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Abstract 
 
Urban forest patches are highly fragmented and are characterised by sharp edges. These urban 
forests are bordered by various land-use types, which may have a considerable effect on the 
fauna and flora at forest edges, and into forest interiors. To investigate the effects of 
differentially contrasting edges (low vs. intermediate vs. high) on ground beetle assemblages 
(Carabidae) in urban boreal forests, I performed a study in the cities of Helsinki and Vantaa, 
southern Finland by placing pitfall traps along a gradient from ca. 10 m into three matrix types 
(secondary forest vs. grassland vs. asphalt) up to 60 m into urban forest patches. Individual 
species and carabid beetle assemblages were strongly affected by edge contrasts and distance 
from urban forest patch edges. The strongest effect on individual species was caused by high 
contrasting edges: generalist and open-habitat species were favoured or not affected while forest 
specialists were affected negatively. Effects of the abundances of potential prey and competitors 
on the carabid beetles were also evaluated, and some insights were gained. For example, forest 
and moisture-associated carabid species were negatively to neutrally associated with springtail 
abundances (a potential food source) while generalist and open habitat, and dryness associated 
species were more positively related to springtail abundances. In terms of potential competitors, 
forest and moisture-associated carabid species were negatively and/or neutrally affected by ant 
and wood ant numbers, while generalist and open-habitat species were neutrally to positively 
associated with these taxa. It appears that carabid beetle habitat associations are more important 
in the responses of these beetles across edges of different contrast than are the prey and predator 
numbers collected there. Finally, I recommend the creation of “soft” or low-contrast urban edges 
if the aim of management is to protect forest specialist species in cities. 
 
 
Keywords: carabids, edge contrasts, prey and competitors, resource-based edge effect model, 
urban forests 
 
 
Introduction 
 
Urbanisation causes destructive changes in urban environments (McKinney, 2002; Alberti, 2008; 
Marzluff et al., 2008). For example, natural habitats are degraded, altered, modified and 
fragmented, primarily due to high anthropogenic disturbances (Marzluff et al., 2008). Highly 
disturbed and fragmented forests with sharp edges are one of the main characteristics of forests 
in urban environments (Hamberg et al., 2008). These human-induced forest edges are rapidly 
becoming a common forest landscape component throughout the world (Lin and Cao, 2009) and 
are extremely common in urbanised areas. Edges and their effects cause considerable negative 
biotic and abiotic effects on the remaining forest patches. The edge can, for example, influence 
population dynamics and community structure, facilitate the spread of invasive species (Fahrig, 
2003; Watling and Orock, 2009), and alter species interactions, predation and parasitism 
(Murcia, 1995). Understanding the mechanisms by which edges affect the biota in, for example, 
urban forests, is important for planning purposes if the goal is to conserve indigenous nature in 
the city environment. Moreover, to reduce the negative effects of the surrounding matrix, it is 
necessary to know how species respond to conditions at habitat edges (Haila et al., 1994) and 
particularly, how different land-use types outside these forests (i.e., edge contrasts) affect 
different organisms (e.g., forest specialist and generalist species) within these forests. Such 
information is needed not only to understand the patterns of distribution of organisms within 
forests, but also the role of different matrices in the fragmented forested landscape. For example, 
sustainable management of boreal forests attempts to mimic processes caused by natural 
disturbance regimes and to achieve this in practice, knowledge of ecological changes and faunal 
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responses on both sides of the edge is of particular importance (Larrivee et al., 2008). In general, 
the effect of the edge may be quite substantially affected by the surrounding matrix (Murcia 
1995). 

The effects of the surrounding matrix on urban forest communities have not been studied 
in detail (Watson et al, 2005; Ewers et al., 2007). Although there are many studies on the effects 
of the edge on various organisms, only a few have investigated edge contrasts, i.e., the effects of 
different types of matrices on communities in the adjacent habitat (patch). Some edge contrast 
studies have been performed on vertebrates (for example the Siberian flying squirrel (Desrochers 
et al., 2003), squirrel gliders (Brearley et al., 2010) and farmland birds (Reino et al., 2009)), 
plants (for example invasive plants (Watling and Orock, 2009)) or lichen Lobaria pulmonaria 
(Coxson and Stevenson, 2007), and on insects, e.g. butterflies in Arizona (Ries and Sisk, 2008). 
To increase our knowledge on the effects of the matrix on communities in forest patches, it is 
necessary to investigate a variety of taxa, including invertebrates. What is more, Davies and 
Margules (1998) did not find edge effects at the level of assemblages, but did find these effects 
for particular species. As such, it is necessary to investigate edge effects and the effects of edge 
contrasts of different levels on the local flora and fauna. 

Edges are generally characterised by abiotic measures, while the potential for biotic 
interactions to explain edge effects are often ignored (Watling and Orock, 2009). Murcia (1995) 
also stressed the relative importance of direct and indirect biological effects on the distribution 
and abundance of species near the edge. Watling and Orock (2009) showed that using both 
abiotic and biotic edge characterisation in weighing edge contrasts may help to understand the 
multiple pathways by which edges influence the distribution and abundance of organisms. 
Despite the many ways in which edges modify species interactions, edge contrasts are rarely 
defined in terms of the strength of biotic interactions (Watling and Orock, 2009). Such 
interactions might be, for instance, predator-prey and competitive interactions (here, ground 
beetles and their prey and potential competitors). Most studies concerning changed species 
interactions in relation to edge effects have been performed on birds (e.g., brood parasitism and 
nest predation) and results are controversial (Lahti, 2001). Even though most of the responses of 
birds, in terms of abundance, to the edge were positive, not enough evidence exist on the 
generality of this response in other animal groups (Ries and Sisk, 2008). For example, it has been 
argued that many edge responses are neutral (Ries et al., 2004; Ries and Sisk, 2008; Ries and 
Sisk, 2010), which is contrary to what has so far been put forward in the literature. This may be 
because the habitat associations of these species are not well known, or that resources do not 
track the edges well. As such, edge contrast studies may be important in explaining a species’ 
neutral response to the edges, particularly when the distribution of resources across the edges 
becomes clearer.  

It has been shown that some organisms respond positively to the edge, e.g., some plants 
(Luczaj and Sadowska, 2008) or birds (Batary and Baldi, 2004), most likely because of a higher 
concentration of resources at edges. For example, in a study on rowan expansion in urban forests 
in Finland, Hamberg et al. (2009) found that rowan density depends on soil fertility, which is 
highest at the edges of urban forest. Higher fertility, more sun light and stronger winds at the 
edges (Murcia, 1995) may result in rapid and lush growth of early successional plants, like tree 
seedlings or field herbs (Moran, 1984), which provide resources for prey items that carabid 
beetles depend upon; e.g. springtails, snails, slugs and earthworms are important food for many 
predatory ground beetles (Toft and Bilde, 2002). Succession create low contrasting edges, which 
may be favoured by some species. However, different levels of “harshness” are evident from 
urban forest edges, such as grasslands, asphalt, or secondary forests adjacent to mature forest. 
Particular resources (e.g. food) might react differently to these contrasting edges in displaying 
different densities across the edge. In turn, this might affect the distribution of carabid beetles 
across the edge. A resource-based edge effect model, developed by Ries and Sisk (2004), was 
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tested using riparian butterflies in Arizona (Ries and Sisk, 2008), and showed that habitat 
association and resource distribution increase our understanding of species responses to the edge. 

It is necessary to stress that until a recent paper by Ries and Sisk (2004), there has been 
little work on the development of a more general model in understanding the mechanisms of 
edge effects. Their model of edge effects predicts changes in population abundance near habitat 
edges based on resource distribution. Three cases of the possible response of populations to the 
edge are presented in this model (with five possible explanations for the pattern observed): 1. 
transitional edge response (resources are concentrated in one patch and the lower quality patch 
has supplementary resources), 2. positive response to the edge (three possible explanations: 
resources in the lower quality patch are different; or availability of the resources is relatively 
equal between patches and resources are complementary; or resources are concentrated along the 
edge), and 3. neutral response (the availability of resources is relatively equal between patches 
and resources are supplementary). The response of a particular species to the edge thus appears 
to depend on how resources, both biotic and abiotic, are distributed across the edge. The more 
harsh the contrast in habitat quality or resource division, the stronger the edge response should 
be (Ries and Sisk, 2004).  

Ground beetles (Carabidae, Coleoptera) are a suitable taxon for the study of edge effects 
and edge contrasts. They are abundant in various habitat types (Thiele, 1977; Lindroth, 1985, 
1992) and their taxonomy is stable and well-known in the northern hemisphere, especially in 
Europe and Fennoscandia (Lindroth, 1985, 1986; Ball, 2008). They are well-known ecologically, 
and can be grouped into habitat association groups (such as forest specialists, open-habitat 
species, and generalists), and moisture affinity groups (e.g., moisture-associated, dryness-
associated, indifferent). As such, they are useful indicators of human disturbances to natural 
environments, habitat alteration or management practices (see Rainio and Niemelä, 2003; Pearce 
and Venier, 2006). Furthermore, they are highly sensitive to changes in habitat conditions and 
fragmentation (Lövei and Sunderland, 1996; Niemelä, 2001; Magura and Ködöböcz, 2006). The 
occurrence of particular species, their abundance and distribution, together with species richness 
can be associated with structural and abiotic features of the habitat under investigation, e.g. 
openness, humidity and disturbance (Koivula et al., 2002; Magura et al, 2003; Rainio and 
Niemelä, 2003; Aviron et al., 2005). The question remains, do the distribution patterns of carabid 
beetle prey, and potential competitors, additionally affect their distribution along an edge 
gradient. A considerable amount of studies have been performed on carabids and their responses 
to edge effects in general (Spence et al., 1996; Magura and Tóthmérész, 1998; Kotze and 
Samways, 1999; Heliölä et al., 2001; Molnar et al., 2001; Skłodowski, 2001; Magura, 2002; 
Koivula et al., 2004; Taboada et al., 2004), but only a few have investigated edge effects in 
urban environments (Bolger et al., 2000; Lehvävirta et al., 2006), while none, to my knowledge, 
have been performed on the response of carabid beetles to edges of different contrast levels.  

The main aim of this study is to investigate whether edge contrasts have an effect on 
individual carabid species and the carabid beetle assemblage in an urban setting. To achieve this 
aim, I investigated the response of carabid beetles to urban forest edges of different contrast: a 
low-contrast matrix (young forest vegetation), an intermediate-contrast matrix (meadows), and a 
high-contrast matrix (asphalt). I predicted a gradient of response by individual carabid species of 
different habitat and moisture affinity to urban forest edges of different contrast. For example, 
forest specialist and moisture associated species are expected to respond more strongly, and 
negatively (in terms of numbers of individuals caught), to high-contrast edges than to low-
contrast edges, while open habitat and dryness associated species are expected to respond more 
positively to high contrast edges than to low contrast edges. Generalist carabid species (in terms 
of habitat affinity and moisture preference) dominate urban environments (Alaruikka, 2002; 
Niemelä et al., 2002; Lehvävirta et al., 2006; Penev et al., 2008), and their response to edges of 
different contrast may be more complicated. If abiotic conditions have little effect on these 
species, I expect a neutral response across edges of different contrast. However, if carabid beetle 
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prey affect their distribution more than abiotic conditions, these beetles may concentrate at 
certain edges depending on the distribution patterns of their prey. In fact, for all carabid species 
(independent of their habitat and moisture preferences), I attempted to evaluate the resource-base 
model (Ries and Sisk, 2004) by correlating beetle occurrence across edges of different contrast to 
potential prey abundances. Furthermore, I evaluated the role of potential competitors (spiders, 
ants, wood ants and staphylinids) (Toft and Bilde, 2002) across these edges on carabid beetle 
abundance patterns. Finally, I evaluated the response of the carabid beetle assemblage to both 
edge contrasts and predator and prey abundances across these urban forest edges. The responses 
of carabid beetles to differentially contrasting edges can be used in providing management 
recommendations of urban forest edges, for example, if the aim of management is to maintain 
natural communities in urban forest environments. 
 
 
Materials and methods 
 
Study sites: forest and matrix habitats 
 
I selected 12 urban forest patches bordering three types of matrix habitat in the Greater Helsinki 
Region, situated in the hemiboreal zone of southern Finland. All forests were mesic and either of 
Oxalis-Myrtilius (OMT) or Myrtilius (MT) type (Cajander, 1926). The forest edge was defined 
as a line along the outermost mature trees of a fragment (Malmivaara-Lämsä et al., 2008). All 
studied forest edges faced south-west to maximise the edge effects in northern-hemisphere 
forests, and edges were more than ten years old. Norwegian spruce (Picea abies) dominated as a 
tree species, but birch (Betula pendula) and Scots pine (Pinus sylvestris) were also present. All 
sites were of similar canopy closure. The dominant trees were mostly more than 80 years old. 
The ground vegetation was dominated by the dwarf shrub Vaccinium myrtilius in both OMT and 
MT forest sites. Oxalis acetosella was also abundant in OMT forests. Other common plant 
species included Convallaria majalis, Vaccinium vitis-idaea and species of ferns 
(Polypodiophyta). In some of the sites rowan seedlings (Sorbus aucuparia) were abundant. 

Three different edge systems were investigated: high contrast edges (asphalt-forest); 
intermediate contrast edges (meadow-forest) and low contrast edges (young forest-forest). High 
contrast edge sites were situated in Pirkkolantie, Mustavuori and Puotinharju in Helsinki, and in 
Vihdintie in the city of Vantaa (4 sites). Intermediate contrast edge sites were situated in 
Maunulanpuisto, Koivikotie, Maununneva and Maununnevantie in Helsinki. Low contrast edge 
sites were established in Metsalantie and Viiki in Helsinki and in Hagakarrsbergen and Friimetsa 
in Vantaa. All twelve sites were independently and randomly scattered throughout the Helsinki-
Vantaa area. 

High contrast edges are represented by roads, which were at least 10-15 m wide. Traps 
were placed immediately next to the forest edge, in the thin strip of grassland-like vegetation 
between the forest and the road. The physical differences between roads and forests are obvious, 
and it is unlikely that carabid beetles, or their prey, will find roads suitable for their survival. 
Intermediate contrast edges are represented by grasslands and/or meadows. This matrix habitat 
may not be as inhospitable as roads, but for forest species it should be less suitable due to the 
absence of tree canopy cover. Finally, low contrast edges are represented by young forests next 
to urban forest patches. 
 
 
Invertebrates sampling 
 
Pitfall traps were used to sample ground beetles and their potential predators and prey. Twelve 
66 m long transects were set up in a zigzag design (ensuring a 10 m distance between traps) from 
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6 m into the matrix to 60 m into the forest patches. One pair of traps (5 m apart) were placed at 6 
m into the matrix (immediately adjacent to the forest edge), at the edge, and at 10, 20, 30, 40, 50 
and 60 m into the forest patches. A maximum distance of 60 m into the urban forest patches was 
chosen as Hamberg et al. (2009) found an edge effect on vegetation of about 50 m into urban 
forests in Southern Finland. Eight pairs of traps (16 traps in total) were placed per site, and four 
sites (replicates) per treatment (contrast) were established, totalling 192 traps. Paired traps were 
used as previous studies have shown that these forests are poor in carabid beetle numbers, and 
that trap losses are often quite high (Lehvävirta et al., 2006). Despite the fact that pitfall catches 
may not reflect true surface-dwelling arthropod densities, they are used in the literature as a 
measure of “activity-density” (Thomas et al., 1998; Thomas et al., 2006). 

The plastic pitfall traps (depth 70 mm, mouth diameter 65 mm) were half-filled with a 
50% propylene glycol solution for killing and preserving the caught invertebrates. Trap openings 
were flush with the ground level and were covered with plastic roofs (10 x 10 cm) to protect the 
catch from rain and litter. A ca. 2 cm gap was left between the roof and the soil to allow the 
catch of beetles and other small invertebrates, but to help prevent the accidental capture of small 
mammals and amphibians. Continuous trapping started between the 23rd of May and the 2nd of 
June 2010, and traps were checked and emptied every third week (19-22 days) until the end of 
September 2010, which resulted in six visits. All trap losses and/or disturbances were registered 
and new traps were installed if lost. This sampling period covered the main activity period for 
boreal forest ground beetle species in southern Finland (Lindroth 1985). The collected material 
was placed in 50% ethanol. In the laboratory, the potential prey and competitors of carabid 
beetles were sorted and the number of individuals counted. Arachnids (spiders and opiliones, 
Arachnida), rove beetles (Staphylinidae), wood ants (Formica rufa) and other ants (Myrmicinae) 
were considered carabid competitors. Springtails (Collembola), and slugs and snails (Mollusca) 
are known to be carabid prey items (Toft and Bilde, 2002) and were counted. All adult ground 
beetles were identified to species level using keys (Lindroth, 1985, 1986; Luff, 2007) and 
individuals were counted. The carabid beetle nomenclature is based on Silfverberg (2004). 
 
 
Data analysis 
 
Generalised linear mixed models (GLMM) were performed for each carabid species (abundantly 
collected species) or species group (see Table 1) to determine the effects of differently 
contrasting edges on their distribution from the edge (and 6 m into the matrix) towards the forest 
interior. For the GLMMs we used the glmmPQL function in the MASS package of R (Venables 
and Ripley, 2002; R Development Core Team, 2009). The most frequently collected carabid 
species (more than 50 individuals in total) were analysed individually. The remaining, less 
abundant species were pooled into three groups based on their preferences to habitat parameters 
(openness and wetness, Table 1) in order to include them to the analysis. These groups were 
analysed in the same way as the individual species.  

The response variable, here number of carabid individuals collected, was modelled 
following a negative binomial error distribution (White and Bennetts, 1996; O’Hara and Kotze, 
2010).  Forest patch was included as a random factor. The models also included the following 
variables: 1. collecting visit as a factor (six visits), 2. log number of trapping days as an offset 
term to accounting for trap losses in the field,  3. edge contrast (a factor with three levels: high, 
intermediate and low), 4. linear distance from the forest edge (x-average(x)), 5. squared distance 
from the edge (x-average(x))^2), 6. cubic distance from the edge (x-average(x))^3). Squared and 
cubic distances were included to allow for a curvilinear response to distance from the edge. 
Finally, potential prey and predators were included as the log (x+1) number of springtails, 
molluscs (slugs and snails), ants, wood ants, arachnids (spiders and opiliones), and staphylinids. 
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An interaction between edge contrast and distance from the edge was included to explore the 
response to distance from the edge, given different edge contrasts.  

The GLMM model in R showed the following structure: Response variable (number of 
individuals of a particular species or species group collected per trap per visit) ~ visit + 
offset(log(trapdays)) + contrast*(dist.ln + dist.sq + dist.cub) + log(springtails+1) + 
log(gastropods+1) + log(ants+1) + log(woodants+1) + log(arachnids+1) + log(staphylinids+1) + 
random(forest). Theta, a parameter indicating clumping in the dataset, was calculated using the 
glm.nb function in MASS.  

Forest sites from which no individuals of a particular species or group of species were 
collected were excluded from the GLMM analyses for that species or group (see ‘frequency in 
Table 1). The reason for this was that I focused on internal factors (i.e., edge distance, edge 
contrasts, abundances of predators and prey) and these zero catches at site level may likely 
reflect external factors (unsuitability of the whole site for a particular species or species group).  

As trap losses can have considerable effects on abundance estimates of these seasonal 
beetles, they were corrected by adding an offset term for the number of trapping days per visit in 
the models (see above). Traps were lost on 35 occasions (3.04% loss), which translated to 711 
trapping day losses (2.97% loss). 

Finally, global non-metric multidimensional scaling (GNMDS, vegan 1.15-3 package; 
Oksanen et al., 2009) in R was used to analyse the effects of different urban edge contrasts and 
distance from the edge on the carabid beetles assemblage composition. We used the corrected 
per visit abundance values of ground beetle species in the analysis, standardised to 100 trapping 
days. All ground beetle species were included in this analysis. The Bray-Curtis coefficient was 
selected as a dissimilarity measure and permutation tests were used in the vector fitting 
procedure (Oksanen, 2009). Vectors included edge contrast, linear distance from the edge, 
number of ants, wood ants, arachnids, staphylinids, springtails and molluscs. 
 
 
Results 
 
Altogether 4301 individuals of ground beetles representing 40 species were collected (Table 1). 
The total catch was dominated by Pterostichus melanarius with 1248 individuals (29.0% of the 
total catch) followed by Pterostichus niger (569 individuals, 13.2%), Calathus micropterus (477 
individuals, 11.1%), Trechus secalis (387 individuals, 9.0%), Carabus hortensis (286 
individuals, 6.7%) and Cychrus caraboides (251 individuals, 5.8%). Calathus micropterus, 
Carabus hortensis, Cychrus caraboides, Pterostichus oblongopunctatus and Trechus secalis 
were collected from all 12 forest patches, Amara brunnea, Carabus nemoralis, Pterostichus 
melanarius and Pterostichus niger from 11 sites and Patrobus atrorufus from nine sites. These 
most abundantly collected species represented five different habitat-preference groups: moist 
forest species (Cychrus caraboides, A. brunnea, P. atrorufus, 635 individuals in total, 14.8% of 
the catch), dry forest species (P. oblongopunctatus, C. micropterus, C. hortensis 957 individuals, 
22.2%), generalist moist habitat species (P. niger, and Trechus secalis, 956 individuals, 22.2%) 
generalist dry habitat species (P. melanarius) and dry open habitat species (C. nemoralis). All 
other less-abundant species formed three groups: moist forest (FM, 152 individuals, 3.5%), 
generalists (57 individuals, 1.3%) and open-dry habitat species (OD, 64 individuals, 1.5%). 
Trechus secalis and species in the OD Group were unevenly distributed among different types of 
edge sites (e.g., 48 (75%) of the individuals in the OD Group were collected from high contrast 
sites), while Notiophilus biguttatus is a forest dry habitat species with only 9 individuals 
collected at 5 sites. Therefore, these carabids were not suitable for the contrast comparison 
analysis and were excluded from further analysis. In addition, the interaction term between edge 
contrast and distance from the edge was removed from the analysis for Patrobus atrorufus 
because the analysis produced unsuitable outputs. 
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Carabid beetles classified as forest and moisture-associated (C. caraboides, A. brunnea, 
P. atrorufus and the FM Group) avoided forest edges. Furthermore, P. atrorufus and the FM 
Group benefited, in terms of numbers of individuals, from low-contrast edges. C. caraboides and 
A. brunnea on the other hand, responded strongly to high-contrast edges, increasing rapidly in 
numbers further from the edge (Fig. 1, Table 2). P. oblongopunctatus and C. micropterus, both 
forest and dryness-associated species, also avoided forest edges, with the former increasing 
rapidly towards the forest interiors of high-contrast edges, while the latter increased mainly 
towards the interiors of low-contrast edges. C. hortensis, also a forest and dryness-associated 
species, responded variably to distance from the edge but did benefit from low-contrast edges 
(Fig. 1, Table 2). The two closely related, generalist Pterostichus species, P. niger and P. 
melanarius, were more abundantly collected at forest edges, particularly from high-contrast 
edges. The Generalist Group, as well as the only open-habitat species collected in sufficient 
numbers to be analysed individually (C. nemoralis) showed neutral responses to both distance 
from the edge and edge contrasts (Fig. 2, Table 2). 

Most carabid species responded positively to an increase in springtail numbers (Fig. 3, 
Table 3). In particular, C. nemoralis, and P. niger were significantly more abundant in localities 
of high springtail densities. Other species showing a suggestive positive trend with an increase in 
springtails include the Generalist Group, P. oblongopunctatus, C. micropterus and P. 
melanarius. Two species (A. brunnea and Patrobus atrorufus) showed a negative, albeit 
insignificant relationship with springtail numbers. Interestingly, the response to springtails 
appears to show a gradient from negative (forest and moisture associated species) to positive 
(generalist, dryness associated and open-habitat species) (Fig. 3). Apart from a suggestive 
positive relation between Patrobus atrorufus and molluscs, and a suggestive negative trend for 
the Generalist Group, most species appear not to respond strongly to mollusc densities (Fig. 3, 
Table 3). 

Apart from C. caraboides (ants) and Amara brunnea (ants and wood ants), an interesting 
pattern emerged between the correlation of carabid abundances and ant and wood ant 
abundances. Forest-associated carabid species were generally negatively affected by higher ant 
and wood ant densities, while the abundances of generalist and open-habitat carabid species were 
neutrally or positively correlated with ant abundances (Fig. 4, Table 3). All carabid species and 
species groups were positively associated with spider abundances, significantly so for P. 
melanarius and Patrobus atrorufus. None of the carabid species or species groups correlated 
significantly with staphylinid densities, but there seems to be a general pattern of positive 
correlations between forest carabids and staphylinids and negative correlations between 
generalist and open-habitat carabids and staphylinid densities. 

The GNMDS ordination showed that edge contrast and distance from the forest edge 
affected the composition of ground beetles assemblages (Fig. 5a, Table 4). Assemblages in the 
surrounding matrix and at the edge differed considerably from those further in the forests. 
Furthermore, assemblages sampled across different contrasting edges differed notably from one 
another.  In fact, by comparing the two insert graphs, it is evident that, on average, carabid beetle 
assemblages of sampling plots further into the forests resemble low-contrast edge sites, while 
carabid beetle assemblages of sampling plots closer to the edge and in the matrix, resemble high-
contrast edge sites. Apart from staphylinds, all prey and potential competitors significantly 
correlated with the beetle assemblages (Fig. 5a, Table 4). Arachnids correlated strongly with 
high-contrast edge sites and consequently also with sampling plots closer to the edge, while 
wood ants correlated strongly with low-contrasting sites and sampling plots further into the 
forest patches. Springtails correlated with intermediate-contrast sites, while ants correlated with 
matrix and edge sampling plots. Molluscs correlated strongly negatively with high-contrast 
edges. The species ordination plot (Fig. 5b) revealed that open habitat species (e.g., Amara 
bifrons, A. fusca, A. aenea, A. communis, A. convexior, Harpalus affinis, Calathus erratus, C. 
melanocephalus) are mainly associated with high or intermediate-contrast edges. Forest 
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specialists (e.g., Cychrus caraboides, Amara brunnea, Patrobus atrorufus, Pterostichus 
oblongopunctatus, Calathus micropterus, Carabus hortensis, Carabus glabratus) and some 
generalist species (Pterostichus melanarius, P. niger) formed a cluster at low contrast edges. 
Open-habitat species also preferred more exterior habitats, while forest and generalist species 
were clumped closer to the forest interior. 
 
 
Discussion 
 
Individual ground beetle species as well as carabid beetle assemblages responded strongly to 
edge contrasts and distance from urban forest patch edges. The strongest effect on individual 
species was caused by high contrasting edges, suggesting that this type of edge impacts carabid 
beetles considerably. Generally, forest species avoided all types of forest edges, and in some 
cases increased rapidly in number of individuals into forest interiors of high-contrast edges. On 
the other hand, generalist and open habitat species either preferred edges or did not seem to 
respond to this habitat border. Many species also correlated with the abundances of potential 
prey and competitors, often along a gradient of beetle habitat association and moisture 
preference. For example, apart from Cychrus caraboides, forest species seem to be negatively or 
neutrally related to springtail numbers while generalist and open-habitat carabid species are more 
positively related to springtail numbers. Overall, carabid species were negatively associated with 
mollusc number. In terms of potential competitors, ant and wood ant numbers had a negative 
effect on forest species while generalist and open-habitat species showed a more neutral or 
positive response to these groups. For staphylinids, however, the effect was opposite, with forest 
species showing a positive response to staphylinid numbers and generalist and open-habitat 
species a negative association. All carabid species were positively associated with arachnid 
abundance. 
 
Negative, positive and neutral responses to edges of different contrast 
 
Based on the responses of the carabid beetles in this study, the following classification can be 
made (based on Ries and Sisk’s classification): 1) transitional or negative edge response (C. 
caraboides, A. brunnea, P .atrorufus, P. oblongopunctatus, C. micropterus, C. hortensis, FM 
Group), 2) positive response to the edge (for high contrasting edges, P. melanarius and P. niger), 
and 3) neutral response to the edge (C. nemoralis, OD Group). Forest species C. caraboides, A. 
brunnea and P. oblongopunctatus were highly sensitive to high contrast edges at the edge but 
increased rapidly in numbers further into the forest patches. C. micropterus (FD), C. hortensis 
(FD), P. atrorufus (FM) and the FM Group clearly avoided high-contrast edges even further into 
the forest patches, but seem to be less negatively affected by low-contrast edges. We did not find 
strong edge responses for most carabid species at intermediate edges even though significant 
effects for carabids at a forest-grassland edge have been found previously (Magura 2002).  

Previous reports have claimed that many carabid species may prefer edge habitats (e.g., 
Saska et al., 2007) and that generalist species are favoured by more harsh edges or at least more 
human-affected environments, while forest specialist suffer (Grandchamp et al., 2000; Koivula 
and Vermeulen, 2005; Koivula 2005; Gaublomme et al., 2008). However, Lehvävirta et al. 
(2006) found that both generalist and forest specialist decreased with distance from the edge 
towards the urban woodland, which is an unexpected result for forest species. In this study, 
however, I showed that forest species do respond negatively to the edge, particularly to high-
contrast edges. Although Lehvävirta et al. (2006) suggest that urban habitats in Finland might 
not harbour strict specialist carabid species, this study revealed that the response of different 
habitat-affinity groups to the edge might be associated with edges of different contrasts: forest 
species are clearly negatively affected, primarily by high contrasting edges. As such, carabids 
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can be used as indicators of the effects of urbanization (Niemelä et al., 2002; Rainio and 
Niemelä, 2003), here edge effects. Carabid species were also differently affected by differently 
contrasting edges, suggesting that urban forest edge structure is a shaping factor for these beetles 
as it is for understorey vegetation (see Hamberg et al., 2009). The pattern that urban forest edges 
are dominated by plant species better adapted to warm and dry conditions (Hamberg et al., 2008) 
is at least partly reflected by the responses of carabid beetles to high contrast edges in the present 
study. Overall, individual carabid species reacted differentially, and predictably to edge 
contrasts, which means that species composition at urban forest edges is highly influenced by the 
quality of the surrounding matrix. 

As asphalt (high contrast border) tends to absorb more solar radiation, which makes these 
edges hotter and drier than other types of edges (Hamberg et al., 2009), temperature and 
humidity seem to be suitable factors in explaining the increased abundance of some generalist 
species at the high contrast edge while forest species decrease at these edges. Moreover, Magura 
et al. (2001) suggested that air moisture and ground temperature were amongst the most 
important factors determining the diversity of carabid beetles along forest-grassland edges. For 
generalist species, higher temperatures may increase carabid activity (Chiverton, 1988). Forest 
species, on the other hand, may avoid higher temperature and drier localities, which are likely to 
occur at high-contrast edges. For boreal forest carabid specialist, higher temperatures may be a 
crucial limiting factor, as forest interiors are often much cooler and wetter than edges (Murcia, 
1995; Ries et al., 2004). Clear ground beetle preferences for particular microhabitats have been 
observed (Verschoor and Krebs, 1995; Butterfield, 1997). Also, Koivula (2003) demonstrated 
that even narrow unpaved forest roads favour open-habitat and generalist species, while forest 
species avoid these roads. Recently, Marivee et al. (2003) demonstrated that the carabid beetle 
Pterostichus aethiops possesses cold receptors in the antennae, which confirms that temperature 
is an important factor in the choice of suitable environments by carabid beetles. 
 
Carabid beetles and their prey and predators 
 
From this study it appears that the food resources sampled (see Ries and Sisk 2004) may not 
affect the distribution patterns of carabid beetles along differently contrasted edges in an urban 
setting, although various authors suggested that one of the reasons for higher carabid densities at 
some sites might be prey aggregation (Bryan and Wratten, 1984; Guillemain et al., 1997; 
Thomas et al., 1998; Fournier and Loreau, 1999; Magura, 2002). For example, Cychrus 
caraboides is know as a highly specialized feeder of molluscs (Thiele, 1977; Lindroth, 1985; 
Toft and Bilde, 2002), yet our results showed that mollusc numbers and C. caraboides correlated 
slightly negatively (Fig. 3 ). This may, however, simply mean that pitfall trapping is not a 
suitable method for collecting molluscs (Kalisz and Powell, 2003). A main food sources of 
carabid beetles, i.e., springtails (Toft and Bilde, 2002) did, however, have an overall neutral to 
positive effect on most species and species groups analysed, particularly the more generalist and 
open-habitat species. Although it has previously been shown that the highest species richness of 
springtails is at the forest-meadow ecotone and in meadows (Sławski and Sławska, 2000), our 
results on springtail abundance show that more individuals were generally caught within urban 
forests and across intermediate contrast edges (Appendix 1). These springtail abundance 
patterns, however, appear to have little bearing on the distribution patterns of carabid beetles 
across edges of different contrast. Furthermore, we also did not catch many carabid species that 
are specialized springtail feeders. As such, it is difficult to argue whether the potential food taxa 
collected in this study have an effect on the distribution patterns of carabid beetles collected 
across these edges of different contrast, particularly when many carabid species, e.g. P. 
melanarius, are known to be generalist feeders on a huge variety of prey (Pollet and Desender, 
1985; Symondson et al., 2000). 
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 Based on Ries and Sisk’s (2004) resource-based model, carabid beetles collected in this 
study responded in all three ways suggested (see Introduction), but these responses may be due 
to purely abiotic conditions at the edge (such as climate), and/or prey items not collected in this 
study, and/or competitive interaction with predator groups. For example, most forest carabids 
avoided all contrast edges, which were characterized by higher numbers of ants and/or wood ants 
(Appendix 1). Interestingly, high-contrast edges had low numbers of wood ants (Appendix 1), 
which may explain the high numbers of P. melanarius and P. niger at these edges. Ants and 
wood ants are considered strong forest carabid competitors and they probably out-compete the 
majority of carabid beetles (Reznikova and Dorosheva, 2003) when at high numbers. An 
interesting pattern observed was the positive correlation between all carabid beetle species and 
species groups, and arachnid numbers. This may be due to the preference of similar 
environmental conditions or due to intraguild predation on arachnids by carabids, as has been 
shown under laboratory conditions (Dinter, 1998) and in the field (Lang, 2003).  

Although Ries and Sisk (2008) found a significant relationship between the strength of 
the habitat association of butterflies and the strength of the edge response, they could not, as in 
my study on carabid beetles, find a clear relationship between complementary resource 
distribution (here food) and the strength of the edge response. According to Ries and Sisk (2004) 
not only resources but also habitat associations may be used in predicting a species’ response 
across habitat edges. For carabids abiotic conditions, e.g. temperature and humidity, are 
important for habitat preference (Thiele, 1977; Lövei and Sunderland, 1996), which seem to be 
the main drivers in explaining the distribution patterns of carabid beetles across urban forest 
edges.  
 
Management of forest edges in urban environments 
 
I have shown that edge contrasts have a significant effect on the distribution patterns of 
individual carabid species, species groups, and the carabid beetle assemblage across urban forest 
edges. Furthermore, Fahrig (2001) has shown that an improvement in the quality of the matrix 
can significantly reduce extinction thresholds when the amount of habitat is decreasing. For 
generalist and open-habitat carabid species, an increase in moderate to high contrast edge habitat, 
which inevitably occurs when urban forests become even more fragmented, seems to have a 
neutral to positive effect on their occurrence. However, forest species sensitive to edges, in 
particular to high-contrast edges, suffer from forest fragmentation and urbanisation. These forest 
species are also negatively affected by habitat isolation and unsustainable forest management 
techniques (Koivula, 2002; Kotze and O’Hara, 2003; Rainio and Niemelä, 2003; Matveinen-
Huju et al., 2006), which are common features in urban environments. If the aim of management 
is to protect forest specialist species in cities – not only carabid beetles – high contrast edges 
(e.g., asphalt-forest edges) should be avoided by, for example, creating shadowed or thick edges 
using conifer trees (see Hamberg et al. 2009), or perhaps by planting street trees. The creation 
and management of “softer” edges may thus improve the community of forest organisms in 
urban forests. 
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Table 1. Means, standard errors of means, and minimum and maximum abundance values of the ground beetle species 
collected in Helsinki and Vantaa (n = 12). Statistics are based on the number of forests (Freq.) from which the species were 
collected. Species are classified into Forest (F), Generalist (G), Open habitat (O), Moist habitats (M) and Dry habitats (D). 
Habitat preferences are not always clear, and lowercase letters in parentheses indicate alternative preferences. *Dromius sp. 
were not included due to their arboreal life habits and N. biguttatus was not analysed due to low numbers. Body size means 
(mm) are also provided (from Lindroth 1985, 1986). 

Species name Size Moisture Specialization Total Mean SE Min. Max. Freq.
Cychrus caraboides (L.) 16.5 M F 251 20.92 4.92 2 53 12
Amara brunnea (Gyllenhal) 6.0 M(d) F 229 20.82 5.59 1 52 11
Patrobus atrorufus (Ström) 8.55 M F 155 17.22 11.79 1 111 9
Group FM   152 15.20 6.21 1 59 10
Pterostichus oblongopunctatus (F.) 11.05 D(m) F 194 16.17 4.12 2 42 12
Calathus micropterus (Duftschmid) 7.65 D(m) F 477 39.75 6.29 3 69 12
Carabus hortensis (L.) 25.0 D F 286 23.83 6.53 6 79 12
Notiophilus biguttatus (F.) 5.5 D F 9 1.8 0.8 1 5 5
Pterostichus niger (Schaller) 17.75 M(d) G 569 51.73 17.30 3 191 11
Pterostichus melanarius (Ill.) 15.0 D(m) G 1248 113.46 41.94 3 380 11
Generalist Group    57 4.75 0.82 2 10 11
Carabus nemoralis (Müller) 24.0 D O 214 19.45 4.19 2 48 11
Trechus secalis (Paykull) 3.75 M G 387 32.25 7.70 1 83 12
Group OD    64 7.11 3.65 1 34 11
Group OM    9     6
All species       4301           

Group FM: Agonum assimile (Paykull), Agonum fuliginosum (Panzer), Agonum obscurum (Herbst), Carabus glabratus (Paykull), Harpalus laevipes (Zetterstedt), 
Leistus terminatus (Panzer), Loricera pilicornis (F.), Notiophilus reitteri (Spaeth). Generalist Group: Badister bullatus (Schrank), Leistus ferrugineus (L.), 
Notiophilus palustris (Duftschmid), Pterostichus diligens (Sturm), Pterostichus strenuus (Panzer). Group OD: Amara aenea (DeGeer), Amara bifrons (Gyllenhal), 
Amara communis (Panzer), Amara convexior (Stephens), Amara fusca (Dejean), Calathus erratus (Sahlberg), Calathus melanocephalus (L.), Harpalus affinis 
(Schrank), Harpalus rufipes (Degeer), Poecilus versicolor (Sturm), Synuchus vivalis (Ill.). Group OM: Bembidion properans (Stephens), Carabus granulatus (L.), 
Clivina fossor (L.), Dyschirius globosus (Herbst.), Stomis pumicatus (Panzer). 
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Table 2. Generalised Linear Mixed Model results for carabid species and species groups collected across urban forest edges of different contrast, 
including distances: 6 m into matrix, at the edge and 10-60 m into the forest patches. Significant p-values are in bold. See Table 1 for full species 
names. The intercept represents the prediction at visit 1, contrast High.  
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   Intercept Intermediate Low Dist.ln Dist.sq Dist.cub 
Int. x 
Dist.ln 

Low. x 
Dist.ln 

Int. x 
Dist.sq 

Low. x 
Dist.sq 

Int. x 
Dist.cub 

Low. x 
Dist.cub 

Cychcara Estimate -4.216 -1.951 -0.507 0.014 <-0.001 <-0.001 -0.007 -0.005 <0.001 <0.001 <0.001 <0.001 
 SE 0.602 0.475 0.358 0.015 <0.001 <0.001 0.031 0.023 <0.001 <0.001 <0.001 <0.001 
  p-value <0.001 0.003 0.191 0.368 0.048 0.711 0.831 0.835 0.206 0.187 0.675 0.898 
Amarbrun Estimate -4.435 -0.722 -0.395 0.027 -0.002 <0.001 -0.057 -0.04 <-0.001 <0.001 <0.001 <0.001 
 SE 1.084 0.895 0.620 0.031 <0.001 <0.001 0.067 0.044 0.002 0.001 <0.001 <0.001 
  p-value <0.001 0.443 0.542 0.375 0.078 0.802 0.392 0.36 0.83 0.624 0.676 0.821 
Patratro Estimate -11.358 0.712 2.728 0.053 <0.001 <-0.001       
 SE 1.486 0.831 0.813 0.020 <0.001 <0.001       
  p-value <0.001 0.424 0.015 0.010 0.102 0.085       
Group FM Estimate -5.894 -1.652 1.024 0.043 <0.001 <-0.001 -0.031 0.007 <0.001 <-0.001 <0.001 <0.001 
 SE 0.940 0.883 0.550 0.028 <0.001 <0.001 0.057 0.036 0.001 <0.001 <0.001 <0.001 
  p-value <0.001 0.104 0.105 0.133 0.347 0.174 0.587 0.841 0.515 0.571 0.724 0.803 
Pteroblo Estimate -4.074 -1.723 -1.219 0.012 -0.002 <0.001 0.015 0.002 <0.001 <0.001 <-0.001 <-0.001 
 SE 0.623 0.588 0.562 0.012 <0.001 <0.001 0.024 0.019 <0.001 <0.001 <0.001 <0.001 
  p-value <0.001 0.017 0.058 0.312 <0.001 0.019 0.540 0.920 0.438 0.221 0.096 0.922 
Calamicr Estimate -4.276 -0.093 0.825 0.022 -0.002 <0.001 0.011 -0.005 <0.001 <0.001 <-0.001 <-0.001 
 SE 0.548 0.513 0.491 0.015 <0.001 <0.001 0.021 0.019 <0.001 <0.001 <0.001 <0.001 
  p-value <0.001 0.861 0.127 0.129 <0.001 0.127 0.585 0.795 0.582 0.130 0.179 0.296 
Carahort Estimate -6.426 0.528 0.644 0.024 <-0.001 <-0.001 -0.008 -0.031 -0.001 <0.001 <0.001 <0.001 
 SE 0.691 0.551 0.529 0.018 <0.001 <0.001 0.026 0.023 <0.001 <0.001 <0.001  
  p-value <0.001 0.363 0.254 0.186 0.489 0.305 0.770 0.167 0.056 0.388 0.179 0.144 
Pternige Estimate -4.912 -2.358 -0.878 -0.004 <0.001 <-0.001 -0.020 -0.008 <0.001 <0.001 <0.001 <0.001 
 SE 0.778 0.777 0.795 0.013 <0.001 <0.001 0.026 0.020 <0.001 <0.001 <0.001 <0.001 
  p-value <0.001 0.016 0.301 0.764 0.955 0.101 0.438 0.699 0.761 0.770 0.328 0.271 
Ptermela Estimate -6.188 -0.953 0.621 <0.001 <0.001 <-0.001 -0.066 -0.036 -0.001 <-0.001 <0.001 <0.001 
 SE 0.947 1.075 1.13 0.015 <0.001 <0.001 0.025 0.021 <0.001 <0.001 <0.001  
  p-value <0.001 0.402 0.598 0.954 0.010 0.046 0.009 0.086 0.023 0.018 0.509 <0.001 
Generalists Estimate -6.459 0.300 -2.614 0.017 <0.001 <-0.001 -0.024 -0.067 <-0.001 0.003 <0.001 <0.001 
 SE 0.952 0.584 1.1 0.029 <0.001 <0.001 0.041 0.069 <0.001 0.001 <0.001 <0.001 
  p-value <0.001 0.620 0.042 0.561 0.884 0.655 0.557 0.336 0.579 0.032 0.713 0.285 
Caranemo Estimate -4.861 0.043 -0.771 -0.022 <-0.001 <0.001 0.022 0.057 <0.001 0.001 <-0.001 <-0.001 
 SE 0.676 0.582 0.638 0.017 <0.001 <0.001 0.023 0.027 <0.001 <0.001 <0.001 <0.001 
  p-value <0.001 0.943 0.262 0.212 0.259 0.182 0.340 0.035 0.786 0.061 0.313 0.028 
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Dist.ln = linear distance from the edge, Dist.sq = squared distance from the edge, Dist.cub = cubic distance from the edge, Int = intermediate edge 
contrast. 
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Table 3. Generalised Linear Mixed Model results for carabid species and species 
groups, and their potential prey and predators. Significant p-values are in bold. These 
results are from the same models as are presented in Table 2. 

 
 
Table 4 Maximum correlation (r2) of vectors in the GNMDS ordination. 
 
Variable r2 P 
Edge distance 0.224 < 0.001 
Edge contrast 0.128 < 0.001 
Springtails 0.125 0.008 
Molluscs 0.408 < 0.001 
Ants 0.183 < 0.001 
Wood ants 0.368 < 0.001 
Arachnids 0.097 0.031 
Staphylinids 0.040 0.273 

Species   Springtails Mollusca Ants Wood ants Arachnids Staphylinids 
Cychcara Estimate 0.167 -0.184 -0.105 -0.169 0.233 -0.136 
 SE 0.128 0.128 0.112 0.068 0.152 0.117 
  p-value 0.194 0.15 0.346 0.014 0.126 0.246 
Amarbrun Estimate -0.143 -0.238 0.026 0.228 0.285 0.126 
 SE 0.251 0.235 0.222 0.122 0.302 0.236 
  p-value 0.57 0.313 0.909 0.062 0.346 0.594 
Patratro Estimate -0.23 0.476 -0.497 -0.305 0.694 0.131 
 SE 0.270 0.268 0.220 0.153 0.292 0.216 
  p-value 0.395 0.076 0.025 0.047 0.018 0.545 
Group FM Estimate 0.026 -0.106 -0.191 -0.319 0.326 0.081 
 SE 0.192 0.192 0.167 0.119 0.234 0.172 
  p-value 0.893 0.582 0.254 0.008 0.165 0.635 
Pteroblo Estimate 0.24 0.184 -0.073 -0.157 0.176 0.064 
 SE 0.130 0.114 0.105 0.065 0.144 0.109 
  p-value 0.065 0.106 0.486 0.017 0.223 0.556 
Calamicr Estimate 0.175 -0.044 0.128 -0.106 0.088 -0.031 
 SE 0.104 0.099 0.086 0.068 0.119 0.090 
  p-value 0.094 0.657 0.138 0.119 0.464 0.728 
Carahort Estimate 0.045 -0.163 0.002 0.057 0.136 <-0.001 
 SE 0.120 0.126 0.105 0.074 0.137 0.109 
  p-value 0.705 0.198 0.981 0.442 0.321 0.997 
Pternige Estimate 0.239 -0.2 -0.273 -0.046 0.187 -0.126 
 SE 0.104 0.125 0.099 0.084 0.126 0.105 
  p-value 0.022 0.109 0.006 0.58 0.139 0.232 
Ptermela Estimate 0.157 0.028 -0.086 -0.074 0.657 -0.1 
 SE 0.107 0.119 0.1 0.089 0.139 0.105 
  p-value 0.144 0.811 0.393 0.408 <0.001 0.341 
Generalists Estimate 0.401 -0.355 0.256 0.059 0.231 -0.099 
 SE 0.214 0.198 0.185 0.092 0.239 0.177 
  p-value 0.062 0.074 0.183 0.52 0.335 0.575 
Caranemo Estimate 0.383 -0.125 0.178 -0.122 0.049 -0.126 
 SE 0.129 0.135 0.117 0.09 0.152 0.125 
  p-value 0.003 0.353 0.13 0.173 0.749 0.314 
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Fig. 1. Responses of forest and moisture/dryness associated ground beetle species to 
distance from urban forest edges of high, intermediate and low contrasts (see Table 2 
for model details).  
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Fig. 2. Responses of generalist/open habitat and moisture/dryness associated ground 
beetle species to distance from urban forest edges of high, intermediate and low 
contrasts (see Table 2 for model details). 
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Fig. 3. Carabid beetle responses (model coefficients ± 1SE, see Table 3) to springtail 
and mollusc densities in pitfall traps. Species and species groups are listed a priori 
from most forest/moisture associated (top) to most open/dryness associated (bottom). 
Species abbreviations consist of the first four letters of the genus and species name, 
e.g., Cychcara = Cychrus caraboides. See Table 1 for full species names. 
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Fig. 4. Carabid beetle responses (model coefficients ± 1SE, see Table 3) to potential 
competitors; ants, wood ants, arachnids and staphylinids. Species and species groups 
are listed a priori from most forest/moisture associated (top) to most open/dryness 
associated (bottom). Species abbreviations consist of the first four letters of the genus 
and species name, e.g., Cychcara = Cychrus caraboides. See Table 1 for full species 
names. 
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Fig. 5. a) Two-dimensional GNMDS ordination of 96 pitfall trap pairs placed into the 
matrix, at the edges and up to 60 m into the urban forest interior. Pitfall trap symbols: 
□ – 6 m into the matrix, ◇ – at the edge, △ – 10 - 30 m into the forest patch, ○ – 40 
- 60 m into the forest patch. Symbols by colour: black – high contrast edge, grey – 
intermediate contrast, white – low contrast. Insert plots: top – summary plot (centroid 
means ± SE) for different contrasts, bottom – summary plot (centroid means ± SE) for 
different distances from the edge. b) Carabid species ordination plot. Axis scales are 
the same as in Fig. 5a. For full species names, see Table 1. 
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Appendix I. Abundance patterns of potential carabid beetle prey and competitors 
from the matrix up to 60 m into urban forest patches of different edge contrasts. 

 


