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Abstract

Hemiparasitic plants can reduce interspecific competition by parasitizing competitive species or by
reducing the density of dominant plants. However, effects of hemiparasites have been suggested to be
density dependent and to follow an optimum curve, with the highest diversity values occurring at
intermediate hemiparasite densities. As a proof of principle, we tested whether this holds true for the
two hemiparasitic species Melampyrum arvense and M. nemorosum. We conducted vegetation surveys
in thermophilous fringe communities on the island of Saaremaa (Estonia) and tested how the local
species richness of all vascular plants, and forbs and graminoids separately, vary along density gradi-
ents of the two hemiparasitic species. In total, we investigated four spatially separated populations of
M. arvense, and six separated populations of M. nemorosum. Within each population, we placed nine
subplots along a Melampyrum density gradient. Using random slope, mixed-effects models, we found
significant hump-shaped relationships of total vascular plant species richness with relative cover of
M. arvense and M. nemorosum, with the highest richness values occurring at 13% and 40% cover,
respectively. Starting at relatively low densities (> 29.7%) of M. arvense and relatively high densities
(> 81.8%) of M. nemorosum, species richness was even lower than in plots without these hemiparasites.
In contrast to results for total species richness, we found no significant effect of hemiparasite density
when looking at graminoid and forb species separately. Our results help fill an important knowledge
gap and underline the generality of density-dependent hemiparasite effects on local species richness.
Our findings also clearly support the use of the density-gradient approach when the aim is to explore
relationships between hemiparasites and species richness.
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1. Introduction

Hemiparasitic plant species perform photosynthesis but form haustoria on the roots of
other species and thereby extract water, nutrients, assimilates and secondary compounds
from their hosts (ADLER 2000, CAMERON & SEEL 2007, TESITEL et al. 2010, WESTWOOD et
al. 2010). The genus Melampyrum is a member of the large parasitic Orobanchaceae family
and comprises annual species that probably parasitize rather generally on various host spe-
cies (MATTHIES 1996, KASERMANN 1999, HOLA et al. 2017, MATTHIES 2017). Like other
hemiparasitic genera, such as Rhinanthus, Melampyrum is, however, considered to parasitize
species with diffuse and wide-spreading root systems, such as grasses, more frequently than
species with taproots (MATTHIES 1996, KASERMANN 1999, MUDRAK et al. 2016).

Hemiparasitic plants can reduce interspecific competition by parasitizing competitive
species or by reducing the density of dominant plants. In this way, they can facilitate coex-
istence and promote the stability of natural communities (PHOENIX & PRESS 2005). Annual
hemiparasitic species can further promote the establishment of seedlings of other species by
creating gaps after their senescence (JOSHI et al. 2000).

However, the effects of hemiparasitic species on local community diversity are still de-
bated. The fact that positive, negative and neutral effects of hemiparasites on local diversity
have all been found (GIBSON & WATKINSON 1992, AMELOOT et al. 2005, FIBICH et al. 2016)
can be attributed to the most commonly used methodological approach, i.e. comparing sites
with and without hemiparasites (‘all or nothing’ approach; e.g. GIBSON & WATKINSON 1992,
FIBICH et al. 2016). In contrast to the intuitive expectation of a purely linear negative rela-
tionship between a dominant plant species and the species richness of a plant community, it
has been shown that hemiparasite effects are most likely density dependent and follow an
optimum curve with the highest diversity values occurring at intermediate hemiparasite
densities (e.g. shown for Rhinanthus alectorolophus (Scop.) Pollich; HEER et al. 2018). This
suggests that for studying hemiparasite effects on local species richness the ‘all or nothing’
approach can be misleading, as it does not cover hemiparasite density gradients. However,
whether these relationships hold also true for other hemiparasites than Rhinanthus spp., such
as Melampyrum spp., has remained largely unclear.

To help fill this knowledge gap and as a proof of principle regarding whether the find-
ings of density-dependent effects of Rhinanthus on local community richness can be trans-
lated to other hemiparasites, we conducted vegetation surveys in ten sites distributed within
two regions on the island of Saaremaa (Estonia). In particular, we tested how the local spe-
cies richness of (1) all vascular plants and (2) forbs and graminoids separately vary along
density gradients of the two hemiparasitic species Melampyrum arvense and M. nemorosum.

2. Methods

2.1 Study system

Data were gathered as part of a student project during a plant ecological field course on the Baltic
island of Saaremaa (57° 50° to 58° 40’ N, 21° 45’ to 23° 20’ E) in July 2015. The bedrock of this island
is formed by Silurian limestone, which is often covered by Weichselian moraines or Holocene marine
sediments. The mean annual temperature on Saaremaa is about 6.0 °C, and the mean annual precipita-
tion varies regionally between 540 mm and 675 mm (DENGLER & BOCH 2007). The island harbors
a diverse set of vegetation types and is known for its unique flora. In particular, the alvar dry grasslands

412



growing on very shallow and humus-rich silt or clay soils over limestone bedrock have long attracted
the interest of botanists (VILBERG 1927, ZOBEL & KONT 1992, PARTEL et al. 1999, BoCH 2005, BOCH
& DENGLER 2006, DENGLER et al. 2006).

2.2 Study species

We chose two Melampyrum species that are common on Saaremaa and locally form dense popula-
tions: M. arvense L. is a generalist species, parasitizing on cereals and other grass species, but is also
known to grow on many forb species (MATTHIES 1996, 2017). Its distribution ranges from Western
Europe to the Ural Mountains and Turkey (EURO+MED 2006-2019). In Estonia the distribution center
of M. arvense is on Saaremaa (KUUSK et al. 1996). Historically, the species was widely distributed
amongst arable fields, but today it is restricted to various dry grassland communities, thermophilous
fringes and semi-ruderal grasslands. The species is listed as Near Threatened in the Red Data Book of
Estonia (NT; Estonian eBiodiversity database, http://vana.elurikkus.ut.ee/prmt.php?lang=eng, accessed
2021-03-03).

Melampyrum nemorosum L. is probably also a generalist species, parasitizing on grass species but
also on various forb and woody species (KASERMANN 1999, HOLA et al. 2017). Its distribution also
ranges from Western Europe to the Ural Mountains in the North (EURO+MED 2006-2019). In Estonia,
the species is widely distributed (KUUSK et al. 1996; LC; Estonian eBiodiversity database,
http://elurikkus.ut.ee/, accessed 2021-03-03).

2.3 Site and plot selection and vegetation data

On the island of Saaremaa, we selected two regions in which either M. arvense or M. nemorosum
occurred frequently (Fig. 1). In the first region we detected four spatially separated populations of
M. arvense in thermophilous finges along agricultural fields that were likely mown, and in the other
region we were able to find six separated populations of M. nemorosum in thermophilous fringe com-
munities within an open Quercus robur L. forest area which was either unmanaged or grazed at very
low intensity levels. Within each population, we placed nine circular 314 cm? (20 cm diameter) plots
along a Melampyrum density gradient within a visually homogeneous area. We first visually subdivided
each grassland into zones with a low, medium or high density of the particular Melampyrum species
and then randomly placed three plots in each zone to maximize the range from a minimum (mostly
equivalent to absence) to a maximum density within each meadow (up to 70% M. arvense and 100%
M. nemorosum cover). We made sure that the plots were distributed across the whole population and
that two plots of the same density class were not situated in the same Melampyrum patch. We chose
small circular plots because parasitic effects on host plants are limited to the close neighborhood
(approx. 10 cm around the parasite; GIBSON & WATKINSON 1992). Such small plot sizes are commonly
used in hemiparasite studies (e.g. PYWELL et al. 2004, AMELOOT et al. 2006, MUDRAK et al. 2016,
HEER et al. 2018). In each of the 90 investigated plots, we estimated the cover of the particular
Melampyrum species, counted the number of vascular plant species and also separately the species
number of the two different functional groups graminoids and forbs.

2.4 Statistical analysis

All statistical tests were performed in R version 3.5.1 (R CORE TEAM 2018). We used random
slope, mixed-effects models (Ime4 and ImerTest packages; BATES et al. 2015, KUZNETSOVA et al.
2017) to test the density effect of the two Melampyrum species separately on total vascular plant
species richness and on the richness of forbs and graminoids. These models allowed both the mean and
linear trend of Melampyrum density to vary randomly for each population in order to correct for
population- and site-specific differences. Melampyrum was omitted from calculations on diversity
measures. We also included Melampyrum cover as a quadratic term because we suspected non-linear
relationships (HEER et al. 2018). For all mixed-effects models, we calculated R? as the marginal
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Fig. 1. Location of the two study regions (in light grey) on the island of Saaremaa (Estonia). A: Melam-
pyrum arvense, B: Melampyrum nemorosum.

Abb. 1. Lage der fiir beiden Untersuchungsgebiete auf der Insel Saaremaa (Estland). A: Melampyrum
arvense, B: Melampyrum nemorosum.

coefficient (proportion of variance explained by the fixed factors alone) and as the conditional coeffi-
cient of determination (proportion of variance explained by both fixed and random factors; NAKAGAWA
& SCHIELZETH 2013), using the MuMin package (BARTON 2018; Table 1).

3. Results

In Melampyrum arvense plots, the species richness was on average 8.3 per 314 cm? and
ranged from 4 to 14 species. In M. nemorosum plots the species richness was on average
9.6 per 314 cm? and ranged from 3 to 17 species. We found significant hump-shaped rela-
tionships of total vascular plant species richness with relative cover of M. arvense and
M. nemorosum, with the highest average richness values of 10.3 and 9.2 species occurring at
13% and 40% cover, respectively (Fig. 2, Table 1). The proportion of variance explained by
the fixed factors alone (marginal coefficient) was intermediate for M. arvense (26%) and
relatively low for M. nemorosum (7%). However, the proportion of variance explained by
both the fixed factors and the random factors (conditional coefficient) was high (42% for
M. arvense and 51% for M. nemorosum; Table 1). Compared with plots without these hemi-
parasites, total species richness increased by 2.5% in plots with M. arvense and by 10.7% in
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Fig. 2. Relationships between the total species richness (Melampyrum excluded) and the percentage of
Melampyrum arvense cover (left) and the percentage of M. nemorosum cover (right). The trend line
indicates significant quadratic relationships, with the 95% confidence interval given in grey (untrans-
formed raw data).

Abb. 2. Beziechungen zwischen dem Artenreichtum der Gefdfpflanzen (ohne Melampyrum) und der
prozentualen Deckung von Melampyrum arvense (links) und der prozentualen Deckung von M. nemo-
rosum (rechts). Die Trendlinie zeigt signifikante quadratische Beziehungen an, wobei das
95 %-Konfidenzintervall in Grau angegeben ist (untransformierte Werte).

plots with M. nemorosum at these cover values. Starting at relatively low densities (> 29.7%
cover) of M. arvense and relatively high densities (> 81.8% cover) of M. nemorosum, spe-
cies richness was even lower than the average values of 8.7 (M. arvense) or 9.3 (M. nem-
orosum) in plots without these hemiparasites (Fig. 2). In contrast to results for total species
richness, we found no significant effect of hemiparasite density when looking at graminoid
and forb species separately (Table 1).

4. Discussion

Using a density-gradient approach, we found that the relationships between vascular
plant species richness and Melampyrum density follow an optimum curve. This finding
corresponds to that of HEER et al. (2018), who investigated effects of Rinanthus alec-
torolophus density on the species richness of meadows in Switzerland. Thus, our findings
suggest that the density-dependent effects of hemiparasites on local species richness can
probably be translated to further hemiparasitic species and therefore might be more wide-
spread than originally assumed.

A common explanation for the positive effects of hemiparasites on plant diversity is the
balancing of the competitive relationships within a community and the overall reduction of
grassland productivity (DAVIES et al. 1997, BULLOCK & PYWELL 2005, MUDRAK et al. 2016,
HEER et al. 2018). However, in line with HEER et al. (2018), we found tipping points of
particular hemiparasite densities, beyond which local species richness dropped below the
average richness of plots without hemiparasites. This tipping point differed strongly between
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the two investigated Melampyrum species, showing that optimum densities cannot be gener-
alized among hemiparasitic species and that the density of individual species should there-
fore be considered in restoration measures. Whether these differences can be attributed to
differing host selection of the two Melampyrum species needs to be further explored in
future studies. Moreover, the densities of hemiparasites are considered to vary over time
(AMELOOT et al. 2006, CAMERON et al. 2009) which might lead to cyclic effects of hemipar-
asites on plant diversity. Hemiparasites might promote diversity by suppressing dominant
plant species and thereby promoting subordinate species until a certain density tipping point.
After reaching this tipping point, subsequent invasion by competitive species becomes more
likely because hemiparasites then might lose advantage when suitable hosts are no longer
available and decline in abundance. The increase of competitive species then again might
constitute resources and therefore can be again beneficial for hemiparasites. Thus, patches
with high hemiparasite densities, so called “shifting clouds” can move through grasslands
over time (CAMERON et al. 2009). The lack of information on Melampyrum densities in
previous seasons is therefore a limitation of our study and all other previous observational
studies investigating the effect of hemiparasites on diversity and composition in only one
year. In case of low hemiparasite density plots, we therefore cannot distinguish between
recently invaded plots and the ones where the parasite density had already declined because
of the decreasing abundance of suitable hosts. However, spatially explicit monitoring over
several years would be required to confirm whether hemiparasites exhibit such cycles of
temporal changes in patch density. Until now, such temporal dynamics have not yet been
monitored with permanent study plots and needs to be tested in future studies.

In addition, we found no significant effects of hemiparasite density on graminoid and
forb species analyzed separately, indicating that the effect on total vascular plant species
richness was not driven by gains or losses of species in only one of these two functional
groups. This result also suggests that the two investigated Melampyrum species are general-
ist hemiparasites that parasitize many species rather than selectively attacking certain func-
tional groups.

Our results further highlight that the density-gradient approach is more effective than the
‘all or nothing’ approach. The latter has been used in many previous studies, showing pure
positive, neutral or pure negative hemiparasite effects on local plant species richness (e.g.
GIBSON & WATKINSON 1992, JOSHI et al. 2000, AMELOOT et al. 2005, BARDGETT et al. 2006,
FIBICH et al. 2016, CHAUDRON et al. 2021). Not accounting for changes along a hemipara-
site-density gradient may even result in misleading management recommendations and pro-
vides no opportunity for compromise between the two contrasting opinions of hemiparasitic
species as loved or hated. On the one hand, hemiparasites are recommended as a tool for
grassland restoration (e.g. BODIS et al. 2021). On the other hand, from an agro-economic
perspective hemiparasites are generally very unpopular because a reduction in yield is ex-
pected with their presence (e.g. MAGDA et al. 2004, AMELOOT et al. 2006, HEER et al. 2018).
However, these polarized views cannot be applied to management decisions when it is
understood that relationships between species richness and hemiparasite density follow an
optimum curve.
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5. Conclusions

In conclusion, our results that the relationship between species richness and Melampy-
rum density follows an optimum curve extend the findings of HEER et al. (2018) and show
that hemiparasite effects on local species richness are likely density dependent in general.
This clearly supports the use of the density-gradient approach instead of the ‘all or nothing’
approach in future studies, when the aim is to explore relationships between hemiparasites
and species richness.

Erweiterte deutsche Zusammenfassung

Einleitung — Hemiparasitische Pflanzenarten betreiben Photosynthese, bilden aber Haustorien an
den Wurzeln anderer Arten und entziehen so ihren Wirten Wasser, Néhrstoffe, Assimilate und sekunda-
re Verbindungen (ADLER 2000, CAMERON & SEEL 2007, TESITEL et al. 2010, WESTWOOD et al. 2010).
Sie konnen dadurch die interspezifische Konkurrenz in Pflanzengemeinschaften reduzieren, indem sie
die Dichte dominanter Pflanzen verringern und generell die Produktivitdt verringern. Auf diese Weise
konnen sie die Koexistenz erleichtern und die Stabilitdt von Pflanzengemeinschaften fordern (PHOENIX
& PRESS 2005). Einjéhrige hemiparasitische Arten konnen zudem die Etablierung von Keimlingen
anderer Arten fordern, indem sie nach dem Absterben Liicken schaffen (JOSHI et al. 2000).

Die Auswirkungen von hemiparasitischen Arten auf die Diversitit von Pflanzengemeinschaften sind
jedoch umstritten. Die Tatsache, dass sowohl positive, negative als auch neutrale Effekte von Hemipa-
rasiten auf die lokale Diversitit gefunden wurden (GIBSON & WATKINSON 1992, AMELOOT et al. 2005,
FIBICH et al. 2016), kann auf den am héufigsten verwendeten methodischen Ansatz zuriickgefiihrt
werden, d. h. den Vergleich von Standorten mit und ohne Hemiparasiten ("Alles-oder-Nichts-Ansatz";
z. B. GIBSON & WATKINSON 1992, FIBICH et al. 2016). Entgegen der intuitiven Erwartung einer rein
linearen negativen Beziehung zwischen einer dominanten Pflanzenart und dem Artenreichtum einer
Pflanzengemeinschaft hat sich jedoch gezeigt, dass Effekte von Hemiparasiten hochstwahrscheinlich
dichteabhingig sind und einer Optimumskurve folgen, wobei die hochste Diversitdt bei mittleren
Hemiparasitendichten auftreten (z. B. gezeigt fiir Rhinanthus alectorolophus (Scop.) Pollich; HEER et
al. 2018). Dies legt nahe, dass der "Alles-oder-Nichts"-Ansatz fiir die Untersuchung von Hemiparasi-
ten-Effekten auf den Artenreichtum irrefiihrend sein kann, da dieser den Dichtegradienten von Hemipa-
rasiten nicht erfasst. Ob diese Zusammenhédnge auch fiir andere Hemiparasiten als Rhinanthus spp.
gelten, wie Melampyrum spp., wurde jedoch bislang noch nicht untersucht.

Um diese Wissensliicke zu schlieBen, untersuchten wir die Vegetation an zehn Standorten in zwei
Regionen auf der Insel Saaremaa (Estland). Wir testeten, wie der lokale Artenreichtum von (1) allen
GefidBpflanzen und (2) Krdutern und Grasartigen separat, entlang von Dichtegradienten der beiden
Hemiparasiten Melampyrum arvense und M. nemorosum variiert.

Methoden — Die Daten wurden im Rahmen eines pflanzendkologischen Feldkurses der Universitét
Bern auf der Ostseeinsel Saaremaa (57° 50' bis 58° 40' N, 21° 45' bis 23° 20' E) im Juli 2015 erhoben.
Das Grundgestein dieser Insel besteht aus silurischem Kalkstein, der oft von weichselzeitlichen Mor-
nen oder holozdnen Meeressedimenten bedeckt ist. Saaremaa beherbergt eine Vielzahl von Vegetati-
onstypen und eine einzigartige Flora. Insbesondere die Alvar-Trockenrasen, die auf sehr flachgriindigen
und humusreichen Schluff- oder Lehmbdden iiber Kalkgestein wachsen, haben schon lange das Interes-
se von Botanikern auf sich gezogen (VILBERG 1927, ZOBEL & KONT 1992, PARTEL et al. 1999, BOCH
2005, BOCH & DENGLER 2006, DENGLER et al. 2006).

Fiir unsere Untersuchungen wiahlten wir zwei hemiparasitische Arten der Gattung Melampyrum
(Orobanchaceae) aus, die auf Saaremaa hiufig sind und lokal dichte Populationen bilden: M. arven-
se L. ist eine generalistische Art, die Getreide und andere Grasarten, aber auch viele krautige Arten
parasitiert (MATTHIES 1996, MATTHIES 2017). Historisch war die Art in Ackerbaugebieten von West-
europa bis zum Uralgebirge und der Tiirkei weit verbreitet. Heute ist sie auf verschiedene Trocken-
rasengemeinschaften, thermophile Sdume und halbruderale Graslandschaften beschriankt (EURO+MED
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2006-2019). Melampyrum nemorosum L. ist wahrscheinlich ebenfalls eine generalistische Art, die
Griéser, aber auch verschiedene Kraut- und Geholzarten parasitiert (KASERMANN 1999, HOLA et al.
2017). lhr Verbreitungsgebiet reicht ebenfalls von Westeuropa bis zum Uralgebirge im Norden
(EURO+MED 2006-2019).

Auf der Insel Saaremaa wihlten wir zwei Regionen aus, in denen entweder M. arvense oder
M. nemorosum haufig vorkam (Abb. 1). In der ersten Region entdeckten wir vier rdumlich getrennte
Populationen von M. arvense in thermophilen Saumgesellschaften entlang landwirtschaftlicher Felder.
In der zweiten Region konnten wir sechs getrennte Populationen von M. nemorosum in thermophilen
Saumgesellschaften innerhalb eines offenen Quercus robur-Waldgebietes finden. Innerhalb jeder Popu-
lation platzierten wir neun kreisformige 314 cm? (20 cm Durchmesser) Untersuchungsflichen entlang
eines Melampyrum-Dichtegradienten innerhalb eines visuell homogenen Gebietes. Wir unterteilten jede
Wiese visuell in Zonen mit geringer, mittlerer oder hoher Dichte der jeweiligen Melampyrum-Art und
platzierten dann zufillig drei Untersuchungsflichen in jeder Zone, um den Bereich von einer geringen
bis zu einer maximalen Dichte innerhalb jeder Wiese zu erfassen (bis zu 70 % M. arvense und 100 %
M. nemorosum-Deckung). Wir wihlten kleine kreisformige Parzellen, da parasitire Effekte auf Wirts-
pflanzen auf die unmittelbare Nachbarschaft beschrénkt sind (ca. 10 cm um den Parasiten herum; GIB-
SON & WATKINSON 1992). In jeder der 90 Untersuchungsfldchen schétzten wir die Deckung der jewei-
ligen Melampyrum-Art, zahlten die Anzahl der Gefalpflanzenarten und auch separat die Artenzahl von
Grasartigen und Kréutern.

Wir verwendeten «Random Slope Models» eine Art von gemischten linearen Modellen, um den
Dichteeffekt der beiden Melampyrum-Arten auf den Artenreichtum der GefdBpflanzen zu testen. Wir
haben zudem die Melampyrum-Deckung als quadratischen Term einbezogen, da wir nicht-lineare
Beziehungen vermuteten (HEER et al. 2018).

Ergebnisse — Die Bezichungen zwischen dem Artenreichtum der GefaBpflanzen und der Deckung
von Melampyrum arvense und M. nemorosum folgte einer Optimumskurve, wobei die hochsten durch-
schnittlichen Artenzahlen von 10,3 und 9,2 Arten bei 13 % bzw. 40 % Bedeckung auftraten (Abb. 2,
Tab. 1). Im Vergleich zu Untersuchungsflachen ohne Hemiparasiten stieg der Gesamtartenreichtum bei
diesen Deckungswerten in Untersuchungsflichen mit M. arvense um 2,5 % und in Parzellen mit
M. nemorosum um 10,7 %. Ab relativ niedrigen Dichten (> 29,7 % Deckung) von M. arvense und
relativ hohen Dichten (> 81,8 % Deckung) von M. nemorosum lag der Artenreichtum sogar unter den
Durchschnittswerten von 8,7 (M. arvense) bzw. 9,3 (M. nemorosum) in Untersuchungsflichen ohne
diese Hemiparasiten (Abb. 2). Wir fanden jedoch keinen signifikanten Effekt der Hemiparasitendichte,
wenn wir die Grasartigen und Kréuter getrennt betrachteten (Tab. 1).

Diskussion — Unser Ergebnis, dass die Beziehungen zwischen GefaBpflanzenartenreichtum und
Melampyrum-Dichte einer Optimumskurve folgen, entspricht jenem von HEER et al. (2018), die den
Artenreichtum von Wiesen in der Schweiz entlang von Rinanthus alectorolophus-Dichtegradienten
untersuchten. Unsere Ergebnisse deuten somit darauf hin, dass die dichteabhingigen Effekte von
Hemiparasiten auf den lokalen Artenreichtum wahrscheinlich auf weitere hemiparasitische Arten iiber-
tragen werden konnen und weiter verbreitet sind als urspriinglich angenommen.

Eine géngige Erkldrung fiir die positiven Effekte von Hemiparasiten auf die Pflanzendiversitit ist
die Reduktion der interspezifischen Konkurrenz in Pflanzengemeinschaften, durch die Verringerung der
Dichte dominanter Pflanzen sowie der Produktivitit (DAVIES et al. 1997, BULLOCK & PYWELL 2005,
MUDRAK et al. 2016, HEER et al. 2018). Ebenso wie HEER et al. (2018) fanden wir ab einer bestimmten
Hemiparasitendichte einen Umkehrpunkt, ab dem die lokale Artenvielfalt unter den Wert ohne Hemipa-
rasiten fiel. Dieser Umkehrpunkt unterschied sich stark zwischen den beiden untersuchten Melam-
pyrum-Arten, was zeigt, dass optimale Dichten von Hemiparasiten nicht verallgemeinert werden
konnen. Ob diese Unterschiede auf eine unterschiedliche Wirtsauswahl der beiden Melampyrum-Arten
zuriickgefiihrt werden konnen, muss in zukiinftigen Studien untersucht werden.

Zudem fanden wir keine signifikanten Effekte der Hemiparasitendichte auf Grasartige und Kréuter,
wenn wir diese separat analysierten. Dies zeigt, dass der Effekt auf den gesamten Geféfpflanzen-
Artenreichtum nicht von Gewinnen oder Verlusten von Arten in nur einer dieser beiden funktionalen
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Gruppen zuriickzufiihren ist. Dieses Ergebnis legt zudem nahe, dass die beiden untersuchten Melam-
pyrum-Arten eher generalistische Hemiparasiten sind, die verschiedene Pflanzenarten parasitieren und
nicht selektiv bestimmte funktionelle Gruppen angreifen.

Unsere Ergebnisse unterstreichen aulerdem, dass der ,,Dichtegradienten“-Ansatz effektiver ist als
der ,,Alles-oder-Nichts“-Ansatz. Letzterer wurde in vielen fritheren Studien verwendet, die rein positi-
ve, neutrale oder rein negative Effekte von Hemiparasiten auf den lokalen Pflanzenartenreichtum zeig-
ten (z. B. GIBSON & WATKINSON 1992, JOSHI et al. 2000, AMELOOT et al. 2005, BARDGETT et al.
2006, FIBICH et al. 2016) und beriicksichtigt nicht die Verdnderungen entlang von Hemiparasiten-
Dichtegradienten. Da Hemiparasiten einerseits als Mittel zur Wiederherstellung der Artenvielfalt im
Griinland empfohlen werden, andererseits aber aus agrarokonomischer Sicht generell sehr unbeliebt
sind, da mit ihrer Anwesenheit eine Ertragsminderung erwartet wird (MAGDA et al. 2004, AMELOOT et
al. 2006, HEER et al. 2018), konnte dieser einseitige Ansatz sogar zu irrefiihrenden Managementemp-
fehlungen fiihren und bietet keine Moglichkeit fiir einen Kompromiss zwischen den beiden gegensétzli-
chen Auffassungen. Unsere Ergebnisse sprechen somit eindeutig fiir die Verwendung des Dichtegradi-
enten-Ansatzes anstelle des "Alles-oder-Nichts"-Ansatzes in zukiinftigen Studien, wenn es darum geht,
Beziehungen zwischen Hemiparasiten und dem lokalen Artenreichtum zu untersuchen.
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