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Abstract—Our objective was to assess the potential of carabid beetles (Coleoptera: Carabidae)
as effective bioindicators of the effects of forest management at a Canadian national scale. We
present a comparison of carabid beetle assemblages reported from large-scale studies across Can-
ada. Based on the initial response following disturbance treatment, we found that carabid assem-
blages consistently responded to disturbance, but responses of individual species and changes in
species composition were nested within the context of regional geography and finer scale differ-
ences among forest ecosystems. We also explored the relationship between rare and dominant
taxa and species characteristics as they relate to dispersal capacity and use of within-stand habitat
features such as coarse woody debris. We found no relationship between life-history characteris-
tics (such as body size, wing morphology, or reported associations with downed wood) and the
relative abundance or frequency of occurrence of species. Our results suggest that carabids are
better suited to finer scale evaluations of the effects of forest management than to regional or na-
tional monitoring programs. We also discuss several knowledge gaps that currently limit the full
potential of using carabids as bioindicators.
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Résumé—Notre objectif est d’évaluer l’efficacité potentielle des carabes (Coleoptera: Cara-
bidae) comme bioindicateurs des effets de l’aménagement forestier à l’échelle canadienne. Nous
comparons les peuplements de carabidés dans des études de grande envergure faites dans diverses
régions canadiennes. D’après leur réaction initiale à la perturbation, les peuplements de carabes
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répondent de façon cohérente aux effets des perturbations, bien que les réactions des espèces in-
dividuelles et les changements de composition spécifique soient emboîtés dans le contexte de la
géographie régionale et des différences fines entre les écosystèmes forestiers. Nous examinons
aussi les relations entre les espèces rares et dominantes, de même que les caractéristiques des es-
pèces, en ce qui a trait à la capacité de dispersion des espèces et des particularités des habitats au
sein des peuplements forestiers, comme la présence de débris ligneux grossiers. Il n’existe pas de
relation entre les caractéristiques biologiques des carabes (telles que la taille corporelle, la mor-
phologie alaire ou l’association présumée avec le bois mort au sol) et l’abondance relative ou la
fréquence des espèces. Nos résultats indiquent que les carabes peuvent mieux servir aux évalua-
tions fines des effets des aménagements forestiers qu’aux programmes de surveillance à l’échelle
régionale ou nationale. La discussion traite de plusieurs lacunes dans nos connaissances qui res-
treignent la pleine utilisation potentielle des carabes comme bioindicateurs.

[Traduit par la Rédaction]

Introduction

The use of indicator species to evaluate ef-
fects of anthropogenic and natural disturbances
in forests has been suggested as an important
and realistic tool for defining sustainable forest
management in Canada and elsewhere (Linden-
mayer et al. 2000). In some cases, policy objec-
tives have emphasized the use of species that
are vulnerable or in other ways sensitive to
changing forest conditions as ecological indica-
tors (Canadian Council of Forest Ministers 2003).
Because of a litany of factors (ranging from
species-specific concerns to a more fundamen-
tal lack of basic inventory data), species that
can and should be included in biodiversity mon-
itoring programs and the way in which manage-
ment strategies will be changed as a result of
biomonitoring activities remain largely undeter-
mined. Although the concept of biodiversity
“indicators” is central to many published discus-
sions of sustainable forest management, there
are few robust examples of its practical applica-
tion.

In this context the use of bioindicators has
been extended to evaluate nebulous qualities
like “ecosystem health” that cannot be easily or
directly measured. Although the concept of
ecosystem health seems straightforward, strate-
gies aimed at achieving this goal may fail be-
cause of our inability to distinguish healthy
ecosystems from those reasonably classified as
unhealthy. Even the criterion of adherence to a
contemporary standard of biotic structure is in-
adequate because biological systems are dy-
namic and we expect processes such as climate
change to alter them dramatically.

Any species or higher taxon that is sensitive to
environmental change has potential as an indica-
tor. At least three broad criteria are central to the

development of effective indicators (McGeoch
1998). (1) The best indicators will consistently
respond monotonically over the entire range of
disturbance and scale of expected change.
Clearly, the effectiveness of potential indicators
should be evaluated through rigorous experimen-
tal studies before they are considered to be ef-
fective tools for conservation or forest-
management planning. (2) Realistic estimations
of costs and benefits of using a particular indica-
tor must also be evaluated when designing effec-
tive monitoring strategies. There are often
substantial “hidden” costs in addition to the
costs of collecting samples, including sorting of
specimens, making species-level identifications,
maintaining working databases that adequately
store information, and access to taxonomic ex-
pertise for particular groups of indicators.
(3) Finally, effective use of taxon-based indica-
tors to evaluate the impact of disturbances, such
as those associated with forest management, re-
quires monitoring designs to be rigorous enough
to allow changes in indicators to be compared
with reasonable and adequate control conditions
such as uncut forest stands or reserves. Absence
of clear controls leaves us highly uncertain that
biodiversity changes are indeed associated with
the disturbances of concern. Meeting these crite-
ria requires careful consideration of the biology
of potential indicator taxa, including life-history
traits, capacity for dispersal, and potential inter-
actions with other species.

Carabid beetles (Coleoptera: Carabidae) have
received considerable attention as potential
biodindicators of the effects of disturbance in
northern forests (Niemela 2001; Rainio and
Niemela 2003). They have been used to reflect
forest habitat changes associated with a variety of
management conditions including specific har-
vesting practices, such as clear-cutting (Niemela
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et al. 1993; Abildsnes and Tommeras 2000;
Werner and Raffa 2000; Heliola et al. 2001;
Koivula et al. 2002), partial-cut harvesting or
thinning (Lemieux and Lindgren 2004; Moore et
al. 2004; Peck and Niwa 2004), and harvesting
followed by site preparation (Duchesne et al.
1999; Klimaszewski et al. 2005a), for making
comparisons between silvicultural treatments and
natural disturbances such as wildfire (Wikars
1995; Gandhi et al. 2001; Niwa and Peck 2002;
Baker et al. 2004), and for determining effects of
intensive fiber production, such as plantation for-
estry and ligniculture (Atlegrim et al. 1997; Alle-
gro and Sciaky 2003; Finch 2005). In North
America the extensive use of carabid beetles rela-
tive to other arthropod taxa has largely flowed
from the relative accessibility of reliable taxon-
omy (Lindroth 1961, 1963, 1966, 1968, 1969a,
1969b), examples of the effective use of carabids
as indicators of habitat change in Europe
(Szyszko 1974, 1983; Thiele 1977), and the ef-
forts of several key specialists who have encour-
aged carabidology (e.g., Dr. George Ball at the
University of Alberta), provided taxonomic sup-
port, or otherwise influenced many of the current
researchers in the field. Another factor driving the
widespread use of carabids as ecological indica-
tors is that they are relatively well known biologi-
cally, with recent compilations of life-history and
dietary information available for many species
(Larochelle and Larivière 2003).

Although carabids have been used to assess
stand-level effects of forest harvesting and natu-
ral disturbances such as wildfires, their effec-
tiveness for evaluating larger scale changes in
forest composition is less clear (Rykken et al.
1997). For agencies with large-scale regulatory
or advisory mandates, such as federal and pro-
vincial government departments, the Canadian
Council of Forest Ministers, the Committee on
the Status of Endangered Wildlife in Canada
(COSEWIC), and the Biological Survey of
Canada, the efficacy of carabids as indicators of
forest change at regional and larger scales has
implications for the development of criteria and
indicators used in developing approaches to
sustainable forest management. A key question
that has remained unanswered is whether con-
sistent taxon-based indicators of forest change
that can be applied across broad regional scales
actually exist. Although most would agree that
it is unlikely that any taxon-based indicator will
be consistently related to the effects of the
many forest-management strategies being im-
plemented across forest ecosystems in Canada,

understanding the practical limitations of spe-
cific taxonomic groups as indicators will further
their implementation within monitoring programs.

In contrast to broad-scale indicators, species
that respond to localized features (such as leg-
acy elements and unique habitat features) will
likely have important but different roles as bio-
logical indicators. A fundamental distinction
between these two groups of indicators is the
difference in frequency (occurrence) – abun-
dance relationships (Kean and Bigelow 2004).
Species that are relatively abundant, occur rela-
tively frequently, and are consistently associ-
ated with given environmental conditions are by
definition good ecological indicators (Dufrene
and Legendre 1997). Species with this type of
frequency–abundance relationship are promis-
ing candidates as indicators of the presence of
“the given environmental conditions” at broad
spatial scales. In general, these are the species
effectively conserved by “coarse-filter” man-
agement, i.e., the conservation of habitat fea-
tures following forest management (Hunter
1991). Species not particularly well served by
the standard coarse-filter approach fall into two
groups. First, species that are locally abundant
but geographically limited may reflect either im-
portant site-specific features or historical patterns.
These species may be particularly important in
identifying localized “hot spots” of diversity or
areas of localized endemism (Patterson 1987) but
are by definition limited in their application at
broader spatial scales. These differences are argu-
ably related to the difference between coarse-
filter and fine-filter indicators proposed in
ecosystem-based management. Second, a set of
potentially useful indicators would include spe-
cies that are both widespread and rare, and
whose abundance reflects the existence of par-
ticular microhabitats necessary to conserve the
fine-scale structure of forest environments. How-
ever, without an excellent understanding of their
habitat requirements, such species are impracti-
cal to use as indicators because of limitations as-
sociated with sampling and detecting them.
Nonetheless, these are the species most at risk
under a coarse-filter approach, which may ho-
mogenize the fine-grain aspects of forest habitats
(Spence and Volney 1999).

Comparisons of frequency–abundance rela-
tionships among species have also been increas-
ingly used to evaluate patterns of biodiversity at
large scales. Often these approaches rely on as-
sumptions about a species’ ability to disperse
between habitat patches. In the special case of
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neutral approaches, frequency–abundance pat-
terns are evaluated assuming that species have
equal demographic potential and equal dispersal
ability (Hubbell 2001; Volkov et al. 2003). Un-
fortunately, direct evaluations of carabid dis-
persal ability have been largely limited to
nonforested ecosystems (Mascanzoni and
Wallin 1986; Wallin and Ekbom 1988, 1994) as
have large-scale mark–recapture efforts, such as
the exemplary study by Boer (1981). In an al-
ternative approach, several authors have at-
tempted to link bionomic characteristics such as
body size and wing morphology with dispersal
ability (Niemela and Spence 1994; Gutierrez
and Menendez 1997; Kotze et al. 2003; Kotze
and O’Hara 2003; Ulrich and Zalewski 2006).
Consideration of data about usual dispersal
ability may likewise facilitate understanding of
the potential of carabids as indicator species.
For example, species with limited dispersal
ability may be extremely sensitive indicators of
changes in localized forest conditions. Species
with a greater capacity for dispersal may be
more appropriate for evaluating larger scale
consequences of forest change.

Here we evaluate the efficacy of carabids as
bioindicators of forest disturbance at local and
regional scales using data from 10 large-scale
forestry experiments across Canada. Our evalu-
ation is based on comparing patterns of fre-
quency of occurrence and abundance of species
that are often attributed to the relative impor-
tance of regional or local factors (Hanski 1982;
Gaston 1996; McGeoch and Gaston 2002).
Typically, abundance–frequency distributions
are characterized by a continuum of species that
range from numerically abundant and geo-
graphically widespread to rarer, more localized
species (Gaston 1996). Identifying widespread
and localized indicators that respond consis-
tently to forest change would be beneficial for
developing useful coarse- and fine-filter strate-
gies for maintaining biodiversity. Useful broad-
scale indicators will be defined primarily by ef-
fects of forest management across broad cover-
type and geographic differences. More localized
indicators will respond to effects of forest man-
agement but will be nested in the environmental
context of forest stand type and geographic re-
gion. We also compare bionomic characteris-
tics, particularly those related to dispersal
ability and habitat associations, of a relatively
large number of carabid species in relation
to frequency–abundance relationships. By
comparing species traits we revisit the broader

explanations for frequency–abundance rela-
tionships in carabids (Niemela and Spence
1994; Kotze et al. 2003; Kotze and O’Hara
2003; Ulrich and Zalewski 2006) but extend the
discussion to the use of carabids as indicators
of both anthropogenic and natural disturbances
in Canadian boreal forests.

Materials and methods

Study sites
Information on carabid assemblages used in

this analysis was compiled from 10 separate
stand-level forestry studies across Canada (Ta-
ble 1, Fig. 1). Each study used replicated experi-
mental designs with experimental units ranging
from several to hundreds of hectares. All studies
evaluated the response of carabids to various
management activities and natural disturbances,
including clear-cut harvesting, partial cutting,
gap cutting, soil preparations, prescribed and
natural wildfire, postfire salvage logging, and re-
covery following insect outbreaks (Table 1). We
included information from additional surveys of
aspen stands from six areas located throughout
Alberta. These 10 studies provided 365 experi-
mental sites for our analysis. Location,
silvicultural treatments, and dominant cover
type, along with relevant citations for these ex-
periments, are summarized in Table 1 and Fig-
ure 1. In all experiments carabids were collected
using pitfall traps (Spence and Niemelä 1994;
Digweed et al. 1995; Work et al. 2002). All ma-
terial was identified to species.

Statistical analyses
We used sum-of-squares-based multivariate

regression trees (ssMRT; De’ath 2002) to parti-
tion variance explained by geographic region,
forest cover type, and forest harvesting, based
on the MVPART algorithm available for the
statistical computing language R. In contrast to
indirect ordination methods such as nonmetric
multidimensional scaling, the ssMRT is a direct
classification method that successively subdi-
vides the original data into smaller “nodes” that
can be attributed to changes in environmental
factors. This method does not rely on assump-
tions of linearity or Gaussian relationships with
environmental gradients, unlike other direct
classification methods such as canonical corre-
spondence analysis (McCune and Grace 2002).
Species responses were summarized at the
stand level for each of these experiments. As
sampling intensity varied among studies, data
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were standardized by site totals and analyzed as
relative abundances rather than absolute totals
or cumulative catch rates. As a consequence,
representations of relative abundance, such as
species-abundance distributions, reflect the rel-
ative proportion of each species bounded by the
upper limit of the number of sites, in this case
365. A total of 152 carabid species were con-
sidered in this analysis.

Differences in carabid composition were evalu-
ated in terms of geographic location (Canadian
province), silvicultural treatment, and dominant
cover type. Silvicultural variables were summa-
rized as 12 separate categorical variables. These
treatments included 10 major treatments including
uncut, partial cut, clear-cut, gap cut, strip cut,
feather cut, selectively cut, salvage cut, prescribed
burning, and one black spruce (Picea mariana
(Mill.) Britton, Sterns & Poggenb.; Pinaceae)
plantation. Two additional treatments included
light topsoil site preparation (soil scarification)
following clear-cutting and gap cutting. Two sites

were also used to evaluate the recovery of carabid
communities following outbreaks of eastern
spruce budworm (Choristoneura fumiferana
(Clemens) (Lepidoptera: Tortricidae)) in the Bas
St-Laurent region of Quebec, and eastern hem-
lock looper (Lambdina fiscellaria fiscellaria
(Guenée) (Lepidoptera: Geometridae)) on the Île
d’Anticosti in the Gulf of St. Lawrence. Stand
cover type was summarized as deciduous, mixed,
or coniferous, based on the dominant canopy
cover. The size of the ssMRT or the number of
nodes was chosen on the basis of cross-validation
of 1000 randomizations of the original data set.
We used indicator-species analysis (Dufrene and
Legendre 1997) to evaluate individual species re-
sponses to splits defined by the ssMRT. All indi-
cator analyses were done using the duleg
algorithm from the LABDSV package available
for the statistical computing language R. We re-
port the status of species with indicator values
greater than 40, as this value forms a natural up-
per break in the distribution of indicator values.
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Fig. 1. Locations of 10 large-scale experimental studies/surveys to measure changes in carabid assemblages in
response to disturbances including forest harvesting, subsequent soil preparation, natural and prescribed
wildfire, and insect outbreaks (EMEND, ecosystem management emulating natural disturbance; SAFE,
Sylviculture et aménagement forestiers écosystémique; SSAM, Systèmes sylvicoles adaptés à la forêt
mélangée).



Bionomic information
Information on reproductive activity, dispersal

ability, and habitat association was compiled for
each species from Larochelle and Larivière
(2003). Overall species phenology and periods of
reproductive activity, including periods when
gravid females or teneral adults were collected,
were considered if recorded. Dispersal ability was
measured in terms of wing morphology (macrop-
terous, brachypterous, or wing polymorphic) and
running ability (fast, medium, or slow), with addi-
tional information on climbing and burrowing be-
ing noted when available. Habitat associations
were noted with particular reference to downed
wood, rotten logs, and rotten stumps. These fea-
tures may be used by some carabids as over-
wintering sites, resting places when not active,
and oviposition sites. Body-size information
(minimum and maximum body lengths) was
compiled from Lindroth (1961, 1963, 1966, 1968,
1969a, 1969b). Additional data on geographic
distribution of carabids in Canada were compiled
from Bousquet and Larochelle (1993). Geo-
graphic range of a species was evaluated as the
maximum number of provinces spanned by an
east–west transect across Canada (exclusive of
Yukon, Northwest Territories, and Nunavut). For
this measure a score of 11 thus indicates a species
with a trans-Canadian distribution and a score of
1 means that the species is restricted to a single
province. We also included the total number of
provinces to account for species with discontinu-
ous distributions.

Results

Of the 152 species considered in this analy-
sis, 16 species constituted 90% of the relative
abundance (Table 2). Twelve of these dominant
species have trans-Canadian distributions.
Ninety-one less common species, or species
that were collected from at least two experi-
mental stands, composed 9.9% of the cumula-
tive relative abundance. Of these species 42 had
transcontinental distributions according to the
criteria in Materials and methods. The remain-
ing 45 species were collected from a single ex-
perimental site only, and composed less than
0.01% of the total relative abundance. One-third
of these least abundant species were reported to
have transcontinental or near-transcontinental
distributions.

Cross-validations of the ssMRT produced a
16-node tree 991/1000 times (Fig. 2). This tree
explained 47.5% of the total variance in carabid

species composition, based on differences in
geography, forest type, and disturbance type.
The cross-validation error rate was 63.5% ±
0.32%. In general, basal splits of the tree high-
lighted hierarchical nesting of the three factors.
Effects of silviculture and disturbance were
nested within broader forest cover type that was
in turn nested within broad geographic differ-
ences between eastern and western Canada in
the basal portion of the tree. Limited recurrence
of provincial and ecosystem differences was de-
tected in the terminal portion of the multivariate
regression tree. These additional splits occur in
eastern coniferous and mixed stands following
relatively complex “treatment” nodes that con-
tained several silvicultural and disturbance fac-
tors. Within the hierarchical nesting described
above, ecosystem differences accounted for
19.68% of the total variance, followed by the
effects of silviculture and natural disturbance
regime (14.12%) and variation among prov-
inces (13.66%) (Table 3). When the total vari-
ance explained by the ssMRT was partitioned
by individual species, 11 species accounted for
44.47% of the total variance. Each of these spe-
cies accounted for at least 1% of the total vari-
ance explained (Table 3) and formed a subset
of the dominant species shown in Table 2. The
remaining 141 species accounted for 2.99% of
the variance explained (Table 3). Thus, these
sorts of large-scale patterns depended strongly
on only about 7% of boreal carabid diversity in
Canada.

The first split of the ssMRT partitioned
carabid composition among stands located in
eastern and western Canada (Fig. 3). Two spe-
cies, Pterostichus coracinus (Newman) and Synu-
chus impunctatus (Say), were distinctly associated
with eastern stands (Table 4). Pterostichus
coracinus was absent from western stands, while
S. impunctatus was less abundant in the west
than in the east. Eight species were significantly
associated with western stands (Table 4). Three
species, Agonum retractum LeConte, Calathus
ingratus Dejean, and Platynus decentis (Say),
were associated primarily with western stands
but were also found in relatively high numbers
in eastern stands. In contrast, two dominant spe-
cies, Calathus advena (LeConte) and Stereocerus
haematopus (Dejean), and three less common spe-
cies, Carabus chamissonis Fischer von Waldheim,
Calosoma frigidum Kirby, and Patrobus
foveocollis (Eschscholtz), were primarily associ-
ated with western stands and were much less
abundant in eastern stands.
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Within the subsequent eastern and western
splits of the tree, cover-type differences were
the next most important factor determining
carabid composition. Within both regions, de-
ciduous and coniferous stands differed in
carabid composition, with mixed stands being
initially grouped with one or the other of these
stand types. Within the western split, deciduous
and mixed stands were delineated from conifer-
dominated stands based on the abundance of six
species. Two dominant species, P. decentis and
A. retractum, and two less common species,
C. frigidum and C. chamissonis, were abundant
in deciduous and mixed stands. Stereocerus
haematopus and C. advena were most often
found in coniferous stands (Fig. 4). Deciduous
and mixed stands were subsequently divided in
the ssMRT. Agonum retractum, Pterostichus
pensylvanicus LeConte, and P. decentis were
common species associated with deciduous
stands. Less common species associated with de-
ciduous stands were C. frigidum and P. foveo-
collis. In contrast, S. haematopus and Sericoda

quadripunctatum (DeGeer) and the less commonly
collected C. chamissonis were significantly asso-
ciated with mixed stands (Fig. 4).

Deciduous stands within the eastern split
were defined by A. retractum, P. pensylvanicus,
and S. impuncatus as well as five less common
species, Harpalus uteanus Casey, Notiophilus
aeneus (Herbst), Poecilus lucublandus (Say),
Sphaeroderus lecontei lecontei Dejean, and
Sphaeroderus canadensis canadensis Chaudoir,
while the mixed and conifer-dominated stands
within that split were defined by P. adstrictus
and P. coracinus (Fig. 5). Although mixed
stands were initially grouped with coniferous
stands, they were resolved as separate groups
only in terminal nodes following complex inter-
actions between disturbance and provincial dif-
ferences. Interestingly, within the terminal
nodes of the eastern split, no species were sig-
nificantly associated with mixed or coniferous
stands with an indicator value greater than 40.

Effects of disturbance regime appeared in
subsequent divisions beyond initial geographic

© 2008 Entomological Society of Canada
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Fig. 2. The sum of squares-based multivariate regression tree (ssMRT) used to classify 365 forest stands based
on the response of 152 carabid species to nested effects of geography, cover type, and silvicultural and other
disturbance-related factors. The ssMRT was selected 991/1000 cross-validated and explained 47.5% of the
variance. The broken lines illustrate the initial hierarchical nesting of disturbance factors within forest cover
types within geographical location. Variation explained by tree splits is further described in Table 3.
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and cover-type-derived splits. Within the west-
ern portion of the MRT, these terminal divi-
sions consistently divided uncut stands and
stands associated with fire events (such as pre-
scribed burns or salvage logging following
burns) from harvested stands (Fig. 2). We ob-
served several species with a significant and
relatively high indicator value associated with
terminal nodes. Carabus chamissonis, Pterostichus
empetricola (Dejean), P. punctatissimus, and
S. haematopus were significantly associated
with strip- and feather-cut stands in spruce-
dominated ecosystems in western Canada. In
the corresponding node of the ssMRT, C. ad-
vena, P. foveocollis, and Bembidion grapii
Gyllenhal were associated with clear-cut and
partial-cut sites. Sericoda quadripunctata was
predominantly found in mixed stands that were
either uncut or had been salvage-logged follow-
ing wildfire. Calathus advena was also signifi-
cantly associated with coniferous stands that
were either burned or uncut (Table 4).

Despite the relatively few indicator species as-
sociated within western terminal nodes, major
compositional differences between managed and
unmanaged stands were predominantly linked
with shifts in abundance of less common spe-
cies, whereas the relative rank of dominant spe-
cies was more stable (Fig. 6). For example, the

relative rank of dominant taxa, specifically
P. adstrictus, C. ingratus, and S. haematopus,
differed little between managed and unmanaged
stands. In contrast, differences in individual spe-
cies responses between uncut/salvaged stands
and harvested stands, as well as an increase in
the variability of rank position, were more ap-
parent among less common species than among
dominant ones. The variability in rank position
disappeared as a species became rare and was
recorded only from a single location (Fig. 6).

The relative importance of geographic, eco-
system, and treatment differences was less clear
beyond the initial ecosystem divisions in the
eastern portion of the tree. Within the terminal
nodes of eastern deciduous stands, a division
between burned and unburned/harvested stands
was defined by a preponderance of Carabus
meander Fischer von Waldheim, Hapalus eg-
regeious Casey, Harpalus utaneaus Casey, and
Poecilus lucublandis (Say ) (Table 4) as well as
three less common species (Acupalpus cana-
densis Casey (indicator value (IV) = 21.5, p =
0.023), Agonum affine Kirby (IV = 21.7, p =
0.023), and Chlaenius emarginatus Say (IV = 24.5,
p = 0.020)). Within unburned and harvested stands,
P. pensylvanicus, S. lecontei lecontei, and Tre-
chus crassiscapus Lindroth (Table 4), and to a
lesser extent, Clivina impressifrons LeConte
(IV = 16.6, p = 0.015) were significant indica-
tors. Within eastern mixed and conifer stands,
stands that experienced clearcutting, soil prepa-
ration, or prescribed burning were initially sep-
arated from a “catch-all” treatment node that
contained stands that had experienced extensive
insect outbreaks, salvage logging, selective log-
ging, strip cutting, or were newly established as
plantations. However, all effects of silviculture
or disturbance treatment are ultimately con-
founded by geography and cover type. For ex-
ample, 13 species were significant indicators of
clearcut stands found only in New Brunswick
(Table 4).

Relationship between bionomics and
distribution

Although frequency of occurrence was
strongly related to species abundance (relative
frequency = 5.94 ± 0.292 × relative abundance +
13.53 ± 2.732 (mean ± SE), adjusted least
square, r2 = 0.73, P < 0.0001), bionomic infor-
mation such as body size, wing morphology,
and habitat associations showed little relation-
ship with either abundance or frequency. Spe-
cies characteristics often attributed to dispersal

© 2008 Entomological Society of Canada
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Fig. 3. Mean relative abundances of 11 carabid
species associated with the initial split of the ssMRT
attributable to geographic variation in carabid
species composition among stands located in western
and eastern Canada. An asterisk denotes a significant
indicator value (>40).
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MRT split 1 MRT split 2

Region IV P Ecosystem* IV P

Agonum cupripenne (Say)
Agonum retractum LeConte West 48.6 0.003 Decid., Mix. 46.1 0.001
Agonum trigeminum Lindroth
Batenus mannerhemi (Dejean)
Bembidion grapii Gyllenhal

Bembidion praticola Lindroth
Bembidion properans Stephens
Bembidion versicolor (LeConte)
Calathus advena (LeConte) West 54.5 0.001 Con. 65.1 0.001

Calathus ingratus Dejean West 61.6 0.001
Calosoma frigidum Kirby West 46.3 0.001 Decid., Mix. 57.6 0.001
Carabus chamissonis Fischer West 79.2 0.001 Decid., Mix 43.5 0.001

Carabus maeander Fischer
Chlaenius sericeus (Forster)
Harpalus egregious Casey
Harpalus herbivagus Say
Harpalus rubripes (Duftschmid)
Harpalus rufipes (DeGeer)
Harpalus uteanus Casey
Notiophilus aeneus Herbst
Notiophilus aquaticus (Linné)
Patrobus foveocollis (Eschscholtz) West 57.4 0.001

Platynus decentis (Say) West 67.6 0.001 Decid., Mix. 60.8 0.001
Poecilus lucublandus (Say)
Pterostichus adstrictus Eschsholtz
Pterostichus coracinus (Newman) East 77.2 0.001
Pterostichus empetricola Dejean

Pterostichus pensylvanicus LeConte

Pterostichus punctatissimus Randall

Sericoda quadripunctata (DeGeer)
Sphaeroderus canadensis canadensis

Chaudoir
Sphaeroderus lecontei lecontei Dejean

Stenolophus conjunctus (Say)
Stereocerus haematopus (Dejean) West 86.7 0.001 Con 70.1 0.001

Synuchus impunctatus (Say) East 65.3 0.001
Syntomus americanus (Dejean)
Trechus crassiscapus Lindroth

*Con., coniferous; Decid., deciduous; Mix., mixed.
†N.B., New Brunswick.
‡Bembidion praticola was associated with uncut/insect/salvage/plantation/select/strip treatments.

Table 4. Significant indicator values (IV > 40) for carabid beetle species associated with four initial splits and
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MRT split 4 MRT split 3 MRT terminal splits

Ecosystem* IV P Ecosystem* IV P

Silviculture/

disturbance
Parental
node† IV P

Clear-cut 11 (N.B.) 82.7 0.001
Decid. 68.0 0.001 Decid. 44.6 0.01

Clear-cut 11 (N.B.) 50.0 0.001
Clear-cut 11 (N.B.) 50.0 0.001

Clear-cut / partial
cut‡

10 42.2 0.001

11 (N.B.) 73.3 0.001
Clear-cut 11 (N.B.) 50.0 0.001
Clear-cut 11 (N.B.) 85.3 0.001

Burn, uncut 5 45.8 0.003
Clear-cut / partial

cut
10 56.4 0.002

Decid. 57.0 0.001
Mix. 40.9 0.001 Feather and strip

cut
10 66.1 0.001

Burn 6 62.2 0.001
Clear-cut 11 (N.B.) 66.9 0.001

Burn 6 99.1 0.001
Clear-cut 11 (N.B.) 50.0 0.001
Clear-cut 11 (N.B.) 50.0 0.001
Clear-cut 11 (N.B.) 57.3 0.002

Decid 93.3 0.001 Burn 6 73.6 0.002
Decid. 43.5 0.001

Clear-cut 11 (N.B.) 45.9 0.003
Decid. 47.5 0.001 Clear-cut / partial

cut
10 41.9 0.003

Decid. 49.0 0.001
Decid. 45.8 0.001 Burn 6 84.0 0.001

Mix., Con. 43.8 0.003
Mix., Con. 64.5 0.001

Feather and strip
cut

10 49.4 0.001

Decid. 61.9 0.001 Decid. 88.3 0.001 Clear-cut, partial
cut, uncut

6 47.3 0.001

Feather and strip
cut

10 48.5 0.032

Mix. 68.8 0.001 Salvage, uncut 9 69.6 0.001
Decid. 44.4 0.001

Mix. 43.9 0.001 Decid. 97.4 0.001 Clear-cut, partial
cut, uncut

6 47.3 0.001

Clear-cut 11 (N.B.) 50.0 0.001
Feather and strip

cut
10 61.0 0.001

Decid. 63.4 0.001
Clear-cut 11 (N.B.) 50.1 0.003

Clear-cut, partial
cut, uncut

6 40.2 0.001

terminal nodes derived from sum-of-squares-based multivariate regression tree (ssMRT) analysis.



capacity, such as increased body size (Fig. 7) or
the presence of fully developed wings (Fig. 8),
were not associated with abundant, widely dis-
tributed species, nor were they conspicuously
absent in the group of rare taxa. Similarly, the
occurrences of species with an affinity for
downed wood reported in Larochelle and
Larivière (2003) were not related to the relative
abundance or occurrence of the species (Figs. 9,

10) (i.e., species reported to have a strong affin-
ity for downed wood were represented by both
dominant and rare species).

Discussion

Despite the relatively large proportion of spe-
cies with trans-Canadian distributions, regional
and ecosystem differences in carabid composi-
tion limit the applicability of individual carabid
species as indicators at a uniform national
scale. This is evidenced by the initial MRT
splits that attributed nearly twice as much of the
total variation to regional and cover-type differ-
ences as to silvicultural or other disturbance
factors. Thus, regional and cover-type differ-
ences provide a significant ecological context
for the effects of silviculture and disturbance on
the composition of forest carabid assemblages.
This context-dependence must be considered in
developing large-scale monitoring strategies
and in discussions of criteria and indicators rel-
evant to conservation. Regional differences in
carabid fauna were attributed in part to shifts in
dominance of species with a trans-Canadian
distribution. Careful, biologically informed
comparisons of variation in abundance of these
species across regions, particularly among similar
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Fig. 4. Mean relative abundances of 11 carabid
species associated with the “western” split of the
ssMRT attributable to differences in carabid species
composition between deciduous/mixed stands and
conifer-dominated stands and the subsequent division
of deciduous and mixed stands. An asterisk denotes a
significant indicator value (>40).

Fig. 5. Mean relative abundances of 11 carabid species
associated with the “eastern” split of the ssMRT
attributable to differences in carabid species
composition between mixed/coniferous stands and
deciduous-tree-dominated stands. An asterisk denotes
a significant indicator value (>40).



experimental studies, may give significant in-
sight into larger scale mechanisms that regulate
diversity and explain regional shifts in domi-
nance.

The consistent finer scale differences in carabid
composition among the three cover types also un-
derscore the suitability of carabids as ecological
indicators at the stand level. Differences in
carabid composition between stands dominated
by deciduous and coniferous species were indi-
cated by strong affinities for either stand type, al-
though again, species responses were often
regionally restricted. Mixed stands may be partic-
ularly important from a faunal-management per-
spective, as they occupy an intermediate position
between deciduous and coniferous stands in terms
of carabid composition, as is seen in the ecosys-
tem splits of the ssMRT. Dominant species with a
strong affinity for deciduous or coniferous stands
were often found in moderate abundance within
mixed stands. For example, in the western region,
abundances of C. advena, P. adstrictus, and
S. haematopus peaked in coniferous stands, but
these species were also found in mixed stands, al-
though in more moderate abundance. Likewise,
P. decentis, a dominant species in deciduous
stands, was found in moderate abundances in
mixed stands.

In proposed “multicohort” management strat-
egies (Bergeron and Harvey 1997; Harvey et al.
2002) that aim at emulating natural distur-
bances, mixed stands significantly determine
the overall forest structure. In forest succession,
these stands are often viewed as transition ele-
ments that can be managed to promote old-
growth characteristics by partial cutting, or to
reinitiate succession, or to emulate the effects
of stand-replacing disturbances, such as wild-
fire, through clear-cutting. Our results suggest
that mixed stands may also represent transi-
tional elements for biodiversity. Moreover, the
compositional similarity of carabid assemblages
from deciduous and mixed to coniferous stands
differs between eastern and western Canada.
This is evident from the recurrent “ecosystem”
nodes in the terminal branches of the eastern
portion of the ssMRT. These recurrent nodes
may be related to increased compositional di-
versity of tree species within mixed stands in
the eastern study sites. In Canada, it may be
necessary, therefore, to view carabid indicators
with a finer scale lens in eastern stands than in
western stands. Overall, more carabid species
are likely to be retained on a greater proportion
of the landscape through the development of

forest-management strategies that embrace mixed-
woods than through the attempts to divide the
land base between coniferous and deciduous
stands that have characterized recent silvicul-
tural prescriptions in Alberta and elsewhere.

The responses of carabid assemblages to
silvicultural and disturbance factors were re-
markably consistent within the context of the
three ecosystem types in western Canada. The
carabid fauna associated with uncut or burned
stands (or stands that had experienced salvage
logging following the massive House River fire,
which burned ~3000 km2 of woodlands near
Lac La Biche in northeastern Alberta in the
spring of 2002) was consistently different from
the fauna associated with harvesting. Although
uncut and burned stands repeatedly differed
from harvested stands, we did not observe con-
sistent responses of carabid species in these
stand groups, and the number of indicator spe-
cies associated with terminal nodes of the
ssMRT was limited. Such associations probably
reflect the relative stability of dominant species
between managed and unmanaged stands; for
example, the relative ranks of the dominant spe-
cies P. adstrictus, C. ingratus, and S. haema-
topus changed little between managed and
unmanaged stands. We attribute the differences
between managed and uncut/salvaged stands in
the ssMRT to important differences in the less
common and rare species. This observation un-
derscores the importance of explicit targeting of
rare species in biomonitoring programs
(Martikainen and Kouki 2003).

The relatively high variability among less
common species also illustrates site-to-site dif-
ferences that are inherent in any comparison at
that scale. This is consistent with the “satellite
species” concept, described within the core-
satellite hypothesis (Hanski 1982), and may be
closely associated with important site-specific
features such as coarse woody debris, nondom-
inant tree species, or unique soil/climatic condi-
tions, some of which (e.g., coarse woody debris)
can be easily employed as secondary coarse fil-
ters after cover type. Although determining site-
specific features that drive local patterns of di-
versity is beyond the scope of this study, many
of these are likely to be legacy elements from
past disturbances and stand history. This area
has only begun to be studied (D.W. Langor, un-
published data).

The variable response of rare taxa to site-
specific conditions and the importance of ecosys-
tem and regional factors in determining carabid
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composition suggest two important lessons for
future and proposed monitoring schemes. First,
monitoring programs must be extensive enough
to resolve responses of “rarer” species. Other-
wise, these programs will merely provide lists
of ubiquitous species that likely show no partic-
ularly interesting or worrisome response to for-
est change. Second, monitoring schemes should
be designed so as to adequately reflect the eco-
system and to embrace the within-stand vari-
ability characteristic of the target region. The
effectiveness of strategies lacking an ecologi-
cally meaningful stratification of finer scale fac-
tors such as ecosystem differences will likely
be limited.

It should be noted that most of the studies in-
cluded here represent initial species responses
measured within 5 years of a natural distur-
bance or harvest. Also, most of the data came
from studies that were limited to 1–2 years in
duration. Proper evaluation of long-term plan-
ning objectives in forest management will re-
quire long-term data or, at a minimum,
chronosequence data on various successional
stages of regenerating forests. Thus, our conclu-
sions made here should be corroborated by fur-
ther evaluations of forest “recovery” following
disturbance over time frames relevant to for-
estry.

Our study corroborated the positive relation-
ship between the abundance of a given species
and its frequency of occurrence reported in
other carabid studies (Niemelä and Spence
1994; Gutierrez and Menendez 1997; Kotze and
O’Hara 2003; Kotze et al. 2003; Ulrich and
Zalewski 2006). However, in contrast to prior
studies, we did not observe a clear association
between frequency–abundance relationships
and body size and (or) dispersal ability. Both
Gutierrez and Menendez (1997) and Kotze et
al. (2003) found a positive relationship between
body size and frequency–abundance, although
this finding was restricted to brachypterous spe-
cies in Gutierrez and Menendez (1997). We did

not observe this relationship even when bra-
chypterous species were treated separately.
Ulrich and Zalewski (2006) observed that rare,
infrequent species are characterized as good
dispersers. The lack of relationship between
body size or wing condition and the frequency–
abundance of a species in our study can be in-
terpreted in several ways. First, interpretations
of dispersal ability based on body size or wing
condition may be flawed. For most carabid spe-
cies quantitative evidence of dispersal ability is
lacking. Consequently, a direct evaluation of
the relationship between morphological traits
and dispersal capability is difficult. Further-
more, the flight ability of a carabid may reflect
larval feeding history, and adults may be able
to fly only in some years (Aukema 1995).
As many researchers have assumed that wing
condition influences dispersal, particularly of
species with dimorphic populations (e.g., Ptero-
stichus melanarius Illiger), it is generally sup-
posed that dispersal by flight results in greater
net dispersion of populations than does
cursorial movement, especially in forest-
dwelling populations (see Weber 1996). Also, if
morphological traits do indeed correlate well
with dispersal ability, current frequency–
abundance patterns may reflect the historic
spread of populations rather than an inherent
advantage in dispersal ability per se. Unfortu-
nately, we cannot resolve these issues without
extensive quantitative investigation of the dis-
persal ability of these species.

In the context of biological indicators, the
general lack of understanding about factors af-
fecting dispersal should serve as a cautionary
note to conservation biologists and landscape
planners alike. Coarse-filter management has
become the major mitigating strategy used to
maintain biodiversity in managed forest land-
scapes (Larsson and Danell 2001; Work et al.
2003). Along with this perspective, many of the
principles of landscape ecology, particularly the
role of dispersal, have been readily adopted as a
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Fig. 6. Mean ranks of species associated with unmanaged and managed forest stands in western Canada. Open
bars denote responses of species within unmanaged stands, with the black line indicating mean rank; solid
bars denote species responses within managed stands, with the the shaded line indicating mean rank. Narrow
boxplots denote relatively consistent species ranks within either unmanaged or managed stands; wide boxplots
denote shifts in species rank within either group of stands. Differences between boxplots denote differential
changes in species rank between unmanaged and managed stands. Rank positions of dominant species are
relatively stable compared with those of less common species of intermediate rank. Species with unchanging
ranks, single occurrences of species, or rare species are indicated only by central tendency marks of boxplots.
Species ranks along the x axis are not plotted on a linear scale. Species are ordered according to decreasing
cumulative abundance and exclude species associated with eastern stands.
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Fig. 7. Comparison of carabid body sizes (circle size
is proportionate to mean body length) with frequency –
relative abundance relationships for 152 species
collected from 365 forest stands located across
Canada. To conserve space, expressions on the axes
have been abbreviated from 1 × 10–3 to 10–3, etc.

Fig. 8. Comparison of carabid wing morphology
(macropterous (�), polymorphic (�), submacropterous
(�), brachypterous (�), no data available (+)) with
frequency – relative abundance relationships for 152
species collected from 365 forest stands located across
Canada. To conserve space, expressions on the axes
have been abbreviated from 1 × 10–3 to 10–3, etc.

Fig. 10. Comparison of reported associations with
dead wood beyond reported associations with logs
with frequency – relative abundance relationships for
152 species collected from 365 forest stands located
across Canada. These descriptions included more
detailed associations such as “found under bark”,
“within rotting stumps”, etc. (positive association
(+), no specific relationship reported (�)). To
conserve space, expressions on the axes have been
abbreviated from 1 × 10–3 to 10–3, etc.

Fig. 9. Comparison of reported associations with logs
(positive association (+), no specific relationship reported
(�)) with frequency – relative abundance relationships
for 152 species collected from 365 forest stands located
across Canada. To conserve space, expressions on the
axes have been abbreviated from 1 × 10–3 to 10–3, etc.



justification for coarse-filter conservation. Al-
though dispersal certainly plays an important
role in maintaining some taxa (such as birds
and mammals) at the scale of forest operations,
we have little empirical evidence to either sup-
port or discount the role of dispersal in main-
taining carabid populations. And although
appealing in the context of landscape ecology,
it may be neither prudent nor parsimonious to
adopt unsubstantiated estimates of dispersal in
lieu of other explanations such as the availabil-
ity of habitats or resources within stands. These
factors may well explain species abundance
without invoking additional assumptions re-
garding dispersal ability.

Carabids have been largely excluded from
discussions about the importance of within-
stand features such as coarse woody debris,
even though some species are found to depend
critically on this resource (Goulet 1974). Our
comparison of habitat affinities and frequency–
abundance relationships suggests that a rela-
tively large number of species use downed
wood in some capacity, either as diurnal shelter or
for more complex interactions such as oviposition
or foraging. Association with downed wood was
prevalent among both rare and dominant spe-
cies. The relatively large number of species as-
sociated with decaying wood, together with the
relative ubiquity of this association across dom-
inant and rare species, suggests that carabids
should be considered in discussions of downed-
wood management.

The development of this new approach to
evaluating carabid beetles as biodindicators has
highlighted several areas of research that war-
rant further attention. These areas fall into the
often undervalued category of natural history.
Thanks to the extensive use of pitfall traps in
ecological studies, we have developed a rela-
tively good understanding of general habitat as-
sociations and distributions of a large number
of species. However, this is based almost solely
on interpretation of the distribution patterns of
adult beetles. We lack the information that may
be critical to evaluations of habitat preference
and habitat quality, namely the distribution of
larvae (see Spence 1979). This situation persists
in part because of the lack of adequate taxo-
nomic keys for larvae analogous to the work of
Lindroth on adult carabids in North America
(but for central and northern Europe see Luff
1993). Detailed information about habitat asso-
ciations of larvae may provide a clearer view of
the kinds of structure that should be maintained

in managed forests. Because of the relatively lim-
ited mobility of larvae in comparison with adults,
habitat associations of carabid larvae could be
used to further refine our view of coarse-filter
management and thus improve the overall effi-
ciency of these conservation strategies.

Acknowledgements

We thank the numerous field assistants in-
volved in the data collection, specimen sorting,
and identification phases of each of these pro-
jects. Funding for individual studies was pro-
vided by various provincial and federal sources.
Industrial support for the portion of the
EMEND project presented here was provided in
part by Canadian Forest Products and
Daishowa–Marubeni and the Manning Diver-
sified Trust Fund.

References

Abildsnes, J., and Tommeras, B.A. 2000. Impacts of
experimental habitat fragmentation on ground
beetles (Coleoptera, Carabidae) in a boreal spruce
forest. Annales Zoologici Fennici, 37: 201–212.

Allegro, G., and Sciaky, R. 2003. Assessing the po-
tential role of ground beetles (Coleoptera,
Carabidae) as bioindicators in poplar stands, with
a newly proposed ecological index (FAI). Forest
Ecology and Management, 175: 275–284.

Atlegrim, O., Sjoberg, K., and Ball, J.P. 1997. For-
estry effects on a boreal ground beetle community
in spring: selective logging and clear-cutting com-
pared. Entomologica Fennica, 8: 19–26.

Aukema, B. 1995. Flying for life: wing dimorphism
in closely related species of the genus Calathus
(Coleoptera: Carabidae). Ph.D. thesis, Wagenin-
gen Agricultural University, Wageningen, the Ne-
therlands.

Baker, S.C., Richardson, A.M.M., Seeman, O.D.,
and Barmuta, L.A. 2004. Does clearfell, burn and
sow silviculture mimic the effect of wildfire? A
field study and review using litter beetles. Forest
Ecology and Management, 199: 433–448.

Bergeron, Y., and Harvey, B. 1997. Basing silviculture
on natural ecosystem dynamics: an approach applied
to the southern boreal mixedwood forest of Quebec.
Forest Ecology and Management, 92: 235–242.

Boer, P.J.den. 1981. On the survival of populations
in a heterogeneous and variable environment.
Oecologia, 50: 39–53.

Bousquet, Y., and Larochelle, A. 1993. Catalogue of
the Geadephaga (Coleoptera: Trachypachidae,
Rhysodiddae, Carabidae including Cicindelini) of
America north of Mexico. Memoirs of the Ento-
mological Society of Canada No. 167.

Brais, S., Harvey, B.D., Bergeron, Y., Messier, C.,
Greene, D., Belleau, A., and Paré, D. 2004. Testing

© 2008 Entomological Society of Canada

Work et al. 411



forest ecosystem management in boreal mixed-
woods of northwestern Quebec: initial response of
aspen stands to different levels of harvesting. Ca-
nadian Journal of Forest Research, 34: 431–436.

Canadian Council of Forest Ministers. 2003. Defining
sustainable forest management in Canada; criteria
and indicators [online]. Available at http://www.
ccfm.org/ci/CI_Booklet_e.pdf Canadian Council of
Forest Ministers, Ottawa, Ontario, Canada.

De’ath, G. 2002. Multivariate regression trees: a new
technique for modeling species–environment rela-
tionships. Ecology, 83: 1105–1117.

Digweed, S.C., Currie, C.R., Carcamo, H.A., and
Spence, J.R. 1995. Digging out the “digging-in ef-
fect” of pitfall traps: influences of depletion and
disturbance on catches of ground beetles.
Pedobiologia, 39: 561–576.

Duchesne, L.C., Lautenschlager, R.A., and Bell,
F.W. 1999. Effects of clear-cutting and plant com-
petition control methods on carabid (Coleoptera:
Carabidae) assemblages in northwestern Ontario.
Environmental Monitoring and Assessment, 56:
87–96.

Dufrene, M., and Legendre, P. 1997. Species assem-
blages and indicator species: the need for a flexible
assymetrcal approach. Ecological Monographs, 67:
345–366.

Finch, O.D. 2005. Evaluation of mature conifer plan-
tations as secondary habitat for epigeic forest ar-
thropods (Coleoptera: Carabidae; Araneae). Forest
Ecology and Management, 204: 21–34.

Gandhi, K.J.K., Spence, J.R., Langor, D.W., and
Morgantini, L.E. 2001. Fire residuals as habitat re-
serves for epigaeic beetles (Coleoptera: Carabidae
and Staphylinidae). Biological Conservation, 102:
131–141.

Gaston, K.J. 1996. The multiple forms of the
interspecific abundance–distribution relationship.
Oikos, 76: 211–220.

Goulet, H. 1974. Biology and relationships of
Pterostichus adstrictus Eschscholtz and Pterostichus
pensylvanicus LeConte (Coleoptera:Carabidae).
Quaestiones Entomologicae, 10: 3–33.

Gutierrez, D., and Menendez, R. 1997. Patterns in
the distribution, abundance and body size of
carabid beetles (Coleoptera: Caraboidea) in rela-
tion to dispersal ability. Journal of Biogeography,
24: 903–914.

Hanski, I. 1982. Dynamics of regional distributions:
the core and satellite species hypothesis. Oikos,
38: 210–221.

Harvey, B.D., Leduc, A., Gauthier, S., and Bergeron,
Y. 2002. Stand–landscape integration in natural
disturbance-based management of the southern
boreal forest. Forest Ecology and Management,
155: 369–385.

Heliola, J., Koivula, M., and Niemela, J. 2001. Distri-
bution of carabid beetles (Coleoptera, Carabidae)
across a boreal forest–clearcut ecotone. Conserva-
tion Biology, 15: 370–377.

Hubbell, S.P. 2001. The unified neutral theory of
biodiversity and biogeography. Princeton University
Press, Princeton, New Jersey, and Oxford, United
Kingdom.

Hunter, M.L. 1991. Coping with ignorance: the
coarse filter strategy for maintaining biodiversity.
In Balancing on the edge of extinction. Edited by
K.A. Kohm. Island Press, Washington, D.C.
pp. 266–281.

Kean, J., and Bigelow, N. 2004. Exploring rarity us-
ing a general model for distribution and abun-
dance. American Naturalist, 163: 407–416.

Klimaszewski, J., Langor, D.W., Work, T.T., Pelletier,
G, Hammond, H.E.J., and Germaine, C. 2005a.
The effects of patch harvesting and site preparation
on ground beetles (Coleoptera, Carabidae) in yel-
low birch dominated forests of southeastern Que-
bec. Canadian Journal of Forest Research, 35:
2616–2628.

Klimaszewski, J., Sweeney, J., Price, J., and Pelletier, G.
2005b. Rove beetles (Coleoptera: Staphylinidae)
in red spruce stands, eastern Canada: diversity,
abundance, and descriptions of new species. The
Canadian Entomologist, 137: 1–48.

Koivula, M., Kukkonen, J., and Niemela, J. 2002.
Boreal carabid-beetle (Coleoptera, Carabidae) as-
semblages along the clear-cut originated succes-
sion gradient. Biodiversity and Conservation, 11:
1269–1288.

Kotze, D.J., and O’Hara, R.B. 2003. Species decline —
but why? Explanations of carabid beetle (Coleoptera,
Carabidae) declines in Europe. Oecologia, 135: 138–
148.

Kotze, D.J., Niemala, J., O’Hara, R.B., and Turin, H.
2003. Testing abundance – range size relation-
ships in European carabid beetles (Coleoptera,
Carabidae). Ecography, 26: 553–566.

Larochelle, A., and Larivière, M.-C. 2003. A natural
history of the ground-beetles (Coleoptera:
Carabidae) of America north of Mexico. Pensoft
Publishers, Sophia, Bulgaria.

Larsson, S., and Danell, K. 2001. Science and the
management of boreal forest biodiversity. Scandi-
navian Journal of Forestry Research, 16(Suppl. 3):
5–9.

Lemieux, J.P., and Lindgren, B.S. 2004. Ground bee-
tle responses to patch retention harvesting in high
elevation forests of British Columbia. Ecography,
27: 557–566.

Lindenmayer, D.B., Margules, C.R., and Botkin,
D.B. 2000. Indicators of biodiversity for ecologi-
cally sustainable forest management. Conserva-
tion Biology, 14: 941–950.

Lindroth, C.H. 1961. The ground beetles (Carabidae,
excl. Cincindelinae) of Canada and Alaska. Part 2.
Opuscula Entomologica Supplementum 20. pp. 1–
200.

Lindroth, C.H. 1963. The ground beetles (Carabidae,
excl. Cincindelinae) of Canada and Alaska. Part 3.

© 2008 Entomological Society of Canada

412 Can. Entomol. Vol. 140, 2008



Opuscula Entomologica Supplementum 24.
pp. 201–408.

Lindroth, C.H. 1966. The ground beetles (Carabidae,
excl. Cincindelinae) of Canada and Alaska. Part 4.
Opuscula Entomologica Supplementum 29.
pp. 409–648.

Lindroth, C.H. 1968. The ground-beetles (Carabidae,
excl. Cincindelinae) of Canada and Alaska. Part 5.
Opuscula Entomologica Supplementum 33. pp. 649–
944.

Lindroth, C.H. 1969a. The ground-beetles (Carabidae,
excl. Cincindelinae) of Canada and Alaska. Part 6.
Opuscula Entomologica Supplementum 34. pp. 945–
1192.

Lindroth, C.H. 1969b. The ground-beetles (Carabidae,
excl. Cincindelinae) of Canada and Alaska. Part 1.
Opuscula Entomologica Supplementum 35. pp. I–
XLVII.

Luff, M.L. 1993. The Carabidae (Coleoptera) larvae
of Fennoscandia and Denmark. Fauna
Entomologica Scandinavica, 27: 1–186.

Martikainen, P., and Kouki, J. 2003. Sampling the
rarest: threatened beetles in boreal forest
biodiversity inventories. Biodiversity and Conser-
vation, 12: 1815–1831.

Mascanzoni, D., and Wallin, H. 1986. The harmonic
radar: a new method for tracing insects in the
field. Ecological Entomology, 11: 387–390.

McCune, B., and Grace, J.B. 2002. Analysis of eco-
logical communities. MJM Software Design,
Gleneden Beach, Oregon.

McGeoch, M.A. 1998. The selection, testing and ap-
plication of terrestrial insects as bioindicators. Bi-
ological Reviews of the Cambridge Philosophical
Society, 73: 181–302.

McGeoch, M.A., and Gaston, K.J. 2002. Occupancy
frequency distributions: patterns, artefacts and
mechanisms. Biological Reviews of the Cambridge
Philosophical Society, 77: 311–331.

Moore, J.D., Ouimet, R., Houle, D., and Camire, C.
2004. Effects of two silvicultural practices on
ground beetles (Coleoptera: Carabidae) in a north-
ern hardwood forest, Quebec, Canada. Canadian
Journal of Forest Research, 34: 959–968.

Niemelä, J. 2001. Carabid beetles (Coleoptera:
Carabidae) and habitat fragmentation: a review.
European Journal of Entomology, 98: 127–132.

Niemelä, J., and Spence, J.R. 1994. Distribution of
forest dwelling carabids (Coleoptera) — spatial
scale and the concept of communities. Ecography,
17: 166–175.

Niemelä, J., Langor, D, and Spence, J.R. 1993. Ef-
fects of clear-cut harvesting on boreal ground-
beetle assemblages (Coleoptera, Carabidae) in
western Canada. Conservation Biology, 7: 551–
561.

Niwa, C.G., and Peck, R.W. 2002. Influence of pre-
scribed fire on carabid beetle (Carabidae) and spi-
der (Araneae) assemblages in forest litter in

southwestern Oregon. Environmental Entomol-
ogy, 31: 785–796.

Patterson, B. 1987. The principle of nested subsets
and its implications for biological conservation.
Conservation Biology, 1: 323–334.

Peck, R., and Niwa, C.G. 2004. Longer-term effects
of selective thinning on carabid beetles and spi-
ders in the Cascade Mountains of southern Ore-
gon. Northwest Science, 78: 267–277.

Rainio, J., and Niemelä, J. 2003. Ground beetles
(Coleoptera: Carabidae) as bioindicators. Biologi-
cal Conservation, 12: 487–506.

Rykken, J.J., Capen, D.E., and Mahabir, S.P. 1997.
Ground beetles as indicators of land type diversity
in the Green Mountains of Vermont. Conservation
Biology, 11: 523–530.

Spence, J.R. 1979. Riparian guilds as spontaneous
question generators. In Carabid beetles: their evo-
lution, natural history and classification. Edited by
T.L. Erwin. DR. W. Junk, The Hague, the Nether-
lands. pp. 525–537.

Spence, J.R., and Niemelä, J.K. 1994. Sampling
carabid assemblages with pitfall traps: the mad-
ness and the method. The Canadian Entomologist,
126: 881–894.

Spence, J.R., and Volney, W.J.A. 1999. EMEND:
ecosystem management emulating natural distur-
bance: Sustainable Forest Management Network
Project report 1999-14. Sustainable Forest Man-
agement Network, Edmonton, Alberta.

Szyszko, J. 1974. Relationship between the occur-
rence of epigeic carabids (Coleoptera: Carabidae),
certain soil properties, and species composition of
a forest stand. Ekologia Polska, 22: 237–274.

Szyszko, J. 1983. State of Carabidae (Col.) fauna in
fresh pine forest and tentative valorisation of this
environment. Treatises and monographs SGGW-
AR. Vol. 28. Warsaw Agricultural University,
Warsaw, Poland. pp. 1–80.

Thiele, H.-U. 1977. Carabid beetles in their environ-
ment: a study on habitat selection by adaptations
in physiology and behavior. Springer-Verlag,
Berlin, Germany.

Ulrich, W., and Zalewski, M. 2006. Abundance and
co-occurrence patterns of core and satellite spe-
cies of ground beetles on small lake islands.
Oikos, 114: 338–348.

Volkov, I., Banavar, J.R., Hubbell, S.P., and Maritan,
A. 2003. Neutral theory and relative species abun-
dance in ecology. Nature (London), 424: 1035–
1037.

Wallin, H., and Ekbom, B.S. 1988. Movements of
carabid beetles (Coleoptera: Carabidae) inhabiting
cereal fields: a tracing study. Oecologia, 77: 39–43.

Wallin, H., and Ekbom, B. 1994. Influence of hunger
level and prey densities on movement patterns in
3 species of Pterostichus beetles (Coleoptera,
Carabidae). Environmental Entomology, 23:
1171–1181.

© 2008 Entomological Society of Canada

Work et al. 413



Weber, F. 1996. Genetics and dynamics of a Carabus
auronitens metapopulation in the Westphalian
lowlands (Coleoptera: Carabidae). Annales
Zoologici Fennici, 38: 85–96.

Werner, S.M., and Raffa, K.F. 2000. Effects of forest
management practices on the diversity of ground-
occurring beetles in mixed northern hardwood for-
ests of the Great Lakes Region. Forest Ecology
and Management, 139: 135–155.

Wikars, L.O. 1995. Clear-cutting before burning pre-
vents establishment of the fire-adapted Agonum
quadripunctatum (Coleoptera: Carabidae).
Annales Zoologici Fennici, 32: 375–384.

Work, T.T., Buddle, C.M., Korinus, L.M., and
Spence, J.R. 2002. Pitfall trap size and capture of
three taxa of litter-dwelling arthropods: implica-
tions for biodiversity studies. Environmental Ento-
mology, 31: 438–448.

Work, T.T., Spence, J.R., Volney, W.J.A., and Bur-
ton, P.J. 2003. Sustainable forest management as
license to think and try something different. In To-
wards sustainable management of the boreal for-
est. Edited by P.J. Burton, C. Messier, D.W.
Smith, and W.L. Adamowicz. NRC Press, Ottawa,
Ontario. pp. 953–970.

© 2008 Entomological Society of Canada

414 Can. Entomol. Vol. 140, 2008


