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The endophytic mycobiota of leaves and twigs of Betula pubescens were stu-
died. Healthy-looking leaves and twigs were collected from five individual trees at
each of five sites in Switzerland in spring 1998. Tissue pieces were excised from
twig segments and leaves after surface-sterilisation and incubated on malt extract
agar to isolate endophytic fungi. 94% of the 1-yr-old and all of the 4-yr-old twig
segments as well as 25% of the leaves were colonised by endophytes. Fifteen spe-
cies were present in leaves and 19 in twigs. The anamorph of Venturia ditricha was
most frequently isolated from leaves and that of Ophiovalsa betulae from twigs.
Trimmatostroma betulinum, the anamorph of Pseudovalsa lanciformis, Fusicoccum
betulae and Phomopsis sp. were also frequently isolated from twigs. O. betulae, P.
lanciformis and T. betulinum preferentially colonised 4-yr-old twig segments
whereas Fusicoccum betulae and Phomopsis sp. occurred mainly in 1-yr-old seg-
ments. Species diversity was highest at sites in the upper montane zone (900-1,000
m a. s. 1.) and lowest in the sub-alpine zone (1,600 m). The frequency of colonisa-
tion by O. betulae and T. betulinum was, however, highest in the sub-alpine zone.
Fusicoccum betulae was common in sites with rather high soil humidity. Among-
site and among-tree variation of endophyte assemblages was high. Each tree hos-
ted a unique endophyte assemblage. This could result from differences in inoculum
availability and concentration, as well as from the unique genetic and environ-
mental predisposition of each of the examined trees. The frequency of the en-
dophyte species or the diversity indices was not influenced by any of the covariates
studied. The only statistically significant correlation (p = 0.013, r = -0.952) existed
between the frequency of twig segments colonised by O. betulae and the mean
tropospheric NO2 concentration. The frequency of colonisation by O. betulae de-
creased with increasing NO2 concentration.

Keywords: endophytic fungi, Betula pubescens, biodiversity, immission, air
pollution.

Communities of endophytic fungi are an inconspicuous but eco-
logically important component of woody plant species and con-
tribute significantly to the diversity in forest ecosystems (Stone &
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al., 1996). Endophytic fungi of deciduous trees have been in-
vestigated in various studies (Petrini & al., 1992). Kowalski & Kehr
(1992) studied the endophytic mycobiota of branches of Betula pen-
dula Roth from Germany and Poland and Helander & al. (1993) that
of B. pubescens ssp. tortuosa (Ledeb.) Nyman in Finland. Pubescent
birch (B. pubescens Ehrh.) is the main tree species of the Pino-Be-
tuletum pubescentis, a characteristic plant community of wetlands
in Central Europe (Keller & al., 1998). The contribution by pub-
escent birch to community structure and processes in wetlands is
unusually strong (Atkinson, 1992). If such a keystone species is lost
vulnerability of its dependants, e.g. host specific endophytes, is high
and a cascade of extinction is likely (Tickell, 1997). Unfortunately,
pubescent birch has disappeared or has become rare in Central Eur-
ope as a consequence of lowering the ground water level by the
construction of drainage systems to improve wetlands for agri-
culture. Birches are, however, not only sensitive to habitat changes
but also to air pollutants (Maurer & al., 1998). Air pollutants were
shown to reduce the frequency of some endophytic fungi in leaves
and twigs of B. pubescens ssp. tortuosa and B. pendula (Helander &
al., 1993; Kowalski & Gajosek, 1998). Thus, species composition and
frequency of endophytes may be used as indicators of air pollution.

The knowledge of the ecology of pubscent birch is still very
limited (Atkinson, 1992). In particular, the diversity and frequency of
symbiotic organisms such as endophytic fungi which depend on this
pioneer plant species and the environmental factors by which these
organisms are influenced are not very well known. Fungal en-
dophytes of B. pubescens have thus far only been studied in Finland
(Elamo & al., 1999; Helander & al., 1993; Lappalainen & Yli-Mattila,
1999).

This study was designed to examine species composition, species
frequency and diversity of the endophytic mycobiota of B. pubescens
in Central Europe (mainly Switzerland) and to find relationships
between endophyte frequency and diversity and site specific para-
meters (climate, topography, tree dimensions and age, air pollutants).
Twigs of two age classes were studied in addition to leaves in this
study. An additional aim of this investigation was to add to the
overall knowledge of fungal diversity (Hawksworth & Rossman,
1997).

Materials and methods

S a m p l e c o l l e c t i o n a n d i s o l a t i o n of fung i

In spring 1998, three healthy-looking twigs were collected at
about 2 m above ground from each of five trees {Betula pubescens) at
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each of five sites (Tab. 1). The twigs were stored at 7-8 C and pro-
cessed within 48 h after collection. One 1-yr-old and one 4-yr-old
shoot segment as well as four leaves were randomly cut from each
twig and surface-sterilised for 1 min in 96% (v/v) ethanol, 5 min
(3 min for leaves) in 8.6% sodium hypochlorite, and 0.5 min in 96%
(v/v) ethanol. Three approximately 5 mm high cylinders (including
wood and bark) of twig tissue were excised from the middle part of
each shoot segment by sectioning the segment six times transversely
with a sterilised hand pruner and two 3x3 mm tissue pieces (the
first approximately 5 mm proximally to the tip and the second 3 mm
distally to the base; both pieces included the mid rib) were asepti-
cally cut with a scalpel from each leaf. All tissue pieces were plated
on 2% (w/v) malt extract agar [MEA; 20 g I"1 malt extract (Malzin
trocken, Diamalt, Hefe Schweiz AG, Stettfurt) and 15 g l"1 agar agar
(Typ 2521, Behrens & Co., Hamburg)] amended with 50 mg l"1 Ter-
ramyeine" (Pfizer) in 90 mm diameter Petri dishes. The dishes were
incubated at 20 C in the dark for 4-8 weeks. Each individual myce-
lium growing from the tissue pieces was transferred to fresh MEA
and cultivated in pure culture at 20 C until sporulation occurred.
Cultures were identified to the genus and, if possible, to the species
according to morphological characteristics.

Divers i ty indices
Hill's diversity numbers were used to measure species diversity

and the modified Hill's ratio to determine species evenness of the
endophyte assemblages in the twigs at each site (Ludwig & Rey-
nolds, 1988).

S ta t i s t i ca l analyses of the resul t s
Statistical analyses were performed only for the twig data. A

matrix consisting of the frequencies of fungal colonisation with the
sample units (SU) in rows and the most frequently isolated fungi
(frequency >5%) in columns was subjected to community ordination
using correspondence analysis (Greenacre, 1993; Sieber & al., 1998).
A sample unit (SU) was defined as the twig segments of a given tree
(4- and 1-yr-old shoot segments combined). With correspondence
analysis, SU and fungal species ordinations are obtained simulta-
neously, thus allowing examination of the ecological relationships
between SUs and species in a single analysis.

The variables 'tree height', 'tree age', 'DBH (diameter at breast
height)', 'elevation', 'precipitation', 'average temperature in Jan-
uary', 'average temperature in July' and 'tropospheric NO2 and O3
concentration' (Tab. 1) were used as independent variables and fre-
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Tab. 1. - Site characteristics.

Site Sampling

date

Height

[m]

Trees1

Age
[yr]

DBH
[cm]

Grid
reference2

Soil
moisture'1

Eleva-

tion

[m a.s.L]

Expo- Inclin- Precipi- Average Average XO;;
6 O3

6

sure ation tation4 Jan. Jul.

[°] [mmy"1] temp.a [°C] temp." ["C| liigm'3] [ngm";

Pfäffikon 1998-05-28 5-12(8.1) 15-40(22) 8-21(14) 702.158 E / moist 540 Flat 0 1120 1.3 21.3 33 39

ZH 244.986 N

La 1998-05-28 4-10(4.9) 15-40(21) 6-18(11) 570.350 E / wet to 975 Flat 0 1567 1.8 15.9 20 38

Tourbiere 230.500 N soggy

Lindau 1998-05-31 4-5 (8.6) 15-80 (38) 6-41 (20) 644.700 E/ wet to 940 South 0-2 1717 -0.8 13 25 38

286.500 N soggy

Sales 1998-06-07 4-10(5.6) 15-40(23) 5-13(7) 566.750 E / soggy 895 North-west 0-3 1059 -0.8 17.5 50 27

166.800 N

Bödme- 1998-06-21 3.5-7 (5.3) 30-80 (51) 5.5-15 (10) 707.300 E / dry 1600 North-west 10-30 1755 -4.3 12.5 10 77

renwald 204.000 N

1 Range and mean values in brackets; DBH, diameter at breast height.
2 Coordinates according to Landeskarte der Schweiz, Wabern, Bern, Switzerland.
3 Evaluated during sample collection.
4 Annual mean of the years 1994-1998 (Schweizerische Meteorologische Anstalt SMA. Zürich).
5 Average of the years 1994-1998 (Schweizerische Meteorologische Anstalt SMA. Zürich).
6 Mean of the years 1994-1997 of the closest air pollution monitoring station: Dübendorf (Pfäffikon), Delemont (La Tourbiere), Sisseln (Lindau), Lausanne (Sales),

(Bödmerenwald) (BUWAL, 1998).
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quencies of colonisation by the most frequently isolated endophytes
or diversity indices as dependent variables in linear regression ana-
lyses (Sokal & Rohlf, 1981).

Results

Ninety-four percent of the 1-yr-old and all 4-yr-old twig seg-
ments as well as 25% of the leaves were colonised by endophytic
fungi. One species could be isolated from 24%, two from 40%, three
from 18.7%, four from 11.3% and five from 2% of the twig segments.
Leaves usually were colonised by only one and only 1.3% by two
species. Endophytic thalli were detected in 13% of the leaf tips and
87% of the basal parts of the colonised leaves. Fifteen species were
present in leaves and 19 in twigs (Tab. 2). Seven taxa were isolated
from more than 5% of either 1- or 4-yr-old shoot segments or both.
Venturia ditricha (Fr.) P. Karsten (anamorph: Fusicladium betulae
(Rob. & Desm.) Aderh.) was the most abundant endophyte in leaves.
It was isolated most frequently at Sales (12% of the leaves) and
Bödmerenwald (13%) and was detected in only one leaf at Pfäffikon
and Lindau. V. ditricha did not occur at all at La Tourbiere.

Ophiovalsa betulae (Tul.) Petrak (anamorph: Disculina betulina
(Sacc.) Höhn.) dominated the mycobiota in twigs and was isolated
from all except one tree at Sales (Tabs. 2, 3). It preferentially colo-
nised 4-yr-old twig segments. Among-site variation of the frequency
of colonisation was between 80 and 100% for 4-yr-old and between
27 and 87% for 1-yr-old shoots. O. betulae was most abundant at
Bödmerenwald regardless of shoot age.

Trimmatostroma betulinum (Corda) Hughes was the second most
frequently isolated endophyte and was detected in all except two
trees, one each at Pl'äffikon and Bödmerenwald (Tabs. 2, 3). T. betu-
linum preferentially colonised 4-yr-old twig segments. Among-site
variation of the frequency of colonisation ranged from 27 to 87% for
4-yr-old and from 7 to 40% for 1-yr-old shoots. Four-yr-old shoots
were most intensely colonised by this fungus at Lindau and 1-yr-old
ones at Pfäffikon and Sales.

Pseudovalsa lanciformis (Fr.) Ces. & De Not. (anamorph: Co-
ryneum brachyurum Link), Phomopsis sp. and Fusicoccum betulae
Cooke, listed in descending order of abundance, were also quite fre-
quently isolated. In addition, a dematiaceous, sterile mycelium
(sterile mycelium 1) and an Aposphaeria species were frequently
detected at some sites (Tab. 3). No site had all the endophytes iso-
lated in this study, and the within-site variation of the number of
colonised trees was high. P. lanciformis preferentially colonised 4-yr-
old twig segments, F. betulae and Phomopsis sp. occurred mainly in
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Tab. 2. - Frequency of twig and leaf segments colonized by endophytic fungi.

Taxon"

Aposphaeria sp. 1

Aposphaeria sp. 2

Asteromella sp.

Cytospora sp.

Epicoccum nigrum Link
Fusicoccum betulae
Genkulosporium sp.

Meianconis stilbostoma
(Melanconium betulium)

Nodulisporiurn sp. 1

Ophiovalsa betulae
(Disculina betulina)

Pezicula sp.
(Cryptosporiopsis sp.)

Phomopsis sp.

Prosthemium astersporum
Pseudovalsa lanciformis

(Coryneum brachyurum)

Taeniolella exilis
(P. Karsten) Hughes

Trimmatosroma betulium
Venturia ditricha

(Fusicladiurn betulae)

State formed
in culture

anamorph

anamorph

anamorph

anamorph

anamorph
and

Frequency (%) of colonization
Twigs Leave

4-yr-old shoots 1-yr-old shoots
(n=75)

7

3

0

0

1
5
5

3

4

89

1

9

3
24

0

53
0

(n=75)

4

0

0

0

1
23
1

5

0

61

0

21

1
11

0

31
0

s <n=3()0)

0

0

2

1

0
0
2

0

0

0

1

2

0
0

1

0
6

teleomorph

Xylaria sp. anamorph 4 4 1
Sterile mycelium 1 8 9 0

Other sterile mvcelia 11 19

1-yr-old segments. No clear preference was demonstrated by Apo-
sphaeria sp. 1 and the sterile mycelium 1 (Tab. 3).

Species diversity and evenness indices were higher in 1-yr-old
than in 4-yr-old shoots at La Tourbiere, Lindau and Sales (except for
the number of abundant species at Sales) (Tab. 4). The indices did
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Tab. 3. - Number of trees colonised and frequency of colonisation (%) by the seven most frequently isolated endophytes (> 5%) at each site
(P, Pfäffikon ZH; T, La Tourbiere; L, Lindau; S, Sales; B, Bödmerenwald).
Taxon Number of trees colonised Frequency of colonised twig segments (%)

(n=5 for each site)

4-yr-old shoots 1-yr-old shoots

(n=15 for each site) (n=15 for each site)

P T L S B P T L S B P T L S B

Aposphaena sp. 1
Fusicoccum betulae
Ophiovalsa betulae
Pkomopsis sp.
Pseudovalsa lanciformis
Trimmatostroma betulinum
Sterile Mycelium 1

3
0
5
4
5
4
1

1
2
5
3
0
5
0

1
5
5
5
1
5
4

1
3
4
3
4
5
4

0
1
5
0
0
4
0

20
0

87
20
80
27
7

7
13
80
7

20
53

0
0

100
0
0

53
0

7
0

73
27
20
40
0

0
20
27
7
0

27
0

13
60
73
40
0

33
33

0
27
47
33
33
40
13
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Tab. 4. - Endophyte species diversity and evenness indices for the twig sa

Site Number of species

1-yr-old 4-yr-old

Number of very abundant species

1-yr-old 4-yr-old

miples a t each si te .

' Number of abundai

1-yr-uld

it speciesJ

4-yr-old 4-yr-old
Evenness3

1-yr-old

Pfäffikon ZH
La Tourbiere
Lindau
Sales
Bödmerenwald

11
11

3.92 3.94 4.83 4.92 0.76
3.13 4.45 4.36 5.01 0.63
4.40 6.18 6.27 7.38 0.64
4.76 6.02 7.12 6.65 0.61
2.32 1.67 2.87 2.39 0.70

1 Corresponds to Hill's diversity number N2 (Ludwig & Reynolds, 1988).
2 Corresponds to Hill's diversity number Nl (Ludwig & Reynolds, 1988).
3 Corresponds to the modified Hill's ratio (Ludwig & Reynolds, 1988).
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not depend on shoot age at Pfäffikon and were slightly higher in
older shoots at Bödmerenwald. Diversity was highest at Lindau and
Sales and lowest at Bödmerenwald.

Correspondence analysis was performed to visualise, in a sym-
metric two-dimensional map (Fig. 1), the combined effect of tree in-
dividuals and sites on colonisation by the most frequently isolated
endophytes. The first two principal axes accounted for almost 60%
of the inertia (axis 1, 33.7%; axis 2, 24.0%), explaining 60% of the
variability in the data matrix. The points furthest apart in Fig. 1 are
O. betulae (OB) and P. lanciformis (PL) along the 1st principal axis as
well as Fusicoccum betulae (FB) and P. lanciformis (PL) along the
2nd. These three endophytes had the greatest influence on the posi-
tions of the points in the graph. Looking only at the 1st principal axis
the groups furthest apart are the trees at Bödmerenwald and some
trees at La Tourbiere on the right-hand side, as opposed to one tree
each at Sales and Pfäffikon on the left-hand side (Fig. 1) - hence the
greatest differences in the colonisation by O. betulae and P. lanci-
formis are between these extremes (i. e. a high incidence of O. betu-
lae is combined with a low incidence of P. lanciformis and vice-
versa). The 2nd principal axis pulls apart the trees heavily colonised
by F. betulae and P. lanciformis (Fig. 1). The groups furthest apart are
the trees at Pfäffikon at the bottom, opposed to some trees at Lindau
and Sales at the top. In fact, the trees at Pfäffikon were more fre-
quently colonised by P. lanciformis than those growing at Lindau or
Sales. Conversely, F. betulae was never observed at Pfäffikon but was
quite abundant at Lindau and Sales.

The frequency of neither one of the endophyte species nor of the
diversity indices correlated with any of the variables 'tree height',
'tree age', 'DBH', 'elevation', 'precipitation', 'average temperature in
January', 'average temperature in July' or 'ozone concentration'. The
slope of the regression line was statistically significantly different
from zero (p = 0.013, r = -0.952) only for the frequency of twig seg-
ments colonised by O. betulae versus the mean tropospheric NO2
concentration (Fig. 2). The frequency of colonisation by O. betulae
decreased with increasing NO2 concentration. The frequency of co-
lonisation by O. betulae was highest at Bödmerenwald and La Tour-
biere, the two sites with the smallest input of NO2, whereas it was
lowest at Sales with the greatest input of NO2.

Discussion

Only four of the 30 species found during this study occurred in
both leaves and twigs indicating that the endophyte assemblages
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Principal axis 1
Fig. 1. - Symmetric map, result of correspondence analysis, showing the profiles of
the seven most frequently isolated fungi and each tree (symbols) with respect to the
first two principal axes. AP = Aposphaeria sp. 1; FB = Fusicoccum belulae; OB =
Ophiovalsa betulae; PL = Pseudovalsa lanciformis; PS = Phomopsis sp.; SM = the

sterile mycelium 1; TB = Trimmatostroma betulinum.

were organ specific. Organ specificity is a common feature of en-
dophytes (Fisher & al., 1994; Petrini, 1991; Sieber & al., 1991; Sieber
& al., 1988).

Helander & al. (1993) isolated seven different species from leaves
compared to 15 species in this study. The reason for this difference
may be the extreme climatic conditions (mean annual temperature:
-2 C; minimum: below -40 C) at the sampling site in the far north of
Finland (69 45' N) in the study of Helander & al. (1993). Similarly,
only four species were detected in the leaves at the site (Bödmer-
enwald) with the most extreme climatic conditions in this study.
Venturia ditricha, the most frequently isolated leaf endophyte in this
study, is probably not conspecific with the Venturia sp. found in the
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Finnish study (Helander & al., 1993), since the "Finnish" Fusicla-
diwTO-anamorph was morphologically different from F. betulae, the
anamorph of V. ditricha (T. N. Sieber, unpublished). A Melanconium
species was quite often observed in the leaves from northern Finland
but never in leaves collected in this study. Gnomonia setacea (Pers.)
Ces. & De Not., an endophyte commonly isolated from leaves of
B. pubescens and B. pendula in SW Finland (Lappalainen & Yli-
Mattila, 1999) was not detected by Helander & al. (1993) or in this
study. The collection of the leaves at the onset of the vegetation per-
iod probably was the reason for the absence of this fungus in this
study. Apparently healthy leaves collected in August 1999 during
another study at Bödmerenwald were frequently colonised by G. se-
tacea (N. Barengo, unpublished). In addition, many places are known
in Switzerland where perithecia of this fungus were observed in leaf
litter (O. Holdenrieder & T. N. Sieber, unpublished).

Another factor affecting species composition and frequency of
colonisation by endophytes is host specificity (Petrini & Fisher, 1990;
Sieber, 1989). The endophytes assemblages of B. pubescens were
composed of a number of species which are considered specific to the
genus Betula such as Melanconis stilbostoma (Fr.) Tul. (anamorph:
Melanconium betulinum Schm. & Kunze), Pseudovalsa lanciformis,
Venturia ditricha, Fusicoccum betulae, Prosthemium asterosporum
T. Kowalski & O. Holdenrieder, Trimmatostroma betulinum, Myxo-
cyclus polycistis (Berk. & Br.) Sacc. and Libertella betulina Desm.
Xylariaceous fungi such as Xylaria sp., Geniculosporium sp., and
Nodulisporium spp., known to live endophytically in a large number
of hosts but to fruit only on a few of them were also present (Petrini
& Petrini, 1985; Whalley, 1996).

Conidial width (n = 95; measured in concentrated lactic acid) of
the O. betulae isolates found in this study was on average greater
(4.3 urn) than that given by Ellis & Ellis (1985) (range: 3-4 urn) or
Grove (1937) (range: 3.5-4.0 urn). Thus, the the O. betulae isolates
from this study would rather fit the description of O. suffusa (Fr.)
Petrak [width: 4.0-4.5 urn (Ellis & Ellis, 1985); 4-6 urn (Grove, 1937)].
The name O. betulae was, however, used in this study firstly because
our measurements are based on structures measured in culture,
which may, therefore, deviate from the measurements given in the
literature, and secondly because O. suffusa is described to occur on
Alnus spp. and not on Betula spp.

Approximately 74% of the bark samples of Betula pendula were
colonised in the study of Kowalski & Gajosek (1998), as compared to
almost 100% of the twig segments of B. pubescens. Nineteen species
were isolated from twigs in this study whereas Kowalski & Gajosek
(1998) were able to detect 52 species in bark tissues. Fourteen species
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occurred in more than 1% of the tissue samples in our study com-
pared to only 11 species found by Kowalski & Gajosek (1998). Many
of the most abundant endophytes were isolated from both Betula
species. Godronia cassandrae Peck, Pezicula cinnamomea (DC)
Sacc, Phialocephala cf. dimorphospora Kendrick and Prosthemium
betulinum Kunze ex Schlecht, were not found in this study. By con-
trast, Kowalski & Gajosek (1998) did not isolate Prosthemium
asterosporum and only sporadically found members of the Xylar-
iaceae.

In general, species diversity decreases with increasing altitude
and latitude (Pianka, 1983; Whittaker, 1977; Sieber & al., 1999). This,
however, only partly applies to the results of this study. Species
richness was lowest at the site with the highest elevation (Bödme-
renwald, 1,600 m), low at the site with the lowest elevation (540 m)
and highest at sites in the upper montane zone between 895 and
975 m. Interestingly, the frequency of colonisation by O. betulae and
V. ditricha, the overall most frequently isolated endophytes from
twigs and leaves, was highest at the high-elevation site Bödme-
renwald. It was not possible to decide whether the abundance of
these two endophytes was due to the absence of other endophyte
species or to a competitive advantage of O. betulae and V. ditricha at
this site.

The frequency of O. betulae was negatively correlated with the
tropospheric NO2 concentration (Fig. 2). The correlation was statis-
tically significant but more sites will have to be studied to confirm
this finding. NO2 is known as a potentially phytotoxic compound
(Wellburn, 1990) which directly or indirectly also may affect en-
dophytic fungi. Effects of air pollutants on the frequency of en-
dophytes or on the species composition of endophyte assemblages
have been examined only in a few studies. Helander & al. (1993)
observed a decrease of colonisation by a Venturia species in leaves of
B. pubescens van tortuosa in northern Finland after irrigation with
water (artificial rain), the pH of which had been adjusted to 3 by
adding sulfuric and nitric acid. In another experiment at the same
site, acidification (pH 3) of irrigation water with nitric acid alone
had, however, no effect on the endophyte colonisation of Scots pine
(Pinus sylvestris L.) needles (Helander & al., 1994). The NO2 con-
centration was correlated with the O:i concentration in this experi-
ment (r = 0.876). However, the relationship was statistically not sig-
nificant. Reports about the influence of O:J on fungal activity are
contradictory (Manning & Tiedemann, 1995; Scagel & Anderson,
1997). Endophytic colonisation of Sitka spruce needles by Rhizo-
sphaera kalkhoffii Bubak was found to be increased on two occa-
sions by exposure in a study of Magan & al. (1995).
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Average concentration of tropospheric NO2
Fig. 2. - Scatlerplot showing the relationship between the mean tropospheric NOa
concentration and the frequency of twigs colonised by Ophiovalsa betulae at each
site (B = Bödmerenwald, L = Lindau, P = Pfäffikon ZH, S = Sales, T = La Tour-
biere). The curve and the 95% confidence interval were fitted by linear regression

(p = 0.013, r = -0.952).

The age of tissues clearly had a great influence on endophyte
frequencies in shoots. O. betulae, P. lanciformis and T! betulinum
preferentially occurred in older shoots whereas Fusicoccum betulae
and Phomopsis sp. mainly colonised young twig segments. Con-
comitantly with increasing shoot age, F. betulae and Phomopsis sp.
probably got increasingly more frequently displaced or inhibited by
O. betulae, P. lanciformis and/or T. betulinum which were more
competitive in older shoots. Alternatively, the observed patterns of
colonisation reflect differences in inoculum availability in different
years. The influence of the age of tissues on the frequency and spe-
cies composition of endophyte assemblages has been reported in
several studies (Espinosa-Garcia & Langenheim, 1990; Siebcr-Cana-
vesi & Sieber, 1993; Sieber & al., 1988).
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Among-site and among-tree variability of endophyte assem-
blages was high. The endophyte assemblages at some sites were un-
ique suggesting a site-specific pattern. Some trees at certain sites
hosted, however, endophyte assemblages which clearly differed from
those of trees at the same site but were similar to those of trees at
other sites. For example, three trees at La Tourbiere hosted en-
dophyte assemblages which were similar to those of trees at Böd-
merenwald, i. e. they were almost exclusively colonised by O. betulae
and T. betulinum (Fig. 1). In contrast, the other two trees at La
Tourbiere were more similar to trees at Lindau or Sales because they
were colonised by F. betulae and Phomopsis sp. in addition to O. be-
tulae and T. betulinum. Nevertheless, each tree in this study was co-
lonised by a unique endophyte assemblage at least in respect to
species frequencies. Individuality of trees seems to be a common
feature of endophyte colonisation (Petrini & al., 1992; Sieber, 1988;
Sieber & al., 1999). Individuality is probably based on a combination
of both genetic disposition and predisposition by microclimatic,
edaphic and other environmental conditions.

In the montane zone, Fusicoccum betulae preferentially colo-
nised twigs at sites with rather wet to soggy soil conditions. Con-
versely, JR lanciformis occurred most frequently at the driest site in
the montane zone. This demonstrates that a change in the composi-
tion of the endophyte assemblage and/or frequency of endophyte
species may be one of the first effects of a habitat change.

Acknowledgments

The authors are grateful to Karin Langenegger, ETHZ, for her excellent
technical assistance and to Lioba Paul, Zollikon, as well as Pedro Crous, South
Africa, and an anonymous reviewer for critically reading this manuscript.

References

Atkinson, M. D. (1992). Betula pendula Roth (B. verrucosa Ehrh.) and B. pubescens
Ehrh. - J. Ecol. 80: 837-870.

BUWAL (1998). Immissionswerte 1997. Umwelt-Materialien Nr. 97. - Bundesamt
für Umwelt, Wald und Landschaft (BUWAL), Bern, Switzerland.

Elamo, P., M. L. Heiander, I. Saloniemi & S. Neuvonen (1999). Birch family and
environmental conditions affect endophytic fungi in leaves. - Oecologia 118:
151-156.

Ellis, M. B. & J. P. Ellis (1985). Microfungi on Land Plants. - Croom Helm, London,
UK.

Espinosa-Garcia, F. J. & J. H. Langenheim (1990). The leaf fungal endophytic
community of a coastal redwood population - diversity and spatial patterns.
- New Phytol. 116: 89-97.

Fisher, P. J., O. Petrini, L. E. Petrini & B. C. Sutton (1994). Fungal endophytes from
leaves and twigs of Quercus ilex L. from England, Majorca and Switzerland.
- New Phytol. 127: 133-137.

318

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



Greenacre, M. J. (1993). Correspondence Analysis in Practice. - Academic Press,
London, UK.

Grove, W. B. (1937). British stem- and leaf-fungi. II. Sphaeropsidales and Melan-
coniales. - Cambridge, UK.

Hawksworth, D. L. & A. Y. Rossman (1997). Where are all the undcscribed fungi? -
Phytopathology 87: 888-891.

Helander, M. L., S. Neuvonen, T. N. Sieber & O. Petrini (1993). Simulated acid rain
affects birch leaf endophyte populations. - Microb. Ecol. 26: 227-234.

Keller, W., T. Wohlgemuth, N. Kuhn, M. Schütz & O. Wildi (1998). Waldge-
scllschaften der Schweiz auf floristischer Grundlage. Statistisch über-
arbeitete Fassung der "Waldgesellschaften und Waldstandorte der Schweiz"
von H. Ellenberg & F. Klötzli (1972). - Mitt. Eidgenöss. Forsch.anst. Wald
Schnee Landsch. 73: 93-357.

Kowalski, T. & M. Gajosek (1998). Endophytic mycobiota in stems and branches of
Betula pendula to a different degree affected by air pollution. - Öster-
reichische Z. Pilzkunde 7: 13-24.

Kowalski, T. & R. Kehr (1992). Endophytic colonisation of branch bases in several
forest tree species. - Sydowia 44: 137-168.

Lappalainen, J. H. & T. Yli-Mattila (1999). Genetic diversity in Finland of the birch
endophyte Gnomonia seiacea as determined by RAPD-PCR markers. - My-
col. Res. 103: 328-332.

Ludwig, J. A. & J. F Reynolds (1988). Statistical Ecology. - John Wiley & Sons,
New York, U. S. A.

Magan, N., Kirkwood, I. A., McLeod, A. R. & M. K. Smith (1995). Effect of open-air
fumigation with sulphur dioxide and ozone on phyllosphere and endophytic
fungi of conifer needles. - Plant Cell Environ. 18: 291-302.

Manning, W. J. & A. V. Tiedemann (1995). Climate change: potential effects of in-
creased atmospheric carbon dioxide (CO2), ozone (O3), and ultraviolet-B
(UV-B) radiation on plant diseases. - Environ. Pollut. 88: 219-245.

Maurer, S., R. Matyssek, M. S. Günthardt-Goerg, W. Landolt & W. Einig (1998).
Nutrition and the ozone sensitivity of birch (Betula pendula). I. Responses
at the leaf level. - Trees 12: 1-10.

Petrini, L. E. & O. Petrini (1985). Xylariaceous fungi as endophytes. - Sydowia 38:
216-234.

Petrini, O. (1991). Fungal endophytes of tree leaves.- In: Andrews, J. II. & S.
S. Hirano (eds.) Microbial Ecology of Leaves: 179-197. Springer Verlag, New
York, U. S. A.
& P. J. Fischer (1990). Occurrence of fungal endophytes in twigs of Salix
fragilis and Quercus robur. — Mycol. Res. 94: 1077-1080.

, T. N. Sieber, L. Toti & O. Viret (1992). Ecology, metabolite production, and
substrate utilization in endophytic fungi. - Natural Toxins 1: 185-196.

Pianka, E. R. (1983). Evolutionary Ecology, 3 rd ed. - Harper & Row, New York,
U.S.A.

Scagel, C. F. & C. P. Anderson (1997). Seasonal changes in root and soil respiration
of ozone-exposed ponderosa pine (Pinus ponderosa) grown in different
substrates. - New Phytol. 136: 627-643.

Sieber-Canavesi, F., & T. N. Sieber (1993). Successional patterns of fungal com-
munities in needles of European silver fir (Abies alba Mill.). — New Phytol.
125: 149-161.

Sieber, T. N. (1988). Endophytische Pilze in Nadeln von gesunden und geschädigten
Fichten (Picea abies [L.] Karst.). - Eur. J. For. Path. 18: 321-342.
(1989). Endophytic fungi in twigs of healthy and diseased Norway spruce
and white fir. - Mycol. Res. 92: 322-326.

, O. Petrini & M. J. Greenacre (1998). Correspondence analysis as a tool in
fungal taxonomy. - Syst. Appl. Microbiol. 21: 433-441.

319

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



, T. K. Riesen, E. Müller & P. M. Fried (1988). Endophytic fungi on four winter
wheat cultivars {Triticum aestivum L.) differing in resistance against Sla-
gonospora nodorum (Berk.) Cast. & Germ. (= Septoria nodorum Berk.). -
J. Phytopathol. 122: 289-306.

, J. Rys & O. Holdenrieder (1999). Mycobiota in symptomless needles of Pinus
mugo ssp. uncinata. - Mycol. Res. 103: 306-310.

, F. Sieber-Canavesi & C. E. Dorworth (1991). Endophytic fungi of red alder
(Alnus rubra Bong.) leaves and twigs in British Columbia. - Can. J. Bot. 69:
407-411.

Sokal, R. R. & F. J. Rohlf (1981). Biometry. W. H. Freeman and Company, New
York, U. S. A.

Stone, J. K., M. A. Sherwood & G. C. Carroll (1996). Canopy microfungi: function
and diversity. - Northwest Sei. 70: 37-45.

Tickell, C. (1997). The importance of biodiversity information. - In: Hawksworth,
D. L., Kirk, P. M. & S. D. Clarke (eds.) Biodiversity Information: Needs and
Options: 1-4. CAB International, Oxon, U. K.

Wellburn, A. R. (1990). Why are atmospheric oxides of nitrogen usually phytotoxic
and not alternative fertilizers? - New Phytol. 115: 395-429.

Whalley, A. J. S. (1996). The xylariaceous way of life. - Mycol. Res. 100: 897-922.
Whittaker, R. H. (1977). Evolution of species diversity in land communities. -

Evolutionary Biol. 10: 1-67.

(Manuscript accepted 15th April 2000)

320

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Sydowia

Jahr/Year: 2000

Band/Volume: 52

Autor(en)/Author(s): Barengo Nathalie, Sieber Thomas N., Holdenrieder
Ottmar

Artikel/Article: Diversity of endophytic mycobiota in leaves and twigs of
pubescent birch (Betula pubescens). 305-320

https://www.zobodat.at/publikation_series.php?id=7377
https://www.zobodat.at/publikation_volumes.php?id=32189
https://www.zobodat.at/publikation_articles.php?id=126115

