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Abstract 
 
The main cause of environmental disturbance in the Fennoscandian boreal forests today is 
forestry. Natural disturbances are important to maintain diversity, but anthropogenic 
disturbance, such as forestry, differs in many ways from the natural ones. Forestry is a big 
industry in Sweden and only a small remnant of old-growth forest is left. Several studies have 
shown an initial decrease in e.g. dragonfly diversity a few years after logging, followed by an 
increase up to numbers comparable with the original species number. In this study I examined 
whether the new, quite diverse, species composition is similar to the one present before the 
logging or if some species are disappearing and are replaced with other, maybe opportunistic 
species. Other factors such as ongoing changes in climate also will be considered. A 
resampling of 34 (and an additional 4) lakes that also were sampled in 1996-97 was done 
during summer of 2006. Analyses of data from the two sampling occasions were done. I 
found that even if the diversity is just temporarily affected (or not affected at all), it is not 
always the same species involved. This means that the diversity in a single lake can appear to 
be high, but the total diversity in Sweden, or Scandinavia, is declining. I also found some 
interesting new species for the area, such as Nehalennia speciosa, Sympecma fusca and 
Aeshna mixta. 
 
 
Introduction 
 
Forest ecosystems are affected by different kinds of disturbances, both natural and 
anthropogenic ones. The main cause of environmental disturbance in the Fennoscandian 
boreal forests today is forestry actions (Niemelä, 1999). According to Bengtsson (2002) 
particular disturbances can be characterised by frequency, duration, size or spatial extent and 
intensity or severity. He further conclude that natural disturbances tend to occur as pulses 
followed by a reorganisation phase and that these pulses are parts of natural ecosystem 
dynamics, and hence most organisms affected are adapted either to survive them or to 
recolonise the disturbed area. Natural disturbances are important e.g. to maintain landscape 
mosaics and diversity by creating heterogeneity and new niches but humans have 
fundamentally altered natural disturbance regimes by changing frequency, intensity and 
spatial patterns, and adding new types of disturbances such as pesticides or clear-cuttings 
(Bengtsson, 2002). It is sometimes argued, by the forest sector, that clear-cutting is not very 
unnatural because of similarities with forest fires and windthrows (Bengtsson et al., 2000). 
But forestry actions differ from natural disturbances in some fundamental ways such as 
shorter periodicity than that of natural disturbances, different spatial configuration with less 
patches partially or totally intact and the fact that a huge amount of biomass are removed from 
the forest during harvesting (Niemelä, 1999). Changes in natural ecosystem dynamics and 
continuity of habitats have reduced forest biodiversity in forests managed for timber 
harvesting (Eriksson & Hammer, 2006). This may also affect other ecosystem services such 
as cycling of nutrients and water, species abundance and composition and recreational values 
(e.g. Christensen et al., 1996 & Daily et al., 1997 in Eriksson & Hammer, 2006). Small lakes 
and ponds are an important part of the Swedish forests due to the mosaic pattern formed after 
the glacial period (Sahlén, 1999). In polar and temperate regions the retrograde movement of 
the glacial ice shelf resulted in irregulations in the landscape, which were filled with water 
(e.g. Brönmark & Hansson, 2005). They also conclude that a glacier is extremely heavy and 
scouring the underlying bedrock and thereby incorporating and transporting huge amounts of 
material in different sizes, from boulders to particles smaller than sand grains and this 
scouring created depressions which were filled with water when the ice melted. This influence 
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resulted in a heterogeneous landscape of lakes, rivers, woodlands and bogs. Today, large areas 
of swampy forests are integrated with numerous water bodies and these areas contain a high 
level of biodiversity (e.g. Hörnberg et al., 1995 in Sahlén, 1999). All this water systems 
connected with the forest must be treated as an integral part of the forest ecosystem; changes 
in the forests affect the wetlands and vice versa (Sahlén, 1999). 
 
Forestry is a big industry in Sweden. About 55 % of the land area in Sweden consists of 
forestland and approximately 95 % of all Swedish forest is used for timber harvesting 
(Skogsstyrelsen, 2001 in Eriksson & Hammer, 2006). A long history of forestry has resulted 
in only a small remnant of old-growth forest (Eriksson & Hammer, 2006). Of the total annual 
timber harvest 96 % is made by clear-cutting while only 4 % is harvested with other methods 
such as single-tree selection (Thuresson, 2001 in Eriksson & Hammer, 2006). In the Swedish 
productive forestland, the preferred age for final harvesting is 70-100 years (Eriksson & 
Hammer, 2006). 
 
According to Bengtsson et al. (2000) all species are not equally affected by forestry. Some 
species, primarily generalists, are not affected at all or even affected in a positive way; this is 
often species with good dispersal ability which is not that sensitive to fragmentation. They 
further conclude that other species, often specialists, are severely affected by e.g. 
fragmentation and habitat loss, particularly species depending on old-growth forests or old 
trees. 
 
Ecological resilience is the magnitude of disturbance that can be absorbed by a system before 
its structure and the process controlling its behaviour change and it moves into another 
stability domain, a regime shift (Holling, 1996 in Bengtsson, 2002). According to Bengtsson 
(2002) a key component of ecological resilience is diversity. He further states that a large 
number of species are needed in a highly resilient ecosystem; this is not necessarily because 
they might be important for ecosystem function at the moment, but diversity is a “shortcut” 
indicating that there are species available for ecosystems to re-establish and reorganise for the 
creation of new functioning ecosystems as environmental conditions change, or when other 
disturbances occur. The fact that ecological resilience depend on diversity makes it extremely 
important to maintain a high diversity, to help the ecosystems in the future to recover from 
e.g. anthropogenic disturbances. 
 
In some groups of predatory invertebrates (Coleoptera) Niemelä (1993 & 1994 in Niemelä, 
1999) found that communities remain fairly similar to those in mature forest a few years after 
clear-cutting, but then they decrease in similarity very fast as open habitat species increase 
and old-forest specialists disappear. The same pattern is true for vascular plant communities 
(Niemelä, 1999). Recovery of the communities starts 10-20 years after the impact and after 
60-80 years the coleopteran communities are quite similar to those in mature forests 
(Niemelä, 1999). In a study by Rith-Najarian (1998), were dragonfly communities in different 
forest types (undisturbed old forest, recently logged forest and mature secondary forest) in 
Minnesota (North America) were examined, it was found that the old forests had the highest 
number of species, the mature secondary forests had the second highest number and the 
recently logged forests had the lowest number of species. The same study also showed that 
the old growth forest sites had a similar species composition and diversity level despite their 
isolation from each other within a larger timber-managed landscape. In contrast Rith-Najarian 
(1998) found that her recently logged forest sites not only had low species number, but their 
species composition also differed considerably, both from each other and from the adjacent 
second-growth and old-growth areas nearby. A study by Sahlén (1999) showed a decreasing 
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diversity of odonate species with partivoltine (longer than one year) life-cycles in waters 
surrounded by recently logged forests. According to Sahlén univoltine (with one year life-
cycles) species are not that sensitive to disturbances as partivoltine ones due to their short 
development time: they need open water and food for the larvae only between April to July in 
Central Sweden. The univoltine species are often generalists and they disperse randomly 
without reacting to factors affected by logging e.g. shading or water quality. A return to a 
more species rich state was observed in lakes and ponds more than 15 years after clear-
cutting, but the species composition was still unclear. One possibility mentioned was that the 
original community was restored; another was that it was replaced with more trivial and 
generalistic species (Sahlén, 1999). 
 
Dragonflies (Odonata) are sensitive to human disturbances and are known as good indicators 
of the conditions of both aquatic and terrestrial ecosystems (Samways & Steytler, 1995). The 
odonates are depending on forest in many ways, they use the forest for shelter from wind and 
predators and perhaps for foraging (Corbet, 2005). The forest canopy also prevents the forest 
from becoming too cold on clear nights and the dragonflies use it for nocturnal roosting 
(Corbet, 2005). In a survey in southern Sweden, Svensson et al. (2004) found a positive 
correlation between dragonfly species number and forest in direct connection to a wetland. 
Larger forest areas in the surroundings showed a higher species number than when just 
smaller areas of forest were present (Svensson et al., 2004). Odonates also fulfil some 
practical demands, making them easy to work with. They are easy to sample, easy to identify, 
have a well-known taxonomy and they are highly sensitive to changes e.g. human disturbance 
(Sahlén, 2005). Dragonflies are also ecologically important because they are major predators 
in many ecosystems (Samways & Steytler, 1995). Further, because of the slow succession in 
boreal forests, invertebrates are appropriate study organisms to get preliminary guidelines for 
forestry within a few years after impact (Niemelä, 1999). These factors make dragonfly 
species composition a relevant parameter to work with when examining the state of the lakes 
and forests. 
 
The purpose of this study is to examine how forestry affects the dragonfly species 
composition in a little longer time perspective, 25-30 years. Have the species composition in 
the lakes examined in the study by Sahlén (1999) changed? In what direction does the species 
composition develop? Do the more sensitive species come back after the anthropogenic 
disturbance or are they simply replaced with more trivial species, as suggested by Sahlén 
(1999), making the environment more uniform? Maybe lakes are inhabited or colonised by 
species not found 1996-97. Also other factors such as natural fluctuations e.g. in population 
dynamics and ongoing changes in the climate will be considered. 
 
 
Materials and methods 
 
Sampling and determination 
The dragonfly larvae used in this study were caught during the summers of 1996, 1997 and 
2006. In 1996-97 34 lakes in the province of Uppland in Central Sweden, near the Baltic Sea 
coast, were sampled and during the summer of 2006 the same 34 lakes, and an additional four, 
were resampled. Only small lakes with a surface area less than 0.25 km2 were chosen since 
smaller lakes tend to have a more homogenous shoreline than bigger lakes and this makes it 
easier to sample all microhabitats present (Sahlén, 1999). Standard water nets, with a mesh 
size of 1.5 mm, were used when sampling. The nets were swept through the aquatic 
vegetation at the shoreline and in the bottom sediment down to a water depth of 
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approximately 0.5 m. Depending on size of the lake and amount of larvae found, the number 
of nettings and length of shoreline sampled varied between lakes. All larvae found were 
collected and fixed in 80 % ethanol. A brief survey of the closest surroundings, 300-500 m 
around the lake, was done when sampling. Any clear-cuts in the area were noted and rough 
estimations of time since logging were done. Besides the larvae caught, adult dragonflies 
flying in direct connection to the lakes sampled were determined according to Sandhall 
(2000), not to be included in analyses, but as a complement to help examine the total species 
pool in the area. 
 
All larvae were determined according to Norling & Sahlén (1997). It is not possible to 
separate the two species Coenagrion puella and C. pulchellum from each other, and hence 
they are treated as one species. 
 
The reason why only larval data was used in the analyses was to ensure the species really 
were breeding in the lake. According to Sahlén & Ekestubbe (2001) it could be assumed that a 
number of approximately 100 specimens per site would represent the actual species 
composition in the lake. In samples with fewer larvae the smaller number were used. I choose 
not to exclude lakes with a smaller number of larvae due to the relatively low number of 
lakes. 
 
Classification and statistics 
The lakes were initially divided into three different classes depending on time since forestry 
(logging) in the area, 1996-97 and 2006 data were also separated: class 1 & 4) No forestry at 
all or forestry more than 15 years ago; class 2 & 5) Recent forestry, 0-5 years ago; and class 3 
& 6) Forestry 6-15 years ago. The 1-3 classes aims at 1996-97 data and 4-6 at 2006 data. The 
division was based on data from the local forestry company, Korsnäs AB, and the 
observations made during sampling. I use the same classes as in Sahlén (1999), to be able to 
compare the new results with the 1999 study. According to Sahlén (1999) lakes not affected 
by forestry at all and lakes affected more than 15 years ago are similar in species number and 
due to few observations this two classes were pooled in his study as well as in one of the 
discriminant analyses in this one. This is, in fact, not perfectly optimal because the new stable 
hydrological conditions in the lakes affected by forestry in the past does not necessarily has to 
be the same as the original ones (Sahlén, 1999). 
 
The species were divided into two groups with respect to their development time. Only 
partivoltine species were used when discriminant function analyses were done and species 
known as univoltine (Lestes spp., Sympecma fusca, Sympetrum spp. and Aeshna mixta) were 
excluded, due to the fact that they tend to more or less randomly inhabit different lakes from 
one year to another (Sahlén, 1999). To ensure it was the right decision to exclude the 
univoltine species from further analyses, a discriminant analysis was used to examine that 
they really did not form characteristic groups corresponding to forestry class. Discriminant 
analyses are used to examine how well observations are assigned to a predicted group. In this 
case the three forestry classes are used as groups and the lakes as observations with the 
species as observation values. The test gives an answer in percent right classification of 
observations; high percentage means that the species compositions fit well in the proposed 
groups. Lower percentage than approximately 80 % indicates that the proposed groups do not 
exist. 
 
A second discriminant analysis was done, with all six forestry classes together, to investigate 
if the species composition in the lakes has changed since 1996-97 and if the species pools in 
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the different classes in 2006 seems to be similar to the ones present in 1996-97. This was to 
examine whether the initial positions of species compositions in the different forestry classes 
were similar in the two data sets. 
 
The data were also classified in just two groups; 1996-97 and 2006 respectively. This was to 
get a clearer view of if the total species pool in 1996-97 was different to the one present in 
2006. If it differs something must have happen besides the disturbance by forestry. A third 
discriminant analysis was done with this two-group classification with respect to the sampling 
year. 
 
A final classification was also done. The 2006 data were divided into four classes; A) No 
forestry at all; B) Forestry 0-5 years ago; C) Forestry 6-15 years ago and D) Forestry more 
than 16 years ago. This makes it possible to examine how the species composition alters in up 
to 30 years. In 2006 only one of the 1999 study’s class A localities remains totally untouched, 
an additional one has not been logged but thinned out and this locality was added to class A as 
well. The thinning out were performed in 2004 and due to the fact that other insect 
communities, e.g. Coleopteran ones, seems to remain relatively intact a few years after 
logging (Niemelä 1993 & 1994 in Niemelä, 1999), I assume that the species composition in 
this less disturbed lake is still more or less intact. Even if the first class contains only two 
localities, it is interesting to get a hint of the pattern when old-growth forest and forests 
logged more than 16 years ago are separated. A final discriminant analysis was done to be 
able to examine the influence by forestry on species composition in a 30 year perspective, 
with only the 2006 data in the four classes. 
 
Analyses of variance and a LSD (least significant difference) post-hoc test were used to 
investigate whether there was a significant difference in species number in relation to time 
since forestry. It is interesting not only to see if the species compositions differ between 
classes, but also diversity. The 1996-97 and 2006 data were analysed separately, as well as 
total species number and univoltine and partivoltine species, respectively. 
 
All statistical analyses were done using SPSS 12.0 for Windows. 
 
 
Results 
 
Species found 
A total of 31 species (adults included); 7 univoltine and 24 partivoltine, were found in 1996-
97 and in 2006 the total species number was 27; 7 univoltine and 20 partivoltine (Appendix I.) 
A number of 22 species were found both in the 1996-97 and the 2006 survey. Only one 
species was found as adult. Among the 9 species found 1996-97 but not 2006 are Coenagrion 
lunulatum, Epitheca bimaculata and Aeshna viridis. Two interesting species (even if 
univoltine) found among the 5 species found as larvae 2006 but not in 1996-97, were 
Sympecma fusca and Aeshna mixta. A finding, worth some notice even if only found as adult, 
was Nehalennia speciosa found in the 2006 survey. 
 
Especially two species that were rare in the 1996-97 survey seems to have become more 
common in these ten years: Leucorrhinia pectoralis which was found as larvae only in 3 of 34 
lakes in 1996-97 but in 14 of 37 lakes in 2006 and Aeshna cyanea which was found in a single 
lake in 1996-97 but in 14 of 37 lakes in the 2006 survey. 
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A number of approximately 100 larvae were not found in all lakes neither 1996-97 nor 2006. 
In 18 % of all samples fewer than 30 larvae were found. 
 
The number of species, found as larvae, per lake (mean ± SD) 1996-97 were 7,38 ± 2,77. In 
2006 the mean number was 8,18 ± 2,76. The partivoltine species have increased from 5,41 ± 
2,60 in 1996-97 to 7,02 ± 2,60 species per lake in 2006 while the univoltine ones have 
decreased from 1,97 ± 1,22 to 1,16 ± 1,07 species per lake. Both the increase in partivoltine 
species and the decrease of univoltine ones were significant (ANOVA P = 0,011 and P = 
0,004, respectively). 
 
Discriminant analyses 
Only 42,3 % of the cases grouped correctly in the discriminant analyse done to ensure that the 
univoltine species did not form groups corresponding to the forestry classes. 
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Fig. 1. Canonical discriminant functions, 76,1 % of original grouped cases correctly classified, 1996-97 and 
2006 data. 1996-97 class 1: No forestry or forestry more than 15 years ago; class 2: Recent forestry 0-5 years 
ago; class 3: Forestry 6-15 years ago; 2006 class 4: No forestry or forestry more than 15 years ago; class 5: 
Recent forestry 0-5 years ago and class 6: Forestry 6-15 years ago. The figure indicates that there is a difference 
in species composition between the two sampling occasions, as well as between the equivalent classes. The 
species compositions seem to react in a similar way to the disturbance by forestry despite the difference in 
original species composition. Function 1 probably stands for the factors that have altered in the ten years 
resulting in a different species composition and function 2 is forestry impact. 
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When the species composition of the six forestry classes were tested, 76,1 % of the cases 
grouped correctly (Fig 1.). The discriminant analyse done with the data divided into two 
groups according to sampling year resulted in 94,4 % correct classification. This means there 
is a difference in overall species composition in the area between the two sampling occasions. 
The position of the group centeroids in the figure also shows that there are differences in 
species composition between the equivalent forestry classes as well (Fig 1.). 
 
In the analysis of the 2006 data divided into four groups (A-D) 89,2 % of the cases grouped 
correctly (Fig 2.). The figure clearly shows that the species compositions in the no forestry at 
all lakes (class A) differ from the ones affected by forestry. It seems as if recently logged 
localities and forest lakes subjected to logging in the surroundings more than 16 year ago has 
a similar, but not identical, species composition. Class C, forestry 6-15 years ago, has a quite 
different species composition compared to all the other forestry classes. 

 
 
Fig. 2. Canonical discriminant functions, 89,2 % of original grouped cases correctly classified, 2006 data divided 
in four classes. Class A: No forestry at all; class B: Recent forestry 0-5 years ago; class C: Forestry 6-15 years 
ago; class D: Forestry more than 16 years ago. The figure shows that class A has a different species composition 
than the affected lakes, and that the species pool seems to revert back towards the one present 0-5 years after 
disturbance. No tendencies are shown that species disappeared after the disturbance are returning after the up to 
30 years examined. Probably function 1 are factors such as time and succession and the function 2 factor is 
forestry impact. 
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ANOVA 
In the 1996-97 material there was a significant difference with respect to partivoltine species 
number between forestry classes (ANOVA P = 0,038, Appendix II). The LSD post-hoc test 
revealed that the significant difference was between species number in class 1 and 3, with 
fewer species in class 3. Surprisingly no significant differences in species numbers in relation 
to any of the forestry classes were found 2006. 
 
 
Discussion 
 
The discriminant analysis done with respect to the univoltine species corroborates the results 
of what previously has been published in Sahlén (1999); they do not form clear groups 
corresponding to years since logging in the surroundings and it is relevant to exclude them 
from the further analyses. 
 
It is surprising that there were no differences at all in species number in relation to time since 
logging in the 2006 survey. The opposite has been found in several other studies (e.g. 
Bengtsson, 2002 and Rith-Najarian, 1998). Sahlén, 1999, found a significant difference 
between the numbers of partivoltine dragonfly species present in his class 1 and 3, as 
mentioned also in this study. Generalist species are less sensitive to disturbances (Bengtsson 
et al., 2000) and a possible explanation is that the amount of generalist species in the lakes 
examined has increased since 1996-97. The forest not affected by forestry in the area has 
declined even more since then and maybe that have resulted in fewer specialist species. 
 
The discriminant analysis done with respect to the two samplings occasions, shows that the 
2006 overall species composition in the lakes is not the same as in 1996-97. This is further 
confirmed by the fact that six partivoltine species has totally disappeared and two new have 
been added in the 2006 survey (Appendix I). It is a possibility that the presence of new 
species in lakes not inhabited by them in 1996-97 has altered the original species composition 
in these lakes, due to e.g. intraguild competition or predation. Some species are very sensitive 
to such interactions e.g. Aeshna viridis (Suutari et al. 2004). Also two interesting univoltine 
species have spread into the area. These are the two southern species Sympecma fusca and 
Aeshna mixta. Both species have a currently rapid expansion nortwards in Europe (Dijkstra, 
2006). According to Sandhall (2000) the two species previously have been found in Sweden 
only in the South-Eastern parts, in an area following the Baltic Sea coast from the province of 
Skåne up north to Östergötland. It means that the species have expanded their distribution 
area approximately 250 km northwards in these ten years. This expansion probably has to do 
with the global warming (Dijkstra, 2006); hence water temperature plays a crucial role in 
dragonfly distribution in this part of Sweden (Sahlén, 1999). The same pattern of expanding 
distribution areas due to a warmer climate are also known from e.g. lepidopterans (Kiritani, 
2006). As the temperature rise, those species directly limited by temperature will be able to 
expand northwards as rapid as their dispersal mechanism allows (Kiritani, 2006). According 
to Rummukainen et al. (2004; in Gärdenfors, 2005) the average temperature in Sweden will 
increase by 3-5 degrees within a century. The knowledge of how this, and other changes in 
climate, will affect e.g. occurrence and range of the Swedish species is very limited but the 
negative impact will probably be especially large on species with a low dispersal capacity 
dependent on biotopes that takes a long time to develop and are highly fragmented today 
(Gärdenfors, 2005). An example of such a biotope could be old-growth forests and this could 
probably be one of the reasons why several dragonfly species has disappeared since 1996-97 
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(Appendix I), for example three damselfly species, Coenagrion lunulatum, C. johanssoni and 
C. armatum. Damselflies are known to have generally weak dispersal ability (e.g. Thompson 
& Watts, 2005 and Bernard & Wildermuth, 2005). The actual effect on the original species 
composition of the species new to the area, is not known and has to be further examined. 
 
The global warming and the new species in the area can probably not explain the total 
difference in species composition. Another factor that has to take into consideration is the 
natural maturation processes in the lakes. Lakes are changing with time even without human 
impact one example is input of nutrients from the outside that slowly will lead the lake from 
an oligotrophic state towards a more nutrient rich ecosystem (Aoki, 1997). These changes are 
of course also affecting organisms living in the lake. This is normally a slow process, but 
human impact such as forestry speeds it up, for example by nutrient leakage after a clear-cut. 
This leads for example to increased shadowing, by aquatic plants, and species favoured by a 
more shadowed habitat, such as Aeshna cyanea (which has increased its population size in the 
area since 1996-97), could benefit. 
 
In 2006 the overall species composition are different than it was in 1996-97 (Fig 1.), but the 
reaction to forestry seems to be similar, despite the differences in the initial species 
composition. When the 2006 data divided in four classes, to get a 30 year view, was analysed 
it showed that the species composition in the forest sites not affected by forestry were 
different to all other classes (Fig 2.). This is not surprising and the same pattern has been 
found in other studies as well (e.g. Rith-Najarian, 1998). The species pools in class B and D 
seems to be quite close to each other, and this maybe indicates a slow re-establishment of the 
species present 0-5 years after disturbance. The species pools in the old-growth forest lakes 
alter after a forestry action has taken place in the surroundings, probably because of sensitive 
specialist species disappearing. Then the community is alterd again due to the invasion of 
opportunists, such as Sympetrum spp., Aeshna mixta and Lestes spp., and this makes the 
species pool completely different. In class D the more generalistic species surviving the 
disturbance in the first place, colonise the lake again. This study does not show any tendencies 
that the species lost after a clear-cut are coming back, at least not in this time perspective. In 
this study there were unfortunately not enough data from old-growth forest lakes, and it would 
be interesting to examine more lakes not affected by forestry to get a better view of the 
pristine species composition in the area. 
 
One of the species that was more common in 2006, Aeshna cyanea, seems not to be a 
selective species at all, and it occurs in various lakes and ponds (Sandhall, 2000). While 
central Sweden has been the northern limit in distribution area for the species it is possible 
that the same global warming making the two southern species, Sympecma fusca and Aeshna 
mixta, migrating into the area, also has given Aeshna cyanea the opportunity to migrate 
northwards. The density in a population tends to get lower when a species living on the limit 
of their distribution area (Bridle & Wines, 2006). If the northern limit has been moved further 
northwards, the natural consequences would be higher densities. This is possibly what has 
happened in this case, maybe in combination with other factors such as the increased 
shadowing mentioned. 
 
The other more common species in 2006 survey, Leucorrhinia pectoralis, is used as indicator 
of species richness in central Sweden (Sahlén, 2005). The species is selective with regard to 
breeding waters (Sahlén, 2005). One reason why this species has increased could have been 
an overall improvement of lake conditions, but on the other hand, some of the species not 
present at all in the 2006 survey, Epitheca bimaculata and Aeshna viridis, are also sensitive 
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and rare species (Dijkstra, 2006 and Sandhall, 2000). Why are they gone then? A more logical 
answer to the increase in L. pectoralis abundance is, once again, the global warming. L. 
pectoralis namely is the most thermophilous Leucorrhinia species, and it has a relatively 
southern range (Dijkstra, 2006). It is possibly the same reaction as for the Aeshna cyanea 
population mentioned before. Epitheca bimaculata was only found in one lake in 1996-97. 
The species is under threat of extinction in most parts of Europe, and is only found in a few 
scattered localities in southern and eastern parts of Sweden (Sandhall, 2000). They are very 
sensitive to alterations in the environment and it is possible that the species no longer is 
present all over the distribution area presented in Sandhall (2000). Another possibility is, of 
course, that we did not, by chance, catch any larvae of that species (or saw any adults as well) 
in 2006. The fact that it is a rare species and that it only occurred in one single lake make this 
quite possible. The other species, Aeshna viridis was found in two lakes in 1996-97. A. viridis 
is dependent on a special water macrophyte, Stratiotes aloides, for oviposition and the larvae 
also gets a refuge from fish predation in the Stratiotes rosettes (Suutari et al., 2004). During 
the last decades S. aloides has considerably declined (Rassi et al., 2001 in Suutari et al., 
2004). The eventual disappearing of S. aloides in the lakes is one possible explanation. 
Another is intraguild predation by other more opportunistic aeshnidaes such as Aeshna 
grandis and A. juncea. A study by Suutari et al. (2001) showed that A. viridis is very sensitive 
to intraguild predation by other aeshnids. Generalist species are less sensitive to disturbances 
and altered conditions. It is possible that the more generalistic species in the genus Aeshna 
could have increased their population sizes in the lakes having the result of increased 
competition and predation. 
 
A remarkable finding among the species is the rediscovery of a small damselfly, Nehalennia 
speciosa, in Sweden. No larvae were found, but it was present as adults at one of the sites 
sampled and mating pairs were observed. In direct connection to the little lake in which the 
species was found there was a big clear-cut area where the logging took place in 2002. The 
species has, before now, not been observed in Sweden since 1958, when the last observation 
was done in the province of Öland (Sahlén, 1999b). The species is under threat of extinction 
all over Europe (Sandhall, 2000). N. speciosa is known to have high habitat requirements and 
are in Europe mostly found in small bog pools with mosses, such as Sphagnum spp., and a lot 
of both submerged and emergent vegetation, situated in woodland areas (Bernard & 
Wildermuth, 2005). The species has very poor dispersal ability, in a study by Schmidt & 
Sternberg (1999 in Bernard & Wildermuth, 2005) where individuals were marked, almost no 
specimens were found aside a 100 m zone from the ovipositioning site. There are a few small 
populations in the south-west of Finland (Bernard & Wildermuth, 2005) from were this 
population possible descend from. Dispersal mechanism involved is most probably wind drift. 
It would be very interesting to do further inventories in suitable lakes along the Baltic Sea 
coast in Central Sweden to examine whether the species is present in other sites as well. 
 
Conclusions 
The last sentences in Sahlén (1999) are: “A question to pursue is if the re-astablished species-
rich fauna present in areas logged long ago indeed contains the same species as the primeval 
fauna in undisturbed areas. Considering the monoculture of secondary forest plantations one 
may fear that the seemingly recovered biodiversity turns out to consist of trivial (i.e. 
‘common’) species only. I hope further research will prove this to be wrong.” 
 
Unfortunately this study indicates that the species composition in the lakes really become 
more trivial after a logging event in the surroundings and the same has been found in many 
studies from other parts of the world, where specialist species are replaced with generalists 
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when forests disappear (Sahlén, 2006). The pressure on our ecosystems is increasing and that 
makes it even more important to maintain ecological resilience and diversity. Probably a lot of 
organism communities are reacting in the same way as the dragonfly communities in this 
study. Species with longer life cycles shows a slower reaction to anthropogenic disturbance 
and it will take longer time before we recognise the changes. 
 
At last I will try to answer the question in the title: are the dragonfly communities resilient to 
logging? The results of this study indicate that diversity itself is quite resilient or not that 
affected at all. In the study by Sahlén (1999) the diversity decreased a period after logging, 
but after 15 years it was comparable with the diversity in lakes not affected to forestry at all 
and in the new material from 2006 there was no difference at all regarding species number. 
On the contrary, the community resilience seems to be quite low. Species that disappear when 
the forest is harvested around a lake does not seem to recolonise and the communities seem to 
differ in structure. The same phenomenon has been seen in e.g. coral reefs, where the species 
composition of corals and fish were very different from the original, 25 years after 
disturbance (Berumen & Pratchett, 2006), and in macroinvertebrate communities in Rhône 
River, where the community structure did not show any sign of recovery (Daufresne et al., 
2007). Even if the actual species number, the diversity, is equal between lakes not affected to 
forestry and the lakes affected by logging, it is not the same species involved. This results in a 
situation where the diversity in a single lake could be high, but if we change scale, the 
Swedish or maybe the Scandinavian diversity is declining. 
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Appendix I 
 
 
Species list  
(u)=univoltine species  
 
Found in both surveys: Found 1996-97: Found 2006: 
Lestes sponsa (u) Coenagrion lunulatum  Sympecma fusca (u) 
Erythromma najas C. johanssoni Aeshna subarctica 
Coenagrion hastulatum  C. armatum  A. mixta (u) 
C. puella/pulchellum Lestes dryas (u) Leucorrhinia caudalis 
Enallagma cyathigerum  Aeshna caerulea  
Aeshna juncea Somatochlora metallica  Adult: 
A. osiliensis  Epitheca bimaculata  Nehalennia speciosa (u) 
A. grandis  Sympetrum striolatum (u) 
A. cyanea  S. flaveolum (u) 
A. viridis 
Brachytron pratense 
Cordulia aenea  
Somatochlora flavomaculata 
Leucorrhinia albifrons 
L. dubia 
L. rubicunda 
L. pectoralis 
Libellula quadrimaculata 
Orthetrum cancellatum 
Sympetrum danae (u) 
S. vulgatum (u) 
S. sanguineum (u)
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Appendix II:  ANOVAs done with respect to species number and forestry classes. 
 
 
1996-97 

ANOVA

2,827 2 1,413 ,950 ,398

46,144 31 1,489

48,971 33

42,219 2 21,110 3,635 ,038

180,016 31 5,807

222,235 33

36,060 2 18,030 2,564 ,093

217,970 31 7,031

254,029 33

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

uni

parti

tot

Sum of
Squares df Mean Square F Sig.

 
Uni = univoltine species, parti = partivoltine species and tot = total species number.  

  
 
2006 

ANOVA

,534 2 ,267 ,224 ,800

40,494 34 1,191

41,027 36

3,563 2 1,781 ,251 ,780

241,410 34 7,100

244,973 36

6,785 2 3,392 ,432 ,653

266,891 34 7,850

273,676 36

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

uni

parti

total

Sum of
Squares df Mean Square F Sig.

 
Uni = univoltine species, parti = partivoltine species and tot = total species number. 
 


