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Forestry effects on a boreal ground beetle community in spring:
Selective logging and clear-cutting compared

Ola Atlegrim, Kjell Sjoberg & John P. Ball

1. Introduction

Atlegrim, O., Sjoberg, K. & Ball, J. P. 1997: Forestry effects on a boreal
ground beetle community in spring: Selective logging and clear-cutting com-
pared. — Entomol. Fennica 8: 19-26.

To compare the effects of two tree harvesting methods (clear-cutting and
single tree selection felling), spring-occurring ground beetles (Carabidae)
were studied by pitfall trapping in northern Sweden. Species abundance, total
abundance and Hill’s diversity indices were used to compare the ground beetle
community in clear-cuts to selectively-logged and to uncut control forests. In
addition, to highlight the importance of site replication when evaluating a
spatially-variable ecosystem like the boreal forest, we consider how our
conclusions might have differed with and without site replication. Results
from the two analyses differed considerably, highlighting the importance of
site replication in studies of forestry effects in order to increase confidence in
the conclusions. Overall, no significant harvest effects were found on the
ground beetle community except for a significantly higher abundance of the
open habitat species P. assimilis in clear-cuts than in uncut control forests. Our
results thus do not support suggestions of an increase in diversity following
clear-cutting, but are consistent with previous findings regarding increased
abundances of open habitat species and no changes in abundance of forest
generalists in clear-cuts. In general, the carabid community in the selection
loggings resembled that in the uncut control forest, indicating a low effect of
this harvesting method. Based on our analysis, we suggest that future studies
of forestry impacts on invertebrates attempt to increase the number of sites
evaluated rather than increase the number of samples from a given area.
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method is the dominant silvicultural practice for
both timber and pulp production. The clear-cut-

The boreal coniferous forest is quite variable and
has a high habitat diversity (Cajander 1949, Scud-
der 1979, Haila & Jérvinen 1990). Formerly, this
diversity was mainly maintained by fire (Zackris-
son 1977, Bonan & Shugart 1989, Clark 1990,
Loope 1991). Today in Sweden, the clear-cutting

ting of forests, i.e. removal of the whole tree layer,
has replaced fire as the main disturbance (Himet-
Ahti 1983, Tolonen 1983, Hansen et al. 1991,
Punttila et al. 1991). Clear-cutting can have pro-
found effects on the invertebrate fauna (e.g. Helio-
vaara & Viisidnen 1984). Several invertebrate spe-
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cies do not easily adapt to this new type of distur-
bance, and this has resulted in an extinction threat
for some of them (e.g. Ehnstrom & Walden 1986).
Furthermore, due to the variety of habitat types in
the boreal coniferous forest, clear-cutting may
have varying effects on forest invertebrate spe-
cies composition and diversity. The increasing
awareness of the negative effects of clear-cutting
has led to a growing interest in other forestry meth-
ods.

One of the few well-developed alternative
silvicultural practices is the single tree selection
felling method (Daniel et al. 1979; hereafter called
“selective logging”). The selective logging meth-
od can be applied in uneven, multi-layered forest
stands. In this method, single trees are selected
for harvest, and the trees to be harvested are evenly
distributed among the tree age classes with re-
spect to harvested tree volume. The stand is natu-
rally regenerated by the growth of young trees.
Thus, with the selective logging method, an in-
tact but thinned tree layer will be left after har-
vesting which may better preserve the original
forest conditions than the clear-cutting method and
may therefore have more moderate effects on the
forest fauna and flora than clear-cutting.

Ground beetles (Carabidae) are indicators of
environmental conditions and changes therein
(Thiele 1977, Jarosik 1983, Tietze 1987, Eyre &
Luff 1990, Niemeli et al. 1993ab). Carabids have
also been commonly used to study effects of clear-
cutting (e.g. Sustek 1981, Lenski 1982, Jennings
etal. 1986, Niemeli e al. 1993ab). Because cara-
bid beetles are diverse and abundant, taxonomical-
ly well known (Lindroth 1949, 1985, 1986), and
seem to be sensitive to habitat changes, they are
particularly suitable organisms for these types of
studies (Refseth 1980, Niemeld 1990, Niemeli et
al. 1988, 1990a, 1992, Luff 1990, Rushton et al.
1990). However, most previous studies of forestry
effects on the carabid community have compared
clear-cutting with control (unlogged) sites and, to
our knowledge, no studies on the effects of selec-
tive logging exist. The growing discussion of the
need to investigate alternative forestry practices
(like selective logging) that are more in line with
current strategies to conserve biodiversity makes
such research very timely.

The first aim of the present study was to com-
pare uncut control stands, clear-cuts and areas sub-

jected to selective logging. The study comprises
the first years after harvest and the oldest cuttings
were four years old. Because only about 30% of
the tree layer was removed with the selective log-
ging method, this method was expected to have
less dramatic effects than the clear-cutting method
on the ground-dwelling invertebrate community.
Thus, in this study, we determine if the carabid
beetle community in the selectively-logged areas
resembles that in the uncut control forests more
than that in the clear-cut forests.

Secondly, some previous studies on ground
beetle communities have compared a single pair
of control and logged sites — given the practical
difficulties in doing experimental logging, this
lack of site replication is to be expected. How-
ever, in the future, there might be greater oppor-
tunities for researchers to employ study designs
with more site replication because of the growing
interest by many forestry companies in co-oper-
ating with ecological research. Nevertheless, there
will always be a trade-off between allocating the
maximum possible sampling effort to either few
sites (with greater replication at each site), or to a
greater number of sites (with less replication at
any given site). Thus, a second aim of this study
was to examine this trade-off by considering how
our conclusions might have differed, had we (like
some previous studies) been unable to replicate
our experimentally-logged forests.

2. Methods
2.1. Study area

The study was conducted in the Vilhelmina region in the
mountain range near lake Bielite (64°55°N, 15°30°E), which
is located in Lapland, Sweden. The lake is 487 m above sea
level and in an area where the coniferous tree line is about
700 m above sea level. The area belongs to the northern
boreal region (Ahti ef al. 1968). The ground consists of
eokambrian sandstone and the soil varies from sand/fine
sand to gravel till. The mean precipitation is about 750 mm
per year, and the mean length of the vegetation period is
about 120 days (Angstrom 1974). Snow normally covers
the ground from the beginning of October until the end of
May (about 200 days). The entire region had been logged
with diameter limit cutting (i.e. cuttings restricted to large,
old coniferous trees with wide diameters) once or twice.
Three mature forests were used for the study. Each for-
est was sub-divided into three stands of about 20 ha each.
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Within each forest, the stands were randomly selected: one
stand was left uncut as a control, another was harvested
with the clear-cutting method, and a third was cut with the
selective logging method. In selective loggings 30% of the
tree numbers and 45-50% of the tree volume were removed.
The cutting was distributed over all age classes. In keeping
with conventional practices, the whole tree layer was re-
moved in the clear-cutting areas.

2.2. Sampling and analyses

Within each stand (treatment) ten pitfall traps were ran-
domly located. Plastic jars, 7 cm high and 7 ¢m in diameter
were half filled with a 1:1 mixture of ethylene glycol and
water, and with a surface-tension reducer added (dishwash-
ing detergent). The traps were in operation from June 13 to
July 2, 1992.

In addition to analysis of the differences between treat-
ments with respect to abundance of different species and
total abundance, differences in carabid diversity was also
tested. Hill’s three diversity indices (Ludwig & Reynolds
1988) were used to calculate diversity. The first index, Hill’s
NO index, is the total number of species. The second index,
Hill’s N1 index, represents a measure of the number of abun-
dant species while the third index, Hill’s N2 index, is the
number of very abundant species. Thus, low values of N1
and N2 indices indicate that few species dominate and that
the total abundance is more unevenly distributed among
the species (Ludwig & Reynolds 1988).

Non-parametric statistical analyses were used because
they are robust with small sample sizes. The data were ana-
lysed in two ways. First, to duplicate a typical nonreplicated
study, we analysed each forest area separately with the
Kruskal-Wallis One-Way analysis of variance. Second, to
contrast this against a study with the same sampling effort
but with site replication, we used the Friedman’s test (a
non-parametric analog of a two factor analysis of variance).
In case of a significant etfect of treatment in the Friedman’s
test, differences between treatments were then tested by
means of a non-parametric multiple comparison analysis
similar to the Tukey procedure, but applicable to ranked
data in a randomized block design (Zar 1984: 230-231).

3. Results

Although ground beetles are generally not particu-
larly numerous in the mountain region of Sweden
(Lundberg 1986), we caught a total of 179 indi-
vidual beetles representing nine species of eight
taxa. Leistus ferrugineus, Patrobus assimilis and
Calathus micropterus dominated. Three species
(Carabus violaceus, Loricera pilicornis and Bem-
bidion grapeii) occurred in rather low numbers

and could not be included when testing differences
in individual species abundances between the three
treatments (control, clear-cut or selectively-logged).
All species, however, were included in the analy-
sis of total abundance and in the calculation of
diversity indices.

The results of both the unreplicated design
(Kruskal-Wallis test) and the replicated design
(Friedman’s test) are shown in Table 1. The three
different forests showed a considerable variation
in the effects of harvest method. No significant
effects of tree harvest were found in Forest 1
(Table 1). In Forest 2 both Hill’s N1 and N2 indi-
ces were significantly affected by treatment
(Table 1, Fig. 2). Significant effects of treatment
on the two most abundant species P. assimilis and
C. micropterus, and the number of species were
found in Forest 3 (Table 1, Fig. 1). It is notewor-
thy that the analysis of any of the three individual
forests would not have led to the same conclu-
sions regarding forestry impacts on the inverte-
brate community as the same data in the repli-
cated analysis.

Of course the best general assessment of for-
estry effects comes from the replicated analysis
in which variation between sites is considered.
Turning now to this replicated analysis, we find
that there was no significant overall effect of treat-
ment (control, clear-cut or selectively-logged) on
the abundance of two of the dominant species
C. micropterus and L. ferrugineus (although the
highest abundances were found in clear-cuttings
in two of the three studied forest areas, Fig. 1).
Harvest method had, however, a significant ef-
fect on the third dominant species, P. assimilis,
which was significantly more abundant in clear-
cuttings than in uncut control forest areas (Fig. 1,
p =0.05). There was no significant effect of treat-
ment on the overall abundance of carabids (Table 1,
p = 0.558), although abundance was higher on
clear-cuttings in two of the three forests (Fig. 1).
The number of species and Hill’s N1 index (Fig. 2)
was higher in clear-cuttings in Forests 2 and 3,
but once again this was not a significant overall
effect of treatment (Table 1, p>0.264). The Hill’s
N2 index (i.e. the number of very abundant spe-
cies), tended to be highest in clear-cuttings fol-
lowed by selective logging and then uncut con-
trol forests (Fig. 2, p = 0.097).
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Fig. 1. The relative abun-
dance of the three dominant
carabid species and total
abundance of carabids in
each treatment (uncut forest
(control), clear-cutting and
selective logging) within each
forest. Each value is based
on a mean of ten traps. For
Patrobus assimilis significant
differences between treat-
ments are indicated by differ-
ent letters at the right end of
the figure.

Table 1. Effects of treatment (i.e. clear-cutting, selective logging and uncut control forest) on abundance and
diversity of carabid beetles using non-parametric analyses with and without replicated experimental design. In
the unreplicated experimental design each forest area was analyzed separately using the ten traps from each
treatment. The replicated analysis was based on the mean values of ten traps in each treatment within each of
three forest blocks (areas). N = number of samples.

Without replication

(Kruskal-Wallis One-Way analysis of variance)

With replication
(Friedman’s test)

N =30 N=9

Species or Forest 1 Forest 2 Forest 3

community measure X2 p X2 p X2 p X2 p
Cychrus caraboides 1.369 0.540 0.000 1.000 2.000 0.368 0.167 0.920
Leistus ferrugineus 0.557 0.757 2.887 0.236 4573 0.102 0.500 0.779
Notiophilus reiterii 2.000 0.368 1.057 0.590 4143 0.126 1.500 0.472
Patrobus assimilis 0.562 0.755 3452 0.178 10.062 0.007 6.000 0.050
Patrobus atrorufus 2.000 0.368 2.000 0.368 1.036 0.596 0.500 0.779
Calathus micropterus 2.000 0.126 4.487 0.106 6.757 0.034 2667 0.264
Total abundance 0.438 0.803 3.779 0.150 13.132  0.001 1.167 0.558
No. of species (NO) 0.182 0.913 2.950 0.229 11.314  0.003 1.167 0.558
N1 0.704 0.703 8.962 0.011 3.309 0.198 2.667 0.264
N2 2123 0.346 9.932 0.007 3.238 0.1A1 4.667 0.097
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4. Discussion

There was a considerable difference in the effects
of forest harvest method depending on whether
the interpretation was based on results from analy-
sis of any one of the three studied forest areas or
a general analysis including all three forests and
incorporating site variation (Table 1, last para-
graph of Results). Clearly, the data from any one
of the studied forest areas (as would be typical for
an unreplicated study), would have led to quite
different conclusions regarding the effects of the
clear cutting and selective logging. For example,
if the study was restricted to Forest 1 we would
have concluded that there was no treatment ef-
fect, while several effects would have been de-
clared significant if Forests 2 or 3 had been cho-
sen (Table 1). Tt is also noteworthy that none of
the forest areas showed the same result as the gen-
eral analysis and that the overall analysis which

incorporates the spatial variation among the sites
is not simply the mean of the three.

Ecologists know that “more replication is al-
ways better”, but the results of our comparison
highlight the importance of site replication for the
carabid community even with the same given sam-
ple size. The divergence of our replicated and non-
replicated analyses suggest that the ground beetle
community in the boreal forests of the mountain
region of Sweden may be more spatially variable
than it might seem, or that the effect of forestry
on the carabid community may depend on other
unmeasured factors. Thus, our analyses are con-
sistent with Hurlbert’s (1984) recommendations
that, if possible, (even with the same sampling
effort), it is important to employ an experimental
design that is robust to potentially-undetected
environmental heterogeneity (the same author also
provides detailed recommendations of experimen-
tal designs when such spatial variation exists). For
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any given sample size, there will always be a trade-
off between replication at a given site and the
number of sites. Based on our results, future stud-
ies of the ground-dwelling invertebrates in boreal
forests should attempt to increase the site replica-
tion rather than increase the number of samples
from any given forest area. It is hoped that in-
creasing co-operation with forestry companies in
experimental logging will permit more such ex-
perimental studies with site replication.

Niemeld et al. (1993b) have shown that the
responses of the carabid beetle community to
clear-cutting is essentially the same in both Canada
and Finland, indicating many ecological similari-
ties between the two continents. The authors dis-
tinguished three main types of numerical re-
sponses: (1) species of open habitats appeared and/
or increased in abundance, (2) there was no dra-
matic effect on forest generalists, and (3) primary
forest specialists disappeared after cutting. Prob-
ably as a consequence of (1) and (2), both the abun-
dance and the number of species were higher on
clear-cuttings than in primary forests (Niemeli et
al. 1993b). In our study, the abundance of P. assimi-
lis, a open habitat species (Lindroth 1985), was
significantly affected by harvest method (Table 1),
and showed increased abundance on the clear-
cuttings (Fig. 1). This supports the first predic-
tion of Niemeld et al. (1993b). However L. ferrugi-
neus (another open habitat species, Lindroth 1985)
was one of the dominant species but was not af-
fected by harvest method. The second prediction
of Niemeli et al. (1993b) is also supported be-
cause harvest did not affect the abundance of
C. micropterus and C. caraboides (Table 1, Fig. 1),
which are both forest generalists (Lindroth 1985).

Niemeli et al. (1993b) suggested an increase
in the abundance of carabids may be expected on
clear-cuttings. However, in our study, there was
no overall effect of treatment on carabid abun-
dance (Table 1, p = 0.558). Earlier studies have
also shown contradictory results concerning the
abundance of carabids following clear-cutting.
Lenski (1982) studying oak forests in the U.S.,
also found mixed results. In pine forests in
Czechoslovakia, Sustek (1981) found a decrease
in total abundance following clear-cutting while
Jennings et al. (1986), studying spruce—fir forest,
found greater abundance in dense uncut stands
compared with clearcut strips. It appears that the

responses of the ground beetle community to tree
harvest may be a rather complex phenomenon
which may require considerably more study.

In previous studies, species richness increased
following clear-cutting (Niemeld et al. 1988,
1993ab), probably due to the immigration of open
habitat species and moderate effects on forest
generalists (see above). Such a pattern was not
found in this study (Table 1, Fig. 2). Also, earlier
studies have shown an increase in carabid diver-
sity following clear-cutting (Lenski 1982, Jen-
nings et al. 1986, Niemeli ef al. 1993ab). How-
ever, in our study, there was no significant effect
of forest harvest method on Hill’s N1 and N2 di-
versity indices (Table 1, Fig. 2). There was, how-
ever, a tendency for the N2 index to be higher in
clear-cuts than in uncut controls (Fig. 2), which
indicates that the carabid assemblage in clear cuts
is dominated by fewer species (here, P. assimilis,
C. micropterus and L. ferrugineus, Fig. 1). Fur-
thermore, Pterostichus spp., Amara spp. and Har-
palus spp. have been reported as rather common
in the ground beetle community elsewere (Nieme-
14 et al. 1993b), but these species were not caught
in our spring trapping in these Swedish forests.
Most previous studies were conducted during
longer periods (i.e. the entire snow-free season)
whereas ours concentrated on spring. It is thus
possible that clear-cutting may have different ef-
fects on the carabid community in spring vs sum-
mer or fall. Longer term studies in which seasons
are evaluated separately are needed to evaluate
this possibility (see also Niemeli et al. 1990b).

The results from this study are consistent with
earlier reports that clear-cutting increases the
abundance of open habitat carabid species while
having little or no effect on the abundance of for-
est generalist species. However, in contrast to pre-
vious studies, we found no significant increase in
carabid diversity following clear-cutting. As ex-
pected, there were no significant differences be-
tween the selectively-logged areas and the uncut
control forests. Further, for all three diversity in-
dices (Fig. 2) the selective loggings were more
similar to the uncut controls than the clear-cuts in
two of the three forests studied. This higher con-
cordance between the carabid communities sug-
gests that selective logging in these mountain areas
has a lower impact on the original carabid com-
munity in spring than does clear-cutting. The
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differences between replicated and unreplicated
designs for assessing the effects of forestry high-
lights the importance of site replication in a spa-
tially-variable system (Hurlbert 1984). This study
concentrated on the short-term harvest effects (i.e.
4 years) of the two dominant silviculture prac-
tices, but patterns may change as the forest regen-
erates (see e.g. Niemeld er al. 1993ab). Longer
term studies with increased site replication are
needed to better evaluate the effects of clear-cut-
ting and selective logging on the ground bectle
community in general.
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