
 

 

 University of Groningen

Long-term effects of large and small herbivores on plant diversity in a salt-marsh system
Chen, Qingqing

DOI:
10.33612/diss.111645595

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Chen, Q. (2020). Long-term effects of large and small herbivores on plant diversity in a salt-marsh system.
[Thesis fully internal (DIV), University of Groningen]. https://doi.org/10.33612/diss.111645595

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.111645595
https://research.rug.nl/en/publications/59dea5a1-f326-4ebb-b1c9-5e06c7707340
https://doi.org/10.33612/diss.111645595


Chapter 1 

General introduction

Qingqing Chen 



General introduction

9

1
The coasts cover only 4 % of the earth surface, however, provide homes for 
more than 40 % of the world’s human population (UNEP 2006). Coastal salt 
marshes are intertidal, coastal ecosystems which are regularly inundated by 
salt or brackish water, and are usually dominated by salt-tolerant vegetation. 
Coastal salt marshes are widely appreciated for the value of their ecosystem 
service (Gedan et al. 2009). For instance, they act as the sea barriers, salt 
marsh vegetation can bind the soil, thus reduce shoreline erosion, and limit 

for livestock grazing. Salt marshes around the world have been commonly 

Sea salt marshes along the North sea shore have been traditionally grazed for 
more than 2600 years (Bakker et al. 2003). Grazing by large herbivores is still 
common in salt marshes in Europe, China, and South America (Greenberg et 
al. 2014), while it became rare in North America and Canada (Gedan et al. 
2009). Besides by large herbivores, salt marshes are also grazed by wild small 
herbivores. For instance, salt marshes in Europe, Canada, North America and 
Arctic are heavily grazed by geese (Cargill & Jefferies 1984; Ankney 1996; 
Mulder & Ruess 1998; Zacheis et al. 2001; Peterson et al.
et al. 2017). Salt marshes in South America are commonly grazed by rodents 
(guinea pigs) (Bromberg et al. 2009; Alberti et al. 2011b; Daleo et al. 2017; 
Pascual et al. 2017). Salt marshes in North America are heavily grazed by 
crabs, snails and insects (Holdredge et al. 2009; Bertness et al. 2014; He & 
Silliman 2016). 

A global meta-analysis suggests that grazing, both by large and small 
herbivores, has a substantial impact on vegetation in salt marshes (He & 
Silliman 2016). In general, grazing strongly decreases survival, vegetation 
height and aboveground biomass, while its effects on abundance (percent 
cover), reproduction, and belowground biomass, as well as plant diversity 
are less clear (He & Silliman 2016). Two reasons may explain why grazing 

studies included in this meta-analysis are from North America, and the salt 
marshes in North and South America are usually dominated by one or a few 
tall but not very palatable plant species (Conde et al., 2006; Pennings, Siska, 
& Bertness, 2001). In such situations, it is not surprising that herbivores do 
not have an impact on plant diversity. Secondly, grazing by large herbivores is 
rare in North American salt marshes. Another global meta-analysis focusing 
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on effects of large herbivores on ecosystem properties concludes that large 
herbivores increase plant diversity in salt marshes (Davidson et al. 2017). In 

come from the Netherlands. Not only large herbivores, small herbivores can 
also have a strong impact on vegetation, particularly when their abundances 
are high. Bertness et al. (2014) found that excluding predator crabs (Sesarma 
reticulatum) in a single growing season led to a > 100 % increase in herbivory, 
which in turn led to a > 150 % increase in bare ground. Limited studies also 
suggest that small herbivores impact plant diversity (Gough & Grace 1998b, 
a; Bakker et al. 2006; Bromberg et al. 2009; Alberti et al. 2011a; Pascual et al. 
2017). However, these experiments are relatively short-term (< 15 years). The 

2016) lasted less than 10 years, only one study exceeded 15 but less than 20 
years.  

Long-term experiments using permanent plots are important to fully assess 
the effects of grazing on plant diversity. Long-term monitoring is essential 
(Bakker et al. 1996; Tälle et al. 2016), as vegetation responses to different 
(grazing) treatments develop over a long period (Bullock et al. 2001; Kahmen 
et al. 2002; Lepš 2014). In addition, long-term monitoring provides a unique 
way to unravel the pathways, causes and mechanisms of vegetation dynamic 
under different (grazing) treatments. For biodiversity conservation, evaluation 
of long-term different managements (e.g. grazing and mowing) is highly 
important for providing improved guidance. Theories predict that grazing 
may promote plant diversity in the short term and that this effect diminishes 
in the long term, due to vegetation succession to less preferred forage plants 
(Van de Koppel et al. 1996; Olff et al. 1997), and herbivore grazing leads to 
dominance of tolerant or defended plants (Olff & Ritchie 1998). Empirical data 

topics) show that short- and long-term results are not always consistent. Allan 
and Crawley (2011) found that the effects of invertebrate herbivores on plant 
diversity only became pronounced 8 years after the start of the experiment, 
suggesting that shorter-term experiment would underestimate those effects. 
In a 20-year experiment, compared with ambient CO2, total biomass of plots 
grown with C3 plants strongly increased but not that with C4 plants in elevated 
CO2
revised: biomass of plots grown with C4 plants strongly increased but not 
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1
that with C3 plants (Reich et al.
well-established short-term drivers of plant response to global change cannot 
predict long-term results. These inconsistencies from short- and long-term 
results also necessitate running experiment for long term. 

Studies from grasslands show that herbivores, particularly the large ones, 
impact genotype and genetic diversity, as well as spatial genetic structure, and 
genetic differentiation (hereafter, evolutionary effects) in plant populations 
(Billington et al.
Smith et al. 2009; Veeneklaas et al. 2011). Herbivores do so possibly by 
affecting sexual reproduction, somatic mutation, epigenetic alterations and 
genotype selection. For instance, Herrera and Bazaga (2011) found that 
substantial epigenetic variation among individuals of Viola cazorlensis, and 
the variation in multilocus epigenotypes was correlated with different levels 
of browsing damage in a two-decade-long monitoring experiment. However, 
studies examining the evolutionary effects of small herbivores (1 kg < body 
mass < 10 kg) remain sparse. Didiano et al. (2014) found that long-term (> 
20 years) grazing by rabbits drives evolutionary trait differentiation, although 
only in one of four plant species, with the highest abundance in Silwood Park, 
England. Given herbivore abundance can sometimes be more important than 
herbivore size in regulating plant communities (Olofsson et al. 2004), we 
expect that small herbivores can also have substantial evolutionary effects on 
plant populations, particularly when their abundance is high. 

Study site 

plant and animal   species, some of which are endemic to this area. These salt 
marshes are therefore protected under the EU Habitats Directive (EC Habitats 
Directive,1992). My studies were conducted in one of these salt marshes, the 
natural high productivity (1120 ± 201 g dw / m2; mean ± 1 se; measured in 
2018) salt marsh in the barrier island of Schiermonnikoog (53°30’ N, 6°10’ 
E), the Netherlands (Bakker 1989) (Fig 1). The average annual temperature 
is 10.2 °C, and average annual rainfall is 824 mm (data from www.knmi.nl). 
In this ecosystem, a natural successional gradient is present (Olff et al. 1997); 
the eastern part of the island is younger than the western part, and different 

creeks. The western part of the salt marsh has undergone more than 100 years’ 
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succession, and is dominated by the tall late successional grass, Elytrigia 
atherica, when cattle grazing is absent. A small western part of the salt marsh 
had been grazed by cattle up to 1958, when cattle grazing stopped. Cessation 
of grazing led to local dominance of the E. atherica, which led to a decline 
in plant diversity over the following ten years (Bakker 1985). The authority 
in charge of management wanted to reverse this trend. Hence, an experiment 
searching for the optimal management, including grazing by large herbivores 
and mowing, for conserving plant diversity started in 1972 (Fig. 2). 

The eastern part of the salt marsh is only grazed by small herbivores, 
including spring staging Brent Geese (Branta bernicla), Barnacle Geese 
(Branta leucopsis), and year-round present Brown hares (Lepus europaeus) 
and rabbits (Oryctolagus cunniculus). Hares and geese are the most important 
herbivores in the eastern part, while predators are rare in this system (Van De 

& Bakker 2005; Schrama et al. 2015). An herbivore exclusion experiment was 

+ MHT, Mean High Tide). For clarity, we refer to these stages by their ages at 
the start of the experiment, which were 1, 10, 20, 40, 90 years, respectively. 
These ages were counted from the year vegetation established at that stage 
to the year 1994 when the experiment started (Olff et al. 1997). In the low 
salt marsh, Puccinellia maritima and Suaeda maritima dominate the earliest 
successional stage, which are replaced by Festuca rubra, Artemisia maritima 
and Limonium vulgare at early successional stages, while E. atherica and 
Atriplex portulacoides dominate the intermediate and late successional stages 
(Olff et al. 1997). P. maritima and F. rubra are highly preferred by hares and 
geese, while A. maritima, and E. atherica are generally not preferred (Van 

Plantago maritima, Juncus gerardii, Triglochin maritima, A. portulacoides 

al. 2000b; Fokkema et al. 2016).
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1

   

Fig. 1 Location of the island of Schiermonnikoog (upper panel), large herbivore 
and small herbivore exclosures in the salt marsh of the island (lower panel). The 

area within the dotted area was grazed since 1972, and the four big dots inside the 

each successional stage, are exclosures for small herbivores. Dotted lines at each 
successional stage represent 20 plots for counting droppings from hares and geese 
in 2016.
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Fig. 2 Treatments for one block from the large herbivore exclosure experiment 
(left panel) and small herbivore exclosure experiment (right panel). In the left 

permanent plots (blue rectangles) were established within treatments. C: control (the 
abandoned); M (E): mowing in early growing season; M (L): mowing in late growing 
season; M (EL): mowing in early and late growing season; G: cattle grazing; G + M 
(E): cattle grazing plus mowing in early growing season; G + M (L): cattle grazing 
plus mowing in late growing season; G + M (EL): cattle grazing plus mowing in 
early and late growing season. In the right panel, four small rectangles represent four 
permanent plots within each treatment for small herbivore exclosure experiment. 

can be found in materials and methods in chapter 2 and chapter 4, respectively. 

Thesis outline 

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

General introduction

15

1
Chapter 3 Using this 46-year large herbivore exclosure experiment, 
I compared cattle grazing, mowing in late growing season (a proxy of 
aboveground consumption) and the ungrazed control over the 46 years of 

plant diversity and the processes causing changes in plant diversity, i.e. plant 
species gain (colonization) and species loss (extinction). I further looked at 
whether large herbivores promote particular functional groups. In addition, I 
explored the underlying mechanism of changes in plant diversity via reducing 

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. 

Chapter 4 I used the hare and goose exclosures along the successional 
gradient, to investigate the effects of hares and geese, and hares alone, on 

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 were established. 

Chapter 5 To explore the evolutionary effects of small herbivores on a 
dominant clonal plant population, I used a 22-year hare and goose exclosure 
experiment at the early and intermediate successional stage (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 all the individuals using molecular markers, and characterized and 
compared the genetic population differentiation, genetic diversity, and spatial 
genetic structure, genotype richness, diversity, and distribution.

Chapter 6 In the synthesis, I compared the long-term effects of large and 
small herbivores on plant diversity, the processes driving the changes in plant 
diversity, and the underlying mechanisms. In addition, I compared trophic and 
non-trophic effects of large and small herbivores on plant diversity. Further, 
I compared the evolutionary effects of large and small herbivores on the 
population of E. atherica. I then compared the short- and long-term results 
from both large and small herbivore exclosure experiments. I suggested future 
research needed based on the results and conclusions of my current studies. 
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