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Abstract 
We monitored the spider and ground beetle assemblages of old dune and newly created dune-like 
habitats in the Ijzer estuary by means of four years of continuous pitfall sampling (2001-2004). 
The new sites built with dune sand were rapidly colonised by good dispersing species. These 
populations thrived so well during the first years after colonisation that they acted as sources, for 
which the old dune habitats were the sinks. That temporal collateral effect of nature restoration did 
not seem to cause persisting damage in the old dune habitats once the source populations had dis-
appeared. 
Because general stochastic environmental fluctuations, like cold winters, seem to cause important 
year-to-year variation in population size of a number of species, it is advisable to sample develop-
ing and restoring habitats at the same time as their targets. 
The newly created habitats appeared to offer opportunities to enlarge the population size of several 
species of dune living ground beetles and, to a lesser degree, spiders. A multitude of more special-
ised dune species could not (as yet?) install viable new populations. A continuing sampling effort 
will be required to monitor the development, so that additional nature restoration or management 
measures can be taken when bio-indicated to be needed. 

1 Introduction 

1.1 Recent nature restoration project in the river Ijzer estuary 
At the turn of the century, a major restoration project was realised on the right bank of the estuarine 
part of the river Ijzer, Flanders, Belgium (Deboeuf & Herrier 2002, Hoffmann 2004, Herrier et al. 
2005). The first two phases consisted of the demolition of the buildings and roads of the former naval 
basis and the removal of the jetties and quays of the former military harbour and slipway. The exca-
vated sandy soil from the quays was used to build dune-like hills above the pits left by the removal of 
the buildings as well as a dune-like dike along the tidal mud flat created after the removal of the har-
bour and the slipway. These works ended mid-way though March 2001 and immediately afterwards a 
multidisciplinary monitoring scheme was started (Hoffmann et al. 2005). 

1.2 Studies on dry dune spiders and ground beetles in the Ijzer estuary 
In this paper we report the results of the first four years of monitoring of two newly created dune-like 
habitats. We assess the spider and carabid fauna assemblages having colonised these newly created 
habitats in comparison with the assemblages occurring in the adjoining old dune habitats, which were 
already sampled from 1990 (Desender 1996, 2005). Desender et al. (this volume) give details on the 
former history of the IJzer estuary. We compare the spider and carabid assemblages of five sampling 
sites (Fig. 1). Two are situated on the fore-dune, one on the seaward side (site A), and one on the 
landward side (site C). These sites belong to the association Ammophiletum arenarii with a ground 
cover of marram grass tussocks of about 50 %. At the more protected site C, some 5 to 10 % more is 
covered with low growing grasses, herbs, and Euphorbia paralias. The third site (site E) is a grey 
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dune belonging to the phytosociological order Cladonio-Koelerietalia (Provoost et al. 2004). During 
the sampling period 2001-2004 it had the characteristics of the alliance Polygalo-Koelerion, closed 
grassland with a well-developed sod layer. It was short-grazed by sheep. During the 1990’s the site 
had much more open grey dune vegetation dominated by lichens and mosses and with a poorly devel-
oped organic soil layer, in other words it was rather a Tortulo-Koelerion. The change in carabid and 
spider assemblages due to this vegetation change will be treated elsewhere (Baert et al., in prep). The 
three before mentioned old dune sites are designated as priority habitats in the EU Habitats Directive. 
Therefore, we use them here as targets to assess the quality of the newly created sites with dune 
sands: sites F and G. These new sites are situated 50 m apart on a newly built dike about 500 m inland 
from the fore-dunes (Fig. 1). The dike was built with excavated sand with a content of finer soil parti-
cles (clay, organic matter) of about 10 %. At site G, on top of that, about 0.5 m of mineral sand with a 
5 to 10 % content of shell fragments was added and planted with marram grass tussocks. By 2004, G 
showed a ground cover of about 50 % of marram tussocks with in between some 5 % grasses and 
herbs. From only about 10 % ground cover during the growing season in 2001, site F evolved in 2004 
to a cover of about 95 % of sod forming grasses, mosses and herbs, kept short by sheep grazing. 

 

Figure 1: Localisation of old (A, C, E) and newly created (F, G) dune sand sites along the river Ijzer. 

1.3 Year-cycle pitfall trapping as a sampling method for studies on spiders and 
carabids 

Al1 sampling was done with pitfall traps, i.e. glass jars with a content of half a litre, a depth of 10 
centimetres and a diameter of 9.5 centimetres. These traps are dug in the soil with their upper rim just 
beneath the mineral soil surface and half-filled with 4% formaline solution as a fixative and a few 
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added drops of detergent to lower surface tension. At each sampling site, three pitfall traps are in-
stalled about five metres apart. They are emptied and refilled at fortnightly intervals. For each trap, 
once per fortnight, all adult male and female spiders and ground beetles were identified and counted. 
Each site was sampled in this manner for at least a complete year-cycle, starting from the beginning 
of April and ending at the end of March the next year. The total number of males and females caught 
during such a complete year-cycle is the figure used to assess the relative abundance of a species in a 
series of sites to be compared. In other words, these year-cycle numbers are used to determine the 
habitat preference of a species and to ascertain the year-to-year changes in abundance of a species at a 
particular site, sampled for several year-cycles.  
Capture rates of pitfall traps not only depend on population densities (abundance) of the species 
caught, but also on intra- and interspecific differences in soil surface activity levels and in trappability 
as influenced by habitat structure (Greenslade 1964, Maelfait & Baert 1975, Baars 1979, Halsall & 
Wratten 1988, Topping & Sunderland 1992, Sunderland et al. 1995, Maelfait 1996, Antvogel & Bonn 
2001). Therefore, they are not suited for comparisons between species in terms of their abundance. 
However, resulting from a long enough sampling period (a year-cycle) in not too structurally different 
sampling sites, pitfall capture rates give reliable estimates of the relative abundance of each particular 
species over the sampling sites (Maelfait & Baert 1975, Baars 1979, Desender & Maelfait 1986, 
Maelfait 1996, Retana & Cerdá 2000). When used for ordinations or classifications, capture rates 
have therefore to be relativised per species, as we did hereafter in the program PC-ORD used for De-
trended Correspondence Analysis, DCA (Jongman et al. 1995, McCune & Mefford 1999). 

1.4 Climate 
The Belgian coast has a mild Atlantic sea climate. The mean winter and summer temperatures meas-
ured in nearby climatologic stations during the year of sampling were 4.9 and 17.3 °C. The number of 
frost days per month between July 2000 and July 2004 are shown in figure 2. 
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Figure 2: Number of frost days per month from July 2000 to July 2004. 

2 Results 
The scores of sites and species obtained after a DCA of the spatio-temporal distribution of the most 
abundantly caught species are plotted along the first and second axis in Fig. 3 for spiders and Fig. 4 
for carabid beetles. The eigenvalues of the first, second and third axes are for spiders: 0.55, 0.26, and 
0.07; for carabids: 0.53, 0.22, and 0.08. 
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Figure 3: Scores of the year-sites (above) and the species (below) along first and second axis after DCA ordi-
nation of the spatio-temporal distribution over old and new dune sand sites of the 42 most abundant 
spiders. For full species names of abbreviations used here: see Table 1. 
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Figure 4: Scores of the year-sites (above) and the species (below) along first and second axis after DCA ordi-
nation of the spatio-temporal distribution over old and new dune sand sites of the 26 most abundant 
carabid beetles. For full species names of abbreviations used here: see Table 2. 

On the basis of these ordinations, but also derived from the captures made in the old dune sites during 
the five years before the construction of new dune sand habitats, the year-sites and species are ordered 
in Table 1 (spiders) and Table 2 (ground beetles). The median values of the five yearly captures be-
fore 2001, i.e. from 1996-2000, in dune sampling sites A, C and E are mentioned in Tables 1 and 2. 
To obtain a more convenient arrangement of the results (and the discussion), each species was attrib-
uted to one of the Classes 1a to 3c (Column “Class” in Tables 1 and 2) according to its spatio-
temporal distribution over the year-sites. However, when considered needed, idiosyncrasies of par-
ticular species are also taken into account. 
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Table 1: Yearly capture rates of the most abundant spider species per sampling year-site, ordered and grouped 
according to the DCA ordination of Fig. 2 and the capture rates made in the old dune habitats in the 
five years before 2001 (median value of 5 yearly capture rates in columns E, C and A). Red-listed 
species based on Maelfait et al. (1998). Code: abbreviation for species name as used in figure 3. 
Class: explained in text. 
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Class 1a species appear in site G and F in 2001, occur in high numbers in F in 2002 and 2003 (G not 
sampled in these two years) and disappear (or almost so) in 2004. All spider species of this group 
show the pattern as exemplified for Erigone arctica (Fig. 5). During the years of high abundance in G 
and F, these species also appear in considerable abundance in A, but also in E and C, where these 
species were virtually absent during the five years before the creation of the new dune sand habitats F 
and G. 

Table 2: Yearly capture rates of most abundant carabid beetle species per sampling year-site, ordered and 
grouped according to the DCA ordination of Fig. 2 and also on the basis of the capture rates in the 
old dune habitats during five years before 2001 (median value of 5 yearly capture rates in columns E, 
C and A). Red-listed species based on Desender et al. (1995). Code: abbreviation for species name as 
used in figure 4. Class: explained in text. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C
od

e 
 

C
ar

ab
id

 s
pe

ci
es

 
G2001 

G2004 

F2001 

F2002 

F2003 

F2004 

E2001 

E2002 

E2003 

E2004 

C2001 

C2002 

C2003 

C2004 

A2001 

A2002 

A2003 

A2004 

E 
C

 
A 

Class 
Red Data 

Book

Be
m

bf
em

o 
Be

m
bi

di
on

 fe
m

or
at

um
 

17
0 

1 
80

 
73

 
 

  
 

1
 

  
 

 
 

 
 

3
1 

  
 

 
  

- 

Be
m

bq
ua

m
 

Be
m

bi
di

on
 

qu
ad

rim
ac

ul
at

um
 

8 
  

15
 

10
 

3 
  

  
5

  
  

  
  

  
  

3
  

1 
  

  
  

  
1a

- 
Am

ar
fu

la
 

Am
ar

a 
fu

lv
a 

6 
15

 
 

3 
13

 
3 

1
 

 
  

1
 

 
 

1
 

 
  

 
 

  
- 

D
ys

cp
ol

i 
D

ys
ch

iri
us

 p
ol

itu
s 

2 
20

 
 

12
 

33
 

1 
 

 
 

  
 

 
 

 
 

 
2 

2 
 

 
  

ye
s

D
ys

ca
ng

u 
D

ys
ch

iri
us

 a
ng

us
ta

tu
s 

5 
25

 
5 

25
 

63
 

74
 

 
 

 
  

 
3

3
3

5
3

8 
15

 
 

 
  

ye
s

N
eb

rb
re

v 
N

eb
ria

 b
re

vi
co

llis
 

  
3 

2 
  

  
  

  
2

1
  

1
4

1
1

  
49

3 
1 

  
  

1

1b

- 
N

ot
is

ub
s 

N
ot

io
ph

ilu
s 

su
bs

tri
at

us
 

1 
16

 
23

 
11

3 
67

 
3 

25
29

13
23

1
 

 
 

1
1

 
  

5 
 

  
- 

Tr
ec

qu
ad

 
Tr

ec
hu

s 
qu

ad
ris

tri
at

us
 

4 
11

 
7 

  
4 

15
 

  
  

1
4

  
1

  
2

8
1

6 
21

 
  

6
16

1c
- 

C
al

ac
in

c 
C

al
at

hu
s 

ci
nc

tu
s 

52
 

11
2 

56
 

10
6 

75
 

13
3 

24
1

21
5

26
54

30
37

17
1

13
30

28
 

3 
22

1 
13

1
ye

s
C

al
aa

m
bi

 
C

al
at

hu
s 

am
bi

gu
us

 
9 

33
9 

20
 

14
 

43
 

36
 

1
4

7
13

 
15

14
9

1
2

2 
  

19
 

2
  

ye
s

C
al

am
el

a 
C

al
at

hu
s 

m
el

an
oc

ep
ha

lu
s 

1 
3 

4 
2 

3 
1 

8
7

6
9

 
3

3
1

 
3

5 
1 

3 
1

1
- 

C
al

ae
rr

a 
C

al
at

hu
s 

er
ra

tu
s 

2 
41

0 
3 

6 
23

 
3 

9
20

21
29

4
11

26
7

2
6

46
 

3 
27

 
71

10
- 

C
al

am
ol

l 
C

al
at

hu
s 

m
ol

lis
 

37
 

12
43

 
22

 
28

 
30

 
79

 
28

0
15

4
38

53
77

2
64

1
72

9
32

9
52

9
43

4
94

4 
33

0 
89

 
20

0
75

ye
s

H
ar

ps
er

v 
H

ar
pa

lu
s 

se
rv

us
 

8 
65

 
5 

4 
14

 
5 

2
4

1
6

21
20

52
51

2
17

18
 

27
 

7 
43

9
ye

s
Am

ar
lu

ci
 

Am
ar

a 
lu

ci
da

 
4 

34
 

2 
1 

7 
14

 
33

30
9

47
1

 
4

2
1

4
5 

18
 

13
 

1
2

ye
s

H
ar

pa
nx

i 
H

ar
pa

lu
s 

an
xi

us
 

5 
89

 
6 

25
 

63
 

59
 

45
36

23
33

4
2

3
9

1
3

4 
13

 
17

 
25

15
- 

Am
ar

cu
rt 

Am
ar

a 
cu

rta
 

2 
5 

2 
3 

1 
  

5
9

4
5

1
  

  
  

1
1

6 
10

 
5 

1
  

2a

- 
D

ro
m

lin
e 

D
ro

m
iu

s 
lin

ea
ris

 
 

4 
1 

 
2 

  
1

 
1

  
5

10
3

3
9

12
13

 
7 

 
3

1
- 

D
em

em
on

o 
D

em
et

ria
s 

m
on

os
tig

m
a 

  
2 

  
  

  
  

  
  

  
  

9
3

2
1

17
37

18
 

9 
  

3
1

2b
ye

s
Am

ar
ae

ne
 

Am
ar

a 
ae

ne
a 

2 
35

 
5 

19
 

28
 

36
 

23
21

8
45

 
 

 
 

1
1

3 
  

11
 

1
1

- 
C

al
af

us
c 

C
al

at
hu

s 
fu

sc
ip

es
 

2 
32

 
7 

61
 

45
 

21
 

96
18

9
22

4
13

1
 

 
6

 
1

 
 

1 
32

 
1

  
- 

H
ar

pv
er

n 
H

ar
pa

lu
s 

ve
rn

al
is

 
7 

7 
6 

7 
24

 
9 

13
3

64
64

93
 

 
2

 
 

1
 

1 
45

 
4

1
ye

s
M

et
af

ov
e 

M
et

ab
le

tu
s 

fo
ve

at
us

 
2 

14
 

13
 

12
 

11
 

20
 

15
1

45
19

33
2

 
 

 
 

 
1 

  
77

 
10

1
- 

Am
ar

tib
i 

Am
ar

a 
tib

ia
lis

 
  

1 
  

  
8 

4 
34

13
10

29
  

  
  

  
  

  
2 

1 
3 

  
  

2c

ye
s

Am
ar

sp
re

 
Am

ar
a 

sp
re

ta
 

 
  

 
 

 
  

4
 

 
  

 
 

 
 

 
3

21
 

10
 

 
 

  
- 

Be
m

bl
un

u 
Be

m
bi

di
on

 lu
nu

la
tu

m
 

9 
  

12
 

17
 

5 
1 

5
3

  
  

12
5

3
  

12
6

84
10

5 
18

 
  

2
15

3b
- 

 



48  J.-P. Maelfait, K. Desender & L. Baert 
 
 

 
 

As the 1a species, the 1b species did not have populations in the old dune habitats before 2001. In 
contrast to the former class, the species of 1b built up viable populations by 2004 in the new sites. 
This is especially the case for the spider Pelecopsis parallella and the ground beetle Dyschirius an-
gustatus in site F. 
Class 1c species occurred before 2001 in the old dune habitats, especially in the dune grassland E. In 
F they display the same year-to-year variation as the 1a species, except that the class 1c species have 
established populations in 2004 in G and/or F. Class 2a contains species that occurred before 2001 
and during the period 2001-2004 in A, C and E. These species were able to colonise G and/or F dur-
ing that 4-year period. The species making up the class 2b are spiders and carabids of the fore-dune 
ridge that succeeded in the colonisation of one or both of the new sites. 
Class 2c species are inhabitants of habitats like site E (stabilised grey dunes) that succeeded to colo-
nise G and/or F. 
Classes 3a, 3b, and 3c are species of the fore-dunes and/or dune grassland (A and C and/or E) that 
were not able to colonise the newly created habitats. 

0

1000

2000

3000

2001 2002 2003 2004
 

Figure 5: Yearly capture rates (+- 95 % confidence intervals) of the spider Erigone arctica in the newly created 
dune sand site F. 

3 Discussion 
All spider species of classes 1a and 1b, with the exception of Pelecopsis parallella, are small liny-
phiid spider species known to be good aeronautic dispersers. These species occur in high densities in 
unstable, poorly vegetated, temporal habitats such as regularly inundated riverbanks, arable land, in-
tensively exploited hayfields, and pastures (Bell et al. 2005, Bonte et al. 1998, 2002, 2004, De Keer & 
Maelfait 1987A, B, 1988, 1989, Maelfait & De Keer 1990, Maelfait et al. 2004). Their colonisation 
capacities are well illustrated by their rapid massive appearance in G and F. While the species of class 
1b, which appear a bit later than 1a species, have populations in 2004 in G and F, the 1a species al-
ready disappeared again. The vegetation apparently attained a too high ground cover by that year for 
such species. Pelecopsis parallella, a species of which there are no observations of aerial dispersal, 
found especially in F a very suitable habitat. It is this far more widely distributed species and not its 
rare sister species of dry dune habitats Parapelecopsis nemoralis that colonised the new sandy habi-
tats G and F. 
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The spider species of class 1c are excellent aerial dispersers with a wide distribution, including man-
made habitats. They differ from the class 1a species because they need low vegetation (grasses, low 
herbs) to attach their webs used to catch prey. In addition, the carabid Notiophilus substriatus is a 
species bound to short grassy vegetations (Desender et al. 1995, Turin 2000). These species are also 
quite abundant in E. This suggests that colonising individuals in G and F could as well have come 
from these old dune habitats as from nearby agricultural land. 
All the carabids of 1a, 1b, and 1c are also good aerial dispersers, i.e. full-winged (macropterous) spe-
cies with well-developed flight muscles (Desender 1989, 2000). As for the spiders, all these species, 
with the exception of two Dyschirius species, are widely distributed species in disturbed habitats. The 
two Dyschirius species are red-listed and are bound to more or less humid, patches of sand devoid of 
vegetation (Desender et al. 1995), as occurring in young dune slacks, a rare habitat type along our 
coast. As can be seen in Table 2, they were doing very well in at least of one of the two new habitats 
in the period 2001-2004. However, as observed in the captures of 2005 and 2006 (Desender, pers. 
comm.) this was only a temporary situation. It is expected that the species will again locally become 
extinct when highly dynamic, open sand situations cannot be kept in the area due to expected vegeta-
tion succession (cf. Desender ET AL., this volume). 
The relatively high numbers caught in C, E and especially in A of several species of the classes 1a 
and 1b in 2001 and 2002 are most probably the result of an overflow of the rapidly growing popula-
tions in F (and presumably in G, not sampled in 2002). Mass effects (Leibold et al. 2004, Leibold & 
Miller 2004) by species with a high aerial dispersal propensity, i.e. by ballooning spiders and flight by 
carabids with fully developed hind wings (and functional flight muscles) appear to have been impor-
tant in the first year of the restoration process. During the first year, newly created habitats acted as a 
sink for dispersers coming from highly productive source populations in their vicinity, such as agri-
cultural habitats, a dredging sludge dump area of several hectares excavated during the sampling 
campaign and possibly also from the dune grasslands. Later on, the newly created habitats became a 
source of individuals of good dispersing species immigrating in the long existing sites. The presence 
of these species does not seem to have caused damage or lasting changes in the assemblage composi-
tion of old dune sites as these fugitive species disappeared again by 2004 and as no other former oc-
curring species were lost (Figs. 3, 4, and columns A, A2001 to A2004 of Tables 1 and 2). These re-
sults confirm the strong effect that dispersal ability may have on spider (meta-) community composi-
tion of grey dunes (Bonte et al. 2004, Bonte et al. 2006). Here we observe that this effect rapidly fades 
away once nearby local disturbances come to an end.  
As the species of class 1a and Meioneta rurestris (1b), the 1c species showed a sharp decline in num-
bers between 2002 and 2003. This decimation has probably been caused by the relatively harsh condi-
tions of the winter 2002-2003 (Fig. 2) to which these species appear to be susceptible. Such high win-
ter mortality can also be observed for several other species and sites, e.g. for the spider Tenuiphantes 
tenuis at all sites. Why particular species appear to be more vulnerable to harsh winter conditions than 
others would require investigations that are more detailed. This striking influence of climate and pos-
sibly other general stochastic environmental factors implies that the estimation of the distance-to-
target of developing and restoring assemblages can best be done by sampling them simultaneously 
with the assemblages of the target habitats. 
Of the remaining 29 spider and 18 carabid species, respectively 14 and 16 were able to colonise the 
new habitats after 4 years (classes 2a, 2b and 2c of tables 1 and 2), while 15 spider and 2 carabid spe-
cies failed to do so (classes 3a, 3b and 3c of tables 1 and 2).  
Colonisation was most successful for species with a wider distribution in dune habitats, i.e. species 
occurring in E, C, and A (classes 2a and 3a); for spiders: 8 species out of a total of 11 could colonise, 
for carabids: 9 out of 9. Colonisation was less successful for spider species of the dune grasslands like 
E (classes 2c and 3c: spiders: 4 out of 9, carabids: 5 out of 5). The new habitats did not yet seem suit-
able enough for or could not be reached yet by several species of the fore-dunes (2b and 3b): only 2 
out of 9 spider species and 2 out of 4 carabids could invade the new sites. 
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Overall, by 2004, 16 out of the 18 typical dry dune carabid species of the area could establish popula-
tions in the new dune-like sites created by the nature restoration project, while this was only the case 
for 12 out of 29 typical dry dune spiders. For seven endangered spider species (column Red Data 
Book in table 2) one or both new habitats appeared suitable enough to be permanently colonised. 
However, for 9 other spider species of the Red Data Book this was not or not yet the case. For 
carabids, all 8 Red Data Book species were typical dry dune carabids of the area established popula-
tions and two new Red Data Book species came in, at least temporally (see above).  
This leads to the conclusion that the newly created dune-like habitat can be considered a valuable 
enlargement of the natural habitats for several typical dune living species, mostly carabids, to lesser 
degree spiders. Of especially this last taxonomic group, the more specialised dry dune species could 
not install populations in the new habitats. Further monitoring will be required to evaluate if this 
situation gradually improves or if additional nature restoration and/or management measures will 
have to be considered. 
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