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Summary

Dieback-affected trees of a boggy stan®iaka abiesin the Harz Mountains, northern Germany, bore a richer epiphytic lichen
vegetation than healthy trees. Cover of the foliose epiphytic lidiipogymnia physodes decreased with increasing Mn/Ca ratio

in stemflow. The total of lichen species per tree decreased both with the Mn/Ca ratio in stemflow and with the Mn concentra-
tion in bark. The results agree with experimental tests of Mn toxicity physodes. Comparison with other dieback-affected

spruce stands of the Harz Mountains revealed that Mn attained unusually high concentrations in the study site because of higt
Mn concentrations in the soil. Mn concentrations in soil, bark, stemflow, and incident precipitation sugd@sedtetiies

removes excess Mn taken up from the soil by the root system by transferring it into the bark. Mn in stemflow is supposed to
derive primarily from leaching of Mn from bark and needles,’S&@ncentration that was found to be decisive for epiphytic

lichen distribution in other dieback-affected spruce stands of the Harz Mountains was of subordinate significance to lichen
vegetation in the present case.

Key words: bark chemistry, forest dieback, manganese, precipitation chemistry, sulphur

Introduction S, Mn and Cu, respectively, cover of the crustose lichen
Lecanora conizaeoides either remained unaffected (Mn,
Spruce stands affected by pollutant-caused forest deu) or followed an optimum curve (S). This different
back are characterized by a particularly diverse epiphyeaction agrees with the well-known fact thatconi-
tic lichen vegetation GLiEMEROTH 1990; HAUCK &  zaeoidesis more toxitolerant thahl. physodes (WirTH
RunGe 1999). The higher lichen diversity is correlated.985;Hauck et al. 2001 b). Micromolar concentrations
with lower element concentrations in stemflow and bar SO,2~ at pH values from 3 to 4 as found in the stem-
of affected compared to healthy trees. This difference flow from the Harz Mountains have been proven to
element concentrations is supposed to be due to needlduce the photosynthetic capacity and the rate,of N
loss of affected trees causing a reduced pollutant intéikation as well as to alter the structure and the chemical
cepting surface. In the Harz Mountaif®uck et al. composition of the cortex of lichersHcHowicz 1982 ;
(2001a) anddHauck & RUNGE (2002) attributed the HALLINGBACK & KELLNER 1992; PIERvITTORI et al.
higher lichen diversity in a dieback-affected spruc&997).HiLL (1971) demonstrated thét. physodes is
stand compared to a neighboring healthy stand to lowmuch more susceptible to S thlanconizaeoides. Mn
S concentrations in stemflow and to lower concentraoncentrations as found in spruce bark in the Harz
tions of Mn and Cu in the bark of the affected standlountains are capable of inhibiting the growth of sore-
Hessk (2002) also discussed an influence of the S codia ofH. physodes (Hauck et al. 2002 a). In the soredia,
centration in stemflow on the distribution of epiphytiche concentrations of chlorophydsndb decrease with
lichens in a dieback-affectd®icea abies stand. increasing Mn supply. Thalli ¢4. physodesabsorb con-
While the cover of the foliose lichedypogymnia siderably less Mn from solution than thalli lof coni-
physodes decreased with increasing concentrations @ieoides (Hauck et al. 2002b). Not yet published expe-
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rimental results of our group showed that also CtP,recipitation sampling and analysis
applied in concentrations measured in spruce bark from

the Harz Mountains, reduces the abilityrbfphysodes ~ Stemflow was collected with circular gutters made of poly-
soredia to grow. urethane foam. Tubes of polyvinyl chloride connected the gut-

factors on lichen diversity in dieback-affected Standse§ ecipitation was sampled in duplicate in a treeless area of the
f

h ins h f |ati g near the sample trees, using Blchner funnels and poly-
the Harz Mountains have been performed at relativefyene pottles, placed 1 m above the ground, with a collecting

high elevations at 800 m (Acker-Bruchberg ridgegyrface each of 78.5 émWater samplers were emptied
Hauck et al., 2001a;Hauck & RuUNGE 2002) and weekly during a period of 71 weeks from July 1998 to Novem-
1000 m (Mt. Brocken;Hesse 2002). In the present ber 1999.

study, we investigated Ricea abies forest of the Harz ~ Samples were filtered with ash-free filters (Blue Ribbon
Mountains at an elevation of 550 m. This study site fglters, Schleicher & Schuell, Dassel, Germany), and stored at
significantly warmer and drier than the sites on thg 5°C until analysis. Each sample was analyzed separately.
Acker-Bruchberg and on Mt. Brocken. Yearly precipitaE'éctrodes were used for measuring pH (405-S7, Ingold, Wert-
tion is 980 mm as opposed to 1500 mm on the Ack eim, Germany) and conductivity (LF 90, Wissenschaftlich-

. echnische Werkstatten, Weilheim, Germany); data refer to a
Bruchberg and 1600 m on Mt. Brocken. Mean air te”i!émperature of 25°C. Content of K, Na, Ca, Mg, Mn, and Zn

perature is 6.1°C versus 4-530d —2.8°C HAUCK  \ya5 measured with AAS (SpectrAA 30, Varian, Mulgrave Vic-
2000;Hesse 2002). The aim of the present study was tgyia, Australia). Cswas used as a deionizer for K measure-
test the hypotheses that also at this elevation (1) epiphiyents, whereas #was added in the case of Na and Ca, and
tic lichen vegetation is more diverse on affected treea*in the case of Mg. Fe content was measured colorimetri-
versus healthy ones, (2) element concentrations a&adly with ferrozine ak = 562 nm §rookey 1970). NH* and
lower in stemflow and bark of affected trees and (3) coNO;~ were determined by distillation using the Kjeldanhl

relations occur between the cover of lichen species afgthod GerLaca 1973). PQ*- was determined colorimetri-
element concentrations. cally with the molybdenum blue method &at= 700 nm

(ALLEN et al. 1974). The methylthymol blue method was
applied for analyzing S£ content McSwaIn et al. 1974).
. This method is based on the displacement ¢t Bam a
Materials and methods methylthymol blue complex by $&. The adsorption of

. . . released methylthymol blue is measured at 460 nm. For
Studies site and selection of sample trees each sample a blank was substracted that was analyzed with

The study area was a mature boggy stariaet abies (Rotes Ca* instead of B# in order to determine the adsorption of

Bruch) that is situated southwest of the village Benneckenst&floréd organic compounds, which interfere with the photo-
in the eastern Harz Mountains (52N, 10°43 E). Affected metric measurement of methylthymol bl@ronan 1979).

and healthy spruce trees grew adjacent to one another within a

small area. Differences in tree vitality can be attributed to dif- . .

ferences in the ground water level. Five dieback-affected aBark sampling and analysis

five healthy spruce trees with a minimum diameter at breast

height of 15 cm and a minimum height of 5 m were selectégbsequent to the last precipitation sampling, bark was col-
within a plot of approximately 58 50 n?. The plot was non- lected with a knife from each sample tree. Samples were taken
randomly selected; search criterion was to find healthy tref®m a standard exposure (i.e., western exposure at a height of
and trees with damage of different severity within as small &##0—-200 cm above the ground) in order to be consistent with
area as possible. Trees of this area were of comparable sizétfer studies of our groupifuck et al. 2001a). Epiphytes
height and diameter. The crown of trees classified as healtfgre removed from the bark surface with a wire brush before
achieved a cover of more than 75% and showed no indicatisampling. Bark samples were dried at 105°C and homogeniz-
of needle-yellowing. In contrast to the studies on the Ackegd in an agate mill. After acid digestion, the total content of
Bruchberg and on Mt. Brocken, where trees of different stagks Ca, Mg, Fe, Mn, Zn, Cu, and Pb was determined with AAS.
of defoliation were studiedHauck 2000; Hesse 2002), all

dieback-affected trees in the present study were dead.

Soil conditions

Mapping of epiphytic lichen Vegetation Soil was sampled from twelve randomly selected sample
points. It was separately collected near six dieback-affected

On the trunk of each sample tree at a height of 0—-200 dmees and near six healthy trees in a depth of 5 and 50 cm,
above the ground, cover of all epiphytic lichen species wageved and dried at 70°C. Suspensions of 10 g d. wt. of soil in
estimated in percenHauck & RUNGE 1999). When neces- 20 ml of deionized water were used for determining prO(H
sary species were identified by means of thin-layer chromataad pH (KCI) values. After percolation with 100 mM BaCl
graphy CuLBERsON & AMMANN 1979). Nomenclature of amounts of exchangeable K, Ca, Mg, Fe, Mn, and Al were
lichens is based owirTH (1994). measured with AAS. Since Mn turned out to be of special
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interest as a possibly relevant site factor, the Mn concentratiorodels with the highe® (for eachn) are given in the results
was additionally measured in soil extracts with 100 mM-Nasection. Statistical significance was tested by calculdfing
EDTA (ScHLICHTING et al. 1995). values. Spearman’s rank correlation coefficieptwas calcu-
lated in order to investigate the intercorrelation between
element concentrations in stemflow and bark. Except for non-
.. linear regression (Xact 4.01, SciLab GmbH, Hamburg), statis-
Statistics tical analyses were processed with SAS 6.04 software (SAS

Institute Inc., Cary, North Carolina, U.S.A.).
Data are given as arithmetic mean + standard error thoughout

the paper. The Shapiro-Wilk test was applied for testing data

for normal distribution. Significant differences between two

samples were tested with Studertitest for normally distri- Rag|ts

buted data and with thd-test of Mann and Whitney other-

wise. Significance of differences for more than two normall . . .

distributed samples was tested with the Scheffé test. Differe)é-plphytlc lichen vegetation

ces between frequency distributions were tested for signifi- . . .

cance with the chi-square test. Pearson’s product-moment { hirteen lichen species occurred_ on the dieback-affect-
was calculated for linear relationships of binormally distributed trees, whereas seven species were found on the
ed data, as was the non-linear correlation coefficigptfor  healthy trees (Table 1). The most frequent lichen species
non-linear relationships. When investigating relationships bé-ecanora conizaeoides covered more than 20% of the
tween element concentrations in stemflow and bark witffunk surface on the healthy trees, but only 8% on the
lichen abundance, data were linearized by calculating the nagijehack-affected treesiypocenomyce scalaris, Hypo-

ral logarithm of independent and dependent parameters. Cowpmi a physodes andParmeliopsis ambigua grew more

of the lichenHypogymnia physodes was transformed accord- frequently on affected tree€haenotheca brunneola
ing toy’ =In (y+ 1), as cover values of 0% occurred. All inde- adonia_coniocraea, C. digitata, C pondactyIa,

S =S A [
pendent variables that had statistically significant producEF_}p Lo T ; ) Al
moment correlations after linearization, were considered raria jackii, and Platismatia glauca exhibited an

linear multiple regression analysis. For evef§otal of inde- Insignificant trend towards higher cover values on af-

pendent variables in the model), the multiple correlation cdected trees. Three speciéfypocenomyce caradocen-
efficient (R) was calculated for all possible combinations. Theis, Micarea botryoides, M. prasina) tended to occur

Table 1. Epiphytic lichen vegetation on dieback-affected and healthy spruce trees.

Mean cover [%] Total of trees inhabited
Healthy Affected H D o2
Species with higher frequency on healthy trees:
Lecanora conizaeoides 20.9 +3.46 763223 * 5 5
Species with higher frequency on dieback-affected trees:
Hypocenomyce scalaris 0.00 +0.00 503+189 * 0 4 6.67**
Hypogymnia physodes 0.00 £0.00 1.25+£0.56 ** 0 5 10.0%**
Parmeliopsis ambigua 0.00 +0.00 0.20+0.15 0 3 3.60*
Indifferent species:
Chaenotheca brunneola 0.00 £0.00 0.21+0.19 0 1 1.11
Cladonia coniocraea 0.00 £0.00 0.08 £0.04 0 2 2.50
Cladonia digitata 0.06 +0.03 0.58 +0.30 3 3 0.00
Cladonia polydactyla 0.09 £ 0.06 0.34+0.29 3 3 0.00
Hypocenomyce caradocensis 0.16 £0.10 0.14 £0.10 2 2 0.00
Leprariajackii 0.03+0.01 0.16 +0.13 2 2 0.00
Micarea botryoides 0.25+0.22 0.00 +0.00 1 0 1.11
Micarea prasina 0.80 + 0.66 0.00 £ 0.00 2 0 2.50
Platismatia glauca 0.00 +0.00 0.05 +0.03 0 2 2.50

Notes: Cover, arithmetic mean + standard error; calculated from mean values of eight relevés
per tree; statisticdJ-test. Frequency (on five healthy and five dieback-affected trees): Chi-square
test. H — healthy trees; D — dieback-affected trees. Levels of significaics 0*05; ** P < 0.01;

*** P <0.001.
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Table 2. Amounts and element content of stemflow and incident precipitation.

Stemflow Incident

Healthy Affected precipitation
NH,* [umol I 248 + 50 46.8+37 37.7+5.6
NO;~ [umol I 92.3+13.8 36.8+5.1 * 46.4 +7.2
PO, [umol Y 3.76 £ 0.64 4.80 +1.68 0.45+0.20
SO,z [umol -] 75.7+11.8 34.8+29  * 17.8+2.3
K [umol 245 + 47 144 + 44 154 +£5.0
Na [umol 4 144 £ 10 120+ 3.0 105+ 18
Ca [umol I 95.3+23.6 929+12.3 126+1.6
Mg [umol I 30.0+3.8 27.2+7.4 6.35+ 0.57
Fe [umol I 1.04 £0.25 0.30+0.06 * 0.01+0.01
Mn [umol I 5.86 £0.76 5.33+1.50 0.13+0.02
Mn/Ca 0.08 £0.01 0.06 £0.00 0.02 £0.00
Mn/Mg 0.21 £0.02 0.19 £0.03 0.03 £0.00
Zn [umol 4 1.28+£0.21 1.42 £0.20 0.26 +0.03
pH 3.86 £ 0.05 3.82+0.10 4.09 £ 0.05
Conductivity 1S cnm] 127 £ 22 82.0+27 28.2+2.23
Stemflow [ml tree* week] 1.3+0.2 1.1+0.2
Precipitation [| m? week] 31.3+5.0

Notes: Arithmetic mean + standard error. Levels of significanc® & 0.05; ** P < 0.01;

*** P <0.001 {-test for difference between healthy and affected trees). Measuring period: July 1998
— December 1999 (71 weeks). Data are calculated from means®&ample trees over the entire

measuring period (stemflow) or from weekly means of two replicates (incident precipitation).

with higher cover values on healthy trees. The tota@hble 3. Element content of bark (in mmolkgl. wt.) on

cover of all epiphytic lichens and bryophytes amountetieback-affected and healthy spruce trees.
to 16 + 3% on the dieback-affected trees and to 23 + 4%

on the healthy ones. Healthy Affected
K 13.3+£3.9 11.3+1.7
_ _ Ca 148 £ 11 126 + 20
Element concentrations in stemflow, Mg 5.22 +0.80 5.40 + 1.50
AT initati ; Fe 5.06 £ 0.60 4.86 +0.96
incident precipitation, bark, and soil Mn c434153 2854054
Element concentrations in stemflow were generall n;ﬁa f-g;‘fg-gj gggfg-fll
higher than in incident precipitation. NHNO,~, SQ2- M9 0821016 076 1011
and Fe occurred in significantly lower concentrations i AN E LN
. 0.04 +£0.01 0.05 +0.02
the stemflow of dieback-affected compared to healthy,, 0.12 + 0.00 0.10 + 0.01

trees (Table 2). With the other element concentrations-s

stemflow and with element concentrations in barkotes: Arithmetic mean + standard error. No significant dif-
(Table 3) no significant difference was found. Elemeriérencestttest, P > 0.05f = 4).

concentrations in the soil did not differ between the sur-

roundings of healthy and dieback-affected trees; an

exception was Pb with higher concentrations in thgq for linearization to prepare them for linear multiple
upper soil near healthy trees (Table 4). regression analysis. Cover bf. physodes decreased
with increasing concentrations of $6 K, and Mn in
stemflow. The closest correlation was found with the
molar ratio of Mn to Ca. When the effects of these che-
mical parameters on coverlaf physodeswere examin-

ed in multiple regression analysis the most significant
Curvilinear relationships were found between cover ohodel of two independent variables was found with the
Hypogymnia physodes and some element concentraMn/Ca ratio and the K concentration in stemflow
tions in stemflow (Table 5); thus, data were logarithmiZR=0.94,P < 0.001). A model of the Mn/Ca ratio and

Correlation between chemical site factors
and epiphytic lichen vegetation
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Table 4. Element concentrations (in mmotd,. wt.) of soil
near dieback-affected and healthy spruce trees.

Table 6. Correlations between the total of lichen species per
tree and element concentrations in stemflow and bark.

Extractant Depth Healthy Affected Linearized data Original data Regression
r r
K  BaClI2 5cm 1.33+0.23 1.13+0.05 L
50 cm 1.13+0.15 1.54%0.18 Mn/Ca —0.83** —0.94x+* y=a+ bx
Ca BaC) 5cm 11.6 £3.2 15.4+2.2 (Stemflow)
50cm  8.03+3.52 8.98+1.88 Mn/Mg -0.71* —0.93%*+ y=a+ bx°
Mg BaCl, 5cm 10.0+3.4 140+ 2.7 (Stemflow)
50 cm 10.1+4.2 153 +3.9 Mn (Bark)  —0.85** —0.87** y=al(x+ b)
Fe BaC) 5cm  1.69+0.44 220+0.14  Mn/Ca (Bark) —0.77* -0.80 y = albx
50 cm 0.50+0.11 0.84+0.13 Pb (Bark) —-0.70* ns.
Mn BaCl, 5cm 0.30+0.11 0.38 £0.07
50 cm 0.27+0.12 0.69+0.22 Notes: Independent and dependent variables linearized by cal-
Mn EDTA 5cm 1.68+0.73 2.50+0.48 culating the natural logarithm. Correlation coefficients are
50 cm 1.82+0.77 150%0.31 Pearson’s product-moments for linearized data and non-linear
Al BaCl, 5cm 5.99+0.33 6.51+0.11 correlation coefficients for the original data.
50 cm 6.16 £0.81 10925
Zn BaCl, 5cm 0.88+0.56 0.37+£0.05
50 cm 0.16 +0.07 0.08 +0.00 (Table 6). Using In-transformed data, significant corre-
Pb BaC} 5cm  0.44+0.04 0.14+0.02 ** lations were found with the molar ratio of Mn/Ca and of
50 cm 0.04+0.01 0.02+0.00 Mn/Mg in stemflow as well as with the concentrations
pH H,O scm  431+£011  426+0.02  of Mn and Pb in bark and with the Mn/Ca ratio in bark.
N 52 gm g-gg * 855 g-gi’ * 8-83 The closest correlations using In-transformed data were
50em 3744024 3884012 found with the Mn concentration in bark and with the

Mn/Ca ratio in stemflow. In multiple regression analy-

Notes: Arithmetic mean + standard error. Levels of signifiSis, @ model of these two parameters explained about
cance: **P < 0.01 ¢-test,df = 5).

Table 5. Correlations between coverHpogymnia physo-
desand element concentrations in stemflow

90% of the variation of the total of lichen species per
tree R=0.94,P <0.001). Cover of the crustose lichen
Lecanora conizaeoides was not correlated with element
concentrations in stemflow and bark, except for a linear
increase of cover with increasing N@oncentration of

Linearized data Original data ~ Regression stemflow ¢ = 0.78,P < 0.01) for non-logarithmized
r ry data.

SO42‘ —0.64* -0.69* y=a+ bx¢

K —0.79** —0.82* y=al(x+ b) i i

Mn ~0.75* —0.68* y=al(x+ b) Discussion

Mn/Ca  —0.82* —0.79% y=al(x+ b)

As in the dieback-affected spruce forests at 800 m
Notes: Independent parameters linearized by calculating th@cker-Bruchberg) and 1000 m (Mt. Brocken) studied
natural logarithm, cover dfi. physodes linearized according by Hauck & RunNGE (2002) andHEesse (2002), more
toy’ =In (y + 1). Correlation coefficients are Pearson’s protichen species were found on dieback-affected trees
duct-moments for linearized data and non-linear correlatiasfompared to healthy oneldypogymnia physodes and
coefficients for the original data. Lecanora conizaeoides, the two lichen species most
extensively studied by our group have a similar distri-
SO,2~ concentration yielded a slightly lower correlatiorbution at all study sites. The foliose lichienphysodes
coefficient R= 0.93,P < 0.001). The multiple correla- occurs more frequently on affected trees, whereas the
tion coefficient for a model of the three independerdrustose licherL. conizaeoides is more frequent on
variables Mn/Ca ratio, S® and K concentration healthy trees. Moreover, the trend for higher frequency
amounted tdR = 0.96 P < 0.01). Cover oH. physodes of Hypocenomyce caradocensis, Micarea botryoides,
also decreased with increasing concentrations of K aaddM. prasina on healthy trees is in line with the pre-
Mn in bark as well as with the Mn/Ca ratio in barkvious studies from the Harz Mountains. In contrast to
However, these parameters had no significant effecttime vast majority of lichen species, these species as well
multiple regression analysis. aslecanora conizaeoides are apparently not favored by
The total of lichen species per sample tree alghe site conditions in dieback-affected stands. Consider-
decreased with increasing element concentratioably less lichen species € 13) were recorded from the
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sample trees of the present study at 550 m compareddp this relationship. Absolute Mn concentrations as
the stands at 800 m £ 29;Hauck & RunGe 2002) and well as Mn/Ca and Mn/Mg ratios are considerably
at 1000 mif = 21;Hesse 2002). A lower mean total of higher than in the soils on the Acker-Bruchberg ridge
lichen species per sample of 4.9 £ 0.8 (10 sample trees)d on Mt. Brocken (Table 7). Mn concentrations as
than in the stands at 800 m (9.2 + 2.7; 81 trees) andve&tll as Mn/Ca and Mn/Mg ratios in bark and stemflow
1000 m (8.1 + 0.4; 20 trees) proves that the lowaary in accordance with concentrations and ratios of the
species diversity at 550 m is not due to the smaller saswils. This suggests that root uptake and subsequent
ple size, but probably due to lower elevation. Lowexylem transport determine the Mn concentration in bark
humidity including less fog events are supposed to laed, due to leaching from bark and needles, also in stem-
the main cause of the lower lichen diversity at 550 nflow. In Populus, SLoor & WoLTERBEEK (1993) con-
VONARBURG (1993) compared three sites wiarme-  cluded from a concentration gradient from the youngest
linatiliaceaat 550, 1000 and 1600 m in Switzerland angylem to the bark that Mn was deposited in the bark. In
found decreasing air and thallus temperatures as wellaess-sections dPicea abies, Lovestam et al. (1990)
increasing relative humidity and increasing thallutound high Mn and Ca concentrations in the bark, but
water contents with increasing elevation. low concentrations in the wood underneath. This may
The significantly lower concentrations of Wi indicate the possible deposition of excess amounts of
NO;~, SO2, and Fe as well as similar insignificantthese elements in the bark. Ca is known to be deposited
trends of other elements in the stemflow can be attribuit- oxalate crystals iRicea abies bark ScamipT-VoGT
ed to decreased atmospheric interception caused by 11886).
decreased canopy surface of dieback-affected treesRoot uptake and xylem transport of Mn can be sup-
(Hauck & RunaGE 2002). In accordance with our formerposed to decrease with increasing needle loss. This is in
studies, cover dflypogymnia physodes decreased with line with the (insignificant) trend for higher Mn con-
increasing S¢¥ concentration in stemflow. However, centrations in the bark of healthy versus dieback-affect-
correlations with other parameters were considerabdg trees. Mn concentration in bark of healthy trees
closer; the closest correlation was found with the molaanged from 2.4 to 9.7 mmol Kgd. wt., whereas it
Mn/Ca ratio in stemflow (Table 5). This parameter or thearied between 1.3 and 4.5 mmotkd. wt. in bark of
Mn concentrations in stemflow and bark were not intedieback-affected trees. On the Acker-Bruchberg ridge
correlated with S¢F-concentration in stemflowHgsse and Mt. Brocken, maximum concentrations in bark
2002). An interaction of Ca with Mn has already beeamounted to 2.0 and 2.4 mmolkd. wt., respectively
shown for the growth of soredialdf physodes (Hauck  (Hauck & RUNGE 2002 ;Hesse 2002). Using a large
et al. 2002a). The inhibiting effect of Mn on the growtlsample size of 120 spruce trees sampled on the Acker-
of the soredia was alleviated by Ca in soredia cultur@&tuchberg ridge, Mn concentrations in the bark of die-
on agar medium. Intracellular uptake and extracelluldack-affected trees were found to be significantly lower
absorption of Mn from solution in thalli ¢f. physodes than in the bark of healthy treddAuck et al. 2001 a).
was significantly reduced when Mn was applied in conbBifferences in atmospheric deposition of Mn can be
bination with Ca Hauck et al. 2002 b)H. physodes ruled out as the cause for the higher Mn concentrations
soredia lost Ca from cell walls and cell lumina of thén bark, stemflow and soil in the present case, as Mn
mycobiont, but not of th&rebouxia photobiont in cul- concentration in incident precipitation did not differ
tures kept with excess Millguck et al. 2002a). Adult from the stands on the Acker-Bruchberg ridge and on
thalli were found to release significant amounts of extrdAt. Brocken (Table 7).
cellular Ca when incubated in Mn solutiori$a(ck The negative correlation betwekn physodes cover
etal. 2002hb). These experimental findings indicate thahd K concentration in stemflow is probably coinciden-
site conditions become less favorable forphysodes tal, since not yet published experiments of our group
with increasing Mn/Ca ratio. Closer correlation of thehowed that K is not taken up bl physodes at con-
Mn/Ca ratio than of the absolute Mn concentration ioentration ranges and pH conditions that usually occur
stemflow with cover oH. physodes suggests that the in the stemflow ofPicea abies in the Harz Mountains.
former is more relevant. The lack of correlations between cover of the crustose
The significant correlations between the total dfchen Lecanora conizaeoides and most element con-
lichen species per sample tree with the Mn/Ca ameéntrations in stemflow or bark is in line with the
Mn/Mg ratio in stemflow as well as with the Mn con-known toxitolerance of the specié®ikTa 1985). On
centration in bark and with the Mn/Ca ratio in barkhe Acker-Bruchberg ridge and Mt. Brocken, cover of
(Table 6) suggest that high Mn concentrations arelaconizaeoides was not affected by the Mn concentra-
limiting factor not only forH. physodes, but for most tion in bark or stemflow eithefauck et al. 2001a;
lichen species in the investigated spruce stand. UlHauck & RUNGE 2002 ;HEesse 2002). At low concen-
mately, high soil Mn concentrations might be the caugeations,L. conizaeoides is even favored by inorganic S
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Table 7. Mn concentrations as well as molar Mn/Ca and Mn/Mg ratios in upper soil, bark, stemflow, and incident precipitation
of three dieback-affecteicea abies stands in the Harz Mountains.

Acker-Bruchberg Mt. Brocken Present study
Soll Mn [mmol kg d. wt.] 0.41+£0.20 a 0.33+£0.19 a 2.09+£0.52 b
Mn/Cax 10° 13.2+1.3 a 27.3+7.6 a 224 + 109 a
Mn/Mg x 10° 59.4+7.7 a 108 + 29 b 364 + 229 b
Bark Mn [mmol kg'd. wt.] 1.27 £0.08 a 1.55+0.09 a 4,14 +£0.88 b
Mn/Cax 10° 10.6 £ 0.9 a 9.41 +0.62 a 69.5+6.9 b
Mn/Mg x 10° 268 + 31 a 259 +19 a 834 + 148 b
Stemflow Mn mol 4 3.83+0.44 a 2.64 +0.38 b 5.60 +0.80 ab
Mn/Cax 10° 33.0+2.8 a 39.8+2.2 a 69.5+6.9 b
Mn/Mg x 10° 139 +13 a 108 +6 a 200 + 17 b
Incident Mn pmol I-1] 0.17 £0.05 a 0.13+0.02 a 0.13+0.02 a
precipitation Mn/Cax 1C° 9.00 £ 0.65 a 18.3+3.3 b 15.7+£2.9 b
Mn/Mg x 10° 81.9+6.0 a 274 +4.7 b 254+4.4 b

Notes: Data for Acker-Bruchberg frofnuck (2000) andHauck & RUNGE (2002), for Mt. Brocken fronkEesse (2002). Con-
centrations (arithemetic mean + standard error) in soil refer to the upper soil in a depth of about 5 cm and are mealigred in twe
replicate samples per stand in extracts with 100 mM EDTA in the case of Mn and with 100 mhBla€tase of Ca and Mg.
Concentrations in bark and precipitation are total concentrations measured on 11, 20, 10 sample trees and two replicate samg
lers per site for incident precipitation, respectively. Precipitation measurements were carried out from April 1997 to December
1998 (86 weeks; Acker-Bruchberg), from June 1998 to November 1999 (76 weeks; Mt. Brocken) and from July 1998 to Novem-
ber 1999 (71 weeks; present study). It should be noted that element concentrations in stemflow and incident precipitation
depend on the sampling period and that therefore values from the different sites are not fully comparable. Sample trees in eact
plot comprise a range of healthy to increasingly defoliated spruce trees. The values referring to the present studiesfare means
all ten sample trees or of all soil samples, respectively. Within a row, means sharing a common letter do not diffetlgignifican
(Scheffé testP < 0.05).

(BaTes etal. 1996 Hauck et al. 2001 b). We have noloss. However, no significant correlations with the cover
information whether the positive correlation with NO of Hypocenomyce scalaris, Hypogymnia physodes, Le-
concentration in stemflow was causal. In other spru@anora conizaeoides and Parmeliopsis ambigua or any
stands of the Harz Mountains, such correlations weogher lichen species were found, wherHasse (2002)
not observedHauck & RUNGE 2002; Hesse 2002). found significant correlations with the S concentration
Aside from element concentrations in precipitation anid stemflow. Hence, it is probable that light was not deci-
in bark, element transfer by dry deposition or depositsive for the difference in the epiphytic lichen abundance
on with fog could affect lichen distribution in the studyin the present case eith&auck et al. (2000) demon-
site; data of these parts of deposition are not availabsrated that water-holding capacityRfabies bark was
MAcHER & STEUBING (1984) emphasized the signi-not correlated with the cover of any lichen species in a
ficance of light for the higher epiphytic lichen diversitydieback-affected spruce forest in the western Harz
on dieback-affecteBicea abiesin the Bavarian Forest, Mountains. An unpublished study of our group in a die-
southern Germany. For the more frequent occurrencehzfck-affectedPicea rubens-Abies balsamea forest of
Hypocenomyce scalaris, Hypogymnia physodes and upstate New York, U.S.A., revealed that neither light,
Parmeliopsisambigua on the dieback-affected trees, thenor evaporation, relative humidity, air temperature or
higher light influx on defoliated trees has to be corthe water-holding capacity of the substrate were deci-
sidered as possibly relevant, because all these spedaiee for the higher epiphytic lichen diversity on damag-
tend to occur more frequently in light-flooded habitated versus healthy trees. These findings indicate that
(WirtH 1995;Bropo et al. 2001)Lecanora conizaeo- microclimate in general is apparently of subordinate
ides, however, is indifferent to lightWirtH 1995). In  importance to within-stand distribution of many epi-
the Harz Mountains, this species colonizes shady sprygeytic lichen species in dieback affected coniferous
plantations as well as sun-exposed sites. Thus, ftgests.
decline on the dieback-affected trees cannot be attri-Competition has probably not been involved in the
buted to light. Unpublished light measurements of owhange of the epiphytic vegetation on declining spruce
group from Mt. Brocken confirmed the assumption thdtees in the sample plot. This is because less then a quar-
light irradiance at the tree trunks (at 1.5 m above ther of the available bark area was covered by lichens or
ground) constantly increases with increasing needbeyophytes. The low epiphyte cover may be caused by
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unfavorable moisture conditions and perhaps also by tRerEes, J. W.; McNEE, P. J. & McLEob, A. R. (1996): Effects
high Mn concentrations in the bark and in stemflow. The of sulphur dioxide and ozone on lichen colonization of
low cover suggests that the toxitolerantonizaeoides conifers in the Liphook Forest Fumigation Project. — New
did probably not decline on the dying trees, because jt Phytol.132: 653-660.

was overgrown by more pollution-sensitive lichens, blttoP0: I M.: SHARNOEFE, 8. D. & SHARNOFF, S. (2001):

because the growth conditions became less favorable. H;C:rr:s of North America. — Yale University Press, New

WIrTH (1993) andKirscHBAUM & HANEWALD (2001) - ponan, C. S. (1979): Determination of sulfate in organical-
established a significant decrease Lofconizaeoides ly colored water samples. — Anal. Chest: 1333—1335.
concomitant to decreasing pollutant deposition on peturserson, C. F. & AMMaNN, K. (1979): Standardmethode
manent plots in Germany within five or two years, re- zur Diinnschichtchromatographie von Flechtensubstan-
spectively, while the formerly covered bark areas were zen. — Herzogia: 1-24.

mostly not yet colonized by other epiphytes. In a confSERLACH, A. (1973): Methodische Untersuchungen zur Be-
ferous forest of Great Britain that was experimentally Stimmung der Stickstoffnettomineralisation. — Scripta
fumigated with SQ cover ofL. conizaeoidesincreased  Geobot5: 1-115.

with increasing SQconcentration despite of low Com_GLIEMEROTH, A. K. (1990): Die Flechtenflora kranker Nadel-

o\ - . baume im Nordschwarzwald : Okologische Untersuchun-
petition through other epiphytes in any plt(es et al. gen zur Differenzierung zwischen Immissionsbelastung

1996). und epidemischer Erkrankung. — Diss. Bifil: 1-148.
HALLINGBACK, T. & KELLNER, O. (1992): Effects of simulat-
ed nitrogen rich and acid rain on the nitrogen-fixing lichen
Conclusions Peltigera aphthosa (L.) Willd. — New Phytol. 120:
99-103.

In accordance with studies at higher elevations of tHE"VCK. M. (2000): Ecology of epiphytic lichens in a montane
spruce forest: Influence of forest dieback and forest mana-

Ha_rz M.OuntamSIﬂAUCK & RUNGE 2002 ’HE.SSE 2002), . gement on chemical habitat conditions. — Diss. B#t.
epiphytic lichen vegetation was more diverse on die- 7 555

back-affected trees compared to healthy ones. Howevghy,cx M. & Runce, M. (1999): Occurrence of pollution-
the total of lichen species was lower in this montane 10 sensitive epiphytic lichens in woodlands affected by forest
submontane stand than in comparable stands of the decline: a new hypothesis. — Fldi@4: 159—168.
high-montane belt. The Mn/Ca ratio in stemflow and thBauck, M. & RunGe, M. (2002): Stemflow chemistry and
Mn concentration in bark are probably most significant epiphytic lichen diversity in dieback-affected spruce
for determining lichen distribution in the study site. This forest of the Harz Mountains, Germany. — FId&¥:

is different from the findings from other dieback-affect- 250-261.

ed areas in the Harz Mountains, where S concentratidhsUcK, M.; HESSE, V.; JUNG, R.; ZOLLER, T. & RUNGE, M.

in stemflow had the closest correlations with the occur- (2001b): Long-distance transported sulphur as a limiting
rence and the cover of epiphytic lichen spedibsuck factor for the abf””dance Sfeﬁmona ‘g’n'zzg‘;ao'gg%'”

& RUNGE 2002 ;Hesse 2002). The significance of Mn montane spruce forests. — Lichenologist 267—269.

’ . : ; AUCK, M.; JUNG, R. & RUNGE, M. (2000) : Does water-hold-
can be attributed to higher Mn concentrations in the soﬁ, ing capacity of bark have an influence on lichen perfor-

Mn is supposed to be taken up by the root system of the mance in dieback-affected spruce forests ? — Lichenologist

spruce trees and transferred into the bark via the xylem. 32- 407-400.

The probable influence of the Mn/Ca ratio in stemflowiauck, M. ; Jung, R. & RUNGE, M. (2001a): Relevance of

agrees with the alleviating effect of Ca on Mn uptake element content of bark for the distribution of epiphytic

and toxicity inHypogymnia physodes that was found in lichens in a montane spruce forest affected by forest die-

experiments byauck et al. (2002a, b). back. — Environ. Pollutl12: 221-227.

Hauck, M.; MuLAck, C. & PauL, A. (2002b): Manganese
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