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Although grazing management has gained momentum in nature restoration and conservation, very 
little is known about the actual effects, especially in relation to the fauna. The effects of grass-
encroachment and grazing management on carabid assemblages were studied in 15 dry dune 
grasslands. Studied sites included open vegetation dominated by Corynephorus canescens or Festuca 
ovina and grass-encroached vegetation dominated by Calamagrostis epigejos or Ammophila arenaria. 
Numbers and activity of carabids specific to dune grasslands were low in all studied sites. 
Encroachment with Calamagrostis had severe effects on the carabid assemblage and no specific 
carabids were found. Encroachment with Ammophila had less severe effects. Numbers and acitivity 
of specific carabids were lower in grazed open grasslands than in ungrazed open grasslands. In all 
cases a colder microclimate due to changes in vegetation structure was the most important factor. 
Since grazing does not seem to restore habitats for specific carabid assemblages, critical remarks 
can be made on grazing as a strategy for restoration of dune grasslands. 

Keywords: grazing, carabid beetles, grass-encroachment, dune grasslands 

Grass-encroachment of open, species rich dune grasslands is seen as the most severe ecological 
problem in the dry coastal dune systems in The Netherlands (Kooijman et al., 2000). 
Encroachment is mainly a result of increased nitrogen deposition. However, decline in extensive 
exploitation, fixation of sand and decreased grazing by rabbits due to myxomatosis also play an 
important role (Ranwell, 1963). Following encroachment, the character of the grassland changes 
from open vegetation dominated by Corynephorous canescens, Festuca spp. and lichens, to dense 
vegetation of Calamagrostis epigejos, Carex arenaria or Ammophilla arenaria. Many 
characteristic plant and lichen species disappear, suffering from shortage of light (Vermeulen et 
al., 1996). With grass-encroachment, the microclimate also changes, from extremely dry and warm 
to moist and temperate (Barkman & Stoutjesdijk, 1987). Since many fauna species specific to dune 
grasslands depend on a warm microclimate, many of them disappear due to grass-encroachment. 

To restore and preserve dune systems various management tools have been applied with the 
intention of removing redundant biomass, like sod-cutting and mowing (Vermeulen et al., 1996). 
A management strategy that has gained momentum since the 1980’s is grazing of sheep, cows or 
horses. Extensive grazing can create vegetation with a heterogeneous, mosaic-like structure, 
thereby creating habitats for many plant and fauna species (Bink et al., 1998; Van Wieren, 1995). 
Although the theoretical possibilities of extensive grazing are well described and negative 
consequences of intensive grazing have been suggested (e.g. Gardner et al., 1997), only little 
research has been carried out and the effects upon faunal assemblages, are far from clear (Van 
Wingerden et al., 1997). 

Dry coastal dunes have very characteristic carabid assemblages and many species are seriously 
threatened by deterioration and loss of area (Desender & Turin, 1989). Furthermore, carabids are 
well studied and habitat preference (Turin et al., 1991) and ecology (e.g. Thiele 1976; Turin 2000) 
are relatively well known. In 1997 a research program was started to get more insight in the effects 
of habitat deterioration and nature management on the fauna and vegetation of the Dutch Frisian 
Islands of Ameland and Terschelling (Nijssen et al., 2000). In this study an attempt is made to 
elucidate the effects of grass-encroachment and grazing management on the carabid fauna in non-
calcareous dune grasslands. 
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Table 1. Overview of studied sites with details on vegetation, grazing management (press: grazing 
pressure (cattle/ha)), year and location of sampling (Ameland/Terschelling) 

site vegetation structure dominant plant species cattle type press. year loc 
 type height cover      

1 open 15 75 Corynephorus - - 1997 A 
2 open 15 65 Corynephorus -  1998 A 
3 open 10 60 Corynephorus - - 1999 T 
4 open 15 70 Corynephorus - - 1997 T 
5 open 15 55 Corynephorus - - 1999 T 
6 open 10 80 Festuca - - 1998 A 
7 open 15 70 Festuca sheep 0.25 1998 A 
8 open 10 85 Festuca horses 0.5 1997 A 
9 open 25 90 Ammophila cows 0.5 1999 T 

10 encroached 60 95 Ammophila - - 1999 T 
11 encroached 50 100 Calamagrostis - - 1998 A 
12 encroached 70 98 Calamagrostis - - 1998 A 
13 encroached 65 100 Calamagrostis - - 1997 T 
14 encroached 55 100 Calamagrostis sheep & cows 0.5 1997 A 
15 encroached 45 95 Calamagrostis sheep & cows 0.5 1998 A 

MATERIAL AND METHODS 
In total 15 sites were studied (Table 1), five of which were grazed with sheep, cows and/or horses 
for the preceding 4 to 8 years. Carabids were captured using pitfall traps (diameter ± 12 cm) with a 
4% formaldehyde solution. All sites were sampled between April and October 1997, 1998 or 1999 
using 3 to 5 pitfalls per site. Pitfalls were emptied every 2 to 4 weeks. Carabids were identified 
using Boeken (1991), though nomenclature follows Turin (2000). Carabid species were classified 
after habitat preference: ‘specific’ species are species more or less restricted to dune grassland 
vegetation (Turin et al., 1991); ‘characteristic’ species are regularly found in, but not restricted to 
dune grassland vegetation (Turin & Heijerman, 1993). For climatic preference species were 
classified as (meso-)xerophylous, mesophylous or (meso-)hygrophylous after Turin (2000). For 
flight capacity species were classified as not capable (brachypterous, no wing muscle development 
or dimorf without records of flying individuals in The Netherlands), possibly capable (dimorf or 
macropterous with possibility of wing muscle development) and capable (macropterous and wing 
muscle development) (after Turin, 2000). 

For analyses the numbers of carabids captured were corrected for total sampling time and 
number of pitfalls and expressed in ‘activity’ (individuals/site/week). Multivariate analyses were 
carried out using Twinspan (Hill, 1979) and direct Canonical Correspondence Analysis (Ter Braak 
& Smilauer, 1998). For both analyses only abundant species (activity >2.0 ind/site/week) and 
species specific of dune grasslands were used. For Twinspan analyses specific species were 
upweighted (factor 3) and cutlevels were set as 0, 0.1, 0.3, 0.7, 1.5, 3.1 and 6.3. 

Studied sites were classified by hand, based on vegetation type and grazing management, 
resulting in 6 sets: open ungrazed grassland (6 sites), open grazed grassland (2 sites), ungrazed 
Ammophila (1 site), grazed Ammophila (1 site), ungrazed Calamagrostis (3 sites) and grazed 
Calamagrostis (2 sites). Since sample size from grazed and ungrazed vegetation types were small, 
no statistical tests could be applied and the results are presented as descriptive statistics. 

RESULTS 
A total of 4688 adult carabids of 60 species were captured (appendix 1). Of these species, 5 
species (63 individuals) are specific to dune grasslands and 3 species (1559 individuals) are 
characteristic. Numbers of specific species did not exceed 2 per site. More than half of all carabids 
captured were eurytopic (35 species, 2515 individuals). Other carabid species were specific to 
habitats of dune grasslands, e.g heathlands (5 species, 401 individuals) or sandy arable land and 
other open sites (5 species, 48 individuals). The number of species captured per site varied from 8 
(site 13) to 31 (site 11). Activity varied from 11.1 i/s/w (site 3) to 69.5 i/s/w (site 12). No 
distinctive year-to-year patterns in number of species captured were noted, nor in activity. 
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Figure 1. Dendrogram of Twinspan analysis based on activity of 
carabid species that are specific to dune grasslands or activity 
>2.0 (n species = 26) 

Twinspan analysis 
In Fig. 1 a dendrogram of the Twinspan analysis is presented. Sites were classified into 7 clusters 
of which 1 existed at a single site. On the left side of the first bifurcation, clustered sites were not 
grass-encroached, except for sites 8 and 9, which were dominated with Ammophila. All 
Corynephorus sites are classified on the left side of the dendrogram, while all Calamagrostis sites 
are classified on the right side of the dendrogram. On the right side of the first bifurcation all sites 
were grass-encroached, with exception of sites 6 and 8, which are dominated by Festuca. Grazed 
sites are classified left as well as right of the first bifurcation. 

Canonical Correspondence Analysis 
In Fig. 2, the results of direct CCA are presented in a species-environment biplot. The species 
scores along with the environmental variables associated significantly to the two most important 
ordination axes (p=0.015, Montecarlo Permutation test, 200 x randomized). Variables that were 
significantly correlated with species distribution were ‘lichen cover’ (p=0.015), ‘Festuca cover’ 
(p=0.020) and ‘Calamagrostis cover’ (p=0.045). The environmental variables ‘vegetation height’ 
and ‘total vegetation cover’ (not shown in Fig.) were highly interfering with Calamagrostis cover, 
while ‘Corynephorus cover’ was highly interfering with ‘lichen cover’. Variables ‘grazing’ and 
‘Corynephorus cover’/‘lichen cover’ are plotted in opposite directions along the second axes. 

With exception of Calathus melanocephalus, all specific and characteristic species are plotted 
on the negative side of the first axes. Of these species, some are correlated with lichen or 
Corynephorus cover (Masoreus wettherhalli and C. fuscipes), while others seem more correlated 
with bare sand (Amara lucida and Syntomus foveatus) or Festuca cover (Panageus bipustulatus 
and Notiophilus germinyi). Carabid species plotted on the positive side of the first axes are highly 
correlated with Calamagrostis cover and vegetation height. Most of these species are eurytopic 
and (meso-)hygrophylous. 

Numbers and activity of carabids in different sites 
Mean numbers of species captured and mean total activity are shown in Fig. 3a. The number of 
species was highest in grazed and ungrazed Ammophila (mean = 30.5) and lowest in ungrazed 
Calamagrostis (mean = 10,0). Intermediate numbers of species captured (± 20) were found in 
other sites. Total activity was always higher in grazed sites, with most distinctive differences 
between grazed and ungrazed Calamagrostis. 
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Figure 2. Species-Environment biplot for the first two axes of CCA, based on activity of 
carabid species that are specific to dune grasslands or activity>2.0 (n species = 26) 

 
Although activity of specific species was very low in all sites (<1 individual / site / week) the 

only sites with noticeable activity of specific species were ungrazed open grasslands and grazed 
and ungrazed Ammophila sites (Figs. 3b and 3c). Most abundant specific species were Notiophilus 
germinyi and Masoreus wettherhallii. Activity of characteristic species was highest in ungrazed 
open grassland and lowest in Calamagrostis and Ammophila sites, while relative activity of 
eurytopic species was extremely high in Ammophila and Calamagrostis sites, reaching over 70% 
of all captured individuals. Note that total number of species and activity of specific species are 
higher in ungrazed open grasslands than in grazed open grasslands. 

Highest percentages of xerophylous and non-flying species were found in the ungrazed open 
grasslands and lowest in all Ammophila and Calamagrostis sites, while hygrophylous and flying 
species show an opposite trend. Activity of xerophylous and non-flying species was higher in 
ungrazed open sites than in grazed open sites. 

DISCUSSION 
At first it should be remarked that numbers and activity of carabid species specific to dune 
grasslands are very low at all studied sites, even at the more intact ones. According to Turin (1991) 
at least 16 carabid species specific for dune grasslands were found on Ameland and Terschelling. 
In this study only 5 were found, all in low numbers. Since there are no suitable reference studies 
with which to compare the field-data (numbers and activity of species), it is very difficult to 
estimate if, and to what extent, the carabid fauna of the more intact sites has already degenerated. 
Therefore, future research aims should consider how to predict what ought to be found under 
natural circumstances. 
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Figure 3. Histograms of a) number of species and total activity, b) relative activity (%) of 
ecological groups (based on Turin et al., 1991 and Turin & Heijerman, 1993), c) activity 
of specific species, d) r.a. of species classified to moisture preference and e) r.a. of species 
classified to flight capability. Open dune grasslands (n=6), grazed open dune grassland 
(n=2), dense Ammophila vegetation (n=1), open grazed Ammophila vegetation (n=1), 
dense Calamagrostis vegetation (n=3) and dense grazed Calamagrostis vegetation (n=2) 
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The field data clearly indicate that grass-encroachment has large effects on the carabid 
assemblages of dune grasslands. Regarding the differences in activity of xerophylous and 
hygrophylous species, changes in microclimate are the most important factors for these effects. 
Encroachment with Calamagrostis epigejos has more dramatic effects on carabid assemblages 
than encroachment with Ammophila arenaria, probably because it forms denser vegetation and a 
more compact litter layer, resulting in a colder microclimate. 

Grazing does not increase numbers nor activity of species that are specific or characteristic for 
dune grasslands. In Calamagrostis sites this is not surprising, since grazing has not (yet?) resulted 
in an open vegetation structure. However, the numbers and activity of specific species in grazed 
open dune grasslands is lower than in ungrazed open dune grasslands. Low activity of xerophylous 
carabids in grazed open grasslands suggests a cooler microclimate, probably because of changes in 
plant composition due to grazing. Since Corynephorus and most lichen species are intolerant to 
trampling, many disappear following grazing, whilst the remaining vegetation becomes dominated 
by low, but dense Festuca tussocks (Westhoff & Van Oosten, 1993). In contrast to open 
Corynephorus grasslands and lichens, which provide a very warm and dry microclimate (Barkman 
& Stoutjesdijk, 1987) the microclimate of these denser Festuca grasslands is less extreme. 

Apart from the problems mentioned above there is another problem to be held in mind. The 
more intact sites with Corynephorus vegetation have become small islands in an almost 
completely grass-encroached dune landscape. Since many carabids which are typical for dry and 
nutrient poor ecosystems are not able to fly (Turin, 2000), isolation of (sub)populations may lead 
to an increased chance on extinction. Moreover, these isolated populations may not be able to 
serve as a source population to reastablish populations of carabids in restored grasslands sites. 

In conclusion, grazing applied with grazing pressure studied in this paper, does not seem to 
restore dune grassland vegetation and the characteristic fauna of these habitats. Moreover, when 
grazing is used on a large scale, the possibility exists that much of the Corynephorus vegetation 
that has survived until now will change into Festuca vegetation, risking a further decline of the 
carabid fauna. Fences surrounding intact Corynephorus sites are therefore advised in grazed nature 
areas. It is not known yet which management strategies are worth employing to restore and 
conserve stable inner dune Corynephorus vegetation. Therefore future research will consider the 
effects of other forms of grazing (lower grazing pressure, other types of grazers) and several other 
types of management upon vegetation and fauna. 
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Appendix 1. Complete overview of captured species with details on abundance and ecological variables used 
in this study. Nomenclature after Turin (2000) 

Species n. ind. n. sites ecol.gr. clim.pref. fl.cap. 
Calathus fuscipes # 961 14 acc. x N 
Oxypselaphus obscurus # 884 14 EU h N 
Poecilus versicolor # 446 11 EU hm Y 
Calathus melanocephalus # 396 16 acc. x P 
Syntomus foveatus # 341 10 acc. x N 
Carabus arvensis # 261 4 A1 xm N 
Amara lunicollis # 222 12 EU xm Y 
Trechus obtusus # 214 12 EU m P 
Dyschirius globosus # 154 6 EU m P 
Clivina fossor # 125 5 EU hm P 
Harpalus latus # 123 14 A1 m Y 
Notiophilus aquaticus # 111 8 EU xm N 
Carabus granulatus # 85 9 G2 h N 
Pterostichus niger # 73 10 EU hm N 
Amara aenea # 71 7 EU x Y 
Pterostichus melanarius # 59 6 EU hm P 
Pterostichus diligens # 50 7 A1 h P 
Leistus terminalus # 39 7 EU h Y 
Bradycellus harpalinus # 38 10 EU m P 
Masoreus wetherhallii # 32 5 B1 x N 
Amara tibialis # 28 3 C1 x Y 
Synuchus vivalis # 28 8 EU m P 
Notiophilus germinyi # 27 8 B1 x N 
Calathus erratus 23 2 EU x N 
Amara communis 19 5 EU m Y 
Harpalus anxius 14 2 B2 x N 
Pterostichus strenuus 14 3 EU h P 
Amara familiaris 12 3 EU m Y 
Syntomus truncatellus 11 5 EU xm N 
Harpalus tardus 10 4 EU xm Y 
Pterostichus nigrita 9 3 EU h P 
Amara aulica 6 4 H2 hm Y 
Carabus nemoralis 6 2 EU m N 
Bradycellus verbasci 5 3 F2 m Y 
Harpalis affinis 5 2 EU xm Y 
Leistus ferrugineus 4 2 EU hm N 
Loricera pilicornis 4 2 EU h Y 
Microlestes minutules 4 3 Z x Y 
Nebria salina 4 2 B2 xm Y 
Paradromius linearis 4 4 EU xm N 
Pseudoophones rufipes 4 3 EU x Y 
Amara plebeja 3 1 EU hm Y 
Badister bullatus 3 2 EU m N 
Panageus bipustulatus 3 3 B1 xm N 
Agonum fuliginosum 2 2 EU h Y 
Agonum sexpunctatum 2 2 A1 hm Y 
Amara lucida 2 2 B1 x N 
Bembidion quadrimaculata 2 2 H3 hm Y 
Broscus cephalotes 2 1 EU x N 
Demetrias monostigma 2 2 B1 x N 
Pterostichus vernalis 2 2 EU h P 
Agonum marginatum 1 1 H4 h Y 
Amara fulva 1 1 C1 x Y 
Anchomenus dorsalis 1 1 EU xm Y 
Bembidion lunulatum 1 1 H2 h Y 
Bembidion properans 1 1 EU m P 
Bradycellus ruficollis 1 1 A1 xm Y 
Calathus rotundicollis 1 1 EU m P 
Harpalus rubripes 1 1 D1 xm Y 
Notiophilus palustris 1 1 EU h P 

*n. ind.: nu. of individuals; n. sites: nu. of sites a species is found in; ecol.gr.: Ecological Preference Group 
(after Turin et al., 1991); clim.pref.: Climatic preference (after Turin, 2000); x: xerophylous; xm: meso-
xerophylous; m: mesophylous; hm: meso-hygrophylous; h: hygrophilous; fl.cap.: flight capacity, based on 
wing lenght, wing muscle development and field observations (after Turin, 2000); N: no flight capacity; P: 
possible flight capacity; Y: good flight capacity; #: species used for Twinspan and direct CCA-analyses. 




