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Abstract 

Within the context of a deta iled study on the effects of the predatory 
checkered beetl e Thanasimus f onnicarius on Scolytid beetle popula­
tions, three fores t sites were sampled by means of pit fall traps in the 
Wellin forest district (Walloon region, Belg ium) during 2002 . The 
sites included a mi xed pine forest (Chanly), a spruce plantation (Wei­
lin) and a mi xed ancient deciduous fores t (Neupont). At Neupont and 
Chanly, additional population genetic samples were obta ined for two 
forest carabid spec ies and analysed through allozy me e lec trophore­
s is. Forest hi story of the a rea was documented in deta il by old maps 
from 1775 onward s. 

Ground beetle assembl ages mainly differed between the spruce 
fo rest at Wellin and the other two sites, which were dominated by 
specia li zed fores t species w ith a lower dispersa l power. At Well in , a 
site heav ily perturbed by wild boar and situated close to open habitat, 
severa l genera li st g round beetle spec ies were encountered, indicati ve 
fo r more di sturbed and/or open forest sites . Analys is of forest hi s­
to ry revealed that part of these differences coincides with a d iffe rent 
age of continuous affores tation on the three sites and their immediate 
surroundings. 

Para llel population genetic studies on two fores t ca rabid species 
(A bax ater and Carabus problematicus) showed, compared to pre­
vious results from other fores ts in Belg ium , high values of genetic 
diversity in the ancient dec iduous forest plot. Thi s is understood as 
a consequence of the large forest surfaces, which have been continu­
ously present in this reg ion. A significa ntly lower genetic di vers ity 
was observed for both spec ies in the more recent mi xed fores t site. 
Carabus problematicus even showed a con siderable loss in a lleles 
at three independent loc i. Thi s could have resulted from a relatively 
recent coloni zation hi story of a res tricted number of incliv iclu a ls or, 
a lte rnative ly, from local adaptation phenomena. Whether these di f­
ferences a re purely neutra l and/or adaptive will be investigated in 
future studies. 

We conclude that, in this a rea, typica l fores t g round beetles have 
been able to coloni ze and es tablish themselves, at leas t in low num­
bers, on s ites that were not fores ted about 250 years ago. Our genetic 
results, however, wa rn that such recent forest populations a re geneti­
cally impoverished. Fores t hi story as well as ecology and manage­
ment therefore seem to have an impac t not only on observed ground 
beetle spec ies, but a lso on observed int raspeci fic genetic di ve rsity 
leve ls. Both sets of fac tors w ill be eva lu ated in the future on a much 
larger dataset for di ffe rent eco-regions in our country. 

Key words : Ca rabidae, ecology, fores t hi story, g round beetle assem­
bl ages , popul ation gene tics, genetic di vers ity, genetic di fferenti ation, 
ancient fo rest, recent forest 

Resume 

Durant l'annee 2002 , Iars cl 'une etude de ta illee portant sur les effets cle 
Ia predation clu Clericle Than asimus fonnicarius sur les populations 
cle coleopteres Scolyticles, trois sites fo restie rs ont ete echantillonnes 
a l'a icle cle pieges a fosses clans le cantonnement forestie r cle Wellin 
(Wallonie, Belg ique) . Les sites consistaient en une Foret mi xte cle 
pins (Chanly) , une plantation cl 'epiceas (Well in) et une ancienne Foret 
mi xte cle feuillu s (Neupont). A Neupont et Chanly, des echantillons 
supplementa ires pour des e tudes genetiques cle popul ations ant ete 
pre leves pour deux especes cle carabes fores tiers et ont e te analysees 
a !'a ide d'e lec trophoreses cl 'allozy mes. L' hi storique forestier de cette 
reg ion a ega lement ete clocumente en deta il s par d'anciennes ca rtes 
depui s 1775. 

Les assemblages cle carabes di fferent principalement entre Ia 
foret cl 'epiceas cle Wellin et les deux autres sites, qui sont clomines 
par plus cl 'especes fores tieres spec ia li sees, avec un fa ible pouvoir cle 
di spersion. Le site cle Well in , tres perturbe par des sangliers sauvages 
et proche cl ' habitats ouverts, comporte quant a lui cle nombreuses 
especes cle carabes plus genera li stes , inclicat rices cle sites fo restiers 
plus perturbes et/ou plus ouverts. L'analyse cle l' hi storique forestier 
a reve le qu' une partie de ces differences co"incicle avec un iige diffe­
rent de boisement continu sur les troi s sites et leurs environnements 
immediats. 

Des e tudes para lleles de genetique cle populations sur deux espe­
ces de carabes fo restie rs (Abax ater e t Carabus problenw ticus) a nt 
montre, par rapport a des resul tats ante rieurs obtenus pour d'autres 
forets en Belg ique, de g rancles valeurs cle divers ite genetique dans 
!'ancien site fo restie r de feuillus situe a Neupont. Ceci peut s'ex pli­
quer com me une consequence des larges surfaces forestieres qui a nt 
ete continuellement pn!sentes clans l' hi stoire cle cette region. Une 
clive rsite genetique s ignificativement plus fa ible a ete observee pour 
les deux especes clans le site forestier mixte plus recent. Carabus 
prob/ematicus a meme montre un manque considerable cl 'a lle les sur 
trois loci inclepenclants qui pourrait resulter d 'une colonisation re lati­
vement recente cl ' un nombre restre int d' individus ou , a lternativement, 
cle phenomenes locaux cl 'aclaptation. Determiner si ces di fferences 
soot purement neutres e t/ou aclaptatives fe ra !'objet cl 'etucles futures. 

Nous concluons que, clans cette region, des carabes typiquement 
forestiers a nt pu coloni ser et s'etablir au ma ins en pe tits nombres, 
sur les sites, qui n'etaient pas boises il y a 250 ans. Cependant , les 
resultats gene tiques obtenus attirent not re attention sur le fait que des 
popul ations forestieres si recentes soot gem!tiquement appauvr ies. 
L' hi storique forestier auss i bien que l'ecolog ie et Ia ges tion fo res tiere 
semblent clone a voir un impac t non seulement sur les especes cle cara­
bes observees, mais auss i sur les ni veaux cle cli versite gem!tique intra- • 
spec ifique observes . Ces deux fac teurs seront eva lues da ns le futur 
sur des ensembles cle donnees beaucoup plus etendus pour di ffe rentes 
eco-reg ions cle notre pays. 

M ots ch~s : Ca rabidae, ecolog ie, histor ique fo restier, assembl ages cle 
coleopte res carabiques, genetique de popul ation, di ve rsite genetique, 
clifferenc iation genetique, fore ts anciennes, fo rets recentes 
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Introduction 

Especially in Western Europe, the amount of remain­
ing ancient forests has reached dramatic proportions. 
In Belgium, as in many other parts of Europe, forests 
are the result of about 7000 years of human influences. 
Their history in general is one of woodland destruction, 
fragmentation and degradation, although locally (e.g. in 
Flanders between y1300-1800) there were also periods of 
forest rehabilitation and expansion. Around y1850-1895, 
woodland area reached its absolute minimum in our 
country, although there were some differences between 
eco-regions (cf. TACK et al. , 1993 ; TALLIER, 2004). From 
that period onwards, mainly in the Ardennes and the 
Campine region, reforestation proceeded, but principally 
by biologically poorer pine and spruce forests at the 
expense of broad-leaves stands, which further decreased 
until today. The decrease of ancient forests has thus been 
accompanied by a serious decline in forest habitat qual­
ity. Forests nowadays cover about 20 % of Belgium, but 
there are large differences between regions, with less 
than 10% of area forested in Flanders, but more than 30 
% in Wallonia (HERMY et al., 2003). The proportion of 
these forests that can be defined as 'ancient' (meaning 
that the past 230 years, since the first systematic maps of 
de Ferra ris, yl770-l778, these sites have always remained 
forest) is even more reduced. 

Recent developments in forest research have stressed 
the importance of historical ecology in shaping the 
diversity and evolutionary potential of woodland plants 
and animals, especially in Western Europe (VERA, 2000; 
HONNAY et al., 2005). Numerous studies point to qualita­
tive differences in species composition between ancient 
and recent forest (on plants, cf. GooEFROID & KOEDAM, 
2003a,b; GRAAE et a/., 2003; HERMY et a/. , 1999; On 
invertebrates, cf. ASSMANN, 1999; DESENDER eta!., 1999). 
These differences are supposed to be attributed at least 
partly to the limited colonization capacity of many spe­
cies characteristic for ancient forest. Preliminary results 
strongly suggest that forest history is of great importance 
for the ecological and genetic constitution of ancient for­
est beetles, and thus, in the long run , for their micro- and 
macro-evolution (ASSMANN, 1999 ; DESENDER eta/., 1999, 
2004). 

Invertebrates, i.e. ground beetles, combine a number 
of features of high interest for such studies and, without 
doubt , are the most diverse component of woodlands. 
Ground beetles (Coleoptera, Carabidae) mostly show 
a high species richness and many spec ies have a pro­
nounced habitat preference for forest interiors. These 
beetles are very well documented in Belgium for what 
concerns their recent and historical occurrence, as can 
be derived from a large amount of di stribution data since 
about 1850 (DESENDER, I986a,b ; D ESENDER eta/. , 1994) , 
as well as from archaeological data (DESENDER et al., 
1999 ; ERVYNCK et al., 1 994). Most stenotopic woodland 
carabid specie are constantly wingless or never develop 
functional fl ightmusculature (ASSMANN, 1999 ;DESENDER, 
1989; D ESEN DER eta/., 1999). 

We recently started a research project in order to gain 
more insight into the tempo and mode of evolution of 
recent towards ancient forest (Belspo-project 2005: 
M0/36/ 14: How does forest history influence invertebrate 
diversity and evolution?). The main aim of this study is 
to integrate woodland history, ground beetle distribu­
tion and evolutionary genetics at differing geographical 
scales in Belgium. First, we will, at the nationa l and 
eco-regional level , review and meta-analyse all available 
quantitative data on forest ground beetles from ancient 
and recent forests in Belgium. Secondly, we will con­
centrate on morphology, genetics and (micro) -evolution 
of three model carabid species. Finally, this project will 
concentrate on possible influences of forest history on 
a local scale. Within this last context, we also want to 
investigate ecology and genetics of ground beetles from 
additional sites in the Walloon region. The present paper 
fits into this topic . 

Within the context of a detailed study on Scolytid 
beetle populations and their predator Thanasimus formi­
carius (L.) (Coleoptera, Cleridae) (WARZEE, 2005), three 
different forest types were sampled in 2002 by means 
of pitfall traps and window traps in the Wellin forest 
district (Ardennes, Walloon region , Belgium) . Ground 
beetles from these samplings were at our disposal for 
study. The sites included a mixed pine forest (Chanty), a 
spruce plantation (Wellin) and a mixed deciduous forest 
(Neupont). At Neupont and Chanly, additional popula­
tion genetic samples were obtained for two forest carabid 
species and analysed through allozyme electrophoresis. 
At present, the study sites are part of a very large more 
or less continuously forested area (see further) . Forest 
history of the area could be documented in detail by old 
maps from 1775 onwards. 

Below, we will describe the observed ground beetle 
assemblages from these study sites (pitfall traps), their 
dispersa l power as well as results on the genetic diversity 
and differentiation of two species, within an ecological 
as well as historical context. Data on ground beetle flight 
activity, derived from window trap catches, will be given 
in another paper (DESENDER et al., in prep.) . 

Material and Methods 

The three investigated forest stands are situated in the 
forest di strict of Wellin (UTM IOxiOkm: FR54) (Wal­
loon region, Belgium) . Fig. 1 situates the study area, at 
the northern fringes of the Ardennes , on a map with the 
actual cover of forests in Belg ium. Early March 2002, 
three pitfall traps (g lass jam jars, 9.5 em diameter) were 
installed in each of the sites, along with five window 
traps. Details of location and characteristics of the sam­
pling sites are summarized in Table l. In addition to the 
tree level , the Chanly site showed also a well-developed 
shrub leve l, ma inly composed of Quercus spp. and there ­
fore it was c lass ified as mi xed pine forest. Pitfall traps 
were inspected and changed at weekly intervals till the 
e nd of October 2002 . Especially in the spruce forest a t 

.. 
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Table 1 - Character istics of the sampling sites (pedology codes refer to: G = texture: sandy-loam with more than 5% stones; 
b= well-drained; b= soil profi le: brown soil; r= sch ist or q = sa ndstone; 2= depth of soil between 40 and 80 em) 

Sta nd Stand Latitude Longitude Altitude Slope Pedology Area Tree composition Plantation 
location (N) (E) (m) (ha) date 

Pinus sylvesrris L. (97%) 
Pine open space (2 %) 
(mixed Chan ly 50° 04' 02" 05° 09' 41 " 325 5- 15% G b b r2 31.6 Pinus nigra subsp. /aricio 1924 
forest) Maire (1 %) 

sub- level : Quercus spp. 

Picea abies (L.) Karst. 
Spruce Well in 50° 03' 33" 05° 07' 29" 340 5-15% G b b r 2 16.8 (95%) 1946 

open space (5 %) 

Broad- Quercus spp. (79%) 
Neupont 50° 02 ' 34" 05° 07' 55" 290 25-45% Gbbq2 57.9 Fagus sylvarica L. (20%) ? 

leaves Carpinus berulus L. (1%) 

Fig. I - Location of the study a rea (wh ite square) a t the no rthe rn limit of the Ardennes o n a forest map of Be lg ium (actua l forests 
show n in black; reg iona l borde rs added). 
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Wellin, wild boar damage led to trap losses at the onset 
of our samplings. Therefore, from June onwards, we 
installed protective vials with the chemical repellent cor­
nita! around the traps. Relatively high subsequent catches 
of beetles suggest there was no negative influence of this 
repellent to trap yields of ground beetles, whereas the 
system proved very effective to avoid wild boar damage 
and disturbance to the traps. All ground beetles were 
identified to species level , sexed and checked for their 
state of wing development (macropterous or full-winged 
versus brachypterous or short-winged beetles). 

Detrended Correspondence Analysis (DCA) and a 
clustering technique were used, in the program PCOrd 
(Me CuNE & GRACE, 2002) to compare sites (individual 
trap yields) with respect to overall species composition 
based on the 15 most abundant ground beetles. DCA is 
a multivariate technique that positions samples along 
orthogonal axes that sequentially explain the greatest 
amount of inter-sample variation (Me CUNE & GRACE, 
2002). Default settings were used. All ground beetle spe­
cies with more than 9 specimens or at least 6 individuals 
in at least one sampling station were used in the analy­
ses, with transformed data (equal-weighting the species). 
A dendrogram was also constructed based on Euclidean 
distance (Ward's method, hierarchical grouping), as 
is recommended as a general-purpose linkage method 
that minimizes distortions in the underlying space. Very 
similar results were obtained with S0rensen distance and 
group average linkage and therefore only the first-men­
tioned dendrogram will be shown here. Interpretations 
were based on available knowledge on the biology, ecology 
and geographical distribution of the individual species (cf. 
DESENDER, 1989, and unpublished data; TuRIN, 2000) . 

Sampling for the population genetic studies (live-trap­
ping) mainly took place during 2002 in Neupont and 
Chanly. For each of these two forests, 40 individuals 
were studied for Abax ater and Carabus problematicus. 
We already investigated genetic variability and differen­
tiation with allozymes in both species from other forests 
in Belgium, with an emphasis on Flanders (DESENDER et 
al. , 1999, 2004, 2005b). Cellulose acetate electrophoresis 
was applied to study variability at enzyme loci (HEBERT & 
BEATON, 1989). For more details on field sampling, elec­
trophoresis and standard software for population genetic 
analyses, we refer to DESENDER & VERDYCK (2001) and 
DESENDER eta/. (1998, 2004). 

Fig. 2 shows the detailed location of the three studied 
forest stands, against the background of historical maps 
of yl775 (de Ferraris), yl881 and y1923 (Institute for 
Military Cartography) and yl998 (National Geographic 
Institute). We also studied the map of yl854 (Van Der 
Maelen) but no major differences were observed with the 
map of yl881. Copies of most maps are in the collec­
tion of the RBINSc and several of these can be accessed 
also on the internet (http:/ /patri moine.met.wallonie.be/ 
cartoth %C3 %A8que/). 

The situation at the time of de Ferraris (yl775) shows 
the Neupont site in continuous and mature deciduous 
forest (a situation persi sting till today), while the Wei-

lin site possibly made part of more or less shrub land. 
The Chanty site occurred in open agricultural land, 
possibly close to some remnants of (valley?) forest. By 
yl854 and yl881 , only the Neupont site was forested , the 
We! lin site now being far from any persisting forest and 
the Chanly site close to some more or less larger parts 
of deciduous forest that gradually made contact to the 
large ancient forest to the South. At least from yl923, 
the Chanly site was enclosed in this large reforestation 
of mixed type, while the Wellin site was situated at the 
margins of (spruce?) forest and open land. Nowadays, all 
three forest stands are part of a more or less continuously 
forested large area, but only Neupont can be identified 
as ancient forest, whereas Chanly takes an intermediate 
position and Well in seems most recent and closer to open 
habitat, also today. 

Results and discussion 

Ground beetle diversity, assemblages and forest history 

Table 2 summarizes, per sampled forest, the obtained 
numbers of all ground beetles collected in pitfall traps. 
Fig. 3 presents the DCA ordination diagram for the 9 indi­
vidual pitfall trap samples and for the 15 most abundant 
carabid species used for analysis, with ellipses enclos­
ing samples from the same forest stand. Fig. 4 shows the 
obtained dendrogram based on the same data. 

Overall species richness (s), somewhat surprising at 
first, is higher in the spruce plantation (s= 21) as com­
pared to the mixed pine (s= 14) and deciduous forest (s= 
15). However, inspection of the spruce stand species list 
shows this is at least partly due to the presence, in low 
numbers, of several non-forest ground beetles (e.g. Pter­
ostichus quadri;foveolatus, a typical species for burned 
sites in coniferous forests , Pterostichus diligens, a spe­
cies typical for fen land, Pterostichus versicolot~ a species 
of acid grasslands). The higher diversity is i.o.w. possibly 
a consequence of edge effects (nearby open habitats; cf. 
DESENDER, 2005) as well as due to the presence of more 
or less open spots in this forest stand (cf. the presence of 
e.g. Bembidion Lampros, Carabus arvensis, Notiophilus 
biguttatus). 

DCA ordination shows that the largest part of varia­
tion in the data resides along the first axis (eigenvalue= 
0.608), whereas the second axis has a much lower explan­
atory power (eigenvalue= 0.202). The first axis mainly 
opposes the (more recent and more disturbed) spruce 
stand at Well in from the other forest plots . Part of these 
differences coincides not only with current forest eco­
logical characteristics related to different tree species but 
also with a different age of continuous afforestation on 
the three sites and their immediate surroundings, ancient 
forest only being documented for the deciduous forest site 
and relatively close to the somewhat more recent mixed 
pine forest. The spruce forest site apparently made part 
of an area that has been deforested at several occasions 
during history and that only recently came into contact 

.. 
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Fig. 2- Historical maps from yl775 (de Ferraris; larger symbols in green areas symbolize mature forest (cf. Neupont site); 
smaller symbols probably to be interpreted as shrub land (cf. Wellin site)), yl881 and y1923 (Institute for Military 
Cartography) and y1998 (National Geographic Institute) with detailed localization of the three study sites (broad-leaves 
at Neupont, pine at Chanly and spruce at Wellin) (see text for further explanation). 
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Table 2- Ground beetles obtained in the three study sites (sum of individuals in three pitfall traps) during 2002 (nomenclature 
after DESENDER et al., 1995) 

species: 

Abax ater (VILLERS, 1789) 

Abax ovalis (DUFTSCHMID, 1812) 

Abax parallelus (DUFTSCHMID, 1812) 

Bembidion Lampros (HERBST, 1784) 

Carabus arvensis HERBST, 1784 

Carabus coriaceus LINNAEUS, 1758 

Carabus nemoralis O.F. MULLER, 1764 

Carabus problematicus HERBST, 1786 

Carabus violaceus purpurascens LINNAEUS, 1758 

Cychrus attenuatus FABRICIUS, 1792 

Harpalus quadripunctatus (DEJEAN, 1828) 

Harpalus rufipes (DE GEER, 177 4) 

Leistus rufomarginatus (DUFTSCHMID, I812) 

Loricera pilicomis (FABRICIUS, 1775) 

Molops piceus (PANZER, I793) 

Nebria brevicollis (FABRICIUS, 1792) 

Notiophilus biguttatus (FABRICIUS, 1779) 

Pterostichus cristatus (DUFOUR, 1820) 

Pterostichus cupreus (LINNAEUS, 1758) 

Pterostichus diligens (STURM, 1824) 

Pterostichus madidus (FABRICIUS, 1775) 

Pterostichus niger (SCHALLER, 1783) 

Pterostichus oblongopunctatus (FABRICIUS, 1787) 

Pterostichus quadrifoveolatus (LETZNER, 1852) 

Pterostichus strenuus (PANZER, 1797) 

Pterostichus versicolor (STURM, 1824) 

Trichotichnus laevicollis (GYLLENHAL, I 827) 

total individuals 

number of species (s) 

with older forest. The second DCA axis seems mainly 
related to the variability between the individual traps 
at Wellin. This corresponds to the, on the ground sur­
face, somewhat more open detailed character of sample 
WEL3, with high numbers of Bembidion lampros. The 
dendrogram (Fig. 4) confirms the obtained assemblages 
as derived from the DCA and also clearly separates the 
different sampling units within their respective sampling 
stations. The cluster analysis further confirms that the 
spruce plantation has a more distant ground beetle assem­
blage as opposed to the two other study sites, whereas 
the variability between individual sampling units is also 
higher at this site, mainly due to the more distant position 
of sample WEL3 (Fig. 4). 

Along the first DCA ordination axis, the three spruce 
sampling units are grouped at the right, with a cor­
responding higher number of the very common and 
eurytopic Nebria brevicollis, and the generalist forest 
species Pterostichus niger. At this site only, Carabus 

site: Neupont Chanly Wellin 

broad-leaves pine-mixed spruce sum 
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violaceus purpurascens was observed, a forest species 
that seems to be absent from more acid mineral-poor 
woodland. At higher elevation, this species has also been 
reported outside forest, accounting for the possibility to 
(re)colonize more recent forest in such regions (THIELE, 

1977; TuRIN, 2000; cf. DESENDER et al., 2004). Other 
typical forest species occurred in several or all sites, but 
with differing numbers: Abax ater, Carabus coriaceus, 
Carabus nemoralis and Pterostichus oblongopunctatus 
(most in the intermediately-aged pine forest and in the 
ancient broad-leaves forest), Abax ovalis, Carabus prob­
lematicus, Cychrus attenuatus and Pterostichus crista­
tus (most or even exclusively in the ancient forest site 
Neupont), and Abax parallelus (exclusively at Chanly). 
Many of the last-mentioned species are known as forest 
interior species and in several other regions classified as 
ancient forest carabids (cf. AssMANN, 1999; DESENDER 
et al., 1999, 2005a) . They all are constantly wingless 
(DESENDER, 1986a, 1989). Apparently, several of these 
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Fig. 3 - DCA-ordination spec ies and sample scores based on the 15 most abundant carabid spec ies obta ined in the individual 
traps of the three sampled forest sites (s pecies name abbrev iations show first 4 letters of genus name and first 4 of species 
name; site abbreviations CHA (Chan ly, mi xed pine forest), NEU (Neupont, broad-leaves) and W EL (Well in , spruce) a re 
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Fig. 4- Dendrogram of the samples based on Euclidean di stance between spec ies assemblages (Ward 's method of hi era rchica l 
grouping) . 
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ground beetles have managed to (re)colonize the more 
recent forest plots in this study area, although several 
species still show a pronounced preference for the ancient 
plot. This is not surprising in view of the recent reforesta­
tion in this region (see higher), because forest expansion 
took place in close proximity or immediately adjacent to 
a large ancient forest area. Although effects of silvicul­
tural practices have much impact on forest ground beetle 
assemblages, as recently shown in some large scale stud­
ies on Wallonian forests (cf. DE WARNAFFE & LEBRUN, 
2004; PoNTEGNIE et at., 2005), past land use has also 
impact on forest soils and biodiversity, sometimes even in 
a long-term irreversible manner (DurouEY et al., 2002; 
DUPOUEY & DAMBRIN E, 2006). 

Ground beetle dispersal power in the three study sites. 

Fig. 5 summarizes the dispersal power of ground beetles 
in each of the sampling sites (brachyptery versus mac­
roptery, with separate indication of wing polymorphic 
species) respectively on species and on individual level. 
Trichotichnus laevicollis is one of the very few carabids 
in Belgium displaying sex-linked wing dimorphism: 
males always have wings, whereas females are invariably 
wingless (cf. DESENDER, 1987). 

As expected, wingless ground beetles dominate in the 
ancient forest plot, this trend bei ng more strongly vis­
ible on the graph based on relative number of individuals 
(cf. DESENDER, 1989) . On the other hand, we can clearly 
observe that the influenced spruce forest shows a much 
higher amount of species and individuals belonging to 
wing polymorphic and constant ly macropterous cara­
bids. Previous studies in Belgium have shown that in the 

2 3 2 3 

Fig. 5 - Ground beetle dispersal power on species level 
(left graph) regrouped per sampled forest (brach.= 
brachypterous, di-polym.= wing dimorphic or 
polymorphic, macr. =macropterous or fu ll-winged); 
right graph shows brachypterous and macropterous 
proportion of ground beetle individuals. Sites: I= 
ancient deciduous forest at Neupont, 2= mixed pine 
forest at Chanly, 3= spruce plantation at Well in. 

category of wi ng polymorphic ground beetles there is a 
significantly higher amount of eurytopic species with 
lower nature conservation value (DESENDER, 1986b) 
and these data thus confirm the lower species quality of 
spruce plantations. 

Species found in very low numbers on a given site will 
probably indicate accidentally immigrating individuals 
from surrounding habitats (DESEN DER, 1996). The si ngle 
macropterous Pterostichus diligens (a species normally 
mainly found with short-winged individuals) is a clear 
example. Sustainable conservation and forest manage­
ment therefore preferably should focus on species quality 
and population size instead of concentrating only on total 
species richness. Other aspects of target species, such as 
population genetic diversity and/or dispersal power, are 
further recommended for valuable additional informa­
tion in evaluation and monitoring studies. 

Genetic diversity and d(fferentiation in A bax ater and 
Carabus problematicus. 

The population genetic data showed no deviations from 
Hardy-Weinberg equilibrium and no linkage disequi lib­
rium, which means that the studied enzymes can be used 
as independent markers. 

Gene diversity (Hcxp) of Abax ater was 0.157 at Chanly 
and 0.1 73 at Neupont. Locus-specific genetic differen­
tiation tests and inspection of allelic frequencies showed 
a significant difference between the two sites for one 
locus (MPI; p=0.0071), with more equilibrated alleles 
at Neupont based on the three (same) alleles observed 
in both populations (Fig. 6). Overall genetic differentia­
tion between both sites was also statistically significant 
(F-st(theta)= 0.031; p<O.O I ). 

Gene diversity (Hcxr) of Carabus problematicus was 
0. 188 at Chanly and as high as 0.33 1 at Neupont, this 
important difference being visible simultaneously in 
the genetic differentiation based on three independent 
loci (G6PDH, p= 0.0021; IDH2, p= 0.0047; PEP-Z, 
p= 0.0004). Allelic differences are illustrated for these 
enzymes in Fig. 6 and show, on top of clearly differing 
frequencies, the presence of un ique alleles for all three 
allozymes in beetles from Neupont as compared to 
Chanly. Overal l genetic differentiation was also signifi­
cant between both samples (F-st(theta)= 0.024; p<O.Ol). 

These parallel population genetic studies on the forest 
carabids Abax ater and Carabus problematicus showed, 
for both species, a high genetic diversity in the ancient 
deciduous forest plot, as compared to results from other 
forests in Belgium (DESENDER et al., 2004, 2005b). This 
is probably a reflection of the relatively large and con­
tinuous forest surfaces , which have been present in this 
area for a very long time. Furthermore, a low genetic 
diversity is, for both species, observed in the more recent • 
mi xed forest site, probably as a result of a relatively 
recent colonization history from a restricted number of 
individuals. Whether these differences are purely neutral 
and/or adaptive wil l be investigated in the future (micro­
satellites, morphometries). 
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Fig. 6 - Observed allele frequencies for Abax ater and Carabus problematicus compared for 4 allozymes between the ancient 
forest (Neupont) and the more recent mi xed pine forest (Chanly); allele freq uencies derived from n=80 in each case (see 
text for further explanation). 

Conclusions 

Ground beet le assemblages main ly differentiated between 
the more recent spruce forest at Well in and the other two 
sites, which were dominated by more specia li zed forest 
species. At Well in , a site heavi ly perturbed by wild boar, 
and close to open habitats, severa l more genera l grou nd 
beet le species were encountered, indicative for disturbed 
and/or more open forest sites. We observed that land use 
during hi story is not independent of current forest type 
on these respect ive plots. This phenomenon is supposed 
to be of great importance in the current di stribution of 
typical forest beetle species (cf. D ESENDE R et al. , 1999, 
2004). Both sets of factors cannot eas ily be studied inde­
pendently and wi ll be evaluated in the future on a much 
la rger dataset from different eco-regions in our country 
( D ESENDE R et al., in prep.) . We conclude that, in the 
studied a rea, typica l forest ground beetle assemblages 
have been ab le to establi sh themselves, sometimes in low 
numbers, on sites, which were not forested about 250 
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