
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.
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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 3.1.4. Monthly mean temperature (top) and precipitation (bottom) in 1987—1991 and monthly normal values in 1961—1990
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Figure 3.1.5. Distribu
tion of wind direction in
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Church weather station.
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Figure 3.1. Z Monthly mean precipitation in 1987—1991 and monthly normal value in 1961—1990 at Kuusamo, Church weather
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Integrated Monitoring area.

Figure 3.1.6. Monthly mean temperature in 1987—1991 and monthly normal value in 1961—1990 at Kuusamo, Church weather
station (top) and monthly mean temperature in 1 987—1991 at Kuusamo, Kiutaköngäs (bottom). Data represent Pesosjärvi
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

~ Freuenc 0/q ~j’ 0 Pesosjarvi Integrated

Monitoring area.
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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
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.

3.3 Bulk deposition

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.

O Integrated
Monitoring Station

O EMEP station

Other air quality.
station

Guttpr ~

0.51. utö
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O Integrated
Monitoring Station
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Other air quality
station
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Figure 3.3.1.3. Annual mean for chloride wet
deposition (g m-2) in 1 989—1991 at Finnish
Meteorological Institute measuring stations.

Figure 3.3.1.2. Annual mean for hydrogen ion
wet deposition (mmol m-2) in 1989—1991 at
Finnish Meteorological Institute measuring
stations.

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.
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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.

Valkea
Variable Kotinen

H~, mmol m2 24 21 15 8
C1, mg m2 172 120 80 238
NO~-N, mg m2 222 170 87 33
SO~-S, mg m2 471 391 240 128
NH~-N,mgm2 222 148 66 15
Na4, mg m2 108 70 51 138
K~,mgm2 74 39 20 15
Ca2~, mg m2 104 77 30 26
M 2+, mg m2 22 14 9 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.

Hietajärvi Pesosjäivi Vuoskojärvi
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Figure 3.3.2.1. Monthly mean values ofprecipitation in
1987—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.
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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 Pb Cu
mm mg m2 mg m2 mg m2

Cd Cr
~ m~ p.g m’2

Fe Mn
mg m2 mg m2

Valkea-Kotinen 648
Hietajärvi 557
Pesosjärvi 498
Vuoskojärvi 273

3.0 1.4 0.6 28 75 18 2.5
2.1 1.0 0.6 21 139 12 1.8
1.3 0.7 0.9 15 71 8 0.8
0.6 0.2 0.5 15 29 3 0.3
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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

3.4.1. Quantity of throughfall and
stemflow

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
(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 3.4.1.1. 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.

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.

140
TF=1 .004÷0.814 P

120 R2=90 % (n=97)
O 0

.
.

O. O
.

:~
1 ..

~ .:

0 20 40 60 80 100 120 140

Rainfali, mm

SF=-0.021 +0.002 P

R2=33 % (n=87)

.

O O

O
. .

0

0

. O

.
0 O O

,O ~

0

0.4

0.3

E
E

E
u)

0.1

0

110

~90

.~ 50
1-

O Valkea-Kotinen

1J Hietajärvi

~ 0.5

0.4
c

0.3

0.2

E 0.1
cl)

2 3 11

0 20 40 60 80 100 120 140

Rainfail, mm

2 3 11 1 4 !1, 2131
. Piot number

Li Pesosjärvi

Vuoskojärvi

4 1 2 3

Piot number

59



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.

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

O3
O2

Pesosjärvi
O Vuoskojärvi

0 20 40 60 80 100

Canopy coverage, %

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

1

2
+3 2

4

Valkea-Kotinen
Hietajärvi
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~80-
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D 40-
2
1-
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o 0.1
.4-

E

Figure 3.4.1.3. Relation
ship between the amount
ofthroughfall (as
percentage of rainfali)
in 1989—1991 and

120 canopy coverage oftree
stand by area and piot
(piot number is mdi
cated).

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.

= 1
Spruce Aspen Pine Birch

Species

60



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
Valkea-Kotinen

2 3
Hietajärvi2

1 4
Pesosjärvi3

1 2
Vuoskojärvi2

2 3

Specific
conductivity, mS m~ 4.7 ±1.69 4.1 ±1.69 3.4 ±1.78 3.9 ±2.32 3.6 ±2.10 2.4 *0.89 3.0 ±1.96 5.6 ±4.87

H~, imol dm3 49.4 ±15.04 39.9 ±12.78 41.0 *14.54 43.8 ±17.50 30.7 ±15.87 27.0 ±8.37 21.9 ±10.46 47.5 ±30.03

NH~-N, mg dm3 0.2 ±o.ii 0.2 ±0.09 0.2 ±0.10 0.2 ±0.08 0.1 ±0.10 0.1 ±0.10 <0.1 ±0.06 0.1 ±0.03

Ca2~, mg dm3 1.0 ±0.39 0.6 ±0.25 0.4 ±0.20 0.3 ±0.15 0.5 ±0.44 0.2 ±0.05 0.1 ±0.08 0.6 ±0.73

Mg2~, mg dm3 0.2 ±0.10 0.2 ±0.13 0.1 ±0.05 0.1 ±0.04 0.1 ±0.09 <0.1 ±0.02 0.1 ±0.08 0.6 ±0.76

K~, mg dm3 3.1 ±0.96 2.4 ±0.93 0.6 ±0.31 0.7 ±0.44 1.3 ±0.70 0.6 ±0.24 0.5 ±0.41 0.8 ±0.67

Na~, mg dm3 0.3 ±0.11 0.2 ±0.09 0.2 ±0.07 0.2 ±0.08 0.3 ±0.22 0.1 ±0.06 0.5 ±0.52 4.1 ±5.44

NO~-N, mg dm3 0.2 ±0.10 0.2 ±0.14 0.2 ±0.08 0.1 ±0.05 0.1 ±0.05 0.1 ±0.06 0.1 ±0.04 0.1 ±0.07

C1, mg dm3 1.2 ±0.41 0.7 ±0.32 0.3 ±0.11 0.3 ±0.16 0.7 ±0.73 0.3 ±0.15 0.9 ±1.02 6.8 ±8.54

SO~-S, mg dm3 2.1 ±0.80 1.6 ±0.60 1.0 ±0.45 1.0 ±0.41 1.1 ±0.60 0.7 ±0.24 0.5 ±0.20 1.3 ±1.07

PO~-P, ~.tg dm3 29.2 ±26.35 21.1 ±5.32 22.9 ±8.53 31.7 ±38.16 22.2 ±5.35 19.6 ±0.01 63.6 ±76.68 76.1 ±116.44

Al, ~g dm3 33.6 ±30.57 22.5 ±10.71 23.0 ±12.89 32.5 ±17.65 25.3 ±16.46 18.5 ±5.93 18.7 ±7.33 30.8 *29.18

Cd, ~.tg dm3 1.1 ±0.15 1.0 ±0.12 1.0 ±0.07 1.0 ±0.07 1.0 ±0.05 1.0 <±0.01 1.2 ±0.31 1.1 ±0.17

Cu, .tg dm3 5.0 ±4.42 2.9 ±1.43 2.9 ±1.27 2.8 ±0.95 3.8 ±2.18 3.5 ±1.52 3.1 ±1.55 3.2 ±1.45

Pb, ~.tg dm3 19.2 ±12.09 15.3 ±4.45 15.5 ±4.42 15.1 ±4.04 16.9 ±5.90 16.8 ±6.60 18.4 ±8.03 15.3 ±6.46

Zn, ~.tg dm3 11.1 ±5.80 5.6 ±1.39 6.1 ±2.69 6.3 ±2.42 5.7 ±2.55 4.9 ±0.81 5.3 ±1.89 9.7 ±9.45

1 Total heavy metais are determined.
2 1989, only August—September, (n = 10).
~ 1989, only August—September, and 1990, only June-August, (n = 9).

graphic location. In general, where the stand Table 3.4.2.2. Specific conductivity and concentrations of major solutes iii

composition of the plots within a catchment bulk deposition collected during June—Septernber 1 989—1991 for each
was clearly different (Tabies 3.9.1.1—3.9.1.4) catch,ne,zt. Values are volume—weighted monthly means (n = 12). Standard
throughfall solute concentrations also tended deviations are also indicated.
to diifer. Thus, the Vuoskojärvi plots showed .

. . Vanable Pesosjarvi Vuoskojarvithe greatest differences (p < 0.05) while the
mean solute concentrations from the Hietajärvi Specific
plots were very similar to each other. conductivity, mS m1

The pine canopy at Vuoskojärvi Plot ~ H~ ~tmoI dm3
appeared to have accumulated sea salts (dry NH~-N mg dm3
deposition) during the winter which were Ca2~, mg dm~3
subsequently washed off during spring rainfail, Mg2~, mg dm3
resulting in strongly sea salt-enriched through- K’~, mg dm~3
fali. The mountain birch stand (Plot 2), did not Na~, mg dm3
accumulate sea salts during winter, presumably NO~-N, mg dm
due to its deciduous nature, and spring ci, mg dm3
throughfall was not enriched to the same SO~-S, mg dm3
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.

3.4.3 Stemflow chemistry

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

Valkea-Kotinen Hietajärvi

2.2 ±0.87 1.9 ±0.65 1.5 ±0.45 1.7 ±1.25

33.8 ±13.93 32.7 ±11.32 28 ±8.40 28.8 ±14.91

0.4 ±0.26 0.3 ±0.19 0.1 ±0.09 <0.1 ±0.02

0.2 ±0.13 0.2 ±0.14 0.1 ±0.03 0.1 ±0.15

<0.1 ±0.02 <0.1 ±0.02 <0.1 ±0.02 0.1 ±0.14

0.2 ±0.19 0.1 ±0.05 <0.1 ±0.03 0.1 ±0.11

0.1 ±0.04 0.1 ±0.06 0.1 ±0.10 0.4 ±o.94
0.3 ±0.11 0.2 ±0.09 0.1 ±0.06 0.1 ±0.04

0.2 ±0.09 0.2 ±0.06 0.1 ±0.10 0.7 ±1.33

0.8 ±0.41 0.7 ±0.32 0.5 ±0.21 0.4 ±0.25

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.
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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
Pine

Hietajärvi2 Pesosiärvi3 Vuoskolärvi2
Spruce

Valkea-Kotinen1 Pesosjäivi3

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

Variable Valkea-Kotinen1

June-August, (n = 9).

Birch
Hieta ~rvi2

As en
Pesos arvi3 Pesos arvi3

Specific
conductivity, mS m~ 20.8 ±4.25 22.2 ±4.87 44.8 ±32.06 15.1 ±5.44 26.9 ±21.14

H~, ~tmoI dm3 346.8 ±73.42 356.8 ±90.55 551.1 ±322.28 147.6 ±110.94 203.6 ±200.29

NH~-N, mg dm3 0.4 ±0.42 0.1 ±0.12 <0.1 ±0.16 2.4 ±2.49 1.3 ±1.19

Ca~, mg dm~3 7.8 ±2.87 5.9 ±2.24 9.1 ±9.30 5.4 *2.53 14.5 ±17.68

Mg~, mg dm3 1.1 ±0.39 1.4 ±0.56 4.8 ±4.84 0.9 ±0.34 2.3 ±2.66

K~, mg dm3 4.7 ±1.14 8.1 ±1.98 7.9 ±4.73 9.2 ±2.98 16.2 ±15.85

Na~, mg dm3 1.4 ±0.43 1.9 ±0.58 32.8 ±30.38 1.3 ±0.36 3.5 ±2.54

NO~-N, mg dm3 0.3 ±0.39 <0.1 ±0.12 <0.1 <±0.01 0.1 ±0.16 0.1 ±0.18

cr, mg dm3 3.8 ±1.74 4.9 ±2.57 54.3 ±63.85 3.9 ±1.33 9.0 ±6.40

SO~-S, mg dm3 8.1 ±2.74 6.9 ±2.63 11.0 ±8.56 7.7 ±2.82 16.4 ±19.09

PO~-P, ~ig dm~ 75.8 ±125.67 73.7 ±86.10 27.9 ±22.20 436.1 ±537.75 964.8 ±1206.49

Al, .tg dm3 996.7 ±456.16 860.2 ±303.00 1687.1 ±1404.21 120.9 ±83.74 156.6 ±148.24

Cd, ig dm3 1.1 ±0.16 1.0 <±0.01 1.0 <±0.01 1.0 <±0.01 1.1 ±0.18

Cu, ~ig dm3 3.3 ±1.74 4.2 ±2.38 10.6 ±16.74 3.4 ±1.82 10.4 ±4.86

Pb, ig dm3 18.1 ±13.03 18.4 ±13.58 17.9 ±10.26 18.5 ±9.86 48.1 ±56.43

Zn, ~ig dm3 58.9 ±25.54 85.8 ±65.34 111.6 ±84.81 188.2 ±112.26 208.7 ±211.74

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

16.3 ±5.77 21.7 ±9.86 13.0 ±5.46 14.6 ±4.65

158.6 ±124.01 382.1 ±139.87 183.7 ±71.35 1.1 ±1.03

0.2 ±0.42 0.3 ±0.33 <0.1 ±0.12 0.1 ±0.15

3.3 ±1.15 3.7 ±3.02 1.6 ±0.81 14.5 ±4.84

1.2 ±0.38 1.0 ±0.79 0.8 ±0.41 3.6 ±1.37

24.4 ±24.95 9.5 ±5.97 7.4 ±3.05 25.0 ±7.32

1.1 ±0.32 1.3 ±0.93 0.8 ±0.39 0.6 ±0.14

<0.1 ±0.14 <0.1 ±0.17 <0.1 <±0.10 0.1 ±0.15

3.0 ±1.36 4.1 ±4.76 2.0 ±1.61 2.0 ±1.35

6.8 ±2.06 9.1 ±5.85 4.2 ±2.17 7.2 ±4.00

31.7 ±19.28 70.2 ±125.59 26.1 ±9.92 127.8 ±309.29

137.5 ±76.08 291.4 ±244.59 55.4 ±25.30 21.6 ±8.73

1.0 <±0.01 1.1 ±0.22 1.0 <±0.01 1.0 ±0.12

2.9 ±0.98 2.9 ±0.71 4.7 ±2.41 7.2 ±3.90

12.5 <±0.01 12.5 <±0.01 15.4 ±7.94 17.0 ±8.09

122.3 ±64.02 64.5 ±51.36 41.5 ±21.27 60.8 ±18.30

1 Total heavy metais are determined.
2 1989, only August-September, (n = 10).
~1989, only August-September and 1990, only June-August, (n = 9).
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3.4.4 Total forest deposition

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

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.
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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.
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Figure 3.4.4.5. Totalforest deposition (throughfall+stemflow) and bulk deposition ofpotassium during measurementperiod
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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.
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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.

3.5 Moss chemistry
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
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Figure 3.5.1. Bulk deposition and throughfall deposition ofcadinium
and chromium (top), lead and nickel (bottom) and concentrations of
corresponding heavy metais in inosses in Integrated Monitoring areas
in 1991 and comparable data from regional background areas in 1990
according to Riihling et al. (1992). ~ = not measured.
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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,
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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

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
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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 and CEC for the twowater e

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 CEC BS and basewater p p

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).
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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 1 Valkea-Kotinen Hietajärvi Pesosjäivi Vuoskojärvi
Peat Forest soil Forest soil Forest soi! Forest soi!

min. max. min. max. min. max. min. max. min. max.

Bulk density, g dm3 Humus 69 74 131 166 94 123 106 124 1 18 152
0—5 cm 76 106 717 1012 1044 1267 1265 1436 880 1272

5-20cm86 122 907 1249 1000 1416 1222 1387 1046 1261
20—40 cm 106 152 1098 1559 1370 1679

P~,ater Humus 3.46 3.80 3.84 4.09 3.51 3.64 3.68 3.85 3.71 3.92
0—5 cm 3.30 3.63 4.13 4.52 4.40 4.50 4.12 4.43 4.26 4.61

5—20 cm 3.52 3.78 4.50 5.24 5.10 5.36 4.83 5.10 4.95 5.42
20—40cm 5.55 5.82 3.66 4.11 5.21 5.33

pHKcI Humus 2.62 2.92 2.93 3.26 2.62 2.80 2.91 3.08 2.76 2.97
0—5 cm 2.47 2.72 3.33 3.52 3.43 3.60 3.20 3.43 3.41 3.62

5—20 cm 2.57 2.83 3.72 3.92 3.77 3.94 3.81 3.92 3.75 3.83
20—40 cm 2.61 2.97 3.78 3.83 3.87 3.92

Total organic C (TOC), % Humus 53.1 53.2 35.8 49.2 46.2 49.6 50.6 53.7 40.5 49.4
0—5cm 52.2 52.2 3.4 5.0 0.9 1.8 1.3 2.2 1.6 2.1

5—20 cm 52.3 52.8 2.3 3.6 0.6 1.3 0.9 1.6 1.1 1.2
20—40 cm 55.8 56.1 0.2 0.3 0.3 0.8

Total N, % Humus 0.97 1.21 0.97 1.31 0.87 1.05 0.94 1.16 0.96 1.21
0—5cm 0.95 1.07 0.13 0.17 0.01 0.04 0.04 0.08 0.03 0.15

5—20 cm 1.13 1.26 0.11 0.16 0.01 0.09 0.03 0.06 0.01 0.13
20—40 cm 1.23 1.6 0.01 0.02 0.02 0.03

TotaIS, % Humus 0.16 0.17 0.12 0.18 0.11 0.15 0.13 0.15 0.13 0.16
0—5 cm 0.17 0.19 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01

5—20 cm 0.23 0.28 0.03 0.04 0.01 0.02 0.01 0.01 0.01 0.01
20—40 cm 0.23 0.33 0.01 0.01 0.01 0.02

Total P, mg kg1 2 Humus 598 681 648 1075 653 792 859 1024 608 953
0—5 cm 504 507 87 670 147 234 96 242 115 163

5—20 cm 539 570 208 1604 368 873 155 528 184 266
20—40cm 466 536 193 252 160 276

Total Cu, mg kg~ 2 Humus 3.9 7.1 7.2 8.4 5.3 7.1 5.6 7.0 4.7 5.9
0—5cm 3.7 5.0 3.9 12.8 1.1 1.9 1.5 6.0 3.1 7.1

5—20cm 2.5 4.1 8.3 20.2 1.5 2.4 4.1 16.3 8.3 13.3
20—40 cm 2.5 6.7 2.0 2.9 7.1 21.9

Total Zn, mg kg~ 2 Humus 45.5 48.1 27.3 78.4 36.5 53.9 28.6 42.8 28.6 48.4
0—5cm 30.5 35.7 11.1 76.1 3.2 9.8 2.0 4.2 6.7 12.2

5—20cm 15.3 18.8 22.3 97.4 8.8 27.2 3.2 12.9 15.7 22.5
20—40cm 5.4 10.1 6.2 10.0 2.5 4.5

Total Pb, mg kg~ 2 Humus 17.2 24.5 — — 25.3 37.0 16.2 18.9 13.7 15.6
0—5 cm 26.1 26.1 35.9 52.1 8.8 12.8 3.7 9.3 13.5 19.0

5—20cm 14.1 14.5 9.6 17.8 18.6 24.6 2.2 5.8 22.0 27.4
20—40cm 7.6 8.4 3.5 6.8 11.8 13.4 1.9 2.6

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).



Table 3.6.1.1 (continued)

Valkea-Kotinen Hietajärvi Pesosjä,vi
Peat Forest soil Forest soil Forest soi!

min• max. min. max. min. max. min. max.

Variable Layer 1 Vuoskojärvi
Forest soi!

min. max.

Exchangeable Na, mg kg1 Humus 38 43 18 28 17 21 15 22 37 74
0—5cm 52 57 3 6 2 3 3 4 8 15

5—20 cm 47 54 3 5 2 3 2 3 7 9
20—40cm 44 53 2 3 3 3

Exchangeable K, mg kg~ Humus 716 809 682 839 835 1044 990 1307 617 954
0—5 cm 382 448 36 61 15 25 19 31 15 18

5—20 cm 168 238 21 36 7 13 13 18 7 11
20—40cm 57 103 3 7 7 13

Exchangeable Ca, mg kg~ Humus 2051 3807 2807 4328 2073 2853 2362 3837 2027 2532
0—5cm 3511 4698 132 222 14 46 59 117 58 83

5—20 cm 2556 4407 48 140 19 24 33 100 29 48
20—40cm 2901 4109 17 18 13 46

Exchangeable Mg, mg kg~ Humus 430 437 289 530 253 354 420 551 581 657
0—5cm 596 639 22 34 3 7 15 32 16 24

5—20 cm 430 646 7 14 2 4 8 14 6 9
20—40 cm 457 527 1 2 4 12

ExchangeableAl, mg kg~ Humus 67 82 93 182 115 161 46 86 53 477
0—5 cm 105 148 229 332 86 139 86 142 190 247

5—20 cm 108 116 84 188 15 56 38 106 51 100
20—40cm 106 164 4 6 10 56

Exch. titr. acidity (EA), meq kg~ Humus 47.7 73.0 36.3 55.9 57.8 59.5 49.5 61.2 44.8 83.6
0—5cm 53.0 83.1 26.5 35.0 7.2 11.7 11.7 19.3 12.9 22.6

5—20 cm 44.7 67.1 10.0 20.3 2.0 5.6 5.3 11.8 4.6 7.1
20—40cm 37.1 59.4 1.1 1.2 2.2 6.4

Exch. titr. Al (~AI)’ meq kg~ Humus 0.0 0.0 2.0 10.2 1.6 5.0 0.0 0.6 0.2 32.9
0—5cm 6.1 9.8 20.0 25.5 4.6 7.9 6.9 12.0 8.3 16.8

5—20 cm 9.6 13.1 7.4 15.6 1.0 4.1 3.4 9.0 3.6 5.6
20—40cm 11.8 15.1 0.1 0.5 0.8 4.5

Total titr. acidity (TTA), meq kg~ Humus 735 1107 691 1074 817 1041 709 861 759 978
0—5cm 1267 1375 149 207 31 80 36 67 85 108

5—20 cm 1325 1443 125 218 66 139 62 118 80 95
20—40cm 1019 1523 10 28 19 75

Effective cation exchange Humus 231 296 228 332 207 243 250 314 227 259
capacity (CECe), meq kg~ 0—5 cm 320 354 38 48 10 15 20 26 20 28

5—20 cm 236 326 15 26 3 8 8 17 7 10
20-40 cm 247 278 2 2 4 9

Potential cation exchange Humus 894 1356 874 1350 966 1235 898 1126 963 1154
capacity (CEC~)~ meq kg~ 0—5 cm 1568 1612 164 221 33 84 42 74 91 114

5—20 cm 1494 1725 129 225 67 141 67 125 84 98
20—40cm 1204 1755 12 29 22 79

Effect. Base Sat. (BSe), % Humus 68 84 80 87 72 76 76 84 68 81
0-5cm 74 85 25 33 15 32 23 42 20 35

5—20 cm 72 86 21 49 25 48 25 41 26 40
20—40 cm 76 88 39 54 31 47

Potent. Base Saturation (BS~), % Humus 18 18 20 26 15 16 20 23 15 21
0—5cm 15 19 6 9 2 5 10 20 5 7

5—20 cm 11 16 3 4 1 2 4 6 3 4
20—40cm 14 16 3 14 4 10

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

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 EA and TTA values and iowest pHAl 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.

3.6.3 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

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.

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
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Valkea-Kotinen Hietajärvi

stemflow as a resuit of acid-buffering of the
infiltrating water. The most acid soil water Table 3. Z1. Specific conductivily and concentrations ofsolutes’ in soil water
sampies were associated with Vuoskojärvi. sampies collected duringJune—Septeinber 1989—1991 presented by catchment
The mean hydrogen ion concentrations for the and sampling depth. Mean values and standard deviations are given.
15- and 35-cm depths corresponded to pH n = number ofsampies analysed; potential number = 288.
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 15 cm 35 cm 15 cm 35 cm
Variable (n=17—27) (n=29—42) (n=17—23) (n=6—12)and 6.0. The mean concentrations of heavy

metais did not differ between depths or catch- Specific
ments. conductivity, mS m~ 7.8 ±7.47 7.3 ±5.47 4.3 ±3.36 3.8 ±2.00

Aluminium toxicity has been widely H~, i.tmoi dm3 5.5 ±5.39 5.1 ±7.40 2.2 ±2.66 0.5 ±0.58

considered to he the cause of forest damage NH~-N, mg drn3 <0.1 ±0.11 0.1 ±0.14 <0.1 ±0.03 <0.1 ±0.03

(Ulrich et al. 1979). However, Arovaara and €a2~, mg dm3 4.4 ±3.61 3.6 ±1.32 1.0 ±0.86 1.1 ±0.28

Ilvesniemi (1990) showed that, depending on Mg2~, mg dm3 1.4 ±0.96 1.5 ±0.65 0.3 ±0.37 0.4 ±0.09

nutrition, the growth of Norway spruce K~, mg dm3 3.4 ±3.20 1.9 ±1.36 0.9 ±0.87 0.7 ±0.49

seedlings was inhibited only at aluminium Na~, mg dm3 1.3 ±1.16 1.6 ±0.71 1.0 ±0.61 1.1 ±0.18

concentrations varying 10—50 mg dm-3. The Nø~~-N, mg dm3 <0.1 ±0.00 <0.1 ±0.05 <0.1 ±0.12 <0.1 ±0.00

corresponding concentrations for Scots pine ei-, mg dm3 3.5 ±4.64 2.1 ±1.16 0.9 ±0.97 0.8 ±0.24

seedlings were 20—50 mg dm3. Soil water S0~-S, mg dm3 4.8 ±2.32 3.7 ±1.42 0.9 ±0.46 0.5 ±0.21

aluminium concentrations in the IM areas were Pø~-P, ~ig dm3 20.0 ±0.0 53.0 ±162.0 25.0 ±24.0 20.0 ±0.0

generally < 1 mg dm ‘, while maximum Ai, ~tg dm3 149.3 ±166.75 265.0 ±319.00 43.7 ±39.93 18.1 ±7.28

aluminium concentrations in soil water at Cd, .tg dm3~ 1.1 ±0.35 1.1 ±0.31 1.1 ±0.35 1.1 ±0.35

Valkea-Kotinen, Hietajärvi, Pesosjärvi and Cu, ~.tg dm3 3.7 ±4.18 3.4 ±2.52 3.0 ±1.30 3.8 ±1.68

Vuoskojärvi were 1.4, 0.1, 2.4 and 4.8 mg Pb, ~tg dm3 15.7 ±8.39 14.8 ±6.26 14.1 ±5.40 20.1 ±12.54

dm3, respectively. In sampies from which Zn, ~tg dm3 29.1 ±18.68 21.5 ±17.41 5.2 ±2.25 6.0 ±3.59

dissolved organic carbon (DOC) values were
determined (after 1991), aluminium concentra- 1 Totai heavy metais are determined.

tions > 0.1 mg dm3 were directly correlated to
DOC concentrations (r = 0.69, n = 25), indicat
ing that the aluminium was in an organically 15 cm 35 cm 15 cm 35 cm
complexed (nontoxic) form. The DOC concen- Variable (n = 56—62) (n = 54—64) (n = 57—89) (n = 61—1 04)
trations were highest at Vuoskojärvi (~ = 50.2
mg dm 3). The apparent stronger mobilization Specific

conductivity, mS m~ 3.7of aluminium at Vuoskojärvi may thus have H~, ~.tmoi dm3
been due to the production ofAJ-organic

NH~-N, mg dm3complexes, perhaps the resuit of more active Ca2~, mg dm3
podzolization processes. Mg2~, mg dm3

Calcium concentrations should be taken K~, mg dm3
into account when considering the toxicity of Na~, mg dm3
aluminium concentrations to tree roots (Rost- NO~-N, mg dm3
Siebert 1983). Thus, aluminium toxicity ~S Ci, mg dm3
considered to occur when the Ca:A1 (A13j so~-s, mg dm3
molar ratio of the soil solution around the roots ~ ~ dm3
drops to < 1. None of the soil water sampies Al, ~ig dm3
collected at Valkea-Kotinen and Hietajärvi had Cd, ~tg dm3
a Ca:A1 molar ratio < 1; at Pesosjärvi and Cu, ~ig dm3
Vuoskojärvi, however, 11% and 15% of Pb ~g dm3
collected sampies, respectively, had Ca:A1 Zn, ~ig dm3
molar ratios < 1. It must be remembered that
the aluminium referred to here is total alu- 1 Total heavy metais are determined.

minium; 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.

Pesosjärvi Vuosko än,i

±2.90 4.2 ±4.54 4.6 ±2.31 5.1
2.6 ±3.95 1.0 ±1.53 9.4 ±9.86 8.2

<0.1 ±0.06 <0.1 ±0.04 0.1 ±0.18 0.1
1.6 ±1.09 1.5 ±0.57 1.5 ±0.84 1.4
0.7 ±0.33 0.8 ±0.33 0.6 ±0.41 0.6
0.7 ±0.76 0.3 ±0.44 0.6 ±0.49 0.4
0.9 ±0.36 1.1 ±0.35 2.6 ±1.77 3.5

<0.1 ±0.00 <0.1 <±0.01 <0.1 ±0.01 <0.1
1.0 ±0.79 0.9 ±0.32 5.0 ±4.84 5.5
1.2 ±0.89 1.2 ±0.51 1.0 ±0.47 1.1

30.0 ±69.0 24.0 ±28.0 24.0 ±28.0 22.0
221.8 *322.31 61.8 ±298.89 531.7 ±676.55 300.0

1.1 ±0.44 1.1 ±0.24 1.1 ±0.28 1.1
3.0 ±1.56 3.5 ±3.91 4.3 ±4.11 4.3

14.2 ±6.73 16.0 ±8.33 17.8 ±11.64 15.4
8.8 ±8.12 9.2 ±9.82 21.5 ±24.60 29.2

±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



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

I11~ . - ~I!I— ~

JFMAMJJASØNDJFMAMJJASOND

1990 1991

— Om 5m

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.

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

m stratification in the latter year. Oxygen was

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.

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.

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

25
— Om 2m

~20

o. 10
E

1990 1991

200
0~

E
150

100

50

0

Variable 1990

1.6
15.3
10.0
5.2
3.0
103
462

14
4

19
4

-0.007
0.44
9.6

1991

1.5
15.0

9.6
5.4
2.8
128
560

13
9

22
3

0.009
0.63
11.3
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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

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.

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.
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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).

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

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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Figure 3.8.1.5. Water
temperature (top),
oxygen concentration

,~j (middle) and water
fi°~ colour (bottom) in

1988—1991 forLake Iso
1988 1989 1990 1991 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.

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).
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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.

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

1.6
14.4

8.0
5.9
1.5

120
270

11
5

12
2

0.050
10.8

30
—lm

Ice

1
1988 1989 1990

20

7.5

7

0. 6.5

6

5.5

E
0

10~

1991 1988 1989 1990 1991

—im 6m

1988 1989 1990 1991

III 1111111

1988 1989 1990 1991

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.

Pieni Hietajärvi
1990 1991

Iso Hietajärvi
1990 1991

4.3 4.2
11.1 14.7
10.7 9.4
6.7 6.8
1.6 1.7
18 15

210 190
10 10

6 4
7 7

.8
11.3

9.2
6.4
1.5
82

260
12

5
15

2
0.073

7.1

2
0.071

3.1

2
0.080

3.1
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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.

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.
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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. i800
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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.

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.
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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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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.

Variable 1990 1991

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 alkalinity, eq m3
Organic carbon, g m3

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).

Lake Vuoskojärvi

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).

15

E 12

0

Var~abIe

1991

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

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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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.

1991

82



8
—im 5m — im 5m

0.3

10.2 ~

0.1

Figure 3.8.1.15. WaterpH (top) and Gran
alkalinity (bottom) in 1991 for Lake Vuoskojärvi.

Comparison between the lakes

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

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.

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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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.

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.

..

3.9 Tree stand

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).

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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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.

Valkea-Kotinen

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) > 5 cm
by piot in Valkea-Kotinen catchment, collected during first measurementperiod (1987).
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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.

Piot
Variable ~1 21 3 4 7 1

Scots pine
Stem density, stems ha1 1025 50 17 67 331
Basal area, m2 ha1 24 3 2 6 22
Mean dbh, cm 18.9 28.0 37.5 37.5 30.8
Mean height, m 14.9 23.6 28.3 24.9 26.2

Norway spruce
Stem density, stems ha1 17 938 758 1356 720 1086
Basal area, m2 ha-1 <1 34 27 32 21 37
Mean dbh, cm 9.6 26.5 24.9 21.3 22.0 30.1
Mean height, m3 10.5 21.6 22.3 21.0 20.9 25.9

Broad-Ieaved species
Stem density, stems ha1 8 100 383 233 137 80
Basal area, m2 ha~1 <1 3 19 12 6 10
Mean dbh, cm 6.7 21.4 26.6 29.0 26.3 43.5
Mean height, m 8.3 20.0 26.9 23.6 23.8 28.5

1 Peatland.
2 1992.
~‘ Weighted by basal area.
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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

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.

Variable

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

1 Weighted by basal area.
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D Scots pine 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).
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Figure 3.9.1.4. Distribution of Iiving trees into
diameter classes for Plots 1 (top) and 4 (bottom)
in Hietajärvi Integrated Monitoring area.
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Figure 3.9.1.5. Distribution of living trees into
diameter classes for Plots 1 (top) and 2 (bottom)
in Pesosjärvi Integrated Monitoring area.
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Variable

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

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

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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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).

1 2 3

Scots pine
Stem density, stems ha1 89 125 58 78
Basal area, m2 ha1 <1 10 4 4
Mean dbh, cm 1 10.4 37.0 31.4 28.0
Mean height, m 1 9.4 18.4 17.2 16.5

Norway spruce
Stem density, stems ha1 511 1117 792 822
Basal area, m2 ha1 13 11 12 9
Mean dbh, cm 1 24.9 13.3 16.4 14.8
Mean height, m 1 16.7 10.7 12.2 10.7

Broad-Ieaved species
Stem density, stems ha1 78 108 183 222
Basal area, m2 ha1 6 4 5 4
Mean dbh, cm 1 43.5 23.7 19.3 17.3
Mean height, m 1 18.0 15.8 13.3 12.7

1 Weighted by basal area.

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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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.

10

0

—4-— Valkea-Kotinen —e-— Pesosjärvi

—a-— Hietajätvi —~-— Vuoskojärvi

4

1989
Year

Pine

—0-- Valkea-Kotinen

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).

3.9.3 Needle chemistry

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),
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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

_________ _________ sylvestris; top) and

Norway spruce (Picea
abies; bottom). Norway

1988 1989 1990 1991 srpuce was studied only
at Valkea-Kotinen and
Pesosjärvi.

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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Figure 3.9.3.1. Element concentrations in Scots pine (Pinus sylvestris) current (c) and one-year-old (c + 1) needies collected during
1988—1991 (Pesosjärvi 1989—1991) for each catchment. Mean values and standard deviations are presented.
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Figure 3.9.3.2. Element concentrations in Norway spruce (Picea abies) current (c) and one-year-old (c+1) needies collected
during 1988—1991 at Valkea-Kotinen and 1 989—1991 at Pesosjärvi. Mean values and standard deviations are presented.
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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.

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.

JJASØMJJAS€ JJASØMJJASØ
1990 1991 1990 1991

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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3.10 Epiphytes
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

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

Valkea-Kotinen
2 3

Hietajärvi
1 4

Pesosjärvi
1 2

Vuoskojärvi
2 3

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

Dry weight, g m2 86.0 127.5 138.7 109.2 68.0 75.3 94.8 122.3
C,gm~2 48.9 73.1 80.5 63.6 37.5 43.1 53.7 71.6
N, g m2 1.0 1.3 0.8 0.6 0.5 0.5 0.7 0.6
S, mg m2 86.0 108.7 73.6 61.7 59.8 47.3 56.3 59.0
K, mg m2 168.7 324.3 169.0 99.7 365.2 146.1 168.3 122.1
Ca, mg m2 675.8 1123.7 680.3 492.0 622.5 386.9 666.4 460.3
Mg, mg m2 96.7 299.2 115.5 66.4 68.2 94.1 265.9 81.3
Na, mg m2 4.0 4.8 5.2 3.3 2.2 2.4 7.4 43.3
P, mg m2 57.6 93.4 73.1 54.9 49.1 74.0 98.2 45.3
Cd, mg m2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cu, mg m2 0.5 0.7 0.3 0.3 0.4 0.3 0.4 0.3
Mn, mg m~2 47.7 73.0 54.0 89.4 25.7 62.2 70.7 40.8
Zn, mg m2 8.0 6.9 7.0 7.0 5.3 5.0 10.6 4.8
Mo, mg m2 0.1 0.1 0.1 0.1 <0.1 <0.1 0.1 0.1
Pb, mg m2 0.4 0.5 0.4 0.3 0.2 0.2 0.3 0.4
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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

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.

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

0.28
0.01
0.75
1.66
0.19

0.30

0.22
7.19

0.31

0.43 0.30

11.76 10.79
2.71 7.13
0.85 -

0.01 0.04

- - 0.03
- 0.00 0.00

Pesos ärvi
2 5

-91 -89

6.52 4.48 1.51
0.05 0.02

Vuosko~arvi
6 1 1 3 3

-91 -89 -91 -89 -91

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.

Species

Hietaarvi
1 2 3 2

-90 -90 -90 -89

0.09

0.44
0.92
0.01

0.09
0.03

0.02 -

0.11 -

- 0.29
0.68 0.17
0.02 -

2.67 33.16

0.20 0.09

Valkea-Kotinen
7 7 9

-88 -90 -90

0.01 0.01 -

0.14 0.14 0.02
- - 0.01

0.02 0.09 -

9.64 14.02 14.00

0.05 0.17

0.08 0.11 1.36
0.09 - 0.16
0.66 1.13 0.18

- - 0.02

0.04 0.02 0.00
0.01 - 0.00

0.20
0.06
0.53
1.32

0.25

9.12

0.46

5
-91

0.34
0.43

30.85

0.45

1.00

0.51

0.30 -

- 0.71
0.25 0.09

- 0.96

0.04

0.17
0.61

2.51

0.08

0.01

1.08

2.32

4.38
0.02

0.35

2.10
0.19

10.06

0.09

0.02

0.41

15.83

0.11

0.01

15.99
3.12
0.70
0.54

1.18

0.85

- - 0.09 0.20

0.89
0.01
1.62

0.03
0.04
3.25

- 0.04 0.19 0.00

0.16 0.44 0.37 0.22
- 0.05 - 0.02

0.63 1.59 0.68 1.04
0.65 0.25 0.66 0.36

0.05 - -



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

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.

PSI IAP

79.5 13.8

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.

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 ofstudied 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. 62.5 78.9 42.1
Hypogymniaphysodes 25.0 21.1 10.5
Lecanoraspp. - 10.5 -

Melanelia olivacea 100.0 100.0 100.0
Parmella sulcata 31.6
Parmeliopsis ambigua 25.0 57.9 26.3
Parmeliopsis hyperopta 75.0 21.
Vulpicida pinastri - 10.5 -
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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 60-
cm 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.
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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 ofScots 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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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

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

Peatland vegetation zonesForest vegetation zones

Vuosko.

Iv
P osjärvi P: OSjärvi

. .

III
III

~etaj~i etajärvi

II
II

Valkea-Kotine 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.

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

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

(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.

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

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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Field Iayer
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Sorbus aucuparia

Gymnocarpium dryopteris

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
v oxycoccos
V uliginosum
V vitis-idaea

Linnaea borealls
Maianthemum bifolium
Oxalis acetosella
Rubus chamaemorus

Bottom Iayer
Cetraria nivalis
Cladonia arbuscula
C. coccifera
C. gracilis
C. rangiferina
C. uncialis
Cladonia spp.
Nephroma arcticum
Ochrolechia frigida
Peltigera aphthosa
P~ malacea
Stereocaulon spp.

Aulacomnium palustre
Barbiophozia Iycopodioides
Barbiophozia spp.
Dicranum fuscescens
D. majus
D. polysetum
D. scoparium
Hylocomium splendens
Pleurozium schreberi
Polytrichum commune
R juniperinum
P strictum
Ptilidium ciliare
Ptilium crista-castrensis
Sphagnum angustifolium
S. fuscum
S. magellanicum
S. russowii

0.6 -

1.2 0.8
7.1 4.6
2.6 2.2

- - - - - 2.7
— — — — 1.1 —

- - 2.7 - - 1.4

- 1.0
- 2.2

- - 1.8
- 0.9 -

- 0.5 -

2.7 10.6 -

0.7 - -

1.0 - -

48.0 38.5 -

37.3 39.8 -

- 0.9 4.1

- - 0.6

-40.0 -

- 31.1 -

- 6.4 -

3.0 15.6 -

- - .9
- .8 1.2
- 0.6 -

- 0.8 0.8
0.7 0.9 -

- 0.5 1.6
- 1.5 5.8

1.5 - -

- - 1.9
0.7 - -

- 1.0 -

- - 1.5

1.5 1.0 1.2
1.6 6.1 5.2

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.

Valkea-Kotinen Irlletajäiyi I~esosjänvi i/uo~skojä,yi
Species 3 8 1 4 7 2 5 6 2 3 4

0.0 0.5

- 1.8

0.9

- - - - 3.6

- - 5.2 4.2 -

- - - - 1.2

- - 1.8 - -

- - 3.5

- 0.8 0.9

- - 1.0
25.2 24.3 0.9

- - 0.7
- - 3.7

2.4 2.8 0.2

14.0 17.3 -

- - 2.0
- - 1.8

5.7 9.8 -

15.5 10.1

1.7 -

2.9 2.3
0.9 -

18.7 16.5 22.6

- - 1.3
- - 4.9

3.0 14.9 1.3

0.7 1.8 4.9
6.4 4.6 4.2

- - - - 0.9 -

- - 3.5 4.6

6.0 5.8 -

1.9 1.2 -

2.8 13.2 -

81.7 61.6 -

2.3 9.9 -

- -93.0
- - 5.9
- - 1.4

100

- 3.3 -

37.4 39.2 5.2
0.3 0.6 -

1.7 2.0 0.2

- - 1.2


