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Biodiversity on earth is closely associated with ecosystem processes, 
functioning, and services on which human beings depend (Díaz et al. 
2006). However, human-driven global change has led to a dramatic decline 
in biodiversity worldwide (Millennium Ecosystem Assessment 2005). 
Biodiversity loss alters ecosystem functioning (e.g. decreasing in stability 
(Hautier et al. 2015)), and threatens human well-being (Díaz et al. 2006; 
Cardinale et al. 2012). Therefore, understanding the mechanisms and 
drivers in maintaining biodiversity is of prime importance (Borer et al. 
2014). Grazing, particularly by large herbivores, promotes plant diversity in 
grasslands, including coastal grasslands (salt marshes), worldwide (Bakker 
et al. 2006; Borer et al. 2014; Davidson et al. 2017). However, these results 
are mainly derived from systems grazed by wild ungulates, usually with high 

results are also derived from shorter-term experiments, in which grasslands, 
particularly coastal grasslands, are grazed by domestic ungulates (e.g. cattle, 
sheep, and horses) typically with low herbivore species diversity. As most 
of the world’s grasslands are grazed by domestic animals, and high density 
grazing (overgrazing) has caused grassland degradation (O’Mara 2012). A 

can also promote plant diversity, and thereby ecosystem sustainability via 
trophic and non-trophic effects in the long term. Using a 46-year cattle 
grazing experiment in the salt marsh of the island of Schiermonnikoog as 
a model, I showed that the sustainability of using low to moderate densities 
of large domestic herbivores to conserve plant diversity. In addition, I found 
that small wild herbivores can also slow down plant species decline for at 
least 22 years. However, the effects from small herbivores highly depend 
on their abundance. Furthermore, I found that these ecologically important 
small herbivores can also have substantial evolutionary effects on a dominant 

In Chapter 1, 
herbivores in salt marshes.

In Chapter 2, I used the 46-year large herbivore exclosure experiment, in 
combination with other management regimes included in this experiment, to 
evaluate eight different management regimes (treatments) on the abundance 
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of a dominant plant species, plant diversity, and community composition and 
structure. Treatments consisted of the abandoned (no grazing and no mowing), 
mowing in early growing season, mowing in late growing season, mowing both 
in early and late growing season, cattle grazing, cattle grazing plus these three 
different mowing treatments. Results show that compared with the abandoned, 

grass Elytrigia atherica 46 years after the start of the experiment. In addition, 
all other treatments except mowing in early growing season, and mowing in 

treatments led to the divergence in community composition and structure via 
promoting different species. Treatments increased plant diversity most likely 
via increased light availability, but not via decreased dominance. Suppressed 
expansion of E. atherica was associated with reduced aboveground biomass, 
which in turn was associated with increased light availability. However, 
suppressed expansion of E. atherica was not associated with reduced 
dominance, as F. rubra became dominant in most of these plots. Our results have 
important implications for biodiversity conservation, as well as restoration in 
abandoned salt marshes, or other grasslands invaded by competitive species. 

In Chapter 3, using the 46-year large herbivore exclosure experiment, 
I compared cattle grazing, mowing in late growing season (a proxy of 
aboveground consumption, hereafter mowing) and the ungrazed control. 

treatment minus the ungrazed control, and decomposed this into non-trophic 
effects as the grazed minus the mowing treatment, and trophic effects as the 
mowing treatment minus the ungrazed control. I found that the non-trophic 
effects (e.g. trampling, deposition of urine and dung) of large herbivores on 
plant diversity increased over time, exceeding the trophic effects (aboveground 
biomass consumption) after 23 years. This long-term cumulation of non-
trophic effects through slow ecosystem-level feedbacks highlights the 
sustainability of using low to moderate densities of large herbivores to 
conserve plant diversity. Our results emphasize the need for the conservation 
and re-introduction of large herbivores, domestic or wild, to sustain long-term 
grassland plant diversity. 

In Chapter 4, I used the hare and goose exclosure experiment along the 
successional gradient, to investigate the effects of hares and geese, and hares 



Summary

154

Biodiversity on earth is closely associated with ecosystem processes, 
functioning, and services on which human beings depend (Díaz et al. 
2006). However, human-driven global change has led to a dramatic decline 
in biodiversity worldwide (Millennium Ecosystem Assessment 2005). 
Biodiversity loss alters ecosystem functioning (e.g. decreasing in stability 
(Hautier et al. 2015)), and threatens human well-being (Díaz et al. 2006; 
Cardinale et al. 2012). Therefore, understanding the mechanisms and 
drivers in maintaining biodiversity is of prime importance (Borer et al. 
2014). Grazing, particularly by large herbivores, promotes plant diversity in 
grasslands, including coastal grasslands (salt marshes), worldwide (Bakker 
et al. 2006; Borer et al. 2014; Davidson et al. 2017). However, these results 
are mainly derived from systems grazed by wild ungulates, usually with high 

results are also derived from shorter-term experiments, in which grasslands, 
particularly coastal grasslands, are grazed by domestic ungulates (e.g. cattle, 
sheep, and horses) typically with low herbivore species diversity. As most 
of the world’s grasslands are grazed by domestic animals, and high density 
grazing (overgrazing) has caused grassland degradation (O’Mara 2012). A 

can also promote plant diversity, and thereby ecosystem sustainability via 
trophic and non-trophic effects in the long term. Using a 46-year cattle 
grazing experiment in the salt marsh of the island of Schiermonnikoog as 
a model, I showed that the sustainability of using low to moderate densities 
of large domestic herbivores to conserve plant diversity. In addition, I found 
that small wild herbivores can also slow down plant species decline for at 
least 22 years. However, the effects from small herbivores highly depend 
on their abundance. Furthermore, I found that these ecologically important 
small herbivores can also have substantial evolutionary effects on a dominant 

In Chapter 1, 
herbivores in salt marshes.

In Chapter 2, I used the 46-year large herbivore exclosure experiment, in 
combination with other management regimes included in this experiment, to 
evaluate eight different management regimes (treatments) on the abundance 

Summary

155

S

of a dominant plant species, plant diversity, and community composition and 
structure. Treatments consisted of the abandoned (no grazing and no mowing), 
mowing in early growing season, mowing in late growing season, mowing both 
in early and late growing season, cattle grazing, cattle grazing plus these three 
different mowing treatments. Results show that compared with the abandoned, 

grass Elytrigia atherica 46 years after the start of the experiment. In addition, 
all other treatments except mowing in early growing season, and mowing in 

treatments led to the divergence in community composition and structure via 
promoting different species. Treatments increased plant diversity most likely 
via increased light availability, but not via decreased dominance. Suppressed 
expansion of E. atherica was associated with reduced aboveground biomass, 
which in turn was associated with increased light availability. However, 
suppressed expansion of E. atherica was not associated with reduced 
dominance, as F. rubra became dominant in most of these plots. Our results have 
important implications for biodiversity conservation, as well as restoration in 
abandoned salt marshes, or other grasslands invaded by competitive species. 

In Chapter 3, using the 46-year large herbivore exclosure experiment, 
I compared cattle grazing, mowing in late growing season (a proxy of 
aboveground consumption, hereafter mowing) and the ungrazed control. 

treatment minus the ungrazed control, and decomposed this into non-trophic 
effects as the grazed minus the mowing treatment, and trophic effects as the 
mowing treatment minus the ungrazed control. I found that the non-trophic 
effects (e.g. trampling, deposition of urine and dung) of large herbivores on 
plant diversity increased over time, exceeding the trophic effects (aboveground 
biomass consumption) after 23 years. This long-term cumulation of non-
trophic effects through slow ecosystem-level feedbacks highlights the 
sustainability of using low to moderate densities of large herbivores to 
conserve plant diversity. Our results emphasize the need for the conservation 
and re-introduction of large herbivores, domestic or wild, to sustain long-term 
grassland plant diversity. 

In Chapter 4, I used the hare and goose exclosure experiment along the 
successional gradient, to investigate the effects of hares and geese, and hares 



Summary

156

in the short and long term, i.e. 7 and 22 years, respectively. These ages were 
counted from the year vegetation established at that stage to the year 1994 
when the exclosures established. I found that plant diversity declined over 
time at all successional stages except for the earliest one. Small herbivores 
slowed down species decline, but only at one early successional stage. Small 
herbivores slowed down species decline via decreasing dominance of preferred 
grass Festuca rubra in the short term, and less preferred Elytrigia atherica 
in the long term. The effects of hares and geese were more pronounced than 
hares alone, indicating an important additive role of geese, especially in the 
long term. Our results suggest that small herbivores can have a strong and 
long-lasting impact on plant diversity, but it highly depends on the abundance 
of small herbivores, which in turn depends on the quality and abundance of 
forage plants. A diverse herbivore community may have more positive effects 
on regulating plant communities.

In Chapter 5, I explore the evolutionary effects of small herbivores on a 
dominant clonal plant population. I used the hare and goose exclosure 
experiment at two successional stages (stage 10 and 40) in this salt marsh. 
I collected individuals of Elytrigia atherica within 1 m × 1m plots inside 
and outside hare and goose exclosures (four populations). I genotyped 
those individuals using molecular markers. I characterized and compared 
the genetic population differentiation, genetic diversity, and spatial genetic 
structure, genotype richness, diversity and distribution. I found that at stage 
10, where herbivore abundance was high, population of E. atherica from the 
ungrazed treatment substantially differentiated in genetic distance from that 
of the grazed. Via assigning genotypes, I found that these two populations 
had different dominant genotypes. A complementary greenhouse experiment 
revealed that the dominant genotype in the grazed treatment was associated 
with the ‘guerrilla’ growth strategy (i.e. more and longer rhizomes), while the 
most dominant genotype in the ungrazed treatment was associated with the 

by the genetic distance between plots was positively correlated with their 
geographic distance in the ungrazed treatment, while no clear relationship was 
found in the grazed treatment at the early stage, as well as the intermediate 

genotype richness and diversity between the grazed and ungrazed treatments 
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at both stages. Our results suggest that small herbivores can have substantial 
evolutionary effects, and via selecting particular dominant genotypes of a 
dominant plant population, grazing may impact plant-plant interaction, and 
community processes.

In Chapter 6, I compared long-term effects of large and small herbivores, 
and the short- and long-term results from both large and small herbivore 
exclosure experiments. I suggested some future research needed based on my 
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