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Abstract

Evaluation of long-term different management regimes on plant diversity 
is highly important for improved guidance for biodiversity conservation. 
However, such long-term experiments are sparse. Using a 46-year experiment 
in a salt marsh, we 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 grazing and mowing), 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. Also, we explored the underlying mechanisms for change in 
plant diversity in different treatments. Results show that compared with 

expansion of the dominant grass Elytrigia atherica. In addition, all other 
treatments - except mowing in early growing season and mowing in late 

treatments led to the divergence in community composition and structure via 
promoting different species. For instance, mowing, regardless of timing and 
frequency, promoted the abundance of F. rubra, while grazing, and grazing 
plus any combination of mowing promoted several small and short-statured 
species. Treatments increased plant diversity most likely via increased light 
availability, but not via decreased dominance. Suppressed expansion of E. 
atherica was associated with the 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. 
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Introduction 

Grazing and mowing are among the most widely used management tools for 
preserving plant diversity in grasslands worldwide (Tälle et al. 2016, and 
references therein). So far, studies comparing grazing and mowing (once 
per year) on plant diversity show inconsistent results. Some studies show 

Jacquemyn et al. 2003; De Cauwer & Reheul 2009; Fritch et al. 2011; Herbst 
et al. 2013), some show that mowing is better than grazing (Stammel et al. 
2003; Catorci et al. 2014; Tälle et al. 2015), while some show similar effects 

mainly derived from relatively short-term experiments (< 15 years) (but 
see Kahmen et al. 2002; for 25-year experiment). In addition, timing and 
frequency of mowing can modify the effects of mowing on plant diversity 
(Bakker et al. 2002a; De Cauwer & Reheul 2009; Dee et al. 2016). Therefore, 
it remains unclear how long-term (decades long) grazing, mowing and the 
combination of grazing plus mowing impact plant diversity. Evaluation of 
long-term different management regimes on plant diversity is highly important 
for providing improved guidance for biodiversity conservation. 

have traditionally been used for livestock grazing and, to a lesser extent, 
mowing (hay making) (Bakker et al. 2002b). In the past decades, livestock 
grazing reduced or ceased in salt marshes as agriculture and economic 
interest decreased while conservation interest gained in importance (Bakker 
et al. 2003). Cessation of grazing led to the local dominance, for instance, 
by the late successional grass E. atherica, which reduced plant diversity 
(Veeneklaas et al. 2013). To reverse this trend, different management regimes 
were introduced et al. 2014; Van Klink et al. et al. 
2017). However, which management is optimal for preserving plant diversity, 
particularly in the long term, remains debated (e.g. Roel Van Klink et al., 
2016).

The well-known positive impact of large herbivores on plant diversity 
is thought to be driven by aboveground biomass removal which leads to 
either increased light availability (Borer et al., 2014), decreased dominance 
(Koerner et al., 2018), or both. Given that mowing removes aboveground 
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biomass similar to grazing, one would expect that mowing can increase plant 
diversity as much as grazing. However, the relative contribution of increased 
light availability and reduced dominance to the increased plant diversity in 
grazing and mowing is so far underexplored. 

The aim of this study was to evaluate how different management regimes 
(treatments), i.e. mowing (early growing season, late growing season, 
early and late growing season), grazing, and grazing plus different mowing 
treatments change the abundance of the dominant grass E. atherica, plant 
diversity, community composition and structure. In addition, we explored the 
underlying mechanisms for change in plant diversity in different treatments 

Materials and methods
Study site and experimental design

a wealth of 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). The experiment was conducted in one of these 
salt marshes, the natural high productivity (1120 ± 201 g dw m-2; mean ± 1 se; 
measured in 2018) salt marsh in the barrier island of Schiermonnikoog (53°30’ 
N, 6°10’ E), the Netherlands (Bakker 1989). A small western part of the salt 
marsh had been grazed by cattle up to 1958, when grazing stopped. Cessation 
of grazing led to the local dominance of the tall late successional grass, E. 
atherica, which led to a decline in plant diversity over the following ten years 
(Bakker 1985). The authority in charge of the management wanted to reverse 
this trend. Hence, an experiment searching for the optimal management for 
preserving plant diversity started in 1972 in this area. 

Four blocks were established in 1972, encompassing different plant 
communities characterized by different dominant species: block 1) Festuca 
rubra and Armeria maritima; block 2) E. atherica; block 3) F. rubra and 
Artemisia maritima; block 4) F. rubra and Limonium vulgare. Block 1 and 2 
were situated in high marsh, block 3 and 4 in low marsh. Exclosures (ca. 8 m 
× 42 m) within blocks, consisted of two electrical metal strands running 0.5 
and 1 m above ground supported by wooden posts every 3.5 m (note that small 
herbivores like hares, geese, and insects could enter the exclosures freely). 

Long-term management is needed for preserving plant diversity in a natural salt marsh 
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Each block contained eight different treatments, including a control (C, i.e. 
the abandoned), 2) mowing in early growing season (M (E)), 3) mowing in 
late growing season (M (L)), 4) mowing in early and late growing season 
(M (EL)), 5) grazing by cattle (G), 6) grazing plus mowing in early growing 
season (G + M (E)), 7) grazing plus mowing in late growing season (G + M 
(L)), 8) grazing plus mowing in early and late growing season (G + M (EL))  

for the early growing season mowing, and in late August or early September 

(ca. 18 m²) using a brush cutter. Plant material (including litter) was raked 
and collected, and dry weight was determined. Cattle graze from May to 
November annually. Stocking density decreased from 1.5 to 0.5 head ha-1 

from 1993 onwards, as the cattle-grazed area increased (Bakker et al., 1993; 
Bos et al., 2002; Fig. S1). One permanent plot (2 m × 2 m) for each treatment 

in permanent plots before the late season mowing (usually in August or 

using the decimal scale of Londo (1976). As we estimated percent cover for 
each species independently, total cover of living plants can sometimes exceed 
100% for the multilayer canopies. Plant species occurrence and abundance 

evaluating the effects of different treatments on plant diversity 46 years after 
the start of the experiment. 

Aboveground biomass, light availability and dominance 
In September 2018, before the late season mowing, we measured aboveground 

plots, and weighed the biomass to the nearest 0.01 g after drying in the oven 
(70 °C) to constant weight. The biomass from two strips per permanent plot 
was added up, and multiplied by 5 to estimate the g dw m-2. 

photons m-2 s-1) on a sunny day (September 2018, between 12:00 and 14:00, 

measurements per permanent plot. For each measurement, we simultaneously 
measured PAR at ground level (ca. 3.8 cm) and above vegetation (ca. 50 -100 
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of the above vegetation. Four measurements were averaged per permanent 
plot for later analysis. 

Dominance in 2017 was calculated as Berger-Parker dominance index, the 
proportional abundance of the most abundant plant.

Data analysis
E. atherica, 

plant diversity, aboveground biomass, light availability and dominance 46 

the above as response variables. Treatment and block were the explanatory 
variables. To improve the normality and homogeneity of variance, percent 
cover of E. atherica was square root transformed, while aboveground 

Also, we explored the effects of different treatments on community composition 

separately for each species, and generates a multivariate group difference for 

et al. 2012). In the model, treatment and block 

> 1% in any permanent plot in 1972 or 2017. Similar to percent cover of E. 
atherica
response variable, and treatment and block were the explanatory variables. 

aboveground biomass, dominance, and percent cover of E. atherica using the 
spearman’s rank correlation. Data analysis was performed using R 3.5.1 (R 
Core Team, 2018).
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Results 
Elytrigia atherica

percent cover of E. atherica 46 years after the start of the experiment (Table 

(Fig. 1; Table 1). Percent cover of E. atherica in block 2, which was originally 
dominated by this grass, decreased the most in grazing plus any combination 
of mowing (Fig. 1).

Fig.1 Percent cover of Elytrigia atherica in different treatments 46 years after the 
start of the experiment. Big dots are the means of four blocks. Error bars represent 

p < 0.05. C: control, i.e. 
the abandoned; M (E):  mowing in early growing season; M (L): mowing in late 
growing season; M (EL): mowing both 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 both in early and late growing season. 

Plant diversity 
In 1972, before the start of the experiment, plant diversity in different treatments 
was similar (F7, 21 = 0.31, p = 0.9413). Forty-six years after, compared with the 
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late growing season, grazing, grazing plus mowing in early growing season, 
grazing plus mowing in late growing season, and grazing plus mowing both 
in early and late growing season. In addition, plant diversity in grazing plus 

in late growing season (Fig. 2; Table S1). 

Fig.2 Plant diversity in different treatments 46 years after the start of the 
experiment. Big dots are the means of four blocks. Error bars represent ± 1se. 

p < 0.05. C: control, i.e. the 
abandoned; M (E):  mowing in early growing season; M (L): mowing in late growing 
season; M (EL): mowing both 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 both 
in early and late growing season.

Community composition and structure
In 1972, before the start of the experiment, plant community composition in 
different treatments was rather similar (Deviance = 223.57, p = 0.052). Forty-
six years after, community composition changed considerably in different 

the occurrence of graminoids: Agrostis stolonifera, Juncus gerardii and forbs: 
A. maritima, Atriplex prostrata, Glaux maritima (Table 1; Table S2). In 2017, 
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in the control treatment, A.stolonifera, A. maritima and J. gerardii did not 
occur, while A. prostrata occurred in all four blocks. Grazing, and grazing 
plus any combination of mowing increased the occurrence of A.stolonifera, 
G. maritima and J. gerardii. Mowing both in early and late growing season, 
and grazing plus mowing in early growing season also promoted A. maritima. 
On the contrary, mowing, regardless of timing and frequency, decreased the 
occurrence of G. maritima and J. gerardii. Mowing in early and late growing 
season also decreased the occurrence of A. prostrata (Table 1, Table S2). 

Not only did the treatments change the community composition, they also 
changed the structure by affecting percent cover of several species 46 years 
after the start of the experiment (Table 1; Table S2). Despite changes in E. 
atherica as described above, compared with the control treatment, percent 
cover of A. stolonifera, G. maritima, J. gerardii and Plantago maritima 

cover of A. stolonifera 
in early growing season. Percent cover of F. rubra
in mowing treatments, regardless timing and frequency, compared with the 
control treatment (Table 1; Table S2).

Aboveground biomass, light availability and dominance 

aboveground biomass. In addition, grazing plus mowing in early growing 

aboveground biomass compared with mowing in late growing season (Fig. 
3A; Table S1). Compared with the control, all other treatments, except the 

the experiment (F7, 21 = 2.81, p = 0.0313), although only one contrast, grazing 

(p = 0.0548). E. atherica dominated 3 of 4 plots in the control, and 1 of 4 
plots both in mowing in late growing season and cattle grazing treatment. F. 
rubra
plus mowing in late growing season were dominated by G. maritima and J. 
gerardii, respectively (Fig. 3C; Table S1).
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Table 1 Effects of different treatments on the occurrence and abundance of 
plant species 46 years after the start of the experiment. Shown are the species on 

Species C M(E) M
(L)

M
(EL) G G+M

(E)
G+M
(L)

G+M
(EL)

AS (occ) 0 2 2 3 3 4 4 4

AM (occ) 0 1 1 4 2 4 2 2

AP (occ) 4 2 2 0 1 0 0 0

GM (occ) 1 1 0 0 3 4 4 4

JG (occ) 0 0 0 0 3 3 4 4

AS (abu) 0
(a)

2.13
(a)

10
(a)

2.38
(a)

12.75
(a)

17.5
(b)

17.75
(b)

13.75
(a)

AP (abu) 5.75
(a)

0.5
(a)

0.5
(a)

0
(b)

0.25
(a) 0(b) 0

(b)
0

(b)

EA (abu) 80
(a)

12.63
(b)

18.1 
(b)

11
(b)
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Armeria maritima. (acc): occurrence data; (abu): abundance data. C: control, i.e. 
the abandoned; M (E):  mowing in early growing season; M (L): mowing in late 
growing season; M (EL): mowing both 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 both in early and late growing season. Different letters in the parentheses 

Relationships between plant diversity, light availability, dominance, and 
percent cover of Elytrigia atherica

availability (rho = - 0.82, p < 0.0001), while positively correlated with 
dominance (rho = 0.71, p < 0.0001). Percent cover of E. atherica was 
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Fig.3 Aboveground biomass (A), light availability (B), and dominance (C) in 
different treatments 46 years after the start of the experiment. Dominance is 
measured as Berger-Parker dominance index, the proportional abundance of the most 

Long-term management is needed for preserving plant diversity in a natural salt marsh 

29

2

abundant plant species. Big dots are the means of four blocks. Error bars represent 
p < 0.05. C: control, i.e. 

the abandoned; M (E):  mowing in early growing season; M (L): mowing in late 
growing season; M (EL): mowing both 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 both in early and late growing season. AS: Agrostis stolonifera; EA: 
Elytrigia atherica; FR: Festuca rubra; GM: Glaux maritima; JG: Juncus gerardii; 
TR: Trifolium repens.

Discussion 
Our 46-year experiment suggests that long-term management is needed to 
suppress the expansion of the dominant grass E. atherica, and to preserve 
plant diversity in this naturally developed salt marsh. Compared with the 
control, all other treatments substantially suppressed the expansion of 
E. atherica. Grazing plus any combination of mowing could suppress the 
expansion of E. atherica more effectively than grazing alone, particularly 
for plant communities dominated by this grass. In addition, mowing both in 
early and late growing season, grazing, and grazing plus any combination of 
mowing, substantially increased plant diversity. However, different treatments 
promoted occurrence and abundance of different species, thus they led to 
community divergence in the long term. For instance, mowing, regardless 
timing and frequency, promoted the abundance of F. rubra, while grazing, and 
grazing plus any combination of mowing promoted the occurrence of several 
small, short-statured species. Grazing plus mowing in late growing season 
also promoted the abundance of those small, short-statured species. The most 
plausible mechanism behind the increased plant diversity was via increased 
light availability, but not via decreased dominance. Suppressed expansion of 
E. atherica substantially contributed to the reduced aboveground biomass, 
which led to a strong increase in light availability. However, suppressed 
expansion of E. atherica did not lead to a strong decrease in dominance, as 
F. rubra became dominant in most of these plots. Our results have important 
implications for biodiversity conservation, as well as restoration, in salt 
marshes. 

In the abandoned plots, E. atherica became very dominant 46 years after 
the start of the experiment. This phenomenon has also been widely observed 
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other treatments, suggesting that all the other management regimes tested in 
the current study were effective in suppressing the dominance of this grass. 
Particularly, grazing plus any combination of mowing reduced the percent 
cover of E. atherica the most in block 2, which was originally dominated by 
E. atherica. It suggests that for restoring plant communities dominated by this 
grass, grazing plus any combination of mowing may be more suitable than 
grazing alone. 

As opposed to E. atherica abundance, plant diversity was lowest on average 

treatments, except for the mowing in early growing season, and mowing in 
late growing season. Bakker (1985) found that plant diversity increased more 

of this experiment. However, from 5 to 10 years, plant diversity under grazing 
exceeded that of mowing in late growing season. Similarly, Lepš (2014) 
reported that mowing was only able to mitigate plant diversity loss induced 

grassland. Therefore, mowing may be a more suitable management tool in 
the shorter term. As mowing in the long term may lead to dominance of other 
plants, for instance, Elytrigia repens (over Phalaris arundinacea) in a wet 
grassland in Belgium (De Cauwer & Reheul 2009), and F. rubra in our system 
(Fig. 3C; Table 1). However, timing and frequency also impacted the effects of 
mowing on plant diversity. Dee et al. (2016) found that late season mowing is 
better than early season mowing in suppressing dominance of yellow bluestem 
and thus increasing plant diversity in an 18-year experiment in a US prairie. 
They postulated that late season mowing could strongly deplete aboveground 
resources and decreased the overall cover in the following season. However, 
in our system, mowing both in early and late growing season was needed in 
order to increase plant diversity if the plots were not grazed. This may be 
due to that biomass removal once per year was not strong enough to reduce 
dominance, or increase light availability in such a productive system.

Although plant diversity increased in most treatments, different treatments 
have different impact on community composition, in line with many other 
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studies (Rusch & Oesterheld 1997; Bakker et al. 2002a; Bos et al. 2002; 
Stammel et al. et al. 2007; De Cauwer & Reheul 2009; Fritch 
et al. et al. et al. 2017). Grazing, 
and grazing plus any combination of mowing, promoted the occurrence of 
several small and short-statured species (e.g. G. maritima and J. gerardii), 
in accordance with other studies (Lavorel et al. 1997; Díaz et al. 2007). 
Grazing plus mowing in late growing season also promoted the abundance 
of those small, and short-statured species, as well as the prostrate species, A. 
stolonifera. On the other hand, mowing treatments, suppressed the occurrence 
of G. maritima and J. gerardii, while they strongly promoted percent cover 
of F. rubra, which is much shorter than E. atherica et al. 2005). Our 
results suggest that different treatments would lead to community divergence 
in the long term via promoting different plant species. 

Treatments increased plant diversity via increasing light availability but not 
via decreasing dominance. Suppressed expansion of E. atherica contributed to 
reduced aboveground biomass, thus increasing light availability. Suppressed 
expansion of E. atherica did not lead to a strong decrease in dominance, 
as F. rubra
(1984) found that different dominant species have different effects on plant 

by 2.5 species on average in 1 m2 plots dominated (percent cover more 
than 30 %) by E. atherica 
while plant diversity decreased by less than 1 species on average in plots 
dominated by F. rubra. This may be another explanation that although we 

conservation managers may focus more on increasing light availability rather 
than reducing dominance of plant communities to preserve plant diversity. 

Although we conducted this experiment in a salt-marsh system, the observed 
patterns are more likely due to the effects of different treatments, than due 

which substantially reduces the cofounding effects of abiotic variations (e.g. 
temperature, rainfall, inundation) on plant diversity. Thus, our results are 

are not aware of any other studies comparing effects of different management 
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regimes on plant diversity running longer than ours. Therefore, our results 
yield a substantial insight in biodiversity conservation management, although 
more long-term monitoring experiments and bigger sample size over different 
systems are needed to validate these conclusions. Our results suggest that 
long-term management is important and essential to preserve plant diversity. 
However, care should be taken if there are some target species to preserve, 
as different management regimes can lead to substantial differences in plant 
community composition and structure in the long term. 
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measurements. 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. 

Table S1 Anova tables testing effects of treatment and block on the percent cover 
of common species, plant diversity, aboveground biomass, light availability and 
dominance 46 years after the start of the experiment.

Variables Parameters Df Sum Sq Mean Sq F P

Agrostis 
stolonifera

Treatment 7 63.25 9.04 3.56 0.011
Block 3 16.78 5.59 2.21 0.1174

Residuals 21 53.23 2.53 #N/A #N/A

Armeria 
maritima

Treatment 7 3.56 0.51 1.58 0.1973
Block 3 5.89 1.96 6.08 0.0038

Residuals 21 6.78 0.32 #N/A #N/A

Artemisia 
maritima

Treatment 7 21.38 3.05 1.25 0.3201
Block 3 16.53 5.51 2.26 0.1113

Residuals 21 51.23 2.44 #N/A #N/A

Aster 
tripolium

Treatment 7 1.57 0.22 1.29 0.3022
Block 3 2.4 0.8 4.61 0.0125

Residuals 21 3.64 0.17 #N/A #N/A

Atriplex 
prostrata

Treatment 7 11.35 1.62 3.31 0.0156
Block 3 1.51 0.5 1.03 0.4013

Residuals 21 10.28 0.49 #N/A #N/A

Carex distans
Treatment 7 0.64 0.09 0.73 0.6492

Block 3 0.39 0.13 1.03 0.3983
Residuals 21 2.61 0.12 #N/A #N/A

Cerastium 
fontanum

Treatment 7 0.96 0.14 0.93 0.502
Block 3 1.65 0.55 3.73 0.0272

Residuals 21 3.1 0.15 #N/A #N/A

table continues
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Variables Parameters Df Sum Sq Mean Sq F P

Elytrigia 
atherica

Treatment 7 203.09 29.01 9.12 0
Block 3 55.23 18.41 5.79 0.0048

Residuals 21 66.79 3.18 #N/A #N/A

Festuca rubra
Treatment 7 151.6 21.66 4.45 0.0036

Block 3 10.47 3.49 0.72 0.5524
Residuals 21 102.13 4.86 #N/A #N/A

Glaux 
maritima

Treatment 7 95.47 13.64 7.36 0.0002
Block 3 23.5 7.83 4.23 0.0174

Residuals 21 38.9 1.85 #N/A #N/A

Juncus 
gerardii

Treatment 7 46.01 6.57 5.26 0.0014
Block 3 4.3 1.43 1.15 0.3539

Residuals 21 26.26 1.25 #N/A #N/A

Juncus 
maritimus

Treatment 7 1.3 0.19 1 0.4586
Block 3 6.23 2.08 11.2 0.0001

Residuals 21 3.89 0.19 #N/A #N/A

Limonium 
vulgare

Treatment 7 6.94 0.99 2.11 0.0881
Block 3 6.66 2.22 4.72 0.0114

Residuals 21 9.88 0.47 #N/A #N/A

Lolium 
perenne

Treatment 7 1.79 0.26 1.88 0.1239
Block 3 0.44 0.15 1.07 0.3821

Residuals 21 2.86 0.14 #N/A #N/A

Plantago 
coronopus

Treatment 7 2.73 0.39 1.78 0.1449
Block 3 1.89 0.63 2.88 0.0602

Residuals 21 4.61 0.22 #N/A #N/A

Plantago 
maritima

Treatment 7 14.31 2.04 4.16 0.0051
Block 3 24.93 8.31 16.92 0

Residuals 21 10.31 0.49 #N/A #N/A

Poa pratensis
Treatment 7 1.64 0.23 1 0.4586

Block 3 0.7 0.23 1 0.4123
Residuals 21 4.92 0.23 #N/A #N/A

table continues
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Block 3 10.47 3.49 0.72 0.5524
Residuals 21 102.13 4.86 #N/A #N/A

Glaux 
maritima

Treatment 7 95.47 13.64 7.36 0.0002
Block 3 23.5 7.83 4.23 0.0174

Residuals 21 38.9 1.85 #N/A #N/A

Juncus 
gerardii

Treatment 7 46.01 6.57 5.26 0.0014
Block 3 4.3 1.43 1.15 0.3539

Residuals 21 26.26 1.25 #N/A #N/A

Juncus 
maritimus

Treatment 7 1.3 0.19 1 0.4586
Block 3 6.23 2.08 11.2 0.0001

Residuals 21 3.89 0.19 #N/A #N/A

Limonium 
vulgare

Treatment 7 6.94 0.99 2.11 0.0881
Block 3 6.66 2.22 4.72 0.0114

Residuals 21 9.88 0.47 #N/A #N/A

Lolium 
perenne

Treatment 7 1.79 0.26 1.88 0.1239
Block 3 0.44 0.15 1.07 0.3821

Residuals 21 2.86 0.14 #N/A #N/A

Plantago 
coronopus

Treatment 7 2.73 0.39 1.78 0.1449
Block 3 1.89 0.63 2.88 0.0602

Residuals 21 4.61 0.22 #N/A #N/A

Plantago 
maritima

Treatment 7 14.31 2.04 4.16 0.0051
Block 3 24.93 8.31 16.92 0

Residuals 21 10.31 0.49 #N/A #N/A

Poa pratensis
Treatment 7 1.64 0.23 1 0.4586

Block 3 0.7 0.23 1 0.4123
Residuals 21 4.92 0.23 #N/A #N/A

table continues
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Potentilla 
anserina

Treatment 7 2.59 0.37 0.86 0.5547
Block 3 67.19 22.4 51.91 0

Residuals 21 9.06 0.43 #N/A #N/A

Puccinellia 
maritima

Treatment 7 8.3 1.19 0.69 0.6801
Block 3 4.76 1.59 0.92 0.4468

Residuals 21 36.13 1.72 #N/A #N/A

Spergularia 
marina

Treatment 7 1.28 0.18 1.37 0.268
Block 3 2.2 0.73 5.48 0.0061

Residuals 21 2.8 0.13 #N/A #N/A

Spergularia 
media

Treatment 7 1.39 0.2 2.48 0.0503
Block 3 6.45 2.15 26.86 0

Residuals 21 1.68 0.08 #N/A #N/A

Trifolium 
repens

Treatment 7 31.52 4.5 1.98 0.1062
Block 3 73.6 24.53 10.81 0.0002

Residuals 21 47.68 2.27 #N/A #N/A

Triglochin 
maritima

Treatment 7 4.19 0.6 1.45 0.2374
Block 3 6.61 2.2 5.35 0.0068

Residuals 21 8.65 0.41 #N/A #N/A

Plant diversity
Treatment 7 135.47 19.35 5.65 0.0009

Block 3 30.84 10.28 3 0.0535
Residuals 21 71.91 3.42 #N/A #N/A

Aboveground 
biomass

Treatment 7 25.83 3.69 11.43 0
Block 3 4.63 1.54 4.78 0.0108

Residuals 21 6.78 0.32 #N/A #N/A

Light 
availability

Treatment 7 1.74 0.25 9.19 0
Block 3 0.45 0.15 5.58 0.0057

Residuals 21 0.57 0.03 #N/A #N/A

Dominance 
Treatment 7 0.4 0.06 2.81 0.0313

Block 3 0.41 0.14 6.78 0.0023
Residuals 21 0.42 0.02 #N/A #N/A
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Table S2 Separate results (deviance tables) for each species from multivariate 
analysis of community composition based on presence and absence data in 2017 
using manyglm. 

 Agrostis stolonifera Armeria maritima Artemisia maritima
 Deviance P Deviance P Deviance P

Block 6.52 0.567 9.75 0.237 10.62 0.212
Treatment 33.22 0.004 34.61 0.004 17.12 0.695

 Aster tripolium Atriplex prostrata Bupleurum 
tenuissimum

 Deviance P Deviance P Deviance P
Block 12.05 0.128 2.91 0.923 2.87 0.991

Treatment 12.03 0.884 29.57 0.012 6.03 0.999

 Carex distans Centaurium 
pulchellum Cerastium fontanum

 Deviance P Deviance P Deviance P
Block 4.89 0.845 2.87 0.991 10.8 0.174

Treatment 7.39 0.999 6.03 0.999 11.09 0.884
 Cirsium arvense Cochlearea danica Elymus repens
 Deviance P Deviance P Deviance P

Block 0 1 9.33 0.267 2.87 0.991
Treatment 0 1 10.58 0.985 6.03 0.999

 Elytrigia atherica Festuca rubra Glaux maritima
 Deviance P Deviance P Deviance P

Block 7.5 0.49 2.87 0.988 2.47 0.991
Treatment 18.48 0.537 6.03 0.999 41.76 0.001

 Holcus lanatus Juncus gerardii Juncus maritimus
 Deviance P Deviance P Deviance P

Block 5.97 0.683 0.51 0.991 21.89 0.003
Treatment 9 0.995 37.81 0.001 9 0.995

 Leontodon 
autumnalis Limonium vulgare Lolium perenne

 Deviance P Deviance P Deviance P
Block 0 1 13.99 0.079 3.71 0.923

Treatment 0 1 12.87 0.884 13.58 0.884
table continues
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 Lotus corniculatus Odontites vernus 
ssp. serotinus Plantago coronopus

 Deviance P Deviance P Deviance P
Block 0 1 10.62 0.212 6.9 0.567

Treatment 0 1 7.11 0.999 12.35 0.884

 Plantago 
lanceolata Plantago maritima Poa pratensis

 Deviance P Deviance P Deviance P
Block 4.89 0.845 5.14 0.785 2.87 0.988

Treatment 7.39 0.999 21.22 0.286 6.03 0.999
 Potentilla anserina Prunus serotina Puccinellia maritima
 Deviance P Deviance P Deviance P

Block 32 0.001 2.87 0.991 3.89 0.923
Treatment 6.03 0.999 6.03 0.999 7.9 0.999

 Salicornia 
europaea Spergularia marina Spergularia media

 Deviance P Deviance P Deviance P
Block 2.87 0.983 10.98 0.157 25.73 0.001

Treatment 6.03 0.999 17.1 0.695 16.61 0.695
 Stellaria graminea Suaeda maritima Trifolium fragiferum
 Deviance P Deviance P Deviance P

Block 0 1 21.89 0.003 2.87 0.991
Treatment 0 1 9 0.995 6.03 0.999

 Trifolium repens Triglochin 
maritima   

 Deviance P Deviance P   
Block 17.11 0.012 19.66 0.004   

Treatment 17.12 0.641 20.09 0.342   
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