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Summary

1 We studied the effects of secondary succession on the genetic diversity of two com-
mon fen plant species. Starch gel electrophoresis was used to assess allozyme diversity
in Carex davalliana and Succisa pratensis. Diversity was then compared among intact,
mown fen meadows and a chronosequence of abandoned fen meadows.

2 Genetic variation at the population level was similar to the expected values for these
taxa irrespective of management regime. Cessation of mowing had no effect on genetic
diversity of both species: none of the measured variables (percentage of polymorphic
loci, alleles per locus, alleles per polymorphic loci, observed and expected heterozygos-
ity) differed significantly between mown and abandoned meadows. Moreover, time
since abandonment (up to 35 years) had no influence on genetic variation.

3 These results indicate that observed changes in growth and reproductive traits in the
field are phenotypic and do not reflect selection for or loss of genotypes. Since 35 years
of abandonment did not erode the genetic diversity of these species, there seems to be a
high probability to restore the former state of a fen meadow by re-establishment of

traditional management.

Keywords: abandonment, allozyme variation, calcareous fens, secondary succession
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Introduction

Since 1850, roughly 90% of all Swiss wetlands
have disappeared (BUWAL 1990). The re-
maining ones are threatened by land-use
changes, such as intensified farming, habitat
fragmentation or abandonment. Wetlands
and especially calcareous fen meadows con-
tain a high species richness and harbour
many rare plant species (Wheeler 1988;
Landolt 1991). Nearly 50% of the threatened

plant species of Switzerland occur in fen
meadows (BUWAL 1990). To be able to re-
tain this species richness, fen meadows de-
pend on continued, but low-intensity agricul-
tural use such as late-season mowing.
Cessation of mowing promotes secondary
succession, leading to the replacement of
characteristic by ubiquitous species and the
invasion of tall herbs, shrubs and trees. Sev-
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eral studies have assessed the demographic
and morphological changes following the ces-
sation of mowing. While short-term aban-
donment can promote dominant graminoids
and late blooming forbs (Diemer & Pfaden-
hauer 1987; Bosshard et al. 1988; Schopp-
Guth et al. 1994) long-term abandonment
clearly leads to a decline in species richness
(Preiss 1982; Diemer et al. 2001). Especially
the build-up of litter, which reduces canopy
and soil temperatures, leads to a decline of
prostrate rosette species such as Parnassia
palustris (Bosshard et al. 1988). Moreover, it
has an inhibitory effect on germination and
establishment of seedlings (Maas 1988; Boss-
hard et al. 1988; Jensen 1997), which leads to
a further decrease of populations. If popu-
lations become small, it is likely that genetic
diversity decreases as well. However, as far as
we know, no study ever examined the genetic
changes in established populations after aban-
donment by analysing genetic diversity di-
rectly. Gray et al. (1985) assessed genetic di-
versity of Agrostis curtisii invading heathland
during post-fire succession and found no
clear patterns. Hartnett & Bazzaz (1985)
showed that the genetic composition of
populations of Solidago canadensis remains
stable in successional environments. On the
other hand, Bazzaz (1996) concludes from
several morphological studies that genetic
variation within populations probably de-
clines during old-field succession. However,
this conclusion is based on studies of invading
species and may not hold for established
populations of habitat specialists. Billeter
(2001) found a clear effect of abandonment on
seedling density and on the morphology of
plants from established populations in fens,
but all observed effects vanished when plants
were grown in a common garden. Billeter
(2001) therefore suggests that the demo-
graphic and morphological changes observed

in the field are mainly phenotypic responses
to litter build-up and canopy structure. The
main goal of this study is to directly assess the
impact of abandonment on genetic diversity
within established populations to verify the
absence of genetic change postulated by
Billeter (2001).

We chose two abundant fen indicator spe-
cies for this study rather than rare species. Al-
though rare species may be more responsive
to abandonment, we believe that community
maintenance depends on the vitality and per-
sistence of abundant species (akin to the key-
stone species concept as defined by Paine
1966). If abundant species suffer from aban-
donment, it is likely that rare species are
threatened too. The two species chosen for
this study, Carex davalliana and Succisa pra-
tensis, are both abundant in montane fen
meadows; they differ in life history and mor-
phology so that they can be regarded as repre-
sentative of a wider range of fen meadow spe-
cies.

The main questions for this study are:
What is the level of genetic diversity in the
two plant species? Does genetic diversity de-
crease after abandonment? Can we identify
temporal effects related to time since aban-
donment?

Materials and Methods
FIELD SITES

The focus of this study are fen meadows of
the phytosociological alliance Caricion daval-
lianae (Ellenberg 1996). To assess the impact
of abandonment on Succisa pratensisand Carex
davalliana we selected 16 fallow fen meadows
and 6 mown fen meadows from an inventory
containing all protected fens of Switzerland
(BUWAL 1990). We restricted our research
area to the northeastern part of Switzerland
and to montane fens (altitude > 800 m a.s.l.,
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Table 1. Designation and relevant characteristics of the study sites (montane fens in northeastern Switzerland): age
of fallows (vears since abandonment, age 0= mown fens), altitude in m a.s.L, slope in degrees, aspect, and soil pH

(determined in deionised water).

Canton  Site age altitude slope aspect soil

(years) (masl) =y pH
AR Foren I 12 1030 113 N 5.8
AR Foren I1 10 1040 11.3 N 54
AR Foren 11T | 1050 25 N 5.8
AR Foren IV 0 970 2.5 N 57
SG Altschenchopf I 25 1280 20.0 E 7.4
SG Altschenchopf I1 0 1300 17.5 E 6.6
SG Rossweid 20 1100 16.3 N 6.8
SG Salomonstempel 20 1020 13.8 N 6.8
SG Chellen 0 1100 5.0 8 5.7
8Z Bergliboden 9 1050 11.3 W 6.6
SZ Hirzegg 35 1250 12.5 N 6.4
SZ Mutzenwald 0 960 15.0 NW 3.5
SZ Bueffen I 10 1240 13.8 N 7.1
SZ Bueffen 11 4 1200 16.3 N 6.4
Sz Chappelried I 7 1260 18.8 E 5.9
SZ Chappelried 11 30 1240 17.5 NW 6.0
SZ Chappelried I11 35 1280 16.3 E 6.0
SZ Chappelried IV 0 1250 15.6 E 6.3
SZ Langried 30 1280 17.5 W 5.5
SZ Rund Bliatz [ 25 1270 15.0 W 5.8
SZ Seiler/Zwicken 15 1320 18.8 NW 6.7
SZ Rund Blitz II 0 1200 20.0 W 6.1

Fig. 1). Fen meadows were selected from
seven different regions in the cantons St.
Gallen, Schwyz and Appenzell. Within re-
gions one to three abandoned sites were
matched with one nearby intact, annually
mown fen meadow, which served as control.
Fallows varied in age since abandonment (be-
tween 4 and 35 years), so that a possible time-
dependence of the effects of abandonment
could be detected. For a detailed description
of the sites, see Table 1.

In each fen meadow, we randomly placed
four permanent plots (2 m x 1 m) in May or

June 1998. To assure that the two studied
plant species were present in all plots, we ran-
domly replaced plots if either either species
was absent.

STUDY SPECIES

Carex davalliana SM. (Cyperaceae) is a char-
acteristic clonal graminoid in montane fens of
NE Switzerland, where it often dominates the
vegetation. It is a dioecious species, although
hermaphrodite tussocks are occasionally
found. Plants flower in April and produce on
average 15 seeds per female flowerhead
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Fig. 1. Typical montane fens in Switzerland: (a) ‘Chellen’, an annually mown, species-rich fen; and (b) ‘Hirzegg),
a fen where mowing was abandoned 35 years ago, with accumulation of litter, reduced species richness and spon-
taneous reafforestation.

48 Bulletin of the Geobotanical Institute ETH, 68, 45-54



R. BILLETER ET AL.

Table 2. Buffer systems used for starch gel electrophoresis and enzymes analysed in each of the two species. See

Appendix 1 for full names and E.C. numbers of enzymes.

Buffer system

Enzymes

Carex davalliana

Succisa pratensis

LiOH-borate pH 8.3

TPI-1, TPI-2

Morpholine-citric acid
G6PD, MDH

AAT-1, AAT-2, AAT-3,
ADH, GPI, IDH-1, IDH-2,

ACO, PGD, ME, PGM,

GPI-1, GPI-2, ME, PGM-1,
PGM-2, TPI-1, TPI-2

ADH, FBP, IDH, MDH,
PGD

(Billeter 2001). Tussocks of this species can
reach diameters of up to 30 cm and produce
several hundred tillers (Billeter 2001).

Succisa pratensis Moench (Dipsacaceae) is
one of the most common rosette-forb species
in these fens. It is a long-lived, non-clonal,
monoecious species, which flowers in Au-
gust/September. The rosette produces one to
four shoots that can grow up to 1 m in height
(Billeter 2001). One shoot forms on average
one to three inflorescences (Billeter 2001).
The flowers are pollinated by insects and
seeds ripen in September/October.

POPULATION SAMPLING AND ELECTRO-
PHORETIC PROCEDURES

Leaf material from 12 plants per site (three
randomly chosen plants per permanent plot)
was collected for genetic analyses. In addi-
tion, we randomly sampled another 18 plants
outside permanent plots. For C. davalliana,
we collected samples from 20 sites, i.e. 600
samples in total. As two sites did not contain
S. pratensis, only 18 populations (i.e. 540 indi-
vidual plants) were sampled for this species.
The leaf material was stored on ice during
collection and transferred to the refrigerator
as soon as possible. All samples were ground
in extraction buffer within three days after
collection. We used Tris-HCL grinding buf-

fer-PVP solution (Soltis ef al. 1983), adding
Dimethylsulfoxide (DMSO) for extraction,
and absorbed the extracts onto filter paper
wicks. Wicks were stored in Eppendorf tubes
at —80 °C and transferred directly from the
freezer to starch gels for electrophoresis.

The starch gel (12% w/v) was prepared ac-
cording to Wendel & Weeden (1989) with mi-
nor modifications. We performed horizontal
starch gel electrophoresis according to Soltis
et al. (1983) and Wendel & Weeden (1989),
using the two buffer systems LiOH-borate
pH 8.3 (Soltis et al. 1983), and Morpholine-
citric acid (Werth 1991). Recipes used for en-
zymes were prepared according to Soltis ef al.
(1983) with minor modifications, except for
AAT, which was prepared according to
Wendel & Weeden (1989). We could resolve
15 loci from eleven enzymes for C. davalliana
and 12 loci from nine enzyme systems for S.
pratensis (Table 2).

STATISTICAL ANALYSIS

To calculate statistics of genetic diversity, we
used the computer program GDA (Lewis &
Zaykin 2000). We estimated the following pa-
rameters at the population level: proportion
of polymorphic loci (P), mean number of
alleles per locus (A), mean number of alleles
per polymorphic locus (A,), mean number of
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genotypes per locus (N,), observed heterozy-
gosity (H,) and expected heterozygosity (H,).

We applied a hierarchical linear model to
test the effects of region, management status
(fallow vs. control) and age of fallow on genetic
diversity. Region and management status were
nominal variables, while age was a continuous
variable nested within management status (see
Billeter & Diemer 2000). If necessary, vari-
ables were transformed to obtain a normal dis-
tribution of residuals. All analyses were done
using Genstat 5.0 (Payne er al. 1995).

Results

Genetic diversity varied considerably among
populations of Carex davalliana and Succisa
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Fig. 2. Genetic diversity, measured as (a) observed het-

erozygosity (H,) in populations of C. davalliana and
(b) mean number of alleles per polymorphic locus (4,)

in populations of S. pratensis, in relation to the age of
Jfallows (vears since abandonment, age 0= mown fens).

Each dot represents one population.

Table. 3. Summary of allozyme variation in popu-
lations of C. davalliana and S. pratensis from fens
abandoned for 4-35 years and from mown fens
(means + SE), with the significance (P-values) of dif-
Jferences. Abbreviations are: P, proportion of polymor-
phic loci, A, mean number of alleles per locus, A,
mean number of alleles per polymorphic locus, N,
mean number of genotypes per locus, H,, observed het-
erozygosity; and H,, expected heterozygosity.

Abandoned fens Mown fens P

Carex davalliana
P 0.46 =0.03 051 +£0.03 032
A 1.52 +£0.04 1.61 £0.05 027
ey 2.13 +£0.04 219 £0.07 048
N, 1.81 +£0.04 1.88 +0.08 041
H, 0.108+ 0.01 0133+0.02  0.17
H, 0.1374£ 0.01 0.153 £ 0.01 0.37

Succisa pratensis
0.51 £0.02 052 £0.05 054
A 1.73 £0.05 1.84 +0.08 0.17
A, 244 £0.07 262 £0.09 013
N, 1.91 +0.08 203 £0.15 033
H, 0.187+0.09 0204 +£0.02 040
H 0.180+ 0.01 0.183+0.02 0.83

o

pratensis. In both species, all measures of ge-
netic diversity tended to be lower in popu-
lations from fallows than in those from
mown fens (Table 3). However, differences
were not statistically significant for any of the
variables (Table 3). In addition, none of the
traits was significantly related to the age of
abandonment (all P > 0.44). This is illus-
trated in Fig. 2 for the variables which had
differences between fallows and controls
closest to significance, i.e. observed hetero-
zygosity in C. davalliana (Fig. 2a) and the
mean number of alleles per polymorphic lo-
cus in S. pratensis (Fig. 2b). None of the
measures of genetic varation differed signifi-
cantly among the regions (P > 0.45 for C.
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davalliana, P> 0.11 for Succisa pratensis, data
not shown).

Discussion

Carex davalliana is a monocotyledonous,
wind pollinated species, which has levels of
within-population genetic variation (P =
47.5%, H, = 0.142) similar to the average val-
ues that Hamrick & Godt (1989) calculated
for monocot taxa (P = 40.3%, H, = 0.144).
The high percentage of polymorphic loci
(47.5%) suggests that outcrossing is quite
common in C. davalliana. The average value
given by Hamrick & Godt (1989) for
outcrossing, wind-pollinated species is P =
49.7%. A similar value was found by Jonsson
et al. (1996) who analysed genetic diversity in
Carex bigelowii, an outcrossing, wind polli-
nated species. C. davalliana is thought to be a
predominately clonal species, but Billeter
(2001) found a high germination rate and
seedling density of this species in the field,
which suggests that sexual reproduction does
contribute substantially to population dynam-
ics.

Succisa pratensis is a dicotyledonous, out-
crossing species (Adams 1954). Pollination
occurs predominately by insects. The species
exhibits rather high levels of genetic diversity
at the population level (P = 51.1%, H, = 0.181)
when compared to the values given by
Hamrick & Godt (1989) for dicotyledons (P =
29.0%, H, = 0.096). When combining the
traits of “dicot” and “outcrossing”, average
values given by Hamrick & Godt (1996; P =
54.0, H, = 0.165) are more similar to the ob-
served ones. Moreover, S. pratensisis a long-
lived perennial, a trait that can further in-
crease genetic diversity (Hamrick & Godt
1996). Values found in this study are also
similar to those obtained by Hooftman
(2001),1.e. P=52.3% and H, = 0.184. In com-

parison to our values, Griinbauer et al. (1999)
found rather high H, values ranging from 0.25
to 0.35 for §. pratensis in Southern Germany.
However, these workers analysed isozyme
variation using flowers, and all enzymes ana-

lysed were polymorphic, except for one.

These methodological differences could ex-
plain the high values of H, obtained by
Grinbauer ef al. (1999).

We did not find any significant difference in
genetic variation between populations from
fallows and from mown fen meadows in ei-
ther species (Table 3). This negative result
concurs with the findings of Gray ez al. (1985)
and of Hartnett & Bazzaz (1985). Both studies
found no decline in genetic diversity of plant
species during secondary succession. Hart-
nett & Bazzaz (1985) showed that no potential
selective loss of a large number of genotypes
through succession does occur in Solidago
canadensis. It also supports the findings of
Billeter (2001), who found no management-
induced differences in growth and reproduc-
tive traits of both species in a common-gar-
den experiment. Phenotypic plasticity, and
not genetic change, seems to play the major
role in the demographic and morphological
changes observed in the field after abandon-
ment. Bazzaz’ (1996) assumption that genetic
diversity decreases in the course of old field
succession can not be confirmed by our
study. However, old field succession com-
monly involves the colonisation of former
agricultural fields, i.e. bare, unvegetated soils,
whereas fens are characterised by high veg-
etation cover and high species richness. The
starting point of succession therefore is an es-
tablished community, and plants can hold out
for a long time, keeping a long-term memory
of earlier conditions, as suggested by
Eriksson (1996) for remnant populations.

Habitat fragmentation, as opposed to sec-
ondary succession, had much more drastic
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effects on genetic diversity. Hooftman (2001)
analysed the same species for the same loci
(Table 2) and found a distinct effect of habitat
fragmentation on both species. Small, iso-
lated wetlands showed a clear decline in ge-
netic diversity, when compared to large, intact
fens (Hooftman 2001).

These different results can be partially ex-
plained by the mechanisms of change. In the
process of habitat fragmentation individual
genets are destroyed and lost to the commu-
nity right from the beginning. This lowers ini-
tial population size as well as the number of
genotypes and increases the chance for in-
breeding and genetic drift in the population
(i.e. Menges 1990; Ellstrand & Elam 1993;
Oostermeijer et al. 1995; Young et al. 1996). In
the case of abandonment, however, the popu-
lation size and the gene pool remain intact, at
least in the beginning, and growing conditions
change slowly. Therefore, species might be
able to adjust growth at least partially to the
changing conditions and are not likely to suf-
fer negative effects on genetic diversity during
the first decades of abandonment.

Another important factor is the time scale
involved. While habitat fragmentation of
many Swiss fens occurred more than a hun-
dred years ago (Hooftman 2001), our fallows
are not more than 35 years old. Both C.
davalliana and S. pratensis are long-lived spe-
cies and individuals can reach more than 30
years (M. Peintinger, pers. comm.). Genets
can thus persist for a long time and preserve
the initial genetic diversity, even if seedling
recruitment is impaired. In this way, perenni-
als like C. davalliana and S. pratensis store
variation, which can become available to se-
lection over several seasons (e.g. Jain 1979).
Therefore, it is not likely that a drastic de-
crease in genetic diversity occurs during the
first 30 to 40 years following abandonment.
However, the slight decrease in all measured

variables (Table 3) suggests that genetic diver-
sity may not be maintained indefinitely.

We conclude from the data presented here
that there is no immediate threat of loosing
genetic variability in populations of fallows, at
least initially. Moreover, Billeter (2001) could
show that changes in the growth and fecun-
dity of C. davalliana and S. pratensis observed
in fallows are phenotypic and have no herit-
able background. The re-establishment of
mowing in these meadows is desirable be-
cause traditionally managed fen meadows
usually have higher species richness than fal-
low fens and contain many rare and endan-
gered species (Diemer et al. 2001). Consider-
ing the findings of these studies, the chances
of restoring the former state of an abandoned
fen by re-establishment of the traditional
mowing regime look rather promising, as
long as species have not completely disap-
peared. Indeed, Billeter (2001) found that spe-
cies richness of fallow fens increased rapidly
following the re-establishment of mowing.
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Appendix 1. List of enzymes used for electrophoresis, with abbreviations and E.C. numbers.

Name Abbreviation E.C. number
Aspartate aminotransferase AAT 2.6.11
Aconitate hydratase ACO 4213
Alcohol dehydrogenase ADH 1411
Fructose-biphosphatase FBP 3.13.11
Glucose-6-phosphate dehydrogenase G6PD 1.1.1.49
Glucose-6-phosphate isomerase GPI 5.3.19
Isocitrate dehydrogenase IDH 1.1.1.42
Malate dehydrogenase MDH 11137
Malic enzyme ME 1.1.1.40
Phosphogluconate dehydrogenase PGD 1.1.1.44
Phosphoglucomutase PGM 3422
Triose-phosphate isomerase TPI 5311
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