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EXECUTIVE SUMMARY 
Direct and indirect effects of harvesting on carabid beetle community composition in 

regenerating sub-boreal spruce stands – refining their indicator potential through 
understanding of biotic interactions. 

 
Project Number: Y07-1033 

Duncan A. McColl and B. Staffan Lindgren 
 

Project purpose and management implications:  
Economic and logistical constraints make the comprehensive study of the effects of 

modern forestry on all organisms unrealistic; however, the need to understand these effects is a 
necessity if sustainable management of forests is to be achieved.  Attempting to mitigate 
financial and time constraints has led, in part, to the exploration and development of using 
carabid ground beetles (Coleoptera: Carabidae) as bioindicator species.  As carabids have been 
generally accepted as appropriate models for representing biodiversity and ecosystem health 
(Rainio and Niemelä 2003), their use as bioindicators in British Columbia is increasingly more 
common (Pearsall and Dunsworth 2003). 

Responses of carabids to habitat disturbance in high elevation forests in British Columbia 
appear to differ from those generally observed in other parts of Canada. This suggests that the 
effects of habitat disturbance on many species of carabids may be indirect, possibly due in part to 
competition and/or predation by ants.  Ants are thermophilic, and their abundance tends to be 
favoured in areas of high insolation and low precipitation.  

We hypothesized that the mechanism for the inconsistencies observed is due to 
competition with, or predation by, ants (Hymenoptera: Formicidae).  Negative correlations 
between carabids and red wood ants have been observed elsewhere, but studies in North America 
have yet to be undertaken to assess the impact, or the mechanism behind the impact, of ants on 
carabid communities. The purpose of this study was to assess the carabid community relative to 
vegetation parameters and the ant community in a chronosequence of anthropogenically 
disturbed sub-boreal spruce forest in west central British Columbia, Canada. The specific of 
objectives of this research were to: (1) Collect and evaluate ecological data pertaining to carabid 
communities in a chronosequence of regenerating forest stands in the SBS mc2 in the Nadina 
Forest District; (2) Examine relationships between carabids and environmental variables; (3) 
Assess the potential effects of the red ant F. aserva on carabid communities through a) additional 
pitfall trapping in a chronosequence of non-harvested and harvested stands, b) analysis of data 
from pitfall trapping 2005 and 2006, c) experimental introduction of F. aserva nests in 2-year old 
cutblocks; and (4) Incorporate our findings into current carabid indicator models. An improved 
understanding of how invertebrate communities respond to anthropogenic disturbance may have 
important management implications, e.g., to ensure that we understand what species are truly 
old-growth specialists, as opposed to those that may be sensitive to ant competition and 
predation.  
 
Project duration: June 23, 2006, March 31, 2007. Initial research was funded by an NSERC-
CRD grant to BS Lindgren in collaboration with Houston Forest Products, and by generous 
financial support of Mr. Duncan McColl by Houston Forest Products. 
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Methodology overview: Study sites were selected within the operating area of West Fraser’s 
Houston Forest Products Division. We sampled pine (Pinus contorta var. latifolia) leading stands 
within the sub-boreal spruce biogeoclimatic zone and moist cold (SBSmc) subzone (Meidinger 
and Pojar 1991).  Two sites in each of four post-harvest age classes (2-3 years post harvest (yph), 
8-10 yph, 14-18 yph, >25 yph), plus two non-harvested sites were selected for sampling.  

Three randomly placed 80 m transects were established in each site, each with five 
trapping clusters at 20 m spacing consisting of a central Nordlander pitfall trap, and four satellite 
traps 3m from the central.  Samples were collected and fluid (90mL of 25% propylene glycol in 
water ) was replaced every 14 days from 25 May, 2005, until 28 August, 2005. Information 
about vegetation cover, woody debris and other relevant habitat features were collected at each 
trap cluster. Canopy cover and vegetation vertical cover were also collected for 375 sampling 
points.  

Activity abundance and species richness of carabids and ants were examined using data 
from pitfall traps, with data standardized to 14 trap days prior to analysis. Relationships among 
vegetative structures were assessed by examining correlations among vegetation cover and 
canopy cover in SYSTAT (v. 11). 

Diversity measures were calculated for the carabid community and carabid and ant 
community in PC-ORD (v.5). A species accumulation curve also was constructed in PC-ORD 
(v.5) for carabids collected over increasing levels of sampling effort.  Community data were 
visualized using nonmetric multidimensional scaling (PC-ORD v.5) with the goal of examining 
clusters of species, or species groups, and to explore variation in the community.  Nonmetric 
multidimensional scaling (NMS) was selected as the ordination technique for visualization of 
structures in the community data. Relationships between activity abundance of carabids and the 
red wood ant F. aserva were investigated using regression analyses performed with Microsoft 
Excel (2003 v. 11.6355.6360) on square root + 0.5 transformed data.  
 An ant nest introduction study was done to experimentally assess the effect of F. aserva 
on carabid activity abundance and community structure. This experiment was located in a 3 year 
post-harvest block. The block had been examined in 2005 for coarse woody debris, ants, and 
carabids, so we knew that F. aserva was not yet established, and the carabid community structure 
had been established.      

Thirty-nine plots were established in a randomized complete block design, with plots 
separated by a linear distance of 100m from edges and neighbouring plots as determined by GPS 
positioning.  Three treatments were randomly assigned to each plot: 1) Control (n=10) - Traps 
were placed around the plot center; 2) CWD (n=10) - Single pieces of class 3 CWD 
approximately 2m long with a diameter between 10 and 30 cm were placed at plot center; and 3) 
Colony introduction (n=19) - Single colonies within pieces of CWD with a maximum length of 
2m and with a diameter between 20 and 40 cm were placed at plot center.  
Linear transects consisting of 10 pitfall traps each were run perpendicular to the long axis of the 
CWD at plot center, or to randomly selected bearings for control plots.  The CWD or CWD with 
ant colonies were located at the transect midpoint. Pitfall traps were placed, from the midpoint of 
the transect, at 0.5m, 5m, 10m,  15m and 20m in both directions.  Pitfall traps were a modified 
Nordlander type (Lemieux and Lindgren 1999) as described above. Four hundred pitfall traps 
were installed over 3 days, from 31 May to 2 June, 2006. All control and CWD replicates were 
started on 2 or 3 June, 2006. 
Activity abundance and species richness of carabids was examined using data from pitfall traps.  
Carabids were identified using Lindroth (1961-1969) All catches were standardized to the mean 
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number of trapping days (96).  We tested the effects of presence or absence of ants, and activity 
abundance of ants, on activity abundance and species composition of carabids. To examine 
whether F. aserva colonies exerted a spatial influence on carabids, a two-factor ANOVA (Systat 
11) was used to examine the effect of trap distance from treatment center and treatment type on 
activity abundance and species composition of carabids.  Data for all species of carabids were 
pooled and log+1 transformed prior to analysis. 
 
Project scope and regional applicability: The project examines specific potential interactions 
between ants and ground beetles in order to refine our understanding of how carabids respond to 
biotic and abiotic factors following anthropogenic disturbance. Although our data are specific to 
the moist-cold subzone of the SBS, our findings should have general applicability. 
 
Results and preliminary conclusions: A total of 28 species of carabids (2359 specimens) and 
8305 ants have been processed and identified to date. Four measures of diversity were estimated 
for the community showing that diversity was lowest in 12 – 16 yph sites, and then increased to a 
maximum in unharvested sites. High indices in 2 yph sites would indicate a lag between 
disturbance and effects on the carabid community, possibly consistent with the lag in ant 
population buildup. A species-area curve for the carabid community was constructed showing 
that approximately 93% of the species in the community were sampled in 150 sampling plots.   

Mean activity abundances of carabids reflected four patterns:  high activity abundances in 
stands 10, 16 and 25 years post-harvest (ants and the carabid  C. ingratus); high activity 
abundances in 25 years post-harvest and mature stands (Scaphinotus spp. and C. advena);  high 
activity abundances in young stands (P. adstrictus  and S. impunctatus), and; high activity 
abundances in unharvested stands with a lag (P. riparius) or spike (T. chalybeus) after 
harvesting.  

Correlation analyses between vegetation cover variables indicated that there were no or 
only weak relationships between mean canopy cover and low vertical vegetation cover classes, 
but relatively strong correlations between mean canopy cover and vertical vegetation cover 
classes above 101cm in height (r =  0.34 - 0.41). All correlations among the vertical vegetation 
cover classes were positive, and adjacent cover classes tended to be strongly correlated (r > 0.7).  
When vegetation cover classes were pooled into ground cover, shrub and herb cover, high 
shrubs, and high cover, a strong positive correlation between stand age and canopy cover was 
apparent (r = 0. 92), with 16 yph stands having the greatest variation in canopy cover.  

Linear regression indicated that a significant portion of variance in carabid activity 
abundances was accounted for by activity abundance of F. aserva. (Adjusted r2 = 0.11; p < 
0.0001).  

Ant Introduction Experiment: Nineteen pieces of CWD containing colonies of Formica 
aserva were relocated to randomly selected treatment plots. A total of 11 of these colonies (58% 
of the initial sample) failed and were therefore not used in the analyses. Total sampling time of 
ant treatments varied from a low of 21 trap days to a high of 96 trap days depending on what 
happened to the colony.  Control and CWD treatments were open for 96 trap days.   

Twenty-five species of carabids (3716 specimens) were captured, with ion 84% 
consisting of three species : S. impunctatus, P. adstrictus, and P. riparius.  Additionally, 3023 
ants (not including reproductive specimens) were collected. Four species of ants and two ant 
genera were identified.  
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Activity abundances of carabids for each treatment were consistently higher for the ant 
treatments at all distances from the point of introduction with the exception of 0.5m, where the 
activity abundance of carabids was lower than the activity abundance for both the control and the 
CWD treatments.  Activity abundances of carabids at 5m were highest for the ant treatment 
compared to all other treatments and distances.  

Analysis of variance indicated a significant effect of distance from the treatment center (p 
= 0.03) and of treatment type (p < 0.01) on the total carabid activity abundance. The interaction 
was not significant (p = 0.95).  Similar trends were observed for the activity abundances of C. 
advena, S. impunctatus , P. riparius, and large-bodied carabids with regards to the ant treatment.  
Activity abundance at the 0.5m distance for all trials was low, but generally lower for the ant 
treatment, followed by high activity abundance for the ant treatment at 5m. The activity 
abundance for ant replicates were reduced at 10m, 15m, and 20m distances.  Activity abundance 
was generally lower for the CWD and control. 

Discussion: Previous studies have demonstrated that forest harvesting causes shifts in the 
carabid community.  The general observation of lower diversity of carabids in mature stands 
relative to harvested systems was not observed in this study. Alpha diversity in our study was 
lower in stands where commercial tree species have begun to recover from harvest when 
compared to unharvested stands or stands 2 years post harvest, indicating a lag between 
disturbance and carabid community effects.    
 Carabid groupings, observed in NMS ordination, were primarily explained by canopy 
cover and vertical cover 120cm – 160cm above the forest floor. The ordination reveals distinct 
groupings of species consistent with what has been reported in the literature. Reduction in 
diversity and activity abundance of carabids in stands 12 yph and 16yph was not explained by 
canopy cover, however, and may have been influenced by the high activity abundance of ants.  
Interactions between ants and carabids have been hypothesized as having an important influence 
on the distribution, abundance and community composition of carabids.  The influence of ants on 
carabid communities manifests as a reduction of carabid diversity and activity abundance. Lower 
carabid activity abundances appeared to coincide with higher activity abundances of the 
aggressive red wood ant F. aserva, and our introduction experiment of F. aserva colonies 
confirmed that this ant affects the activity abundance of most carabids..  

 A major difficulty with introducing ant colonies for the purpose observing an effect on 
the resident community is evenness among treatments. High variation between colonies in terms 
of numbers and behaviour makes interpretation difficult. The impact of colonies that may have 
been weakened as a result of nest relocation is probably much lower than the impact of a strong 
colony that has not been moved.  In addition, our experiment was short-term, and therefore does 
not measure any lag effects due to potential predation by ants on carabid larvae, many of which 
require CWD.  

Carabid communities in the SBS are influenced by variation in vegetation cover. 
However, it is very possible that in stands where aggressive ant species are present, particularly 
F. aserva in our study, the influence of ants is greater than that of cover.  Where present, ants 
influence carabid communities in two ways: 1) by altering activity abundance and/or 2) by 
decreasing diversity of carabids.  Implementing and designing studies examining community 
structure of carabids should also take into account the influence of ants.  This is necessary if they 
are to provide quality information pertaining to the system studied; however, further research 
into the nature of interactions between carabids and ants, especially with regards to behaviours, 
is still necessary.     
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For additional information, please contact:  
Dr. B. Staffan Lindgren, Professor 
Ecosystem Science and Management 
University of Northern British Columbia 
Prince George, BC 
Canada V2N 4Z9 
Tel.: 250-960-5846 
Fax:  250-960-5539 
E-mail: lindgren@unbc.ca 
http://web.unbc.ca/~lindgren
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