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1 Abstract

The effects of 18 years of artificial acidification, liming and fertilization with N,
P, K, Mg, § and micronutrients on the undergrowth of a pine stand on a nutrient
poor soil in central Sweden are described. The effect of nitrogen on the
composition of the vegetation is far stronger than the effect of the other
treatments, causing a shift in dominance from cryptogams and Ericaceae
towards Deschampsia flextosa and ruderal species. Comparable changes
observed inforest undergrowth in industrialized areas in northwestern Europe
must be ascribed to atmospheric deposition of nitrogen rather than to deposi-
tion of acidity. The effects of P, K, Mg, S and micronutrients are to a certain
degree similar to those of N, although far weaker. Effects of palrwise interac-
tions of nutrients commonly occur.
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2 Introduction

In recent years atmospheric deposition of acidity and nitrogen has been a
matter of concern to both foresters and ecologists. In various countries it has
been proposed or attempted to counteract possible negative effects on tree
vitality by the addition of nutrients or lime to the forest soil (for a review, see
Van Breemen 1990). On the other hand, nitrogen fertilizer is sometimes applied
to forest in poor sites to increase productivity.

Both atmospheric deposition and addition of nutrients influence the composi-
tion of forest undergrowth. Atmospheric deposition may cause vegetation
changes that are unwanted from a nature conservancy point of view, but
measures intended to counteract atmospheric deposition may equally well
have unwanted side-effects. Therefore, it seems appropriate to examine the
ecological effects of nutrient addition to forests more closely before measures
against atmospheric acidification or eutrophication are undertaken on a large
scale.

Fortunately a number of factorial experiments exist that facilitate the study of
such effects. Although the aim of these experiments was in the first place to
study the effect of nutrient addition on the tree stand, their design makes them
equally well suited for the study of vegetation. The present study focuses on
an experiment located in central Sweden, where the effects of addition of (1)
acid and lime and (2) N, P, K, Mg, S and micronutrients, applied singly and in
anumber of combinations at regular intervals overa period of c. 20 years, could
be studied in an area with a low background deposition of nitrogen and acidity.

The aims are {a) to assess whether the increase in Deschampsia flexuosa and
ruderal species at the expense of cryptogamic species (e.g. Cladonia and
Dicranum spp.) reported from forests in areas with a high background depo-
sition like Germany or The Netherlands {Wittig et al. 1985, Van Breemen 1990)
can be ascribed to soil acidification or nitrogen enrichment; and (b) to investi-
gate the effects on the undergrowth of addition of extra nutrients (P, K, Mg, S,
micronutrients) to nitrogen enriched forest soil. It was also expected that the
experiments would yield ecologically interesting information on limiting nu-
trients for species occurring in forest undergrowth.
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3 Material and methods

3.1 Site description

The "optimum nutrition experiment Lisselbo’ is situated at 60°28'N / 16°57°E,
€. 100 krn NNW of Uppsala, at ¢. 80 m altitude. The soit is glaciofluvial sand, to
some extent redeposited during the postglacial land upheaval above sea level.
It is well drained, and the texture varies from fine sandy to gravelly and locally
rather stony. The annual mean temperature is 3.1°C, mean annual precipitation
is 593 mm. The stand age was 32 years at the time of data collection. The
vegetation type of the stand can be classified as 'Vaccinium myrtilius type’
according to Lundmark (1974} (see column 1 of Table 2 for the cover of the
most abundant species in the untreated plots).

The experiment was started in 1969; its set-up is described in detail by Tamm
et al. (1974). it was designed to gain insight into the relation between tree
growth and nutrient content of the needles. Therefore nutrients were applied
at requtar intervals, starting with high dosages that gradually decreased to
attain nutrient levels in the needles that were as constant as possible. Nitrogen
was applied yearly, the other nutrients less frequently. All nutrients were spread
by hand. The nutrientregimes are summarized in Table 1. The stand was fenced
in to avold browsing by moose (Alces alces) but the fence proved to be
ineffective on several occasions and was removed in 1985 (at that time most
of the trees had attained a height where moose browsing was no longer
harmful). The experiment consisted of three different sub-experiments, with a
total of 72 plots measuring 30*30 m? each. The sub-experiments were treated
separately in our analysis.
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Table 1: Overview of the treatments. Amounts are in kg element ha™’ .y'1 , except
acid which is in kg H2S04 ha' .y ; periods are calendar years - 1900.

Experiment Treatment  source amount period
E4D N1 NH NO3 60 &9, 70

40 71 - 74 vyearly

30 75, 76

20 77 - 87 vyearly
40, E411y, €42 N2 HHNO3 120 69, 70

80 71 - 74 vyearly

60 75, 76

40 77 - 87 yearly®)
E40 N3 NH,NO3 180 69, 70

120 71 - 74 vyearly

90 75, 76

60 77 - 87 vyearly
E40, E4T, E42 P 3y 20 72

40 &9, 75, 77, 80, 83, 86
E40, E42 K Supra PK 38 72

76 69

78 75, 77, 80, 83, 862)
E41 K KCl 40 72

80 &9, 75, 77, 80, 83
E41 Mg MgCO3 50 69, 73, 77, 80, 83
E4l g NayS0, 40 69, 73, 77, 80, 83
€41 Micronutrients®) 70, 73, 77
E42 ACID1 HpSOy, 50 70 - 76 yearly
E42 ACIDZ 1330, 100 &9, 75, 76

50 70

50 (twice) 71, 72, 73, 74
E42 LIME ground 2000 &9

limestone

in E41 the N2 treatment was applied to all plots.

in 1986 and 1987 these treatments were only applied in E4D,
in E4D and E42 as Supra PK, a commercial fertilizer
containing (by weight) 6.8% P, 13.3% K, 16.0% Ca, and 13.0% C{;
in E41 as triple superphosphate.
composition of the micronutrient mixture: Cu, 12 kg.ha"1; zn, 12

kg.ha™1; Mn, 12 kg.ha'1; B, S kg.ha™1; Mo, 1 kg.ha" |
omitted in 1977. In E40, 2.5 kg.ha"

. B was
B was applied in 1977 and 1986.
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E46 (32 plots, 4 blocks) is a 4*2 experiment with in each block three N levels
{supplied as ammonium nitrate} plus a blank, with and without P and K
(supplied as compound PX fertilizer).

E41 (20 plots, 4 blocks) has a 2* factorial design 1o test the effects of
phosphorus (as triple superphosphate), potassium (as KCl), magnesium (as
MgCQs), and sulphur (as Naz504). The two-factor interactions of magnesium
and sulphur and two three-factor interactions are confounded with the blocks.
Each of the blocks contains one additional plot which received one of the
treatments given in the block together with a mixture of micronutrients contai-
ning Cu, Zn, Mn, B and Mo. All plots were fertilized with ammonium nitrate at
level N2 (Table 1).

E42 (20 plots, 2 blocks) has a 5*2 design in which the effects of acid, lime and
irrigation were tested in combination with nitrogen, phosphorus and potassi-
um. The factor with five levels consisted of sulphuric acid at two levels, lime at
one level, irrigation (with water from a nearby oligotrophic lake), and a blank.
Irrigation was however stopped in 1976 (11 years before the present data were
collected) and was therefore not included in the present analysis; the irrigated
plots were treated as extra blanks. The factor with two levels was no addition,
or addition of nitrogen (as ammonium nitrate at level N2), phosphorus and
potassium (as compound PK fertilizer).

3.2 Field methods

Fieldwork was carried out in August and September 1987. A five-meter wide
buffer zone was excluded from the edges of the plots. In the remaining plot
area cover percentages of phanerogams (including tree saplings), mosses and
lichens were estimated and scored on a ten-point scale. All cryptegams were
colltected and the field identifications were checked. Nomenclature follows Lid
(1987), Nyholm (1954-1969) and Wirth (1980) for phanerogams, bryophytes,
and lichens, respectively.

3.3 Statistica! methods

Before analysis, the ten-point scale of cover was transformed to In(1 + mid
cover percentage). Detrended correspondence analysis showed short gra-
dients {<3 SD) and therefore linear ordination methods were used in sub-
sequent analyses (Ter Braak & Prentice 1988). The effect of the treatments on
the species was described by redundancy analysis, alias reduced rank regres-
sion (Davies & Tso 1982) by using the program CANOCO 3.1 (Ter Braak 1988).
This technigue is a form of principal component analysis in which axes are
restricted by a multiple regression model. it is therefore also a restricted form
of multivariate multiple regression. For designed experiments the regression
model reduces to the model of an analysis of variance; the technique is then a
form of multivariate analysis of variance (MANOVA). Blocks were used as
covariables so as to eliminate their effects from the ordination.

The results of the ordinations are presented in the form of biplots (Ter Braak
1990; Jongman et al. 1987). In the usual biplot, species and samples are
indicated by points (center of abbreviated name). In the biplot of an experiment,
treatment combinations take the role of samples. A treatment combination is
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disptayed at the centroid of the samples that received it. The rules for interpre-
tation are as follows (Jongman et al. 1987: pp 127-129): for a particular species,
a notional arrow can be drawn from the origin to the species’ point. The relative
abundance of the species increases in the direction of the arrow; its length
indicates the rate of increase. The mean abundance of the species in the
treatments can therefore be derived from the biplot by projecting the treatment
combinations on its arrow and by ordering the projection points. In this order,
the origin indlcates the overall mean.

The biplots are in (Euclidean) distance scaling so as to optimally represent the
dissimilarity among treatment combinations. After analysts, the lengths of the
notional species arrows are adjusted so that the biplot represents species
abundance values that are standardized to unit variance (CANOCO scaling 1).
Species with arrows pointing in about the same directlon show a similar
response to the treatments. To aveoid overcrowding of the biplots, only those
species are displayed that occur in more than half the number of plots of the
experiment under consideration.

The biplots display the treatment means with some error. The goodness-of-fit
is expressed by the sum of squares that the biplot displays, expressed as the
percentage of the total regression sum of squares across the species. This
measure can be interpreted as the percentage variance in the fitted abundance
values explained by the biplot. The importance of the axes of a biplot is
expressed by their eigenvalues. The eigenvalues are given as fractions of the
total varlance in the species data.

Forward selection was used to compare the relative importance of treatments
and their combinations. For each dummy variable representing a treatment
(dongman et al 1987, p. 58) the "extra fit' was calculated, i.e. the increase in
regression sum of squares over all species with this variable as extra explana-
tory variable. At each step of the selection the variable with the largest extra fit
was included in the regression model. Note that the extra fit only compares a
given treatment with the treatments not yet included in the model.

Before including a term in the forward selection its statistical significance was
tested by means of a Monte Carlo permutation test (also implemented in
CANOCO). This test permutes residuals instead of the original data, which
allows the effect of any single variable to be tested after correction for the effect
of other (co)variables (Ter Braak 1992). The additions are not reported if the
fraction of permutations yielding a better fit than the observed extrafit exceeded
0.1 for all the remaining terms. Permutations were always carried out within
blocks. The procedure of selecting and testing variables was also applied to
single species, and in that case the permutation test has the advantage over
the usual t or F tests that no assumptions on hormality need to be made.

Inthe forward selection, the dummy variables representing one- and two-factor
combinations were treated ecjually, l.e. each particular two-factor combination
(for example N2.P) was allowed to enter the model even if the corresponding
single factor terms (N2 and P in the example} were not yet included. If
interactions are important, this procedure highlights the factor combinations
with extreme mean species abundances and can thus yield a more parsimo-
nious summary of the data than the classical technique of selecting interactions
after main effects.
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4 Results

Table 2 gives the mean cover percentage of the most common species in some
of the treatments. A more detailed analysis of the separate experiments is given
below.

Table 2: Mean cover percentage (untransformed) in selected treatments of the
species that occur in more than half of the plots of any experiment. abbr =
abbreviated name (used in the bipiots); control = mean of all untreated plots;
+N = mean of all plots treated with only N (irrespective of dosage); +PK =
mean of plots treated with only P and K; + NPK = mean of plots treated with
only N, P and K (irrespective of dosage); +ACID = mean of acidified plots
(irrespective of dosage) without N; +LIME = mean of limed plots without N;
plots = number of plots on which mean is based.

abbr controt +N +PK +NPK  +ACID +LIME full name

plots 8 13 4 15 & 2

AGRc 0.01 0.02 0.00 .06 0.00 0.00 Agrostis capillaris L.

ARCu 0.04 0.01 D.18 0.02 0.20 0.30 Arctostaphylos uva-ursi (L.)Sprengel
BEpe 0.06 0.10 0.13 0.03 0.03 0.00 Betula pendula Roth

BEpu g.o8 6.12 0.08 0.09 0.07 0.00  Betula pubescens Ehrhart

BRoe 0.00 0.89 0.03 2.19 0.03 0.00 Brachythecium cedipodium (Mitt.}Jaeq.
BRre 0.00 0.05 0.00 0.07 Q.00 0.05 Brachythecium reflexum (Starke)Schimp.
CALa 0.00 0.02 D.05 0.06 0.00 0.00 Calamagrostis arundinacea {L.)Roth
CAvu 9.56 0.65 $1.13 0.15 18.00 35.00 Calluna vulgaris (L.)Hull

CETi B.95 0.47 2.38 0.24 4.50 7.00 Cetraria islandica (i.)Ach.

CHan 0.08 0.08 0.10 0.74 0.08 3.05 Chamerion angustifolium {L.)Holub
Carb 4,59 0.14 0.68 0.17 1.63 4.50 Cladonia arbuscula (Wallr.)Hale&Culb.
Cecen 0.09 0.04 0.08 0.01 0.10 0.10 Ccladonia cenotea (Ach.)Schaer.

Cchl 0.06 0.07 0.05 0.03 0.08 0.10 Cladonia chlorophaea (Flérke ex Sommerf.)Sprenget s.l.
Ceoc 0.04 0.01 0.03 0.00 0.08 0.05 Cladonia coccifera (L.JWilld.

Ccor 0.15 0.05 0.20 0.07 0.30 0.30 Cladonia cornuta {(L.)Hoffm.

Ceri 0.09 0.04 0.10 0.03 g.10 0.05 Ctadonia crispata (Ach.)Flotow

Cphy 0.09 0.06 0.10 0.05 .10 0.10 cladonia phyllophora Ehrh. ex Hoffm.
Cran 5.84 0.18 1.15 0.13 3.25 7.00 Ciadonia rangiferina (lL.)Nyl.

Cste 0.14 0.00 0.03 0. 0.08 0.10 Cladonia stellaris (Opiz)Brodo

Csut .30 0.07 0.10 0.05 ©.88 030 Cladonia sulphurina (Michaux)Fr.

DEfL 0.62 63.23 4.40 69.00 0.16 0,10 Deschampsia flexuosa (L.)}Trinius
Dlpo 11.50 1.25 2.00 0.41 4.03 0.50 Dicramum polysetum Swartz

Dlsc o.21 0.75 0.38 0.25 0.08 0.30 Dicranum scoparium Hedw.

Disp 0.06 0.03 0.08 0.03 0.30 0.30 Dicranum spurium Hedw.

DRYc 0.00 0.08 0.00 0.10 0.00 0.00 Dryopteris carthusiana (Villars)H.P.Fuchs
EMPR 0.19 0.08 0.55 0.02 0.30 3.75 Empetrum nigrum L.

HYLs 0.28 0.03 0.05 0.02 0.08 0.00 Hylocomium splendens (Hedw.)Schimp.
LOPh 0.00 0.03 0.00 0.05 0.00 0.00 Lophocolea heterophylla (Schrad.)Dum.
Luzp 0.04 0.12 0.10 0.09 0.00 0.00 tuzula pilosa (L.)Willdenow

MELp 1.85 0.12 0.18 0.05 0.05 0.05 Melampyrum pratense L.

PICa 0.30 D.87 0.88 0.64 D_20 0.10 Picea abies (L.)Karsten

Plsy 0.25 0.03 0.05 0.04 0.30 0.10 Pinus sylvestris L.

PLAd 0.00 0.03 0.00 0.17 0.00 0.00 Plagiothecium denticulatum {(Hedw.)Schimp.
PLAL 0.00 0.12 0.03 0.15 0.00 0.00 Plagiothecium laetum Schimp.

PLES 46,38 20.04 47.50 14.87 0.68 47.50 Pleurozium schreberi (Brid.)Mitt.
POHN 0.50 0.32 0.77 0.45% 7.38 0.30 Pohlia nutans (Hedw.)Lindb.

POju 0.09 0.15 0.08 0.07 0.08 0.10 Polytrichum juniperinum Hedu.

PTIp 0.05 0.04 0.10 0.06 0.00 0.00 Ptilidium pulcherrimum {G.Web.)Vainio
RUB1 0.00 0.28 0.00 0.97 0.00 0.00 Rubus idaeus L.

RUMa 0.00 6.02 6.03 0.08 0.03 0.00 Rumex acetosella L.

SORa 0.03 0.15 0.08 N 0.00 0.00 Sorbus aucuparia L.

TRIe 0.01 0.03 0.00 0.18 0.00 0.00 Trientalis europaea L.

VAmy 18.88  11.42 9.75 1.23 4.50 7.00 Vaccinium myrtitlus L.

VAvi 3.50 0.34 1.15 0.15 6.13 2.00 Vaccinium vitis-idaea L.
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4.1 E40

The biplot (Figure 1) shows the centroids of the sample scores per treatment
combination and a selection of the species scores. The biplot indicates a strong
non-inear effect of N, and a lesser effect of P + K. At all N levels the effects of
N and P + K were substitutable to g certain extent, i.e. extra P + K had the same
effect as a little extra N {each arrow in Figure 1 points in the direction of the
arrow representing the next higher N dosage). The size and significance of the
observed effects are summarized in Table 3 under the heading ‘all species’.
Nitrogen addition was by far the most important, the difference between no N
and N at any level accounted for 44% of the total variance. P +K and the
difference between N1 and the higher N levels had small but significant
contributions to the total of 63% varlance accounted for. The difference
between the treatrnents N2 and N3 was not significant at p <0.1and neither
was the interaction between N and P + K.

The position of the species scores In Figure 1 shows that Ericaceae, lichens,
and bryophytes like Pleurozium schreberi and Hyfocomium splendens were
strongly disfavoured by N at any level, and, to a lesser extent, by P+K.
Deschampsia flexuosa was strongly favoured by N at a low dosage {(N1), and
at that dosage also by P, but no extra effect was found of higher N dosages or
the addition of P + K at these dosages. Ruderals like Chamerion angustifolium
and Rubus idaeus showed a strong increase at higher N dosages, and were
then additionally stimulated by P. The litter-inhabiting mosses Brachythecium
oedipodium and Plagiothecium laetum show the same behaviour. Also the
rejuvenation of trees was influenced by the treatments: at no N most tree
saplings were Pinus sylvestris, at low dosages Picea abies and at high dosages
Betula spp.

The relative importance of the treatment levels or of treatment combinations
for individual species can approximately be derived from their positions in
Figuur1. More quantitatively, the size and statistical significance of the effects
on some selected species are summarizedin Table 3. The species are selected
to illustrate possible effects. The percentage variance accounted for by the full
model exceeds 20% for all species occurring in more than half of the plots, with
the exception of Luzula pitosa, and even for this species the effect of N was
close to significance (Table 3). Table 3 shows that by far the strongest effect
was found for Deschampsia flexuosa, which increased a 100-fold in cover in
reaction to N (Table 2. ‘
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Figure 1: Distance biplot of sample scores and species scores in E40, based on reduced rank

regression with model N*P and covariable

block. Sample scores are given as centroids per

treatment combination, the arrows connecting the -P centroid (base) with the +P centroid
{head) at each N level (the centroid for the main effect of a given treatment can be inferred as
centroid of the combinations containing that treatment). Species scores {given for all species
occurring in more than half of the plots) are located in the center of the abbreviated names.
The biplot explains 92% of the vatiance in the fitted abundance values ¢f the full mode!
{eigenvalues of the first two axes are 0.52 and 0.06). See text for further interpretation of biplots
and Table 2 for an explanation of the abbreviations.
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Table 3: Significance of treatment effects in E40 for the complete vegetation
and some selected species. Model tested: N*P. The model given was derived
by stepwise addition of the most significant terms to the model (forward
selection); the table gives the order of addition. Sign indicates whether (under
a model that includes all terms given in the table) species cover in the given
treatment (after correction for the other terms) is higher (+) or lower (-} than
mean cover. Differences in the cumulative fit and the sum of the extra fit and
the cumulative fit in the preceding row are due to rounding errors. Significance:
** = p<0.001; ** = 0.001 <p=<0.01;*=0.01<p=<0.05?7=0.05<p=0.1,ns=
p>0.1 (n=32).

treatment  extra cumulative  sign P
fit fit

all species

-N 1A A ek

+K1 .08 .52 il

+P .05 .58 boid

full model .63

Betula pubescens

+N3-P .22 .22 + Lid

full model .25

Brachythecium i ium

+N3 .39 3¢ + i

*H2+P .08 A7 - -

full model 51

Calluna vulgaris

-N .56 .56 + bl

+N1-P .03 59 + ?

full model .59

Chamerion sngustifolium

+HNI+p .58 .58 + deire

+N2+P .16 75 * ek

full model 75

Cladonia rangiferina

-N 35 .35 + bkl

-N+P N .39 + ?

full model (43

Deschampsia flexuosa

- .53 -83 ik

N1-P D4 a7 *

ful | model .88

Luzula pilosa

+N2 .08 .08 + ?

full model 1

Picea abies

+H3 13 .13 - *

«N-P .08 .20 - ?

full model .24

Pinus sylvestris

-N-P 21 .21 + *

ful | modei .32

Pieurozium schreberi

-8 R _3", + i

+H1 .25 5% bkl

+N3+P .05 64 ?

full model .64

Vaccinium myrtillus

+N3 .23 .23 - okl

+N2+P .22 46 - **

+H1+P 1N .56 - i

full model .61
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4.2 EM

Figure 2a shows the biplot of the centroids of the sample scores for ali
two-factor combinations, and Figure 2b the biplot of selected species scores.
Table 4 summarizes the significance of some of the observed effects. In
contrast to the experiments with nitrogen addition, there was no strongly
dominating effect of a single nutrient. All nutrients in this experiment had
roughly the same effect, viz. a displacement of the sample scores towards lower
values on the first axis. The location of the convex hull of the centroids
belonging to a given treatment in Figure 2a with respect to the origin gives an
idea of its main effect; the size gives an idea of the importance of the other
nutrients. The figure shows that K has a small main effect (its centroid is close
to the origin), but acts as a modifier of the effects of other nutrients, as can be
seen for example from the distance of the centroids for + P +Kand +P-K.

The second axis divides the nutrients into two groups: {a) P and Mg, with a
positive score, and (b) S and micronutrients, with a negative score. The convex
hull of the micronutrient centroids is small and distant from the origin, yet few
significant effects of micronutrients were found, which is probably due to the
small number of plots with this treatment.

The position of the species scores in Figure 2b shows that addition of any of
the tested nutrients caused a general shift from species that are usually
associated with 'poor’ sites {like lichens, Ericaceae and Dicranum spp.) to-
wards species associated with ‘rich’ sites (like grasses and litter-inhabiting
mosses}. Within these groups species may react differently, being favoured (or
disfavoured) either by P and Mg or by $ and micronutrients, as indicated by
the position of their scores on the second axis. Examples of species favoured
by P and Mg are Brachythecium oedipodium, Deschampsia flexuosa and
Rubus idaeus, while Calamagrostis arundinacea and Cladonia cenotea were
favoured and Pleurozium schreberi was disfavoured by S and micronutrients.
fn fact the cover of each species seems to be determined by a unique
combination of nutrients (Table 4).
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~P-Mg

Figure 2: Distance biplot of sample scores (2a) and species scores (2b) in E41 based on
reduced rank regression with model P*K*Mg*S*Mic and covariable block, limited to main
effects and two-factor interactions. Sample scores are given as centroids of two-factor
combinations. The centroid for a main effect can be inferred as the weighted centroid of all
interactions containing that treatment. For each treatment the convex hufl is drawn around the
centroids. The biplot explains 77% of the variance in the fitted abundance values (eigenvalues

of the first two axes are 0.30 and 0.26).
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Table 4: Significance of treatment effects in E41. Model tested: P*K*Mg*S*Mic,
limited to main effects and two-factor interactions. Further explanation see
Table 3 (n=20).

treatment extra cumnulative sign P treatment  extra cumulative  sign P
fit fit fit fit

all species Pleurozium_schreberi

+P+K .20 .20 *h -S-Mic b 46 + .

-$-Nic .18 .38 wan -P+Ng .12 .58 - -

-P-Mg .11 49 Ll +Mg+S .06 .64 + *

+P+iy 04 53 ? full model .7

+Hic .04 .57 ?

+P+S _G4 61 ? Vaccinium avrtillus

full model .73 -P-Mg .55 55 + L

+K-Mic .1 .65 - *

all species with main effects + pure interactions model +5S-Mic .05 s - ?

+P 4 A4 » -Mg-K .04 .75 + ?

+3 4 .28 e -5 03 .78 ?

Mg .08 38 * full model .B2

fult model .73

Betula cens

+K-Mic .20 .20 + L

ful | model .49

Brachythecium i ium

+P+K .62 .62 + L

- Mg+ .09 al - -

futl model .80

Brachythecium reflexun

+Mg .25 .23 + b

+P+K 1 .36 + ?

-Mg+K .05 .41 - ns

-P+S .07 49 + ?

+S+Mic 07 .56 - ?

-Mg+Mic .06 .61 + *

~P+Mic i .70 + *

full model .72

Catamagrostis srundinaces

+Mg-K 8 .18 +

-P+S 15 .33 + -

ek .08 41 + ns

+5+K 15 57 - ol

full model .64

Cl ia c

-P+§ .28 .28 + *

+5+Mic .19 47 + -

full model 61

Cladonia rangiferina

-P-Mic .27 .27 + b

+§4K .18 45 - *

full model .53

Deschampsia flexuosa

-P-Mg 34 .34 - eww

-Mg+Mic N .45 B ELL

full modet .61

Picea abigs

-StMic 48 LAB + i

full model sl

Pinus Sylvestris

-5+Mic .19 19 * kel

+P-Mg 13 .32 . *

-Mg+Mic .06 .39 + ?

full model W45
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An interesting phenomenon is that nearly all significant terms in Table 4
represent patiticular factor combinations, white significant main effects are rare.
The standard approach for a factorial experiment of including interactions after
main effects yielded few significant terms (p < 0.1). The significant main effects
and 'pure’ interactions explained only 36% of the variance in the 'all species’
case, whereas the particular significant treatment combinations explained 61%
(Table 4). Apparently, particular treatment combinations stand out, so the main
effects mode! is ineffective.

Table 2 gives anindication of the effect of the combination of P and K on species
cover, which was rather small for all species. For the other nutrients no mean
cover values are given, but for these the effects were even smaller. Onthe other
hand, the percentage variance accounted for by the full model was generally
high (> 50% for most species).

4.3 E42

The biplot with selected species scores and centroids of the sample scores for
treatment combinations is found in Figure 3, significance levels are given in
Tabie 5. Fertilization with NPK had the most important effect, but there was also
a signfificant effect of acidification and liming. The difference between the two
acidity levels was not significant at p<0.1. The biplot shows that {unlike N and
PK in E40) fertilization and manipulation of acidity caused a displacement of
the sample scores in different (almost perpendicular) directions, which means
that both influenced species composition in a different way. There was also a
neanly significant p = 0.06) interaction effect between fertilization and manipu-
lation of acidity. The nature of this interaction becomes apparent from Figure
3. the effect of acidification was less when plots were fertilized, while the effect
of fertilization was less In limed plots. The interaction between NPK and lime
should, however, be interpreted with care because the NPK +lime plots were
more open due to tree damage caused by boron deficiency.

On the level of the individual species the effects of nitrogen were comparable
to those found in E40. The reactions to manipulation of acidity differed among
the species, irrespective of taxonomic position. Two species strongly reacted
to acidity and only weakly to N: the bryophytes Pohlia nutans (strongly
favoured by acidification) and Pleurozium schreberi (strongly disfavoured by
acidification). Some species were only weakly influenced by acidity but stron-
gly by nitrogen, like Chamerion angustifolium and Deschampsia flexuosa.
Other species strongly reacted to both, e.g. Cafluna vulgaris which was
favoured by liming and disfavoured by fertilization. Among the Cladonia
species some were favoured by acidification (C. cenotea, C. suiphurina), while
others were disfavoured by acidification (C. rangiferina) or favoured by liming
(C. arbuscula). The Betula species showed opposite reactions to acidity: B.
pendula was favoured and B. pubescens disfavoured by acidification. Of the
other tree species Picea abies did not show any significant reaction, while
Pinus sylvestris seemed to prefer the unfertilized plots irrespective of acidity,
but also those where bath nitrogen and lime had been applied. The reactions
of the Pinus saplings were consistent with findings of Tamm & Popovic (1989)
who reported a significant negative effect of the interaction between N fertili-
zation and acidification on the basal area increment of the dominant Pinus in
the same experiment.
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Table 5: significance of treatment effect in E42
Further explanation see Table 3 (n=20).

treatment  extra cumnlative
fit fit
ati species
+N .45 45
+L [ME .0 .54
-ACID 13 A7
+M-ACLD .03 e
ful |l model .76
Betula La
-ACID .34 .34
+ACIDT .30 .64
full medel .69
Betula pubescens
+W+ACID2 &7 A7
full model .56
Brachythecium cedipodium
+N-ACID 39 .39
full model .52
callune vulgaris
+H .67 67
+LIME 6 -84
full model .86
chamerion angustifolium
+N 97 97
=N+ACID2 .0 97
full model 97
Cladonia arbuscula
-N-ACED .55 .55
+LIME 10 66
ANFACIDZ .05 .7
full model 75
cL ia cenotea
+N-ACTD .35 .35
+N+LIME 15 .50
ful L model .51
cl ia rat.giferina
N 59 -
-N-ACID 13 .82
+AC1D2 .06 .87
full model R
Deschampsia flexuosa
+N .89 .89
+N+L IME .06 .55
ful | model .95
Pinds sylvestris
-N-ACID .28 .28
-N+ACTDY .28 .57
+N+L [ME 2 .69
full model 72
Pleurozium schreberi
+ACID2 .29 .29
+ACID1 .48 I7
full model .78
Pchlia nutans
-N+ACID2 42 42
+ACID .08 50
+ACID2 .09 .59
full model .61

sign

+

p

LA

wkw

ik
R

"l

_Model tested: N*(ACID + LIME).
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Figure 3: Distance biplot of sample scores and species scores in E42, based on reduced rank
regression with model N*(ACID + LIME) and covariable block. Sample scores are given as
centroids per treatment combination, the arrows connecting the -N centroid (base) with the
+N centroid (head) at each acid/fime level. The centroid for the main effect of a given
treatment can be inferred as centroid of the combinations containing that treatment. The biplot

explains 89% of the variance in the fitted abundance values (eigenvalues of the first two axes
are 0.50 and 0.18).
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Like in E40 and E41, significant effects of the treatments can be found for most
species; of the species that occur in more than half of the plots only a few (Picea
abies, Cladonia coccifera, C. steflaris and Hylocomium splendens) have less
than 30% of the variance accounted for by the full model and no significant
effect of any of the terms. The effects of liming and acidification on mean cover
were generally small (Table 2). The most conspicuous changes were found for
the mosses Pleurozium schreberi (almost disappearing on acldification),
Pohlia nutans (c. tenfold increase on acidification) and for Cafluna vulgaris (c.
threefold increase on liming).
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5 Discussion

Of all treatments nnrogen femllzatlon had by far the most important effect.
Addition of ¢. 60 kg N ha'.y" caused a shift from a fine- -grained vegetation
dominated by Ericaceae, acrocarpous mosses and lichens, {o a dense mat of
Deschampsia flexuosa with pleurocarpous mosses growing on its litter and
scattered individuals of ruderal species like Chamerion angustifolium and
Rubus idaeus. If natural succession were allowed to proceed, a different forest
type would eventually arise, with a dominance of Betula spp. or Picea abies.

The effect of phosphate was similar to the effect of N but far weaker. The
occurrence of Chamerion angustifolium was extra favoured by P in the pre-
sence of N. The effects of acidification and liming were also small in comparison
to those of N fertilization. In the fertilized plots there was little effect of
acidification, in the unfertilized plots the effect was less weak but the vegetation
change did not entail a shift towards a different taxonomical or ecological
group. Opposite reactions to acidification or liming occurred within groups of
closely related species such as Cladonia spp., Vaccinium spp. and Betula spp.

The effect of the treatments on the tree layer was small at the time of data
collection, with the exception of the NPK + lime treatment, which caused severe
boron deficiency. Therefore most of the observed effects are more likely due
to differences in nutrient availability rather than to differences in light climate.
However, inthe N treated plots closure of the tree layer took place at an earlier
stage than in the untreated plots (Tamm & Popovic 1989). Therefore larger
differences in light climate may have existed in the past (before ¢. 1985). The
possibility that the effect of such differences still persists cannot be completely
ruled out.

Although the strongest effects were found for N, the nutrients appeared to be
substitutable to a certain degree, with the exception of liming and acidification.
Manipulation of soil pH on the one hand, and N addition on the other hand
caused vegetation changes that were unrelated. Species favoured by N may
be either favoured or disfavoured by liming, and vice versa. Probably Ca was
not a limiting nutrient in our experiments. Since the acid was applied as
sulphuric acid some of the apparent reactions to acidity might, however, be
caused by sulphate. This could be the case with Pleurozium schreberi and
Cladonia cenotea whose reaction to acidification in experiment E42 was similar
to the reaction to S in experiment E41.

The effects of Mg and K, and, to a lesser extent, of S and micronutrients, were
similar to those of P, and therefore also similar to those of N. It may be surprising
to find significant effe.ts of S and micronutrients which are generally conside-
red to be no limiting factors for vegetation. However, for some species our
observations of the effects of S and micronutrients are in agreement with those
noted by others. This is €.9. the case for Pohlia nutans, which was stimulated
by § and micronutrients (Figure 2) and also by acidity (Figure 3), and for
Pleurozium schreberi which was disfavoured by S, micronutrients and acidity.
In several studies onthe effect of mine or smelter pollution on vegetation, Pohlia
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nutans proved to be very resistant to sulphate, heavy metals and acidity,
whereas Pleurozium schreberi was sensitive (review by Tyler 1990).

The results of our experiments indicate that the vegetation changes in forest
undergrowth observed in industrialized areas are due to nitrogen deposition
rather than to acidification. The N dosage applied in the experiments was in
the same order of magnitude as the atmospheric N deposmon in areas like The
Netherlands, Belgium or northern Germany (c. 60 kg.ha™’ y Asman & Van
Jaarsveld 1990). The resulting increase in Deschampsia ﬂexuosa and ruderal
species was very similar to the observed vegetation changes (Wittig et al. 1985,
Dirkse 1987, Van Breemen 1890). Tne aC|d dosages applied in our experiments
were low (c 0.5and c. 1 kMol H ha’ Y ) co 1pared to the atmospheric acid
deposition in industrial areas (c. 5 kMol H ha™".y™'; Anonymus 1990} and the
application of acid was stopped iong before the present data were coliected.
However, many species significantly reacted to the acid treatments, but the
resulting vegetation changes did not show any similarity to the vegetation
changes observed in industrialized areas. Therefore, soil acidification seems
tess likely as a cause for large-scale vegetation changes, contrary to views held
by Wittig et al. (1985) for Westphalian forests.

Our experiments showed that addition of other nutrients to balance the excess
N will further stimulate the vegetation changes caused by N. Only fiming
seemed to mitigate the effects of N. However, other liming experiments showed
that the effect of liming strongly depends upon the store of N present in the soil
(Van Dobben et al. in prep.}. An important part of the added N is stored in soil
organic matter through microbial processes (Overrein 1967). The release of N
from this organic matter depends upon the equilibrium between fixation and
mineralization which in turn is pH-dependent {Haynes 1986). The present
experiments were carried out on a N deficient soil, and liming has probably
shifted this equifibrium towards a higher level of fixation, thereby decreasing
the N pool available to the vegetation. The same effect was also described by
Popovic & Andersson (1984). On soils that are less N deficient different effects
of liming may be expected.

The results of E41 are generally consistent with Tilman’s (1988) 'resource-ratio’
hypothesis in that each species seemed to have its own limiting nutrients. Also
micronutrients appeared to be limiting for certain species, and theirimportance
may even be underestimated because of the small number of micronutrient-
treated plots. As the limitation was generally not by a single nutrient but by a
combination of nutrients, the number of niches that exist in a vegetation of
species competing for nutrients is even larger than in the case of each nutrient
being 'fully essential’ in the sense of Tilman (1988). This might be an additional
explanation for the species richness of vegetation on nutrient-poor soils.




Fertilization in Swedish pine forests 25

6 References

Anonymus 1990. Luchtkwaliteit, jaarverslag 1989. Report 222101006, Natio-
nal Institute for Public Health and Environmental Hygiene, Bilthoven. 126 p.
+ ann.

Asman, WA H. & van Jaarsveld, H.A. 1990. A variable-resolution statistical
transport model applied for ammonia and ammonium. Report 228471007,
National Institute for Public Health and Environmental Hygiene, Bilthoven. 82
p. + ann.

Davies, P.T. & Tso, M.K.S. 1982. Procedures for reduced-rank regression.
Applied Statistics 31: 244-255.

Dirkse, G.M. 1987. De natuur van het Nederlandse bos. Report 87/28, Research
Institute for Nature Management, Leersum. 217 p.

Haynes, R.J. 1986. Mineral nitragen in the plant-soil system. Academic Press,
New York. 483 p.

Jongman, R.H.G., Ter Braak, C.J.F., & Van Tongeren, O.F.R. 1987. Data
analysis in community and landscape ecology. Pudoc, Wageningen 299 p.

Lid, J. 1987. Norsk, svensk, finsk flora. Det Norske Samlaget, Olso. 837 p.

Lundmark, J.-E. 1974. Standorntsegenskaperna som bonitetsindikatorer i be-
stand med tall och gran. Report 16, Skogshdgskolan, Stockholm. 298 p.

Nyholm, E. 1954-1969. lllustrated moss flora of Fennoscandia. Il Musci, fasc.
1-5. Gleerups. Lund.

Overrein, L.N. 1967. Immobilization and mineralization of tracer nitrogen in
forest raw humus |I: effect of temperature on the interchange of nitrogen after
addition of urea-, ammonium- and nitrate -N15. Plant and Soil 27: 1-19,

Popovic, B. & Andersson, F. 1984. Markkalkning och skogsproduktion. Litera-
turdversikt och revision av svenska kalkningsférsék. Report PM 1972, Natur-
vardsverket, Stockholm. 107 p.

Tamm, C.0., Nilsson, A, & Wiklander, G. 1974. The optimum nutrition experi-
ment Lisselbo. A brief description of an experiment in a young stand of Scots
Pine (Pinus syivestris L.}. Report 18, Skogshdgskolan, Stockholm. 25 p.

Tamm, C.O. & Popovic, B. 1989. Acidification experiments in pine forests.
Report 3589, Naturvardsverket, Stockholm. 131 p.

Ter Braak, C.J.F. 1988. CANOCQO - a FORTRAN program for cancnical com-
munity ordination by [partial] [detrended} [canonical] correspondence analy-
sis, principal component analysis an redundancy analysis {version 2.1}. Tech-
nical Report LWA-88-02, Agricultural Mathematics Group, Wageningen. 85 p.
(+ update notes version 3.10, 1990)

Ter Braak, C.J.F. 1990. Interpreting canonical correlation analysis through
biplots of structure correlations and weights. Psychometrika 55: 519-531.




26

H.F. van Dobben et al.

Ter Braak, C.J.F. 1992. Permutation versus bootstrap significance tests in
multiple regression and ANOVA, In: K-H. Jockel, G. Rothe & W. Sendler (eds.),
Bootstrapping and related techniques, Springer, Betlin, 79-86.

Ter Braak, C.J.F. & Prentice, |. C. 1988. A theory of gradient analysis. Adv. Ecol.
Res. 18: 271-317.

Tilman, D. 1988. Plant strategies and the dynamics and structure of plant
comunities. Princeton University Press, Princeton, New Jersey. 360 p.

Tyler, G. 1990. Bryophytes and heavy metals - a literature review. Bot. J. Linn.
Soc. 104: 231-253.

Van Breemen, N. 1990. Deterioration of forest land as a result of atmospheric
deposition in Europe: a review. In: S.P. Gessel, D.S. Lacate, G.F. Weetman &
R.F. Powers (eds.): Sustained productivity of forest soils. Proc. 7th North Am.
Forest Soils Conf.,University of British Columbia, Faculty of Forest Publica-
tion, Vancouver. 525 p.

Wirth, V. 1980. Flechtenflora. Uimer, Stuttgart. 552 p.

Wittig, G., Ballach, H.J. & Brandt, J.C. 1985. Increase of numbers of acid
indicators in the herb layer of miilet grass-beech forest ofthe Westphalian Bight.
Angew. Botanik 59: 219-232,




RIN-rapporten en IBN-rapporten kunnen besteld worden door overschrijving
van het verschuldigde bedrag op postbanknummer 94 85 40 van het DLO-tn-
stituut voor Bos- en Natuuronderzoek (IBN-DLO) te Wageningen onder ver-
melding van het rapportnummer. Uw girobetaling geldt als bestelformulier;
toezending geschiedt franco.

Gebruik geen verzamelgiro omdat het adres van de besteller niet op onze
bijschrijving komt zodat het bestelde niet kan worden tcegezonden.

To order RIN and IBN reports advance payment should be made by giro
transfer of the price indicated in Dutch guilders to postal account 94 85 40 of
the

DLO Institute for Forestry and Nature Research, P.O.Box 23, 6700 AA
Wageningen, The Netherlands. Please note that your payment is considered
as an order form and should mention only the report number(s) desired.
Reports are sent free of charge.

88/30 P.F.M. Verdonschot & R. Torenbeek, Lettercodering van de Nederlandse
aquatische macrofauna voor mathematische verwerking. 75 p. f 10,-

88/31 P.F.M. Verdonschot, G. Schmidt, P.H.J. van Leeuwen & J.A. Schot,
Steekmuggen (Culicidae) in de Engbertsdijksvenen. 109 p. { 16,-

88/35 A.J. de Bakker & H.F. van Débben, Effecten van ammoniakemissie op
epifytische korstmossen; een correlatief onderzoek in de Peel. 48 p. f 7,50

B8/38 P. Opdam & H. van den Bijtel, Vogelgemeenschappen van het landgoed
Noordhout. 65 p. f 9,-

88/39 P. Doelman, H. Loonen & A. Vos, Ecotoxicologisch onderzoek in met
Endosulfan verontreinigde grond: toxiciteit en sanering. 34 p. f 6,-

88/40 G.P. Gonggrijp, Voorstel voor de afwerking van de groeve Belvédere als
archeologisch-geologisch element. 13 p. f 3,-

88/41 J.i. Mulder (red.), De vos in het Noordhollands Duinreservaat. Deel 1:
Organisatie en samenvatting. 32 p.

88/42 J.L. Mulder, idem. Deel 2: Het voedsel van de vos. 78 p.

88/43 J.L. Mulder, idem. Deel 3: De vossenpopulatie. 129 p.

88/44 J.L. Mulder, idem. Deel 4: De fazantenpopulatie. 59 p.

88/45 J.L. Mulder & A.H.Swaan, idem. Deel 5: De wulpenpopulatie. 76 p.

De rapporten 41-45 worden niet los verkocht maar als serie van vijf voor
f 25.

88/46 J.E. Winkelman, Methodologische aspecten vogelonderzoek SEP-proef-
windcentrate Oosterbierum (Fr.). Deel 1. 145 p. £ 18,50

88/48 J.J. Smit, Het Eemland en de polder Arkemheen rond het begin van de
twintigste eeuw. 64 p. £9,-

88/49 G.W. Gerritsen, M. den Boer & F.J.J. Niewold, Voedselecologie van de
vos in Nederland. 96 p. f 14,50



88/50 G.P. Gonggrijp, Permanente geologische ontsluitingen in de taluds van
Rijksweg A1 bij Oldenzaal. 18 p. f 4,50

88/52 H. Sierdsema, Broedvogels en Iandschapsstructuur in een houtwalland-
schap bij Steenwijk. 112 p. f 16,-

88/54 H.W. de Nie & A.E. Jansen, De achteruitgang van de oevervegetatie van
het Tjeukemeer tussen Qosterzee (Buren) en Echten. 18 p. f 4,50

88/56 P.A.J. Frigge & C.M. van Kessel, Adder en 2andhagedis op de Hoge
Veluwe: biotopen en beheer. 16 p. f 3,50

88/62 K. Romeyn, Estuariene nematoden en organische verontreiniging in de
Dollard. 23 p. f 5.-

88/63 S.E. van Wieren & J.J. Borgesius, Evaluatie van bosbegrazingsobjecten
in Nederland. 133 p. f 18,50

88/66 K.S. Dijkema et al., Effecten van rijzendammen op opstibbing en omvang
van de vegetatie-zones in de Friese en Groninger landaanwinningswerken.
Rapport in samenwerking met RWS Directie Groningen en RIJP Lelystad.
130 p. £ 19,-

88/67 G. Schmidt & J.C.M. van Haren, Achtergronden van een steekmuggen-
plaag; steekmuggen (Culicidae} in de Engbertsdijksvenen 2. 162 p. f 21,-

88/68 R. Noordhuis, Maatregeien ter voorkoming en beperking van schade
door zilvermesuwen. 48 p. f 7,50

89/3 F. Maaskamp, H. Siepel & W.K.R.E. van Wingerden, Een monitoring
experiment met ongewervelde dieren in grasianden op zandgrond. 44 p.
f13,50 .

89/5 R.J. Bijlsma, Remote sensing voor classificatic van de vegetatie en
schatting van de biomassa op ganzenpleisterplaatsen in het waddengebied.
62 p. 8,50
89/7 R. Ketner-Oostra, Lichenen en mossen in de duinen van Terschelling.
157 p.f21,-

89/8 A.L.J. Wijnhoven, Effecten van aanleg, beheer en gebrulk van golfbanen
en mogelijkheden voor natuurtechnische milieubouw. 19 p. f 4,50

89/13 K Lankester, Effecten van habitatversnippering voor de das {Meles
meles}; een modelbenadering. 101 p. f 15,-

89/14 A.J. de Bakker, Monitoring van epifytische korstmossen in 1988. 53 p.
£8,-

89/15 J.E. Winkelman, Vogels en het windpark nabij Urk (NOP): aanvarings-
slachtoffers en verstoring van pleisterende eenden, ganzen en zwanen.
169 p. £22,-

89/16 J.J. M. Bardowski et al., Effecten van rookgas op wilde planten. 108 p.
f16,-

89/17 E.C. Gleichman-Verheijen & W. Ma, Consequenties van verontreiniging
van de (water)bodem voor natuurwaarden in de Biesbosch. 91 p. f 14,-

89/18 A. Farjon & J. Wiertz, Milieu- envegetatieveranderingen in het schraalland
van Koolmansdijk {gemeente Lichtenvoorde); 1952-1988. 134 p. f 18,50



89/19 P.G.A. ten Den, Achtergronden en oorzaken van de recente aantalsont-
wikkeling van de fazant in Nederland. 168 p. f 22,-

90/1 R.J. Bijlsma, Het RIN-bosecologisch informatiesysteem SILVI-STAR; do-
cumentatie van FOREYE-programmatuur en subprogramma’s. 96 p.
f14,50

90/2 J.E. Winkelman, Vogelslachtoffers in de Sep-proefwindcentrale te Qoster-
bierum (Fr.) tijdens bouwfase en half-operationele situaties (1986-1989). 74 p.
f10,-

90/5 G.M. Dirkse & P.A. Slim, Naar een methode voor het monitoren van
vegetatieontwikkeling in het waddengebied. 40 p. f 6,50

90/6 J.C.M. van Haren & P.F.M. Verdonschot, Steekmuggen (Culicidae) in de
Engbertsdijksvenen 3. 61 p. f 8,50

90/8 H. Siepel et al., Effecten van verschillen in mestsoort en waterstand op
vegetatie en fauna in klei-op-veen graslanden in de Alblasserwaard. 50 p.
f7,50

90/9 J.E. Winkelman, Verstoring van vogels door de Sep-proefwindcentrale te
Oosterbierum (Fr.) tijdens bouwfase en half-operationele situaties (1984-1989).
157 p.f21,-

90/10 P.J.H. Reijnders, .M. Traut & E.H. Ries, Verkennend onderzoek naar de
mogelijkheden voor het terugzetten van gerevalideerde zeehonden, Phoca
vitutina, in de Qostarschelde. 36 p. f 6,-

90/11 M. Elbers & P. Doelman, Studie naar de mogelijke effecten op flora en
fauna als gevolg van de inrichting van de Noordpunt Oost-Abtspolder als
definitieve opsiagplaats voor verontreinigde grond. 128 p. f 18,-

90/12 K. Kramer & P. Spaak, meadowsim, een evaluatie-instrument voor de
kwaliteit van graslandgebieden voor weidevogels. 51 p. f 7,50

90/13 P.A. Slim & L.J. van Os, Effecten van natuurbeheer op de vegetatie in het
veenweidegebied van de Donksche Laagten (Alblasserwaard). 45 p. £ 7,-

90/14 F. Fennema, Effects of exposure to atmospheric SO2, NH3 and
(NH4)2504 on survival and extinction of Arnica montana and Viola canina.
60 p. £8,50

90/16 J. Wiertz, Ontstaanswijze, grondwater en bijzondere plantesoorten van
enkele duinvalleien op QOost-Amedand. 49 p. f 7,50

90/17 J.E. Winkelman, Nachtelijke aanvaringskansen voor vogels in de Sep-
proefwindcentrale te Qosterbierum (Fr.}. 208 p. f 26,50

90/18 N.J.M. Gremmen & R.J.B. Zwanikken, De haalbaarheid van een kennis-
systeem voor heidebeheer. 49 p. 7,50

90/19 N. Dankers, K.S. Dijkema, P.J.H. Reijnders & C.J. Smit, De Waddenzee
in de toekomst - waarom en hoe te bereiken? 137 p. f 18,50

90/21 W.J. Wolff, Verslag van de workshop op 2 oktober 1990 te Wageningen
gewijd aan het Rapport van de Werkgroep Il van het Intergovernmental Panel
on Climate Change. 63 p.f9,-



91/2 W.A. Teunissen, De uitstralingseffecten van geluidsproduktie van de
militaire 25 mm schietbaan in de Marnewaard op plaatskeuze en gedrag van
watervogels in het Lauwersmeergebied binnendijks. 101 p. f 15,-

91/3 G.J.M. Wintermans, De uitstralingseffecten van militaire geluidsproduktie
in de Marnewaard op het gedrag en de ecologie van wadvogels. 60 p. £8,50

91/6 J. Wiertz, De dassenpopulatie in Nederdand 1960-1990. 76 p. £ 10,-

91/8 H. van Dobben, Monitoring van epifytische korstmossen in 1989.
62 p. £8,50

91/10 K.S. Dijkema et al., Natuurtechnisch beheer van kwelderwerken in de
Friese en Groninger Waddenzee: greppelonderhoud en overig grondwerk. 156
p. £ 20,50

9112 AJ. Verkalk, Verspreldings- en verplaatsingspatronen van muskusratten
Ondatra zibethicus in Flevoland. 79 p. f 13,-

1991-1 N. Dankers et al., The Wadden Sea in the future - why and how to
reach?RIN contributions to research on management of natural resocurces.
108 p. f16.-

IBN-rapport 91/1 M.J.S.M. Reijnen & R.P.B. Foppen, Effect van wegen met
autoverkeer op de dichtheid van broedvogels.Hoofdrapport 110 p. f 16.-

IBN-rappoit 91/2 idem - Opzet en methoden 44 p.f 7.-

92/1 P.F.M. Verdonschot, J. Runhaar, W.F. van der Hoek, C.F.M. de Bok &
B.P.M. Specken, Aanzet tot een ecologlsche indeling van opperviaktewateren
in Nedertand. 174 p. 23,50

92/2 J.E. Winkelman, De invMoed van de Sep-proefwindcentrale te Oosterbie-
rum(Fr.)op vogels 1. Aanvaringsslachtoffers

92/3 J.E. Winkelman, idem; 2. Nachtelijke aanvaringskansen

92/4 J.E. Winkelman, idem;3, Aanvileggedrag overdag

92/5 J.E. Winkelman, idem;4. Verstoring

Rapport 92/2-5 wordt niet los verkocht maar als serie van vier voor f 77,50

92/6 J.E. Winkelman, Methodologische aspecten vogetonderzoek Sep-proef-
windcentrale Ocsterbierum (Fr.), deel 2 (1988-1991) 123 p. f 18,50

92/7 J. Wiertz, Schatting van ontbrekende vocht- en stikstofindicatiegetallen
van Ellenberg (1979). 32 p. 1 6,-

92/8 H.N. Siebel, Omvorming naar een meer natuurlijk bos in het Spanders-
woud. 118 p. f17,-

92/9 A.A. Mabelis & M.C. van Velden, Bosjes in het cultuudandschap als
ecclogische eilanden voor ongewervelden; de rol van opperviakte en isolatie.
68 p. f 12,00

92/10 C.J.M. Philippart, K.S. Dijkema & N. Dankers, De huidige verspreiding
en de mogelijke toekomst van het litoraal zeegras in de Nederlandse Wadden-
2ee. 28 p. £ 5,50

92/15 N. Dankers & J. de Vias, Multifunctioneel beheer in de Waddenzee;
integratie van natuurbeheer en schelpdiervisserij. 18 p. f 4,50



92/16 H.J.P. Vercruijsse, Schouwse zilvermeeuwen nader bekeken: resultaten
van het kleurringonderzoek in 1991. 155 p. f 20,50

92/17 A. Brenninkmeijer & E.W.M. Stienen, Ecologisch profiel van de grote
stern (Sterna sandvicensis). 107 p. f 15,50

92/18 E.W.M. Stienen & A. Brenninkmeijer, Ecologisch profiel van de visdief -

{Sterna hirundo). 128 p. f 18,-

92/21 H.F.van Dobben, G.M. Dirkse, C.J.F. ter Braak & C.O. Tamm, Effects of
acidification, liming and fertilization on the undergrowth of a pine forest stand
in central Sweden. 26 p.f 6,00

92/22 H.F.van Dobben & M.J.M.R. Vacks, Effect van bekalking en bemesting
met fosfor, maghesium en kalium op de ondergroei van giken- en dennenop-
standen op arme grond. 24 p. f 6,00

92/23 H.F. van Dobben & W. Wamelink, Effects of atmospheric chemistry and
bark chemistry on epiphytic lichen vegetation in The Netherlands. 34 p. £ 7,-

g2/25 H. Buesink, A.J. Beintema & L.M.J. van den Bergh, Een kwart eseuw
watervogeltellingen. 82 p. f 14,00

92/26 M.A.J.M. Verstegen, H. Siepel, AH.P. Stumpel & H.AH. Wijnhoven,
Heide en heidefauna: indicaties voor het beheer 112 p. f 16,00

92/29 H. Koop, M. Leten, P. Boddez, T. Tielens & M. Hermy, Bosstructuur en
soortensamenstelling van het Hannecartbos. 30 p. f 6,50

92/30 R. van Halewijn, LW.G. Higler & A.L. Spaans, Ecologisch onderzoek
Bubali-plas, Aruba .139 p. f 20,00

92/33 H. Siepel, Bosgebonden fauna: een faunistische aanvulling op Bosge-
meenschappen . 68 p. 12,00

L]



Ecologische karakterisering van oppervlakte-:

wateren In Qverijssel

Dit boek is een produkt van een jarenlange
samenwerking tussen het Rijksinstituut voor
Natuurbeheer en de provincie Overijssel.
Een ecologlsche indeling van wateren is
nodig voor goed waterbeheer. Met dit boek
kunnen ecologische doelstellingen op korte
en middellange termijn gerealiseerd worden;.
het bevat praktische adviezen voor een ge-
differentieerd waterbeheer. Ook kunnen de
maatregelen op hun ecologische effecten
worden beoordeeld.

301 pagina's
prijs f 40,-
bestelcode: EKOO

De boeken zijn te bestellen door het
verschuldigde bedrag over te schrijven

op postbanknummer 94 85 40 van het
. Instituut voor Bos- en Natuuronderzosk
(IBN-DLO) te Wageningen onder vermelding
van de bestelcode. Uw overschrijving geldt
als bestelformulier. De portokosten zijn
voor onze rekening.

ECOLOGISCHE KARAKTERISERING

VAN OPPERVLAKTEWATEREN
IN OVERIJSSEL

o Piet M. Yerdonschot




