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ABSTRACT

Hybrid poplar plantations have become an important component of forest and agricultural landscapes
in alluvial floodplains since poplars are among the fastest-growing trees in temperate regions. How-
ever, these habitats are thought to decrease biodiversity, including ground beetle diversity, as compared
to other traditional land-uses such as grasslands and semi-natural forests. To evaluate the impacts of
poplar plantations on carabid diversity, we tested whether carabid assemblages are more affected by
land-use type than by canopy cover type in three alluvial floodplains in North-Eastern France. We strat-
ified our 63-plot sampling design according to four habitat types based on land-use and plantation age.
Non-metric multidimensional scaling revealed a successional gradient in species composition related
to canopy cover progressing from grasslands through young, then adult poplar plantations, to semi-
natural forests. Species-level response models showed that many carabid species distinguished the open
habitats (grasslands and young poplar plantations) from the closed ones (adult poplar plantations and
semi-natural forests). Only a few species preferred one of the traditional land-uses such as grasslands or
semi-natural forests. Based on our data, the deleterious effect of poplar plantations on the conservation

of ground beetles may not be as high as expected.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Floodplain areas are ecologically characterised by spatial and
temporal changes in local and regional environmental parame-
ters, resulting in considerable variation in the biodiversity of native
biota. Increasing anthropogenic activities in these areas however
disturb this situation (Ward et al., 1999). Some of these activ-
ities target the protection of people and goods from flooding,
through bank consolidation and regulation of rivers (Décamps,
1993; Décamps et al., 1988; Geilen et al., 2004). Other human activ-
ities concern the use of floodplain resources, such as extraction
of gravel, sand or clay, as well as agricultural practices that take
advantage of these highly productive lands (Rouquette et al., 2009).
Poplar cultivation with short rotation cycle (ca. 25-30 years) is one
of the landuse options within these lands. American poplars (e.g.
Populus euramericana) were introduced into Europe at the end of
the 18th century primarily because they are easy to cultivate and
quickly growing trees (Anonymous, 1810-13; Petts et al., 1989).
The species thrived and this explains why the woodland cover
of these fast-growing trees expanded to the detriment of other
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more traditional activities, such as cattle husbrandry and forestry,
in French and European floodplains. Indeed, in France, the surface
area of poplar plantations increased by 13.3% between 1992 and
2002 according to SCEES/Terruti data (2003) and by 8.9% between
1989 and 2004 according to IFN data (Ministére de I'Agriculture
et de la Péche, 2006): poplar plantations are now estimated to
cover 220,000 ha in France according to IFN data. However, some
of these declining land-uses are regarded as crucial elements for
the conservation of alluvial habitats, such as semi-natural tall-
herb humid meadows (e.g. code Natura 2000 no. 6440) or alluvial
forests with alder (Alnus glutinosa) and ash (Fraxinus excelsior) (e.g.
code Natura 2000 91E0-9); these habitats are regarded as habitats
for conservation under EU legislation (http://www.natura.org/).
Therefore poplar plantations are often viewed unfavourably both
by the public and conservation biologists, because, as an intensive
land-use, they are perceived to reduce biodiversity in comparison
with traditional land-uses (Moore and Allen, 1999; Hartley, 2002).
This situation has prompted scientists to assess the status of these
plantations.

Many studies on the effect of poplar plantations on biodiver-
sity are available for birds and plants (e.g. Godreau et al., 1999;
Hanowski et al., 1997; Boesch et al., 2007; Archaux and Martin,
2009). Here, we have chosen to study the impact of poplar plan-
tations on ground beetles as study organisms, because of their
well-documented taxonomy and ecology and the fact that they
are successful indicator of habitat change due to their relation-
ship with differing habitat structure and soil conditions (Lovei and
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Sunderland, 1996). Several studies have attempted to assess the
effects of poplar plantations on the diversity of ground beetles: in
Italy (Allegro and Sciaky, 2003), Poland (Ulrich et al., 2004) and
France (Berthelot et al., 2005; Denux et al., 2007). Other Coleoptera
were also studied in the United States (Warriner et al., 2002). These
studies have found that the species composition of ground bee-
tles differs between poplar plantations and open areas, such as
crop fields (Ulrich et al., 2004) or with natural forests (Allegro and
Sciaky, 2003). These plantations have been found to support an
impoverished Carabid fauna in comparison with other more natural
forested habitats, a trend which is common for introduced planta-
tion species (Jukes et al., 2001). Indeed, Allegro and Sciaky (2003)
indicated that in older poplar plantations, species composition
tends to be similar to that found in natural forests, but never reaches
acertain level of similarity based on an index of carabid forest affin-
ity (FAI). Similarly, Ulrich et al. (2004) found that species diversity
is lower in poplar plantations (Populus canescens) as compared to
the adjacent crop fields. Finally, in North-America, Warriner et al.
(2002) found that the local species richness of Coleoptera is higher
in hardwood forest than in cottonwood plantations (Populus del-
toides), which are dominated by one species. In contrast, Berthelot
et al. (2005) showed higher local species richness of carabids in
poplar plantations and cereal fields as compared to broad-leaved
forests. Thirdly, Berthelot et al. (2005) and Denux et al. (2007)
reported some (insignificant) variability in carabid assemblages in
poplar plantations according to plantation age. Allegro and Sciaky
(2003) also suggested that the rotation cycle of poplars could pro-
vide first open and then progressively closing habitats for carabid
assemblages.

Conclusions from these studies were mainly drawn from assem-
blage level, while species level patterns were largely ignored. And
yet, a unique trend in species richness or total abundance can
hide some contrasted responses between species (Niemeld, 2001,
Richard, 2004). Also, some of these studies were evaluated on a
restricted spatial scale, and most of them were supported by few
replicates, which might limit the generalisation of these results
(Levin, 1992). We therefore decided to analyze the differences
in carabid diversity between poplar plantations and traditional
land-uses (grasslands and forests) in North-Eastern France, and to
place a strong emphasis on spatial replication, control of confound-
ing effects and species response analyses. Based on multivariate
analyses and on model comparison techniques, we addressed the
following two contrasting hypotheses:

Land-use-effect hypothesis: carabids are mainly affected by land-
use differences. In this case, we would expect that most species
will be more frequent/abundant in one of the traditional land-use
types than in the poplar plantations - in agreement with the second
main result of the studies mentioned above (Allegro and Sciaky,
2003; Ulrich et al., 2004) -, land-use being one of the best ecological
models.

Canopy-effect hypothesis: alternatively, carabid species are
mainly affected by the canopy cover. Here, We would expect that
most species should be more frequent/abundant in the open, young
stages (grasslands, young poplar plantations) than in the more
closed, adult stages (adult poplar plantations and forests) (Koivula,
2001; du Bus de Warnaffe and Lebrun, 2004; Richard et al., 2004;
Taboada et al., 2006, 2008; Yu et al., 2008), with a model distin-
guishing the open and closed habitats being one of the most robust.
This hypothesis in the line of the third results of the literature
discussed above (Berthelot et al., 2005; Denux et al., 2007).

These two hypotheses have a direct impact on land-use choices
made by managers. Indeed, while the first hypothesis would stress
the importance of land-use choices, the second one would rather
stress the importance of a factor that is somewhat independent
from land-use changes discussed in this paper - open and closed
canopy stands being found both in traditional land-uses and in

poplar plantations. More generally, this research will improve our
knowledge about the diversity of ground beetles in poplar plan-
tations with short rotation cycle (ca. 30 years) and provide some
information for the stakeholders about management and conser-
vation issues.

2. Material and methods
2.1. Sampling area and design

The study was carried out in the vicinity of the towns of
Troyes and Chalons-en-Champagne in North-Eastern France, in the
Champagne-Ardenne region, which has the second largest area of
poplar cultivation in France (21,100 ha, TERUTI data 2006) and a
long history in this land-use. The 95,000-ha study area covered the
three large river valleys of the Seine, the Aube, the Marne, and their
affluents (Fig. 1). Flood-control reservoirs were created along the
three rivers in 1966 (Seine), 1974 (Marne) and 1987 (Aube), but
the flooding events still remained regular. The geological profile
of the area is an alluvium from the Pleistocene, mainly containing
carbonated clay, silt and sand. In order to compare the targeted
habitat types within similar ecological conditions, we controlled
some environmental features a priori to select sites that matched
the following criteria: carbonated silt or clay soils (peat and sandy
soils were excluded), that are deeper than 40 cm, and moderately
humid as indicated by F Ellenberg values (Ellenberg, 1974) of plant
assemblages (range: 4.8-7.65) (cf. Berthelot et al., 2009), and habi-
tat units with a surface area larger than 0.5ha and a consistent
land-use history in the past 30 years.

We applied a mensurative experimental design (Hurlbert, 1984)
along the valleys, using a 63-plot sampling design stratified accord-
ing to two factors: (i) land-use type — comparison of poplar
plantations with two other land-use types: grasslands and semi-
natural forests; (ii) poplar plantation age - comparison of young
and adult plantations (respectively, 2-6 years and 11-21 years
after plantation). This last factor happened to be very much cor-
related with a canopy openness factor, young stands being open
and old stands being closed. We evenly distributed the four lev-
els of the habitat-type factor - seeded grasslands (12 plots), young
(20 plots) and adult (20 plots) poplar plantations and adult semi-
natural forests (11 plots) — among the geographical sectors within
the study area.

The grasslands were set-aside fields, most often seeded with Fes-
tuca arundinacea. To control the development of adventives, they
are either mown once a year and the hay left in place, or occa-
sionally treated with herbicides. Poplar plantations have a 17- to
25-year rotation term. Populus x interamericana “1 214” and Popu-
lus x canadensis “Beaupré” were the most frequent clones. Within
the first eight years after plantation, undergrowth is treated with
herbicide in the lines and in a mechanic way in the interlines.
Thus, in the young plantations (2-6 years), the small poplar trees
overgrew a lush tall-herb community (including sedges and forbs)
without a developed shrub understory. In the studied adult planta-
tions (11-21 years), the canopy layer was closed and the tall-herb
understory was generally dominated by nettle (Urtica dioica) with a
sparse shrub layer present (less than 25% cover). The semi-natural
forest stands were mainly composed of Ash (Fraxinus excelsior)
mixed with pedunculate oak (Quercus robur). We selected adult
stands (the maximum tree diameter was at least 30 cm at breast
height within a 15-m radius from the plot center) with no visible
signs of tree harvesting, and they were usually rich in dead wood.
To explain the spatial patterns of carabids, specific environmental
variables were measured in every sampling plot (cf. Berthelot et al.,
2009): soil conditions, tree stand structure and composition param-
eters (main characteristics in Appendix A). All the trees with a
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Fig. 1. Map of the study area in Champagne-Ardenne, France: the polygons indicate the sampled river valleys, the empty circles denote the 63 sampling sites, (the small

dark dots the forests).
Source: Cartographie IFN, BD Carthage.

diameter at breast height (dbh) bigger than 2.5 cm were inventoried
in circles with radius that varied with dbh: respectively, 4,6 and 9 m
radius for trees less than, respectively, 7.5, 22.5,37.5 cm in dbh, and
15 m radius for bigger trees. Mean stand diameter and basal area
were calculated as the weighted mean of diameters and basal areas
of trees thus sampled, weights being the inverse of the sampled area
for each tree. Land-use history of the plots (past 30 years) was esti-
mated by aerial photographs. After a posteriori characterization,
soil humidity appeared slightly unbalanced between habitat types
and land-use history was not perfectly controlled within habitat
types. Therefore, they could cause confounding effects.

In 2007, five pitfall traps per sampling plot were serviced dur-
ing three sampling intervals (16 April-21 May; 21 May-25 June
and 10 September-1 October), corresponding to the highest carabid
activity regime, to better allocate the sampling effort to the spatial
replicates, as suggested by Sapia et al. (2006). The pitfall traps were
installed in a cross-design, 15 m from each other to ensure indepen-
dent catches and at least 15 m inside the habitat area to avoid edge
effects. The traps consisted of ~85 mm diameter plastic cups; each
containing approximately 250 ml of a 50% - solution of propylene
glycol and water, saturated with salt and with a drop of odour-
less detergent to reduce surface tension. A transparent plastic roof
protected the solution from litter and rain. The carabids collected
were stored in vials with 70% alcohol and were identified to species
level using standard keys by Coulon (2003, 2004a,b), Hurka (1996),
Jeannel (1941, 1942, 1949) and Lindroth (1974). The nomenclature
of the species is based on the Fauna Europea database, species list
of Carabidae (Taglianti, 2008). For numerical analyses, we selected
three out of the five pitfall traps and the catches from the three
sampling occasions and the three pitfall traps were pooled and
standardized at the plot level.

2.2. Data analysis

Non-metric multidimensional scaling (NMDS) implemented by
an analysis of similarities (ANOSIM; Clarke, 1993) was applied

to display and test the dissimilarities in the carabid species
composition among the habitat-types using the Jaccard (for pres-
ence/absence data) and Bray-Curtis (for abundance data) indices of
dissimilarity. This analysis was performed with the R 2.5.1 software
(R Development Core Team, 2007) using MASS and Vegan packages
(Venables and Ripley, 2002; Oksanen et al., 2007).

We estimated the richness of the species pool from the sam-
ple distribution of each habitat type using non-parametric Mao tau
estimators (Colwell et al., 2004) with EstimateS version 8 (Colwell,
2007). The confidence interval (95%) resulted in all cases from 5000
reshufflings of the sample order.

The analysis of species responses to ecological variables was
based on the following two prerequisites: (1) the species had
to occur in at least 5 plots to be included in the analyses; (2)
because the explanatory variables were highly correlated (based on
Spearman rank correlation or Kruskal-Wallis test), we used model
comparison procedures instead of multiple regression models to
analyze the data.

Generalized linear mixed-effect models were used to study the
relationship between single environmental variables — considered
as fixed factors - and carabid occurrences or mean abundance
per plot - as the response variable. We added a nested spa-
tial random effect to account for the spatial structure among
the sampling plots: (1) basin - sampling plots grouped accord-
ing to the river valley; (2) sampling sectors within the basin,
defined so that each sector contained each habitat type. Two fam-
ilies of distribution were used: “binomial” for occurrence data
and “quasi-Poisson” for abundance data. We used quasi-likelihood
methods based on the Poisson distribution instead of the Pois-
son distribution itself because ecological data are not expected to
be precisely Poissonian (Ver Hoef and Boveng, 2007). We mod-
elled these data with generalized linear mixed models (GLMM,
Bolker et al., 2009), using the Imer function in the Ime4 R pack-
age (with the default Laplace approximation to the log-likelihood).
We used the following explanatory variables in the evaluated
models:
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Table 1

Summary table of the mean abundance of the species per plot according to habitat types (Champagne-Ardenne floodplains, France, 2007). Only species occurring in more
than 5 plots were considered.

Species Species abbreviation Seeded grassland Poplar plantations Semi-natural forest Sum of the mean
abundance per species

Young Adult

Abax parallelepipedus abat 0.00 0.01 023 0.16 0.40
Acupalpus exiguous acex 0.04 0.02 0.00 0.00 0.06
Agonum afrum agaf 0.21 0.19 0.06 0.54 0.99
Amara aenea amae 0.25 0.10 0.01 0.00 0.36
Amara aulica amau 0.19 0.90 0.00 0.01 1.10
Amara communis amcm 0.84 0.49 0.11 0.00 1.44
Amara convexior amcv 0.02 0.32 0.09 0.00 0.43
Amara ovata amov 0.02 0.09 0.01 0.00 0.12
Amara similata amsi 0.01 0.08 0.02 0.02 0.13
Anisodactylus binotatus anbi 0.06 0.59 0.09 0.03 0.77
Anchomenus dorsalis ando 0.12 0.19 0.26  0.00 0.57
Badister bullatus babu 0.14 0.19 0.10 0.02 0.45
Badister lacertosus bala 0.00 0.06 031 044 0.80
Badister sodalis baso 0.02 0.07 0.11 0.11 0.32
Brachinus crepitans brer 0.58 1.05 0.00 0.00 1.63
Brachinus explodens brex 0.49 0.14 0.00 0.00 0.64
Brachinus sclopeta brsc 0.00 0.06 0.01 0.00 0.07
Carabus auratus caau 0.18 6.36 537 1.64 13.54
Carabus granulatus cagr 0.23 0.29 0.51 0.51 1.53
Carabus monilis camo 0.47 0.29 1.00 0.28 2.04
Carabus nemoralis cane 0.04 0.18 028 0.24 0.74
Chlaeniellus nigricornis chni 0.08 0.28 0.02 0.00 0.39
Clivina fossor clfo 0.12 0.11 035 0.09 0.67
Dyschiriodes globosus dygl 0.12 0.03 0.04 0.00 0.20
Harpalus affinis haaf 1.38 0.19 0.00 0.00 1.57
Harpalus cupreus hacu 0.57 0.29 0.02 0.00 0.89
Harpalus distinguendus hadt 0.01 0.05 0.00 0.00 0.06
Harpalus latus hala 0.00 0.03 0.15 0.19 0.37
Harpalus luteicornis halu 3.00 1.11 032 0.01 443
Harpalus rubripes haru 0.07 0.02 0.02 0.00 0.11
Leistus fulvibarbis lefu 0.01 0.01 0.12  0.08 0.22
Limodromus assimilis lias 0.00 0.00 0.13  0.62 0.74
Licinus depressus lide 0.03 0.05 0.02 0.00 0.09
Metallina lampros mela 0.00 0.13 0.12  0.01 0.25
Microlestes maurus mima 0.13 0.07 0.00 0.00 0.20
Microlestes minutulus mimi 0.08 0.07 0.01 0.00 0.16
Nebria brevicollis nebr 0.16 0.02 0.87 0.49 1.54
Nebria salina nesa 0.00 0.00 0.05 0.12 0.17
Notiophilus biguttatus nobi 0.00 0.00 0.04 0.17 0.21
Notiophilus palustris nopa 0.01 0.02 0.06 0.02 0.10
Oodes helopioides oohe 0.00 0.10 0.01 0.00 0.11
Oxypselaphus obscurus oxob 0.00 0.03 0.13  0.02 0.18
Patrobus atrorufus paat 0.00 0.02 033 091 1.26
Panagaeus crux-major pacr 0.02 0.08 0.00 0.00 0.10
Philochthus biguttatus phbi 0.07 0.01 0.08 0.12 0.28
Philochthus mannerheimii phma 0.04 0.01 0.00 0.82 0.87
Phyla obtusa phob 0.06 0.03 0.04 0.14 0.28
Platynus livens plli 0.00 0.00 0.31 0.34 0.65
Poecilus cupreus pocu 3.22 243 0.86 0.09 6.61
Poecilus versicolor pove 0.02 0.08 0.01  0.00 0.10
Pseudoophonus rufipes psru 1.01 1.45 0.36 0.03 2.85
Pterostichus anthracinus ptan 0.06 0.56 022 034 117
Pterostichus cristatus ptcr 0.00 0.09 0.04 0.06 0.19
Pterostichus melanarius ptme 5.07 3.01 406 244 14.58
Pterostichus strenuus ptst 0.03 0.13 1.01 0.45 1.62
Pterostichus vernalis ptve 0.10 0.08 0.09 0.06 0.33
Stomis pumicatus stpu 0.02 0.23 039 0.20 0.84
Syntomus obscuroguttatus syob 0.09 0.04 0.03 0.00 0.16
Trepanes gilvipes trgi 0.05 0.09 029 0.10 0.54
Total mean abundance/plot and habitat type 20.44 23.38 19.56 12.40
Number of plots 12 20 20 11
Total sum of collected individuals 11155
Total species number 110
1. Null model: no other variable than the intercept; 4. Canopy-openness model: factor, two levels: open habitat (includ-
2. Habitat-type model: factor, four levels: seeded grassland, ing grassland and young poplar plantations) and closed habitat
young poplar plantation, adult poplar plantation, semi-natural (including adult poplar plantations and forests);
forest; 5. Stand basal area model: continuous variable: basal area, i.e. the
3. Land-use-type model: factor, three levels: grassland, poplar plan- sum of the cross sections (taken at breast height) of the trees
tation, forest; (m?/ha);
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6. Soil N resource model: continuous variable: nitrogen availability
in the soil, indicated by N Ellenberg index of plant communities
(Ellenberg, 1974);

7. Soil humidity model: continuous variable: estimated humidity
of the soil based on F Ellenberg index of floral communities
(Ellenberg, 1974);

8. History model: factor: previous land-use of the studied plots, four
levels: crop field, grassland, poplar plantation and forest.

For each species, we used a model selection information crite-
rion (AICc, QAICc) to rank the above models in terms of their ability
to explain species occurrences/abundances while accounting for
the number of parameters estimated (Burnham and Anderson,
2002). In this way, a “best approximating” model was selected
as the most parsimonious explanation of the data. Model selec-
tion based on AICc and QAICc include a finite sample correction
useful for small and medium sample sizes as is the case here.
For AICc, the number of degrees of freedom was that specified
by the log-likelihood function (named logLik, Bolker et al., 2009).
For QAICc, the dispersion parameter of model [10] was chosen
for all models (cf. Bolker et al., 2009). However, some modifi-
cations were incorporated compared with Bolker et al. (2009):
one degree of freedom was added for the dispersion parameter
(Burnham and Anderson, 2002) and the scale parameter of the
GLMM was squared (cf. http://stat.ethz.ch/pipermail/r-sig-mixed-
models/2010q1/003345.html).

Species preferring the humidity and history models were
excluded from further analyses, when the cumulated weight of the
two models exceeded 0.5. Indeed, these two variables were consid-
ered to be sources of bias for the comparison of habitat types (cf.
above).

The estimates of the fixed effects from the frequentist general-
ized linear mixed models often had very high variances - especially
when a species was totally absent from one habitat type. This
probably occurred because the asymptotic results that predict a
normal distribution of the estimates do not hold in such “extreme”
cases. Therefore, we re-estimated the model parameters by using
the Markov Chain Monte Carlo procedure (Metropolis et al., 1953;
Hastings, 1970) provided in Ime4 (Bates, 2007) and Coda packages
inR2.5.1. Using these posterior simulated values, we calculated the
significant pair wise differences among the different levels of the
explanatory variables (Wade, 2000).

For the analyses, we defined the following species responses
according to whether a species had higher occurrences/abundance
in the following habitat types:

(1) grassland species;

(2) young-poplar species;

(3) adult-poplar species;

(4) poplar species;

(5) forest species;

(6) open-habitat species;

(7) closed-habitat species;

(8) unaffected species: no significant differences were found

A priori categories of response were defined in a similar way for
land-use and canopy openness factors.

3. Results
3.1. Assemblage-level comparison of the habitat types

Altogether, 11,155 ground beetles belonging to 110 species
were collected (Table 1). The mean abundance of carabids per plot
decreased from young poplar plantations (23.38), through grass-
lands (20.44) then adult poplars (19.56), to semi-natural forests
(12.40; cf. Table 1). The estimated species richness was highest
in the young poplar planations (73), while the grassland was the
second most species rich (63). The adult poplar plantations were
moderate species rich (57), and the semi-natural forests were the
least speciose (52) (for further details see the paragraph about the
rarefaction curves).

The results of non-metric multidimensional scaling with Jac-
card and Bray-Curtis dissimilarity indices showed a gradient of
succession in species composition related to canopy cover, from
grasslands, through young then adult poplar plantations, to forests
(Fig. 2). The results of analysis of similarity showed that the species
composition differences between the four habitat types were
statistically significant, both for occurrence (R=0.43, p<0.001,
100,000 permutations), and abundance data (R=0.31, p<0.001,
100,000 permutations). However, the within-group variability of
abundance data, in the semi-natural forests was higher than the
between-group variability.

Fig. 2. Ordination of non-metric multidimensional scaling based on the occurrences of carabids (A) and abundance of carabids (B). The stress of the two dimensional

configuration was 31.67 for occurrence data and 24.93 for abundance data.
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Fig. 3. Sample based rarefaction curves per habitat type in Champagne-Ardenne
floodplains.

Rarefaction curves (Fig. 3) based on Mao Tau estimators esti-
mated 73 species for the whole group of young poplar plantations
(11 samples out of the 20), 63 species for the seeded grasslands
(11 samples out of the 12), 57 species for the adult poplar plan-
tations (11 samples out of the 20) and 52 species for the forests
(11 samples). However, these estimates were still not stable, but
rose continuously with sample size. They showed no significant
difference in species richness among the habitat types because the
confidence intervals overlapped (Fig. 3).

3.2. Species-level responses to habitat types and canopy cover

The comparisons of 49 species occurrence models based on the
logistic approach (Appendix B) show that few species clearly dis-
criminated any one of the eight ecological models from the others.
The most often preferred model was the canopy openness model
(for 16 species), followed by the related stand basal area model
(11 species). Fewer species admitted the habitat type model (6
species), the soil N resource model (5 species) and the land-use
model (4 species) as their best occurrence model. The soil humidity
model was preferred by many species (11 species), while only three
species preferred the historical model. Fourteen species preferring
soil humidity and/or history models were excluded from further
analyses, because of their potentially biased response. Finally, for
three species, the best model was the null model.

Species responses based on the occurrences of 48 species are
summarized in Table 2. Few a priori profiles were supported: two
grassland and one forest species were found, while the poplar
profiles had no species. Eight open-habitat species and seven
closed-habitat species were identified. Five species were unaf-
fected. Some profiles were identified a posteriori; the profiles
with the term “towards” corresponded to marginally significant
responses or incomplete conditions completed by the species. The
profiles with the term “avoid” corresponded to species with their
lowest occurrence in one habitat type, as compared to all other
categories. Four species avoided grasslands, another two avoided
adult poplar plantations, while 14 species avoided forest habitats.
Finally, three species showed unclear pattern in their responses.

The comparisons of species abundance models based on the
quasi-Poisson approach are summarized in Appendix C. Some
differences in trends were found comparing with the occurence
models: habitat type model were supported by more species
(13 species, respectively), while fewer species supported the
land-use (3 species), soil humidity (9 species) and canopy
openness models (11 species). Nine species preferring the soil

Fig. 4. Examples of density distribution sunflower plots for species responses in
abundance, corresponding to the following profiles: grassland, young and adult
poplar plantation and forest; petals on the graph represent overlapping dots with
the same abundance value in the dataset (i.e. dot with one petal correspond to
two datapoint, dot with two petals correspond to three data point). Legend: Gs -
seeded grasslands, Py — young poplar plantations, Pa - adult poplar plantations; Fa
- semi-natural forests.

humidity and/or history models were excluded from further
analyses.

Species responses based on the abundance of 50 species are
summarized in Table 3. All the a priori profiles were supported
by at least one species (Figs. 4 and 5). Two grassland and one
forest species were found while the poplar, young-poplar and
adult-poplar profiles were each supported by one species. Nine
open-habitat and five closed-habitat species were identified. Four
species avoided grasslands, while 10 species avoided forests and
one species avoided adult plantations. Finally, five species showed
unclear patterns in their responses.

4. Discussion

We found that carabid beetles are mainly influenced by the
broad characteristics of the habitats (i.e. distinction between
“open” and “closed” habitats), which supported our canopy-effect
hypothesis. The analysis of species composition based on the
dissimilarity metrics showed a significant difference among the
habitat types, suggesting a stronger difference between open and
closed habitats than between poplar and other habitat types.
Species-response models also showed that circa one third of the
selected carabid species distinguished open habitats (grasslands
and young poplar plantations) from closed ones (adult poplar plan-
tations and semi-natural forests). The land-use-effect hypothesis
was only partly supported by the results: only one-ninth of the
studied species could significantly and positively distinguish the
traditional land-use types from the poplar plantations.

4.1. Land-use has a slight effect for carabids

Poplar plantations are suspected to decrease biodiversity
as compared to traditional land-uses (Moore and Allen, 1999;
Hartley, 2002). Some of these traditional, low intensity farm-
ing systems are considered as biodiversity hotspots (Bignal and

Ecol. Manage. (2010), doi:10.1016/j.foreco.2010.07.034
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Individual species response to habitat type and canopy cover; comparisons based on the calculated p value of mean occurrences per habitat type. The full name of the species

is given in Table 1.

Z. Elek et al. / Forest Ecology and Management xxx (2010) XXx—xXX

Species  Best model Comparisons (habitat type) Profile (habitat type) Comparisons Profile
(canopy openness)  (canopy openness)

pocu Habitat type Py >Fa***, Gs >Fa***, Gs >Pa***, Gs > Py*** Grassland e Open
ptme Land-use type Gs>Fa***, Gs>Pa***, Gs > Py*** Grassland NS Unaffected
babu Stand basal area Pa>Fa* Py >Fa* Gs>Fa*, Py>Pa* Towards young poplar, avoid forest — *** Open

nebr Stand basal area Fa>Pa* Fa>Py* Fa>Gs*, Pa>Py* Forest . Closed
cane Stand basal area Fa>Py*, Fa>Gs* Towards forest NS Unaffected
acex Canopy openness Py >Fa™*, Gs>Fa***, Py >Pa***, Gs>Pa*** Open o Open

brer Stand basal area Py >Fa*™**, Gs>Fa***, Py >Pa***, Gs>Pa*** Open o Open

brex Stand basal area Py >Fa***, Gs >Fa***, Py > Pa***, Gs > Pa*** Open e Open

haaf Stand basal area Py >Fa***, Gs>Fa***, Py > Pa***, Gs > Pa***, Gs>Py™™*  Open e Open

hadt Canopy openness Py >Fa™*, Gs>Fa***, Py >Pa***, Gs>Pa*** Open o Open
mima Canopy openness  Py>Fa***, Gs>Fa*** Py >Pa*** Gs>Pa*** Open e Open

pacr Canopy openness Py >Fa™*, Gs>Fa***, Py > Pa***, Gs > Pa*** Open e Open
amem Stand basal area Pa>Fa*** Py >Fa*** Gs>Fa™**, Py >Pa**, Gs>Pa** Open, avoid forest o Open
amov Habitat type Pa>Fa*** Py >Fa*** Gs>Fa***, Gs>Pa**, Py > Gs™** Towards open, avoid forest o Open

anbi Habitat type Pa>Fa*** Py>Fa*, Gs>Fa*, Py>Pa* Towards open, avoid forest e Open

hacu Stand basal area Pa>Fa***, Py > Fa*** Gs > Fa™**, Gs>Pa* Towards open/avoid forest o Open

lefu Canopy openness  Fa>Py*, Fa>Gs* Pa>Py*, Pa>Gs* Closed > Closed

lias Canopy openness  Fa>Py*** Fa>Gs*** Pa>Py*** Pa>Gs*** Closed e Closed
nesa Canopy openness  Fa>Py***, Fa>Gs***, Pa>Gs***, Pa>Py*** Closed e Closed
nobi Canopy openness  Fa>Py***, Fa>Gs***, Pa>Py***, Pa>Gs*** Closed o Closed

plli Canopy openness  Fa>Py*** Fa>Gs*** Pa>Py*** Pa>Gs*** Closed e Closed
ptst Canopy openness  Fa>Py*, Fa>Gs*, Pa>Py*, Pa>Gs* Closed e Closed
bala Habitat type Fa>Py***, Fa>Gs*™**, Pa>Py*** Pa>Gs*** Py >Gs***  Closed, avoid grassland o Closed
baso Stand basal area Fa>Py*, Fa>Gs*, Pa>Gs* Towards closed NS Closed
paat Canopy openness  Fa>Py*** Fa>Gs*** Pa>Gs***, Py >Gs*** Towards closed, avoid grassland NS Unaffected
abat Soil humidity Fa>Gs*™**, Pa>Gs™*, Py > Gs™** Avoid grassland NS Unaffected
hala Stand basal area Fa>Gs***, Pa>Gs*™**, Py > Gs™** Avoid grassland NS Unaffected
pter Land-use type Fa>Gs*™**, Pa>Gs™**, Py > Gs*** Avoid grassland NS Unaffected
amau Canopy openness  Fa>Pa***, Py >Pa*** Gs >Pa*** Avoid adult poplar e Open
phma Soil N resources Fa>Pa*** Py >Pa***, Gs>Pa*** Avoid adult poplar NS Unaffected
amae Stand basal area Pa>Fa***, Py >Fa***, Gs > Fa*** Avoid forest e Open
amcv Land-use type Pa>Fa***, Py > Fa***, Gs > Fa™** Avoid forest NS Unaffected
ando Soil N resources Pa>Fa*** Py > Fa*** Gs > Fa™** Avoid forest NS Unaffected
chni Soil humidity Pa>Fa*** Py >Fa*** Gs>Fa*** Avoid forest o Open

dygl Soil humidity Pa>Fa***, Py >Fa***, Gs >Fa*** Avoid forest NS Unaffected
halu Habitat type Py >Fa***, Gs >Fa***, Pa>Fa*™* Avoid forest o Open

haru Soil N resources Pa>Fa*** Py >Fa*** Gs>Fa*** Avoid forest NS Unaffected
lide Canopy openness  Pa>Fa*** Py>Fa*** Gs>Fa*** Avoid forest o Open
mimi Canopy openness ~ Pa>Fa***, Py >Fa***, Gs > Fa*** Avoid forest o Open

pove Canopy openness  Pa>Fa*** Py>Fa***, Gs>Fa*** Avoid forest o Open

syob Canopy openness  Pa>Fa*** Py>Fa*** Gs>Fa*** Avoid forest e Open

stpu Land-use type Fa>Gs*, Pa>Gs* Unclear response NS Unaffected
psru Habitat type Py >Fa***, Gs>Fa*** Unclear response o Open
camo Soil N resources Pa>Gs* Unclear response NS Unaffected
amsi Null NS Unaffected NS Unaffected
caau Soil N resources NS Unaffected NS Unaffected
nopa Null NS Unaffected NS Unaffected
phbi Soil humidity NS Unaffected NS Unaffected
phob Null NS Unaffected NS Unaffected

Gs - seeded grasslands; Py — young poplar plantations; Pa — adult poplar plantations; Fa - adult forests.
Bilateral test based on *0.05, **0.01, ***0.001 significance levels.

Fig. 5. Examples of density distribution sunflower plots for species responses in abundance corresponding to the following profiles: open-, closed habitats and poplar; petals
on the graph represent overlapping dots with the same abundance value in the dataset (i.e. dot with one petal correspond to two datapoint, dot with two petals correspond
to three data point). Legend: Gs - seeded grasslands, Py — young poplar plantations, Pa - adult poplar plantations; Fa - semi-natural forests.
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Table 3

Individual species response to habitat type and canopy cover; comparisons based on the calculated p value of mean abundance per habitat type. The full name of the species

is given in the Table 1.

Species Best model Comparisons (habitat type) Profile (habitat type) Comparisons Profile
(canopy openness) (canopy openness)

halu Habitat type Py >Fa***, Gs >Fa***, Py > Pa**, Gs > Pa***, Gs > Py** Grassland, open e Open

haaf Stand basal area Py > Fa***, Gs > Fa***, Py > Pa***, Gs > Pa***, Gs > Py*** Grassland, open o Open

anbi Habitat type Py >Fa**, Py > Pa*, Py > Gs** Young poplar o Open

amcv Habitat type Pa>Fa*** Py >Fa***, Gs >Fa**, Py > Gs** Towards young poplar, NS Unaffected
avoid forest

psru Stand basal area Pa>Fa**, Py>Fa***, Gs>Fa***, Py > Pa*™** Towards young poplar, Open
avoid forest

camo Habitat type Pa>Fa**, Pa>Py** Pa>Gs* Adult poplar * Closed

brsc Canopy openness  Pa>Gs™*, Py>Gs***, Pa>Fa***, Py >Fa™** Poplar NS Unaffected

paat Stand basal area Fa>Pa** Fa>Py*** Fa>Gs™**, Pa>Py** Pa>Gs*** Py>Gs***  Forest, closed, avoid o Closed
grassland

agaf Soil N resources Fa>Pa* Towards forest NS Unaffected

hacu Stand basal area Pa>Fa*** Py >Fa*** Gs>Fa***, Py>Pa* Gs>Pa** Open o Open

brex Stand basal area Py >Fa*™** Gs>Fa**, Py >Pa*** Gs>Pa*** Open e Open

acex Canopy openness Py >Fa***, Gs >Fa***, Py > Pa***, Gs > Pa*** Open e Open

pacr Canopy openness  Py>Fa***, Gs>Fa***, Py>Pa***, Gs > Pa*** Open o Open

brer Stand basal area Py >Fa*™**, Gs>Fa***, Py >Pa***, Gs>Pa*** Open e Open

hadt Canopy openness Py >Fa***, Gs >Fa***, Py > Pa***, Gs > Pa*** Open e Open

mima Canopy openness Py >Fa*** Gs>Fa*** Py>Pa***, Gs>Pa™** Open o Open

amem Stand basal area Pa>Fa** Py >Fa*** Gs>Fa***, Py >Pa* Gs>Pa* Open, avoid forest o Open

pocu Habitat type Pa>Fa**, Py >Fa***, Gs >Fa***, Py >Pa***, Gs >Pa*** Open, avoid forest e Open

amau Habitat type Fa>Pa*** Py >Fa*** Py >Pa, Gs > Pa*** Towards open, avoid o Open
adult poplar

amae Stand basal area Pa>Fa*** Py >Fa*** Gs>Fa***, Gs>Pa**, Towards open, avoid e Open
forest

nobi Canopy openness  Fa>Py*** Fa>Gs*** Pa>Py***, Pa>Gs™** Closed o Closed

plli Canopy openness  Fa>Py*** Fa>Gs*** Pa>Py***, Pa>Gs*** Closed e Closed

nesa Canopy openness Fa>Py***, Fa>Gs***, Pa>Py***, Pa> Gs*** Closed e Closed

lias Habitat type Fa >Py***, Fa>Gs*™**, Pa>Py***, Pa > Gs*** Closed o Closed

bala Habitat type Fa>Py*, Fa>Gs*™**, Pa>Py*, Pa> Gs***, Py > Gs*** Closed, avoid grassland o Closed

ptst Habitat type Fa>Gs**Pa>Py***, Pa>Gs*** Towards closed e Closed

abat Soil humidity Fa>Gs***, Pa>Py**, Pa> Gs***, Py > Gs*** Towards closed, avoid * Closed
grassland

lefu Canopy openness Fa>Py**, Pa>Py** Towards closed, NS Unaffected
towards avoid young
poplar

ptcr Soil humidity Fa>Gs*™**, Pa>Gs*™**, Py > Gs*™** Avoid grassland NS Unaffected

hala Stand basal area Fa>Gs*™*, Pa>Gs™*, Py > Gs*** Avoid grassland * Closed

mela Land-use type Fa>Gs**, Pa>Gs*™*, Py > Gs™** Avoid grassland NS Unaffected

syob Null Pa>Fa*** Py >Fa*** Gs>Fa*** Avoid forest o Open

ando Soil N resources Pa>Fa***, Py >Fa***, Gs >Fa*** Avoid forest NS Unaffected

dygl Null Pa>Fa*** Py >Fa*** Gs>Fa*** Avoid forest NS Unaffected

mimi Canopy openness  Pa>Fa***, Py >Fa***, Gs>Fa*** Avoid forest o Open

pove Canopy openness  Pa>Fa**, Py>Fa**, Gs>Fa*** Avoid forest NS Unaffected

lide Null Pa>Fa*** Py >Fa***, Gs >Fa***, Avoid forest NS Unaffected

amov Canopy openness  Pa>Fa**, Py >Fa***, Gs>Fa*** Avoid forest NS Open

stpu Soil N resources Pa>Gs**, Py > Gs™™* Unclear response NS Unaffected

amsi Null Fa>Pa*** Pa>Gs** Unclear response NS Unaffected

ptme Land-use type Gs>Fa*** Unclear response NS Unaffected

haru Null Gs>Fa***, Unclear response * Open

trgi Soil N resources Pa>Gs** Unclear response NS Unaffected

babu Stand basal area NS Unaffected NS Unaffected

baso Null NS Unaffected NS Unaffected

cane Canopy openness NS Unaffected NS Unaffected

nopa Null NS Unaffected NS Unaffected

phbi Stand basal area NS Unaffected NS Unaffected

phob Null NS Unaffected NS Unaffected

ptve Soil humidity NS Unaffected NS Unaffected

Gs - seeded grasslands; Py — young poplar plantations; Pa - adult poplar plantations; Fa - adult forests.

Bilateral test based on *0.05, **0.01, ***0.001 significance levels.

McCracken, 1996), but in certain regions, their abandonment
result in land-use changes (Baldock et al., 1996). Based on these
premises, we expected that carabids would best distinguished by
the land-use types: poplar plantations versus grasslands and/or
forests.

Atthe assemblage level, neither species composition nor gamma
species richness clearly differentiated poplar plantations as a
whole, from any of the traditional land-use types. Similarly, Allegro
and Sciaky (2003) found that the local species richness does
not vary significantly between crop fields, poplar plantations and

forests. Berthelot et al. (2005) also pointed out that local species
richness is equivalent between plantations and cereal fields, but
higher in plantations than in broad-leaved forests. On the contrary,
Ulrich et al. (2004) found that poplar plantations are species poor
compared to the neighbouring crop fields.

At the species level, species distribution was rarely best
explained by the land-use type model (4 and 2 species, respec-
tively, for the occurrence and abundance data). Although a few
species preferred the traditional land-uses (3 grassland and 1 forest
species), these profiles were not as frequent as we first expected.

Ecol. Manage. (2010), doi:10.1016/j.foreco.2010.07.034
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Furthermore, even fewer species preferred the poplar plantations,
and this was only clear for patterns in abundance. Actually, the
most frequent land-use profiles consisted in avoidance of one of
the land-use types, especially the semi-natural forests (14 and 10
species). This can be interpreted by the high prevalence of open-
habitat and generalist species in the studied species pool which
can adapt to different habitat types, except for the semi-natural
forests (even if these are small-sized). The lack of forest-specialist
species in the total sampled species pool was a surprise in our
study. The small, isolated, fragments of semi-natural forests as
well as the land-use history of the studied region could explain
this particular pattern (similarly as in Irmler, 2000). Indeed, in
the last decades, the alluvial forests dramatically declined in the
Champagne-Ardenne floodplains: between the seventies and the
nineties, the semi-natural forest surface area decreased by 53% in
the Seine-Aube valleys to reach 5.5% in 1994 and, respectively, by
8% in the Marne valley to reach 8.5% in 1997 (IFN, 1999, 2001). The
lack of forest-specialists could also be related to more methodolog-
ical considerations, like the criteria we used for selecting species
for analyses, in association with a relatively low number of for-
est replicates and the low frequency of forest species among the
studied forest habitats. We also suppose that the lack of spe-
cific profiles could be explained by the intrinsic lack of variation
of habitat quality to carabid species or by the quality and con-
nectivity of the neighbouring habitats (i.e. matrix) which might
influence the species composition of a certain habitat patch (Lovei
et al,, 2006). As a conclusion, the land-use-effect hypothesis was
less supported by our results than the canopy-effect hypothe-
sis.

4.2. Canopy cover has a main effect on carabids

The canopy layer, one of the most visible attributes of wooded
habitats, influences the development of the fauna and flora on the
floor, and especially the organisation of ground beetle assemblages
(Koivula, 2001; du Bus de Warnaffe and Lebrun, 2004; Richard et
al., 2004). The gradient of canopy-openness was revealed by dif-
ferences in species composition from the grasslands through the
young and adult poplar plantations to the forest, with distinction
between open habitats on one hand, adult poplar plantations in
the middle and the semi-natural forests at the end. Secondly, in
spite of their insignificance, the rarefied species richness results
also suggest that the open habitats collected a higher amount
of carabid species as compared to closed ones. At the species
level, both species abundance and presence-absence distributions
were frequently best explained by models reflecting the level of
canopy cover (either the canopy-openness or the basal area mod-
els). The analysis of species profiles also strongly supported the
distinction between open and closed habitats, suggesting that the
development of the canopy layer was among the most important
environmental parameters influencing habitat selection for cara-
bids. As a consequence the canopy-effect hypothesis was clearly
supported by our results.

Taboada et al. (2008), Yu et al. (2008) and Oxbrough et al., 2010
also found that the degree of canopy cover is one of the most
influential environmental parameter for the abundance of carabids.
Taboada et al. (2006) suggested that species richness and the diver-
sity of carabids are influenced by development of canopy layer (i.e.
crown diameter). Similarly to our findings, Koivula (2001) found
that carabids could be classified along a canopy-closure gradient as
open-stage specialists, closed-stage specialists and forest-habitat
generalists. He also found that circa 80 percent of the most abun-
dant species occurred more frequently in the clear-cuts and young
sapling stands than in more closed habitats. In contrast, Richard et
al. (2004) highlighted six detailed profiles of species successional
response along a gradient of canopy-closure during an oak silvi-

cultural cycle, with as many species preferring the open-canopy
stages than the closed-canopy stages. In our case, with both the
occurrence and the abundance approaches, the canopy-openness
model revealed that more species preferred the open stages (22
and 19 species) than the closed ones (9 and 10 species). Neverthe-
less, the existence of the open and closed profiles suggest that even
a short poplar cycle induces sufficiently contrasted environmental
conditions to successively host species with opposed requirements
in terms of canopy cover.

4.3. Habitat types and carabids

Finally, it was the combination of land-use types and canopy
levels (i.e. habitat type) which provided the most meaningful
approach to study the habitat selection of carabids in the light
of our hypotheses. The gradient in species composition based on
the ordination was even more consistent with the habitat type
model than with the land-use or the canopy-cover models. Indeed,
the difference between the adult poplar plantations and the semi-
natural forests appeared greater than the difference between the
young poplar plantations and the grasslands. This pattern may be
better explained by some generalist species profiles, such as the
highly supported “avoid forest” profile, rather than by some spe-
cialist profiles, such as the less supported “adult poplar” or “forest”
profiles.

5. Conclusions

Our study provided a detailed view on the effects of poplar
plantations on ground beetles in three French floodplains. We
found that carabid responses better reflected the canopy-cover
than the land-use differences among the studied habitat types.
However, within the closed-canopy habitats, some species are able
to differentiate the semi-natural forests from the adult poplar plan-
tations. Similarly, within open habitats, some other species can
distinguish the grasslands from the young plantations. Contrary
to what we expected, species requiring traditional land-uses were
less numerous than species showing no habitat preference except
from avoidance of one of the traditional land-use type, probably
due to the lack of specialist species in the studied species pool.

As a consequence, poplar plantations did not seem to dramati-
cally impoverish carabid diversity, but they did not enrich it either
since the species they host were also found either in the grasslands
or in the forests.
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