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Abstract 
 
Fragmentation in forests due to modern forestry is a severe disturbance. To see whether such 
fragmentation results in invertebrate diversity and density changes, a study in clear-cuttings, 
forest edges and interior forests was performed at three sites close to Umeå, Västerbotten. 
A clear-cutting with a severe disturbance should have low species diversity because  
of poor survival, forest not being clear-cut should have low diversity due to competitive 
exclusion. In the forest edge, where disturbance regime is intermediate, diversity should be 
maximal due to areas opened up and new species could invade (Connell 1978). No biotic or 
abiotic factors are regarded, i. e. no nische assembly theory is assumed. The assumption is that 
invertebrates diversity and density are depending on disturbance. There were more diversity on 
the family level found in clearcuttings and forest edge than in interior forest. Numbers of 
individuals in orders were different in treatments and most abundant orders were Hymenoptera, 
Diptera, and Coleoptera.  
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1. Introduction 

Several studies have shown that biodiversity is declining with fragmentation of ecosystems 

(Barbaro et al. 2007; Helle and Muona 1985). Subdividing habitats, with essential resources and 

conditions for reproduction and survival, into smaller patches means loss of area, and area 

matters, because more area means more possibilities for species inhabiting. (MacArthur and 

Wilson 1967). Forestry is the largest anthropogenic cause of diversity loss all over the world 

(Essen et al. 1997). Clear-cutting is a severe disturbance in Swedish boreal forests, replacing fire 

as one of the major disturbance factors (Östlundh et al. 1997). In the light of “The Intermediate 

Disturbance Hypothesis” (Connell 1978), a clear-cutting with too much disturbance should have 

low species diversity because few species can survive such harsh conditions. Forest not being 

clear-cut with too little disturbance should have low diversity due to competitive exclusion. In 

the forest edge, where the disturbance regime is intermediate, diversity should be maximal, 

disturbance preventing dominant species from taking over and permitting new species to 

establish. Fragmentation creates large amounts of open habitats, sometimes so large that the 

original habitats do not exist any more. Size of fragment matters and if there are connections 

between fragments, so that animals can move between habitats and forage outside habitats. The 

diversity of species in small fragments of old forest are strongly dependent how vegetation is 

structured and covered (Angelstam and Mikunski 2001). In smaller fragments the density of the 

edge, i. e. the length of the edge divided by the area of forest being fragmented, become more 

important because the edge effect is more intensified (Odum 1953). The edge effect is when 

microclimate changes, causing more ecological activity (Foremann 1983) due to more sunlight 

exposure and hard winds damaging trees in transition zones (Hansson 1983). Several studies 

have shown increased diversity and density of animal and plant taxa in boundaries between 

communities, as well as invertebrate fauna in forest edges (Petterson et al. 1995). How rapidly 

the environment in such a boundary changes depends on abiotic and biotic factors being 

different or congruent in transition zones (Kark and van Rensburg 2006). 

Vegetation in recent clear-cuttings is different from that in closed forests (Essen 1994), which 

impacts invertebrate density and thus affect passerine bird density (Essen et al. 1995). 

Vegetation is more abundant and diversified in habitat edges (Helle and Muona 1985), 

potentially explaining increased invertebrate diversity. Helle and Muona (1985) found more 

breeding bird density in habitat edges of forest than in the interior of old growth forest, which is 

explained by the edge effect between transition zones. Many carabid assemblages feed on grass 

seeds, which are rare in mature forest (Niemälä et al. 1992). Regions of overlap between adjacent 

ecological communities often harbor organisms that are unique and not present in adjacent 

communities. The purpose of this study is to study the effect of fragmentation in forest areas, 

and more specifically, if such fragmentation result in diversity changes of invertebrates.  

To investigate this I compare diversity in forest not being clear-cut, forest edge and clear-cutting. 

Furthermore, the effect of fragmentation on invertebrate density, which probably affects other 

ecosystem entities, was also studied. No biotic or abiotic factors are included, thus making this 

study simple in that no resource limitation or competitive interactions are regarded.  

The niche differentiation theory is not denied, but dispersal is the assumption and every 

individual has the same chance to colonize due to dispersal abilities 
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2. Material and Methods 

2.1 Study Areas 

The areas of investigation were located in Täfteå (Sävar) and Bussjö (Umeå) in the county of 

Västerbotten (table 1). Three clear-cuttings with adjacent forests and forest edges with the same 

age since forest managing, 2-5 years, and with the same abundance of tree species, Picea abies, 

Pinus sylvestris and Betula pubescens were studied from the end of May 2014 (week 22) until 

middle of July (week 29). The forest edge was facing south east, the forest was 40-50 years old. 

Table 1. Study areas of investigation 

  
   Coordinates (RT 
90)     

 Forest 
age 

Size of 
clearcutting 

Age of 
clearfelling 

Tree species 
Forest 
edge face  

Kind of rock 

Bussjö 
X 70 76 963, Y 17 
16 200  

 40-50 
yr 

 2,4 ha 4-5 yr 
 P.abies, P.sylvestris, B. 
pubescens  

 
northeast  

granite 

Sävarberg 
X 70 90 880, Y 17 
32 446   

 40-50 
yr 

 1,2 ha  4-5 yr 
P.abies, P.sylvestris, B. 
pubescens 

 
northeast  

quartz-felspar 
sediment 

Täfteå 
 X 70 87 350, Y 17 
28 586 

 40-50 
yr 

2,0 ha 2-3 yr  
P.abies, P.sylvestris, B. 
pubescens 

 
northeast   

granite 

 

2.2 Traps 

2.2.1 Kind of traps. 

Three kinds of traps were used to collect invertebrates. Tree traps were used to collect flying 

insects and individuals attracted to wood. Ground traps were used to collect insects, moving 

insects and flying insects. Pitfall traps, with a volume of 200 ml, were used to trap invertebrates 

moving on the surface of the ground. White transparent containers (450 cm3 by volume, the 

diameter of opening 18 cm) were used in tree traps and ground traps placed directly on the 

ground. About 1 l of liquid, 0,5:0,5 water propyleneglycol was kept in the tree traps. The pitfall 

traps, that contained 200 ml water and NaCL, were dug into the ground so that the edge was just 

below the surface of the ground with a cover to protect from rain. Ground traps were also placed 

on the ground in the vegetation. Ground traps contained water and NaCl.  

 

2.2.2 Trapping 

Trapping were performed in three areas of clear-cuttings with adjacent interior forest and forest 

edge. In each area five traps of each kind of trap were used. The study areas were chosen so that 

the variation in forest type was minimized with regard to the age of the clear-cutting, tree species 

composition and location of forest edges. The density of the forest edge was at least 250 m and 

all habitat patches in the study were at least 1,5 ha. In each clear-cutting five pitfall traps were 

dug into ground, 15 m between traps and 50 m from forest edge, five ground traps were placed 

on the ground, 15 m between traps and 50 m from forest edge and five tree traps were fixed, 1,5-

2,0 m above ground, at positions randomly chosen. In the forest traps were placed in a similar 

fashion, at least 50 m in the interior of the forest and with the same distance between each tra
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Along the forest edge, traps were placed 15 m apart. The total numbers of samples used in the 

study were 270, where 90 were from the interior forest, 90 were from the clear-cuttings and 90 

from the forest edges. 

 

2.2.3 Trapping time 

Trapping started at the end of May 2014, week 22 (28-29.5.2014). The traps were emptied after 

three weeks (19-21.6 2014), and trapping continued for another three weeks. Traps were finally 

emptied at week 29 (11-12.7 2014). Results presented are thus based on trapping during the 

period 29.5-12.7 2014.  

 

2.3 Statistical Analysis 

Analysis of variance per number of families versus treatment, trap, local and period were 

performed. To see whether there was significant difference between numbers of individuals in 

orders in treatments an analysis of variance was performed. Further a test of Shannons diversity 

index between families in treatments and analysis of variance of Shannons diversity index per 

number of families versus treatment, trap, local and period were performed. Shannons diversity 

index shows different types of species, i.e. species richness together with how species are 

distributed within the community, i.e. the relative abundance of species present. Formula H= -

∑(Pi*ln Pi), where H is the Shannon Diversity index, Pi is the proportion of a species i relative to 

the total number of species present (Begon et al 2006). When the diversity index is high it 

indicates a diverse and evenly distributed community, a low value represents a less diverse 

community. Values of diversity thus increase when number of species increases and when 

evenness increases. Shannons diversity index is good to know when the content of information is 

uncertain and it makes it easier to correct predict the identity of a species that will be the next 

one in a dataset randomly chosen.   

 

3. Results 

3.1 Diversity 

Diversity of invertebrates is expressed as number of different families present. Data from main 

effects for number of families are normally distributed. There is a significant difference in 

diversity (p=0,002) between clear-cutting, forest edge and forest (Table 2). There were fewer 

families in the forest area (mean=6,24) compared to the clear-cutting (mean=7,50) and the 

forest edge (mean=7,56) (Figure 1). 

 

 

 



 

4 
 

 

Table 2. Analysis of Variance for number of families vs treatment, kind of traps, local and period. Shown are Degrees 

of Freedom, F-ratios and P-values. 

Source DF F P 

Treatment 2 6,24 0,002 

Trap 2 172,37 0,00 

Local 2 4,96 0,008 

Period 1 1,56 0,213 
 

 

 

There was also a significant effect (p=0,00) of trap type for number of families captured . Tree 

traps captured most families (mean=11,18), ground traps (mean=6,77) and pitfall captured least 

(mean=3,37). In addition, a significant effect of local was found (p=0,008). Local C obtained 

more invertebrates families (mean=7,83) than local A (mean=6,94) and local B (mean= 6,53). 

There was not a significant difference between numbers of invertebrate families between periods 

(Table 2). 

 

 

Figure 1. The main effects of trapping. Number of families in traps.  

There were more families obtained (Figure 2) in treetraps in clear-cuttings (mean=12,87) and 

forest edges (mean=11,93) than in forests (mean=8,73). Pitfall traps captured little in all three 

treatments, whereas ground traps captured most in forest edge (mean=7,47). 
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Most families were found in local C in all three habitats, clearcutting (mean=8,43), forest edge 

(mean=7,97) and in the interior forest (mean=7,10). 

 

 

Figure 2. Interactions of main effects for number of families.  

Shannons diversity index for clear-cuttings is 1,36, forest edge 1,16 and forest 1,23. Analysis of 

variance for Shannon index, with factors of treatment, type of traps, local and period (Table 3), 

shows that effect of treatment is significant. Kind of trap and local are significant, but period not. 

 

Table 3. Analysis of variance for Shannon index. Shown are Degrees of Freedom, F-ratios and P-values. 

Source     DF F P 

Treatment 2 9,5000 0,0000 

Kind of trap 2 81,4500 0,0000 

Local 2 14,9900 0,0000 

Period 1 0,2100 0,6440 
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3.2 Abundance 

There were 89 families of invertebrate fauna obtained in this study. Sum of individuals per order 

obtained in clear-cut, forest edge and interior forest (Figure 3) are different between treatments. 

 

Figure 3. The number of individuals per order obtained in clear-cuttings, forest edge and interior forest. 

There are most Coleoptera and Diptera found in forest, whereas most Hymenoptera are found in 
forest edge. Anova performed for numbers of individuals in different treatments, log of numbers 
of individuals normally distributed, revealed that for Hymenoptera treatment is significant 
(p=0,04) (Table 4).  
  
 
Table 4. Analysis of Variance for numbers of individuals of Hymenoptera in traps. Shown are Degrees of Freedom, F-
ratios and P-values. 
 

Source DF F P 

Treatment 2 3,37 0,04 

Kind of traps 2 2,58 0,08 

Local 2 9,18 0,00 

Period 1 0,55 0,46 
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To see between which habitats the difference in abundance of Hymenoptera was, three one-way 
analysis of variance were performed (Table 5). 
 
 
Table 5. Three Anovas for Hymenoptera performed to see difference between treatments. Shown are Degrees of 
Freedom, F-ratios and P-values. 

Source DF F P 

Anova: edge vs forest; 1 1,04 0,31 

Anova: clear-cut vs forest; 1 2,49 0,12 

Anova: clearcut vs edge;  1 7,35 0,007 
 
 

Anova performed showed significant difference between number of individuals caught in clear-

cuts and forest edge (p=0,007). This difference, forest edge (2875 individuals) and interior forest 

(2487 individuals), is significant even after the p-value was corrected for multiple testing 

(3*0,007=0,021).  

Anova was performed for numbers of individuals in Diptera. Log numbers of individuals of 

Diptera are normally distributed. The number of individuals obtained for Diptera were not 

significantly different between treatments, only the effect of trap was significant (p=0,000). 

Local and period did not affect how many Diptera there were caught.Log numbers of individuals 

of Coleoptera are normally distributed, and Anova for numbers of individuals of Coleoptera 

wasperformed. Effect of treatment was not significant. Kind of trap was significant (p=0,000) 

and local was significant (p=0,001) in analysis of variance of numbers of individuals of found in 

traps. Period was not significant. 

 

 

4. Discussion 

Data of invertebrate diversity and abundance in this study were studied in three kinds of forest 

habitats. There are more invertebrate families found in clear-cuttings and forest edge than in 

interior forest. In line with this, Shannons diversity index was also found higher in clear-cuttings 

and this difference in diversity index between treatments is significant.  

Hymenoptera, Diptera, and Coleoptera were the most abundant orders. Numbers of individuals 

obtained in orders were different in treatments. Hymenoptera was more abundant and 

significant in forest edge, whereas Diptera and Coleoptera were more abundant, but not 

significantly so, in interior forest. These are orders with specimens with ability for flight and 

dispersal. The hypothesis of Disturbance frequency (IDH) seems to hold true in that diversity is 

highest in areas being disturbed, i.e. clear-cutting. 
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Maybe the habitats of forest edge and open parts of clear-cuttings did not differ so much in 

distance between forest edge and tree traps in clear-cuttings. The occurrence of trees were tree 

traps were placed was a highly stochastic process and some traps in the trees were closer to the 

edge than 50 m. The structure and quality of dead wood present in open areas are depending on 

the age of clear- cutting, hence the volume of standing wood in forest edge and open areas could 

resemble each other. The edge effect could be more or less pronounced due to density of 

standing trees in forest edge in different locations.  

There were more invertebrate specimens obtained in tree traps. The liquid in tree traps were 

different from liquids in pitfalls and traps on ground. Flying insects were caught more easily in 

tree traps, assuming that insects are more attracted to trees in common. Pitfalls were smaller 

than other traps, there were less invertebrates captured in pitfalls than in the other traps, thus 

comparison between amounts of capture in different kind of traps not possible. But the same size 

of pitfall traps were used in all treatments. There was an interaction between tree traps and 

treatment with more insects found in tree traps placed in clear-cuttings.  

There was also an interaction of treatment, traps and local due to most invertebrate individuals 

captured in tree traps, on clear-cuttings in local C. This location was a little bit different from the 

other locations, as there were more dead wood left in open areas and also a little stream passing 

by with more water available. Weather conditions varied, it was rainy during the first period, and 

hot and sunny during the second. Insects with affinity for moist and water environment could 

have been favored during the first period, but trapping time was not significant.  

Finally, although “the intermediate disturbance hypothesis” (IDH) seems to be a simple and 

good explanation for species richness in this study, many ecological questions remain. 

Vegetation analysis, food availability, dead wood and fungi could probably affect differences in 

diversity and density of invertebrates in different kind of forest habitats. Ground humidity may 

also affect adult and juvenile survival of insects. More advanced trapping techniques and areas of 

fragmentation being larger and more distanced from urban society could make results different. 

Fragmentation is here to stay, but diversity is not always declining, it depends on scales. Old-

growth forest not being disturbed ever has a unique fauna of invertebrates. Forest that develops 

after complete cutting by humans has another structure and dynamic compared to old growth 

forest (Kricher 2011). Disturbance could prevent dominant species to take over and new species 

could immigrate. In some fragmented areas diversity could be higher than in areas never 

disturbed because seeds are germinating from remnants of forest and new species invading 

opening areas of disturbance. On the other hand, in more disturbed areas diversity could be 

declining, since some anthropogenic disturbances are too severe too recover. In conclusion, my 

study shows that diversity of invertebrate fauna is higher in forest areas being disturbed by 

modern forestry than in forests not being disturbed. Furthermore, the abundance of invertebrate 

orders differs between clear-cuttings, forest edge and interior forest. 
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7. Appendix 
 

7.1. Vegetation characteristics of the study areas. 

Vegetation characteristics in clear-cuttings were typical for costal area clear-cuttings in 

Västerbotten with tree species being Pinus sylvestris, Picea abies, Betula pubescens and 

Sorbus aucuparia. Plants were Vaccinium myrtillus, Vaccinium vitis-idaea, Calluna 

vulgaris, Arctostaphylos uva-ursis, Empetrum,Epilobium angustifolium, Equisetum 

arvense, Rubus acetosa, Rubus chamaemorus, Trientalis europaeus, Maianthenum 

bifolium, Menyanthes trifoliata, Luzula pilosa, Luzula multiflora, Eriophorum vaginatum, 

Carex canescens and Deschampsia. Mosses most common were Pleurozium schreberi, 

Diacranum scoparium, Polytrichum commune and Sphagnum girgensohni. Lichens in open 

areas were Hypogymnia, Cladonia ssp, and Usnea 

Dominant plant species in forest edge were Pinus sylvestris, Picea abies, Betula pubescens , 

Sorbus aucuparia, Salix caprea and Juniperus communes. Plants were Vaccinium myrtillus, 

Vaccinium vitis-idaea, Calluna vulgaris, Empetrum, Epilobium angustifolium, Trientalis 

europeus, Gymnocarpium dryopteris, Equisetum arvense, Carex canescens and 

Deschampsia. Mosses in open areas were Pleurozium schreberi, Diacranum scoparium, 

Polytrichum commune and Sphagnum girgensohni. Lichens were Hypogymnia, Cladonia 

ssp. and Usnea. 

Abundant plant species in interior parts of forest were Pinus sylvestris, Picea abies, Betula 

pubescens, Vaccinium myrtillus, Vaccinium vitis-idaea, Calluna vulgaris, Empetrum, 

Equisetum arvense, Rubus acetosa, Rubus chamaemorus, Rhododendron tomentosum, 

Maianthenum bifolium and Menyanthes trifoliata. Mosses were Pleurozium schreberi, 

Spaghnum girgensohni, Polytrichum commune and Hylocomium splendens. Lichens in 

interior forest were Hypogymnia, Cladonia ssp.
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