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ABSTRACT

The short-term effects (two years) of different harvesting methods (clear-
cutting and partial cutting) on soil invertebrates, including carabid beetles,
Collembola (springtails), mites and fly larvae, were studied in a boreal
mixedwoaod forest in northern Ontario.

A significant reduction in the abundance of mites (one year post-harvest)
and fly larvae (two years post-harvest) was found in the clear-cuts com-
pared with the uncut forest. Overall abundance of Collembola, or the cap-
ture rate of carabids were not affected by the different harvesting regimes.
However, in these groups, treatment-related effects were detectable at the
species level. Changes in species richness and species diversity, as well as
in the relative contribution of individual species to their respective commu-
nities, were all affected by harvesting. For carabids, these changes involved
the addition of species with a preference for clear-cut conditions, as well as
a re-structuring of the community already resident on the sites. For
Collembola, there was no evidence of immigration of new species adapted
to clear-cut conditions in the first two years post-harvest. Changes in the
community in response to harvesting were caused by changes in the relative
proportions of species already present on the sites.

The extremely hot and dry weather conditions experienced in the summer
of 1995 had a profound effect on the abundance of Collembola in all treat-
ment areas including the uncut forest, whereas reductions in numbers of fly
larvae occurred only on partial cuts and the clear-cuts. Numbers of carabids
and mites were not affected by the drought.

Preliminary studies into the biological impacts of logging trails indicated

harvesting by the Timberjack caused little or no damage to microarthropod

populations. Reductions in mite and collembolan population levels were
evident on trails made by the feller-buncher or single-grip harvester, but

there was evidence of some recovery in population numbers by the second

year post-harvest.

The report concludes with a discussion of effects of natural and man-made
disturbance on soil invertebrates, and recommendations for minimizing
harvesting impacts on the community.



RESUME

Les effets a court terme (2 ans) de 2 méthodes de récolte (coupe a blanc et
coupe partielle) sur les invertébrés terricoles, y compris les carabes, les
collemboles, les acariens et les larves de mouches, ont été étudiés dans une
forét mixte boréale du nord de I’Ontario.

Une forte baisse du nombre d’acariens (1 an apres la récolte) et de larves de
mouches (2 ans apres la récolte) a été constatée dans les coupes a blanc par
rapport & la forét non abattue. L’abondance globale de collemboles ou le
taux de capture de carabes n’ont pas ¢t¢ affectés par les différents modes de
récolte. Cependant, dans ces groupes, des effets liés au traitement €taient
décelables au niveau de I'espéce. La récolte a modifi€ la richesse et la
diversité spécifiques ainsi que la contribution relative des especes
individuelles & leurs communautés respectives. Pour les carabes, ces
changements ont entrainé I’addition d’espéces, notamment dans le régime
de coupe ablanc, de méme qu’une restructuration de lacommunauté vivant
déja sur les sites. Pour les collemboles, aucune immigration de nouvelles
especes adaptées a la coupe a blanc n’a été constatée dans les 2 premiéres
années suivant larécolte. Des changements dans lacommunauté en réaction
alarécolte ont été provoqués par des modifications dans lacomposition des
especes déja présentes sur les sites.)

Les conditions météorologiques extrémement chaudes et séches qui ont
sévi a I’été 1995 ont eu un effet profond sur I'abondance des collemboles
dans toutes les zones traitées, y compris la forét non abattue, tandis que les
réductions du nombre de larves de mouches se sont limitées aux coupes
partielles et aux coupes a blanc. Les effectifs de carabides et d’acariens
n’ont pas été touchés par la sécheresse. Des études préliminaires sur les
impacts biologiques des chemins de débusquage ont indiqué que la récolte
effectuée par le Timberjack a causé peu ou point de dommages aux popu-
lations de microarthropodes. Les populations d’acariens et de collemboles
ont chuté sur les chemins faits par I’abatteuse-empileuse ou |'abatteuse-
faconneuse a téte multifonctionnelle, mais elles ont semblé se rétablir
quelque peu dés la deuxieme année apres la récolte.

Le rapport se termine par une étude des effets des perturbations naturelles
et anthropiques sur les invertébrés terricoles ainsi que par des
recommandations visant a atténuer au maximum les incidences de larécolte
sur la communauté.
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INTRODUCTION

Forest managers today are required not only (o ensure a
sustainable wood supply, but are under increasing pres-
sure to manage forests as ecosystems, preserving and
promoting a wide array of non-timber values including
biological diversity, old-growth forests, wildlife habitat,
recreational opportunities, and spiritual values (Canadian
Council of Forest Ministers 1992, Ontario Ministry of
Natural Resources 1995). Since Ontario boreal
mixedwoods typically occupy fertile sites, these forests
are potentially very productive, both in terms of the
richness of flora and fauna, and in terms of timber yield.
Management of these forests has typically involved clear-
cutting, followed by silvicultural interventions to estab-
lish a conifer-rich stand. There is growing national and
international concern over conventional timber manage-
ment practices, particularly clear-cutting and the exten-
sive planting of single species stands (Brooks and Grant
1992, Mooney et al. 1995); research into the suitability
and environmental consequences of alternative manage-
ment options is urgently required.

Biodiversity is one parameter by which the “health™ of an
ecosystem can be assessed, yet many of the organisms
responsible for ecosystem health and sustainability (e.g.,
microorganisms and invertebrates) reside in the soil, and
their importance is often overlooked (Freckman1994).
Many soil invertebrates are known to play importantroles
in nutrient cycling, pest control, dispersal of mycorrhizal
fungi, controlling (or dispersing) plant pathogens, soil
formation and decomposition of plant residues including
leaf litter, roots, and woody materials, all representing an
integral part of sustainable forestry (Marshall 1993). Not
only do researchers and managers not know how “alterna-
tive” forestry practices affect these organisms and their
processes, they know very little about how they respond to
conventional practices (such as clear-cutting), or natural
disturbances such as fire or drought. Indeed the Canadian
Biodiversity Strategy (Government of Canada 1995) rec-
ommends the inventory and monitoring of the forest soil
hiota to help increase our understanding of forest
biodiversity.

This study reports on the short-term impacts of conven-
tional (clear-cutting) and alternative (partial cutting) har-
vesting practices on the abundance and biodiversity of
elements of the soil fauna. This study is part of the Black
Sturgeon Boreal Mixedwood Project, a multidisciplinary
research project focusing on stand-level ecosystem re-
sponse to disturbance and silvicultural manipulation
(Scarratt 1996). Two groups of soil fauna were included in
the study:

1. Ground-dwelling carabid beetles

2.Soil-dwelling microarthropods (Collembola
[springtails], Acari [mites] and Diptera [fly] larvae).

It has been estimated that only about 50 percent of the
arthropod species in Canadian soils have been described
(Behan-Pelletier and Bissett 1992). In comparison with
other groups of soil fauna, the taxonomy of carabids and
Collembola is relatively well known, and keys to species
arc available. Thus it was possible to investigate the
response of these groups to harvesting at the species level.

Carabid beetles have been widely used as bioindicators of
ecological disturbance in Canada and around the globe.
Carabids have been used to investigate non-target effects
of forestry insecticides (Freitag et al. 1969, Freitag and
Poulter 1970). The various studies by Richardson and
Holliday (Richardson and Holliday 1982; Holliday 1984,
1991, 1992) documented the response of carabid beetles
to wild fire in stands of trembling aspen (Populus
tremuloides Michx.) and spruce (Picea spp.). Niemeli et
al. (1993a, 1993b) discussed the effects of clear-cut har-
vesting on assemblages of carabids in boreal forests by
comparing stands at various stages of regeneration. The
immediate response of carabids to planned clear-cutting
and to prescribed burning in stands of jack pine (Pinus
banksiana Lamb.) was described by Duchesne and
McAlpine (1993).

In Europe, soil microarthropods (Collembola and mites)
have been used as indicators of acid precipitation (e.g.,
van Straalen et al. 1988), soil compaction (e.g., Heisler
1995)and agricultural practices (e.g., Franchini and Rockett
1996). The use of soil invertebrates as “biological probes™
of complex soil phenomena in old-growth forests of the
Pacific Northwest was proposed by Moldenke and Lattin
(1990a). Before attempts can be made to identify
“bioindicators™ of forest soil health in Canada, more
knowledge of the identity and classification of soil
arthropods, their distribution, feeding habits and response
to environmental stress is required.

SITE DESCRIPTION AND
EXPERIMENTAL TREATMENTS

The site 1s located in the Black Sturgeon Forest, approxi-
mately 120 km northeast of Thunder Bay, Ontario. The
stands can be classified as herb- and shrub-rich vegetation
types according to the forest ecosystem classification for
northeastern Ontario (V6, VT, VO, VII1, V16; Sims et al.
1989). with the dominant tree species being trembling
aspen, balsam fir (Abies balsamea[L..] Mill.), white spruce
(Picea glauca [Moench] Voss), and black spruce (Picea
mariana [Mill.] B.S.P.). The soils are Ferro-humic Pod-
zols and Dystric Brunisols. Each experimental block



consisted of an area of 10 ha, with 100 m wide uncut buffer
zones between the blocks. Two replicates of each harvest-
ing treatment were located in Stand 1 (49° 11' 15" N and
88°42' 30" W), with a third replicate in Stand 2 (49° 14' 03" N
and 88° 45' 30" W). Each clear-cut block was divided to
permit one half to be site prepared (clear-cut B), while the
other half remained untreated (clear-cut A). Details of the
site description and harvesting treatments are given in
Scarratt (1996). Harvesting took place in the fall and
winter of 1993, and site preparation treatments were
applied in August 1995. The Fire Ecology component of
the study (Burn Blocks) contained additional replicates of
the clear-cut treatment and uncut controls, and these were
included in the microarthropod study. Because of
unfavourable weather conditions, it was not possible to
carry out the prescribed burn treatments during the period
covered by this report. A summary of the experimental
harvesting treatments included in the present study is
given in Table 1.

MATERIALS AND METHODS
Carabids

Carabid beetles were sampled with twelve 1 L plastic
pitfall traps, (11 cm diameter), protected from rain with
plastic dinner plates elevated slightly above the soil sur-
face. Two parallel lines 40 m apart, with six traps each,

were installed on each block. The traps were spaced 10 m
apart. On clear-cuts, two pitfall lines were run on each of
side A and side B. Ethylene glycol was used as a collection
and preservative fluid. Traps were emptied about every
two weeks and their contents transferred to 70 percent
ethanol. Carabid beetles were then extracted, pinned,
labeled, and identified according to Lindroth (196 1-1969)
and Bousquet and Larochelle (1993).

Seven samples were taken in each of 1994 and 1995 (early
June to early September) but only the four odd-numbered
samples were processed. The clear-cut B treatment is not
included in the various ANOVA procedures because
sample number five is missing as traps were removed to
allow for the site preparation treatment. The cumulative
catch for this treatment thus represents both pre- and post-
site preparation conditions. However, the capture data for
clear-cut B is included in histograms and other discus-
sions. Because preparations for the prescribed burns re-
quired the removal of pitfall traps from the Burn Blocks,
data for these sites were incomplete and are not included
in this report.

Microarthropods

Two 10 x 10 m plots were established in cach of the
experimental blocks presented in Table 1, with the excep-
tion of Stand 1, Blocks 5 and 7. On all treatment blocks in

Table 1. Summary of blocks and harvesting treatments included in the present study.

Treatment Harvesting equipment Blocks Studies!

Clear-cut Feller-buncher, grapple Stand 1, Blocks 1 and 14 G M,T

Full-tree extraction skidder Stand 2, Block 6 C,M
Burn Blocks 1 and 5 M

Clear-cut Single-grip harvester Stand 1, Block 7 T

Tree-length extraction  (Ultimate 4500), grapple

skidder

Partial Cut - 70 percent  Feller-buncher, Stand 1, Blocks 2 and 3 CM, T

removal grapple skidder Stand 2, Block 4 C.M

Full-tree extraction

Partial Cut - 70 percent  Single-grip harvester Stand 1, Block 5 T

removal (Timberjack 1270) and

Cut-to-length forwarder (Timberjack 1010)

Uncut controls Stand I, Blocks 4and 13 C. M
Stand 2, Block 5 Cc,M
Burn Blocks 3,6 M
Sanders/Prévost M

'C included in study of carabids
M included in study of microarthropods

T included in study of microarthropod fauna in transects across logging trails

I



Stands I and 2. one plot was located on side A and the other
on side B, close to the pitfall traps where applicable. On
the Burn blocks and the Sanders/Prévost control block,
which were not divided into side A and side B, samples
were taken from plots located near the pitfall traps. Each

core (5.8 cm diameter) was taken to a minimum depth of

10 cm, and included the entire organic layer, and at least
2 cm of the underlying mineral soil. Cores were divided
into 2-cm sections, the sample was weighed, and the fauna
were extracted intodistilled waterin a modified Macfadyen
High Gradient extractor over a period of a week. After
extraction of the fauna, the samples were re-weighed and
moisture content was estimated.

The extracted fauna were filtered from the collecting fluid
using a Millipore Filtration unit, and stored in 70 percent
ethanol. Mites and dipteran larvae were counted under a
dissection microscope. Preliminary sorting of Collembola
into morphological groups was carried out using the
dissection microscope, but final species identification
required most individuals to be cleared in lactic acid,
mounted in Hoyer’s medium and examined under high
magnification using oil-immersion and phase contrast
lighting. The taxonomic keys of Christiansen and Bellinger
(1980a, 1980b, 1980c, 1981) were used to identify
Collembola to species.

Plots were sampled three times in 1994 (spring, summer,

fall), and twice in 1995 (spring, summer). At each time of

sampling, one core was taken [rom each plot, and the data
from the two cores/block were pooled to give a single
value for each replicate block.

A preliminary study of the impacts of the logging trails
created by different types of harvesting machinery was
carricd out on selected blocks in Stand | as indicated in
Table 1. On each block, the main logging trail was subjec-
tively identified. In early June 1994, a transect was run
across the trail, approximately 50 m from the edge of the

cut block nearest the road, perpendicular to the line of
travel. A core of soil was taken 50 cm from each edge of

the logging trail in the relatively undisturbed soil on each
side of the trail, and two cores were taken on the trail, each
one 2 m from the edge of the trail. The same transcct was
sampled again in late May 1995. Microarthropods were
extracted and processed as described above.

Statistical Analyses

Histograms of the abundance of individual species of

carabids for 1994 and 1995 are expressed as proportions
of the total cumulative catch taken from cach replicate
block. Preliminary statistical analyses are based on sepa-
rate treatment of the data sets of 1994 and 1995, represent-

ing cumulative catches (sum of four samples) of each
replicate block. Carabid catches were also standardized by
the number of trapnights to compensate for some losses of
traps disturbed by mammals. Analysis of variance
(ANOVA) tests were carried out using BMDP (BMDP
Statistical Software Inc.) and SigmaStat (Jandel Scien-
tific) software. In the one-way ANOVA tests, experiment-
wise error rate was maintained at «=0.05 using a sequential
Bonferroni adjustment (Rice 1989). Transformations were
applied if necessary; proportional data and evenness indi-
ces were arcsine-transformed. Only the non-transformed
means and standard errors are reported. We used the
discussions, recommendations, and software of Ludwig
and Reynolds (1988) to direct, compute and present diver-
sity indices. “NO” represents species richness (number of
species) while the species diversity indices “N 17 (number
of abundant species) and “N2" (number of very abundant
species) (Hill 1973) incorporate both species richness and
species equitability (relative abundance of different spe-
cies).

RESULTS

Effect of Harvesting on Total Numbers of
Individuals Collected

Carabids

Atotal of 1 415 and 2 214 carabid beetles were captured
over four treatments in 1994 and 1995, respectively.
Seasonal capture rates of carabids standardized to 100
trapnights did not differ among treatments in either 1994
or 1995 (Table 2).

Microarthropods

In the first year post-harvest, numbers of dipteran larvae
in cores taken from the different harvesting treatments did
not differ significantly among treatments. However, in
1995 there was asignificant reduction in the abundance of
larvae on the clear-cuts compared with controls, while on
partial cuts the value was intermediate between the two
extremes (Table 3).

The overall seasonal abundance of mites was reduced on
the clear-cuts in the first year post-harvest, compared with
the uncut controls (Table 4). In the second year post-
harvest, mites were significantly less abundant in the
clear-cuts than in the partial cuts, but the numbers of mites
in the uncut controls did not differ significantly from
levels found in the clear-cuts.

Harvesting did not significantly affect the overall seasonal
abundance of Collembolain either 1994 or 1995 (Table 5).



Table 2. Effect of harvesting on capture rate of carabids. Means are calculated from seasonal totals for each replicate
block. ANOVA revealed no significant treatment effects in cither year (1994 P=0.1744; 1995 P=0.2688).

Treatment Number of replicates Mean number of individuals + SE /100 trapnights
1994 1995
Uncut controls 3 22.0£29 309 +47
Partial cuts 3 13.84£0.8 27.0+£39
Clear-cut A 3 16.6 2.1 23.6+3.3
Clear-cut B 3 22.1%43 NA

Table 3. Effect of harvesting on abundance of dipteran larvae. Means are calculated from seasonal totals for cach
replicate block. ANOVA of 1994 data for treatment effects, P=0.520; for 1995 P=0.003. Within each time period, means
not followed by the same letter differ significantly from one another (sequential Bonferroni t-tests; P<0.05).

Treatment Number of replicates Mean number of individuals + SE /m?

1994 1995
Uncut controls 6 2 142 + 858 1181 £77a
Partial cuts 3 1 070 £ 787 503 £ 269 ab
Clear-cut 5 1 033 + 466 189+79b

Table 4. Effect of harvesting on abundance of mites. Means are calculated from seasonal totals for each replicate block.
ANOVA for treatment effects for 1994 P=0.016; for 1995 P=0.019. Within cach time period, means not followed by the
same letter differ significantly from one another (sequential Bonferroni t-tests; P<0.05).

Treatment Number of replicates Mean number of individuals + SE /m>

1994 1995
Uncut controls 6 179517 +9 384 a 189 710+ 18 451 ab
Partial cuts 3 134976 +£9619b 228 793+23974 a
Clear-cut 5 129 686 £ 14 004 b 130379 £ 16098 b

Table 5. Effect of harvesting on abundance of Collembola. Means are calculated from seasonal totals for each replicate
block. ANOVA revealed no significant treatment effects in either year (1994 P=0.929; 1995 P=0.240).

Treatment Number of replicates Mean number of individuals + SE /m?
1994 1995
Uncut controls 6 53285+9514 36720 £ 4 030
Partial cuts 3 51 7737059 47616 £ 4 101
Clear-cut 5 49242 + 3 959 47333+6 191




Effect of Harvesting on Species Diversity

Carabids

In both the first and second years post-harvest, the mean
number of species captured/ replicate block (NO) was
significantly lower in at least one of the clear-cuts (A or
B)thanin the uncut controls (Tables 6 and 7). The number
of abundant species (N1) was apparently unaffected by
the treatments in both years, but values for N2 (number of
very abundant species) showed clear treatment-related
effects. In both 1994 and 1995, values for N2 were
significantly lower in the clear-cuts than in the uncul
controls, while values on the partial cut were intermediate
between the two extremes (although differing signifi-
cantly from the clear-cuts and uncut controls only in

1994), The Evenness Index (E5) was highest in the uncut
controls in both years, decreasing on the partial cuts, and
was lowest in the clear-cuts.

Collembola

In the first year post-harvest, the number of abundant
species (N1) was significantly depressed on the clear-cuts
compared with the uncut and partial cuts, and N2 was
reduced on the clear-cuts compared with partial cuts
(Table 8). Values for NO and the Evenness Index showed
no significant treatment-related differences. In the second
year post-harvest, values for the diversity and evenness
indices did not differ significantly among treatments
(Table 9).

Table 6. Effect of harvesting on species diversity indices and evenness of carabids one year post-harvest. Indices

calculated after Hill (1973) using seasonal totals for each re

plicate treatment block. NO is the total number of species,

N1 ig gShannon’s Index N9 o 1/Simpson’s Index, and Evenness Index is (N2-1)/(N1-1). ANOVA revealed significant
treatment effects on N0 (P=0.0237), N2 (P<0.001) and the Evenness Index (P=<0.001). There was no significant
treatmenteffect on N1 (P=0.0528). Within each column, means not followed by the same letter differ significantly from

one another (sequential Bonferroni t-tests, P<0.05).

NO NI N2 Evenness Index
Uncut controls 8.7a 6.2 56a 0.89 a
Partial cut 9.7 ab 5.5 2b 0.70 b
Clear-cut A 10.7ab 4.7 3.0c¢ 0.55¢
Clear-cut B 12.7b 4.5 26¢c 0.46 d
si el n,
! Shannon’s Index = H :‘E — | In] =
i-1 n n
S on(n.-1)
e . - ,‘L: o e M
Simpson’s Index = g n(n-1)

where n; is the number of individuals in the :“hspcci::s and nis the total number of individuals for all species in the sample.

Table 7. Effect of harvesting on specics diversity indices and evenness of carabids two years post-harvest. Indices as in
Table 6. ANOVA revealed significant treatment effects on NO (P=0.014), N2 (P=0.035) and the Evenness Index
(P=0.003). There was no significant effect of reatment on N1 (P=0.141). Within cach column, means not followed by
the same letter differ significantly from one another (sequential Bonferroni t-tests, P<0.05).

NO NI N2 Evenness Index
Uncut controls 10.0 a 6.6 574 0.83 a
Partial cut 13.7 ab 7.0 5.1 ab 0.67 b
Clear-cut A 163 b 55 32k 0.49 ¢




Table 8. Effect of harvesting on species diversity indices and evenness of Collembola one year post-harvest. Indices
calculated as in Table 6. ANOVA revealed no significant treatment effects on NO (P=0.232) or the Evenness Index
( P=0.568). Treatment related effects were identified for N1 ( P=0.008 ) and N2 (P=0.0260). Within cach column, means
not followed by the same letter differ significantly from one another (sequential Bonferroni t-tests, P<0.05).

NO N1 N2 Evenness Index
Uncut controls 25.8 9.6a 6.2 ab 0.595
Partial cut 24.0 99a 7.0a 0.673
Clear-cut 20.6 69b 45b 0.600

Table 9. Effect of harvesting on species diversity indices and evenness of Collembola two years post-harvest. Indices
as in Table 6. ANOVA detected no significant treatment effects on NO (P=0.452), N1 (P=0.199), N2 (P=0.375) or the

Evenness Index (P=0.950).

NO N1 N2 Evenness Index
Uncut controls 20.3 95 7.3 0.671
Partial cut 20.0 10.2 7.4 0.695
Clear-cut 18.2 6.9 5.0 0.665

Effect of Harvesting on Individual Species

Carabids

A total of 34 species of carabids was collected over the two
years; 23 species in 1994 and 31 species in 1995 (Figs. 1
and 2). Five species (Pterostichus adstrictus Eschscholtz,
Pterostichus pensylvanicus LeConte, Calathus ingratus
Dejean, Platynus decentis (Say), and Sphaeroderus
nitidicollis brevoorti LeConte) were captured on all 12
blocks in both years, collectively comprising 81-90 per-
cent and 81-84 percent of captures in 1994 and 1995
respectively. In the first year post-harvest, there was a
significant increase in the proportional representation of
P. adstrictus in the carabid community from uncut to
partial cut to clear-cut treatments. There was a corre-
sponding trend toward a decreasing contribution of the
other four species (not always statistically significant) in
the same sequence. In 1995, only P. adstrictus and
P. decentis showed significant treatment differences in
proportional representation similar to those observed in
1994, but in S. nitidicollis and P. pensylvanicus the trend
toward decreasing abundance on the clear-cuts was still
present (although not statistically significant). In addition
to these five species, Agonum retractum LeConte was
captured on all blocks except one clear-cut A block and
represented another 3-8 percent of captured carabids, but
there were no significant treatment differences in either
year for this species (Table 10).

Three species (Bembidion rapidum LeConte, Notiophilus
semistatus Say, Badister obtusus LeConte), represented
by only one or two specimens in 1994, were not recovered

in 1995. Of the eleven species collected in 1995 that had
not been captured in 1994, eight (Bradycellus lugubris
LeConte, Sericoda quadripunctatua (DeGeer), Harpalus
laevipes Zetterstedt, Harpalus somnuléntus Dejean,
Bembidion mutarum Gemminger and Harold, Bembidion
grapii Gyllenhal, Bembidion wingatei Bland, Bembidion
quadrimaculata oppositum Say) were represented by three
or fewer specimens. Only five specimens of Agonum
cupripenne Say were taken in 1995, all in the clear-cut B
treatment. These captures were made prior to the site
preparation treatment so are not related to this distur-
bance. Harpalus innocuus LeConte, represented by 19
specimens, was taken only on the six clear-cut blocks,
while 47 specimens of Calosoma frigidum Kirby were
taken from all treatments.

Of those species for which more than three specimens
were collected in one year, species present in uncut forest
were also found in at least one block of the other three
treatments exceptin two instances. Although Prerostichus
coracinus (Newman) (four specimens) was not collected
in the uncut forest in 1994, the next year, five specimens
were taken from the uncut and the partial cut forest.
Scaphinotus bilobus (Say) (39 specimens) occurred on all
blocks except one uncut block in 1994, However, in 1995,
38 specimens were captured but none were taken from one
partial cut block nor from any of the three blocks of the
clear-cut B treatment.

Calosoma frigidum was first captured in 1995 (47 speci-
mens), two years after the harvest. This species formed a
significantly higher proportion of the carabid fauna in the
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Figure 1. Relative abundance of carabid beetles expressed as percentage (+ SE) of total seasonal carch
(four collections) in each treatment block (n=3) for 1994, one Year after harvest. A. uncut control;
B. partial cur; C. clear-cut A: D, clear-cut B. See Appendix A for species names.
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Table 10. Relative abundance of selected carabid species based on cumulative seasonal samples. Data based on four

sampling periods each year. Figures

are mean percentage of total carabids/replicate block. There were three uncut
replicates, three partial cut and three clear-cut A and three clear-cut B replicates. Data from

clear-cut B in 1995 not

included in analyses as site preparation treatments were imposed on these replicates part way through the year. One-way
ANOVA was performed within each time period to detect treatment effects. Within each row, means not followed by
the same letter differ significantly from one another (sequential Bonferroni t-tests, P<0.05).

Treatment
Species Year Uncut Partial cut Clear-cut A Clear-cut B ANOVA
Prerostichus adstrictus 1994 2297 432 b 549 be 60.7 ¢ P<0.001
1995 252a 373 ab 524b NA P=0.010
Pterostichus pensylvanicus 1994 14.8 12.0 10.8 7.7 P=0.533
' 1995 20.2 18.1 13.1 NA P=0.398
Calathus ingratus 1994 17.0a 14.5 ab 11.0 ab 94b P=0.016
1995 10.4 1.4 11.1 NA P=0.758
Platynus decentis 1994 13.2 8.6 5.0 2.6 P=0.081
1995 18.6 a 99b 28¢ NA P=0.004
Sphaeroderus nitidicollis 1994 133 a 11.9 ab 6.9 ab 5.6b P=0.010
1995 8.7 3.8 4.3 NA P=0.121
Agonum retractum 1994 1.8 1.9 4.0 2.7 P=0.457
1995 8.3 4.5 3.4 NA P=0.489
Calosoma frigidum 1994 0.0 0.0 0.0 0.0
1995 27a 4.2 a 02b NA P=0.003
Harpalus spp. 1994 0.0 0.4 0.6 1.1 P=0.492
1995 02a 0.7 a 49b NA P=0.004

uncut and partial cut forest than in the clear-cuts. Several
species of Harpalus were captured through 1994 and 19953,
with more specimens and species in 1995 (Table 11),
Although there was a trend towards larger numbers of
individuals and specics, from control through partial cut

and then the clear-cuts in both years, only the 1995 data
show a significantly higher value for the proportional
representation of Harpalus Spp. on clear-cuts compared
with uncut forests (Table 10,

Table 11. Captures of Harpalus spp. for mixedwood forest blocks in 1994 and 1995, based on cumulative seasonal

samples!.
Year Parameter Treatment Total
Uncut Partial cut Clear-cut A Clear-cut B2
-

1994 Individuals 0 ] 2 4 7
Species 0 I 1 2 2

1995 Individuals | 4 23 23 51
Species 1 3 6 5 6

' Cumulative seasonal totals based on two week trapping periods carried out four times in 1994 (June, July, August,

September). and four times in 1995 (June, July, August,

allow site preparation treatment)

¥ G . > 3
= Site preparation treatment applied in August 1995
IR R O s

September; except Clear-cut B where August was missed to



Collembola

More than 17 500 Collembola, representing 42 species
were collected over two years. Folsomia nivalis (Packard)
was the most widespread and abundant specics, and was
common in all blocks, regardless of harvesting regime.
When present in a sample, Ceratophysella sp. (probably
pseudarmata) (Folsom) showed an extremely aggregated
distribution, but since this species occurred in relatively
few samples (even in the uncut controls where it formed
13.1 percent of the total collembolan population), it was
not possible to use¢ parametric statistics to describe the
population of this species. Some species suchas Isotomiella
minor (Schiffer), and Onychiurus (Protaphorura)
parvicornis Mills tended to be relatively more abundantin
the clear-cuts than in the uncut arcas. Other species,
including Folsomia sensibilis Kseneman, [sotoma
(Desoria) propinqua Axelson and Arrhopalites benitus
(Folsom) were relatively more abundant in uncut forests
(although this preference was only statistically significant
in one of the two years). In species showing a preference
for clear-cuts over uncut blocks, or vice versa, values for
the partial cuts were generally intermediate between the 2
extremes (Table 12).

Only three species of Collembola were collected on the
clear-cuts or partial cuts, butnot in the uncut forest.and inall
three cases fewer than 5 individuals of each species were
collected. Folsomia sp. A (33 individuals), Proisotoma
(Appendisotoma) vesiculata Folsom (11 individuals) and
Isotoma (Desoria) sp. A (20 individuals) and another 4
species with fewer than 5 individuals/species, were all
collected in uncut or partial cuts, but not in samples taken
from clear-cuts.

Effect of Drought—Comparison of August 1994
and 1995 Samples

During the summer of 1995, weather conditions were very
dry, and forest fires were burning in areas within a few
kilometers of the research sites. A full set of micrometeo-
rological data for the sites is not yet available, but prelimi-
nary data (Boyonoski pers. comm.) indicate that in August
1995, soil temperatures just below the soil surface (-1 cm)
were about 2—4°C higher in the clear-cuts (mean maxi-
mum weekly temperature 23°C) than in the uncut sites
(mean maximum weekly temperature 19°C). Tempera-
tures were intermediate between the two extremes in the
partial cut (mean maximum weekly temperature 21°C).

Table 12. Relative abundance of species of Collembola based on cumulative seasonal samples. There were three
sampling periodsin 1994 and two in 1995, Figures are mean percentage of total Collembola/block. There were six uncut
replicates, three partial cut and five clear-cut blocks. One-way ANOVA was performed within cach time period to detect
wreatment effects. Within each row, means not followed by the same letter differ significantly from one another
(sequential Bonferroni t-tests, P<0.05). ANOVA on ranks (KW) followed by Dunn’s test was carried out where

assumptions for ANOVA could not be met.

Treatment

Species Year Uncut Partial cut  Clear-cut ANOVA
Folsomia nivalis 1994 29.2 27.8 40.2 P=0.067
1995 32.5 134 28.4 P=0.095
Onychiurus (Protaphorura) absoloni 1994 8.1 7.1 5.4 P=0.446
1995 5.8 34 5.6 P=0.333
Onychiurus (Protaphorura) parvicornis 1994 0.8 5.1 36 P=0.200
1995 0.2a 1.3ab 4.4b P=0.033
[sotomiella minor 1994 0.8a 5.5b 0.7a P=0.001
1995 4.0a 25.9b 25.0b P=0.025*"
Ceratophysella sp. (probably pseudarmata) 1994 13.1 0.3 0.6 P=0.175%"
1995 0.1 0.0 0.1 P=0.8615"
Folsomia sensibilis 1994 2.8a 1.4ab 0.7b P=0.040
1995 32 2.7 1.0 P=0.110%"
[sotoma propingua 1994 1.3a 1.2ab 0.2b P=0.035
1995 0.6 1.3 0.0 P=0.270
Arrhopalites benitus 1994 LS 2.6 0.8 P=0.224
1995 6.8a 3.7ab

- —_— —_—

10

0.6b

P=0.009




Moisture content data obtained from the cores used in the
microarthropod study (Fig. 3) indicate that in all treat-
ments, water content of the soil and organic matter in 1993
was about 50 percent of the levels measured during the
previous summer. Significant reductions in the moisture
content of the 0-2 cm, 2—4 ¢m and 4-6 cm depths on all
treatments were noted in 1995 compared with 1994, but
these reductions in moisture content did not depend on the
type of harvesting (2-way ANOVA: 0-2 cm, treatment
P=0.534, time P<0.001, treatment x time P=0.924; 24
cm, treatment P=0.416, time P<0.001, treatment x time
P=0.956; 4-6.cm, treatment P=0.067, time P<0.001, treat-
ment x time P=0.083). A detailed comparison of the
August 1994 and August 1995 samples was carried out to
investigate the response of the different faunal groups to
the extreme environmental conditions prevailing in the
summer of 1995.

Carabids

The capture rate of carabids (no./100 trapnights) did not
differ significantly between August 1994 and August
1995 (Table 13).

Microarthropods

Data for the dipteran larvae (Table 14) show that in
addition to an overall reduction in number of individuals
sampled in August 1995 compared with August 1994, this
reduction depended on the type of harvesting treatment.
Values for dipteran larvae in the uncut controls did not
differ significantly from one another in the two summers,
but in the clear-cuts and partial cuts, the abundance of fly
larvae was significantly reduced in August 1995 com-
pared with August 1994,

A comparison of mite numbers in the two sets of summer
samples indicated no significant time or treatment effects
(Table 15). although there was a significant interaction
term. This was due toasignificant increase in the numbers
of mites in the partial cuts in 1995 compared with levels at
that time in the previous year.

The abundance of Collembola in August 1995, during a
period of drought, was significantly reduced, compared
with levels sampled the previous year. However, this
reduction in population numbers occurred in all treat-
ments, including the uncut controls, and there was no
evidence that the numbers of Collembola were reduced
less (or more) in the uncut blocks than in blocks that had
been harvested (Table 16).

The major reduction in collembolan numbers in the dry,
hot summer of 1995 occurred in the uppermost layers of
the soil in all treatments, particularly the 0-2 em depth
(2-way ANOVA. treatment P=0.255, time P<0.001.

treatment X time P=0.402) (Fig. 4). There was no increase
in numbers of Collembola being collected at the lower
depths, giving no evidence that individuals moved down
the soil profile to avoid unfavourable conditions in the top
few centimeters of soil. This drastic reduction in the
numbers of Collembola extracted from the top 0-2 cm
layer of soil was as apparent in the samples taken from the
uncut forestasit was in those obtained from the partial cuts
and clear-cuts. There was no detectable effect of either
treatment or time on collembolan numbers (2-way
ANOVA: treatment P=0.723, time P=0.467, treatment x
time P=0.060) lower in the soil profile (4-6 cm)

Impacts of Logging Trails on Soil Collembola
and Mites

Results obtained for Collembola and mites were very
similar, and data are thus presented for one group or the
other, but not for both.

In the first year post-harvest, a clear reduction in the
numbers of both Collembola and mites was seen in cores
taken from the logging trails of all blocks, with the
possible exception of Stand 1 Block 35, which had been
harvested with the Timberjack (Fig. 5. showing represen-
tative mite data; Collembola data are similar). By the
second year post-harvest, there was generally some evi-
dence of recovery in the numbers of microarthropods on
the trails, but in all blocks except the one harvested by the
Timberjack, the effect of the disturbance on the trails
could still be seen (Fig. 3).

Results obtained in the second year post-harvest on the
clear-cut logging trails suggested that the environmental
impacts of trails made by the feller-buncher and grapple
skidder were similar to the impacts of the single-grip
harvester and grapple skidder (data for Collembola are
shown in Fig. 6). Two years post-harvest, the impacts of
the trails on microarthropod numbers were still visible. On
the partial cuts, the effect of the trails made by the feller-
buncher and grapple skidder (Stand 1 Blocks 2 and 3) on
microarthropod numbers was still apparent (Fig. 7). How-
ever, there was no evidence that microarthropod numbers
had been adversely affected on the trail made by the
Timberjack (Stand | Block 5). The 2 cores taken from the
logging trail actually contained more individuals than the
cores taken from the undisturbed soil beside the trail.

To investigate whether the presence of decomposing
woody material in cores taken from clear-cut logging
trails had any effect on microarthropod numbers, the data
from pairs of cores taken from the same transect at the
same time, where one member of the pair contained wood
and the other did not. were compared (paired t-tests on log
transformation of original counts). Data from single-grip
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Table 13. Comparison of capture rate of carabids (standardized as no./1 00 trapnights) in August 1994 and August 1995.
2-way ANOVA indicated no significant differences.

Treatment Number. of replicates Capture rate = SE

1995
Uncut controls 3 89+0.5 79+£1.0
Partial cuts 3 62+14 8.5%£1.0
Clear-cut A 3 3320 98+1.0

Table 14. Comparison of population numbers for dipteran larvac in August 1994 and August 1995. 2-way ANOVA
indicated significant time (P<0.001) and treatment (P<0.001) effects, and a significant time X treatment interaction
(P=0.03). Within one time period, means not followed by the same letter differ significantly from one another (Bonferroni

t-tests, P<0.05).

Treatment Number of Mean number of individuals + SE /m” time within
replicates 1994 treatment
comparison
P<0.05
Uncut controls 6 1827+511a No
Partial cuts 3 1134+608a 189 £ 109 ab Yes
Clear-cut 2 1209+ 386a Yes

Table 15. Comparison of population numbers for mites in August 1994 and August 1995. 2-way ANOVA indicated no
overall significant time (P=0.061) or treatment (P=0.326) effects, but there was a significant time X treatment interaction
(P=0.01). Within cach time period, means not followed by the same letter differ significantly (Bonferroni t-tests P<0.05).

Treatment Number of Mean number of individuals + SE /m?> time within
replicates 1994 1995 treatment
cnmpari son
P<0.05
Uncut controls 6 176 673+ 11372 a 162 558 £23 410 a No
Partial cuts 3 90824 17256b 217109 £32987 a Yes
Clear-cut 5 136 387 +23715a No

144 740 £ 13 058 ab

Table 16. Comparison of population numbers for Collembola in August 1994 and August 1995. 2-way ANOVA
indicated asignificanttime effect (P=0.002), but treatment (P=0.427) and the time x treatment interaction (P=0.983) were

both not significant.

Treatment

Number of
replicates

- R 2
Mean number. of individuals + SE /m~

1994

1995

Uncut controls
Partial cuts
Clear-cut

6

Lh W

58859+ 13016
37350+ 6494
53457+£9 384

278077311
19 141 £ 7095
28910+ 9875
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A. uncur control; B. partial cut; C. clear-cut.
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and feller-buncher harvesting regimes in both years were
lumped. The analysis indicated that on logging trails, there
were significantly more mites (t=4.383, D.F.=3, P=0.022)
and Collembola (1=3.464, D.F.=3, P=0.041) in samples
containing wood, than in those without wood. There were
insufficient data to attempt a similar comparison for
partial cut logging trails.

DISCUSSION

The high variability in the distribution and abundance of
soil fauna, combined with low numbers of replicates
means that the power of the statistical tests was generally
low. Consequently the fact that in many cases differences
were not significantly different, needs to be interpreted
with caution.

Different groups of the soil fauna responded in different
ways to the different harvesting regimes.

Seasonal abundances of larval Diptera (two years post-
harvest) and mites (one year post-harvest) were affected
by the different harvesting regimes, with both groups
showing lower numbers on clear-cuts. An initial decrease
in mite abundance on clear-cuts was also reported by Bird
and Chatarpaul (1986) in ared pine (Pinus resinosa Ait)/
aspen (Populus spp.)/white pine (Pinus strobus L.)
mixedwood forest near Petawawa Ontario, and in a com-
parison of cut and uncut Norway spruce (Picea abies [L.]
Karst.) stands in Finland (Huhta 1976; Huhta et al. 1967,
1969).

In the present study, total numbers of Collembola were
unaffected by harvesting. In contrast, Bird and Chaterpaul
(1986) reported a decline in collembolan numbers on
clear-cuts harvested by whole-tree logging, although they
found no significanteffectin the conventional harvest plot
(stermns <9 ¢m dbh not harvested, all slash left on site). As
in the present study, Huhta (1976) reported no significant
effect of clear-cutting on collembolan numbers in north-
ern Finland in the first few years (two and five years) post-
harvest. although numbers started to decline in the longer
term (12 years). In southern Finland, collembolan num-
bers increased immediately post-harvest before starting to
decline 5-6 years later.

This study indicated no significant effect of the experi-
mental harvesting treatments on total catches of carabid
beetles. Duschene and McAlpine (1993), working in stands
of jack pine, were alsounable to detect statistically signifi-
cant differences among the numbers of carabids captured
on clear-cuts, burned sites, and uncut controls. Niemali et
al. (1993a) reported that carabid abundance was as high or
higher in one- and two-year-old regenerating stands of
lodgepole pine (Pinus contorta Douglas var. latifolia
Engelman) and white spruce (Picea glauca (Moench)

Voss) in northern Alberta, as it was in some of their uncut
controls.

It therefore appears that for both Collembola and carabids,
counts of the total abundance of these groups do not show
a response to harvesting, or, according to the scientific
literature, respond in an inconsistent manner. Yet al-
though harvesting impacts on carabids and Collembola
were not demonstrated when these taxa were considered
at a gross level, harvesting effects were readily shown
when examined at the species level.

A total of 10 species of carabid were identified on the
uncut blocks in 1994, with 13 species on the partial cuts
and 13 species in clear-cut A and 19 species in clear-cut B.
The following year, 13 species were taken in traps located
inuncut blocks, while the number of carabid species found
in the partial cuts had increased to 21, with 23 species on
each of clear-cut A and clear-cut B (Figs. 1 and 2). The
trend towards increasing species richness on clear-cuts is
confirmed by significant increases in the values of NO
from uncut blocks, through partial cuts to clear-cuts. This
is thought to be the result of persistence of mature forest
generalists coupled with the invasion of cut sites by open-
habitat species.

Although species richness in the carabid fauna tended to
increase along the gradient from uncut, through partial
cuts to clear-cuts, values for species diversity (N1 and N2)
and species evenness decreased along the same gradient.
This same phenomenon is seen in the study by Duchesne
and McAlpine (1993), who demonstrated a reduction in
diversity (Shannon-Wiener index) on clear-cut blocks
compared to uncut forests, although in their case, species
richness in the clear-cuts (mean=11.3 species) was not
significantly higher than in the uncut forest (mean=4.1
species). Niemald et al. (1993a) also found a higher
species richness in regenerating stands. They also suggest
that assemblages of carabids from mature forests are
dominated by fewer species, while carabid abundance is
moreevenly distributed in regenerating stands. This result
is in stark contrast to our study where there was a decided
dominance of P. adstrictus on partial cuts and clear-cuts
one and two years after harvest, while the assemblages in
uncut forests are more appropriately described as co-
dominant. Nonetheless, Niemali et al. (1993a) indicate
that increases in the catches of both P. adstrictus and
P. decentis in cut areas were implicated in the decrease in
the degree of similarity between the carabid faunas of the
cut and uncut forest in the season following a winter
harvest. Although the results for P. adstrictis mirror those
in our study, the response of P. decentis is the reverse
(Table 10).

Prerostichus adstrictus can be described as a generalist
with the capability of establishing and expanding local
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populations in a wide range of habitats. Goulet (1974)
studied the biology of P. adstrictus and P. pensylvanicus
in Alberta, and found that compared with P. pensylvanicus,
P. adstrictus began ovipositing earlier in the spring, laid
1.5 times as many eggs and the eggs, larvac and pupac
developed faster. The wider range of substrate acceptance
by ovipositing P. adstrictus could expose eggs to higher
mortality rates in dry seasons, but under favourable con-
ditions, arapid colonization of new resources and habitats
could be expected. P. pensylvanicus had a narrower range
of oviposition substrate acceptance (Goulet 1974), prefer-
ring the wettest substrates. There does not appear to have
been anoticeable negative effect of the drought conditions
in the summer of 1995 in the study reported here but
effects related to reproductive success would not have
been reflected until the following season.

The species of Harpalus, which came to prominence in the
second year post-harvest, are known to be “most abundant
in open, dry country, usually on sandy soil” (Lindroth
1968). In the present study, they were concentrated on the
clear-cut blocks (Table 11). Adults of these species are
known to be mostly vegetarian and may be taking advan-
tage of a profusion of herbaceous growth in these open
areas, where they are likely to have a continuing presence,

Calosoma frigidum was collected mainly from partial cuts
and uncut control blocks. These very capable fliers
(Lindroth 1961) may be responding to irruptions of arbo-
real caterpillar prey (such as Choristoneura fumiferana
(Clem.), Choristoneura conflictana (W1k.), Malacosoma
disstria Hbn., and Enargia decolor (W1k.)). This would
lead to a concentration of activity in this species, which
tends to be cyclical in its population fluctuations (Crins
1980), on these blocks with standing trees.

In the first year post-harvest, comparing equal numbers of
blocks (Stands 1 and 2 only, comparable to the pitfall trap
sites), 37 species of Collembola were identified from the
uncut forest blocks, compared with 34 on the partial cuts
and 28 on the clear-cuts. The following year (based on
spring and summer samples only), species richness was
similar in all treatments (28 species on uncut blocks, 26
species in the partial cuts, and 29 species on the clear-
cuts). With the exception of three species, (each with total
catches of less than five individuals/species), all the col-
lembolan species found on the clear-cut and partial cut
sites during the two years of study were also found in the
uncut controls or in the preharvest samples. Since
Collembola are flightless, extremely sensitive to desicca-
tion, and have poorly developed dispersal capabilities,
rapid immigration of new species would not be expected
(Moldenke and Lattin 1990b). Thus, unlike the case for
the carabids, even two years post-harvest there was still
little evidence of the arrival of species adapted to clear-cut

conditions, and no consequent increase in species richness
on harvested areas.

Although there was a trend towards lower values for the
diversity indices for Collembola on the clear-cuts com-
pared with uncut forests, the difference was statistically
significant only for N1 (number of abundant species) in
the first year post-harvest. The collembolan fauna of the
study blocks was extremely variable, with several species
showing extremely aggregated distributions. Forexample,
while the mean number of Collembola /core was about
150 individuals, during the post-harvest study ten cores
contained more than 150 individuals of a single species.
These samples had a great influence on the calculated
values for the diversity indices. Seven of the ten cores with
such “abnormally” high numbers of a single species
(which tended to reduce values of N1 and N2) were
obtained from uncut control blocks. One of the most
aggregated species was a Ceratophysella sp. (probably
pseudarmata) with up to 750 individuals in a single core.
During the post-harvest study, all three cores that con-
tained over 150 individuals of this species were taken
from control sites. However, given the extremely patchy
occurrence of this species, it is only possible to speculate
that its distribution might be affected by clear-cutting. In
the preharvest samples, Ceratophysella sp. (probably
pseudarmata) was also found to occur in large aggrega-
tions in blocks that were later clear-cut. On the other hand,
large aggregations of Folsomia nivalis (Packard) were
found on harvested and uncut sites. Thus, although diver-
sity indices give information about the pattern of relative
species abundance, they do not take into account which
species are contributing to the index. This important
shortcoming in the usefulness of diversity indices for
describing and evaluating biodiversity was also noted by
Freedman et al. (1994).

In the dry summer of 1995, collembolan numbers were
reduced across all treatments, including the uncut forests.
This reduction in abundance was not demonstrated by the
mite populations, neither were capture rates of carabid
beetles reduced from values obtained the previous year.

CanceladaFonsecaetal. (1995) suggested that Collembola
and mites differed in their response to soil moisture, with
Collembola (most of which rely on cutaneous respiration)
responding positively to higher levels of soil moisture.
Moisture levels and collembolan numbers were indeed
greatly reduced in all treatments in the upper soil layers
(0-2 cm and 2—4 cm) in the 1995 summer samples.
Although moisture was also reduced in the 4-6 cm depth,
there was no corresponding decrease in the collembolan
fauna. High temperatures, and the interaction between
moisture and temperature undoubtedly influenced the
distribution and abundance of Collembola.



Population numbers of dipteran larvae were also affected
by the drought, but in this case, a significant decrease in
abundance was only detected on partial cuts and in clear-
cuts. Abundance in the uncut forest was unaffected. The
numbers of dipteran larvae in the soil depends not only on
the prevailing soil conditions, but also on the response of
the adult stages to above-ground conditions. Clear-cuts
typically show increased wind speeds and decreases in RH
compared with uncut forests, which may help to explain
why dipteran larval numbers were so sensitive to the
effects of harvesting.

The boreal mixedwood forest is a fire-dominated ecosys-
tem. In the study area, the historical fire frequency is about
50-100yr (Alexander and Euler 1981). Consequently, the
soil faunal community has evolved in an environment
where relatively large changes in the structure and compo-
sition of the above-ground vegetation, in soil micrometeo-
rological conditions, and in the quality and quantity of
litter inputs can be expected o occur. Many of the same
general types of changes will also occuras aresult of clear-
cutting, so that many of the adaptations which allow
organisms to survive in a fire-dominated system will also
be of significance in dealing with the environmental
changes that occur as aresult of harvesting. The dominant
carabid species inthe study, P. adstrictus, shows many life
history traits that are advantageous under clear-cut condi-
tions (Goulet 1974). Laboratory experiments with F.
nivalis, the most abundant collembolan species at all the
study blocks, have shown that given adequate temperature
and moisture conditions, populations of this species, main-
tained in field-collected litter without additional food,
were able to increase 50-fold over 8 weeks (Addison
1996). This “r-selected” species is obviously well adapted
to respond quickly to favourable conditions, even if re-
sources can only be exploited during a relatively brief
period of time. Many of the other collembolan species
presentin the natural community are apparently partheno-
genic, an adaptation well suited for the rapid exploitation
of resources, such as increased availability of food in the
form of dead roots, or debris left onsite following harvest-
mng.

The preliminary study of the effects of logging trails on
microarthropods indicated that very little damage oc-
curred on the trail left by the Timberjack in Partial Cut
Block 5. The results of the present study need to be
considered in conjunction with other studies carried out at
the sites to evaluate more fully the potential of this
technology in partial cutting systems.

CONCLUSIONS AND MANAGEMENT
IMPLICATIONS

There is no doubt that soil invertebrates are affected by
harvesting practices. Although effects of harvesting were
reflected in the overall abundance of such groups as mites
and dipteran larvac, effects on carabid beetle populations
and Collembola were detected only at the species level.

In the case of the carabids, the fauna respond by the
addition of new species in the clear-cuts, and shifts in the
proportional representation of the species already present.
As yet there is no strong evidence for loss of carabid
species in the harvested blocks. The three species that
were not captured in 1995 were rarely collected in 1994
and were never taken from control blocks. Their absence
in 1995 may be the result of the vagaries of sampling. The
major response of the collembolan fauna to harvesting
was shifts in the relative abundance of the different spe-
cies. Several species of Collembola found in uncut blocks
were not collected in clear-cut samples, but these were all
rare species, and may simply have been missed. Further
research will be required to confirm their absence under
clear-cut conditions. In the case of the Collembola, the
natural stress imposed by the hot dry summer had a far
greaterimpacton the fauna than the harvesting treatments.

In designing forest management strategies in which con-
sideration is given to conserving the natural diversity of
the boreal mixedwood soil fauna, the following points
should be considered:

Characteristics of the Soil Fauna of Boreal
Mixedwood Forests

I. The soil fauna in the boreal mixedwood forest is very
diverse. At present, because of our lack of understand-
ing about the ways in which different species contrib-
ute to the functioning of the soil system, it is best to
operate on the principle of retaining as many of the
species as possible. As Freedman et al. (1994) point
out, this is not the same as blindly maximising
biodiversity. In the present study, the fauna of the
clear-cuts was still diverse, but the composition was
different than in the uncut areas. As Freedman et al.
recommend “if forestry is to be practised in an eco-
logically sustainable fashion, then all elements of
biodiversity must be accommodated within a land-
scape.” (Freedman et al. 1994)

2

- In soils with a mor-type humus, such as boreal
mixedwood and coniferous forest soils, the overwhelm-
ing majority of the soil fauna is confined to the organic
horizons (Petersen and Luxton 1982). At the present
study site, a series of 10 preharvest samples showed
thatonly 2.3 percent of the total number of Collembola
were found below the organic/mineral soil interface.
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3. The soil fauna of boreal forests must be able to adapt
to major disturbances such as drought and forest fires.
In the present study, the natural drought seemed to
have more of an impact on collembolan abundance
than the harvesting.

4. Harvesting effects on soil invertebrates are expressed
at the species level and may not be detected in studies
that deal only at gross taxonomic levels.

Management Implications

1. Use harvesting techniques that minimize soil compac-
tion and damage to the organic layer.

Soil compaction due to logging activities, and removal of
the organic mat (either as a result of harvesting or site
preparation activities) have been identified as major fac-
tors contributing to declines in forest productivity (Pow-
ers et al. 1990, Baker and MacKinnon 1990, Utzig and
Walmsley 1988). In northern boreal forests, most of the
nutrients and the bulk of the soil fauna are found in the
organic mat. Where some removal of the organic material
is required (e.g., for the establishment of coniferous seed-
lings) a number of techniques to limit the disturbance to
“microsites” have been suggested for northern Ontario
soils (Sutherland and Foreman 1995).

In the present study, use of the Timberjack appeared to
cause little (if any) damage to the organic mat or its
resident invertebrate populations. On the other hand, use
of this machinery in the boreal mixedwood forest has been
criticized because it does not permit operators to remove
some of the advanced fir growth in the stand during the
harvest.

2. Avoid creating situations of microclimatic extremes.

Under natural conditions, boreal soil invertebrates have to
deal with major perturbations in their environment so
some degree of tolerance to changes in the physical
environment can be expected. However, many soil inver-
tebrates are extremely sensitive to temperature and mois-
ture extremes. The clear-cuts in this study were about 10
ha in size, fairly small by operational standards. Limiting
the size of clear-cuts, or the use of partial cuts reduces
microclimatic extremes. In general in this study, microcli-
matic and biological variables (e.g., diversity indices)
determined for the partial cuts were intermediate between
values obtained for the uncut forests and the clear-cuts.

3. Regenerate boreal mixedwoods as mixed woods.

Althoughin the past, traditional forestry practices favoured
the establishment of simple stand structures that produced
coniferous wood, there is growing scientific and political
support for managing the boreal mixedwood resource as
mixed species forests. (Kimmins 1995, MacDonald 1995,
1996, Weingartner 1996).
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Mixed litters, particularly when litter with a relatively
high nutrient content is mixed with a low-quality litter,
have been shown to enhance soil nutrient status (Navratil
etal. 1991, Nyyssonen 1991). In their study of decompo-
sition and nutrient release in mixed and single species
plantations, Chapman ct al. (1988) concluded that part of
the explanation for modified tree growth in mixed com-
pared with pure stands was due to the interactions between
soil invertebrates and microorganisms in the litter, which
resulted in changes in nutrient dynamics. Improved con-
trol of fungal discases as a result of the feeding activities
of soil invertebrate communities associated with
multispecies planting were reported by Kessler (1990).
Where only the litter of a single tree species was present,
suppression of the pathogenic fungus did not occur.

4. Provide refugia from which re-colonisation of cut
areas can occur.

It will be important to maintain refugia from which re-
colonisation can take place, particularly in the case of
small, fragile invertebrates, which lack well developed
dispersal capabilities. These refugia would include, at the
landscape level, tracts of uncut forest and at a microsite
scale, coarse woody debris and areas of intact forest floor.

Woody debris provides nutrients, and an added dimension
of structural diversity for soil invertebrates. In particular,
decomposing woody debris provides islands of habitat
and food, and protection from microclimatic extremes,
permitting species to maintain a foothold in temporarily
inhospitable environments. Koponen (1995) suggested
that the rapid re-appearance of certain soil microarthropods
in burnt areas one year after a fire, was best explained by
their survival in refugia within the burn arearather than by
colonisation from the surroundings. The same principle
probably holds for clear-cuts. In the present study, on
clear-cuts, the presence of decomposing woody debris on
logging trails appeared to mitigate the adverse effects of
the harvesting machinery onsoil invertebrate populations.

ACKNOWLEDGEMENTS

Funding was provided by the Northern Ontario Develop-
ment Agreement, Northern Forestry Program. Dr. J.B.
Scarratt, Canadian Forest Service, Sault Ste. Marie. On-
tario, developed and maintained the infrastructure of the
Black Sturgeon Boreal Mixedwood Research Project which
made many studies both possible and easier. Dr. Y.
Bousquet, Centre for Land and Biological Resources
Research, Agriculture Canada, Ottawa, Ontario, deter-
mined and verified many carabid beetle identifications.
Dr. A. Fjellberg, Consultant, Tjome, Norway, identified
several of the Isotoma species. Field and laboratory assis-
tance was provided by K. Wainio-Keizer, S. Capell, D.
Thomas, E. Bennett, M. Nikkinen, B. Tester, D. Vanin. J.



Costello, C. Conroy, and A. Pevler. Two Anonymous
reviewers provided valuable comments and suggestions
to an earlier drafl for which they are thanked.

LITERATURE CITED

Addison, J.A. 1996. Safety testing of tebufenozide, anew
molt-inducing insecticide for effects on nontarget forest
soil invertebrates. Ecotoxicol. Environ. Safety 33:55-61.

Alexander, M.E.; Euler, D.L. 1981. Ecological role of fire
in the uncut boreal mixedwood. p. 42-64 in R.D. Whitney
and K.M. McClain, Cochairs, Boreal Mixedwood Sym-
posium. Proceedings of a Symposium sponsored by OMNR
and the Great Lakes Forest Research Centre under the
auspices of the Canada-Ontario Joint Forestry Research
Committee. held in Thunder Bay, Ontario 16-18 Septem-
ber, 1980. Department of Environment, Canadian For-
estry Service, Great Lakes Forest Research Centre, Sault
Ste. Marie, ON. COJFRC Symposium Proceedings O-P-
9.278 p.

Baker, T.E.; MacKinnon, J.A. 1990. The challenges of

stewardship: sustaining forest land productivity in British
Colombia.p. 1-5in S.P.Gessel, D.S. Lacate, G.F. Weetman
and R.F. Powers, eds. Sustamt,d Productivity of Forest
Soils. Proceedings of the 7" North American F orest Soils
Conference held at the University of British Columbia,
Vancouver, B.C. July 1988. Faculty of Forestry Publica-
tion, Vancouver, BC. 525 p.

Behan-Pelletier, V.M.; Bissetl, B.

Nearctic soil arthropods. Canadian Biodiversity 2:5-14.

Bird, G.A.; Chatarpaul, L. 1986. Effect of whole-tree and
conventional forest harvest on soil microarthropods. Can.
J. Zool. 65:1986-1993,

Bousquet, Y.; Larochelle, A. 1993. Catalogue of the
Geadephaga (Coleoptera: Trachypachidae, Rhysodidae,

Carabidac including Cicindelini) of America north of

Mexico. Mem. Entomol. Soc. Can. 167, 397 p.

Brooks. D.J.; Grant, GE. 1992. New perspectives in
forest management: background, science issues and re-
search agenda. USDA, For. Serv., Pacific For. Exp. Stn.
Portland, OR, Res. Pap. PNW-RP-4356.

Canadian Council of Forest Ministers. 1992, Sustainable
Forests: A Canadian commitment. National Forest Strat-
egy. Canadian Council of Forest Ministers, Hull, QC,
KIA 1G5. 51 p.

1992. Biodiversity of

CanceladaFonseca,J.P.; Boudjema, G.; Sarkar, S.: Julien.
J.M. 1995, Can statistical analyses improve our knowl-
edge about relationships between soil environmental fac-
tors and soil microarthropod communities? p. 42-51 in
C.A. Edwards, T. Abe, and B.R. Strigonova, eds. Struc-
ture and Function of Soil Communities. Kyoto University
Press, Japan.

Chapman, K.; Whittaker, J.B.; Heal, O.W. 1988. Meta-
bolic and faunal activity in litters of tree mixtures com-
pared with pure stands. Agric. Ecosystems Environ.
24:33-40.

Christiansen, K; Bellinger, P. The Collembola of North
America north of the Rio Grande. A taxonomic analysis.
1980a. Part 1. Families Poduridae and Hypogastruridae.
p. 1-386; 1980b. Part 2. Families Onychiuridae and
Isotomidae. p. 387-784; 1980c. Part 3. Family
Entomobryidae. p. 785-1042; 1981. Part 4. Families
Neelidac and Sminthuridae. p. 1043-1322. Grinnell Col-
lege, Grinnell, lowa 50112.

Crins, W.J. 1980. Two aggregations of Calosomafrigidum
(Copeoptera: Carabidae) in Ontario during 1976. Ento-
mological News 91:155-158.

Duschesne, L.C.; McAlpine, R.S. 1993. Using carabid
beetles (Coleoptera: Carabidae) as a means to investigate
the effect of forestry practices on soil diversity. Forestry
Canada, Petawawa National Forestry Institute, Chalk River.
ON. Tech. Rep. 16. 10p.

Franchini, P.; Rockett, C.L. 1996. Oribatid mites as “indi-
cator” species for estimating the environmental impact of
conventional and conservation tillage practices.
Pedobiologia 40:217-225,

Freckman, D (ed.). 1994. Life in the Soil. Soil biodiversity:
its importance to ccosystem processes. Report of a work-
shop held at the Natural History Museum, London, En-
gland, 30 August—1 September 1994, NREL, College of
Natural Resources, Colorado State University, Fort Collins,
CO 80523, USA. 26 p.

Freedman, B.; Woodley, S.; Loo, J. 1994, Forestry prac-
tices and biodiversity, \wlh particular reference to the
Maritime Provinces of castern Canada. Environ. Rev.
2:33-77.

Freitag, R.; Ozburn, G.W.; Leech, R.E. 1969. The effects
of sumithion and phosphamidon on populations of five
carabid beetles and the spider Trochosa terricola in north-
western Ontario and including alist of collected species of
carabid beetles and spiders. Can. Ent. 101:1328-1333.



Freitag, R.; Poulter, F. 1970. The effects of the insecti-
cides sumithion and phosphamidon on populations of five
“species of carbid beetles and two species of lycosid
spiders in northwestern Ontario. Can. Ent. 102:1307-
1311,

Goulet, H. 1974. Biology and relationships of Prerostichus
adstrictus Eschscholtz and Prerostichus pensylvanicus
LeConte (Coleoptera: Carabidae). Quaest. Entomol. 10:3—
33

Government of Canada, 1995. Canadian biodiversity strat-
egy. Canada’s response to the convention on biological
diversity. Minister of Supply and Services Canada, Ot-
tawa, ON. 77 p.

Heisler, C. 1995. Collembola and Gamasina—
bioindicators for soil compaction. Acta. Zool. Fennica
196:229-231.

Hill, M.O. 1973. Diversity and evenness: a unifying
concept and its consequences. Ecol. 54:427-432.

Holliday, N.J. 1984. Carabid beetles (Coleoptera:
Carabidae) from a burned spruce forest (Picea spp.). Can.
Ent. 116:919-922.

Holliday, N.J. 1991. Species responses of carabid beetles
(Coleoptera: Carabidae) during post-fire regeneration of
boreal forest. Can. Ent. 123:1369-1389.

Holliday, N.J. 1992. The carabid fauna (Coleoptera:
Carabidae) during postfire regeneration of boreal forest:
properties and dynamics of species assemblages. Can. J.
Zool. 70:440-452.

Huhta, V. 1976. Effects of clear-cutting on numbers,
biomass and community respiration of soil invertebrates.
Ann. Zool. Fennici. 13:63-80.

Huhta, V.; Karpinnen,E; Nurminen, M.; Valpas A, 1967.
Effects of silvicultural practices upon arthropod, annelid
and nematode populations in coniferous forest soil. Ann.
Zool. Fennici. 4:87-145.

Huhta, V.; Nurminen, M.; Valpas, A. 1969. Further notes
on the effects of silvicultural practices upon the fauna of
coniferous soil. Ann. Zool. Fennici. 6:327-334

Kimmins, J.P. 1995. Sustainable development in Cana-
dian forestry in the face of changing paradigms. For.
Chron. 71:33-40.

Kessler, K.J. Jr. 1990. Destruction of Gnomia leptosyla
perithecia on Juglans nigra leaves by microarthropods
associated with Elagaenus umbellata litter. Mycologia
82:387-390.

22

Koponen, S. 1995. Postfire succession of soil arthropod
groups in a subarctic birch forest. Acta. Zool. Fennica
196:243-245.

Lindroth, C.H. 1961. The ground-beetles (Carabidac,
excl. Cicindelinae) of Canada and Alaska. Part 2. Opusc.
Entomol. Suppl. 20:1-200; 1963. Part 3. Opusc. Entomol.
Suppl. 24:201-408; 1966. Part 4. Opusc. Entomol. Suppl.
20:409-648; 1968. Part 5. Opusc. Entomol. Suppl. 33:649—
944; 1969a. Part 6. Opusc. Entomol. Suppl. 34:945-1192;
1969b. Part 1. Opusc. Entomol. Suppl. 35:i—xlviii.

Ludwig, J.A.; Reynolds, J.F. 1988. Statistical Ecology. A
Primer on Methods and Computing. John Wiley and Sons,
Toronto, ON. 337 p.

MacDonald, G.B. 1995. The case for boreal mixedwood
management: An Ontario perspective. For. Chron. 71:725-
734.

MacDonald, G.B. 1996, The emergence of boreal
mixedwood management in Ontario: Background and
prospects. p. 11-20 in C.R. Smith and G.W. Crook (com-
pilers) Advancing Boreal Mixedwood Management in
Ontario—A Conference. 17-19 October 1995 Sault Ste
Marie, Ontario. Nat. Resour. Can., Canadian Forest Ser-
vice—Sault Ste. Marie, ON, and Ontario Ministry of Natu-
ral Resources, Sault Ste. Marie, ON. 239 p.

Marshall, V.G. 1993. Sustainable forestry and soil fauna
diversity. p 239-248 in: M.A. Fenger E.H. Miller, J.A.
Johnson and E.J.R. Williams, eds. Our Living Legacy.
Royal British Columbia Museum, Victoria, BC. 392 p.

Moldenke, A.R.: Lattin, J.D. 1990a. Density and diversity
of soil arthropods as “Biological Probes” of complex soil
phenomena. Northwest Environ. J. 6:409-410.

Moldenke, A.R.; Lattin, J.D. 1990b. Dispersal character-
istics of old-growth soil arthropods: the potential for loss
of diversity and biological function. Northwest Environ.
J. 6:408-4009.

Mooney, H.A.; Lubchenco, I; Dirzo, R.; Sala, 0O.E. 1995,
Biodiversity and Ecosystem Functioning: Basic Prin-
ciples. in V.H. Heywood (Executive Editor), R.T. Watson
(Chair). Global Diversity Assessment. UNEP. Cambridge
University Press.

Navratil, S.; Branter, K.; Zasada, J. 1991. Regeneration in
the mixedwoods. p. 32-48 in A. Shortreid, ed. Northern
Mixedwood ’89. Proceedings of a symposium held 1214
September 1989, Fort John, BC. For. Can., Victoria, BC.
FRDA Report 164,



Niemeld, J; Langor, D.; Spence, J.R. 1993a. Effects of
clear-cut harvesting on boreal ground-beetle assemblages
(Colcoptera: Carabidae) in western Canada. Conserv.
Biol. 7:551-561.

Niemeld, J; Spence, J.R.; Langor, D.; Haila, Y.; Tukkia,
H.1993b. Logging and boreal ground-beetle assemblages
ontwo continents: implications for conservation. p. 29-50
in K.H. Gaston, T.R. New and M.J. Samways, eds. Per-
spectives on Insect Conservation. Intercept Ltd. Andover,
UK.

Nyyssonen, A. 1991. Finland: Forest management in a
changing environment. p91-95in A. Shortreid, ed. North-
ern Mixedwood "89. Proceedings of a symposium held
12-14 September 1989, FortJohn, BC. For. Can., Victoria,
BC. FRDA Report 164.

Ontario Ministry of Natural Resources, 1995. Policy
Framework for Sustainable Forests. 1995, Queen’s Printer
for Ontario, Toronto, ON. 6 p.

Petersen, H.; Luxton, M. 1982. A comparative analysis of
soil fauna populations and their role in decomposition
processes. Oikos 39:287-388.

Powers, R.F.; Alban, D.H.; Miller, R.E.; Tiarks, A.E.:
Wells, C.G.; Avers, P.E.: Cline,R.G.; Fitzgerald.R.O.;
Loftus, N.S.Jr. 1990. Sustaining site productivity in North
American forests: Problems and Prospects. p. 49-79 in
S.P. Gessel. D.S. Lacate, G.F. Weetman and R.F. Powers,
eds. Sustained Productivity of Forest Soils. Proceeding of
the 7™ North American Forest Soils Conference held at
the University of British Columbia, Vancouver, Canada
July 1988. University of British Columbia, Faculty of
Forestry, Vancouver, BC. 525 p.

Rice, W.R. 1989. Analyzing tables of statistical tests.
Evolution 43:223-225.

Richardson, R.J.; Holliday, N.J. 1982. Occurrence of
carabid beetles (Colcoptera: Carabidae) in a boreal forest
damaged by fire. Can. Ent. 114:509-514.

Scarratt, J.B. 1996. Response to disturbance in boreal
mixedwood ecosystems: The Black Sturgeon Boreal
Mixedwood Research Project. Nat. Resour. Can., Cana-
dian Forest Service—Sault Ste. Marie. Sault Ste. Marie,
ON. NODA Note 19.

Sims, R.A; Towill. W.D.: Baldwin, K.A.; Wickware,
G.M. 1989. Field guide to the forest ecosystem classifica-
tion for northwestern Ontario. Ont. Min. Nat. Resour.,
Northwestern Ont. For. Technology Dev. Unit, Thunder
Bay ON. 191 p.

Sutherland, B.J.; Foreman, F.F. 1995. Guide 1o the use of
mechanical site preparation equipment in northwestern
Ontario. Nat. Resour. Can., Canadian Forest Service—
Sault Ste. Marie, Sault Ste. Marie, ON. 186 p.

Utzig, G.F.; Walmsley, M.E. 1988. Evaluation of soil
degradation as a factor affecting forest productivity in
British Columbia. A problem analysis. Forestry Canada,
Victoria, BC. FRDA Report No. 25.

van Straalen, N.M.; Kraak, M.H.S; Denneman, A.J. 1988.
Soil microarthropods as indicators of soil acidification
and forest decline in the Veluwe area, the Netherlands.
Pedobiologia 32:47-55.

Weingartner, D.H. 1996. Changing philosophies and
management for boreal mixedwood. p. 55-60 in C.R.
Smith and G.W. Crook (compilers). Advancing Boreal
Mixedwood Managementin Ontario—A Conference. 17—
19 October 1995 Sault Ste. Marie, Ontario. Nat. Resour.
Can., Canadian Forest Service-Sault Ste. Marie, Sault
Ste. Marie, ON. and Ontario Ministry of Natural Re-
sources, Sault Ste. Marie, ON. 239 p.

[§%]
(5]



Appendix A

Species of carabid beetles abbreviated in Figures 1-2.

Prerostichus adstrictus Eschscholtz
Calathus ingratus Dejean

Pterostichus pensylvanicus LeConte
Sphaeroderus nitidicollis brevoorti LeConte
Platynus decentis (Say)

Agonum retractum LeConte
Scaphinotus bilobus (Say)

Pierostichus punctatissimus (Randall)
Synuchus impunctatus (Say)

Poecilus lucublandus lucublandus (Say)
Pterostichus coracinus (Newman)
Harpalus fulvilabris Mannerheim
Harpalus solitaris Dejean

Cymindis cribricollis Dejean

Agonum placidum (Say)

Notiophilus semistriatus Say
Pterostichus melanarius (I1liger)
Carabus serratus Say

Harpalus laticeps LeConte

Amara erratica (Duftschmid)

Syntomus americanus (Dejean)
Bembidion rapidum (LeConte)

Badister obtusus LeConte

Calosoma frigidum Kirby

Harpalus innocuus LeConte

Agonum cupripenne (Say)

Bembidion mutatum Gemminger & Harold
Bembidion quadrimaculata oppositum Say
Harpalus laevipes Zetterstedt

Harpalus somnulentus Dejean
Bradycellus lugubris LeConte

Sericoda quadripunctata (DeGeer)
Bembidion grapii Gyllenhal

Bembidion wingatei Bland



	Abstract

	Table of Contents

	Introduction

	Materials and Methods

	Table 1 - Summary of blocks and harvesting treatments included in the present study

	Results

	Table 2 - Effect of harvesting on capture rate of carabids

	Table 6 - Effect of harvestin on species diversity indices and evenness of carabids one year post harvest.

	Table 8 - Effect of harvesting on speicies diversity indicies and evenness of Collembola one year post harvest

	Table 10 - Relative abundance of selected carabid species based on cumulative seasonal samples.

	Effect of drought - comparison of August 1994 and 1995 samples

	Impacts of logging trails on soil collembola and mites

	Table 13 - Comparison of capture rate of carabids

	Discussion

	Conclusions and management implications

	Acknowledgements

	Literature cited

	Appendix A




