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Abstract

Populations of ground beetles and spiders are continuously monitored since 1990 in the dunes and
salt marshes of the river Ijzer estuary (Belgium), where a recent nature restoration project took
place within the framework of LIFE. Immediately after restoration measures, continuous (year cy-
cle) pitfall and window trapping was performed during several years in restored or newly devel-
oped salt marsh and dune slack habitats and compared to target ('old' salt marsh) habitats. In this
paper, we focus on ground beetle assemblages and species quality from these samplings, based on
some 40,000 beetles identified to 96 species. Results show several beetles new to the study area as
well as a marked increase of several target species with high conservation interest (Red-list spe-
cies). However, many of these species could be rapidly lost again unless natural dynamic proc-
esses are kept ongoing. Historical beetle data show that many species that disappeared from the
area during the past century have not yet been able to recolonise. This is especially true for salt
marsh species and possibly due to dispersal limitation. Many dune slack species re-appeared but
did not establish viable populations. Moreover, several ground beetle species indicate increased
sand instead of silt deposits in new and old salt marshes. Further invertebrate monitoring therefore
is a prerequisite for a well-founded long-term evaluation of the executed nature development
measures. Such monitoring will be of much interest, both for an evidence-based nature conserva-
tion management, for fundamental ecological research, but also as a possible early warning system
for the need of additional management measures in the future.

1 Introduction

1.1 History of the river ljzer estuary: a story of continued habitat destruction

The relatively small river Ijzer is located in the western part of Belgium and has a short intertidal zone
at the North Sea. A short history of this area is summarised on Fig. 1, comparing the most important
phases of habitat destruction and degradation that took place from early medieval time until about
1986. About 1200, the estuary still consisted of many creeks, vast areas of salt marshes, extensive
coastal dunes and, probably, many biologically very interesting dune-salt marsh transitions. By the
end of the 18™ century (as derived from the maps of de Ferraris, 1775), large natural areas had been
lost, especially of salt marshes, mainly due to the limitation of sea tidal influences up to the sluices
that had been constructed by that time besides the port of Nieuwpoort (situated at the lower right).
Recent historical maps show an ongoing reduction of salt marsh area about 1842. At the beginning of
the 20™ century, when tourism along the Belgian coast started to expand, the first large areas of dunes
were urbanised, along with the complete loss of the salt marsh along the left bank of the river. By
1955, habitat loss reached dramatic proportions, then also along the right bank of the Ijzer and promi-
nently in the associated coastal dune area. A naval port was constructed and dunes were further re-
duced mainly due to building activities and camping sites. Moreover, a large part of the already
highly reduced salt marsh was covered with dredged materials from maintenance channel deepening
projects of the river. Shortly after that period, a new marina was constructed to the south of the per-
sisting salt marsh relic, which was then even further reduced due to renewed deposition of dredging
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material on its northern remnants. Nevertheless, the highly reduced natural remains of the estuary still
contained many organisms of high conservation interest, including many invertebrate species of the
Red Data Book. We therefore started a long-term ecological study of spiders and ground beetles in the
area, on one of the few remaining sites left along our coast with at least some continuous gradients
between seafront and inland dunes as well as a salt marsh relic.

Figure 1: A short history of the river Ijzer estuary, illustrating the main episodes of destruction and degrada-
tion of salt marsh and dune habitats until the situation before the recent nature restoration project (all
maps are drawn at approximately the same scale) (modified, after: Decleer et al. 1995, Verhulst
1995).

1.2  Long-term invertebrate studies in the river ljzer estuary

Since 1989, we have been continuously monitoring ground beetle and spider populations in the river
Ijzer estuary coastal dunes and salt marsh (Belgium), mainly by means of uninterrupted long-term
pitfall trapping on several sites. From this unique study area, along the right bank of the Ijzer estuary
and the seaside beach front, no less than 140 ground beetle species are hitherto known based on these
continuously performed samplings (Desender 1996, 2005b, Desender & Baert 1995). Diversity and
assemblages have been studied on different scales by means of different sampling techniques, includ-
ing pitfall traps, window traps, and air bell traps. The area moreover has been a favourite location for
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many entomologists from about 1850 onwards, especially during the past century. Therefore, many
historical data also exist on the former beetle fauna of this area. Most of this historical material is
housed in the RBINSc (Brussels) and we recently completely checked and summarised these data in a
distributional database.

Our long-term ecological study, as well as the presence of even older historical beetle data, offer an
ideal framework to monitor and evaluate the effects of a recent nature restoration project that was
started by the Flemish Government in 1998-2001 in the same area, within the framework of LIFE
(Hoffmann 2004, Hoffmann et al. 2005, Maelfait et al. this volume). The general aim was to restore or
create the natural ecological gradients typical for a coastal estuarine ecosystem. Most energy and res-
toration measures have therefore been directed towards an important increase of the pre-existing lim-
ited surface of old salt marsh, as well as towards increasing contact zones between mud flats, salt
marsh, and coastal dune habitats. The project aims at restoring the situation of the Ijzer estuary around
the beginning of the previous century, i.e. a period that is documented at least to a certain degree con-
cerning the nature values (including ground beetles) of the area.

Figure 2: Recent aerial view of the river Ijzer estuary study area, including a new dune slack (site J) at the
margins of a dune pond, and the old salt marsh relic (lower left with OS sites), separated by a low
dike from new salt marsh (sites, H, K, S, NS, ZE); scale bar ~50 m.
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In order to evaluate the effects of this recent restoration project, we sampled newly created or modi-
fied sites (dunes, dikes, banks of a dune pond and new salt marsh), while continuing our long-term
sampling on a number of reference sites from the main target habitats in the area. Spider and beetle
results of additional area-covering (short-term) sampling campaigns are reported elsewhere (Desender
et al. 20006).

In this contribution, we focus on ground beetle assemblages and species quality from restored or
newly developed salt marsh and dune slack habitats, based on 26 continuous (complete year cycle)
trapping series collected on 12 sampling sites. Sampling sites are illustrated on a recent aerial view of
the area in Fig. 2 and include old salt marsh (OS sites), new salt marsh (sites H, K, S, NS, ZE) and a
new dune slack on the margins of a dune pond (J). Colonisation and turnover of assemblages are con-
tinuously monitored in these newly created sites and in the corresponding target habitats in order to
evaluate the results of the restoration measures.

2 Results

2.1 Ground beetle assemblage and indicator species analyses in old and more recent
salt marshes and dune slack during different sampling years

About 40,000 ground beetles, belonging to 96 species, were identified from the 26 year-cycles used in
this paper. Based on the quantitative data for the most numerous species, a Detrended Correspon-
dence Analysis (DCA) was performed with PCORD (McCune & Mefford 1999), after transforming
data to relative densities within each species over the different sampling series (i.e. equal weighting
each species). To prevent possible overruling noise from accidental species in this analysis, only
carabid species with 26 or more individuals (equalling at least the number of separate sampling series
used) were retained. A total of 42 ground beetle species fulfilled this criterion. Test runs with a more
or less strict criterion nevertheless yielded a similar ordination as compared to the result for the 42
species, representing more than 95 % of the total pitfall and window trap catches. We refer to Mael-
fait et al. (this volume) for more information on this type of analysis and the rationale behind the use
of pitfall data. Four of the analysed year-cycles are based on window trap catches and were entered as
separate series in the analysis.

Figure 3 shows the ordination plot of year-cycle samples scores (upper graph, with overlay of main
habitat type) and added species scores (lower graph) from this analysis. Based on the major groups of
sampling series observed in this ordination (cf. added ellipses and overlay), the ground beetle species
and their abundance are re-ordered in two-way Table 1 (number of individuals per series based on
three sampling units or traps). Within each of the groups, sample series are ordered according to sam-
pling year. An Indicator Value (IndVal) analysis (Dufréne & Legendre 1997) was performed based on
this data and testing the hypothesis of indicator species for the four groups of samples (i.e. dune slack,
window trap series, new salt marsh and old salt marsh). These results, along with the observed sig-
nificance for each species indicator value, are presented in Table 2. Species with a statistically signifi-
cant IndVal for one of the tested groups are also indicated in Table 1.

Along the first DCA ordination axis, we can easily discriminate three different groups of sites/series
based on their ground beetle assemblages (Fig. 3): four consecutive year cycles in the developing
dune slack vegetation (J01-J04) are regrouped at the left, whereas all 'old salt marsh' series cluster to
the right. Early stages of developing new salt marsh as well as all window traps year cycles (two from
the dune slack, two from new salt marsh) are found in more or less central position. Along the second
axis, data on flying ground beetles (window traps) are discriminated from all pitfall trapping series,
whereas at the same time dune slack samples are clearly positioned according to the year of sampling
(2001 up to 2004, i.e. from the very first stages of development of the newly created site up to a more
developed dune slack vegetation).
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Figure 3: Plot of DCA ordination (detrended by 26 segments) sample and species scores, based on 26 site-year
samples for the 42 most abundant ground beetle species: upper graph with added site labels and el-
lipses regrouping most important habitats/samples, lower graph with abbreviated species labels (see
Table 2 for explanations).
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Re-ordered two-way table showing the number of ground beetles per species (corrected to three

Table 1:

sampling units per series) in the 26 sampling series (site code followed by year of sampling between

(19)93 and (20)04; preceded by "W' for window trap catches) used for DCA (species names given in

full in the same order in table 2); species in grey box have a significant Indicator Value for their re-

spective group of sampling series, cf. table 2).
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Table 2: IndVal (IV) analysis based on four groups corresponding to DCA results (compare with table 1);
Maxgrp= group identifier for group with maximum observed IV: 1= dune slack, 2= window trap
catches, 3= new salt marsh, 4= old salt marsh; (*)= proportion of randomised trials with indicator
value equal to or exceeding the observed indicator value; p= (1 + number of runs >= observed)/(1 +
number of randomised runs); significant values in bold.

IV from randomised
Observed groups
Species Maxgrp Ind Val Mean S.Dev p(*

99.3 234 11.98 0.0010
90.3 41.7 13.46 0.0010
81.8 275 11.18 0.0010
712 225 11.41 0.0010
100.0 19.1 10.33 0.0010
945 349 14.17 0.0020
72.6 31.8 10.30 0.0030
69.7 22.6 11.57 0.0030
66.4 38.8 9.26 0.0080
59.0 2438 11.06 0.0110
69.1 33.7 14.39 0.0120
54.8 22.9 11.61 0.0150
71.2 353 14.85 0.0200
64.0 31.6 11.88 0.0200
48.6 31.1 9.81 0.0580
49.8 28.7 12.47 0.0720
52.1 35.1 11.93 0.0960
46.6 36.2 13.30 0.1970
16.7 25.4 12.72 0.7740
97.8 26.6 13.56 0.0010
84.1 46.7 14.35 0.0050
46.6 26.2 11.81 0.0630
43.8 32.6 7.05 0.0780
27.8 29.9 12.78 0.4710
785 444 10.81 0.0030
54.3 34.0 11.30 0.0560
39.6 24.0 11.81 0.0770
48.3 34.6 11.25 0.1150
58.2 47.1 15.61 0.2480
39.2 35.9 11.18 0.3370
23.4 38.0 12.24 0.9480
76.2 33.4 9.97 0.0020
90.9 315 13.41 0.0050
54.9 26.0 10.57 0.0190
59.3 30.9 11.34 0.0220

Agonum marginatum
Calathus mollis
Harpalus vernalis
Notiophilus substriatus
Omophron limbatum
Bembidion pallidipenne
Nebria brevicollis
Bembidion genei
Dyschirius thoracicus
Amara fulva

Harpalus anxius
Acupalpus brunnipes
Harpalus servus
Dyschirius angustatus
Calathus fuscipes
Calathus ambiguus
Calathus cinctus
Calathus erratus
Bembidion varium
Bradycellus verbasci
Trechus quadristriatus
Stenolophus teutonus
Bembidion lunulatum
Amara convexiuscula
Bembidion femoratum
Bembidion quadrimaculatum
Loricera pilicornis
Bembidion tetracolum
Harpalus affinis
Bembidion obtusum
Bembidion properans
Pogonus chalceus
Dyschirius salinus
Amara aulica
Bembidion laterale

Harpalus tardus 38.4 26.2 9.88 0.1030
Dicheirotrichus gustavii 529 374 11.74 0.1150
Bembidion minimum 48.6 43.0 9.08 0.2410

33.9 30.9 12.44 0.3240
34.6 32.0 11.49 0.3360
30.3 39.7 11.48 0.7890
19.0 30.3 12.38 0.8330

Harpalus rufibarbis
Harpalus rufipes
Dicheirotrichus obsoletus
Metabletus foveatus

ARADAADRADDIADANDRDNDWWWWWWWNNNNNRRPRRPRREPRPRRPRREPREPRPRERPRRRERR

An array of typical ground beetle species for each of the observed clusters of sampling series can be
derived from the lower DCA graph as well as from the IndVal analysis and the ordered table with raw
data, taking knowledge on the ecology of each species and its possible preference for other dune habi-
tats into account. The last-mentioned aspect is especially important for the small-sized dune slack site,
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where several ground beetles from other (dry dune) habitat types were observed in relatively large
numbers (e.g. the typical marram dune species Calathus mollis, the dune grassland species Calathus
ambiguus, Calathus cinctus, Harpalus vernalis and H. anxius). This suggests the occurrence of more
or less strong edge effects and/or source-sink effects, an aspect dealt with in more details by Maelfait
et al. (this volume).

The most typical carabid species for the dune slack (margins of new dune pond) were, among others
Agonum marginatum, Omophron limbatum, Bembidion pallidipenne, B. genei, Dyschirius thoracicus
and Acupalpus brunnipes. The last-mentioned species was also caught in large numbers during flight
activity. Some of these species gradually build up a large population, whereas others have already
nearly completely disappeared again from the area (e.g. Bembidion pallidipenne). Bradycellus ver-
basci and Trechus quadristriatus appeared most numerously in the window trap catches. Indicator
species for early stages of new salt marsh development were Bembidion femoratum and B. quadri-
maculatum, whereas Pogonus chalceus, Dyschirius salinus, and Bembidion laterale were most nu-
merous in old salt marsh samples. A number of other salt marsh species occurred both in old salt
marsh, some window trap series and most of the somewhat more developed new' salt marsh sites:
Bembidion minimum, Dicheirotrichus gustavii, and D. obsoletus. Assemblages, derived from the most
recent new salt marsh series (NS04), therefore were already much more similar to 'old salt marsh' se-
ries as compared to earlier stages of developing new salt marsh. Nevertheless, the typical ground bee-
tle salt marsh species Dyschirius salinus was still absent from restored or new sites.

2.2 Evaluating nature restoration based on historical and recent occurrence of dune
slack and salt marsh ground beetles in the river Ijzer estuary

The river Ijzer estuary received already much attention in the past and repeatedly was visited by en-
tomologists from about 1850 onwards. This old data, residing in the RBINSc collections (Brussels,
Belgium), enables us to compare, for this area, the historical and recent occurrence of ground beetle
species that are known as typical dune slack or salt marsh species.

Table 3 summarises this data and regroups, for each of the main target habitats, dune slack or salt
marsh, the ground beetle species that are documented to have disappeared in historic times from the
area (most recent year of observation mentioned), most probably as a consequence of the habitat de-
struction and degradation that took place mainly during the past century (1A and 2A species). A com-
parison with species that continuously remained present in the area or even appeared as new' during
or since the recent nature restoration project (1B and 2B species) shows a strongly differing pattern
depending on whether species are typical for dune slack or for salt marsh. All mentioned dune slack
species (14) without exception have been observed in recently restored sites, whereas less than half of
the salt marsh species (9 out of 20) managed to colonise or recolonise the area.

Most, if not all, of the very special carabid species that were lost in historical times from the area
(some 20 species, a large majority of these seriously threatened in our region), were not or not yet
able to re-establish viable populations in the Ijzer estuary restored habitats (cf. table 3, persistence in
study area of 1A and 2A species). Salt marsh species with a preference for more coarse-grained sedi-
ments or with a wider range of preferred soil types (sand/silt), appear to show less problems in main-
taining viable populations (several 2B species), also in restored sites.
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Typical dune slack and salt marsh ground beetles, with their historical and/or recent occurrence in

Table 3:

the river Ijzer estuary, regrouped into (A) species that disappeared from the area before the onset of

recent nature restoration and (B) those that have been continuously present or recently appeared as
new to the area, along with quantitative data on their recent occurrence in the estuary, Red Data

Book category for the region of Flanders (Desender et al. 1995), persistence in the area, and major

soil type preference.

puespj|is S3aA ael juepunge juasald Ajlsonunuod ysrew jes snaojeyd snuobod
s &l alel ON juasaud Ajlsonunuod ysrew jes snulfes sniiyosAQ
pues S3aA aJel juepunge juasaud Ajlsonunuod ysrew jes SN18|0Sqo snyolloldByaIg
s S3A alel juepunge juasaud Ajlsonunuod ysrew jes nAelsnb snyouloliayalq
IS S3IA pauajealy} J0u juepunge juasalid Ajsonuiuod ysrew jes wnuea uoipiquag| gz
pues ON 'eUNRJ 0] MBU pul g eale 0] Mau ysrew jes wnaaidolbiu uoipiquiag
s S3A pausiealy) 10u juepunge juasald Ajlsonunuod ysrew jes wnwiuiw uolpiquiag
pues S3aA pauarealy) A|qeqo.d juepunge juasaud Ajlsonunuod ysrew jes a[eJale| uoipiquiag
puespjis S3A alel juepunge juasalid Ajsonuinuod ysrew jes B|NJSNIXSAUOD eleWY
s ON alel ON 286T ysrew jes 132eW snyansoiald
s ON pauaresaiy) Ajgqeqoud ON G9o8T ysrew jes siuuadipun| snuobod
WIS ON 1oUXa-Ieau ON G/8T ysrew les sifeson| snuobod
SIS ON 10UNXd ON 6v6T ysrew jes siuuadpoundwi snuiyasAg
s ON alel ON €88T ysrew jes snaoleyd snuIyasAq
s ON a|qeiaunA ON V6T ysrew jes wnuuewJou uoipiquag| vz
WIS ON patabuepus ON 6.6T ysrew jes wnuwniiew uoipiquiag
ns ON alel ON L66T ysrew jes 1ojodul uoipiquiag
s ON aJel ON LE6T ysrew jes wnyeBiwny uolpiquiag
eMis ON a|qelauinA ON vE6T ysrew ies wniddiyda uolpiquiag
s ON 10UlIXd purt 088T ysJeuw jjes sap10]1990d snjAoeposiuy
pues S3IA paualealy) Jou juepunge juasaud Ajlsonunuod oe|S aunp snuoina) snydojouals
pues S3IA pausreaiy} Jou juepunge juasaud Ajlsonunuod 3oe[S aunp snuedu sniyde|3
pues S3IA pausiealy) 10U juepunge juasalid Ajsonuiuod o®|S aunp snaioeIoy) SNLIYISAQ
pues e ael juepunge juasaud Ajlsonunuod 3oe|s aunp snjounsip snedApeig| gt
pues ON ael ‘puI € Bale 0] Mau 3oe|S aunp XO[9A uolpiqwiag
pues S3IA pausreaiy} Jou juepunge juasaud Ajlsonunuod 3oe[S aunp wnyeulbrew wnuoby
pues S3A a|qelau|nA juepunge eale 0] mau 3o®|S aunp sadiuunig sndrednay
pues S3IA pauajealy} J0u juepunge 606T o®e|S aunp wnyequi uosydowo
pues ON alel ‘puI T 1E6T 3oe|Ss aunp SnIN2sgo snuIyasAQ
pues ON pasabuepus pul T GY6T 3oe|s aunp BWILRW B[3PUIDID
pues ON pausiealy) 10U pul g 92Z6T 0e|S aunp sajojeydad snosoig| vt
pues e 10UIIX8-1eau juepunge 8S6T oe|S aunp auuadipiied uoipiquiag
pues ON pausrealys 1ou purt 0S8T >oels aunp Slop uolpiquiag
pues ON alel ‘pul g €881 3oe|s aunp wnjoajuablie uoipiquag
1091010
adAy |los vale A10bBared SolS paloysal uoljel01sal a10jaq
Um:&ma Apnis ul 4004 B1Ep pol Ajuadal co..ﬁimwno Jua%8. 1elIqey paliasaid sol0ads dnoib
Bunsisiad uo panlasqo :

1Sow Yyim Jeak




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

3 Discussion

Habitats of newly created, restored or developed sites in the Ijzer estuary (dikes, dunes, salt marsh as
well as banks of freshwater habitats), can be characterised, during their first years of existence, by a
large number of ground beetle species, typical for strongly disturbed habitats, more specifically for
cultivated fields and ruderal sites on light soil. Trechus quadristriatus and Bembidion femoratum in-
deed prefer poorly vegetated disturbed sand to sandy loam soils, such as on cultivated fields, but also
occur in rather wet situations such as highly dynamic riverbanks (Turin 2000). These ground beetles
are excellent flyers and therefore were also abundant in our window trap catches in differing habitats
(cf. Desender 2000).

In addition, an important number of Red Data Book species have been observed in these new or re-
stored habitats. These include many typical dune and salt marsh species, occurring in the immediate
surroundings, but also several dune slack species, recolonising the study area, such as Bembidion pal-
lidipenne (near-extinct in Flanders) and Bembidion argenteolum (threatened). Another typical species
for first stages of sandy riparian or dune slack habitats is Omophron limbatum, preferring margins of
fresh or brackish water bodies of high quality, especially devoid of vegetation, including early stages
of succession of coastal dune slacks. The first-mentioned beetle is extremely rare in our country and
until now, it was only known from very few coastal locations. Bembidion pallidipenne appears to
colonise nearly exclusively the first stages of brackish-fresh water riparian sites, particularly without
vegetation, such as dynamic early stages of dune slacks. It needs constantly present dynamics and
turnover in order to maintain a long—term surviving metapopulation structure. The species occurred in
massive numbers in the [jzer estuary during the first years after restoration measures. At present, this
ground beetle has already disappeared nearly completely from the study area again, which could have
important implications for options concerning future nature conservation management. Future moni-
toring will enable to conclude whether or not the individuals of such species are making up permanent
(well-established) populations or, alternatively, only a temporary population, as a result of quickly
changing habitat ecological characteristics or as a result of source-sink effects from adjacent high-
quality habitats (cf. Maelfait et al., this volume). Such effects could especially manifest themselves in
years with high abundance of particular species.

These beetles nowadays only persist in very few nature reserves of our region, but are typical pioneer
species from coastal freshwater-brackish waterside habitats on sandy soil, such as dune slacks and
dune-salt marsh transitions. Such species in general possess an excellent dispersal power (cf. De-
sender 1989a) and apparently rapidly colonised the new habitats that became available in the Ijzer
estuary. To survive in the long run, they will need relatively continuously present dynamics at ecosys-
tem level as well as sufficient populations functioning in a larger metapopulation. Many of these
ground beetles however only occurred or were abundant during or immediately after the restoration
measures took place, quickly disappearing after that initial stage. The rapidly decreasing numbers of
Bembidion pallidipenne, after being initially very abundant on the new dune slack, are highly illustra-
tive in this context. To conclude, many of these highly specialised dune slack beetles did not manage
to establish more continuous and viable populations in the river Ijzer estuary.

In North-Western Europe, ecological restoration of salt marshes, assisting the recovery of degraded,
damaged or destroyed salt marsh (SER 2004), has received increasing attention during recent years,
mainly within the context of de-embankments and realignment of coastal defences (Garbutt et al.
2006, Wolters et al. 2005b). The recent nature restoration project in the river Ijzer estuary involved,
related to wet target habitats, the removal of a large amount of top soil in order to recreate potential
sites for salt marsh development and dune-salt marsh transitions, adjacent to an old salt marsh relic.
As part of this project, a dune pond was created, giving rise to accompanying dune slack vegetation
along its margins. At the onset of this recent nature restoration project, less than 4 ha of salt marsh
remained in the area from about 60 ha that were present about a century ago (Goetghebeur 1976),
while only one dune slack, moreover in late successional stage, occurred in the neighbouring dune
area.
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Restoration success in other salt marsh or dune slack studies has mostly been evaluated by plants or
birds and there are only very few investigations that also used information on terrestrial invertebrates
in this context. Yet invertebrates offer unmatched possibilities for such studies, being extremely di-
verse, with many highly specialised organisms and useful at small as well as larger scale. Native ar-
thropod assemblages are abundant and considered functionally important in many ecosystems, and
certainly in wet dune slacks and salt marshes (Gratton & Denno 2005). Successful restoration of (ben-
thic) invertebrate communities of salt marshes has been reported to require consideration of both
habitat (ecological) characteristics and dispersal ability of target species, even in created sites in close
proximity to natural source areas (Armitage & Fong 2004, Warren et al. 2002).

Ground beetles are documented from about 1850 in the river Ijzer estuary and have been studied in
detail and monitored continuously, along with spiders, for about the past 20 years (Baert & Maelfait
1999, Desender 1996, Desender et al. 1992, 2006). The study area has been recognised as a biodiver-
sity hotspot, at least to recent Belgian standards, but is hoped to become even more interesting in the
future. The large array of typical ground beetle species that disappeared from the area in historical
times and have not yet been able to recolonise, points to a major problem of dispersal limitation. This
is certainly true for salt marsh species and yet, somewhat paradoxically, nearly all of these species are
known to possess a high dispersal power (Desender 1989a). In this process of recolonisation, avail-
ability and short distance of potential source areas are obviously of major importance, combined with
the role of coincidence. Many of the most typical dune slack and salt marsh beetles from our region
indeed are highly mobile as an adaptation to unstable conditions and inundation risks in the highly
dynamic habitats they prefer (Desender 1989a, for interesting exceptions to this pattern, see also De-
sender 2005a, Desender et al. 1998, Dhuyvetter et al. in press). Typical dune slack invertebrates, as
well as plants, therefore rely for their successful establishment on regular dispersal from other natural
areas with persisting young dune slack successional stages (Bossuyt et al. 2003, Bossuyt & Hermy
2004, Desender et al. 1998, Esselink et al. 2000, Wolters et al. 2005a). To conclude, regional factors
are crucial for a successful colonisation and establishment in nature restoration sites.

Our results in the nature restoration sites of the Ijzer estuary show the importance of such regional
processes for ground beetles from dune slacks and salt marshes, be it at somewhat differing scales.
Several rare or threatened ground beetles from mud flats and salt marshes, surviving in the salt marsh
relic of our study site, Pogonus chalceus, Dicheirotrichus obsoletus, D. gustavii and Bembidion later-
ale, rather quickly expanded their populations in the adjacent, newly created, salt marsh areas, espe-
cially during the most recent year included in the above-mentioned analyses (2004). This is not or not
yet the case for the species Dyschirius salinus and could be due to a lack of sufficient clay in the sub-
strate of the new marshes. This beetle indeed is adapted to a very fine-structured salty substrate and
avoids sandy sediments (Desender 1989A, Turin 2000). On the other hand, the relatively high abun-
dances on newly created sites of species preferring more coarse-grained sediments, such as Bembid-
ion laterale and Dicheirotrichus obsoletus (in contrast to the congeneric species D. gustavii, more
typical for heavier soils), also point into the same direction. These beetles clearly prefer a more sandy
substrate as compared to many other salt marsh or halophytic carabids (Desender 1989a). However,
when comparing, at a larger scale, the actual salt marsh communities observed today to the extended
list of carabid species that have been lost during the past century from the Ijzer estuary, the result is
not yet very positive. Not a single of these salt marsh ground beetle species managed to (re)colonise
the area yet. This strongly suggests a negative influence of dispersal limitation, in other words the
lack of high quality salt marsh areas at sufficient proximity that could act as source areas for the re-
establishment of species that disappeared during the past century from our study area.

Dune slack species in our region seem not (yet) to suffer much from such dispersal limitation, as most
of the species recorded historically have already attempted to recolonise the restored sites of the river
Ijzer estuary. There are indeed several dune slack areas of high interest at relatively shorter distances
along the Belgian West coast, as compared to a complete lack of potential salt marsh source areas in
this region. Unfortunately, only few of these colonisation attempts by dune slack carabid species re-
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sulted in successful establishment of populations, which might be linked to the fast succession taking
place in restored habitats, and/or the lack of sufficient dynamics, possibly also related to relatively
small restoration scales, certainly applying to the restored dune slack.

Sedimentation characteristics on restored sites impose further constraints on colonisation and success-
ful establishment of ground beetles, because most of these beetles prefer specific soil conditions (Tu-
rin 2000). Many authors have acknowledged the importance of sand/silt balances in sedimentation for
the outcome, and long term effects of recovery of restored salt marshes or dune slacks, thereby also
stressing the need for long term strategic monitoring of indicator organisms (Crooks et al. 2002, Gar-
butt et al. 2006, Hughes & Paramor 2004, Mendelssohn & Kuhn 2003, Lammerts et al. 2001, OIff et
al. 1997, Pethick 2002). Related to this, dredged material has been proposed for soil subsidy in order
to combine dredging needs with coastal marsh rehabilitation and restoration (Weinstein & Weishar
2002). Long term monitoring of salt marsh or dune slack organisms also was mentioned as crucial in
view of actual and future climate change and sea level rise (Lammerts et al. 2001, OIff et al. 1997,
Weis & Weis 2003). Our results show that ground beetles appear to be excellent candidates as early
warning indicators or monitoring tools in all of these contexts.

We obviously have documented the very first stages only of the development of restored and new
sites in the Ijzer estuary. Some earlier studies have referred to the time and conditions needed for suc-
cessful restoration of salt marsh communities: rapid recolonisation is expected for pioneer and low-
marsh species; provided they are occurring in nearby source areas and restored sites are at appropriate
altitude (Bernhardt & Koch 2003, Wolters et al. 2005B). Gratton & Denno (2005) reported a rapid re-
covery of native arthropod assemblages associated with restored brackish marshes after the removal
of invasive Phragmites australis, but it is unclear how far such results can be generalised without ref-
erence to a regional-specific situation (see also Eertman et al. 2002, Weis & Weis 2003). Vegetation
of restored wet dune slacks did not yet reach a stable state after 5 years (Grootjans et al. 2001). Brack-
ish wetland vegetation and soil characteristics have been reported to take up to 90 years or even more
than 200 years to develop and become equivalent to natural marsh (Craft et al. 2002). It is therefore
necessary to continue our monitoring of old and new habitats of the Ijzer estuary nature reserve as a
prerequisite for a well-founded long-term evaluation of the performed nature development measures.
Moreover, further monitoring is of high fundamental scientific interest against the background of our
long-term sampling data on beetles and spiders, sampling which is continued without interruption on
several sites in this estuary. This should enable us in the future to make a clear distinction between
directed changes in the area (mainly as a consequence of ecological processes, accompanying meas-
ures for conservation management) and changes due to year-to-year population dynamic fluctuations
(whether stochastic or not) in carabid beetle or spider populations.

Another important aspect that was not yet taken into account in the current monitoring concerns popu-
lation genetics of a number of target invertebrate species. To this end, we have formerly studied, on a
regional scale, a number of ground beetles and other terrestrial arthropods for their genetic diversity
and differentiation in salt marshes, including the Ijzer estuary marshes (cf. Desender 1985, 1989A, B,
Desender et al. 1998, Desender & Verdyck 2001). It would be of much interest to repeat such studies
in the future for species that occurred earlier in the area or not, in order to compare population genet-
ics from newly created or restored populations to those from the old salt marsh relic or to those from
other (potential source) areas. Such population genetic information not only might enable to the trac-
ing of the origin of colonising species, but also could be of major importance to judge population vi-
ability in the long run.

Our results, less than five years since nature restoration measures were taken, show a number of new
ground beetle species and assemblages, but warrant that many of these could be rapidly lost again
unless natural dynamic processes are kept ongoing. It is, moreover, still unclear whether the newly
created salt marsh habitats will evolve as hoped for, because of the observation that newly deposited
sediments in this salt marsh are relatively coarse-grained (sand instead of silt), whereas, at the same
time, the old salt marsh remnant seems to be more and more under the influence of sand deposits.



Ground beetles as ‘early warning-indicators’ 37

Moreover, many salt marsh species, present in the area about a century ago, did not re-appear yet,
strongly suggesting dispersal limitation. To conclude, ground beetles appear once again as powerful
ecological indicators. Further invertebrate monitoring is therefore imperative not only for a better un-
derstanding of the patterns and processes generated by the nature restoration measures, but also as a
possible early warning system for the need of additional management measures in the future.

Acknowledgements

R. Claus is acknowledged for his continuous help in long-term field sampling of the Ijzer estuary
area. Our long-term studies are financially supported by the RBINSc (Dept. Entomology) and be-
tween 2001-2004 by the ‘MONAIJ’-project (financed by the Nature Department of AMINAL, Minis-
try of the Flemish Community). The nature restoration project was realised by the Flemish Commu-
nity with financial support of the European Community through LIFE. M. Hoffmann and S. Provoost
kindly provided recent maps and aerial photographs of the Ijzer estuary.

References

Armitage, A.R. & P. Fong (2004): Gastropod colonization of a created coastal wetland: Potential influences of
habitat suitability and dispersal ability. Restor. Ecol. 12, 391-400.

Baert, L. & J.-P. Maelfait (1999): The spider fauna of the Belgian salt marshes. Bull. Kon. Belg. Inst. Natuur-
wet., Entomol. 69, 5-18.

Bernhardt, K.G. & M. Koch (2003): Restoration of a salt marsh system: Temporal change of plant species di-
versity and composition. Basic Appl. Ecol. 4, 441-451.

Bossuyt, B. & M. Hermy (2004): Seed bank assembly follows vegetation succession in dune slacks. J. Veg. Sci.
15, 449-456.

Bossuyt, B., O. Honnay & M. Hermy (2003): An island biogeographical view of the successional pathway in
wet dune slacks. J. Veg. Sci. 14, 781-788.

Craft, C., S. Broome & C. Campbell (2002): Fifteen years of vegetation and soil development after brackish-
water marsh creation. Restor. Ecol. 10, 248-258.

Crooks, S., J. Schutten, G.D. Sheern, K. Pye & A. Davy (2002): Drainage and elevation as factors in the restora-
tion of salt marsh in Britain. Restor. Ecol. 10, 591-602.

Decleer, K., K. Devos & E. Kuijken (1995): Het verschil tussen nat en droog. Natuur en landschap in de Ijzer-
vallei. In: De Roo, N. & K. Hindrycks (eds.): Beeld van een stroom. De Ijzer. Lannoo, Tielt, pp. 132-161.

Desender, K. (1985): Wing polymorphism and reproductive biology in the halobiont carabid beetle Pogonus
chalceus (Marsham) (Coleoptera, Carabidae). Biol. Jb. Dodonaea 53, 8§9-100.

Desender, K. (1989a): Dispersievermogen en Ecologie van Loopkevers (Coleoptera, Carabidae) in Belgié: een
evolutionaire benadering. Koninklijk Belgisch Instituut voor Natuurwetenschappen, Brussel, 135 pp.

Desender, K. (1989b): Heritability of wing development and body size in a carabid beetle, Pogonus chalceus
Marsham, and its evolutionary significance. Oecologia (Berl.) 78, 513-520.

Desender, K. (1996): Diversity and dynamics of coastal dune carabids. Ann. Zool. Fennici 33, 65-76.

Desender, K. (2000): Flight muscle development and dispersal in the life cycle of carabid beetles: patterns and
processes. Bull. Inst. R. Sci. nat. Belg., Entomol. 70, 13-31.

Desender, K. (2005a): A wingless intertidal ground beetle, new to the Belgian fauna, in the river 1Jzer estuary
nature restoration site: Bembidion nigropiceum (Marsham, 1802). Belg. J. Zool. 135, 89-90.

Desender, K. (2005b): Ground beetle diversity monitoring and the evaluation of a recent nature restoration pro-
ject: A long-term case study in dune and salt marsh habitats along the Belgian coast. In: Serrano, J., J. Go-
mez-Zurita, C. Ruiz (eds). XII European Carabidologists Meeting, ‘Ground beetles as a key group for bio-
diversity conservation studies in Europe’. Nausicaa Edicion Electronica, Murcia, Spain, pp. 29-38.

Desender, K., T. Backeljau, K. Delahaye, & L. Demeester (1998): Age and size of European salt marshes and
the population genetic consequences for ground beetles. Oecologia 114, 503-513.



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

Desender, K. & L. Baert (1995): Carabid beetles as bio-indicators in Belgian coastal dunes: a long term moni-
toring project. Bull. Inst. R. Sci. nat. Belg., Entomol. 65, 35-54.

Desender, K., L. Baert & J.-P. Maelfait (2006): Evaluation of recent nature development measures in the river
Ijzer estuary and long-term ground beetle and spider monitoring (Coleoptera, Carabidae; Araneida). Bull.
Inst. R. Sci. nat. Belg., Entomol. 76, 103-123.

Desender, K., J.-P. Maelfait, & L. Baert (1992): Monitoring carabid beetles in Belgian coastal dunes. Proc. 4th
ECE/XIIL.SIEEC, Godollo 1991, 153-158.

Desender, K., D. Maes, J.P. Maelfait & M. Van Kerckvoorde (1995): Een gedocumenteerde Rode lijst van de
zandloopkevers en loopkevers van Vlaanderen. Mededelingen van het Instituut voor Natuurbehoud, 1, 1-
208.

Desender, K. & P. Verdyck (2001): Geographic scaling and genetic differentiation in two highly mobile Euro-
pean salt marsh beetles. Belg. J. Zool. 131, 31-42.

Dhuyvetter, H., F. Hendrickx, E. Gaublomme & K. Desender (in press): Differentiation between two salt marsh
beetle ecotypes: evidence for ongoing speciation. Evolution.

Dufréne, M. & P. Legendre (1997): Species assemblages and indicator species: the need for a flexible asymmet-
rical approach. Ecol. Monogr. 67, 345-366.

Eertman, R.H.M., B.A. Kornman, E. Stikvoort & H. Verbeek (2002): Restoration of the Sieperda Tidal Marsh
in the Scheldt Estuary, the Netherlands. Restor. Ecol. 10, 438-449.

Esselink, P., W. Zijlstra, W.S. Dijkema & R. Van Diggelen (2000): The effects of decreased management on
plant-species distribution patterns in a salt marsh nature reserve in the Wadden Sea. Biol. Conserv. 93, 61-
76.

Garbutt, R.A., C.J. Reading, M. Wolters, A.J. Gray & P. Rothery (2006): Monitoring the development of inter-
tidal habitats on former agricultural land after the managed realignment of coastal defences at Tollesbury,
Essex, UK. Mar. Pollut. Bull. 53, 155-164.

Goetghebeur, P. (1976): De vegetatie van de slikken en de schorren langs de IJzermonding te Nieuwpoort
(Prov. West-Vlaanderen, Belgi€) van 1900 tot heden. Biol. Jb. Dodonaea 44, 163-177.

Gratton, C. & R.F. Denno (2005): Restoration of arthropod assemblages in a Spartina salt marsh following Re-
moval of the invasive plant Phragmites australis. Restor. Ecol. 13, 358-372.

Grootjans, A.P., H. Everts, K. Bruin & L. Fresco (2001): Restoration of wet dune slacks on the Dutch Wadden
Sea Islands: Recolonization after large-scale sod cutting. Restor. Ecol. 9, 137-146.

Hoffmann, M. (2004): De monding van de Ijzer in ere hersteld. De Levende Natuur 2, 188-190.

Hoffmann, M., S. Adam, L. Baert, D. Bonte, N. Chavatte, R. Claus, W. De Belder, B. De Fré, S. Degraer, D. De
Groote, W. Dekoninck, K. Desender, K. Devos, H. Engledow, P. Grootaert, N. Hardies, F. Leliaert, J.-P.
Maelfait, J. Monbaliu, M. Pollet, S. Provoost, E. Stichelmans, E. Toorman, H. Van Nieuwenhuyse, E. Ver-
cruysse, M. Vinex & J. Wittoeck (2005): Integrated monitoring of nature restoration along ecotones, the
example of the Yser Estuary. In: Herrier J.-L., J. Mees, A. Salman, J. Seys, H. Van Nieuwenhuyse & I.
Dobbelaere (eds). Proceedings ‘Dunes and Estuaries 2005’ — International Conference on Nature Restora-
tion Practices in European Coastal Habitats, Koksijde, Belgium, 19-23 September 2005. VLIZ Special Pub-
lication 19, xiv + 685 pp; pp. 191-208.

Hughes, R.G. & O.A.L. Paramor (2004): On the loss of saltmarshes in south-east England and methods for their
restoration. J. Appl. Ecol. 41, 440-448.

Lammerts, E.J., C. Maas & A.P. Grootjans (2001): Groundwater variables and vegetation in dune slacks. Ecol.
Eng. 17, 33-47.

McCune, B. & M.J. Mefford (1999): PC-ORD. Multivariate analysis ecological data, version 4, MjM Software
Design, Gleneden Beach, Oregon, USA, 237 pp.

Mendelssohn, I.A. & N.L. Kuhn (2003): Sediment subsidy: Effects on soil-plant responses in a rapidly sub-
merging coastal salt marsh. Ecol. Eng. 21, 115-128.

Olff, H., J. Deleeuw, J.P. Bakker, R.J. Platerink, H.J. Vanwijnen & W. Demunck (1997): Vegetation succession

and herbivory in a salt marsh: changes induced by sea level rise and silt deposition along an elevational
gradient. J. Ecol. 85, 799-814.

Pethick, J. (2002): Estuarine and tidal wetland restoration in the United Kingdom: Policy versus practice. Re-
stor. Ecol. 10, 431-437.

SER (2004): The SER International Primer on Ecological Restoration. Version 2. Society for Ecological Res-
toration, International Science & Policy Working Group, pp. 1-13.



Ground beetles as ‘early warning-indicators’ 39

Turin, H. (2000): De Nederlandse loopkevers, verspreiding en oecologie (Coleoptera: Carabidae). Nederlandse
Fauna 3. Nationaal Natuurhistorisch Museum Naturalis, Leiden, 666 pp.
Verhulst, A. (1995): Landschap en landbouw in Middeleeuws Vlaanderen. Gemeentekrediet, 191 pp.
Warren, R.S., P.E. Fell, R. Rozsa, A.H. Brawley, A.C. Orsted, E.T. Olson, V. Swamy & W.A. Niering (2002):
Salt marsh restoration in Connecticut: 20 years of science and management. Restor. Ecol. 10, 497-513.
Weinstein, M.P. & L.L. Weishar (2002): Beneficial use of dredged material to enhance the restoration trajecto-
ries of formerly diked lands. Ecol. Eng. 19, 187-201.

Weis, J.S. & P. Weis (2003): Is the invasion of the common reed, Phragmites australis, into tidal marshes of the
Eastern US an ecological disaster? Mar. Pollut. Bull. 46, 816-820.

Wolters, M., A. Garbutt & J.P. Bakker (2005a): Plant colonization after managed realignment: The relative im-
portance of diaspore dispersal. J. Appl. Ecol. 42, 770-777.

Wolters, M., A. Garbutt & J.P. Bakker (2005b): Salt-marsh restoration: Evaluating the success of de-
embankments in North-West Europe. Biol. Conserv. 123, 249-268.

Address

Dr. Konjev Desender
Dept. Entomol. RBINSc
Vautierstr. 29

B-1000 Brussel
Belgium

E-mail: konjev.desender@naturalsciences.be



