

78
4
28.0
16.5

511
13
24.9
16.7

1117
11
13.3
10.7

792
12
16.4
12.2

822
9
14.8
10.7

78
6
43.5
18.0

108
4
23.7
15.8

183
5
19.3
13.3

222
4
17.3
12.7

Weighted by basal area.

Breast height diameter class, cm

Figure 3.9.1.5. Distribution of living trees into
diameter classes for Plots 1 (top) and 2 (bottom)
in Pesosjärvi Integrated Monitoring area.
1200 =

Table 3.9.1.4. Soine stand characteristics of living trees with breast height
diameter (dbh) > 5 cm by piot iii Vuoskojärvi catchment, collected during
first ineasureinentperiod (1988).
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E 400
~ 200
00

5 1015202530354045505560
Breast height diameter class, cm

800 ~
700

~r0t~

ROO

600j
~ 500

.c

0)~~

Ei100

liii

~°°~i~ ~

~JiL~Ii1i
0

0

1

1
2

I••1 0
LI 00
~

Scots pine
Stem density, stems ha~
Basal area, m2 ha1
Mean dbh, cm 1
Mean height, m 1
Broad-Ieaved species2
Stem density, stems ha1
Basal area, m2 ha1
Mean dbh, cm 1
Mean height, m 1

II

51015202530354045505560
Breast height diameter class, cm

Figure 3.9.1.6. Distribution of living trees into
diameter classes for Plots 2 (top) and 3 (bottom)
iii Vuoskojärvi Integrated Monitoring area.
(Birch sp. = mountain birch, Betula pubescens
ssp. tortuosa).
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2

3

4

194
12
31.9
11.8

33
<1
6.0
4.0

163
7
28.1
11.1

33
<1
3.3
2.3

150
<1
7.2
5.1

1167
5
8.5
5.7

231
<1
6.4
4.6

744
<1
3.4
2.9

Weighted by basal area.
Mountain birch (Betula pubescens ssp. tortuosa).

3.9.2 Defoliation, discoloration and
fertility
The amount and quality of phytomass are
important indicators of tree condition, because
changes in the assimilation surface affect stem
growth (Dong & Kramer 1987), root function
ing (Eichom et al. 1988) and nutrient allocation
(Lechowicz 1987). However, there are many
factors which cause defoliation and dis
coloration, including needle senescence, soil
type and nutrient status, pathogens and insects,
stem density and competition for light and air
pollution. Levels of Scots pine and Norway
spruce defoliation and discoloration in the IM
areas during 1988—1991 are shown in Figure
3.9.2.1, and cone production in Figure 3.9.2.2.
Defoliation leveis of Scots pine varied 10—
30% depending on catchment and year.
Defoliation at Valkea-Kotinen remained the
lowest (10%) throughout the monitoring
period. The defoliation of Scots pine was
greatest at Vuoskojärvi (30%), equalling the
level which was also reached at Pesosjärvi in
1991.
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Hietajätvi

In Finland, Norway spruce exhibits greater
levels of defoliation than Scots pine (Jukola
Sulonen et al. 1990). Norway spruce defolia
tion was clearly the highest at Pesosjärvi,
reaching 50% in 1990 and 1991. Levels of
Norway spruce defoliation throughout Finland
have been shown to be the highest in the
Pesosjärvi area (Jukola-Sulonen et al. 1990).
In addition to tree age, this could also be
attributed to the relatively high elevation of the
area and the consequent harsh winters.
Leveis of discoloration in the IM areas
were 0%, except for Scots pine at Vuoskojärvi
and Norway spruce at Pesosjärvi, i.e. the same
catchments showing the highest leveis of
defoliation. Levels of discoloration monitored
throughout Finland during 1993 averaged 1%
for Scots pine and 8% for Norway spruce
(Lindgren & Salemaa 1994).
Scots pine cone production varied during
the four-year monitoring period and by catch
ment (Fig. 3.9.2.2). The year in which the
highest numbers of Scots pine cones were
produced was clearly 1991, a year of high
cone production for the species throughout
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Figure 3.9.2.1. Defoliation and discoloration ofScots pine (Pinus sylvestris; top) and Norway spruce (Picea abies; bottom) in
each catchment during 1 988—1991.
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Finland (Lindgren & Salemaa 1993). Cone
production at Vuoskojärvi was significantly
greater than at the other IM catchments. This
may be related to the openness of the stand
(greater light exposure) and tree age, as old
trees tend to produce more cones to ensure
regeneration (Kellomäki 1991).
Norway spruce cone production was
monitored only at Valkea-Kotinen and
Pesosjärvi. At these two catchments, intra-year
variability was greater for Norway spruce than
for Scots pine, which is probably related to the
difference in phenology of the two species:
Scots pine flowers every year while Norway
spruce does not (Kellomäki 1991). The best
year for Norway spruce cone production in
both catchments was 1989, a year of high
production for the species throughout Finland
(Lindgren & Salemaa 1993).
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Figure 3.9.2.2. Average
number of cones per
tree in Integrated
Monitoring catchments
during 1 988—1991
(Pesosjärvi 1989—1991),
for Scots pine (Pinus
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3.9.3 Needle chemistry

20 -

The results of the Foliage Chemistry (NC)
subprogramme carried out during 1988—1991
are summarized in Figure 3.9.3.1 for Scots
pine and in Figure 3.9.3.2 for Norway spruce.
There were statistical differences in needle
chemistry between the catchments, reflecting
differences in nutrient uptake, which are in
turn related to differences in climate, deposi
tion and soil fertility.
The lowest mean nutrient concentrations in
Scots pine needies, with the exception of
potassium and manganese, were at Pesosjärvi.
The highest concentrations of nitrogen,
calcium, suiphur, iron, copper and zinc in
Scots pine needies were at Vaikea-Kotinen.
The differences in nutrient concentrations of
Norway spruce needles between Pesosjärvi
and Valkea-Kotinen were not as clear as those
for Scots pine needies. The high sodium
concentrations in Scots pine needles at
Vuoskojärvi are clearly a result of the proxim
ity of the sea.
Concentrations of nitrogen, phosphorus,
potassium and magnesium in both Scots pine
and Norway spruce needies were higher in
needies formed during the current year than in
needies formed in the previous year; concen
trations of other elements were correspond
ingly lower. This needle age-related difference
between nutrients is due to the varying degree
of mobility and retranslocation among nutri
ents. The former group of nutrients is mobile
while the other nutrients are less mobile
(Katainen 1985).
The mean concentration of nitrogen in
Scots pine needles at Hietajärvi, Pesosjärvi
and Vuoskojärvi was below the critical limit
for nitrogen deficiency given by Jukka (1988),

z10
~I

n
1988

Norway spruce (Picea
abies; bottom). Norway
1989

1990

1991

i.e. 1.2%. The iow phosphorus concentrations
in Scots pine needies at Hietajärvi and
Pesosjärvi also indicate phosphorus deficiency.
Comparisons with criticai nitrogen concentra
tions for Norway spruce aiso indicate nitrogen
deficiency at both Valkea-Kotinen and
Pesosjärvi. Concentrations of copper in both
Scots pine and Norway spruce needies from ali
catchments were very iow in comparison to
vaiues published by Kolari (1979). Suiphur
concentrations of both Scots pine and Norway
spruce needies were at the same level as mean
concentrations reported for sampies coliected
throughout Finland during 1987—1989 (Raitio
1994).
Differences in needie nutrient concentra
tions between the sampiing years were greater
for Scots pine than for Norway spruce. How
ever, concentrations of manganese in Scots
pine needies and concentrations of potassium
and phosphorus in Norway spruce needies did
not statisticaliy diifer between sampling years.
Heimisaari (1990) and Raitio (1994) have aiso
reported significant annual differences in foiiar
nutrient concentrations. Such annuai variabii
.ity in foiiage chemistry has been attributed to
weather conditions in both the current and
previous year (van der Driessche 1974).
Summer rainfali, in particular, has been shown
to affect foiiage nutrient concentrations (Leaf
et al. 1970).
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srpuce was studied only
at Valkea-Kotinen and
Pesosjärvi.
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Stand species composition has an important
effect on iitterfaii deposition. Litterfail dry
mass tended to be greater for piots where Scots
pine was dominant or codominant (F10301,
F10304, F104 02 and F105 03), but the litter
fali tended to have a iower content of major
nutrients (nitrogen, caicium and potassium).
As expected, the presence of deciduous trees
within the stand resuited in a more nutrient
rich iitterfali. Thus, Piot 3 at Vaikea-Kotinen
was more nutrient-rich than Piot 2; Piot 1 at
Pesosjärvi was more nutrient-rich than Piot 2;
and Piot 2 at Vuoskojärvi was more nutrient
rich than Piot 3 (Tabies 3.9.1.1—3.9.1.4).
To indicate seasonal patterns, the iitterfaii
dry mass for ali months for which data are
availabie is shown for each piot in Figure
3.9.4.1. Litterfail was highest during the
autumn months when the contribution of ieaf
fali to the total litterfall can he expected to he
at its greatest.

3.9.4 Litterfall chemistry
The deposition of elements to the forest fioor
in the form of litterfali for the period July—
October (mean for 1990—1991) is presented in
Tabie 3.9.4.1. Values are presented for this
four-month period because it is common to ali
piots and thus allows geographic comparisons
to be made. Ali data refer to total (unfraction
ated) iitterfali.
Calcium was the most abundant mineral
eiement in the Iitterfaii of ali plots, accounting
for between 4% and 18% of litterfail dry
weight, depending on piot. Potassium, which
was the dominant mineral eiement in the
foiiage (Figs. 3.9.3.1 and 3.9.3.2), accounted
for only 1—7% of iitterfail dry weight. As
expected, the litterfaii deposition of sodium
was the greatest at Vuoskojärvi, particularly
for the Scots pine piot (Piot 3). This is evi
dentiy due to the deposition of marine salts.
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Figure 3.9.4.1. Monthly Iitterfall dry mass for each piot in Integrated Monitoring areas in 1990—1991 (May June—October).
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Table 3.9.4.1. Accumulated litterfall deposition of various elements (on a d~y weight basis) by area
and piot for Juiy—October (mean of 1990—1991) in Integrated Monitoring areas.
Variable

Valkea-Kotinen
2
3

Dry weight, g m2
C,gm~2
N, g m2
S, mg m2
K, mg m2
Ca, mg m2
Mg, mg m2
Na, mg m2
P, mg m2
Cd, mg m2
Cu, mg m2
Mn, mg m~2
Zn, mg m2
Mo, mg m2
Pb, mg m2

86.0
48.9
1.0
86.0
168.7
675.8
96.7
4.0
57.6
<0.1
0.5
47.7
8.0
0.1
0.4

127.5
73.1
1.3
108.7
324.3
1123.7
299.2
4.8
93.4
<0.1
0.7
73.0
6.9
0.1
0.5

Hietajärvi
1
4
138.7 109.2
80.5 63.6
0.8
0.6
73.6 61.7
169.0 99.7
680.3 492.0
115.5 66.4
5.2
3.3
73.1
54.9
<0.1
<0.1
0.3
0.3
54.0 89.4
7.0
7.0
0.1
0.1
0.4
0.3

3.10 Epiphytes

Pesosjärvi
1
2
68.0
37.5
0.5
59.8
365.2
622.5
68.2
2.2
49.1
<0.1
0.4
25.7
5.3
<0.1
0.2

75.3
43.1
0.5
47.3
146.1
386.9
94.1
2.4
74.0
<0.1
0.3
62.2
5.0
<0.1
0.2

Vuoskojärvi
2
3
94.8
53.7
0.7
56.3
168.3
666.4
265.9
7.4
98.2
<0.1
0.4
70.7
10.6
0.1
0.3

122.3
71.6
0.6
59.0
122.1
460.3
81.3
43.3
45.3
<0.1
0.3
40.8
4.8
0.1
0.4

of these species in Vuoskojärvi was due
mainly to its extremly northern loCation.
Epiphytic iiChens can also be divided
aCCording to their toleranCe to air poliutants.
Tolerant speCies are Hypocenomyce scaiaris,
Hypogymnia physodes and Parmeiiopsis
ambigua (Kuusinen et al. 1990). Hypo
cenomyce scalaris oCCurred at measured
heights (lines) only in Vuoskojärvi and Valkea
Kotinen (Table 3.10.1). However, in other
areas it oCCurred on sample trees though not at
the measured lines. Hypogymnia physodes is
widespread throughout the Country, exCept in
northern Lapland where it is quite scarce
(Kuusinen et al. 1990). The speCies is fairly
tolerant and has benefited from deCreased
competition with other speCies and from
changes in forest stand struCture. For these
reasons, it may reCently have become even
more abundant in southern Finland, especially
on branChes.
SpeCies sensitive to pollutants are
Pseudevernia furfuracea, Piatismatia glauca
and ali filamentous speCies (Kuusinen et al.
1990). Fiiamentous speCies were abundant in
Hietajärvi and Pesosjärvi, but in other areas
they were scarce (Table 3.10.1). Piatismatia
glauca is mostiy southern in its distribution. It
is also abundant in Kainuu, where the
Pesosjärvi IM area is loCated (Kuusinen et al.
1990). It did not 0CCU~ at the measured lines in
Pesosjärvi but it grew on the sampie trees.
Pseudevernia furfuracea has a southern
distribution area, oCCurring oniy in Valkea
Kotinen and Hietajärvi.
In Valkea-Kotinen the epiphytiC vegetation
was almost entirely COmpOSed of Hypogymnia

The species composition and abundance of
epiphytic lichens differed between the diifer
ent IM areas. This is partly due to the geo
graphical location of the areas. Each IM area
represents its own vegetation zone (Fig.
3.11.1) and there are differences in species
composition between the zones (Table 3.10.1).
In IM areas, there were more indicator
epiphytic iichen species (Table 2.4.3.2) on
average than in forests of corresponding
geographical regions, according to the Eighth
National Forest Inventory (8-NFI; Kuusinen et
al. 1990). An obvious explanation is that the
IM areas are old, natural forests and many
epiphytic lichens favour old trees.
Species regarded as being somewhat
southern, e.g. Hypocenomyce scaiaris, Hypo
gymnia farinacea, H. tubulosa, Pia tismatia
giauca, Pseudevernia fi~rfuracea and Usnea
spp., are scarce or absent in northern Finland
(Ahti 1981, Kuusinen et al. 1990). These
southern species were most abundant in
Vaikea-Kotinen and Hietajärvi (Table 3.10.1).
However, Usnea species are stiil quite rare in
southern Finland, mainly due to air pollution.
Species more common in the northern than in
the southern part of the Country are Alectoria
sarmentosa, Bryoria spp., Parmeliopsis
hyperopta and Meianelia olivacea (Ahti 1981,
Kuusinen et al. 1990). The effect of air pollu
tion on the filamentous speCiesAlectoria
sarmentosa and Bryoria spp. is not as clear, as
their natural distribution is more northerly
(Kuusinen et al. 1990). These northern speCies
were most abundant in Pesosjärvi. The sCarCity
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physodes (Table 3.10.1). Although the number
of other species was quite high their total
cover remained low. One-fifth of the recorded
species were filamentous, but their total cover
was not significant (Fig. 3.10.1).
The number of epiphytic Iichen species was
highest in Hietajärvi because both southern
and northern species occur there. In addition to
Hypogymnia physodes, other foliose species
e.g. Parmeliopsis ambigua and P~ hyperopta
were common (Table 3.10.1). Half of the
species were filamentous, but their mean total
cover remained < 10% (Fig. 3.10.1).
Although there were rather many species in
Pesosjärvi, the absence of some southern
species (e.g. Pseudevernia furfiLracea and
Usnea spp.) decreased the total number in
comparison with Hietajärvi (Fig. 3.10.1). The
only foliose species with significant cover was
Parmeliopsis ambigua. Less than half of the
species were filamentous, but of the total cover
they formed as much as 75% (Fig. 3.10.1).
Species occurring on trunks but not encoun
tered at the measured lines were Cetraria
chlorophylla, Hypocenomyce scalaris and
Piatismatia glauca.

Total number of species

Total cover of species

Filamentous

e

Other species

Figure 3.10.1. Total number (Ieft) and mean total cover (%; right) of
epiphytic Iichen species on Scots pine (Pinus sylvestris) trunks in Valkea
Kotjnen and 1-lietajärvi areas in 1990 and in Pesosjärvi and Vuoskojärvi
areas in 1991. Filamentous species: Alectoria, Bryoria and Usnea sp.

Table 3.10.1. Mean cover (%) of epiphytic lichen species on Scots pine (Pinus sylvestris) trunks by Integrated Monitoring area,
intensive piot and year. Number of sample trees is eight on each intensive lichen piot.

Species
Alectoria sarmentosa
Bryoria capillaris
B. fremontii
B. furcellata
B. fuscescens
B. fuscescens/capillaris
B. simplicior
Biyoria spp.
Ca!iciaceae
Cetraria chlorophylla
Cladonia spp.
Hypocenomyce scalaris
Hypogymnia farinacea
H. physodes
H. tubulosa
Imshaugia aleurites
Melanelia olivacea
Mycoblastus sanguinarius
Ochrolechia androgyna
Parmeliopsis ambigua
R hyperopta
Piatismatia glauca
Pseudevernia furfuracea
Usnea hirta
U. subfloridana
Usnea spp.
Vulpicida pinastri

Valkea-Kotinen
7
7
9
-88
-90 -90

1
-90

Hietaarvi
2
3
-90 -90

0.28
0.01
0.75
1.66
0.19

0.09
0.44
0.92
0.01

0.53
1.32

0.30

0.09
0.03

0.25

2
-89

2
-91

0.04

0.02
0.11

0.20

0.06

0.17
0.61

Pesos ärvi
5
5

-89

-91

6
-91

1
-89

0.35

-

2.51

0.29 0.34 2.10
0.68 0.17 0.43 0.19
0.02
2.67 33.16 30.85 10.06

0.08

0.20

0.25
0.01

0.01

0.14

0.14 0.02

-

Vuosko~arvi
1
3
3
-91 -89 -91

0.09

0.45

0.09

-

0.09
0.96

0.30

-

-

0.09 0.20

0.04

0.19 0.00

-

0.44
0.05

0.37 0.22
0.02

0.63
0.65

1.59
0.25

0.68 1.04
0.66 0.36

-

-

0.71

0.01
0.01
0.09
9.64 14.02 14.00
-

0.02

0.05

0.17

15.83

0.22
7.19

9.12

1.08

0.11

0.31

0.46

2.32

0.01
0.08
0.09
0.66

0.11
-

1.13

-

-

0.04
0.01

0.02
-

1.36
0.16
0.18
0.02

0.00
0.00

0.43

0.30

15.99 11.76 10.79
3.12 2.71 7.13
0.70 0.85
0.54 0.01 0.04
0.05
-

-

0.03

-

0.00

0.00

4.38
0.02

0.89
0.01
1.62
0.03
0.04
3.25

1.18

1.00

0.02

-

0.85

0.51

0.41

0.16

6.52
0.05

4.48
0.02

1.51

Vuoskojärvi is situated at the northernmost
limit of pine forest in Finland, and many
lichen species occur there close to the margins
of their distribution area. Mainly for this
reason, the number of species was very low
and the mean total cover was only 3% (Fig.
3.10.1, Table 3.10.1). Filamentous species
formed only a quarter of the total number of
species and of the total cover. Foliose lichens
and Bryoria species occurred on mountain
birches in Vuoskojärvi (Table 3.10.2).
Melanelia olivacea was the only species found
on every sample tree. Bryoria species occurred
with a frequency of> 50%, other species were
less common (Table 3.10.2).
In addition to the geographical reasons,
differences in the number of species between
the IM areas can be explained by air pollution
effects. The number and abundance of
epiphytic species was greatest in Hietajärvi
and Pesosjärvi (Fig. 3.10.1), where the deposi
tion of e.g. nitrogen and sulphur compounds
was lower than in Valkea-Kotinen (Figs.
3.3.2.3 and 3.3.2.5). In Pesosjärvi the great
number of sensitive filamentous species
indicates that the air is clean. In Valkea
Kotinen, air pollutants undoubtedly have an
effect on epiphytic species composition and
abundance.
The effects of atmospheric pollution on
epiphytes were indicated by the Pollution
Sensitivity Index (PSI) in the Epiphytes (EP)
subprogramme (Environment Data Centre
1993). High PSI values indicate a great
number of sensitive species with fairly high
percentages of cover. The highest PSI value
was in Pesosjärvi where many filamentous
species occurred abundantly (Fig. 3.10.2). The
PSI value in Hietajärvi, which is the most
species-rich IM area, remained smaller than in
Pesosjärvi because of the smaller total cover of
sensitive filamentous species (Fig. 3.10.1). In
Valkea-Kotinen the PSI value was about 25%
and in Vuoskojärvi 4 o of the value for Pesos
järvi (Fig. 3.10.2). In Vuoskojärvi the low PSI
value may he explained by natural reasons.
The number and abundance of species were
low because of the northern location of the
area.
Values of the Index of Atmospheric Purity
(IAP) were fairly similar to the PSI values in
different IM areas (Fig. 3.10.2). The highest
values were obtained in Hietajärvi and Pesos
järvi. However, the IAP value for Hietajärvi
was higher than for Pesosjärvi. The reason is
that the IAP is much more sensitive to the
number of species than the PSI.
It is assumed that the number of epiphytic
species decreases when atmospheric pollution
increases. Light conditions and the age of tree

PSI

IAP

13.8

79.5

Figure 3.10.2. Pollution Sensitivity Index (P51; lefi) and Index ofAtmos
pheric Purity (IAP; right) in Integrated Monitoring areas calculatedfrom
epiphytic lichens on Scots pine (Pinus sylvestris) trunks.

stand also have an effect on species number
and abundance (Kuusinen et al. 1990). The
low IAP value in Valkea-Kotinen may partly
he caused by the high canopy coverage.
According to the 8-NFI, IAP values are
highest in central Finland and in eastern Forest
Lapland. The value in the Hietajärvi region is
around the average. IAP values in the IM areas
and those obtained from the 8-NFI are not
directly comparable because of different scales
used in the cover estimations.

Table 3.10.2. Frequency (%) of epiphytic lichens growing on trunks
(between 50 and 200 cm) ofmountain birch (Betula pubescens ssp. tortuosa)
iii Vuoskojärvi by intensive piot and monitoring year. Frequency indicates
percentage of studied trees on which Iichen grows. n = number oftrees
studied.
Intensive plot 1 Monitoring year
2/1989
2/1991
4/1991
Epiphytic Iichen species
(n = 8)
(n = 19)
(n = 19)
Bryoriaspp.
Hypogymniaphysodes
Lecanoraspp.
Melanelia olivacea
Parmella sulcata
Parmeliopsis ambigua
Parmeliopsis hyperopta
Vulpicida pinastri

95

62.5
25.0
-

100.0
25.0
75.0
-

78.9
21.1
10.5
100.0
31.6
57.9
21.
10.5

42.1
10.5
-

100.0
26.3
-

Air pollution effects on epiphytic lichens
were also studied by estimating the vitality of
Hypogymnia physodes according to the
Finnish standard (Suomen Standardisoimis
liitto 1990b). In Valkea-Kotinen Hypogymnia
physodes was the most important epiphytic
species. On 94% of the studied sample trees,
Hypogymnia specimens belonged mainly to
Vitality Group II (slight damage; lichens
slightly stunted with slight discoloration). The
rest (6%) were in Vitality Group III (clear
damage; lichens stunted and greened or
darkened, or both). In Hietajärvi and
Pesosjärvi the Hypogymnia specimens he
longed mainly to Vitality Group 1 (normal;
lichens healthy or almost healthy). In
Vuoskojärvi, Hypogymnia physodes occurred
on about half of the sample pines, and these
specimens belonged to Vitality Groups II and III.
Hypogymnia physodes occurred more
abundantly on the lower measuring lines of the
sample trees (Fig. 3.10.3). It was most abun
dant in Valkea-Kotinen and Hietajärvi at the
height of 90 cm. In these areas its cover
decreased towards the upper lines. In
Pesosjärvi the cover of Hypogymnia physodes
on the upper lines (250 cm and 280 cm) was
less than one-third of that on the lower lines.
In Vuoskojärvi, Hypogymnia physodes was
very scarce, occurring only on the 60-cm line.
The cover of filamentous species decreased
clearly and fairly steadily from the upper to the
lower study lines in Valkea-Kotinen, Hietajärvi
and Pesosjärvi (Fig. 3.10.3). Only in
Pesosjärvi was the cover at the measurement
height of 280 cm smaller (21%) than at the
height of 250 cm (22%). In Vuoskojärvi the
variation in coverages at different heights was
exceptional.
One reason for the abundance of
filamentous species on the upper lines may be
that the lines are so high up that reindeer are
not able to reach the lichen. In Vuoskojärvi the
60-cm line is usually under snow cover in
winter. This may prevent the reindeer grazing
to some extent and also influence the effect of
air pollution on lichens and thus explain the
abundance of filamentous species on the 60cm line. Hypogymnia physodes occurs more
abundantly on the lower lines.
At Pesosjärvi in 1991 aerial green algae on
the needles of small spruces were studied, but
no algae were found. The thickness of the
algae layer on needles reflects the nitrogen
load.

Hypogymnia physodes
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Figure 3.10.3. Mean total cover (%) of
Hypogymnia physodes (left) and filamentous
species (Alectoria, Bryoria and Usnea spp.;
right) at different heights on trunks of Scots pine
(Pinus sylvestris) in Integrated Monitoring areas.
Valkea-Kotinen and Hietajärvi were measured in
1990, and Pesosjärvi and Vuoskojärvi in 1991.
line not measured. Hypogymnia physodes in
Hietajärvi and filamentous species in Valkea
Kotinen were so scarce that they are not pre
sented here.
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idaea, in the field layer (Table 3.11.1). The
intensive vegetation piot on peatland (Plot 7)
represents an Eriophorum vaginatum pine bog.
The tree layer was very scarce (crown cover
4%) and consisted of small Scots pines (Fig.
3.11.3). Andromeda polifolia, Eriophorum
vaginatum and Rubus chamaemorus were the
most abundant field layer species (Table
3.11.1). Sphagnum angustifolium was found in
the bottom layer with a mean cover of 93%.
In Pesosjärvi the mineral soil plots (Plots 2
and 5) represent mesic heaths. The total crown
cover of trees was 40—50% and consisted
mainly of Norway spruces (Fig. 3.11.4). Scots
pines and birches occurred as admixed species.
As in Hietajärvi, the total cover of the bottom
layer was very high and the litter layer was
scarce. Both Hylocomium splendens and
Pleurozium schreberi were abundant in the
bottom layer, Dicranum majus was also
abundant on Piot 5 (Tahle 3.11.1). Dwarf
shrubs, e.g. Vaccinium myrtillus, V vitis-idaea
and Ledum palustre dominated in the field
layer. The intensive vegetation piot on
peatland (Piot 6) represents Carex giobularis
pine mire. Rubus chamaemorus, Vaccinium
uliginosum and Empetrum hermafroditum

3.11 Understorey vegetation
The IM areas are situated in different boreal
forest vegetation zones (Hämet-Ahti 1963) and
also in different areas of peatland zonation
(Eurola & Kaakinen 1978; Fig. 3.11.1). There
is, therefore a great natural variation in species
composition and abundance between areas.
Hence the understorey vegetation cannot he
compared directly between the areas. It is not
possible to identify any changes or trends
because the Understorey Vegetation (VG)
subprogramme has been carried out only once
or twice in the different areas. Therefore, the
vegetation on the plots is simply described and
documented in this report.
Forest site types for different vegetation
zones can be grouped together (as site type
classes), according to their nutrient level
(Kalela 1961). In the IM areas, intensive
vegetation plots on mineral soil represent the
following site type classes: rich heaths
(Valkea-Kotinen Piot 3), mesic heaths (Valkea
Kotinen Piot 8; Pesosjärvi Plots 2 and 5),
submesic heaths (Hietajärvi Plots 1 and 4), dry
heaths (Vuoskojärvi Plots 2 and 3) and ex
treme dry heaths (Vuoskojärvi Piot 4). The
intensive plot on peatland in Hietajärvi (Piot 7)
can be ranked according to its nutrient status in
the same category as dry heaths on mineral
soil. The nutrient level of the intensive vegeta
tion piot on peatland in Pesosjärvi (Piot 6)
corresponds that of submesic heaths (Tabies
2.2.1—2.2.4).
The intensive vegetation plots in Valkea
Kotinen represent rich and mesic heaths (Plots
3 and 8, respectively). The total crown cover
of trees was very high, about 80% (Fig.
3.11.2). Norway spruce was the dominant tree
species, with birches (Piot 3) and aspens (Piot
8) as admixed species. Shrub, field and bottom
layers were fairly sparse, whet~eas the cover of
litter was considerable (Fig. 3.11.2). Dwarf
shrubs, mostly Vaccinium myrtillus, dominated
in the field layer. The amount and total cover
of herbs was greater than in other IM areas
(Table 3.11.1). The dominant herb species,
Maianthemum bifolium, had a mean cover of
2.6%. Hylocomium splendens was the most
abundant moss species.
In Hietajärvi the intensive vegetation Plots
1 and 4 represent submesic heaths. The total
crown cover of trees was about 40% and
consisted mainly of Scots pine (Fig. 3.11.3). In
contrast to Valkea-Kotinen, the cover of the
bottom layer was high and the litter layer was
quite scarce. Mosses, mainly Pleurozium
schreberi, dominated in the bottom layer, and
dwarf shrubs, Vaccinium myrtillus and V vitis

Forest vegetation zones

Peatland vegetation zones

Vuosko.

Iv
P . osjärvi

P:. OSjärvi

III

III
~etaj~i

II
Valkea-Kotine

etajärvi

II
Valkea-Kotine

Figure 3.11.1. Location oflntegrated Monitoring areas inforest (Kalela
1961) and peatland vegetation (Eurola et al. 1984) zones. Forest vegetation
zones: 1, hemiboreal; II, southern boreal; III, middle boreal; IVnorthern
boreal coniferousforest; 1~ northern boreal mountain birch woodland.
Peatland vegetation zones: 1, concentric kermi bogs; II, eccentric kermi bogs
and Sphagnum fuscum bogs; III, southern aapa mires of Ostrabotnia; I1~
northern aapa mires ofPeräpohjola; ~ northern aapa mires ofForest
Lapland; VI, palsa mires ofFjeld Lapland.
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Figure 3.11.2. The cover (%) of vegetation layers
on intensive vegetation plots (3 and 8) in Valkea
Kotinen Jntegrated Monitoring area in 1990.

Figure 3.11.3. The cover (5) ofvegetation Iayers
on intensive vegetation plots (1, 4 and 7) in
Hietajärvi Integrated Monitoring area in 1990.

were the dominant field layer species, and
Sphagnum angustifolium, S. fuscum and S.
russowii the bottom layer species (Table
3.11.1).
In Vuoskojärvi, the intensive plots repre
sent dry (Plots 2 and 3) and extremely dry

(Piot 4) heath forests. The crown cover of trees
was about 40% on Piot 2, with mountain birch
being the dominant tree species (Fig. 3.11.5).
On Piot 3, where Scots pine was the dominant
species, the total crown cover was 20%. The
Piot 4 is situated on the upper mountain siope
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Figure 3.11.4. Cover ( o) of vegetation layers on
intensive vegetation plots (2, 5 and 6) in
Pesosjärvi Integrated Monitoring area in 1991.

Figure 3.11.5. Cover (%) ofvegetation layers on
intensive vegetation plots (2, 3 and 4) in
Vuoskojärvi Integrated Monitoring area in 1991.

of a very poor birch forest. The mean total
crown cover was only 4% (Fig. 3.11.5). The
most abundant species in the field layer was
Empetrum hermafroditum (Table 3.11.1). On
the pine forest piot, Vaccinium myrtillus was
also quite abundant. Loiseleuria procumbens

occurred on the extremely dry site on the Piot
4. In the bottom layer the number of lichen
species was high, but the most abundant
species was the moss Pleurozium schreberi
(Table 3.11.1, Fig. 3.11.5).
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Table 3.111.1. Mean cover (%) offield and bottom layer species by Integrated Monitoring area and
intensive vegetation piot. Cover estimations are for 1990 in Valkea-Kotinen and Hietajärvi and for
1991 in Pesosjärvi and Vuoskojärvi. Mean covers are calculatedfrom cover values of24—3~
vegetation sampleplots (0.5 mx 0.5 in). Only species with mean cover values ≥ 0.5% are marked.
Species

Valkea-Kotinen
3
8
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4

7

2

I~esosjänvi
5
6

i/uo~skojä,yi

2

3

4

Field Iayer
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Carex globularis
Deschampsia flexuosa
Eriophorum vaginatum
Andromeda polifolia
Betula nana
Calluna vuigaris
Chamaedaphne calyculata
Empetrum hermafroditum
E. nigrum
Ledum palustre
Loiseleuria procumbens
Vaccinium microcarpum
V myrtillus
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V uliginosum
V vitis-idaea
Linnaea borealls
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3.12 Soil microbiology
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3.12.1 Needle litter decomposition

O

Surface

Litter decomposition is a key process in the
turnover and cycling of nutrients in forest
ecosystems. In boreal coniferous forests litter
is mainly decomposed by microorganisms
(Persson et al. 1980). The weight loss of Scots
pine needies after one year (1990—1991)
averaged 44% at Valkea-Kotinen and 35% at
Hietajärvi. The difference between the two IM
areas was statistically significant (p < 0.001).
There was also a significant difference
between the experimental sites at Hietajärvi
(p < 0.001), but not at Valkea-Kotinen
(p < 0.778).
In addition to litter quality, litter decompo
sition is mainly determined by the
enviromental factors which govern microbial
activity, primarily temperature and moisture
(Meentemeyer & Berg 1986). In boreal
coniferous forests, the decomposition of
needle litter is a slow process. This is mainly
due to a combination of unfavourable climatic
conditions and the lowb ase status of the
substrate which contains resistant components
e.g. lignin, waxes and resins (Johansson 1986).
Latitudinal temperature, precipitation and
air pollution gradients are parallel in Finland,
which makes it difficult to separate the effects
of these factors on decomposition. However,
as the decomposition of lignin is more sensi
tive to heavy metal pollution than is decompo
sition of the whole litter (Berg et al. 1991), it
may he possihle to determine the relative
impact of air pollution if the decomposition of
both lignin and the whole litter is monitored.
The decomposition rate of lignin determines
the decomposition of the whole litter after
about a 45%-weight loss (Berg et al. 1982).
Until the two- and three-year-old decomposi
tion results are available, our one-year litter
decomposition results should therefore he
viewed cautiously.

3.12.2 Cellulose decomposition
The results of the cellulose decomposition
measurements are illustrated in Figure
3.12.2.1. The weight loss of cellulose was
significantly different (p < 0.001) between the
two years studied (1989—1990 and 1990—1991)
and between the IM areas. There was also a
significant difference in cellulose decomposi
tion between the experimental sites within
each IM area and between strips placed on the
surface and those placed in the humus layer
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(p <0.001). In an analysis of variance
(n = 2 473), as much as 60% of the variation in
the cellulose decomposition could he ex
plained by position of the cellulose (surface or
inserted), year, catchment and piot within
catchment.
These results reflect differences in climatic
conditions both between the study years and
catchments (Chapter 3.1), in soil (humus layer)
properties (Chapter 3.6), and in stand (Chapter
3.9) and vegetation characteristics (Chapter
3.11). However, two-year results are not
enough to indicate any trend in decomposi
tion.
The litter and cellulose bag method has the
advantage of describing the annual cumulative
amount of decomposition. It is, therefore,
well-suited to the long-term monitoring of
enviromental changes and nutrient cycling.

Figure 3.12.2.1. Decom
position of cellulose
(weight loss, %) placed
on surface (top) and in
humus layer (bottom) in
Integrated Monitoring
areas during two one
year periods (1989—
1990 and 1990—1991).
Bars represent minimum
and maximum values for
the piot.

3.12.3 Soil respiration, ATP
concentration, microbial biomass and
metabolic quotient

30

5.

A1P conoentration

Soil respiration
4.

The results of the soil respiration, adenosine
triphosphate (ATP) concentration, microbial
biomass measurements and the calculated
metabolic quotient (qCO2) values are pre
sented in Figure 3.12.3.1. The soi! respiration
rate was higher at Valkea-Kotinen than at
Hietajärvi, but the ATP and microbial biomass
carbon concentrations were similar in both IM
areas. The qCO2 values were higher at Valkea
Kotinen than at Hietajärvi. Both the needle and
cellulose decomposition rates were signifi
cantly (p < 0.05) correlated to qCO2 (r = 0.75
and 0.77, respectively), but not to soil respira
tion, ATP concentration or microbial carbon
content.
The soil respiration and qCO2 results
indicate that the microbiological activity in the
humus layer was more efficient at Valkea
Kotinen than at Hietajärvi. Since soil respira
tion was measured using standard moisture
and temperature conditions, and there was no
significant difference in ATP concentrations
and microbial carbon contents, the differences
in soi! respiration between the two IM areas
are mainly due to the qua!ity of the substrate in
the humus layer and differences in the struc
ture of the microbial community.

3.13 Hydrobiology
3.13.1 Plankton
Lake Valkea-Kotinen
A peak in phytoplankton primary production
(300—370 mg C m2 d’) occurred in both years
(1990—1991) soon after the ice cover had
melted (Fig. 3.13.1.1). In spite of a thin
productive !ayer (Fig. 3.13.1.2) primary
production was fairly high in !ate summer,
during a rich occurrence of Gonyostomum
semen (Ehrenberg) Diesing. In early Septem
ber, at the beginning of autumn turnover,
primary production was even greater than in
the spring. Later in October, however, the
decrease in light strongly reduced primary
production, and in winter it was < 1.0 mg C
m2 d1 before increasing again in March.
Annual production was 36 g C m2 in 1990 and
33gCm2in 1991.
No clear spring maximum in chlorophyll
concentrations was recorded, although there
was a slight decrease from spring towards
early summer (Fig. 3.13.1.1). The highest
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Figure 3.12.3.1. Soil respiration, adenosine triphosphate (ATP) concentra
tion, microbial biomass and metabolic quotient in Valkea-Kotinen and
Hietajärvi in 1991. Values are expressed per unit mass of organic matter.
Bars indicate standard deviation.
concentration in the surface layer (0—1-m) was
observed in August (85—106 mg m-3) during
the rich occurrence of Gonyostomum semen. In
summer, the mean epilimnetic concentration of
chlorophyll increased between 1990 and 1991
(31 and 42 mg m~3, respectively). Under ice,
the concentrations in the surface layer re
mained low (1—2 mg m3) until March.
In summer, the concentration of chloro
phyll in the hypolimnion was quite high. As
the absorbance ratio at 665—656 nm decreased
with depth (Fig. 3.13.1.2), most of the
hypolimnetic chlorophyll was evidently
bacteriochlorophyll. Due to the longer period
of hypolimnetic oxygen depietion in 1990
compared to 1991, bacteriochlorophyll con
tributed more in 1990 to the 0—5-m chloro
phyll concentration (Fig. 3.13.1.1, Table
3.13.1.1). Due to the fact that photosynthetic
bacteria occur in deep water, the decreasing
light after midsummer probably inhibited their
production more than that of phytoplankton.
Most of the phytoplankton biomass was
found in the uppermost 2 m of water, with a
fairly even distribution in 1990, but with
higher concentration at the 0—1-m depth in
1991 (Fig. 3.13.1.3). This could he explained
by the decreased transparency and increased
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water colour in 1991 (Table 3.8.1.1). The
biomass consisted mainly of Gonyostomum
semen (Fig. 3.13.1.4: Raphidophyceae). This
species dominated from May/June to Septem
ber October. The dinophyceans Peridinium
umbonatum and R lomnickii were at their
maximum in number in spring and late au
tumn. The biomasses of both cryptophyceans
(Cryptomonas spp.) and diatoms (e.g.
Asterionella ralfsii var. americana) were lower
in 1991 than in the previous year. In late
summer 1991, the conjugatophyceans were
more abundant than in 1990.
The phytoplankton results contain a large
amount of information, which is difficult to
explain without using rather sophisticated
multivariate analyses. Canonical correspond
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ence analysis (CCA) was therefore applied to
the phytoplankton data from Valkea-Kotinen.
CCA is a direct gradient analysis using envi
ronmental variabies and biological data (ter
Braak 1987, 1990). In CCA, the axes are
constrained to be linear combinations of the
measured environmental variabies. According
to CCA analysis, phytoplankton communities
observed in summer 1990 can he explained in
terms of temperature, Secchi disc transparency
and water colour (Fig. 3.13.1.5). In summer
1991, the situation was clearly different and, in
addition to temperature, the phytoplankton
communities could also he explained by
inorganic nitrogen, total phosphorus, DIC and
DOC. Thus, CCA analysis seems to reflect
changes observed in chemical results between
the two years.
In April—May and September—October the
net community production of the trophogenic
layer (0—2 m) was positive. In summer,
probahly due to the increase in community
respiration as a resuit of higher temperature,
net production was typically negative (Fig.
3.13.1.2).
Dark fixation of carbon, an indicator of
bacterial activity, was fairly low in early
summer (Fig. 3.13.1.1), but increased towards
August-September (> 15 mg C m2 d’ at
0—2 m), after which the lowest values were
recorded in winter (≤ 1 mg C m2 d 1). Mean
values for the growing season did not show
marked differences between the years (Tahle
3.13.1. 1).
Community respiration of plankton was
fairly high in the spring (Fig. 3.13.1.1). An
extended period of high respiration rate
(>200 mg C m2 d’) occurred during the rich
Gonyostomum semen occurrence, resulting in a
low ratio (0.3—1.1) between primary produc
tion and respiration (P/R) in July—August. The
ratio was highest from late May to June and in
September (> 1.0). In winter, respiration could
not he detected by the incubation method,
because low temperature suppressed respira
tion and high concentrations of DIC decreased
the precision of the measurement. The mean
respiration increased slightly from 1990 to
1991 (Tahle 3.13.1.1).
There was a clear succession of zoo
plankton species during the summer (Fig.
3.13.1.6). Rotifers were most abundant in the
spring and the autumn, while the occurrence of
cladocerans and copepods was at its maximum
in the summer (Fig. 3.13.1.7). With the excep
tion of the cladoceran Holopedium gibberum
in June, small species were generally dominant
among crustaceans. The general dominance of
the small crustacean species in Valkea-Kotinen
indicates high predation pressure from fish.
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Figure 3.13.1.4. Seasonal variation oftotalphytoplankton biomass and of
dominant species Gonyostomum semen (Raphidophyceae) in the 0—5-m water
column (top) and biomasses ofsome important classes among “others” group
(bottom) in Lake Valkea-Kotinen in 1990—1991.

Table 3.13.1.1. HydrobiologicaIproperties of Valkea-Kotinen, iso Hietajärvi
and Pieni Hietajärvi lake plankton during growing season ~May—Septeinber,)
in 1~990 and 1.991. (Values are time-weighted means,).
Variabio
Surface ~ayer (0—1 m) values:
Primary production,
mg C m3 d1
Net community production,
mg C m~3 d1
Dark fixation, mg C m3 d1
Respiration, mg 0 m3 d1
Chlorophyll, mg m3
Phytoplankton biomass, g m~3
Protozoan biomass, mg m~3
Zooplankton density, ir7Id. dm3

Valkea -Kotinen
1990 1991

1.990 1.99.1

1990 1991

134

142

40.7

25.1

77.6

41.4

4.1
124
27.2
3.7
72
495

4.0
132
31.4
3.9
103
702

2.0
53
2.6
1.9

1.0
21
2.5
2.4
30

3.4
81
4.7

2.2
56
4.9

75

116

52

3.5
115
13

13.0
279
17

4.2
170
13

13

20

8

Integrated values
(whole water column):
189 188
Primary productiori,
mg G m2 d1
-46
Net community production,
mg C m2 d1 (0—2 m)
Dark fixation, mg C m2 d1
7.5
7.2
Respiration, mg C m2 d1
205 222
€hlorophyll, mg m2 (0—5 m)
154 131
Phytoplankton biomass,
11.9 10.0
g rn2 (0—5)
Protozoan biomass,mgm2(0—5 m) 440 271
Zooplankton density,
2232 2372
iø~ md. m~2 (0—5 m)
Annual.primary production, g C m2 36
33

104

Iso l~ll~t5jä~i Piö~i I!ll~t~järvi

448

114
-

10.9
218
14

1916
17

Many crustacean species migrate vertically
to avoid illuminated water layers in daytime,
but appear in the uppermost water layers at
night, thus minimizing predatory losses from
visually hunting fish (Ohman 1990). The
impact of fish predation probably cascades
through food chains down to phytoplankton,
complicating the detection of causal relation
ships.
Very Iittle metazoan zooplankton were
found in the hypolimnion (Fig. 3.13.1.8). The
vertical range of rotifers was clearly deeper
than that of crustaceans and was at a maximum
in the region of the aerobic-anaerobic inter
face.

The vertical distribution of protozoans was
very different between the two years. In 1990,
when oxygen depietion in the hypolimnion
was greatest and hence the development of
chemosynthetic organisms at the aerobic
anaerobic interface was also high, most
protozoans were found in the upper hypo
limnion (Fig. 3.13.1.9). In 1991, the maximum
biomass was observed near the surface, where
Ciliata, in particular, could he found in great
numbers.
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Figure 3.13.1.5. Ca
nonical correspondence
analysis (CCA) ofaigal
assemblage and envi
ronmental variabies
(inset) in Valkea
Kotinen in 1990 and
1991. Eigenvalue of
Axis 1 = 0.699 and Axis
2= 0.588 in 1990, and
0.691 and 0.525 in
1991, respectively.
Numbers refer to
sampling day and
month.
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Figure 3.13.1.7. Densi
ties ofzooplankton
groups in 0—5-m water
column in Lake Valkea
Kotinen in April
December, 1990.
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Figure 3.13.1.6. Densities of some zooplankton
species in 0—5-m water column ofLake Valkea
Kotinen in April—December, 1990.

Lake Iso Hietajärvi
The annual phytoplankton primary production
of Lake Iso Hietajärvi was greater in 1990 than
in 1991 (Table 3.13.1.1). The productive layer
was 5 m deep. In 1990 two maxima were
found: one in early June and the other in July—
August (Fig. 3.13.1.10). The second peak
represented the growing season peak (393 mg
C m d1) associated with the highest water
temperature. In 1991, primary production
started to increase in mid-May and the spring
maximum was attained at 6 C.
Differences in mean chlorophyll concentra
tions between the years were small (Table
3.13.1.1). The concentrations were high in

May, when cryptophyceans were dominant
(Fig. 3.13.1.11), after which the smallest
concentrations were found in early summer
(Fig. 3.13.1.10). The vertical variation in the
unstratified productive layer was small.
The mean phytoplankton biomass found in
the surface layer during the growing season
was lower in 1990 than in 1991 (Table
3.13.1.1). The vertical differences in biomass
were small (Fig. 3.13.1.13). The crypto
phyceans Cryptomonas spp., Rhodomonas
lacustris and Katablepharis ovalis were
abundant during most of the open-water
season in 1990—1991. Aulacoseira alpigena,
Rhizosolenia longiseta (Fig. 3.13.1.12) and
Cyclotella sp. were the typical diatoms in Lake
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Figure 3.13.1.8. Vertical
mean densities of
zooplankton groups in
Lake Valkea-Kotinen in
May-September, 1990.

Figure 3.13.1.9. Vertical
distribution ofmean
protozoan biomass (wet
weight) during two
growing seasons (May—
September) 1990 and
1991 inLake Valkea
Kotinen.
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Iso Hietajärvi. The species composition
showed only small differences between 1990
and 1991. Dinobryon acuminatum was the
most common among chrysophyceans in 1990,
although in July, 1991 the maximum biomass
consisted mainly of D. divergens and D.
bavaricum. Chlorophyceans were common,
but not dominant in any season (Figs.
3.13.1.11 and 3.13.1.13).
The community respiration of plankton in
Lake Iso Hietajärvi was clearly higher in 1990
than in 1991 (Table 3.13.1.1), with maxima
measured in August (Fig. 3.13.1.10). Primary
production dominated over respiration at a
depth of 0—1 m (mean P/R 1.7), but not in
deeper layers (P R < 1.0).
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Copepods were an important zooplankton
group in ali seasons (Fig. 3.13.1.14), and
typically their maximum concentration was in
deep water (Fig. 3.13.1.15). Rotifers (e.g.
Conochilus unicornis) were most abundant in
July, while the number of cladocerans (e.g.
Bosmina longispina) increased in the autumn
when water was already cooling (Figs.

~
AM

J

J

A

S

0

N

1990

3.13.1.14 and 3.13.1.16). The high number of
rotifers in midsummer and the daytime maxi
mum of copepods in the hypolimnion were
both symptoms of high predation by fish
(Ohman 1990). The more efficient mixing and
aerobic hypolimnion in Hietajärvi contributed
to a vertical stratification much less pro
nounced than in Valkea-Kotinen.
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Figure 3.13.1.16. Densi
ties of some zooplankton
species in 0—5-m water
column ofLake Iso
Hietajärvi in April
October, 1990.

Lake Pieni Hietajärvi
The dark water colour of Lake Pieni Hietajärvi
caused most phytoplankton primary produc
tion to take place in the uppermost metre of
the water column. In 1991, production was
less (Table 3.13.1.1) and the productive layer
thinner than in 1990. The seasonal pattern of
production was equal to that of Lake Iso
Hietajärvi (Figs. 3.13.1.10 and 3.13.1.17).
Differences in chlorophyll concentrations
between 1990 and 1991 were small (Table
3.13.1.1, Fig. 3.13.1.17). In 1990, the highest
chlorophyll concentration was found in the
uppermost three metres, but in 1991 in the
uppermost two metres of surface water.
Community respiration of plankton was
higher in Pieni Hietajärvi than in Iso Hietajärvi
and decreased from 1990 to 1991. Surface
layer (0—1-m) production was somewhat
higher than respiration (mean P/R 1.0—1.4),
but in the entire water column respiration
dominated with a mean P/R of 0.5 in 1990—
1991.
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Inlet ofLake Pieni Hietajärvi and outlet of
Lake Iso Hietajärvi
The growing season mean productivities of the
inlet and outlet were at the same level (inlet
36—47 mg m3d1, outlet 37 mg m-3d1) but the
respiration values were higher in the inlet
(inlet 86—127 mg m3 d’, outlet 62—77 mg
m3 d’). The PIR ratio was highest during the
production maximum in spring; at other times,
the respiration dominated almost invariably
(P/R < 1.0).

Comparison between the lakes
In spite of its thin (2-m) trophogenic layer,
Valkea-Kotinen is fairly productive. In nearby
Lake Pääjärvi annual primary production
estimates have been about a half and sedimen
tation about a fourth of that in Valkea-Kotinen
(Hakala 1974, Ilmavirta et al. 1974). In two
very small lakes in the neighbourhood, pro
duction has been one-third of that in Valkea
Kotinen (Arvola 1984).
In the past, water pH of Lake Valkea
Kotinen has been nearly one unit higher than
at present (Liukkonen 1989). Thus, the lake is
undergoing acidification, and is at the stage
where changes due to continued acid precipita
tion are likely to generate noticeable symp
toms, e.g. decrease in the variety of species
(Arvola et al. 1990). The anaerobic hypo
limnion in summer is evidently due to abun
dant organic matter and to the depth and
abruptness of the water stratification, isolating
the hypolimnion from the air.

1990

The consumption of DIC due to primary
production resulted in such a low concentra
tion that it may have limited the carbon
dioxide availability, at least in incubation
botties. However, in Valkea-Kotinen, algae
may he able to compensate for the low DIC
concentration by migrating into the physically
nearby hypolimnion (Salonen et al. 1993)
where DIC concentration is high. On the other
hand, a low concentration of DIC causes the
measurement of respiration to be quite sensi
tive. Thus, Valkea-Kotinen is ideal for follow
ing the mineralisation of organic matter over
the entire growing season. These results
significantly add to the knowledge of often
neglected decomposition processes and enable
exceptionally good monitoring.
Both Lakes Iso Hietajärvi and Pieni
Hietajärvi are poorly productive forest lakes.
Their annual production closely agreed with
that of the neighbouring, oligotrophic and
mesohumic Lake Suomunjärvi (6—19 g C m2;
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Figure 3.13.1.1Z
Primary production
(PP) and darkfixation
(DF; top), respiration
(Resp.) and P/R ratio
(middle) in the O—2-m
water column, and
chlorophyll concentra
tion (Chl.) in O—1-m and
O—5-m columns (bottom)
in Lake Pieni Hietajärvi
inl99Oandl99l.Note
different scales.

Huttunen & Meriläinen 1978). Annual produc
tion was only half that of Valkea-Kotinen
although the productive layer was twice as
deep. In Lake Pieni Hietajärvi, the annual
production in 1991 was only 42% of that in
1990. This was probably due to the thinner
productive layer caused by lower light condi
tions. The increased water colour in Lake Pieni
Hietajärvi during the wetter summer of 1991
was evidently due to the increased input flow
of humic and other coloured substances from
the lake catchment which is characterized by
peat bogs.

Table 3.13.2.2. The occurrence of acid-sensitive zoobenthic groups in the
littoral oflntegrated Monitoring lakes. s = spring, a autu,nn.
Zoobenthic group

ValkeaKotinen

Iso
Hietajärvi

Pesosjärvi

Vuosko
järvi

a

s,a
s,a
s,a

s
s
s

s

MOLLUSCA
Pisidium spp.
Gyraulusaibus
Lymnaeaperegra
Valvata sibirica

S

EPHEMEROPTERA
Caenis horaria
Centroptilum luteolum
Cloäon simile
Ephemera vuigata
Heptagenia fuscogrisea
Leptophlebiidae
Siphlonurus sp.

3.13.2 Benthic fauna
The IM lakes differed greatly from each other
according to the dominant profundal species
(Table 3.13.2.1). Chironomids were usually the
dominant group: Tanytarsus in Lake
Vuoskojärvi, Procladius in Lake Pesosjärvi
and the Chironomus tardus -type in Lake Iso
Hietajärvi were the most characteristic
profundal species. Lake Valkea-Kotinen had
no permanent profundal fauna, only
Chaoborus were found. Lake Pesosjärvi had
the highest Benthic Quality Index (BQI)
values, but also an especially low biomass and
density of zoobenthos.
At an intermediate depth, the chironomids
were usually the most abundant species:
Heterotrissocladius määri, Stempellinella
brevis, Paratanytarsus and Stictochironomus
rosenschöldi in Pesosjärvi; Procladius,

s,a

s
s
a

s,a
a
s,a

s,a

s
s

Pagastiella orophila, Tanytarsus, Polypedilum
pullum and Stictochironomus in Iso Hietajärvi;
Chaoborus, Chironomus tenuistylus, Ch.
anthracinus and Procladius in Valkea-Kotinen.
Of the littoral material, the occurrence of
the acid-sensitive groups (Meriläinen &
Hynynen 1990) indicated, that Lake Valkea
Kotinen had the fewest fauna (Table 3.13.2.2):
of the molluscs, only Pisidium casertanum
was found, and of the mayflies only
Leptophlebiidae. These taxa are known to be
the most tolerant of their groups against low
water pH.

Table 3.13.2.1. Relative species abundance, total abundance, biornass and Benthic Quality Index (BQI) of
dominant ,nacroinvertebrates iii Integrated Monitoring lakes at different sampling periods (89s = spring 1989,
89a = autumn 1989 etc.). Numbers of observations are given in brackets. NI = no indicator species found.
Valkea-Kotinen

89s 89a
Variable
Species
Tanytarsus spp.
Pagastiella orophlla
Procladius spp.
Dicrotendipes pulsus
Pisidium spp.
Tubificidae
Zalutschia zalutschicola
Serrgentia coracina
Chironomus tardus-type
Ch. anthracinus
Pisidium casertanum
Chaoborus flavicans
Abundance, x ~ md. m2
Biomass, ODW g m2
BQI

(5)

(5)

71
14
6

73

90s 90a
(5)
(5)
57

-

7

8
13

Hietajärvi
2
90s 91s
(3)
(2)

Pesosjärvi
3
90s 90a 91s 91a
(5) (5) (3) (5)

35
9
8

71

65

-

-

-

-

-

-

-

-

-

-

-

25

-

-

-

-

-

-

-

-

-

-

8

4

-

-

53
11

79
7

-

-

-

-

14
10

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

43
21
9

Vuoskojärvi
4
90s 90a 91s 91a
(5) (5) (5) (5)

-

8
53
18
100 100 100 100

3.7

4.2

-

-

2.7 6.2
0.07 0.22
NI 2.95 3.00 3.00

110

0.2

0.3
0.06
3.00 3.00
-

1.9

1.3

3.6

-

-

-

1.7 0.7
1.00 0.81
2.68 2.14 2.06 2.13

3.9 2.3 11.8
0.28 0.30 0.22
NI
NI
NI
NI

a
s

Ali the IM lakes are small, varying in their
water quaiity characteristics and geographical
position. Aithough the zoobenthic sampling
and treatment of the samples are aiready
standardized, many problems stiil exist in the
monitoring of the lakes. The profundal areas in
the lakes are of different character. The north
ernmost iake, Vuoskojärvi, has no profundai
area. The iake is practicaliy never stratified
during the open-water season and the water
transparency allows benthic aigae production
up to the deepest point. Furthermore, Lake Iso
Hietajärvi seems to exhibit a yeariy difference
in its stratification pattern depending on
weather conditions, whereas Lake Valkea
Kotinen can scarcely be used as an indicator of
changes in profundal zoobenthos in the future
(permanently without oxygen, excluding the
short spring and autumn turnovers).
Secondly, it is difficuit to find comparable
habitats in the littoral of iakes differing in their
substrate quality and the occurrence of vegeta
tion. There are also taxonomic difficulties in
identifing some chironomids without karyo
iogical analysis, which needs a special tech
nique for sample treatment and a knowledge of
karyotype taxonomy. Finaliy, smaii iakes,
especialiy the dystrophic ones, are stiil not too
weli understood or ciassified according to iake
typology (Wiederholm 1980).

Valkea-Kotinen

•Other 1%

~Perch
48%
49%

~ /
Pesosjärvi

Vuoskojärvi

Brown trout
7~?/

Wtdtefish

3.13.3 Fish
The fish assemblages of the four IM lakes
were as simpie as expected on the basis of
other studies of small Finnish lakes (Sumari
1971, Rask & Tuunainen 1990, Tonn et al.
1990). The giil net catches consisted of 1—5
species, and the only species met in ali of the
lakes was the perch (Perca fiuviatilis), which
also was the most abundant species in most of
the lakes (Fig. 3.13.3.1).
Perch was the oniy fish species in the giil
net catch of Vaikea-Kotinen in summer 1990.
The catch (84 perch, 3.1 kg total) was domi
nated by 4-year-old fish of 13—14-cm total
length. According to back-caiculated iength-at
age values, the growth rate of perch in the iake
was siow, the mean totai length of 5-year-oid
fish being < 15 cm (Fig. 3.13.3.2). In addition
to perch there is aiso a population of pike
(Esox lucius) in the lake.
The marking and recapturing of the perch
in spring 1991 resuited in a popuiation esti
mate of 3 130 ± 455 fish. This makes about
800 perch ha’ and a biomass of 25 kg ha’.
During the mark and recapture effort, the
popuiation was dominated by perch of 12—13cm totai length (Fig. 3.13.3.2).
In the gili net sampiings of Hietajärvi in

Iso Hietajärvi

Perch
45%

Figure 3.13.3.1. Rela
tive proportions (%) of
different species in
biomass of testfishing
catches oflntegrated
Monitoring lakes.
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1988, five fish species were caught. The mean
catch of 13 test fishing efforts was 160 fish
and 9.5 kg per giii net series and it was domi
nated by perch and roach (Rutilus rutilus), 4.7
and 4.5 kg, respectiveiy. In addition, there
were some individuais of pike, ruife
(Gymnocephalus cernuus) and bleak (Aiburnus
aiburnus) in the catches. According to the
length and age distributions of perch and
roach, severai consecutive year classes were
present in the popuiations of both species
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Figure 3.13.3.2. Length
frequency distribution
(top) and growth
(bottom) ofperch (Perca
fluviatiiis) in Lake
Valkea-Kotinen in 1991.

indicating successful reproduction in almost
every year. Perch showed a moderate growth
rate, better than in the other IM lakes, the
mean iength of 5-year-oid fish being 18 cm.
This may have been due to better availability
of suitable prey fish in comparison to the other
lakes. Roach aiso showed a moderate growth
rate when compared with smaii oligotrophic
Finnish lakes.
The mean catch of three samplings from
Pesosjärvi was 185 fish with a total weight of
11.9 kg per giil net series. Perch was the most
numerous species but its proportion in the
biomass was similar to whitefish (Coregonus
sp.), 5.4 and 5.4 kg, respectiveiy. The third
species from Pesosjärvi was brown trout
(Salmo trutta) which was probabiy reproduc
ing in the outflowing brook of the lake.
In Vuoskojärvi the mean catch of two
sampiings in August 1990 was 88 fish with a
total weight of 13.8 kg. Perch was also the
dominant species in this lake and comprised
85% of the biomass of catches, the rest being
of whitefish. Almost ali perch from Vuosko
järvi had a totai length of> 20 cm and they
were 9-11 years old. Only a few young and
smali individuais were encountered.
In the long run the presence of perch in ali
iakes aiiows different types of comparisons of
the popuiations, e.g. aiong the ciimatic gradi
ent and the air pollution gradient. On the basis
of the first sampiings the population structure
of perch in the iakes was quite normal except
in Vuoskojärvi, where almost no young fish
were caught. Simiiar responses have been
recorded in some iakes in southern Finland
where the reproduction of perch was impaired
by acid precipitation in severai consecutive
years (Raitaniemi et ai. 1988). This cannot be
the reason in a well-buffered iake iike
Vuoskojärvi. Other possibie explanations for
the lack of smail perch in Vuoskojärvi may be
the food competition with whitefish (Svärdson
1976), the predation by whitefish on plank
tonic perch fry, or the northern iocation of the
lake: summers may he often too cooi for 0+
perch to attain a minimum size for surviving
over the iong winter.
In terms of fish popuiation responses to air
poilution, Vaikea-Kotinen and Hietajärvi may
be the most interesting IM iakes. Valkea
Kotinen is acidic today; the decrease of ioad
may aliow a recovery of the lake towards a
more neutral state. The responses of such a
deveiopment in the hydrobiology of the iake
would he a very interesting topic for the
Programme. Iso Hietajärvi, in turn seems to be
in danger of acidifying. Based on the deposi
tion and water chemistry data of this report,
the iake acidity is increasing. This may resuit
,

in changes in cyprinid populations of this iake
in the near future. The presence of smaii roach
in the catches of 1988 (Fig. 3.13.3.3) showed
that reproduction of roach stiil took place, but
temporariiy iow values of aikaiinity and pH
may have resulted in reproduction faiiures
afterwards.
The methods applied thus far in the fish
monitoring of the IM lakes, mostiy giiinetting,
give a very approximate figure of the popula
tion structure of the most abundant fish species
of the lakes. However, the effects of strong
environmentai changes e.g. acidification and
eutrophication on the reiative abundance of
different fish species can be recorded, although
after a time iag of severai years. More inten
sive population studies were started in Vaikea
Kotinen in 1991. Later, attention wili also be
paid to the diet and reproduction success of
perch as a part of the otherwise intensive
hydrobioiogicai monitoring of the iake.
Increasing the intensity of the fish studies in a
similar way in the other IM areas wouid
require essentialiy more resources than avaii
able today.
In addition to the popuiation responses of
fish, monitoring the bioaccumuiation of metais
and other poilutants of fish in the IM iakes
wouid be of use, because the areas provide a
series aiong the air poliution gradient from
south to north. The inclusion of the bio
accumuiation concept wouid aiso make the
fish studies of Pesosjärvi and Vuoskojärvi
more meaningful. For Valkea-Kotinen there is
also some background data avaiiable. Earlier
measurements of mercury in pike have re
suited in a mean concentration of 0.76 mg kg-1
(Verta 1990), 0.68 mg kg-1 (Rask & Metsälä
1991), and 0.52 mg kg-1 (livonen et ai. 1992)
for a 1-kg pike and 0.36 mg kg-1 for perch
(livonen et ai. 1992). The vaiues for pike
exceed the levei for uniimited human con
sumption (0.5 mg kg-’).
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Figure 3.13.3.3. Length
frequency distribution of
roach (Rutilus rutilus)
in gili net catches from
Lake Iso Hietajärvi in
1988.

3.14 Breeding birds
3.14.1 General characteristics of bird
communities

0

Valkea-Kotinen

0

Pesosjärvi

L~

Hietajärvi

~J

Vuoskojärvi

60

The Valkea-Kotinen IM area had the highest
and the Vuoskojärvi area the lowest species
numbers and total pair density of birds of ali
the IM areas (Fig. 3.14.1.1). Year-to-year
variation of bird communities was measured
by anaiysing coefficient of variation in species
numbers and totai density. The variation in
species numbers was the lowest in Valkea
Kotinen and Pesosjärvi. Total density varied
cleariy, the least being in Valkea-Kotinen
(Tabie 3.14.1.1).
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Table 3.14.1.1. Coefficient ofvariation (CV%;
CV% 100 x standard deviation/mean) in
species numbers (CV(S)) and total bird density
(CV(D)) in Integrated Monitoring areas.
Area
Valkea-Kotinen
Hietajärvi
Pesosjärvi
Vuoskojärvi

CV(S)
5.6
32.9
5.7
31.1

600
500

1

(5

CV(D)
~ 200H
6.6
34.1
48.6
24.4

100 H

o
1987

3.14.2 Detailed description of bird
communities in the IM areas

1988

1989

1990

Table 3.14.2.1. Waterfowl (divers, grebes, geese,
ducks) and larids (guli, terns) in Integrated
Monitoring areas in 1 987—1990.

Valkea-Kotinen
In Valkea-Kotinen 94 land bird species were
observed in the whoie catchment area and 76
in the 60-ha study piot during the four study
years (1987—1990). The number of waterfowl
species in the same period was eight of which
three species were observed in the study piot
(Table 3.14.2. 1).
The most abundant species in the study piot
was the chaffinch (Fringilla coelebs). Other
abundant species were siskin (Carduelis
spinus), robin (Erithacus rubecula), goidcrest
(Regulus regulus), pied flycatcher (Ficedula
hypoleuca) and spotted flycatcher (Muscicapa
striata). Species preferring oid-growth forests
were typical for Valkea-Kotinen, such as red
breasted flycatcher (Ficedula parva),
treecreeper (Certhia familiaris), three-toed
woodpecker (Picoides tridacrylus) and pygmy
owi (Glaucidium passerinum). Densities of
these species were relatively high and stabie.
Other species of old-growth forests living in
113

Area
Valkea-Kotinen
1987
1988
1989
1990
Hietajärvi
1987
1988
1989
1990
Pesosjärvi
1987
1988
1989
1990
Vuoskojärvi
1988
1989
1990

No. of
s edes

No. of
Total no.
breeding of breeding
s edes
airs

3
2
3
3

1
1
2
2

1
1
2
2

8
2
7
9

1

1

-

-

2
4

2
4

4
7
7
6

2
3
4
4

2
3
4
5

4
5

2
3

2
4

Figure 3.14.1.1. Number
(top) and density
(bottom) of breeding
Iand bird fauna in the
60-ha study plots in
Integrated Monitoring
areas in 1 987—1990.

the study piot were goshawk (Accipiter
gentilis), black woodpecker (Dryocopus
martius), capercaillie (Tetrao urogallus) and
mistle thrush (Turdus viscivorus). 30% of the
breeding species were hole-nesting birds. Two
threatened species (see Rassi et al. 1992, for
classification) occurred in the area: the red
breasted flycatcher and the lesser spotted
woodpecker (Dendrocopos minor).
Abundances of chaffinch, robin, hedge
accentor (Prunella modularis) and goldcrest
were very high in 1989, which also increased
the total bird density (Fig. 3.14.1.1). In gen
eral, many common and rare species exhibited
very stable populations during the study years.
Hietajärvi
The bird species living in the Hietajärvi area
are typical submesic heath forest and pine bog
species in central Finland. Most species are
distributed over the whole of Finland, but there
were also species having a more northerly or
southerly distribution.
During the four study years 90 land bird
species were observed in the catchment area of
which 72 were seen in the study piot (Fig.
3.14.1.1). The number of waterfowl species
was 17 of which 13 species were observed in
the study piot (Tahle 3.14.2.1).
The most abundant species in the study plot
were chaffinch, brambling (Fringilla
montifringilla) and tree pipit (Anthus trivialis).
Nearly all breeding species had very low pair
nurnbers in 1988. The density fluctuation of
the total bird community during the study was
mostly affected by pair numbers of willow
warbler (Phylloscopus trochilus), brambling,
tree pipit and pied flycatcher. There were also
many species that bred in the study area only
during the last two years (Fig. 3.14.1.1).
Typical peatland species in the area were
common crane (Grus grus), wood sandpiper
(Tringa giareola), yellow wagtail (Motacilla
fiava) and rustic bunting (Emberiza rustica).
Species of old-growth forests, e.g., caper
caillie, three-toed woodpecker and treecreeper
occasionally bred in the study piot. The only
threatened species was the black-throated
diver (Gavia arctica). The proportion of the
hole-nesting species was about 30 o of the
breeding birds.

During the study years 71 land bird species
were observed in the catchment area of which
58 occurred in the study piot (Fig. 3.14.1.1).
There were 13 waterfowl species in the
catchment area of which 12 were in the study
piot (Table 3.14.2.1).
The most abundant species was the willow
warbler. Other abundant species included
brambling, siskin and spotted flycatcher of
which pair numbers decreased in 1990. Only
the willow warbler showed more than five (20)
pairs in the study plot in that year. The varia
tion in the total species numbers was small in
Pesosjärvi area during the study years (Fig.
3.14.1.1, Tahle 3.14.1.1).
The black-throated diver was the only
threatened bird species living in the catchment
area but it was not observed inside the study
piot. Species of old-growth forests breeding in
the study plot included Siberian jay
(Perisoreus infaustus), capercaillie, three-toed
woodpecker and Siberian tit (Parus cinctus).
The proportion of hole-nesting species was
about 20% of ali breeding birds.
Vuoskojärvi
Breeding bird species in Vuoskojärvi were
typical for mountain birch and northern pine
forests. During the three study years 42 land
bird species were observed in the catchment
area of which 38 were observed in the study
piot (Fig. 3.14.1.1). There were ilme waterfowl
species of which seven were observed in the
study plot (Table 3.14.2.1).
The most abundant species were brambling
and willow warbler. Total pair density was
lowest in 1989 mostly because the pair num
bers of the willow wabler decreased in that
year. Many species that were breeding in the
study plot in 1988 did not breed there again
later in 1989—1990 (Fig. 3.14.1.1). The propor
tion of hole-nesting species was about 10% of
the breeding birds. The only threatened species
breeding in the area was the merlin (Falco
columbarius).

Pesosjärvi
In the Pesosjärvi IM area the number of
species was relative high probably because the
region is nutrient-rich with many wetlands.
Both northern and southern bird species were
breeding there.
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4 General discussion and
integration
.

1

4.1 Background

the Finnish IM Programme in particular and
the United Nations Economic Commission for
Europe (UN ECE) IM Programme in general
(Chapter 4.4).
The emphasis in the discussion is on the
effects of acidic deposition on ecosystem
acidification. This emphasis reflects not only
that of the original IM Programme and of
many environmental monitoring investigations
initiated in the 1980s, but also the present
status of environmental modelling.

Most of the data covered in this report refers to
the first five years of monitoring (1987—1991),
when the Integrated Monitoring (IM) Pro
gramme was in its Nordic and Pilot phases.
Many of the IM subprogrammes were started
in 1988 or 1989; some have only been running
since 1990 or later. This period is clearly too
short to allow trend analysis to be made and
constrains the possibilities for integration.
Most of this report is therefore a description,
assessment and comparison of subprogramme
results, both within and between the IM areas.
Throughout we have also tried to indicate how
the results of the various subprogrammes
impinge upon one another.
An important means of integrating the IM
Programme results is by modelling. We have
taken some initial steps towards modelling the
hydrogeochemistry data by calculating input
output ion mass balances and calibrating the
Simulation Model for Acidification’s Regional
Trends (SMART) to data from two of the IM
areas. However, the linking and integration of
the biological IM data with the physico
chemical data into true ecosystem modeis has
stili to be done and represents a major hurdle
to be addressed by the IM Programme
(Anonymous 1991, Ratsep 1992). The first
steps may be the derivation of simple
correlative modeis expressing the empirical
relationship between environmental and
biological variabies. We intend to explore such
relationships when the data allows.
In this general discussion we present our
start at integration. Input-output mass balances
for the major ions and a detailed hydrogen ion
budget, which indicates the importance of
external and internal proton sources, are
presented. Also, the results of the SMART
calibration exercise are presented and dis
cussed (Chapter 4.2). For reasons stated above,
the discussion of the results from the biologi
cal subprogrammes is mainly limited to a
general evaluation and assessment (Chapter
4.3). Finally, we make a number of conclu
sions based on our experiences so far and give
some recommendations for the development of

4.2 Integration of
hydrogeochemical
subprogramme results
4.2.1 Rationale
The results from the IM subprogrammes
dealing with hydrogeochemistry can be
integrated at increasing leveis of complexity,
ranging from simple comparisons of ion
concentrations in the various flux pathways
through the ecosystem to the application of
complex dynamic modeis (e.g. MAGIC,
SAFE, SMART). This integration can also be
done at the scale of the permanent plots or
scaled-up for the entire catchment.
A simple empirical approach to assess the
IM Programme hydrogeochemistry results is
to compare the poois (mg m or meq m2) of
various elements and ions within and the
fluxes (mg m a1 or meq m a1) to, from and
through the ecosystem. To calculate solute
fluxes, however, requires knowledge of the
water flow between the various compartments
of the ecosystem. Deposition to and runoff
from the catchments have been measured and
therefore input(I)-output(O) solute fluxes for
each catchment can, in principle, be calcu
lated.
Such simple input-output calculations
indicate whether the catchment as a whole is in
steady-state (1 = 0), retaining and accumulat
ing (1 > 0), or leaching elements (1 < 0) with
respect to deposition. Long-term monitoring of
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mass balances and jon ratios in catchments can
also serve as an eariy warning system for
identifying of ecoiogical effects of different
anthropogenically-derived pollutants, and to
verify the effects of emission reductions (e.g.
Paces 1985, Hultberg 1985, Jeffries et al.
1988, Kallio & Kauppi 1990).
Catchment input-output budgets, however,
do not inform about changes in the movement
and cycling of elements within the ecosystem.
The water flux associated with throughfall and
stemflow is measured (Chapter 3.4), but that
of the water through the soil is not
at ieast
at present. Measuring soil water fluxes is
difficuit in practice, particularly in stony soils,
and water balance calculations or modeiling
(e.g. SOIL; Jansson 1991) probably offers the
best means of obtaining acceptably accurate
soil water flux values. In the meantime, a more
simple way of comparing the changes taking
place within the ecosystem is to simply
compare solute concentrations of the various
waters in the ecosystem (bulk precipitation,
throughfall, stemflow, soil water and runoff).
So far, we have calcuiated simpie input
output jon mass baiances for ali major ions
(see Chapter 2.3.7 and Forsius et al. 1994) and
made profiles of the water quality for each
catchment. Based on the results from the
appropriate IM subprogramme, we have
evaluated the present acidification status of the
soii and iake water in the catchments and
calculated detaiied hydrogen ion budgets for
the Vaikea-Kotinen and Hietajärvi catchments,
quantifying the proton consuming and produc
ing processes involved (see Chapter 2.3.7 and
Forsius et al. 1994). A calibration of the
dynamic acidification model, SMART, has
also been carried out using data from Valkea
Kotinen and Hietajärvi (Bleeker et al. 1994a,
1994b).
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4.2.2 Input-output budgets and
concentration profiles
0—

Catchment input-output budgets
Estimated mean annual input-output budgets
(meq m2 a-1) for the Valkea-Kotinen and
Hietajärvi catchments, were generaliy positive
for Na~, K~, Ca2~, Mg2~, HCO3 and A (organic
anions), cleariy indicating a net export of these
ions (Fig. 4.2.2.1). However, retention was
observed for H~, NH, NO3 and S04 The
retention of nitrogen was neariy complete in
each catchment. Pieni Hietajärvi, which is a
sub-catchment of Iso Hietajärvi and almost
haif covered by peatlands, had a particuiarly
high retention of sulphate (and chloride). The
output of organic anions was quantitatively
.

important in each catchment (10.0—15.1 meq
m2 a’). Valkea-Kotinen and Pieni Hietajärvi
catchments showed rather high leaching of
hydrogen ions (3.6—3.9 meq m2 a-1).
The significant retention of sulphate
observed in each of the three catchments (Fig.
4.2.2.1) can be caused by both terrestrial and
aquatic processes. Previous budget studies
have shown that sulphate retention is quantita
tively very important in catchments with a
significant cover of peaty soiis (e.g. Urban et
116

Figure 4.2.2.1. Mean
annual Input (depo
sition)-Output budgets
for major ions in
Valkea-Kotinen (top),
Iso Hietajärvi (middle)
and Pieni Hietajärvi
(bottom) catchments.

al. 1989). Similarly, in-lake sulphate reduction
can he an important neutralising process in
acid-sensitive surface waters (Schindler 1986).
Unfortunately, the present IM Programme does
not permit us to separate the contributions of
terrestrial and aquatic processes.
Nitrogen is generally the growth-limiting
nutrient in Finnish forest ecosystems, and the
uptake and cyling of availahle nitrogen is
efficient (Mäikönen et al. 1990). Comparable
aquatic processes causing in-lake removal of
nitrogen are aigal uptake and sedimentation, as
well as denitrification in the lake sediments
(Kelly et al. 1987, Dillon & Molot 1990).
These efficient retention and uptake mecha
nisms therefore explain the minor leaching of
ammonium and nitrate from the three IM
catchments studied.

Ecosystem water quality profiles
Water quality profiles for each of the IM
catchment are presented for pH and concentra
tions of Ca2~, Mg2~, K~, Na~, SO~, NH~ and
NO; (means calcuiated from the monthly
values for June—October, 1991) in Figures
4.2.2.2.—4.2.2.5. Catchment throughfall vaiues
are the means of the throughfail piot values.
Elevated leveis of suiphate and nitrate in
deposition are indicators of industrial pollu
tion, and ammonia of agricultural pollution.
Seawater is an important source of sulphate,
sodium and magnesium (and chloride) in areas
with a maritime climate. Base cations in
deposition are of lithic origin and are intro
duced into the atmosphere through human
activity
erosion and energy production.
Deposition in southeastern Finland has rela
tively high concentrations of base cations
probahly due to the emission of fly-ash from
the power stations in the St. Petersburg area
and the Baitic countries (Laurila 1990).
In general, concentrations of base cations
(Fig. 4.2.2.3) and sulphate (Fig. 4.2.2.4)
tended to increase as the precipitation moved
through the forest canopy and then to decrease
in the soil. The profile for pH (Fig. 4.2.2.2), as
could be expected, tended to show the opposite
pattern; that is, decreasing through the canopy
and then increasing in the soil and runoff
waters. Of the various waters, stemflow had
the highest solute concentrations, but there
were considerable differences between the tree
species. The changes in water quality through
the ecosystem, as illustrated by these profiles,
are the result of a number of processes, includ
ing: capture of dry deposition and mist, wash
off, leaching, adsorption, dissolution and
weathering, decomposition, and nutrient
uptake and cycling. The water quality profiles
—

can be expected to he unique for each catch
ment.
The washing-off of sea salts accumuiated
in the canopy on the quality of water through
out the ecosystem is clearly seen in the sodium
(and chloride) concentrations at Vuoskojärvi
(Fig. 4.2.2.3). The contribution of marine
sulphate to precipitation sulphate concentra
tions was the highest at Vuoskojärvi (4%) and
the lowest at Pesosjärvi (2%). But even so, the
contribution of marine sulphate at ail the IM
areas is small, and nearly ali the sulphate
deposited is considered to he derived from
anthropogenic sources. Human activity is
therefore affecting the quality of deposition at
ali the IM areas (but not necessarily resulting
in an effect on the ecosystem
see Chapter
4.3). The greatest differences in the concentra
tions of caicium and potassium between the
various waters (indicating the strongest
interaction with the ecosystem) were associ
ated with Pesosjärvi and Vaikea-Kotinen, and
the least with Hietajärvi and Vuoskojärvi
(indicating weaker ecosystem interaction).
Runoff water during the period for which
the results are presented (June—October) is
likely to he dominated by baseflow. Baseflow
is enriched in solutes derived from the weath
ering of non-surface soil and bedrock com
pared to stormflow, which is more affected by
the chemistry of surface organic and soil
layers. The markedly higher caicium concen
trations in the runoff water compared to soil
water concentrations at Pesosjärvi (Fig.
4.2.2.3), is presumeably the resuit of the
weathering of carbonates present in the soil
parent material and bedrock. It is aiso note
worthy that, of the various waters, the highest
pH value was associated with runoff, except at
Vaikea-Kotinen. The hydrogen ion budgets for
Vaikea-Kotinen and Hietajärvi are dealt with
in detail in Chapter 4.2.3.
Rainfali concentrations of nitrate progres
sively decrease northwards, which very
effectively describes the air poliution gradient
in Finland. Increased ammonium and nitrate
concentrations in throughfall compared to buik
precipitation are typical for western Europe
(Farreli et al. 1994) and the reverse for north
ern Europe (Nihlgård 1970, Ros~n & Lund
mark-Thelin 1985, Helmisaari & Mäikönen
1989, Hyvärinen 1990). Throughfali concen
trations of ammonium and nitrate were iower
than in the buik precipitation at Vaikea
Kotinen, Hietajärvi and Pesosjärvi, indicating
assimiiation of nitrogen by the canopy (Fig.
4.2.2.5). This would suggest that ievels of dry
deposition are low and that these ecosystems
are not nitrogen saturated. Throughfail ammo
nium and nitrate concentrations at Vuosko
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järvi, in contrast, were similar to or even
higher than in the deposition, indicating that
nitrogen may be leaching from the canopy at
this site. However, the shortness of the grow
ing season so far north may be expected to
limit the potential uptake of nitrogen. The
concentration profile for organic nitrogen is
not known at present, but the leaching of
organic nitrogen from the canopy may well be
similar in magnitude to the uptake of inorganic
nitrogen by the canopy (Lovett & Lindberg
1993).

~
~
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~
~

Soil and lake acidification status
Anthropogenic acidification of different
ecosystem compartments in Finland has been
evaluated and documented in a number of
studies (e.g. Rask & Raitaniemi 1988, Forsius
et al. 1990, Joffre et al. 1990, Jukola-Sulonen
et al. 1990, Nuotio et al. 1990, Tamminen &
Starr 1990). In the following, the acidification
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Figure 4.2.2.2. Monthly
mean pH in various
waters collected during
the period June—
October, 1991 in
Valkea-Kotinen and
Hietajärvi (top) and in
Pesosjärvi and
Vuoskojärvi (bottom)
catchments. Abbrevia
tions of subprogrammes
are indicated; for
complete subprogramme
title, see Appendix 1.
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status of the soil and lake compartments are
evaluated.
Soil acidity is the resuit of several internal
and external proton production and consump
tion processes (van Breemen et al. 1983, de
Vries & Breeuwsma 1987). Depending upon
the load of acidic deposition, soil sensitivity
and soil acidity, acid deposition may contribute
to soil acidification (Berd~n et al. 1987). Of
the four IM areas, Valkea-Kotinen receives the
highest acidic deposition load (Fig. 3.3.1.2).
However, soil acidification also develops as a
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resuit of natural processes (e.g. podsolization,
nutrient uptake and accumulation of organic
matter) as well as Iand-use and management
practices (e.g. forestry, clear-felling, prescribed
burning).
Since calcium, magnesium and potassium
are nutrients as well as base cations, their
uptake by vegetation necessarily results in the
acidification of the mineral soil. Biomass
production leads to the accumulation of
organic matter, both on and in the soil, and
leveis of soi! acidity (pH) are clearly related to
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Figure 4.2.2.4. Monthly
mean sulphate concen
trations in various
waters collected during
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October, 1991 in
Valkea-Kotinen and
Hietajärvi (top) and in
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catchments. Abbrevia
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are indicated; for
complete subprogramme
titte, seeAppendix 1.
* = not measured.
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are indicated; for
complete subprogramme
title, see Appendix 1.
not measured.

soil organic matter contents (Tamminen &
Starr 1990). Because of higher temperatures
and a longer growing season, the potential for
nutrient uptake is greater in southern Finland
compared to northern Finland. This explains
the general pattern observed in maps of forest
soil acidity: the highest mineral soil pH values
tend to occur in northern Finland and the
lowest values tend to occur in southern Fin
land (Starr & Tamminen 1992).
The mineral soil tended to be the most
acidified and the humus layer the least acidi
fied in the Valkea-Kotinen catchment (Chapter
3.6.2). Mineral soil organic matter contents
also tend to he greater at Valkea-Kotinen.
Thus, the greater soil acidification associated
with the Valkea-Kotinen catchment may he
more the result of more intensive nutrient
uptake than the effects of acidic deposition.
According to the hydrogen ion budget calcula
tions (see following section), the relative
contribution of acidic deposition to overail
catchment acidification is the greatest for
Valkea-Kotinen. However, leveis of acid
deposition would have to he considerably
greater than those presently experienced in
order to mobilise soil aluminium (Derome
1989, Nissinen & Ilvesniemi 1990, Starr et al.
1994)
Large-scale survey results have shown that
the acidity of Finnish lakes reflects the interac
tion between sensitivity, the amount of organic
anions present, and the atmospheric deposition
of sulphate. The effects of strong mineral acids
are superimposed on those of high natural
organic acid contributions from peatland
catchments (Kortelainen et al. 1989, Forsius et
al. 1990). The organic anion is on average the
most important anion. The lakes dominated by
organic anions occur mainly in central and
eastern Finland and on the west coast. In the
south the lakes are mainly dominated by
sulphate and in the north by bicarbonate
(Kämäri et al. 1991).
There is a major difference in the acidity
status of the IM lakes. Valkea-Kotinen is the
most acidic lake (mean pH equals 4.7), with
sulphate and organic anions as the most
important anions (mean concentrations equal
167 ~teq dm3 and 90 ~teq dm3, respectively).
The pH history of the lake, reconstructed using
palaeolimnological techniques (diatoms),
indicate a clear acidification trend since 1960
to the present (Huttunen et al. 1990).
Pesosjärvi and Vuoskojärvi represent the other
extreme with high buffering capacity (mean
alkalinity equals 428 and 145, respectively)
and pH values (Chapter 3.8.1). The occurrence
of carbonate bedrock in some parts of the lake
catchment (Chapter 2.1), is thus clearly

reflected also in the lake water quality. The
two Hietajärvi lakes represent intermediate
cases with mean alkalinity values of 62 ~Ieq
dm3 (Iso Hietajärvi) and 23 ~ieq dm3 (Pieni
Hietajärvi).

Catchment hydrogen ion budgets
Both soil and water acidification is a dynamic
process which depends on fluxes of acidifying
species and on biogeochemical reactions that
generate or consume hydrogen ions (protons)
in the whole ecosystem (van Breemen et al.
1984, Wright et al. 1988). The calculation of
hydrogen ion budgets enables the quantifica
tion of the relative importance of the different
processes involved in the transfer of acidity.
The highest estimated total proton load
(26.3 meq m2 a1) was observed in the south
ern Valkea-Kotinen catchment (Fig. 4.2.3.1). A
clear difference between Iso Hietajärvi and the
two other catchments can he seen in their
proton budgets. In Iso Hietajärvi, the dissocia
tion and dissolution of carbon dioxide was an
important source of protons, whereas hydrogen
ion deposition, dissociation of organic acids
and base cation uptake by the forests were the
dominating processes in the two other basins.
In the Valkea-Kotinen and Iso Hietajärvi
catchments, the consumption of protons was
dominated by base cations, indicating that
cation exchange/weathering is the most
important buffering mechanism in these
catchments. In Pieni Hietajärvi, the retention
of sulphate was quantitatively the most impor
tant process for the proton consumption. The
output of protons was of significance only for
the more acidic Valkea-Kotinen and Pieni
Hietajärvi catchments.
The estimated biological accumulation of
base cations is an important potential source of
protons, especially for the Valkea-Kotinen
catchment (Fig. 4.2.3.1). However, the signifi
cance of this process might he over-estimated
because the forests are unmanaged, old stands.
The interpolated (average) uptake values
might therefore he too high. Nevertheless, the
results show the potential importance of
forestry practice for the proton production in
acid-sensitive areas (Sverdrup & Warfvinge
1990).
The minor role of the nitrogen processes in
the proton budgets (Fig. 4.2.3.1) is due to the
fact that deposition of ammonium and nitrate
was ahout equal, and to the efficient retention
of hoth compounds in the terrestrial and
aquatic portions of the catchments. However,
the importance of nitrogen in the acidification
process has been increasing in high deposition
regions in Norway, central Europe, and North
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America (Driscoll & Newton 1985, Henriksen
& Brakke 1988, Hauhs et al. 1989). Compared
with forested sites located in such high deposi
tion areas, the Finnish IM catchments receive
rather moderate loads of nitrogen, sulphur and
acidity (e.g. Hultberg 1985, Jeffries et al. 1988,
Farley & Werrity 1989).
In the Valkea-Kotinen and Pieni Hietajärvi
catchments, the external proton sources were
the most significant. For these catchments, the
external internal proton source ratio varied
between 0.76 and 2.62, depending on the
catchment and calculation methods used
(Forsius et al. 1994). For Iso Hietajärvi, this
ratio varied between 0.61 and 0.74. Assuming
no net base cation uptake (i.e. uptake is
balanced by mineralization in old-growth
stands), the external sources clearly exceeded
the internal proton production in Valkea
Kotinen (proton source ratio = 2.62). The
palaeolimnological reconstruction of the lake
pH values of Valkea-Kotinen (Huttunen et al.
1990) also support the conclusion that the
anthropogenic sources are contributing to the
acidification process of this catchment.
Van Breemen et al. (1984) concluded that
most ecosystems with external internal proton
source ratios above 0.5 show significant
dissolution of soil aluminium and sulphate
retention, resulting in the export of free
protons and aluminium in drainage waters. On
the basis of this criteria, Valkea-Kotinen and
both Hietajärvi catchments can be character
ised as proton sensitive (i.e. their external
internal proton source ratio is > 0.5). However,
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through the efficient assimilation and reduc
tion of sulphate in peatland areas, these
catchments, especially Pieni Hietajärvi, seem
to have a high capacity for the accommodating
the acidic deposition load. In Pieni Hietajärvi,
the output flux of mineral acid anions (nitrate,
chloride and sulphate) was small compared
with the flux of organic acidity (Fig. 4.2.3.1).
For the two Hietajärvi catchments there is no
clear evidence of any major recent acidifica
tion trend. The short duration of the monitor
ing period at present does not allow any
statistical trend analysis of the results however.
The proton budgets can be estimated in
greater detail when more data becomes avail
able. Work is currently under progress to
improve the estimates of the forest nutrient
uptake processes and weathering rates. This
kind of information is important also for the
application of dynamic simulation models.
Calibration of the dynamic SMART
acidification model
In determining the necessary measures for
emission control it is important to know the
time-scale of acidification. Dynamic modeis
can he used to predict the gradual chemical
response of a receptor to a changing acidic
deposition load by including the various buffer
and adsorption desorption mechanisms.
Dynamic modelling is now considered to be a
key activity for the various effect oriented
activities of the UN ECE Working Group on
Effects.

Figure 4.2.3.1. The
mean annual proton
(H~) production and
consumption at Valkea
Kotinen (lefi), Iso
Hietajärvi (middle) and
Pieni Hietajärvi (right)
catchments.

The SMART modelling approach is
described in Chapter 2.3.8 and in more detail
by Bleeker et al. (1994a, 1994b). Some results
from a calibration of SMART to the Hietajärvi
catchment are shown to illustrate the model
output (Fig. 4.2.3.2). The results show a rather
good fit between the modelled concentrations
and measured values. The model simulations
indicate a clear increase in the lake-water

r——

(outlet) sulphate concentrations and a slight
decrease in pH during the past 40 years.
Palaeolimnological investigations of the
sediments in lake Iso Hietajärvi indicate that
the atmospheric burden of several heavy
metais has increased and pH values have
slightly decreased over the last 40—60 years
(Simola et al. 1991). Thus, the SMART model
results and the palaeolimnological data seem
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to be consistent. However, for Valkea-Kotinen
the clear pH decline during the last three
decades as indicated by palaeolimnological
records could not be reproduced satisfactorily
by the model (Bleeker et al. 1994a, 1994b).
More work on this site is therefore needed in
order to improve the match between the model
outputs and the empirical data.
The SMART model calibration exercise
indicated that it is possible to make successful
model applications using data collected from
IM areas, provided that ali the necessary
information is availahle and of high quaiity.
Unfortunately, there is uncertainty inherent in
long-term acidification modelling. It will
probably be impossible to derive precise
quantitative estimates of ali the potentially
important processes involved, and to take into
account the considerable degree of spatial and
temporal variability that occurs, even over
small geographical areas. Uncertainty is
inciuded in both the model assumptions and
formulations, as well as in the accuracy of the
input data (e.g. Cosby et al. 1985, Posch &
Kämäri 1990). It is therefore important to
baiance the availability of data against the
complexity of the model formulation.

4.3 Discussion of the biological
subprogrammes
4.3.1 Components of the terrestrial
ecosystem
Representativeness of the monitoring areas
and permanent plots
The Vaikea-Kotinen IM area is located in the
southern boreal vegetation zone, but it lies at a
relatively high elevation compared to most of
the southern boreal zone in Finland. It is also
the smaliest of the IM areas (30 ha) and is
surrounded by managed forests. Some 75% of
its land area is covered by upland forests and
25% is peatland. Due to its smail size, the
range of communities is reiativeiy smail and
homogeneous. The number of vascuiar piant
species is the lowest (71) of the IM areas, even
though the soil is relatively nutrient-rich
(Chapter 3.6). The permanent intensive piots
are iocated on upiand forests and are classified
as rich and mesic heath forests.
The Hietajärvi IM area lies in a transitional
beit between the southern and middie boreal
vegetation zones. The vegetation is typical of
the northeast Karelia region. Because the
vegetation has features of both zones and the
relatively large size of the catchment (464 ha),

which includes 46% cover of peatland, there is
a rather diverse range of communities. How
ever, the total number of vascuiar plant species
is relatively iow (105), reflecting the nutrient
poor upiand forest soiis and peatiands (Chapter
3.6). The diversity of tree and understorey
vegetation of upland forests is low in Hieta
järvi compared to the other IM areas. Much of
the upland forest consists of a mosaic of fire
generated natural Scots pine (Pinus sylvestris)
stands of differing ages. Within each stand, the
stand structure is relatively uniform. The
permanent intensive plots located on upland
forests are ciassified as submesic heath forests.
The intensive piot on peatiand is an
Eriophorum vaginatum pine bog.
The Pesosjärvi IM area is iocated in the
northern boreal vegetation zone and at high
elevation. The winters are therefore severe.
The catchment is the largest of the IM areas
and the soils are relatively nutrient-rich
(Chapter 3.6) due to the presence of carbonate
rocks. There are, therefore, a large number of
communities and species. Almost 70 vegeta
tion types and a total of 159 vascuiar plants
have been recognised, the highest number
among the IM areas. Much of this diversity is
due to the large number of smail-sized
peatiand vegetation communities which are
species-rich. The permanent intensive piots of
upland forests are on mesic heath forest and
one peatiand piot is on a Carex giobularis pine
mire.
The Vuoskojärvi IM area is situated in the
mountain birch zone, near the northern tree
border. Because of its northern iocation and
the influence of the nearby Arctic Ocean the
forests and understorey vegetation at
Vuoskojärvi diifer very much from the other
IM areas. Mountain birch (Betula pubescens
ssp. tortuosa) forests cover most of the catch
ment but Scots pine heath forests and a
number of mire types are also present. The
number of vascuiar piant species is relatively
high (91) and is mainly due to the presence of
nutrient-rich mire types associated with
seepage zones on the slopes of the catchment.
The intensive plots are ali located on upiand
forests, classified as dry heath forests and
mountain birch heath forests.
Because the IM areas are located at high
elevation or at the border between vegetation
zones, they are not particularly representative
of the major boreal vegetation zones which
cover Finland. The inciusion of basic rocks in
the geology of Vuoskojärvi (amphibolites) and
Pesosjärvi (carbonates) are also not typicai for
Finland. However, for some of the same
reasons, they may be expected to be more
sensitive to environmental change and there
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fore suited to integrated monitoring. Deposi
tion and air pollution show a strong south
north gradient in Finland, but unfortunately so
do many other environmetal factors (e.g.
population distribution, temperature, precipita
tion, light, elevation, deglaciation, forest stand
age). It is therefore difficult to isolate the
effects of air pollution on vegetation from the
effects of these other factors, especially in the
short-term.

Forests and understorey vegetation
With the exception of Hietajärvi, the forests in
the Finnish IM areas are typified by natural,
mature, old-growth or, in the case of Valkea
Kotinen, degenerative stands. The species
present and the floristic composition of
understorey vegetation represent climax
phases and natural changes due to succession
are small and happen very gradually. The
forests at Valkea-Kotinen, Pesosjärvi and
Vuoskojärvi have many characteristic features
of primeval forest, such as standing dead
trunks, rotting logs, and uneven size (age)
structure. The growth of such forests is rela
tively small or even negative. The accumula
tion of base cations into biomass and the
resulting soil acidification may therefore also
he expected to be approaching steady-state
(Chapter 4.2.3). At Vuoskojärvi, Scots pine
exists at its northern limit and its presence 50
far north is clearly the result of the ameliora
tive influence of the nearby Arctic Ocean. The
forests at Hietajärvi are somewhat younger and
there are few features of primeval forests.
Because of the low fertility of the sites (Chap
ter 3.6), tree growth and biomass accumulation
at Hietajärvi is probably low.
After examining the results of the second
round of permanent plot tree measurements
(measured in 1991—1992) and comparing them
with those of the first round (1987—1989;
Chapter 3.9), we will be able to quantify the
growth of the stands over this period. Esti
mates of stand biomass at both the plot-scale
and catchment-scale and for various fractions
(e.g. needle, stem wood and roots) are pres
ently being calculated using multiple regres
sion modeis for individual trees (Marklund
1987, 1988) and the possibility of using
MELA, a dynamic tree and stand growth
model (Ojansuu et al. 1991), is also being
tested with data from the Valkea-Kotinen and
Hietajärvi catchments. This will enable us to
calculate and predict nutrient uptake, changes
in the pools of nutrients bound in the forest
biomass and the associated soi! acidification in
a much more realistic way than at present
(Chapter 4.2.3).

Many forms of stress, including air pollu
tion, can resuit in crown defoliation (crown
transparency). Tree age is also an important
factor which influences crown vitality. It is
therefore difficult to interpret defoliation only
in terms of acid deposition and air pollution
(Innes 1993). Furthermore, defoliation may
not be a good indicator of tree vitality as trees
with > 60% defoliation are capable of recov
ery. The defoliation of Scots pine in the most
northern IM areas, Vuoskojärvi and Pesosjärvi,
reached 30% during the 1988—1991 monitor
ing period reported (Chapter 3.9.2) but this is
stili not regarded as indicating reduced vitality.
Crown discoloration of both Scots pine and
Norway spruce (Picea abies) were minimal,
being classified as none (< 10%) to slight
(>10—25%) depending on species and year.
The detailed and repeated mapping of all
trees (living and dead, fallen and standing) on
the permanent plots (Chapter 2.4.1; Starr et al.
1993), will enable us to study changes in stand
structure, tree population dynamics and gap
ecology. Further study of community structure
and species abundances will enable us to
determine the natural variation of the vegeta
tion types and zones. Because of methodologi
cal problems, only a description of the
understorey vegetation on the permanent plots
has been presented (Chapter 3.11). After the
next round of the Understorey Vegetation
(VG) subprogramme we wilI he able to
estimate the degree of natural variation in
species composition and abundance between
the plots and different years.

Epiphytes
Differences in the species composition and
abundances of epiphytic lichens were found
between the IM areas (Chapter 3.10). This is
largely due to the natural distribution but
differences in species number and abundance
may partly also be related to differences in the
leveis of air po!lution.
In Valkea-Kotinen, where the deposition of
air pollution is the greatest (Chapter 3.3), the
epiphytic vegetation on Scots pine trunks is
almost entirely composed of one to!erant
species, Hypogymnia physodes. The number
and total cover of filamentous species, which
are sensitive to air pol!ution, is lowest of a!l
IM areas. Species diversity is the highest at
Hietajärvi and Pesosjärvi IM areas, where the
deposition of nitrogen and sulphur is lower
(Chapter 3.3 and Fig. 3.3.1.1). Although the
number of sensitive filamentous species
recorded at Hietajärvi is higher than at
Pesosjärvi, the total cover of filamentous
species is !ower than at Pesosjärvi. At
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Vuoskojärvi, the number of species and
species abundances are low due to its northern
location.

generally good between the three subpro
gramme values (Fig. 3.5.3). However, the
results are stili too few to make any detailed
conclusions and further study is required.

Soil microbiology
The decomposition and mineralization of
litterfall plays an important role in the cycling
and flow of nutrients within forested ecosys
tems. If the biomass accumulation of the forest
stand and humus layer are at steady-state then
the annual amount of nutrients released
(mineralised) from the litterfall can be ex
pected to he similar to the annual amount of
nutrient uptake. At the moment we have too
little data analysed and handled to be able to
quantify rate of nutrient release arising from
the decomposition of the litterfall (for the
amount of nutrient uptake). However, the
weight-Ioss results from the needle decompo
sition and cellulose decomposition presented
(Chapters 3.12.1 and 3.12.2) are logical (i.e.
decomposition decreases northwards) and
encourage us to believe that we will be able to
quantify the rate of litterfall mineralization in a
meaningful way.
Moss chemistry
Moss chemistry has been used to monitor the
deposition of heavy metais since the late
1960s. It is possible to compare the results of
the Moss Chemistry (MC) subprogramme with
maps of heavy metal deposition based on moss
chemistry surveys carried out in the Nordic
countries in 1985 and 1990 (Rtihling et al.
1987, 1992). The correspondence of the results
is good. Compared to the results of these
Nordic surveys, the concentrations of lead,
zinc, vanadium and iron in IM areas were
similar or lower, while the concentrations of
copper, chromium and nickel were higher. Any
differences may partly be due to the concentra
tion classes used on the maps, and differences
in sampling period and spatial scale of sam
pling. The decreasing south-north gradient in
heavy metal deposition is apparent in both the
Nordic surveys and the MC subprogramme
(and also bulk deposition
see Chapter 3.3.3)
of the IM areas.
The location of the moss sampling point in
relation to tree canopy cover can he expected
to have an important influence on the metal
concentrations of mosses recorded. The
relationship between the MC subprogramme
heavy metal concentrations and those recorded
by the Precipitation Chemistry (DC) and
Throughfall Chemistry (TF) subprogrammes
has been examined. For those heavy metais
common to ali three IM subprogrammes (Fe,
Pb, Zn, Cu and Cd), the correlation was
—

Breeding birds
In each of the IM areas except Vuoskojärvi,
the density and proportion of hole-nesting
birds, for example, the redstart (Phoenicurus
phoenicurus) and the pied flycatcher (Ficedula
hypoleuca) was high, reflecting the availability
of decaying trees for nest-cavities. The density
of species preferring old-growth forests, for
example, the three-toed woodpecker (Picoides
tridactylus), was also high compared to
managed forests (Virkkala 1987). The Vuosko
järvi IM area is situated in the subalpine birch
forest region, north of the northern coniferous
forest limit, where densities of both hole-nesters
and species of old-growth forests are low.
Numbers of waterfowl in the different areas
were too small for any quantitative between
area or year-to-year comparisons to be made.
However, changes in the fish composition of a
lake (perhaps the resuit of acidification) will,
in turn, affect both the numbers of fish-eating
waterfowl species and species feeding on
submerged insect fauna, such as the mallard
(Anas platyrhynchos). A decrease in the fish
population will have a negative effect on fish
eating species, but at the same time the popu
lation of submerged insect fauna may increase,
resulting in an increase in the numbers of
submerged insect feeding species (Pehrsson
1984).
Year-to-year variation both in species
numbers and in total pair density was the
lowest in the Valkea-Kotinen area. This may
be due to two causes: landscape grain size and
latitude. Grain is the size of the individual
units of observation and grain size in the
landscape refers to the size of forest patches
(Wiens 1981, 1989). For example, the diifer
ence between the bird counts in a virgin forest
area of 10 ha which is part of a larger forest
area of, say, 100 ha, and the bird count of a
virgin forest area of 10 ha surrounded by clear
cutting might he solely due to the difference in
the graininess of the areas. In the 10 ha plot
surrounded by clear-cutting, birds preferring
virgin forests are confined to the 10 ha plot.
Thus, the year-to-year variation in the isolated
10 ha piot might he lower and hird community
more stahle than in the 10 ha area within the
100 ha uniform forest.
Valkea-Kotinen is a relativeiy smail area of
old-growth forest mostly surrounded by
managed forests. The Hietajärvi and Pesosjärvi
bird monitoring areas are 60 ha areas located
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in old-growth forests covering several square
kilometers.
The other explanation for the low year-to
year variation in the bird community of
Valkea-Kotinen is connected with annual
variation in climate, which generally increases
northwards. More northern bird communities
tend to be more variable from year-to-year
than more southern communities (Järvinen
1979). Spring temperatures are more variable
in the north and cold spells in spring, harmful
to the survival and breeding, are more frequent
in the north (Skre 1971). These factors affect
the year-to-year variation in numbers of
migratory birds arriving in spring (Virklcala
1991a, 1991b). In addition, seed crops of trees
occur more infrequently in northern than in
southern Finland (Chapter 3.9.2), and this
affects year-to-year variation of seed eaters
(Virkkala 1989), such as great spotted wood
pecker (Dendrocopos major), siskin (Carduelis
spinus), crossbills (Loxia spp.) and redpoll
(Carduelis fiammea).

4.3.2 Components of the aquatic
ecosystem
Plankton
The Hydrobiology (WB) subprogramme for
lakes includes a minimum and an optimum
sampling programme (Keskitalo & Salonen
1994). The minimum programme includes
quantitative parameters describing primary
production, dark fixation, respiration, and
chlorophyll concentration. The optimum
programme, in addition to the parameters of
the minimum programme, includes the species
composition determination of the phyto- and
zooplankton.
With the minimum programme it is possi
ble to get an idea of the productive capacity
and decomposition processes taking place in a
lake. The parameters in the minimum pro
gramme respond to changes in nutrient condi
tions, and can also he expected to be sensitive
to climatic change, especially this results in a
lengthening of the growing season due to an
earlier spring ice-melt. However, the plankton
assemblages themselves are more sensitive to
environmental change and provide more
information than parameters describing
metabolic processes (Schindler 1987). Deter
mination of the phyto- and zooplankton
species composition, according to the optimum
programme, is needed to describe plankton
biodiversity and identify indicator species. Our
results also suggest that cascading food chain
interactions contribute to inter-annual varia

tions in plankton assemblages. The plankton
assemblages should therefore he known in
order to interpret the observed results cor
rectly. However, the optimum programme
requires special expertise and laborious
microscopic enumeration.
A probiem with the optimum plankton
programme is that a large amount of data is
generated. These data may he reduced to a
simpier form such as diversity indices (e.g.
Shannon, Simpson), but these are problematic.
The estimated number of species depends on
the microscopic counting strategy, and the
concept of an “individual” is often unclear in
phytoplankton. Biomass may he therefore a
better indication of change than the numbers
of individuals (Wilhm 1968).
Large amounts of species composition
assemblage data can he handled with numeri
cal ordination techniques. We satisfactorily
applied canonical correspondence analysis
(Chapter 3.13.1) to explain the relationships
between phytoplankton communities and
environmental variahles. At the species level,
attention should be given to variations in the
biomasses of dominant species (e.g.
Gonyostomum semen) and to the presence of
indicator species (e.g. Asterionella ralfsii, an
indicator of acidity).
Whether the vertical distribution of the
plankton assemblage should he determined
depends on the character of the lake. The steep
physical and chemical stratification and very
thin epilimnion in small and sheltered lakes,
such as Valkea-Kotinen, results in clear
vertical differences of plankton assemblage. In
large and relatively shallow lakes, such as
Hietajärvi, physical mixing process may
extend down to the bottom and vertical
differences may he less pronounced.
The four Finnish IM areas are geographi
cally distant and diifer markedly from each
other in water chemistry (Chapter 3.8.1). The
optimum programme has been carried out
annually at Valkea-Kotinen since 1990. At the
other IM lakes, it has been carried out in study
periods lasting two years (Hietajärvi: 1990—
1991; Pesosjärvi: 1992—1993; Vuoskojärvi:
1994—1995). We intend to continue with this
strategy in the future. Another strategy would
he to carry out the minimum programme
annually at each IM lake and to rotate the
optimum programme between lakes, one lake
each year. However, this would involve more
field staff and funding than is presently
availahle.
Aquatic macrophytes
Macrophytes studies have been carried out
since 1990 at Valkea-Kotinen (results not
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presented), but not at the other IM lakes.
Macrophytes indicate iong-term, cumuiative
changes in the aquatic system and many
species are sensitive indicators of environmen
tai quaiity. Therefore macrophyte studies
should be included in the WB subprogramme.

quite wide tolerances for various environmen
tai factors.

4.4 Conclusions and
recommendations

Benthic fauna
The current zoobenthic programme can
evaluate the general trophic and acidity status
of lakes on the basis of indicator community
species. However, the use of specific indices
such as that used by Raddum et ai. (1988) can
not directly be used in Finnish conditions.
Acidification is weil indicated by littorai
communities because they are rich in species.
The zoobenthos is aiso a good measure of the
long-term accumulation of heavy metals.
Fish
Fish are known to be affected by acidifying air
pollutants in poorly buffered areas in many
regions of Europe. Changes in fish communi
ties and populations of acid sensitive fish
species can therefore indicate acidification and
are well suited to monitoring programmes such
as IM. Valkea-Kotinen and Iso Hietajärvi are
particuiariy weil suited to a fish monitoring
programme: Valkea-Kotinen iake is aiready
quite acidic (Chapter 3.8.1) and any change
can be expected to have a significant effect on
the fish population. At Iso Hietajärvi there are
populations of two acid-sensitive cyprinids,
roach (Rutilus rutilus) and bleak (Aiburnus
aiburnus). Pesosjärvi and Vuoskojärvi are weii
buffered iakes (Chapter 3.8.1) and there is
Iittle danger of their acidification.
Fish, for severai reasons, are most suitabie
organisms for monitoring metal poliution.
They are at the top of the aquatic food chain so
that their metai concentrations are generaliy
higher than those of other hydrobiota. Anaiysis
of fish tissue can be done using routine meth
ods and at moderate costs. Also, due to their
reiativeiy large size, homogeneous sampies of
fish for metai analyses can he obtained easier
than for example from pianktonic organisms.
The effects of climate warming may
perhaps he best detected at Pesosjärvi and
Vuoskojärvi. Their northern location and
popuiations of cool water fish species, white
fish (Coregonus sp.) in Pesosjärvi and
Vuoskojärvi and brown trout (Salmo trutta) in
Pesosjärvi, mean that they may he more
sensitive to the effects of climate warming. In
general, biodiversity indices are not suitabie
for the fish assembiages of north European
smali lakes. These iakes usualiy have oniy a
few fish species and, furthermore, they have

4.4.1 General
The data assessed in this report covers too
short a time period to allow for trends to he
detected and for causal reiationships to he
identified in any detail
these are long-term
objectives of the IM Programme (Environment
Data Centre 1992). However, in relation to the
short-term ojectives, we have succeeded in
“establishing a network of IM sites, using
comparable methodologies”. A thorough
account of these sites is given in this report
and a considerable amount of information
describing the “within- and between-site
variahlity” is presented. The four Finnish IM
areas presentiy operating cover the entire
boreai vegetation zone and ievels of air
poiiution experienced in Finland.
Since 1991, several of the subprogrammes
have carried out campaigns of more detailed
sampling to determine within-plot spatiai
variation and to evaiuate sampling intensity in
relation to leveis of precision. We have not
been able to “evaiuate reiationships between
atmospheric deposition of sulphur and nitro
gen compounds and ecosystem responses”
very specificaily or in a quantitative way,
mainly due to the shortness of the monitoring
period. However, we have described the
deposition loads of suiphur and nitrogen as
well as air quaiity, evaluated the present ievels
of lake and soi! acidification, tree vitaiity, and
made hydrogen jon budgets for two of the IM
areas. A start at “validating existing models”
was made by caiibrating SMART to two of the
IM areas.
Some of the objectives of the IM Pro
gramme can oniy he fuifi!!ed at the inter
nationa! sca!e, and there is sometimes a
probiem ofjustifying the IM Programme at the
nationa! ievel. The Programme is rather
expensive to imp!ement and, if it were oniy a
nationa! Programme, would he done diifer
entiy, at ieast some subprogrammes. The IM
Programme therefore needs to develop in such
a way as to satisfy both nationai and
international aspirations and purposes. One
such development would he to improve the
integration of IM areas with existing regional
scale networks with iess frequent sampling in
order to 1mk process levei data to regionai
scaie questions. The fact that a hierarchy of
—
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monitoring programmes, including both
intensive and regionally extensive elements, is
necessary for the development of rational
environmental policies, clearly needs to he
stressed. In this hierarchy the intensively
monitored IM areas, where ecosystem modeis
can he used and evaluated and multiple effects
assessed, provide the background information
for integration into regional, national and
continental-scale monitoring and modelling
efforts.
The role of IM in providing areas at which
specific, short-term research projects can he
carried out complete with a wealth of back
ground data should also he recognized. This
has in fact aiready occurred, e.g. at Valkea
Kotinen, where hydrobiological research
projects (financed by the Academy of Finland
and European Union) concerning the effects of
increased UV radiation and phosphorus
cycling, have started. Cooperation between
these kinds of projects and the IM Programme
is valuable, since much additional information
may he obtained for the use in the IM Pro
gramme.
Some of the IM subprogrammes clearly
need developing and their objectives better
stated. Many of the improvements to the first
IM Manuals were suggested by persons
involved in the Finnish IM Programme and are
now incorporated into the second Manual
(Environment Data Centre 1993). However,
there remain some important omissions, both
in terms of parameters and complete
subprogrammes. For example biomass esti
mates of the various compartments of the
forest ecosystem (e.g. foliage, stems, under
storey vegetation, and roots) are needed in
order to determine the pools of nutrients bound
up in these stores. Along with estimates of
various fluxes (litterfall, throughfall and
stemflow, leaching), these stores can then he
used to complete the descriptions of the
biogeochemical cycles of the IM areas. How
ever, the determination of biomass has been
largely ignored by the IM Programme and
clearly needs to he addressed.
Similarly, leaching through the soil is a
vital but, at present, unknown flux of solutes in
the Finnish IM areas. The flux of water
through the soil can not he determined using
suction lysimeters as the area from which
water is drawn to the sampier Cup IS unknown.
Measuring soil water fluxes is very diffiCult,
partiCularly in soils developed on till. The best
option would he to model soil water fluxes.
This Can be done using the water balanCe
method or various process modeis suCh as the
Swedish SOIL model (Jansson & Halidin
1980) for partiCular profiles or TOPMODEL

(Beven & Wood 1983) for the entire CatCh
ments. However, suCh models require various
parameters not presently ColleCted as part of
the basiC IM Programme. For example,
estimates of evapotranspiration are needed
when using the water balanCe method. In
deriving reliahle values for evapotranspiration,
foliar biomass and surfaCe area needs to he
known.
Some additional parameters necessary to
run the models have been proposed and have
now been listed in the IM Manual, but they are
poorly defined and no methods are given for
obtaining them (Environment Data Centre
1993). Other short-Comings of the IM
Programme have and will beCome apparent as
attempts to fulfill the long-term objeCtives
modelling
proCeed. In the future more
emphasis should also he put on the use of
various statistiCal methods, suCh as
multivariate analyses, to Condense the vast
amount of data into a form that can he used to
reveal important relationships. Completely
new subprogrammes may be needed to
aCComodate the monitoring of, e.g., the effeCts
of Climate Change and eCosystem biodiversity.
—

—

4.4.2 Summarized recommendations
Some recommendations for the development
of the IM Programme are given below:
(1) Soil water fluxes should be estimated
for the CalCulation of the leaChing of elements
from the soil Compartment. At the Pesosjärvi
and Vuoskojärvi sites the preCision of the
runoff measurements has also been unsatisfaC
tory 50 far. In general, more emphasis should
he put on the assessment of the hydrological
processes.

(2) For some subprogrammes, e.g.
Throughfall Chemistry (TF) and Litterfall
(LF), the sampling period at the Finnish IM
areas should be extended to cover the whole
year. For hydrogeoChemiCal modelling pur
poses, annual fluxes of elements via these two
pathways are needed.
(3) SinCe all the Finnish IM areas inClude
lakes, more emphasis should he put on the
relative Contribution of terrestrial and aquatiC
processes in the estimation of aCCumulation
and losses of elements, as well as CalCulations
of proton budgets.
(4) The ChemiCal Compositiofl of the litter
as it deComposes should he included in the list
of parameters to he monitored in ConjunCtion
with the miCrobial deComposition measure
ments. OrganiC nitrogen, important to the
nitrogen CyCle, is a parameter missing from the
TF and Stemflow Chemistry (SF) subpro
grammes. Therefore, total nitrogen should be
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added to the iist of parameters in these
subprogrammes so that the amount of organic
nitrogen can be calculated.
(5) The determination of biomass estimates
of the various compartments of the forest
ecosystem (e.g. foliage, stems, understorey
vegetation, and roots) needs to be addressed.
Such information is vital for both the appiica
tion of dynamic modeis and quantification of
the role of various Iiogeochemicai processes.
The Programme Manual shouid be revised to
give a better description of the relevant tech
niques.
(6) In the future, when more information
becomes available, more emphasis should be
put on iinking biological variabies to simuita
neously measured physicochemicai variabies.
This is one of the main long-term goais of the
IM Programme (Environment Data Centre
1993), and a prerequisite for the coupling of
biological data into ecosystem modeliing.
(7) It is recommended that more countries
carry out hydrobiologicai monitoring. The
cascading food chain interactions in the water
biota can he best studied by iooking at ali
components and leveis of the system. For
lakes, the Optimum programme (Keskitalo &
Salonen 1994) is therefore highly recom
mended. The vertical distrihution of plankton
species composition should he studied in lakes
with a strong stratification, but in lakes with
weaker stratification a column sampie repre
senting the whoie water body may give the
necessary information.
(8) The current zoobenthos and fish study
programmes are particularly suited to the
monitoring of acidification. As fish are at the
top of food chains, they are also suitabie for
heavy metal monitoring. Littoral communities
are sensitive to environmental change in
general. However, a more comprehensive
sampling programme for the littoral zoo
benthos would he necessary to study changes
in biodiversity. Zoobenthos in outlet brooks
can he used as an indicator of the heavy metal
runoff (see Vuori 1993). Aquatic macrophyte
studies should he carried out at ali lakes.
(9) The cooperation of the IM Programme
with large-scale monitoring networks should
he improved in order to allow the linkage of
the intensive site studies with regional-scale
questions.
(10) The question of data quality, although
acknowledged by the IM Programme, needs to
he addressed directly. Monitoring lays great
emphasis on data quality and sampling
any
changes in the environment that are observed
must he shown to be “real” changes and not
simply due to inadequate sampling and analy
ses.

(11) The present data from the IM areas
form a good platform for the application and
development of modeis of varying complexity.
In the future more emphasis should he put on
the modelling part of the Programme. By
quantifying and assessing the dynamics of
various ecosystem effects the IM Programme
can make a valuahle contribution to the
formulation of environmental policies.
It is hoped that this report will serve as an
advertisement for the IM approach. We also
hope that the report will be of interest to many
persons, institutes and agencies involved in
environmental and ecosystem monitoring in
other countries, and not only those involved
with the IM Programme directly.

—
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5 Summary
This report presents the resuits of the first five
years (1987—1991) of the Integrated Monitor
ing (IM) Programme in Finland. The IM
Programme is a multidiscipiinary ecological
programme aimed at monitoring the effects of
transboundary air poliution on natural ecosys
tems, preferably smali forested catchments. It
started as a Nordic project by the Nordic
Council of Ministers during the years 1987—
1989. From 1989 to 1991 it ran as a Pilot
Programme of the United Nations Economic
Commission for Europe (UN ECE) under the
Convention on Long-Range Transboundary
Air Poliution. In 1993 the IM Programme
became a permanent monitoring programme of
the UN ECE, the International Co-operative
Programme on Integrated Monitoring of Air
Pollution Effects on Ecosystems. By the end of
1993, 22 countries had joined the IM Pro
gramme. Ali monitoring is done using com
mon methods and procedures described in
Programme Manuals. The IM Programme
consists of 19 subprogrammes covering ali
parts of the ecosystem: air, soil, surface and
ground waters, and biota.
Most Finnish research institutes and
university departments involved in environ
mental research as weii as several regionai
authorities participate in the nationai IM
Programme. In Finland, the Programme is
running at four monitoring areas which are,
from south to north: Valkea-Kotinen (Häme),
Hietajärvi (North Karelia), Pesosjärvi
(Kainuu) and Vuoskojärvi (Lapiand). They
span the boreai zone. The areas have been
chosen according to common Nordic and
nationai criteria described in this report.
This report gives a description of the status
and characteristics of the monitoring areas,
including detaiis about the bedrock, surficiai
deposits, soils, forest site and mire types,
vegetation, and physicochemicai and bioiogi
cai characteristics of the lakes. The common
features of the areas are their semi-naturai to
natural state and the iack of iocai poilution
sources. All the areas are forested and there is
aiso a smail lake in each area.
Owing to the graduai start of the monitor
ing subprogrammes and the short monitoring
period, it has not yet been possible to detect
temporai trends or causai reiationships in the
functioning of the ecosystems. However, the

within and between-site variation, the deposi
tion loads of suiphur and nitrogen as weli as
air quality has been described, and the present
ievels of iake and soii acidification and tree
vitaiity evaluated and hydrogen jon budgets
for two of the IM areas made. The dynamic
SMART acidification model (Simulation
Model for Acidification’s Regionai Trends)
has aiso been caiibrated to two of the areas.
Several recommendations for the deveiop
ment of the IM Programme, both nationaiiy
and internationaiiy, are given. For some
subprogrammes, additionai variabies are
suggested and the importance of data quaiity is
emphasized. The need to 1mk biological
variabies to simultaneously measured
physicochemical variabies is stressed. Further
cooperation of the IM Programme with more
extensive but less detaiied monitoring net
works shouid be made. More emphasis should
also be put on the modeiling part of the
Programme which would make it possibie to
quantify and assess the dynamics of various
ecosystem effects.
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SUBPROGRAMMES AND VARIABLES IN THE INTEGRATED MONITORING PRQGRAMME IN 19871992 (Environment Data Centre 19891) AND IN 1993—1996 (Environment Data Centre 19932). The
names, abbreviations and variabies of some of the subprogrammes may diifer in the two monitoring
periods and are therefore presented separately.

Subprogramme

Variabies 1987—1992

Meteorology (AM)

temperature of air
temperature at ground surface
temperature of soil
precipitation

Variabies 1993—1996

Oøtional:
wind speed
predominant wind direction
cloudiness
relative humidity
snow depth
total radiation
UV radiation

Climate (AM)

Air chemistry (AC)

temperature of air
temperature at ground surface
temperature of soil
relative humidity
insolation, UV radiation

S02

S02

NO2
03
S04
NO3 total
NH4 total

NO2
03
002
S04
NO3 total
NH4 total
Hg

Optiona/:
Cd
Cu
Pb
Ti/Al/Sc/Fe
Hg

Precipitation chemistry (DC)

conductivity
pH
alkalinfty
S04
NO3
NH4
CI
Na
K
Ca
Mg
Mn
ODtionaI:
Cd
Cu
Pb
Hg
Zn

Throughfall chemistry (TF)

conductivity
pH
alkalinity
SO4
NO3
NH4
Cl
Na
K
Ca
Mg
Mn

specific conductivity
precipitation total
pH
S04
NO3
NH4
P04
CI
Na
K
Ca
Mg
Cd
Cu
Pb
Zn
Ni
As
Cr
Al
Hg
specific conductivity
precipitation total
pH
S04
NO3
NH4
P04
CI
Na
K
Ca
Mg
Cd
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Subprogramme

Stemflow chemistry (SF)

Soil chemistry (SC)

Variabies 1987—1992

Variabies 1993—1996

Optional:
Cd
Cu
Pb
Hg
Zn

Cu
Pb
Zn
Ni
As
Cr
Al
Hg

conductivity
pH
alkalinity
S04
NO3
NH4
Cl
Na
K
Ca
Mg
Mn

speciflc conductivity
precipitation total
pH
S04
NO3
NH4
P04
Cl
Na
K
Ca
Mg
Cd

Ootional:
Cd
Cu
Pb
Hg
Zn

Cu
Pb
Zn
Ni
As
Cr
Al
Hg

horizon range
soil dry weight
pH at 20 C (water extraction)
pH at 20~ C (KCI extraction)
exchangeable titratable acidity
base saturation
total organic carbonhign[tion loss
N total
Na exchangeable
K exchangeable
Ca exchangeable
Mg exchangeable

pH at 20 C (water)
pH at 20 C (CaCI2 extraction)
pH at 20 C (KCI extraction)
exchangeable titratable acidity
Al exchangeable
Na exchangeable
K exchangeable
Ca exchangeable
Mg exchangeable
base saturation
total exhangeable acidity
cation exchange capacity (effective)/h
cation exchange capacity (potential)
Cd
Cu
Pb
Zn
As
Ni
Cr
Fe
Hg
S total
Ptotal
N total
total organic carbon
bulk density

O~tionaI:
Mn exchangeable
Stotal
Pb exchangeable
Cr total
Cu exchangeable
Cd exchangeable
Ni exchangeable
Zn exchangeable
V
Hg
P total
As
Se
phosphatase activity
soil respiration
exchangeable titratable aluminium
total exhangeable/titratable acidity
Soil water chemistry (SW)

S04
NO3
NH4
Ca
Na
K
Mg
CI
Ptotal
dissolved organic carbon
Al total
Al labile
Mn

S04
NO3
NH4
Ca
Na
K
Mg
CI
Ptotal
dissolved organic carbon
Al total
Al labile
Mn
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Subprogramme

Variabies 1987—1992

Variabies 1993—1996

Fe
Si02
pH
specific conductivity
alkatinity
temperature

Fe
Si02
pH (Uquids)
specific conductivity
alkalinity
soil water flow
soil moisture saturation

Optional:
Pb
Hg
Cu
Cd
Zn
F
soilwater flow
Ground water chemistry (GW)

S04
NO3
NH4
Ca
Na
K
Mg
CI
dissolved organic carbon
Altotal
Al labile
Mn
Fe
Si02
pH
alkalinity
temperature
Optional:
P total
specific conductivity
Pb
Hg
Cu
Cd
Zn
F

Runoff water chemistry (RW)

runoff
02
specific conductivity
S04
NO3
NH4
Ca
Na
K
Mg
CI
Al total
Al labile
Mn
Fe
P total
pH
absorbance
alkalinity
temperature
Optional:
N (Kjeldahl)
total organic carbon
turbidity
colour number
Cd
Zn
Hg
Si02

S04
NO3
NH4
Ca
Na
K
Mg
CI
dissolved organic carbon
Ptotal
Al total
Al labile
Mn
Fe
Si02
pH
specific conductivity
alkalinity
groundwater flow
water level

stream runoff
specific conductivity
P04
S04
NO3
NH4
Ca
Na
K
Mg
CI
P total
Al total
Al labile
dissolved organic carbon
Si02
Hg
pH
temperature
alkalinity
colour number
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Subprogramme

Variabies 1987—1992

Lake water chemistry (LC)

Variabies 1993—1996
speciflc conductivity
P04

s04
NO3
NH4
Ca
Na
K
Mg
CI
P total
Al total
Al labile
dissolved organic carbon
02 dissolved
Si02
Hg
pH
temperature
alkalinity
colour number
Hydrobiology (WB)

Macrobenthos:
species composition
individuals/taxon
biomass/taxon
Shannon-index of diversity
Simpson-index of diversity
Piarikton:
individuals/taxon
biomass/taxon
Shannon-index of diversity
Simpson-index of diversity

Hydrobiology of streams (RB)

species
pecimen density
biomass
Shannon-Wiener diversity index

Hydrobiology ot lakes (LB)

chlorophylla
inorganic assimilated carbon
carbon dark fixation
respiration
Profundal benthos:
species
specimen density
biomass
Shannon-Wiener diversity index

Taxa inventory (BB)

plant community
vascular plant species abundance/
community

Forest stands (AR)

plant community
tree species
height of stand
stem diameter at breast height
crown coverage
degree of defoliation
degree of discoloration
Optional:
Ieaf area index
siope exposition
age structure
cause of damage to trees
cause of damage to foliage

Forest damage (FD)

secondary shoots (conifers only)
annual needle fascicles (conifers only)
defoliation
discolouration
damaged trees
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Subprogramme

Variabies 1987—1992

Variabies 1993—1996
diameter of stem
height of trees
crown height
crown width

Trees (TR)

species of individual tree
coverage
fertility
vitality
height (living/dead)
stem diameter at breast height
(Iiving/dead)
diameter at 50 cm height (stumps)
base sprouting
cause of death
Optional:
stem hight
crown diameter
crown position
crown form

Understorey vegetation (VG)

coverage of species
fertility of species
frequency of species

Vegetation (VG)

:
number of living trees
number of dead standing trees
number of fallen trees
number of stumps
height of living trees
crown height
diameter of stem of living trees
diameter of stem of dead
standing trees
diameter of stem of fallen trees
diameter of stem of stumps
Layers and plants:
coverage of species,layer in tree layer
coverage of species/Iayer in
shrub layer
coverage of species,layer in fleld Iayer
coverage of species/Iayer in
bottom Iayer
fertility index of field and bottom
Iayer species
frequency of field and bottom
Iayer species

Epiphytes (EP)

Lichens and mosses of trunks:
trunk diameter (tree species)
epiphyte coverage (epiphyte species)
Extended pro~iram:
Aerial algae of spruce needles:
thickest coating of algae
youngest shoot with algae
number of shoots with > 50% neadles
left

Trunk epiphytes (EP)

epiphyte coverage
maximum length of pendulous
lichens
vitality class
stem diameter of host trees

Aenal green algae (AL)

stem diameter of host trees
thickest coating of algae
youngest shoot with algae
annual shoots with > 50%
needies leif
annual shoots with > 5%
needies leif
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Subprogramme

Variabies 1987—1992

Foliage chemistry (NC)

sample dry weight
S total
N total
Ca
Na
K
Mg
total organic carbon
P total

Variabies 1993—1996

Optional:
Mn
Zn
B
Cu
Mc
Pb
Cd
Foliage chemistry (FC)

Litterfall chemistry (L9

sample dry weight
S total
N total
Ca
Na
K
Mg
total organic carbon
P total
Mn.
Zn
B
Cu
Mc
Pb
Cd
sample dry weight
S total
N total
Ca
Na
K
Mg
total organic carbon
P total
Ootional:
Mn
Zn
B
Cu
Mc
Pb
Cd

Nutrient contents (PC)

sample dry weight
S total
N total
Ca
Na
K
Mg
tctal crganic carbon
P total
Optional:
Mn
Zn
B
Cu
Mc
Pb
Cd

Iitterfall dry weight
S total
N total
Ca
Na
K
Mg
total organic carbon
P total
Mn
Zn
B
Cu
Mc
Pb
Cd
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Subprogramme

Variabies 1987—1992

Microbial decomposition (MB)

Moss chemistry (MC)

Variabies 1993—1996
soil respiration
weight loss of litter bag/cellulose
sheet due to decomposition aifer
1 year
weight Ioss of Ntter bag/cellulose
sheet due to decomposition after
2 years
weight loss of htter bag/cellulose
sheet due to decomposition aifer
3 years
weight loss of Ntter bag/cellulose
sheet due to decomposition after
n years
phosphatase activity of soil
N-minerahzation

Cd
Cu
Pb
Zn
As
Ni
Cr total
Se

v

Fe

Metal chemistry of mosses (MC)

Cd
Cu
Pb
Zn
As
Ni
Cr total
Fe

Forest stand inventory (AR)

basal area of living trees
basal area of dead trees
development class code
height of living trees
Extended observations:
diameter of stem of living trees
diameter of stem of dead trees
diameter of stem of fallen trees
diameter of stem of stumps
number of living trees
number of dead trees
number of fallen trees
number of stumps
crown height
crown width
coverage of species in tree layer
age of trees

Plant cover inventory (PA)

coverage of species/Iayer in tree
layer
coverage of species/Iayer in shrub
layer
coverage of species/layer in field
Iayer
coverage of species/layer in
bottom layer
coverage of litter

lEnvironment Data Centre 1989: Field and Laboratory Manual. International Co-operative Programme on lntegrated
Monitoring. — National Board of Waters and the Environment, Helsinki. 127 pp.
2Environment Data Centre 1993: Manual for Integrated Monitoring. Programme Phase 1993—1 996. UN ECE Convention on
Long-range Transboundary Air Pollution. International Co-operative Programme on Integrated Monitoring of Air Pollution
Effects on Ecosystems. — National Board of Waters and the Environment, Helsinki. 114 pp.
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SIMPLE FIELD BASED SOIL PROFILE DESCRIPTIONS

Valkea-Kotinen (FIOl) catchment
Horizon

cm

Description

Piot FIOl 03

Nane available
Piot F101 04
O

5—0

Maist, slightly decampased arganic matter (moder); abrupt smooth baundary.

EA

0—5

Grayish brown (1 OYR 5/2), maist, fine sand; loose; stones abundant; roots v. few to
few; abrupt wavy boundary.

Bhs

5—13

Bs
few

13—37

BC

37—60+

Strong brown (7.5YR 4/6), moist, fine sand; loase; stanes abundant; roots few to
common; gradual wavy baundary.
Dark yellawish brawn (1 OYR 4/6), maist, fine sand; loase; stones abundant; roats v.
to few; gradual wavy boundary.
Light alive brown (2.5Y 5/4), maist, fte sand; faint motties; loase; very stany; roots v.
few ta few.

Piot F10105

o

3—0

Maist, slightly decampased arganic matter (mader); abrupt smaath baundary.

EA

0—3

Grayish brawn (1 DYR 5/2), maist, mixed with charcaal particles, fine sand; laase;
stanes abundant; raats v. few to few; abrupt braken baundary.

Bhs

3—10

Bs

10-32

Dark yellawish brawn (1 DYR 4/6), maist, fine sand; laase; stanes abundant; raats v.
few ta few; gradual wavy baundary.

BC

32—60+

Light alive brawn (2.5Y 5/6), maist, fine sand; faint matties; laase; stanes abundant;
raats v. few ta few.

Strang brawn (7.5YR 4/6), moist, fine sand; laase; stanes abundant; raats camman ta
many; diifuse baundary.

Piot F10106

o

3—0

Dry, slightly decampased arganic matter (mar); abrupt smaath baundary.

EA

0—2

Light brawnish gray (1 OYR 6 2), dry, mixed with charcaal particles, siit; laase; stanes
abundant; raats v. few ta few; abrupt braken baundary.

Bsl

2—9

Dark yellawish brawn (1 DYR 4/6), dry, siit; stanes abundant; raats camman ta many;
diffuse baundary.

Bs2

9—30

BC

30—42

R

Yellawish brawn (1OYR 5/8), dry, siit; laase; very stany; raats cammon to many;
gradual baundary.
Light alive brawn (2.5Y 5/6), dry, siit; stanes abundant; raats v. few ta few; abrupt
baundary.

42+

Piot FI01...07
O

3—0

Maist, slightly decampased organic matter (mader); abrupt wavy boundary.

AE

0—2

Dark yellawish brawn (1 OYR 3/4), maist, fine sand; laase; stanes abundant; raats
camman ta many; diifuse braken baundary.

Bw

2—22

Strong brawn (75YR 4/6), maist, fine sand; laase; stanes abundant; raats camman to
many; gradual wa~’ baundary.

BC

22—62+

Yellawish brawn (1 OYR 5/8), maist, siit; maderately firm; stanes abundant; roats v. few
to few.
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Hietajärvi (F103) catchment
Horizon

cm

Description

o

4—0

Moist, slightly decamposed organic matter (mor); abrupt wavy baundary.

E

0—9

Light brawnish gray (1 OYR 6/2), maist, line sand; aase; stones none; roots v. few to
few; abrupt wavy boundary.
Yellawish brown (1 OYR 5/6), maist, line sand; laose; stanes nane; raots camman ta
many; clear wavy baundary.
Pale alive (5Y 6/3), maist, fine sand; laase; stanes nane; raats nane.

Piot F10301

Bs

o

9—26
26—80+

PIot F103•02

o

4—0

Maist, slightly decampased arganic matter (mar); abrupt smaath baundary.

E

0—8

Bs

8—30

Light gray (1 OYR 7/2), maist, siit; maderately firm; stanes camman; raats camman ta
many; clear wavy baunciary.
Yellawish brawn (1 OYR 5/8), maist, siit; maderately firm; stanes camman; raats
camman ta many; gradual wavy baundary.
Light yellawish brawn (2.5Y 6/4), maist, fine sand; very firm; raats nane.

C

30—70÷

Piot F10304

o

3—0

Maist, slightly decampased arganic matter (mar); abrupt smaath baundary.

E

0—9

Light brawnish gray (10YR 6/2), maist, line sand; maderately firm; stanes nane; raats
camman ta many; clear wavy baundary.
Yellawish brawn (1 0YR 5/8), maist; line sand; maderately firm; stanes nane; raats
comman ta many; gradual smaath baundary.
Ught yellawish brawn (2.5Y 6/4), maist, sand; faint mattles; maderately lirm; stanes
nane; raats v. few ta few.

Bs

9—32

BC

32—80+

Piot Ff0305

o

3—0

Maist, slightly decampased arganic matter (mar); abrupt smaath baundary.

E

0—9

Bs

9—24

BC

24—80+

Light brownish gray (1 0YR 6/2), maist, line sand; maderately flrm; stanes nane; raats
camman ta many; clear wavy baundary.
Yellawish brawn (1 OYR 5/8), maist, line sand; maderately firm; stanes nane; raats
camman ta many; clear wavy baundary.
Light yellawish brawn (2.5Y 6/4), maist, line sand; faint matties; very lirm; stanes nane;
raats v. few ta few.
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Pesosjärvi (F104) catchment
Horizon

cm

Description

0

6-0

Maist, slightly decamposed arganic matter (mar); abrupt smaath baundary.

E

0—8

Light gray (10YR 7/1), moist, caarse sand; maderatelyfirm; stanes camman; raats v.
few ta few; abrupt wavy baundary.

Piot F104•01

Bhs

8—20

BC

20-51

20

51—55+

dark brawn (7.5YR 3/4), maist, sand; maderately firm; stanes camman; raats v. few ta
few; clear wavy baundary.
Olive brawn (2.5Y 4i~, maist ta wet (Iawer Iayer), fine sand; faint matties; maderately
firm; stanes comman; raats v. few ta few; clear smaath baundary.
Olive gray (5Y 4/2), maist, fine sand; faint matties; very firm; slightly stany; raats nane.

Piot F104•02
Maist, slightly decomposed organic matter (mor); abrupt smooth boundary.

0

5-0

E

0—11

Bs

11—18

Dark yellowish brown (1 OYR 4/6), maist, sand; laase; stanes many; raats camman ta
many; diifuse baundary.

BC

18-36

Olive brawn (2.5Y 4/4), maist, fine sand; laase; stanes camman; raots v. few ta few;
clear smaoth baundary.

0

36—75+

Light gray (1OYR 7/1), maist, sand; loose; stones many; roots v. fewta few; abrupt
wa~y boundary.

Olive gray (5Y 4/2), maist, line sand; faint matties; laase; stanes camman; roats none.

Piot F104...03
0

3-0

Maist, stghtly decampased arganic matter (mar); abrupt smaath baundary.

E

0—6

Light gray (1 OYR 7/1), maist, sand; laase; stanes many; raats v. few ta few; abrupt
wavy baundary.

Bs

6—17

Dark yellawish brawn (1 OYR 4/6), maist, sand; laase; stones camman; raats comman
ta many; diifuse wavy baundary.

BC

17—32

Olive brawn (2.5Y 4/4), maist, sand; faint mattles; laase; maderately stany; raats v. few
ta few; diffuse wavy boundary.

2C

32—61

Olive gray (5Y 5/2), maist, fine sand; very firm; stanes many; raats nane.

0

7-0

Maist, slightly decampased arganic matter (mar); abrupt wavy baundary.

E

0—8

Light gray (10YR 7/1), maist, fine sand; laose; stanes many; raats v. few ta few; abrupt
wavy baundary.

Bs

8—30

BC

30-44

Piot F104...04

R

Dark yellawish brawn (1 OYR 4/6), maist, fine sand; laase; stanes camman; raots v.
few ta few; gradual smaath boundary.
Olive brawn (2.5Y 4/4), maist, line sand; laase; stanes many; raats v. few ta few;
abrupt smaath baundary.

44+

PIot F104•05
0

6-0

Maist, slightly decampased arganic matter (mar); abrupt smaath baundary.

E

0—8

Light brawnish gray (2.5Y 6/2), maist, line sand; laase; stanes many; raats camman ta
many; clear wavy baundary.

Ssl

8—18

Dark yellawish brawn (1 OYR 4/6), maist, fine sand; laase; stanes many; raats v. few ta
few; gradual irregular baundary.

Bs2

18—48

Yellawish brawn (1 0YR 5/4), maist, siit; laase; stanes many; raats v. few ta few; clear
smaath baundary.

BC

48—65+

Grayish brawn (2.5Y 5/2), maist, siit; laase; stanes many; raats nane.
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Vuoskojärvi (F105) catchment
Horizon

cm

Description Description

Piot F105 01

o

2—0

Moist, slightly decomposed organic matter (mor); abrupt smoath boundary.

E

0—3

Grayish brown (1OYR 5/2), maist, line sand; loose; stones common; roots none; clear
smooth boundary.

Bs

3—11

BC

11—30

o

30—54+

Dark yellowish brown (1 OYR 4/6), maist, line sand; loose; stones cammon; roots
common to many; clear smooth boundary.
Light olive brown (2.5Y 5/4), maist, fine sand; loose; stones many; roots common to
many; gradual smooth boundary.
Olive (5Y 5/3), maist, fine sand; laose; stones abundant; roots none.

Piot F105...02

o

2—0

Moist, slightly decomposed organic matter (mor); abrupt smooth baundary.

E

0—6

Grayish brown (1OYR 5/2), maist, coarse sand; loose; stones abundant to dominant;
roots v. few to few; abrupt wavy boundary.

Bsm
Bs

o

6—16
16—38
38—56+

Dark brown (7.5YR 4/4), maist, coarse sand; weakly to moderately cemented,
discontinuaus piaty iran pan (duripan); raats v. few to few; abrupt wa~, boundary.
Yellowish brown (1 OYR 5/6), maist, caarse sand; moderately firm; stanes abundant ta
dominant; raats v. few ta few; gradual wa~y baundary.
Olive (5Y 5/3), moist, caarse sand; maderately firm; stones abundant ta daminant;
roats none.

Piot F105..03

o

4—0

Maist, maderately decampased arganic matter (mor); abrupt smaath baundary.

E

0—4

Brawn (1 OYR 5/3), maist, line sand; laase; stanes many; raats nane; clear irregular
baundary.

Bs

4—11

BC

11—42

C

42—65+

Yellawish brown (1 OYR 5/6), maist, line sand; laose; stanes many; raats v. few ta few;
gradual smaath baundary.
Light alive brawn (2.5Y 5/6), maist, line sand; loase; stanes camman; raats nane;
gradual wavy baundary.
Olive (5Y 4/4), maist, siit; faint matties; laase; stones many; raats nane.

PIotFIO5 04

o

2—0

Maist, maderately decampased arganic matter (mor); abrupt smaath baundary.

E

0—3

Grayish brawn (1 OYR 5/2), maist, line sand; loose; stanes abundant; raats nane;
abrupt braken baundary.

Bhs

3—12

o

12—62

R

62+

Dark yellawish brawn (1 DYR 3/4), maist, siit; laase; stanes abundant; raats v. few to
few; clear wavy baundary.
Olive (5Y 5/3), maist, siit; laase; stanes many; raats v. few ta few; clear wavy boundary.
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