
 

 Pearsall Ecological Consulting 

   

 

AAAANALYSIS OF NALYSIS OF NALYSIS OF NALYSIS OF RRRRIPARIAN IPARIAN IPARIAN IPARIAN RRRRESTORATION TECHNIQUEESTORATION TECHNIQUEESTORATION TECHNIQUEESTORATION TECHNIQUES ON S ON S ON S ON 

BBBBIODIVERSITYIODIVERSITYIODIVERSITYIODIVERSITY::::    UUUUSE OF SE OF SE OF SE OF IIIINVERTEBRATE NVERTEBRATE NVERTEBRATE NVERTEBRATE IIIINDICATOR SPECIES TO NDICATOR SPECIES TO NDICATOR SPECIES TO NDICATOR SPECIES TO 

DDDDETERMINE ETERMINE ETERMINE ETERMINE AAAAPPROPRIATE PPROPRIATE PPROPRIATE PPROPRIATE RRRRESTORATION ESTORATION ESTORATION ESTORATION OOOOPTIONS FOR PTIONS FOR PTIONS FOR PTIONS FOR 

EEEECOLOGICAL COLOGICAL COLOGICAL COLOGICAL RRRRECOVERY OF ECOVERY OF ECOVERY OF ECOVERY OF RRRRIPARIAN STANDSIPARIAN STANDSIPARIAN STANDSIPARIAN STANDS....    

FSPFSPFSPFSP    Y091153Y091153Y091153Y091153    

    

FINAL REPORT 

March 2009 

    

    

BYBYBYBY    

Dr. Dr. Dr. Dr. Isobel A. PearsalIsobel A. PearsalIsobel A. PearsalIsobel A. Pearsalllll    

    

Pearsall Ecological Consulting, 99 Machleary Street, Nanaimo, B.C. V9R 2G3 

Email: pearsalli@shaw.ca 



 

 Pearsall Ecological Consulting 

 

TTTTABLE ABLE ABLE ABLE OOOOF F F F CCCCONTENTSONTENTSONTENTSONTENTS    

1111 Executive SummaryExecutive SummaryExecutive SummaryExecutive Summary 4 

2222 IntroductionIntroductionIntroductionIntroduction 8 

2.12.12.12.1 ObjectivesObjectivesObjectivesObjectives ................................................................................................................12 

3333 Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods 13 

3.13.13.13.1 Study sitesStudy sitesStudy sitesStudy sites ................................................................................................................13 

3.23.23.23.2 Method of trappingMethod of trappingMethod of trappingMethod of trapping ..................................................................................................18 

3.33.33.33.3 Sampling design utilizedSampling design utilizedSampling design utilizedSampling design utilized ...........................................................................................18 

3.43.43.43.4 Data collectionData collectionData collectionData collection .........................................................................................................19 

4444 Data AnalysisData AnalysisData AnalysisData Analysis 20 

4.14.14.14.1 Ground vegetation andGround vegetation andGround vegetation andGround vegetation and description of stands description of stands description of stands description of stands ........................................................20 

4.24.24.24.2 Trap catchesTrap catchesTrap catchesTrap catches .............................................................................................................20 

4.2.1 Description of carabid species 20 

4.2.2 Analysis of temporal trends 20 

4.2.3 Analyses 20 

4.34.34.34.3 ByByByBy----Catch dataCatch dataCatch dataCatch data...........................................................................................................22 

4.44.44.44.4 Wildlife StructuresWildlife StructuresWildlife StructuresWildlife Structures...................................................................................................22 

5555 ResultsResultsResultsResults 22 

5.15.15.15.1 Ground vegetation and stand differences among siteGround vegetation and stand differences among siteGround vegetation and stand differences among siteGround vegetation and stand differences among sitessss ..........................................22 

5.25.25.25.2 Trap catchesTrap catchesTrap catchesTrap catches .............................................................................................................32 

5.2.1 Description of carabid species 32 

5.2.1.1 Specific differences among the sites 34 

5.2.1.2 Biomass Data 48 

5.2.2 Analysis of temporal trends 61 

5.2.3 Analyses 69 

5.2.3.1 Individual species’ responses to riparian treatments. 69 



Riparian Restoration Techniques: Use of Carabids as Indicators of Effectiveness                                                   
   

Pearsall Ecological Consulting 
 

3 

5.2.3.2 Multivariate community analysis 70 

5.2.3.3 Indicator Species Analysis 75 

5.2.3.4 Species evenness. 76 

5.2.3.5 Heterogeneity measures. 79 

5.2.3.6 Distance coefficients: Cluster Analysis 83 

5.35.35.35.3 ByByByBy----Catch dataCatch dataCatch dataCatch data...........................................................................................................87 

5.45.45.45.4 Wildlife StructuresWildlife StructuresWildlife StructuresWildlife Structures...................................................................................................88 

6666 DiscussionDiscussionDiscussionDiscussion 101 

7777 SummarySummarySummarySummary 108 

8888 AcknowledgementsAcknowledgementsAcknowledgementsAcknowledgements 112 

9999 Literature CitedLiterature CitedLiterature CitedLiterature Cited 113 

10101010 AppendicesAppendicesAppendicesAppendices 121 

10.110.110.110.1 Appendix 1. Swan Lake InformationAppendix 1. Swan Lake InformationAppendix 1. Swan Lake InformationAppendix 1. Swan Lake Information .....................................................................121 

10.210.210.210.2 Appendix 2. ByAppendix 2. ByAppendix 2. ByAppendix 2. By----Catch InformationCatch InformationCatch InformationCatch Information .......................................................................123 

10.310.310.310.3 Appendix 3. Salamander InformationAppendix 3. Salamander InformationAppendix 3. Salamander InformationAppendix 3. Salamander Information ....................................................................131 

10.410.410.410.4 Appendix 4. Vegetation in the riparian sites.Appendix 4. Vegetation in the riparian sites.Appendix 4. Vegetation in the riparian sites.Appendix 4. Vegetation in the riparian sites. .......................................................135 

10.510.510.510.5 Appendix 5. Photographs of Experimental Sites.Appendix 5. Photographs of Experimental Sites.Appendix 5. Photographs of Experimental Sites.Appendix 5. Photographs of Experimental Sites. .................................................170 

10.610.610.610.6 Appendix 5. Descriptions of carabid species captured during 2008Appendix 5. Descriptions of carabid species captured during 2008Appendix 5. Descriptions of carabid species captured during 2008Appendix 5. Descriptions of carabid species captured during 2008 ...................181 

10.710.710.710.7 Appendix 6. Details of tAppendix 6. Details of tAppendix 6. Details of tAppendix 6. Details of t----tests and onetests and onetests and onetests and one----way ANOVAs performedway ANOVAs performedway ANOVAs performedway ANOVAs performed .....................190 

10.810.810.810.8 Appendix 7. NonAppendix 7. NonAppendix 7. NonAppendix 7. Non----metric Multidimensional Scalingmetric Multidimensional Scalingmetric Multidimensional Scalingmetric Multidimensional Scaling ..............................................210 

10.910.910.910.9 Appendix 8. Indicator Species AnalysisAppendix 8. Indicator Species AnalysisAppendix 8. Indicator Species AnalysisAppendix 8. Indicator Species Analysis ................................................................212 



 

 Pearsall Ecological Consulting 

1111 EEEEXECUTIVE XECUTIVE XECUTIVE XECUTIVE SSSSUMMARYUMMARYUMMARYUMMARY    
 

The objectives of this project were to assess the response of site-level biodiversity to riparian 

restoration treatments carried out in 4 sites in the Kennedy Flats, Clayoquot Sound, West 

Vancouver Island.  The specific silivicultural treatments were designed to introduce old-growth 

attributes into riparian habitat, as well as to enhance both structural diversity and use of the forest 

by wildlife, and including thinning, brushing, planting and introduction of specific wildlife features 

into treated sites.  These features included: topping, top-girdling, cutting slots, slits and holes in 

trees, wound-producing cuts to introduce rot, and the making of small dens by hollowing tree 

trunks and downed logs.  

 

The treated riparian blocks were located adjacent to Kootowis Creek, Lost Shoe Creek, and Swan 

Lake and were paired with appropriate control sites. Riparian restoration at Lost Shoe was 

focussed on thinning the over mature alder overstory to improve conifer regeneration, and to 

improve conifer stocking, given that this is a preferred source of stream LWD recruitment. The 

primary objective of the treatments at Kootowis, which included thinning overstocked conifer 

stands, releasing conifers suppressed by overstory deciduous trees, and replanting with preferred 

riparian tree species, was the rapid production of adequate large and coarse woody debris. 

Objectives of the riparian restoration at Swan Lake was to introduce old-growth characteristics. 

Two old-growth riparian sites were also chosen for comparative purposes. 

 

Biodiversity responses were assessed using an invertebrate indicator species (carabid beetles), 

with focus on relative abundance of old-growth specialists. We assessed biomass and species 

assemblages of carabid beetles, and also compared vegetation among the sites, and small-mammal 

and salamander usage of artificial dens and cut logs in the treated sites. Characterization of the 

assemblages in treated versus untreated riparian buffers aimed to identify whether silvicultural 

treatments are successful in providing old-growth attributes to the riparian forest, and it was 

expected that our results would provide a valuable reference for selecting and integrating 

restoration options for ecological recovery of riparian stands. 

 

Carabid beetles were trapped using 21 pitfall traps in each of nine riparian sites. Three transects 

were set up in each site, running parallel to the stream course and at varying distance from the 
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stream (5 m, 15 m and 25 m). A total of 7 traps were sampled from each transect. 18 pitfall traps 

were sampled from each of the two old-growth blocks each month. In total, 176 pitfall traps were 

sampled every month between June and September.   

 

Carabid beetles were identified to family or genus, and the by-catch was identified only to order.  

Overall, a total of 5836 carabids were captured, from a total of 15 carabid species. The two most 

abundant species caught were Pterostichus crenicollis Le Conte and Scaphinotus angusticollis 

(Fischer von Waldheim), both forest specialists. Different sites were dominated by one or the 

other of these species, and communities along the three riparian zones differed. Kootowis sites 

were dominated by P. crenicollis, while the Lost Shoe and Swan Lake communities had higher 

proportions and biomasses attributable to S. angusticollis.  This may be related to vegetational 

differences: the latter two sites were dominated by Coastal western hemlock, while the former 

was planted with offsite Douglas-fir in the 1970s.   

The invertebrate communities of the riparian sites sampled in this study showed differences to the 

communities of many of the sites that have been sampled on Vancouver Island in previous studies 

(Pearsall, 2002-2007).  For most Vancouver Island forests, whether in dry or wet variants, the 

dominant species has always been Scaphinotus angusticollis, which is a forest specialist and makes 

up a very high abundance in most forested blocks. Although this species was the second most 

commonly captured species in the Kennedy Flats, catches of P. crenicollis far surpassed the 

catches, with 3141 P. crenicollis versus 1354 S. angusticollis caught for all sites overall.  P. 

crenicollis has been shown in other studies in Oregon to be one of the strongest indicators of the 

immediate (< 5m) streamside community. 

Treatments at all sites resulted in a reduction in the proportion of P. crenicollis, and an increase in 

the proportion of other species. In general, compositional changes in the sites as a result of 

treatments varied among the different sites. Treatments at Lost Shoe resulted in a higher 

proportional catch of P. algidus, while at Swan Lake, treatments led to increased proportional 

catch of Zacotus matthewsii, P. lama, and S. angulatus.  At Kootowis, the proportion of the catch 

made up of S. angusticollis and S. marginatus increased. S. angusticollis, S. angulatus and S. 

marginatus have been identified as forest specialists in previous studies, while Z. matthewsii has 

been identified as an old-growth specialist and P. algidus has shown a generalist habit in most of my 
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previous studies. Thus, the riparian restoration treatments in the different sites did not produce 

identical changes in the different communities, which was not surprising, given that the 

communities and vegetation structure at these different sites varied to begin with. 

Zacotus matthewsii, a species identified as an old-growth specialist, was only found in the two old-

growth sites, and in the treated site at Swan Lake, and in both the treated and control site at Lost 

Shoe. Abundance was highest in the treated site at Lost Shoe.  Omus dejeani, an open habitat 

specialist, was found only in the treated sites, and not in the control site at Kootowis. These latter 

two species thus appeared to be positively impacted by site treatment.  We did find some riparian 

species such as Leistus ferruginosus, found only at Lost Shoe, a species known to have strong 

associations with riparian areas, and Agonum affine, another hygrophilous species, which was only 

found in the treated site at Swan Lake.  Consistent differences in the species assemblages and 

abundance at the different transect locations could not be discerned, suggesting that the 

communities within 25m of the stream are relatively uniform within a single site.  

 In terms of invertebrate responses, diversity and evenness were always lower in the control sites 

than in the treated sites.  Thus, treatments open up the canopy, reduce the shrub layer and appear 

to result in new carabid species moving into the sites.  In general, previous studies have shown 

that older communities generally have lower species richness and diversity than younger 

communities.  This is often the result of the dominance of the forest specialist, S. angusticollis in 

control sites, while clearcuts and younger sites tend to receive an influx of small, winged species 

that are open-habitat specialists, such as Harpalus and Amara species.  Thus, although the riparian 

treatments are designed to introduce old-growth attributes in the buffers, it is possible that in the 

short term, they result in changes to the canopy and vegetation that encourage a more diverse 

community of carabids, which is resonant of a more immature community. However, two key 

findings that were not accord with this statement were the noted higher proportional catches of 

both the old-growth specialist Zacotus matthewsii and the forest specialists S. angusticollis, S. 

marginatus and S. angulatus  in the treated sites over control sites.  

 

Riparian treatments at the different sites did affect community composition, but the changes to the 

communities varied from site to site. Vegetation analysis showed that all treated sites showed 

lower canopy cover, lower shrub cover, higher herb cover and lower moss cover than their 
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associated control sites at each of the three locations, Kootowis, Lost Shoe and Swan Lake.  

Treated sites were more similar to old-growth sites in terms of the reduced canopy cover, and 

high herb cover, but differed in that the former had lower shrub and moss components. 

 

The wildlife treatments examined in both Swan Lake and Kootowis appeared to be effective for 

wildlife. We noted numerous salamanders in the dens at both of these sites, evidence of small 

mammal den usage, and evidence that carabid beetles, slugs and snails and millipedes use many of 

the structures.  

 

Overall, the changes were encouraging, but future monitoring will be vital, to examine how the 

carabid assemblages change over time in the treated riparian buffers. The time periods since 

treatments in these sites varied: restoration treatments at Kootowis had been carried out 6-8 

years ago, while those at Swan Lake were done 7 years ago. Meanwhile, treatments at Lost Shoe 

were only one year old. The immediate response of increased numbers of the generalist P. algidus 

at Lost Shoe may be a short term response to riparian treatments that open up the canopy. Given 

the differing objectives of the riparian restoration at each site, and the different time periods since 

treatment, it appears from our results that objectives aimed to introduce old-growth attributes do 

appear to be relatively successful. It will be important to pay particular attention to the changes in 

abundance of old-growth specialist, Zacotus matthewsii, since this species is particularly affected 

by silviculture methods and is less resilient than the other species in unsuitable habitat. 

    
Keyword(s):Keyword(s):Keyword(s):Keyword(s): riparian restoration, riparian zones, silvicultural treatments, old-growth attributes, 
biodiversity response, carabid beetles, invertebrate indicator  
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2222 IIIINTRODUCTIONNTRODUCTIONNTRODUCTIONNTRODUCTION    
 

The values provided by streams and their riparian zones within forested landscapes continue to be 

of key concern in forest management (Lindenmayer and Franklin 2002; Carey 2006).  Riparian 

forests provide a heterogeneous mosaic of habitats, with high levels of biodiversity, high 

productivity, and distinctive species compositions. They also serve as movement corridors for a 

number of species, including birds, bears and amphibians. In B.C., coastal forests within the coastal 

western hemlock zone likely contain the greatest diversity and abundance of wildlife habitat over 

any other ecological zone in the province. 

 

Riparian forests make up a significant component of the productive forest in B.C. that is protected 

at some level from harvesting.  Objectives of protection include provision of biodiversity and 

landscape connectivity, as well as protection of salmon and trout habitat.  Guidelines with regards 

to methods for logging riparian sites were not provided until the 1980s, after much of the low 

density, structurally diverse riparian forest stands had been logged.  In the Kennedy Flats 

Watershed of West Vancouver Island, historical harvesting practices such as cross-stream yarding 

and removal of riparian vegetation and trees have severely and negatively impacted riparian 

ecosystems.  In 1988, Coastal Fisheries/Forestry Guidelines were introduced, followed by the 

Forest Practices Code in 1995. The current timber harvesting regulations in British Columbia now 

require reserve zones of riparian vegetation adjacent to most fish-bearing streams. Post-harvest 

stand development has often failed to recreate the complexity of the original stands, and thus 

management efforts are sometimes made to employ silvicultural interventions to thin these 

riparian stands.  Because of strong public concern for Clayoquot Sound, additional stream 

protection practices were adopted in 1995 with the development of the Clayoquot Sound 

Scientific Panel Recommendations. In addition, in 1997 there was a change in the federal mandate 

for the management of Federal Parks in Canada, whereby parks were to be managed for ecological 

integrity rather than just recreational experience (Hutchinson et al. 2008; Warttig 2008). 

 

Sustainable forestry practices across managed forest landscapes contribute to the maintenance of 

biological diversity and ecosystem functioning (Lindenmayer and Franklin 2002). By providing a 

range of forest structural stages, managed forests better mimic natural forests in their ability to 

support a diversity of wildlife species on a landscape scale. One approach is conservation of 
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biological diversity through manipulation of stand structure, either by site-level habitat quality 

improvements (Carey & Curtis 1996) or by variable retention harvest systems (Franklin et al. 

2002).   

 

Variable-density thinning prescriptions are carried out to alter stand structure in second growth 

forests, and to introduce old-growth attributes. Such prescriptions entail the creation of gaps, 

retaining uncut areas and thinning the forest matrix, and are expected to promote forest 

developmental processes, such as understory development, canopy elaboration, shade-patch and 

gap development, establishment of herb and shrub layers, and development of live tree decadence 

(Carey 2002).    

 

Interfor and Western Forest Products Inc. have been instrumental in the development of riparian 

restoration techniques designed to introduce old-growth attributes into riparian habitat.  It is 

proposed within Interfor’s Forest Stewardship Plan to commercially thin 2nd growth riparian areas 

to accelerate old growth characteristics. There has also been discussion on applying similar 

techniques in non-riparian forests for the same purpose as a recruitment method for old growth 

representation where a particular site-series-surrogate (Central Coast) is under-represented. 

Interfor is working collaboratively with Alan Banner in the development of second growth 

recovery curves, where it is hoped that the habitat contribution of second growth can be 

measured.     

 

This project was carried out to evaluate riparian restoration treatments on biodiversity within 

second growth stands in the Kennedy Flats region, Clayoquot Sound, Vancouver Island. Since a 

complete census of diversity is not feasible in stands, even those that have a relatively simple 

structure and composition, “indicators’ or surrogate measures of diversity must be identified.  

Indicators must not only be ecologically meaningful, but must also be amenable to measurement by 

non-specialists and have wide applicability if management objectives for biodiversity are to be 

fulfilled.  For this study, we chose to sample and use epigaeic carabid beetles as our indicator 

species, together with the associated invertebrate by-catch, to examine the effectiveness of 

riparian treatments carried out in West Vancouver Island.   
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The link between structural diversity of forest stands and their associated biodiversity has begun 

to receive increasing attention for invertebrates. Forest-floor invertebrates are a critical group to 

consider in riparian studies given their huge abundance and diversity, as well as their importance in 

forest ecosystem functioning e.g. in nutrient cycling, pollination and defoliation, and as a food base 

for other vertebrates and invertebrates (Schowalter 2000).  In this latter respect, primary and 

secondary predators such as carabid beetles integrate a substantial amount of ecological 

information about the biological communities to which they belong (Day & Carthy 1988): they also 

make up a large fraction of the soil arthropod biomass and form the base of the food chain for 

higher level predators such as birds, small mammals, reptiles and bears.  

 

Carabids have been used as an indicator guild to quickly and cheaply assess the biotic sensitivity of 

a forest and are generally chosen much more frequently than most other groups of insects for use 

in surveys (e.g. Pearson 1994; Rykken et al. 1997).      They are abundant and diverse in most 

ecological systems and therefore serve as an appropriate group with which to make inter-regional 

comparisons.  They operate at small spatial scales, and their small size, small scales of movement 

and lifecycles, and high reproductive ability, make them an excellent candidate for work of this 

sort.  Those species that cannot fly, with fairly limited dispersal ability, are most likely reproducing 

within the habitat whereas larger vertebrates may simply be moving through an area, and not 

necessarily reproducing in that specific habitat.   

 

Carabid beetles have been used as an indicator of soil diversity after disturbance caused by forest 

fire (Holliday 1991), clear cutting (e.g. Langor et al. 1991), scarification, pollutants, land reclamation 

(Day and Carthy 1988), management of primeval or old growth forests (Terrel-Nield 1990) and 

climate change (Elias 1991).  The spatial scale at which species are sensitive affects the indicator 

potential of a species.  Studies of litter arthropods in eastern hardwood forests (Rykken et al. 

1997) and coniferous forests in Finland (Niemela et al. 1992b) have shown carabids to be sensitive 

at the scale of 10’s of metres.  Work (2000) examined changes in litter arthropod communities 

across forest edges in the H.J. Andrews Long-Term Ecological Research Site in Oregon and 

detected variations in species composition across forest edges at scales as low as 25 m, but overall 

changes in species composition of ground beetles were observed up to 100 m from forest edges: 

thus he concluded that ground dwelling beetles may be particularly sensitive as indicators of 

fragmentation impacts.   
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Previous work done in coastal B.C. by I. Pearsall since 2001 has shown that the responses by 

carabid indicator species are sensitive at small enough spatial and temporal scales such that they 

can be used to assess how quickly sites recover and re-establish typical old-growth communities 

(Pearsall 2001- 2007).  Strong habitat associations of ground beetles have been shown in many 

other studies (e.g. Refseth 1980, Niemela et al. 1993, Niemela & Spence 1994, Craig 1995, 

Lemieux 1998, McDowell 1998), where old- growth forest specialists, forest specialists, forest 

generalists, or xerophilus (open area preferring) species have been identified. Because they show 

different levels of habitat selectivity, carabid assemblages can be used to characterize disturbance 

in various habitats.   

 

Recent studies have examined the communities of terrestrial invertebrates associated with 

alternative forest management practices for riparian zones (e.g. Moring & Stewart 1994, Andersen 

1997, Labonte 2002, Rykken et al. 2007). Studies focusing on ground beetles include: communities 

of headwater riparian zones (Rykken et al. 2007), effects of stream sizes on the feeding habits of 

riparian ground beetles (Hering & Plachter 1997), analysis of terrestrial invertebrates as prey for 

salmonids (Baxter et al. 2005), effects of terrestrial invertebrate prey on stream food webs 

(Nakano et al. 1999), analysis of aquatic insect biomass produced under moderate thinning and 

clearcutting with several different buffer widths along headwater streams (ver Linden, in Moldenke 

lab), and effects of riparian management (sizes of buffer strips) on invertebrate communities in the 

Malcolm Knapp Research Forest (Klimuk, in Richardson lab). Such studies have indicated the 

presence of a distinct riparian invertebrate community. However, little is known about the 

potential impact of specific riparian restoration techniques on such invertebrate communities.  

Thus, this project directly builds upon and complements these ongoing studies. 

 

We chose to examine riparian buffers located on two creeks in Clayoquot Sound, Kootowis 

Creek and Lost Shoe Creek, as well as buffers located adjacent to a lake in the same area, Swan 

Lake.  Specific details regarding the locations and specific treatments done within these study sites 

are outlined below,  

 

The objectives of the study were to compare sites in treated riparian buffers, with sites in 

untreated buffers of similar stream classification, site series and forest age, as well as to examine 

the communities in old-growth control sites. The comparison was focussed primarily on the 
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invertebrate communities, assessing biomass and species assemblages of carabid beetles, as well as 

to compare vegetation among the sites, and small-mammal and salamander usage of artificial dens 

and cut logs in the treated sites. Characterization of the assemblages in treated versus untreated 

riparian buffers aimed to identify whether silvicultural treatments are successful in providing old-

growth attributes to the riparian forest, and it was expected that our results would provide a 

valuable reference for selecting and integrating restoration options for ecological recovery of 

riparian stands. 

 

2.12.12.12.1  Objectives  Objectives  Objectives  Objectives     
 

The objectives of this project were to assess the response of site-level biodiversity to riparian 

restoration treatments which were designed to introduce old-growth attributes into riparian 

habitat, as well as to enhance both structural diversity and use of the forest by wildlife.  Specific 

wildlife treatments in the treated sites included: topping, top-girdling, cutting slots, slits and holes 

in trees, wound-producing cuts to introduce rot, and the making of small dens by hollowing tree 

trunks and downed logs. 

 

Biodiversity responses were assessed using an invertebrate indicator species (carabid beetles), 

with focus on relative abundance of old-growth specialists. We aimed to compare beetle diversity, 

biomass and abundance, and invertebrate by-catch among 4 treated sites which were paired with 

control sites located within untreated riparian sites.  We compared the assemblages in the treated 

and untreated buffers with the community of two old-growth control sites. Additionally, small 

mammal and salamander usage of artificial dens and cut logs were assessed in the treated sites.  

 

Specific objectives were to: 

1. compare carabid beetle communities of treated and untreated buffers, and compare these 

with old-growth control communities. 

2. examine small mammal and salamander usage of biodiversity features introduced into 

treated stands. 

3. compare understory vegetation of treated and untreated buffers, and compare these with 

old-growth control vegetation. 
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3333 MMMMATERIALS AND ATERIALS AND ATERIALS AND ATERIALS AND MMMMETHODSETHODSETHODSETHODS    

3.13.13.13.1 Study sitesStudy sitesStudy sitesStudy sites    
 

Study sitesStudy sitesStudy sitesStudy sites    

The study sites used are all located within TFL 54, Clayoquot Sound on Vancouver Island.  

Kennedy Flats is bordered on the West by the Pacific Ocean and on the East by Kennedy Lake and 

lower Kennedy River (Figure 1).  The North border of Kennedy Flats is Grice Bay and Tofino 

Inlet, and South border is the Lost Shoe -Thunderous Creek divide, and the Lost Shoe Creek 

Clayoquot/Barkley Sound divide (Warttig, 2008).  The Kennedy Flats covers an area of 129 km², 

and consists of nine watersheds; Kootowis, Hospital, Sandhill, Staghorn, Trestle, Trestle South, 

Indian, Lost Shoe, and Salmon Creeks (Figure 2). 

 

Figure 1. Location of Kennedy Flats, West Vancouver IslandFigure 1. Location of Kennedy Flats, West Vancouver IslandFigure 1. Location of Kennedy Flats, West Vancouver IslandFigure 1. Location of Kennedy Flats, West Vancouver Island (from Hutchinson et al. 2008). (from Hutchinson et al. 2008). (from Hutchinson et al. 2008). (from Hutchinson et al. 2008).    

 

The Kennedy Flats is part of the Estevan Coastal Plain, and is characterized by low-gradient 

streams with meandering channels and broad floodplains. The streams in this area have historically 

supported populations of coho, chum, chinook, pink, and sockeye salmon, as well as steelhead, 



Riparian Restoration Techniques: Use of Carabids as Indicators of Effectiveness                                                   
   

Pearsall Ecological Consulting 
 

14 

cutthroat trout, rainbow trout, lamprey, pea mouth chub, stickleback and sculpin (Warttig et al. 

2001). 

    

The primary tenure holders on the provincial crown land are currently Mamook/Coulsons, and 

Iisaak Forest Resources Ltd. The Pacific Rim National Park Reserve occupies a large portion of the 

Kennedy Flats. The watershed is designated a target watershed, and is of high priority for 

restoration by both Provincial and Federal governments. 

 

All the sites are within the Coastal Western Hemlock Biogeoclimatic zone and Vh1 variant, which 

is a common ecosystem throughout coastal British Columbia (B.C.).  The sites are within the 

Ucluelet First Nations (UFN) traditional territory. The UFN are a member of the Nuu-Chah-Nulth 

Tribal Council (NTC) that comprises several west coast Vancouver Island Bands. 

 

Much of the Kennedy Watershed was logged between 1950 and 1980. Early logging practices often 

involved cross-stream yarding, the use of under-sized wood-box culverts, and poorly built roads. 

After harvest, large amounts of both small and large woody debris (SWD and LWD) were left in 

streams and often resulted in debris jams.  These led to restrictions in water flow and often led to 

flooding of the surrounding riparian forest, reduced scouring ability, and poorer water quality 

(Warttig et al. 2001). The altered hydrological function also affected the surrounding forests. In 

many areas, regenerating conifers are suppressed by fast-growing colonizing shrub and tree species 

(such as Salix and Alnus spp.). These deciduous trees are smaller in stature and shorter-lived than 

mature conifers, and do not provide the same level of bank protection or large woody debris 

recruitment that would occur in a fully functional riparian forest (Hutchinson et al. 2008). 

 

The Kennedy Flats Watershed Restoration Project (KWRP) was initiated in 1994 under the 

federal Canadian Salmon Enhancement and Restoration Fund (CSERF), and continued from 1995-

2000 under the provincial FRBC Watershed Restoration Program. Restoration efforts continued 

in 2007 due to support from the Parks Canada Ecosystem Integrity Fund, and FIA funding from 

Iisaak Forest Resources Ltd and International Forest Products Ltd. (as well as other sources). The 

objectives of the project are to restore the hydrological, biological, riparian and ecological 

functions of the Kennedy Flats Watershed (Hutchinson et al. 2008). 
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The first group of study sites were located along Kootowis Creek (Figure 2). This set of treated 

riparian buffers were were originally set up as part of the Kennedy Flats Watershed Restoration 

Program (KWRP) in Clayoquot Sound (Poulin & Simmons 1999). This watershed is classified as a 

“target watershed”. Kootowis Creek drains the Kennedy Flats east of Pacific Rim National Park, 

and exits through the park into Grice Bay. A significant amount of logging took place in the 1960’s 

and 1970’s with stands of 30-40 year old Douglas fir comprising large contiguous blocks of dense 

second-growth forest. Conifer stands at Kootowis Creek are derived from Douglas fir and Sitka 

spruce plantations established in the 1970’s. The stand is now dominated by fir with a minor 

component of western hemlock, Sitka spruce and western red cedar (Poulin & Warttig 2005). 

 

The treatments along sections of Kootowis were originally prescribed and implemented by Vince 

Poulin, Warren Warttig and Bart Simmons between 2000-2002. The primary objective of the 

treatments, which included thinning overstocked conifer stands, releasing conifers suppressed by 

overstory deciduous trees, and replanting with preferred riparian tree species, was the rapid 

production of adequate large and coarse woody debris.  Use of topping and habitat creation 

techniques produced specialized biodiversity features such as topped and distressed trees, bat and 

small mammal, amphibian, and insect habitats. During the initial project (Poulin et. al. 2000) a 0.65-

hectare area served as a training site for felling and biodiversity treatments. The site was re-

worked in 2002 to enable the planting of sitka spruce and western red-cedar in openings, as these 

are more ecological suitable species than Douglas-fir at this site.  Seedlings were planted in 

openings created by topping trees and felling, as well as into partially decayed stumps. The method 

was used to mimic “nurse-trees” - old logs that provide planting substrates for other trees. The 

training site now serves as a demonstration area and was used in this study (Site K1). Site K3 is 

adjacent to K1 and is a different polygon: thinning of overstocked conifers and brushing took place 

in this stand in 2000 but no biodiversity treatments or planting was implemented. 

 

Effectiveness monitoring carried out in in 2004 showed positive response in terms of radial 

growth, seedling establishment, enhanced fish habitat and reduction of windthrow at Kootowis 

(Poulin & Warttig 2005).  However, biodiversity responses were generally not apparent, as the 

time since treatment and monitoring was deemed too low. This project aimed to examine the 

biodiversity responses to treatments at this site 6-8 years post treatment. Thus, two treated sites 

(K1 and K3) and one control (untreated) site were chosen along Kootowis Creek. 
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The second pair of sites is located along Lost Shoe Creek (Figure 2). These sites were both 

located within the Pacific Rim National Park. The riparian restoration at this site had been carried 

out very recently, in 2007, in response to recommendations made in 2001 (Poulin &    Simmons 

2001). The silviculture prescriptions for this area were designed to thin the over mature alder 

overstory to improve conifer regeneration and are included here from Appendix 8 of Hutchinson 

et al., 2008. Understory conifers were released through thinning and vegetation removal, as well as 

planting to augment the conifer stocking. A total of 1500 Sitka spruce and western red cedar trees 

were planted clusters of 6 to 8 trees in prepared sites in this area  Thinning and fellng of the over 

mature red alder trees resulted in gaps of approximately 1-2 tree lengths. The largest diameter 

alder with good branching and live crowns were retained for overstory retention and biodiversity. 

Individual planting sites were prepared by brushing an area 4 by 5 m in size and removing 

competing salmonberry roots by hand, which was done to prevent rebrushing for up to two 

growing seasons. Cedar saplings were staked and coned to ensure protection from foraging deer. 

Trees were planted in stumps and nurse logs and on steep slopes and along the stream banks to 

mimic natural regeneration.     

 

The third pair of sites is located in the Swan Lake Demonstration Forest, which is found close to 

the Tofino/Ucluelet junction and adjacent to Pacific Rim National Park (Figure 2).  This 2
nd
 growth 

stand was commercially thinned in 2001, utilizing patch cuts to mimic natural tree disturbance, as 

well as artificial tree topping, snag production, augmentation of stumps and artificial cavity cuts, 

done to introduce old-growth attributes to the 2
nd
 growth forest as part of an EBM initiative. One 

side of the lake was treated, while the other side was untreated. The latter was chosen as our 

control site.  Maps and information regarding this site can be found in Appendix 1. 
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R2 

R1 

Lost Shoe  
LS1 & LS2 

Kootowis 
Control K2 Kootowis 

K1 & K3 

Swan Lake 
SL1 & SL2 

 

 

Figure 2Figure 2Figure 2Figure 2. Location of Study Sites. Location of Study Sites. Location of Study Sites. Location of Study Sites and Watersheds of the Kennedy Flats Area. and Watersheds of the Kennedy Flats Area. and Watersheds of the Kennedy Flats Area. and Watersheds of the Kennedy Flats Area.
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3.23.23.23.2 Method of trappingMethod of trappingMethod of trappingMethod of trapping    
 

Our methodology was similar to that used in other studies, in that we used pitfall trapping to 

capture beetles and other invertebrates.  This is standard methodology for trapping ground-

dwelling invertebrates and we followed the guidelines in the Inventory Methods for Terrestrial 

Arthropods (Resources Inventory Branch 1998).  Pitfall traps have been widely used to sample 

ground-dwelling arthropods (Southwood 1978), especially carabid beetles (e.g. Waage 1985, 

Niemela et al. 1990).  Data from pitfall traps have been used to describe annual activity patterns 

(e.g. Niemela et al. 1992a), spatial distributions (Hengeveld 1987), habitat associations (Niemela et 

al. 1992a), and relative abundances of species (Kharboutli and Mack 1991).  The pitfall catches in 

this study can be used to compare “relative activity-density” within species across riparian 

treatments (Thiele 1977). 

The trap design is found in Pearsall (2002).  The contents of each pitfall trap were placed into 

labelled collecting vials which were filled with isopropyl alcohol back at the lab.  The vial contents 

were analysed prior to the following field trip.   

 

3.33.33.33.3 Sampling design utilizedSampling design utilizedSampling design utilizedSampling design utilized        
 

SampSampSampSampling designling designling designling design    

Overall, we had 4 treated sites which were paired with non-treated or control buffers which were 

located adjacent to the treated buffers, and are were found within the same site series, stream 

classification, forest age, and elevation.  Two of the treated sites, from Kootowis Creek, were 

paired with the same untreated buffer.  Thus, in each of the 7 sites, three transects were set up, 

running parallel to the stream course. One transect was placed 5 m from the stream edge, the 

next 15 m from the stream edge, and the final transect 25 m from the stream edge.  Pitfall traps 

were placed at 10 m intervals along the transect, for a total of 7 traps per transect.  Pitfall traps 

were placed 10 m apart to avoid depletion of more mobile species which could result in potential 

alteration of community structure (Digweed et al. 1995). Each of the distance samples in a site was 

termed a “trap location”, and overall there were be 3 trap locations per site * 4 treated sites and 

3 untreated sites = 12 trap locations overall for the treated buffers, and 9 trap locations for 
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untreated buffers. 2 old growth control riparian sites were also set up.  Sampling design differed 

slightly in one site, SL2, the control site at Swan Lake, where we not set the first transect, T1. Set 

up in the old-growth sites was different as the transects were placed perpendicular to the stream.  

There were 3 transects in each of the old growth sites, with 7 pitfall traps set along two of the 

transects, and just 4 traps along the final transect.  For each of these two sites, there were a total 

of 7 trap-locations. 

 

Pitfall traps and transects within sites were all set up in May 2008 and traps were sampled once a 

month between June and September, for a total of 4 seasonal collections, except for in K2 and K3, 

which were set up in June 2008, thus collections for these sites were for July-September. 

 

3.43.43.43.4 Data collectionData collectionData collectionData collection        
 

Photographs of each site were taken over the year.  Abundance of each species of carabid in each 

pitfall trap was assessed.  Carabid and other beetles were pinned where necessary and taken to 

the George J. Spencer Entomological museum for aid with identification. Bycatch species were 

determined largely to family or order.   

 

We also examined percent cover of herbaceous vegetation, moss, bare soil, and leaf litter in 1*1 m 

plots adjacent to two pitfall traps along each of the three transects in each site. We also examined 

shrub cover within one 3*8m plot set up at each sampling distance.  For the old growth sites, 

measurements were taken at all 7 trap locations along two of the transects. Soil moisture was 

assessed in all sites: readings were done using a Hydrosense soil moisture meter (Campbell 

Scientific). In addition, we also examined 2 specific biodiversity structures that were set up in 3 of 

the 4 sites: cut logs and artificial dens to determine whether these appear to be used by 

amphibians, gastropods or small mammals. Focus was on species identification (if located within 

structures) or assessment of droppings/nesting material as indication of residence.  Moisture 

readings and vegetation analysis were done in July 2008. Biodiversity treatments were 

photographed and examined for indication of usage by small mammals and residence of 

salamanders in August and September. 
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4444 DDDDATA ATA ATA ATA AAAANALYSISNALYSISNALYSISNALYSIS    

 

4.14.14.14.1 Ground vegetation and description of standsGround vegetation and description of standsGround vegetation and description of standsGround vegetation and description of stands    
 

Ground cover was assessed in all treatments over the summer to try to assess similarity of sample 

blocks. 

4.24.24.24.2 Trap catches  Trap catches  Trap catches  Trap catches      
 

All carabid data were subjected to the following analyses: 

 

 

4.2.14.2.14.2.14.2.1 Description of carabid speciDescription of carabid speciDescription of carabid speciDescription of carabid species es es es     

The abundance and types of species collected in each block were listed. In addition, we used 

published length-mass regression equations to determine biomass of carabids (Rogers et al. 1976, 

1977; Schoener 1980; Sample et al. 1993, Jarosik, 1989). Using these relationships we were able to 

estimate biomass for the treated vs untreated riparian buffers.  

 

4.2.24.2.24.2.24.2.2 AnalysisAnalysisAnalysisAnalysis of temporal trends of temporal trends of temporal trends of temporal trends    

Temporal trends, comparisons of patterns in catches among treatments/locations were examined 

graphically. 

 

4.2.34.2.34.2.34.2.3 AnalysesAnalysesAnalysesAnalyses    

Species captures were stored as Excel spreadsheets and then the data were imported into MS 

Access.  Analyses done included the following: 

    

• Mean catches for each species of carabid, and for each family/order of bycatch species were 

calculated across the 7 traps at each trap location (given distance from the stream) for 

each date of sampling. Mean catches at each trap location were compared among paired 

treated and untreated sites using t-tests for Swan Lake and Lost Shoe, and using one-way 

ANOVA for Kootowis. 
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• Multivariate community analysis (using PC-ORD software, McCune & Mefford 1999) was 

used to examine patterns of association among taxa relative to distance from the stream 

and treatments.  Non-metric multidimensional scaling (NMS) was used to quantitatively 

summarize the overall distribution of species assemblages across the stream edge-buffer-

buffer edge gradients and to show how the treatments compare to one another in terms of 

“species space”.  NMS has been widely used in ecological gradient studies (Clarke 1993).   

• Using the ecological software, PC ORD 4, we carried out indicator species analysis 

(Dufrene & Legendre 1997) to examine the associations of individual taxa with predefined 

groups (ie distance from the stream and treatment). 

• Whittaker plots (the log of % abundance for each species plotted against the species rank 

within each site) were produced for treated vs untreated sites and for each trap-location 

(Krebs 1989).  These plots allow for a simple visual comparison of the dominance or 

equality of species within the community.   

• Several nonparametric diversity indices were calculated for the different treatments 

(Southwood 1978).  These measures take into account both species richness and species 

evenness and are referred to as heterogeneous measures.  They are valuable in that they 

allow for comparison across all treatments, despite differences in sample size and number 

of individuals caught, and are useful as they assume no statistical distribution.  The Simpson 

index, 1
-D
 and the Shannon Wiener index, H’ are both useful values in studies of this kind.  

These indices combine the effects of species richness and dominance within a community 

and allow for comparison across treatments.  The Simpson index highlights the changes 

that occur in the most common species and the Shannon-Wiener index, a measure of 

entropy within the system, highlights the more rare species in the assemblage (Magurran 

1988).   

• Cluster analysis was used to assess how the assemblages of the different treatments 

compare to one another.  We used the cluster analysis function in Systat, using Ward’s 

linkage method and Euclidean distance measure. This allows us to visualize the similarity of 

the different communities sampled from the treated and untreated sites.  
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4.34.34.34.3 ByByByBy----Catch dataCatch dataCatch dataCatch data    
 

Bycatch species were determined largely to family or order.  Bycatch information is listed in 

Appendices 2 and 3. 

 

4.44.44.44.4 Wildlife StructuresWildlife StructuresWildlife StructuresWildlife Structures    
 
Wildlife structures at Kootowis and Swan Lake were photographed and examined in August and 

September 2008. Species of salamanders found within sites and other species utilizing wildlife 

structures at Kootowis are described in the results.  

 
 

5555 RRRRESULTSESULTSESULTSESULTS    

5.15.15.15.1 Ground vegetation and stand differences among sitesGround vegetation and stand differences among sitesGround vegetation and stand differences among sitesGround vegetation and stand differences among sites    
 

The main tree species and understory vegetation was assessed during the summer in each site.  

Vegetation data is listed in Appendix 4. Photographs of sites are given in Appendix 5. 

 

K1 Treated site Kootowis Creek K1 Treated site Kootowis Creek K1 Treated site Kootowis Creek K1 Treated site Kootowis Creek     

Kootowis is an alluvial creek. The main tree species at this site were Douglas-fir, with a small 

component of western red-cedar.  Canopy coverage was similar at all transects (average 47% 

cover). The main shrubs at this site were salmonberry, willow, salal and hardhack (average cover 

26%), and main herbs were deer fern and sword fern. False lily was found at the stream edge, 

while bracken fern, lady fern and 3-leaved foamflower were found at the third transect, furthest 

away from the stream edge. Average herb cover in this site was 32%. Approximately15% of the 

site was covered in mosses, including large leafy moss, Oregon beaked moss, and slender beaked 

moss. An average of 8% of the site was bare soil, and 45% was covered by leaf litter. 

 

K2 Control site Kootowis CreekK2 Control site Kootowis CreekK2 Control site Kootowis CreekK2 Control site Kootowis Creek    

Again, canopy coverage was similar at all transects (average 44% canopy cover). Main tree species 

were Douglas-fir throughout the block, with some sitka spruce, red alder and western-red cedar 

at the stream edge. The main shrubs at this site were salmonberry, false azalea, salal and red 

huckleberry, (average cover 42%), and main herbs were deer fern, sword fern, lady fern and 3-
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leaved foamflower (average cover 8%). Mosses included large leafy moss, Oregon beaked moss, 

and wavy-leaved cotton moss (average cover 26%). An average of 13% of the site was bare soil, 

and 53% was covered by leaf litter. 

 

K3 Treated site KootowiK3 Treated site KootowiK3 Treated site KootowiK3 Treated site Kootowis Creeks Creeks Creeks Creek    

Again, canopy coverage was similar at all transects (34% average cover). Main tree species were 

Douglas-fir throughout the block, with some western red-cedar at the water’s edge. The main 

shrubs at this site were salmonberry, western-flowering dogwood, salal, false azalea, red 

huckleberry (40% average cover), and main herbs were deer fern, sword fern, spiny oak fern, 

horsetail, lady fern and 3-leaved foamflower, with false lily at the water’s edge (41% average 

cover). Mosses included large leafy moss, Oregon beaked moss, and Menzie’s tree moss (10% 

average cover). An average of 10% of the site was bare soil, and 39% was covered by leaf litter. 

    

LS1 Treated Site Lost ShoeLS1 Treated Site Lost ShoeLS1 Treated Site Lost ShoeLS1 Treated Site Lost Shoe    

At Lost Shoe, there was no canopy at the first transect, and about 25% at the other two transects, 

giving an average canopy coverage of 16% at this site.  Species present were red alder and Coastal 

western-hemlock. Main shrub species were salmonberry and stinkcurrant (13% average cover), 

while the main herbs were false lily, tule, sword fern and orchard grass, deer fern and spiny oak 

fern, Northern starwort, and false lily (average cover 42%). Mosses present included large leafy 

moss and lanky moss (average cover 1%). An average of 18% of the site was bare soil, and 39% 

was covered by leaf litter. 

 

LS2 Control Site Lost ShoeLS2 Control Site Lost ShoeLS2 Control Site Lost ShoeLS2 Control Site Lost Shoe    

Canopy cover was similar throughout the block, with an average cover of 23% overall. Main tree 

species were red alder close to the stream, and Coastal western-hemlock at the third transect. 

Main shrub species were salmonberry and stinkcurrant (82% average cover), while main herbs 

included tule, hellebore, false lily, orchard grass, spiny oak fern, deer fern, skunk cabbage, 

Northern starwort, bracken fern, and sword fern (58% average cover). Mosses included Oregon 

beaked moss, large leafy moss, slender beaked moss, coastal leafy moss and slender beaked moss 

(9% average cover). An average of 10% of the site was bare soil, and 23% was covered by leaf 

litter. 
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SLSLSLSL1 Treated Site Swan Lake1 Treated Site Swan Lake1 Treated Site Swan Lake1 Treated Site Swan Lake    

Canopy cover was similar throughout the block, with an average cover of 24% overall. Main tree 

species were red alder and western red-cedar adjacent to the stream, and Coastal western-

hemlock, western red-cedar and Balsam fir throughout the other transects. Main shrub species 

were salmonberry, red huckleberry and salal (17% average cover), while main herbs included false 

lily, tule, spiny oak fern and skunk cabbage at the stream edge, and deer fern and Northern 

starwort in the rest of the block. Average cover of herbs was 40% overall. Mosses included 

Oregon beaked moss, large leafy moss, slender beaked moss, coastal leafy moss, lanky moss, and 

wavy leaved cotton moss, and there were also liverworts such as tree-ruffle liverwort present. 

Average cover of mosses was 23%. An average of 0.3% of the site was bare soil, and 35% was 

covered by leaf litter. 

    

SLSLSLSL2 Control Site Swan Lake2 Control Site Swan Lake2 Control Site Swan Lake2 Control Site Swan Lake    

Canopy cover was similar throughout the block, with an average cover of Douglas-fir and Coastal 

western-hemlock of 32% overall. Main shrub species were red huckleberry, evergreen 

huckleberry, and salal, (average cover 19%), while main herbs included deer fern and sword fern 

(average cover 36%). Mosses included Oregon beaked moss, wavy leaved cotton moss, small flat 

moss, large leafy moss, coastal leafy moss and slender beaked moss. Average cover of mosses was 

31%.  None of the site was bare soil, and 28% was covered by leaf litter. 

 

Figures 3-9 show how % cover by vegetation varies with distance from the stream.  Standard 

errors are not included for clarity. For most sites, it is apparent that shrub cover generally 

declined while moss cover increased with distance from the stream. There were much higher 

shrub and moss covers in K2 than in the treated sites K1 and K3 (Figures 3-5). For the Lost Shoe 

sites, it was apparent that there were higher shrub and herb covers in the control site LS2 than in 

the treated site, LS1 (Figures 6 & 7). Moss cover was generally low at both of these sites.  For the 

Swan Lake pair, canopy cover, moss cover and herb cover was lower in the treated site SL1 

(Figures 8 & 9). Overall, treated sites showed lower canopy cover, shrub cover, higher herb cover 

and lower moss cover than control sites. 
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OldOldOldOld----growth Sites:growth Sites:growth Sites:growth Sites:    

R1:R1:R1:R1: This site was located adjacent to Staghorn Creek, within the Pacific Rim National Park, 

adjacent to Highway 4. The creek is bound on either side by steep banks of old-growth forest.  

Main tree species in this site were Coastal Western hemlock, Western red-cedar and a small 

amount of Sitka spruce. The site was relatively homogenous. The main shrub species were 

evergreen huckleberry, salal, red huckleberry, false azalea, salmonberry, and Alaskan blueberry, 

while the main herb species recorded were 3-leaved foamflower, horsetail, sword fern, skunk 

cabbage, deer fern, false lily and bunchberry. Main moss species were Oregon beaked moss, lanky 

moss, flat bog moss, slender beaked moss, step moss, large leafy moss, coatal leafy moss, 

sphagnum moss, and tree moss.     Figure 10 shows the average canopy, shrub, herb, moss, bare soil 

and leaf litter cover as one moves from the stream edge (trap 1) out for 75-80 m perpendicular to 

the stream in this site.  Leaf litter increased, and moss cover decreased as one moved from the 

stream edge up the steep back into the old- growth forest. The other vegetation showed variable 

patterns.  

 

R2:R2:R2:R2: This site was located along the turn-off to the Wickanninish. It was comprised of Western 

Red-cedar, Coastal western hemlock and Yellow Cedar. There was also some Sitka spruce close 

to the water’s edge.  The main shrub species in this site were red huckleberry, salal, salmonberry, 

Alaskan blueberry, evergreen huckleberry and false azalea.  Main herb species were skunk cabbage 

at the water’s edge, and deer fern and horsetail throughout the block.  Mosses included green 

sphagnum, cotton moss, step moss, large leafy moss, clear moss, lanky moss, and Oregon beaked 

moss. There were also various liverworts including Cedar shake liverwort.     Figure 11 shows the 

average canopy, shrub, herb, moss, bare soil and leaf litter cover as one moves from the stream 

edge (trap 1) out for 75-80 m perpendicular to the stream.  Canopy and vegetation cover 

appeared to be relatively homogenous within this site, regardless of distance from the stream 

bank. 

 

The figures for the two old growth sites show the patterns along transects that were 

perpendicular to the stream bank. To be directly comparable with the data for the study sites, I 

examined the % cover for shrubs, herbs etc for the first 3 traps along the 3 transects. For R1, 

average % canopy cover was 22%, shrub cover was 48%, herb cover was 48%, moss cover 37%, 
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bare soil 0% and leaf litter 16%.  For R2, average % canopy cover was 25%, shrub cover was 43%, 

herb cover was 37%, moss cover 32%, bare soil 17% and leaf litter 15%.   

 

Comparing the values for the old-growth sites with those for the untreated and treated riparian 

sites above, it is apparent that treated sites are more similar to old growth sites in the lower 

canopy cover, and high herb cover, but differ in the lower shrub and moss components. 

 

Other data collected included moisture readings which were taken at each trap location along 

transects within the sites (Tables 1-4).  Thus, 7 readings were taken at each of the traps on 

transect 1 located perpendicular to the stream and at the stream edge of the stream; 7 readings 

were taken at traps on transect 2, located 15 m perpendicular to the stream, and a final 7 readings 

were taken at traps on transect 3, located 25 m away and perpendicular to the stream.  Patterns 

did not vary consistently across transects, although soil moisture was higher in the treated site K1 

at Kootowis than at the other sites (Figure 12). 
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FigureFigureFigureFigure 3 3 3 3. Canopy closure, shrub. Canopy closure, shrub. Canopy closure, shrub. Canopy closure, shrub, herb, moss and soil cover in K, herb, moss and soil cover in K, herb, moss and soil cover in K, herb, moss and soil cover in K1111 treated site treated site treated site treated site....    
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FigureFigureFigureFigure 4 4 4 4. Canopy closure, shrub,. Canopy closure, shrub,. Canopy closure, shrub,. Canopy closure, shrub, herb, moss and herb, moss and herb, moss and herb, moss and soil cover in K2 control site soil cover in K2 control site soil cover in K2 control site soil cover in K2 control site....    
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FigureFigureFigureFigure 5 5 5 5. Canopy closure, shrub,. Canopy closure, shrub,. Canopy closure, shrub,. Canopy closure, shrub, herb, moss and soil cover in K3 treated site herb, moss and soil cover in K3 treated site herb, moss and soil cover in K3 treated site herb, moss and soil cover in K3 treated site....    
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FigureFigureFigureFigure 6 6 6 6. Canopy closure, shrub. Canopy closure, shrub. Canopy closure, shrub. Canopy closure, shrub, herb, moss and soil cover in LS, herb, moss and soil cover in LS, herb, moss and soil cover in LS, herb, moss and soil cover in LS1111 treated site treated site treated site treated site....    
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FigureFigureFigureFigure 7 7 7 7. Canopy closure, shrub,. Canopy closure, shrub,. Canopy closure, shrub,. Canopy closure, shrub, herb, moss and soil cover herb, moss and soil cover herb, moss and soil cover herb, moss and soil cover in LS2 control site in LS2 control site in LS2 control site in LS2 control site....    
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FigureFigureFigureFigure 8 8 8 8. Canopy closure, shrub. Canopy closure, shrub. Canopy closure, shrub. Canopy closure, shrub, herb, moss and soil cover in SL, herb, moss and soil cover in SL, herb, moss and soil cover in SL, herb, moss and soil cover in SL1111 treated site treated site treated site treated site....    
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FigureFigureFigureFigure 9 9 9 9. Canopy closure, shrub,. Canopy closure, shrub,. Canopy closure, shrub,. Canopy closure, shrub, herb, moss and soil cover in SL2 control site herb, moss and soil cover in SL2 control site herb, moss and soil cover in SL2 control site herb, moss and soil cover in SL2 control site....    
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FigureFigureFigureFigure 10 10 10 10. Canopy closure, shrub, herb, moss and soil cover in R1.. Canopy closure, shrub, herb, moss and soil cover in R1.. Canopy closure, shrub, herb, moss and soil cover in R1.. Canopy closure, shrub, herb, moss and soil cover in R1.    
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FigureFigureFigureFigure 11 11 11 11. Canopy closure, shrub, herb, moss and soil cover in R2.. Canopy closure, shrub, herb, moss and soil cover in R2.. Canopy closure, shrub, herb, moss and soil cover in R2.. Canopy closure, shrub, herb, moss and soil cover in R2.    
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Table 1. Mean moisture readingsTable 1. Mean moisture readingsTable 1. Mean moisture readingsTable 1. Mean moisture readings    (%) for Kootowis sites with standard errors. Readings (%) for Kootowis sites with standard errors. Readings (%) for Kootowis sites with standard errors. Readings (%) for Kootowis sites with standard errors. Readings 
taken July 2008.taken July 2008.taken July 2008.taken July 2008.    

    

Transect K1 SE K2 SE K3 SE 
1 39.50 5.81 25.57 3.18 31.14 5.77 
2 43.00 6.50 32.67 4.64 31.57 3.82 
3 41.25 3.12 32.00 4.77 39.86 2.58 

    
    

Table 2Table 2Table 2Table 2. Mean moisture readings. Mean moisture readings. Mean moisture readings. Mean moisture readings    (%) for Lost Shoe sites with standard errors. Readings (%) for Lost Shoe sites with standard errors. Readings (%) for Lost Shoe sites with standard errors. Readings (%) for Lost Shoe sites with standard errors. Readings 
taken July 2008.taken July 2008.taken July 2008.taken July 2008.    

    

Transect LS1 SE LS2 SE 
1 23.43 4.37 17.43 3.44 
2 38.43 2.09 34.86 3.78 
3 33.43 7.47 31.57 2.15 

    
    
Table 3Table 3Table 3Table 3. Mean moisture readings. Mean moisture readings. Mean moisture readings. Mean moisture readings    (%) for Swan Lake sites with standard errors. Readings (%) for Swan Lake sites with standard errors. Readings (%) for Swan Lake sites with standard errors. Readings (%) for Swan Lake sites with standard errors. Readings 
taken July 2008.taken July 2008.taken July 2008.taken July 2008.    

    

Transect SL1 SE SL2 SE 
1 33.86 9.98   
2 13.43 2.03 26.57 4.15 
3 16.00 1.72 23.00 2.69 

    
    

Table 4Table 4Table 4Table 4. Mean moisture readings. Mean moisture readings. Mean moisture readings. Mean moisture readings    (%) for old(%) for old(%) for old(%) for old----growth growth growth growth sites with standard errors. Readings sites with standard errors. Readings sites with standard errors. Readings sites with standard errors. Readings 
taken July 2008.taken July 2008.taken July 2008.taken July 2008.    

    

Transect R1 SE R2 SE 
1 15.75 11.53 7.67 0.58 
2 34.75 23.13 18.33 2.52 
3 29.83 11.99 15.67 4.73 
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Figure 12. Figure 12. Figure 12. Figure 12. Moisture readings in Moisture readings in Moisture readings in Moisture readings in allallallall sites  sites  sites  sites (K1, K2, K3, LS1, LS2, SL1, Sl2) and Old(K1, K2, K3, LS1, LS2, SL1, Sl2) and Old(K1, K2, K3, LS1, LS2, SL1, Sl2) and Old(K1, K2, K3, LS1, LS2, SL1, Sl2) and Old----growth sites growth sites growth sites growth sites 
((((R1, R2) R1, R2) R1, R2) R1, R2) along transects, where 1= stream edgealong transects, where 1= stream edgealong transects, where 1= stream edgealong transects, where 1= stream edge, 2= 15 m from stream and 3=25 m from the , 2= 15 m from stream and 3=25 m from the , 2= 15 m from stream and 3=25 m from the , 2= 15 m from stream and 3=25 m from the 
streamstreamstreamstream....    
    
    
    

5.25.25.25.2 Trap catchesTrap catchesTrap catchesTrap catches    
 

Catch data for all animals caught in pitfall traps was placed into an Access 2000 Database.  A 

synoptic collection of carabid beetles has been given to the George J. Spencer Entomological 

Museum and one remains with me.  The latter collection includes pinned examples of the non-

carabid beetles captured.  Beetles are identified by site, location and pitfall trap, date of collection, 

and species/genus name.  The other by-catch has been placed in glass jars of isopropyl alcohol and 

pooled by site and date.   

 

5.2.15.2.15.2.15.2.1 Description of carabid speciesDescription of carabid speciesDescription of carabid speciesDescription of carabid species    

 

All carabid beetles were identified at the species level.  Details regarding ecology, distribution and 

habits of the species caught during this study are given in Appendix 6. 



Riparian Restoration Techniques: Use of Carabids as Indicators of Effectiveness                                                   
   

Pearsall Ecological Consulting 
 

33 

Overall, a total of 5836 carabids were captured, from a total of 15 carabid species (Table 5). In the 

Kootowis sites, 2077 individuals were captured from a total of 62 traps sampled monthly, 998 

from K1 (10 species), 568 from K2 (8 species) and 511 from K3 (8 species). In the Lost Shoe sites, 

1768 individuals were captured, from a total of 42 traps sampled monthly, 952 from LS1 (12 

species) and 816 from LS2 (9 species).  In the Swan Lake sites, 938 individuals were captured from 

a total of 35 traps sampled monthly, 596 from SL1 (9 species) and 342 from SL2 (6 species).  In the 

old growth sites, a total of 722 individuals were caught from a total of 36 traps sampled monthly, 

451 from R1 (10 species) and 271 from R2 (9 species).  

In the Kootowis sites, the most abundant species captured was Pterostichus crenicollis Le Conte 

with a total of 1742 individuals caught overall (Table 5).  This species was by far the most 

dominant species caught at this site: the next most dominant species were Scaphinotus 

angusticollis (Fischer von Waldheim), with 134 individuals, Scaphinotus marginatus Fischer von 

Waldheim with 73 individuals, Cychrus tuberculatus Harris with 62 individuals and Pterostichus 

lama Menetries, with 43 individuals.  Both S. angusticollis and P. crenicollis have been identified as 

forest specialists in my previous studies. 

In the Lost Shoe sites, S. angusticollis and P. crenicollis catches were similar, with a total of 614 

and 589 individuals of each species respectively.  The next abundant was Pterostichus algidus 

LeConte with 314 individuals, then Zacotus matthewsii LeConte, with 168 individuals, then C. 

tuberculatus with 50 individuals. The other species were fairly uncommon. 

In the Swan Lake sites, the most common species caught was S. angusticollis with 430 individuals, 

followed by P. crenicollis with 379 individuals.  Next abundant was C. tuberculatus with 58 

individuals caught, and there were similar numbers of P. lama and Agonum affine, with 20 

individuals of each of these species caught (Table 5).   In the old-growth sites, P. crenicollis was 

most abundant, with 431 individuals, followed by S. angusticollis with 176 individuals, P. lama with 

41 individuals and Zacotus matthewsii, with 30 individuals.  

The largest carabids captured were Cychrus tuberculatus, Omus dejeani Reiche, and Scaphinotus 

angusticollis, whereas the smallest carabid beetles captured were Agonum affine Kirby and Leistus 

ferruginosus Mannerheim. 
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5.2.1.15.2.1.15.2.1.15.2.1.1 SpecifSpecifSpecifSpecific differences amongic differences amongic differences amongic differences among the sites the sites the sites the sites    

 

The presence/absence data for the species of carabids for each separate site, as well as the 

proportional contribution that the different species make to the catch in each site, are shown in 

Tables 6 -7.  Average monthly abundance and associated standard errors for each species caught in 

each site are shown in Table 8. The species P. crenicollis, P. amethystinus Mannerheim, S.  

angusticollis, P. lama and C. tuberculatus were found in all the sites. Zacotus matthewsii was only 

found in the two old-growth sites, and in the treated site at Swan Lake, and in the two Lost Shoe 

sites. This species has been noted as an old-growth specialist in previous studies (Pearsall, 2002-

2007) as well as from studies carried out at the HJ Andrews Experimental Forest in Oregon and 

by Craig (1995) for southern Vancouver Island.  S. marginatus was found in all sites except for the 

treated site at Swan Lake, SL2. This species has shown a forest habitat in my previous studies. P. 

algidus was common to most sites, but absent from LS2, K1 and K2.  This species has been shown 

to have a generalist habit in my previous studies. Most of the other species were found in only a 

few sites. Leistus ferruginosus was found only in the two Lost Shoe sites, and this species is known 

to have strong associations with riparian areas (Larochelle & Lariviere 2003). Agonum affine, 

another hygrophilous species, was only found in the treated site at Swan Lake. 

 

When we compare among the paired treated and untreated sites, it is apparent that P. pumilus 

pumilus was found only in the control site at Lost Shoe, LS2, and not in the treated site, LS1 

(Table 6).  There was also a higher abundance of P. algidus and Z. matthewsii in the treated site at 

Lost Shoe than in the control site, while there were more P. crenicollis in the control site (Table 

8). For the Kootowis sites, S. angulatus and P. herculaneus were only present in K1 and K2, not in 

K3. Omus dejeani, an open habitat specialist, was found only in the treated sites, and not in the 

control site at Kootowis. P. castaneus was only present in K1, while P. algidus was found only in 

K3. Both of these species appear to show a more generalist habit (Table 6). There was a higher 

abundance of the forest specialist, S. angusticollis in the 2 treated sites than in the control site 

(Table 8). To compare the sites at Swan Lake, we only compared the catches for transects 2 and 3 

at SL1 with SL2, since we did not have a T1 transect at the latter site.  We found Zacotus 

matthewsii, the old-growth specialist, P. algidus, S. angulatus and A. affine in the treated site, SL1, 
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and not in the control site. Meanwhile, S. marginatus was found only in the control site and not in 

the treated site. 

 

The proportional contribution to the overall catch of the different species at each site differed 

(Table 7).  On a proportional basis, P. crenicollis made up the bulk of the catch in the Kootowis 

sites, while in the other sites, Scaphinotus angusticollis also made up a significant component of the 

catch. Figures 13-22 show the proportions made up by each of the species caught in the different 

sites. In all cases, the treated sites show a higher diversity, and greater evenness of catch than in 

the control sites. 

 

Tables 9-11 show the actual numbers of each carabid species caught along each of the three 

transects within the riparian sites, while Tables 12-15 show the mean monthly catches for each 

transect in each site (except for the old growth sites, where the design differed, and thus just the 

overall means for the entire site are given). No consistent patterns across transects could be seen 

in any of the sites for any of the species.
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Table 5Table 5Table 5Table 5. Total nu. Total nu. Total nu. Total number of mber of mber of mber of the different species of carabids caught in all riparian sites 2008.the different species of carabids caught in all riparian sites 2008.the different species of carabids caught in all riparian sites 2008.the different species of carabids caught in all riparian sites 2008. Species are listed in order of  Species are listed in order of  Species are listed in order of  Species are listed in order of 
overall abundance.overall abundance.overall abundance.overall abundance.    

SpeciSpeciSpeciSpecies Namees Namees Namees Name    SumSumSumSum    K1K1K1K1    K2K2K2K2    K3K3K3K3    LS1LS1LS1LS1    LS2LS2LS2LS2    SL1SL1SL1SL1    SL1 no SL1 no SL1 no SL1 no 
T1T1T1T1    

SL2SL2SL2SL2    R1R1R1R1    R2R2R2R2    

Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    3141 827 529 386 218 371 265 80 114 215 216 

Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    1354 69 1 64 325 289 248 209 182 145 31 

Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    329 0 0 1 285 29 6 4 0 6 2 

Zacotus matthewsZacotus matthewsZacotus matthewsZacotus matthewsiiiiiiii    205 0 0 0 93 75 7 4 0 24 6 

Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    191 28 11 23 16 34 29 18 29 13 8 

Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    110 21 15 7 3 3 13 11 7 37 4 

Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus    84 43 5 25 1 4 0 0 1 4 1 

Pterostichus amethystinusPterostichus amethystinusPterostichus amethystinusPterostichus amethystinus    32 2 1 4 1 5 5 4 9 3 2 

Agonum affineAgonum affineAgonum affineAgonum affine    20 0 0 0 0 0 20 1 0 0 0 

Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    15 5 5 0 2 0 3 0 0 0 0 

Leistus ferruginosus Leistus ferruginosus Leistus ferruginosus Leistus ferruginosus     10 0 0 0 4 6 0 0 0 0 0 

Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    6 1 1 0 2 0 0 0 0 1 1 

Pterostichus pumilus pumilus Pterostichus pumilus pumilus Pterostichus pumilus pumilus Pterostichus pumilus pumilus     5 0 0 0 2 0 0 0 0 3 0 

Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    2 1 0 1 0 0 0 0 0 0 0 

PterostichuPterostichuPterostichuPterostichus castaneuss castaneuss castaneuss castaneus    1 1 0 0 0 0 0 0 0 0 0 

 

Table 6Table 6Table 6Table 6. . . . Presence/absence for the different species of carabids caught in all riparian sites 2008Presence/absence for the different species of carabids caught in all riparian sites 2008Presence/absence for the different species of carabids caught in all riparian sites 2008Presence/absence for the different species of carabids caught in all riparian sites 2008....    Species are listed in order of Species are listed in order of Species are listed in order of Species are listed in order of 
overall abundance.overall abundance.overall abundance.overall abundance.    

Species NameSpecies NameSpecies NameSpecies Name    K 1K 1K 1K 1    K 2K 2K 2K 2    K 3K 3K 3K 3    LS 1LS 1LS 1LS 1    LS 2LS 2LS 2LS 2    SL 1SL 1SL 1SL 1    SL1 SL1 SL1 SL1 
no T1no T1no T1no T1    

SL 2SL 2SL 2SL 2    R 1R 1R 1R 1    R 2R 2R 2R 2    

PterostPterostPterostPterostichus crenicollisichus crenicollisichus crenicollisichus crenicollis    * * * * * * * * * * 
Scaphinotus Scaphinotus Scaphinotus Scaphinotus 
angusticollisangusticollisangusticollisangusticollis    

* * * * * * * * * * 

Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus      * * * * *  * * 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii       * * * *  * * 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    * * * * * * * * * * 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    * * * * * * * * * * 
Scaphinotus maScaphinotus maScaphinotus maScaphinotus marginatusrginatusrginatusrginatus    * * * * *   * * * 
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Pterostichus Pterostichus Pterostichus Pterostichus 
amethystinusamethystinusamethystinusamethystinus    

* * * * * * * * * * 

Agonum affineAgonum affineAgonum affineAgonum affine         * *    
Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    * *    * *    
Leistus ferruginosus Leistus ferruginosus Leistus ferruginosus Leistus ferruginosus        * *      
Pterostichus Pterostichus Pterostichus Pterostichus 
herculaneusherculaneusherculaneusherculaneus    

* *       * * 

Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus 
pumilus pumilus pumilus pumilus     

    *      

Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    *  *        
Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    *          

    

Table 7. Table 7. Table 7. Table 7. Proportion of each Proportion of each Proportion of each Proportion of each carabid carabid carabid carabid speciesspeciesspeciesspecies found in all rip found in all rip found in all rip found in all riparian sitarian sitarian sitarian sites 2008.es 2008.es 2008.es 2008. Species are listed in order of overall abundance. Species are listed in order of overall abundance. Species are listed in order of overall abundance. Species are listed in order of overall abundance.    

Species NameSpecies NameSpecies NameSpecies Name    K1K1K1K1    K2K2K2K2    K3K3K3K3    LS1LS1LS1LS1    LS2LS2LS2LS2    SL1SL1SL1SL1    SL1 SL1 SL1 SL1 
no no no no 
T1T1T1T1    

SL2SL2SL2SL2    R1R1R1R1    R2R2R2R2    

PterostichuPterostichuPterostichuPterostichus crenicolliss crenicolliss crenicolliss crenicollis    0.8290.8290.8290.829    0.9310.9310.9310.931    0.7550.7550.7550.755    0.2290.2290.2290.229    0.4550.4550.4550.455    0.4450.4450.4450.445    0.2400.2400.2400.240    0.3330.3330.3330.333    0.4770.4770.4770.477    0.7970.7970.7970.797    
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    0.069 0.002 0.125 0.3410.3410.3410.341    0.3540.3540.3540.354    0.4160.4160.4160.416    0.6260.6260.6260.626    0.5320.5320.5320.532    0.3220.3220.3220.322    0.1140.1140.1140.114    
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    0.000 0.000 0.002 0.2990.2990.2990.299    0.036 0.010 0.012 0.000 0.013 0.007 
Zacotus mattZacotus mattZacotus mattZacotus matthewsiihewsiihewsiihewsii    0.000 0.000 0.000 0.098 0.092 0.012 0.012 0.000 0.053 0.022 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    0.028 0.019 0.045 0.017 0.042 0.049 0.054 0.085 0.029 0.030 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    0.021 0.026 0.014 0.003 0.004 0.022 0.033 0.020 0.082 0.015 
Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus    0.043 0.009 0.049 0.001 0.005 0.000 0.000 0.003 0.009 0.004 
Pterostichus amethystinusPterostichus amethystinusPterostichus amethystinusPterostichus amethystinus    0.002 0.002 0.008 0.001 0.006 0.008 0.012 0.026 0.007 0.007 
Agonum affineAgonum affineAgonum affineAgonum affine    0.000 0.000 0.000 0.000 0.000 0.034 0.003 0.000 0.000 0.000 
Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    0.005 0.009 0.000 0.002 0.000 0.005 0.009 0.000 0.000 0.000 
Leistus ferruginosus Leistus ferruginosus Leistus ferruginosus Leistus ferruginosus     0.000 0.000 0.000 0.004 0.007 0.000 0.000 0.000 0.000 0.000 
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.001 0.002 0.000 0.002 0.000 0.000 0.000 0.000 0.002 0.004 
Pterostichus pumilus pumilus Pterostichus pumilus pumilus Pterostichus pumilus pumilus Pterostichus pumilus pumilus     0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.007 0.000 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    0.001 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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Figure 13.Figure 13.Figure 13.Figure 13. Species proportions in site K1 (b Species proportions in site K1 (b Species proportions in site K1 (b Species proportions in site K1 (based on total catch of each species over the ased on total catch of each species over the ased on total catch of each species over the ased on total catch of each species over the 
season).season).season).season).    
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Figure Figure Figure Figure 14141414.... Species proportions in site K2 (based on total catch of each species over the  Species proportions in site K2 (based on total catch of each species over the  Species proportions in site K2 (based on total catch of each species over the  Species proportions in site K2 (based on total catch of each species over the 
season).season).season).season).    
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K3 Species Proportion
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Figure Figure Figure Figure 15151515.... Species proportions in site K3 (based on total catch of each species over the  Species proportions in site K3 (based on total catch of each species over the  Species proportions in site K3 (based on total catch of each species over the  Species proportions in site K3 (based on total catch of each species over the 
season).season).season).season).    
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Figure Figure Figure Figure 16161616.... Species proportions in site LS1 (based on total catch of each species over the  Species proportions in site LS1 (based on total catch of each species over the  Species proportions in site LS1 (based on total catch of each species over the  Species proportions in site LS1 (based on total catch of each species over the 
season).season).season).season).    
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Figure Figure Figure Figure 17171717.... Species proportions in site LS2 (based on total catch of each species over the  Species proportions in site LS2 (based on total catch of each species over the  Species proportions in site LS2 (based on total catch of each species over the  Species proportions in site LS2 (based on total catch of each species over the 
season).season).season).season).    
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Figure Figure Figure Figure 18181818.... Species proportions in site SL1 (based  Species proportions in site SL1 (based  Species proportions in site SL1 (based  Species proportions in site SL1 (based on total catch of each species over the on total catch of each species over the on total catch of each species over the on total catch of each species over the 
season).season).season).season).    
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SL1 No T1 Species Proportion
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Figure Figure Figure Figure 19191919.... Species proportions in site SL1 transects 2 and 3 only (based on total catch of  Species proportions in site SL1 transects 2 and 3 only (based on total catch of  Species proportions in site SL1 transects 2 and 3 only (based on total catch of  Species proportions in site SL1 transects 2 and 3 only (based on total catch of 
each species over the season).each species over the season).each species over the season).each species over the season).    
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Figure Figure Figure Figure 20202020.... Species proportions in site SL2 (based on total catch of each speci Species proportions in site SL2 (based on total catch of each speci Species proportions in site SL2 (based on total catch of each speci Species proportions in site SL2 (based on total catch of each species over the es over the es over the es over the 
season).season).season).season).    
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R1 Species Proportion
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Figure Figure Figure Figure 21212121.... Species proportions in site R1 (based on total catch of each species over the  Species proportions in site R1 (based on total catch of each species over the  Species proportions in site R1 (based on total catch of each species over the  Species proportions in site R1 (based on total catch of each species over the 
season).season).season).season).    
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Figure Figure Figure Figure 22222222.... Species proportions in site R2 (based on total catch of each species over the  Species proportions in site R2 (based on total catch of each species over the  Species proportions in site R2 (based on total catch of each species over the  Species proportions in site R2 (based on total catch of each species over the 
season).season).season).season).    
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Table 8Table 8Table 8Table 8. Means and Standard err. Means and Standard err. Means and Standard err. Means and Standard errors of the average monthly carabid catch for each species for each site.ors of the average monthly carabid catch for each species for each site.ors of the average monthly carabid catch for each species for each site.ors of the average monthly carabid catch for each species for each site.    

Species NameSpecies NameSpecies NameSpecies Name    K1K1K1K1        K2K2K2K2        K3K3K3K3        LS1LS1LS1LS1        LS2LS2LS2LS2        R1R1R1R1        R2R2R2R2        SL1SL1SL1SL1        SL2SL2SL2SL2        
    MeanMeanMeanMean    SESESESE    MeanMeanMeanMean    SESESESE    MeanMeanMeanMean    SESESESE    MeanMeanMeanMean    SESESESE    MeanMeanMeanMean    SESESESE    MeanMeanMeanMean    SESESESE    MeanMeanMeanMean    SESESESE    MeanMeanMeanMean    SESESESE    MeanMeanMeanMean    SESESESE    
Agonum Agonum Agonum Agonum     
affineaffineaffineaffine    

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.255 0.108 0.000 0.000 

Cychrus Cychrus Cychrus Cychrus 
tuberculatustuberculatustuberculatustuberculatus    

0.341 0.129 0.183 0.159 0.426 0.236 0.197 0.121 0.442 0.203 0.194 0.081 0.111 0.051 0.374 0.178 0.520 0.158 

Leistus Leistus Leistus Leistus 
ferruginosus ferruginosus ferruginosus ferruginosus     

0.000 0.000 0.000 0.000 0.000 0.000 0.049 0.028 0.073 0.042 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

OmusOmusOmusOmus    
dejeanidejeanidejeanidejeani    

0.012 0.012 0.000 0.000 0.019 0.019 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Pterostichus Pterostichus Pterostichus Pterostichus 
algidusalgidusalgidusalgidus    

0.000 0.000 0.000 0.000 0.019 0.019 3.557 0.897 0.364 0.213 0.089 0.038 0.028 0.028 0.075 0.075 0.000 0.000 

Pterostichus Pterostichus Pterostichus Pterostichus 
amethystinusamethystinusamethystinusamethystinus    

0.024 0.014 0.016 0.016 0.074 0.049 0.013 0.013 0.076 0.059 0.044 0.027 0.031 0.031 0.063 0.024 0.165 0.055 

Pterostichus Pterostichus Pterostichus Pterostichus 
castaneuscastaneuscastaneuscastaneus    

0.012 0.012 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Pterostichus Pterostichus Pterostichus Pterostichus 
crenicolliscrenicolliscrenicolliscrenicollis    

9.982 1.286 8.701 0.957 7.148 1.309 2.661 0.810 4.944 0.801 3.228 0.782 3.108 0.753 3.357 0.691 2.027 0.215 

Pterostichus Pterostichus Pterostichus Pterostichus 
herculaneusherculaneusherculaneusherculaneus    

0.012 0.012 0.017 0.017 0.000 0.000 0.024 0.024 0.000 0.000 0.017 0.017 0.016 0.016 0.000 0.000 0.000 0.000 

PterostichusPterostichusPterostichusPterostichus    
lamalamalamalama    

0.254 0.044 0.244 0.073 0.130 0.019 0.039 0.023 0.039 0.024 0.558 0.253 0.057 0.023 0.163 0.055 0.123 0.030 

Pterostichus Pterostichus Pterostichus Pterostichus 
pumilus pumilus pumilus pumilus pumilus pumilus pumilus pumilus     

0.000 0.000 0.000 0.000 0.000 0.000 0.027 0.016 0.000 0.000 0.044 0.015 0.000 0.000 0.000 0.000 0.000 0.000 

Scaphinotus Scaphinotus Scaphinotus Scaphinotus 
angulatusangulatusangulatusangulatus    

0.060 0.060 0.079 0.079 0.000 0.000 0.024 0.024 0.000 0.000 0.000 0.000 0.000 0.000 0.038 0.038 0.000 0.000 

Scaphinotus Scaphinotus Scaphinotus Scaphinotus 
angusticolangusticolangusticolangusticollislislislis    

0.822 0.516 0.016 0.016 1.185 0.673 4.015 2.599 3.739 1.369 2.042 1.653 0.443 0.314 3.139 0.897 3.291 1.007 

Scaphinotus Scaphinotus Scaphinotus Scaphinotus 
marginatusmarginatusmarginatusmarginatus    

0.513 0.403 0.080 0.057 0.463 0.435 0.012 0.012 0.051 0.034 0.056 0.056 0.014 0.014 0.000 0.000 0.017 0.017 

ZacotusZacotusZacotusZacotus    
matmatmatmatthewsiithewsiithewsiithewsii    

0.000 0.000 0.000 0.000 0.000 0.000 1.146 0.297 0.975 0.298 0.344 0.185 0.090 0.055 0.088 0.052 0.000 0.000 

TOTALTOTALTOTALTOTAL    
    
    12.0312.0312.0312.03    9.349.349.349.34    9.469.469.469.46    11.7611.7611.7611.76    10.7010.7010.7010.70    6.626.626.626.62    3.903.903.903.90    7.557.557.557.55    6.146.146.146.14 

    
    



 

 Pearsall Ecological Consulting 

Table 9Table 9Table 9Table 9. Total catches of each carabid species along each of the transects in t. Total catches of each carabid species along each of the transects in t. Total catches of each carabid species along each of the transects in t. Total catches of each carabid species along each of the transects in the Kootowis he Kootowis he Kootowis he Kootowis 
Sites (K1, K2 and K3), where T1 is located at the stream edge, T2 is 15 m from the Sites (K1, K2 and K3), where T1 is located at the stream edge, T2 is 15 m from the Sites (K1, K2 and K3), where T1 is located at the stream edge, T2 is 15 m from the Sites (K1, K2 and K3), where T1 is located at the stream edge, T2 is 15 m from the 
stream and T3 is 25 m from the stream.stream and T3 is 25 m from the stream.stream and T3 is 25 m from the stream.stream and T3 is 25 m from the stream.    

Species NameSpecies NameSpecies NameSpecies Name    K1T1K1T1K1T1K1T1    K1T2K1T2K1T2K1T2    K1T3K1T3K1T3K1T3    K2T1K2T1K2T1K2T1    K2T2K2T2K2T2K2T2    K2T3K2T3K2T3K2T3    K3T1K3T1K3T1K3T1    K3T2K3T2K3T2K3T2    K3T3K3T3K3T3K3T3    
Agonum affineAgonum affineAgonum affineAgonum affine    0 0 0 0 0 0 0 0 0 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    3 4 21 3 2 6 10 9 4 
Leistus ferruginosus Leistus ferruginosus Leistus ferruginosus Leistus ferruginosus     0 0 0 0 0 0 0 0 0 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    1 0 0 0 0 0 0 0 1 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    0 0 0 0 0 0 1 0 0 
Pterostichus amethystinusPterostichus amethystinusPterostichus amethystinusPterostichus amethystinus    0 1 1 0 0 1 1 1 2 
Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0 1 0 0 0 0 0 0 0 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    266 317 244 231 197 101 117 178 91 
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0 0 1 0 0 1 0 0 0 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    10 10 1 8 5 2 0 3 4 
Pterostichus pumilus pumilusPterostichus pumilus pumilusPterostichus pumilus pumilusPterostichus pumilus pumilus    0 0 0 0 0 0 0 0 0 
Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    0 0 5 0 2 3 0 0 0 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    21 25 23 1 0 0 22 26 16 
Scaphinotus margScaphinotus margScaphinotus margScaphinotus marginatusinatusinatusinatus    14 21 8 2 3 0 23 1 1 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    0 0 0 0 0 0 0 0 0 
    

Table 10Table 10Table 10Table 10. Total catches of each carabid species along each of the transects in the . Total catches of each carabid species along each of the transects in the . Total catches of each carabid species along each of the transects in the . Total catches of each carabid species along each of the transects in the Lost Lost Lost Lost 
Shoe Sites (LS1 and LS2Shoe Sites (LS1 and LS2Shoe Sites (LS1 and LS2Shoe Sites (LS1 and LS2), where T1 is located at the stream edge, T2 is 15 m from the ), where T1 is located at the stream edge, T2 is 15 m from the ), where T1 is located at the stream edge, T2 is 15 m from the ), where T1 is located at the stream edge, T2 is 15 m from the 
stream and T3 stream and T3 stream and T3 stream and T3 is 25 m from the stream.is 25 m from the stream.is 25 m from the stream.is 25 m from the stream.    

Species NameSpecies NameSpecies NameSpecies Name    LS1T1LS1T1LS1T1LS1T1    LS1T2LS1T2LS1T2LS1T2    LS1T3LS1T3LS1T3LS1T3    LS2T1LS2T1LS2T1LS2T1    LS2T2LS2T2LS2T2LS2T2    LS2T3LS2T3LS2T3LS2T3    
Agonum affineAgonum affineAgonum affineAgonum affine    0 0 0 0 0 0 
Agonum ferruginosumAgonum ferruginosumAgonum ferruginosumAgonum ferruginosum    0 0 0 0 0 0 
Agonum piceolumAgonum piceolumAgonum piceolumAgonum piceolum    0 0 0 0 0 0 
Amara littoralis Amara littoralis Amara littoralis Amara littoralis     0 0 0 0 0 0 
Broscoderus insignusBroscoderus insignusBroscoderus insignusBroscoderus insignus    0 0 0 0 0 0 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    11 5 0 10 19 5 
Harpalus cordifer Harpalus cordifer Harpalus cordifer Harpalus cordifer     0 0 0 0 0 0 
Leistus ferruginosus Leistus ferruginosus Leistus ferruginosus Leistus ferruginosus     3 0 1 3 1 2 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    0 0 0 0 0 0 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    95 107 83 13 6 10 
Pterostichus amethystinusPterostichus amethystinusPterostichus amethystinusPterostichus amethystinus    1 0 0 3 2 0 
Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0 0 0 0 0 0 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    86 83 49 150 123 98 
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0 0 2 0 0 0 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    1 1 1 1 2 0 
Pterostichus protractusPterostichus protractusPterostichus protractusPterostichus protractus    0 0 0 0 0 0 
Pterostichus pumilus pumilusPterostichus pumilus pumilusPterostichus pumilus pumilusPterostichus pumilus pumilus    2 0 0 0 0 0 
Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    2 0 0 0 0 0 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    87 167 71 125 82 82 
Scaphinotus marginScaphinotus marginScaphinotus marginScaphinotus marginatusatusatusatus    0 1 0 2 1 1 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    34 51 8 21 45 9 
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Table 11Table 11Table 11Table 11. Total catches of each carabid species along each of the transects in the . Total catches of each carabid species along each of the transects in the . Total catches of each carabid species along each of the transects in the . Total catches of each carabid species along each of the transects in the Swan Swan Swan Swan 
Lake Sites (SL1 and SL2Lake Sites (SL1 and SL2Lake Sites (SL1 and SL2Lake Sites (SL1 and SL2), where T1 is located at the stream edge, T2 is 15 m from the ), where T1 is located at the stream edge, T2 is 15 m from the ), where T1 is located at the stream edge, T2 is 15 m from the ), where T1 is located at the stream edge, T2 is 15 m from the 
stream and T3 is 25 m from stream and T3 is 25 m from stream and T3 is 25 m from stream and T3 is 25 m from the stream.the stream.the stream.the stream.    

Species NameSpecies NameSpecies NameSpecies Name    SL1T1SL1T1SL1T1SL1T1    SL1T2SL1T2SL1T2SL1T2    SL1T3SL1T3SL1T3SL1T3    SL2T2SL2T2SL2T2SL2T2    SL2T3SL2T3SL2T3SL2T3    
Agonum affineAgonum affineAgonum affineAgonum affine    19 1 0 0 0 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    11 10 8 9 20 
Leistus ferruginosus Leistus ferruginosus Leistus ferruginosus Leistus ferruginosus     0 0 0 0 0 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    0 0 0 0 0 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    2 2 2 0 0 
Pterostichus amethystinusPterostichus amethystinusPterostichus amethystinusPterostichus amethystinus    1 3 1 4 5 
Pterostichus Pterostichus Pterostichus Pterostichus castaneuscastaneuscastaneuscastaneus    0 0 0 0 0 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    185 55 25 13 101 
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0 0 0 0 0 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    2 4 7 2 5 
Pterostichus pumilus pumilusPterostichus pumilus pumilusPterostichus pumilus pumilusPterostichus pumilus pumilus    0 0 0 0 0 
Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    0 1 2 0 0 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    39 123 86 82 100 
ScaphinotuScaphinotuScaphinotuScaphinotus marginatuss marginatuss marginatuss marginatus    0 0 0 0 1 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    3 3 1 0 0 
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Table 12Table 12Table 12Table 12. Mean . Mean . Mean . Mean average monthly carabid catchaverage monthly carabid catchaverage monthly carabid catchaverage monthly carabid catcheseseses for each species along each of the transects in the Kootowis Sites (K1, K2 and  for each species along each of the transects in the Kootowis Sites (K1, K2 and  for each species along each of the transects in the Kootowis Sites (K1, K2 and  for each species along each of the transects in the Kootowis Sites (K1, K2 and 
K3), where T1 is located at the stream edge, T2 is 15 m from the stream aK3), where T1 is located at the stream edge, T2 is 15 m from the stream aK3), where T1 is located at the stream edge, T2 is 15 m from the stream aK3), where T1 is located at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.nd T3 is 25 m from the stream.nd T3 is 25 m from the stream.nd T3 is 25 m from the stream.    

Species NameSpecies NameSpecies NameSpecies Name    K1T1K1T1K1T1K1T1    K1T2K1T2K1T2K1T2    K1T3K1T3K1T3K1T3    K2T1K2T1K2T1K2T1    K2T2K2T2K2T2K2T2    K2T3K2T3K2T3K2T3    K3T1K3T1K3T1K3T1    K3T2K3T2K3T2K3T2    K3T3K3T3K3T3K3T3    
Agonum affineAgonum affineAgonum affineAgonum affine    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    0.113 0.143 0.750 0.159 0.095 0.286 0.476 0.468 0.283 
Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    0.036 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.067 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    0.000 0.000 0.000 0.000 0.000 0.000 0.056 0.000 0.000 
Pterostichus Pterostichus Pterostichus Pterostichus 
amethystinusamethystinusamethystinusamethystinus    

0.000 0.036 0.036 0.000 0.000 0.048 0.048 0.048 0.150 

Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0.000 0.036 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    9.893 11.321 8.714 11.548 9.381 5.032 5.873 8.937 6.283 
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.000 0.000 0.036 0.000 0.000 0.056 0.000 0.000 0.000 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    0.381 0.357 0.036 0.397 0.238 0.103 0.000 0.159 0.283 
Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus 
pumiluspumiluspumiluspumilus    

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    0.000 0.000 0.179 0.000 0.095 0.143 0.000 0.000 0.000 
Scaphinotus anScaphinotus anScaphinotus anScaphinotus angusticollisgusticollisgusticollisgusticollis    0.756 0.893 0.821 0.048 0.000 0.000 1.056 1.310 1.233 
Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus    0.512 0.750 0.286 0.095 0.143 0.000 1.103 0.048 0.083 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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Table 13Table 13Table 13Table 13. Mean . Mean . Mean . Mean average monthly caraaverage monthly caraaverage monthly caraaverage monthly carabid catchbid catchbid catchbid catcheseseses for each species along each of the transects  for each species along each of the transects  for each species along each of the transects  for each species along each of the transects in in in in 
the Lost Shoe Sites (LS1 and LS2the Lost Shoe Sites (LS1 and LS2the Lost Shoe Sites (LS1 and LS2the Lost Shoe Sites (LS1 and LS2), where T1 is located at the stream edge, T2 is 15 m from the ), where T1 is located at the stream edge, T2 is 15 m from the ), where T1 is located at the stream edge, T2 is 15 m from the ), where T1 is located at the stream edge, T2 is 15 m from the 
stream and T3 is 25 m from the stream.stream and T3 is 25 m from the stream.stream and T3 is 25 m from the stream.stream and T3 is 25 m from the stream.    

Species NameSpecies NameSpecies NameSpecies Name    LS1T1LS1T1LS1T1LS1T1    LS1T2LS1T2LS1T2LS1T2    LS1T3LS1T3LS1T3LS1T3    LS2T1LS2T1LS2T1LS2T1    LS2T2LS2T2LS2T2LS2T2    LS2T3LS2T3LS2T3LS2T3    
Agonum affinAgonum affinAgonum affinAgonum affineeee    0.000 0.000 0.000 0.000 0.000 0.000 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    0.393 0.202 0.000 0.357 0.679 0.219 
Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus    0.107 0.000 0.036 0.107 0.036 0.077 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    4.277 3.940 2.964 0.464 0.214 0.357 
Pterostichus Pterostichus Pterostichus Pterostichus 
amethystinusamethystinusamethystinusamethystinus    

0.036 0.000 0.000 0.107 0.098 0.000 

Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    3.125 3.083 1.750 5.357 4.795 4.521 
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.000 0.000 0.071 0.000 0.000 0.000 
PtPtPtPterostichus lamaerostichus lamaerostichus lamaerostichus lama    0.036 0.036 0.036 0.036 0.071 0.000 
Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus 
pumiluspumiluspumiluspumilus    

0.098 0.000 0.000 0.000 0.000 0.000 

Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    0.071 0.000 0.000 0.000 0.000 0.000 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    3.134 6.173 2.536 4.464 3.170 3.444 
Scaphinotus marScaphinotus marScaphinotus marScaphinotus marginatusginatusginatusginatus    0.000 0.036 0.000 0.071 0.063 0.036 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    1.241 1.893 0.286 0.750 1.607 0.428 

 
Table 14Table 14Table 14Table 14. Mean. Mean. Mean. Mean average monthly carabid catch average monthly carabid catch average monthly carabid catch average monthly carabid catcheseseses for each species along each of the transects in  for each species along each of the transects in  for each species along each of the transects in  for each species along each of the transects in 
the the the the Swan Lake Sites (SL1 and SL2Swan Lake Sites (SL1 and SL2Swan Lake Sites (SL1 and SL2Swan Lake Sites (SL1 and SL2), where T1 is located at t), where T1 is located at t), where T1 is located at t), where T1 is located at the stream edge, T2 is 15 m from the he stream edge, T2 is 15 m from the he stream edge, T2 is 15 m from the he stream edge, T2 is 15 m from the 
stream and T3 is 25 m from the stream.stream and T3 is 25 m from the stream.stream and T3 is 25 m from the stream.stream and T3 is 25 m from the stream.    

Species NameSpecies NameSpecies NameSpecies Name    SL1T1SL1T1SL1T1SL1T1    SL1T2SL1T2SL1T2SL1T2    SL1T3SL1T3SL1T3SL1T3    SL2T2SL2T2SL2T2SL2T2    SL2T3SL2T3SL2T3SL2T3    
Agonum affineAgonum affineAgonum affineAgonum affine    0.850 0.036 0.000 0.000 0.000 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    0.525 0.357 0.286 0.339 0.714 
Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus    0.000 0.000 0.000 0.000 0.000 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    0.000 0.000 0.000 0.000 0.000 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    0.083 0.071 0.071 0.000 0.000 
Pterostichus Pterostichus Pterostichus Pterostichus 
amethystinusamethystinusamethystinusamethystinus    

0.042 0.107 0.036 0.155 0.179 

Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0.000 0.000 0.000 0.000 0.000 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    8.142 1.964 0.893 0.482 3.607 
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.000 0.000 0.000 0.000 0.000 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    0.083 0.143 0.250 0.077 0.179 
Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus 
pumiluspumiluspumiluspumilus    

0.000 0.000 0.000 0.000 0.000 

Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    0.000 0.036 0.071 0.000 0.000 
Scaphinotus angustiScaphinotus angustiScaphinotus angustiScaphinotus angusticolliscolliscolliscollis    1.767 4.393 3.071 3.030 3.571 
Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus    0.000 0.000 0.000 0.000 0.036 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    0.125 0.107 0.036 0.000 0.000 
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Table 15Table 15Table 15Table 15. Means and Standard errors of the average monthly carabid catch for each species. Means and Standard errors of the average monthly carabid catch for each species. Means and Standard errors of the average monthly carabid catch for each species. Means and Standard errors of the average monthly carabid catch for each species in the  in the  in the  in the 
oldoldoldold----growth sitgrowth sitgrowth sitgrowth siteseseses    

Species NameSpecies NameSpecies NameSpecies Name    R1R1R1R1        R2R2R2R2     
    MeanMeanMeanMean    SESESESE    MeanMeanMeanMean    SESESESE    
Agonum affineAgonum affineAgonum affineAgonum affine    0.000 0.000 0.000 0.000 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    0.194 0.081 0.111 0.051 
Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus    0.000 0.000 0.000 0.000 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    0.000 0.000 0.000 0.000 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    0.089 0.038 0.028 0.028 
Pterostichus amethystinusPterostichus amethystinusPterostichus amethystinusPterostichus amethystinus    0.044 0.027 0.031 0.031 
Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0.000 0.000 0.000 0.000 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    3.2283.2283.2283.228    0.782 3.1083.1083.1083.108    0.753 
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.017 0.017 0.016 0.016 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    0.558 0.253 0.057 0.023 
PterostichusPterostichusPterostichusPterostichus pumilus pumilus  pumilus pumilus  pumilus pumilus  pumilus pumilus     0.044 0.015 0.000 0.000 
Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    0.000 0.000 0.000 0.000 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    2.0422.0422.0422.042    1.653 0.443 0.314 
Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus    0.056 0.056 0.014 0.014 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    0.344 0.185 0.090 0.055 
 6.6176.6176.6176.617        3.8983.8983.8983.898     

 
 

5.2.1.25.2.1.25.2.1.25.2.1.2 BiomaBiomaBiomaBiomass Datass Datass Datass Data    

 

The body lengths of all the carabids were measured to estimate biomass (mg dry weight) using 

regression equations given in the literature (Jarosik, 1989). Using yearly average catches, the average 

biomass in mg collected in each site (Table 16&17) could be estimated. Larger carabids such as Cychrus 

tuberculatus, Omus dejeani, Pterostichus lama, and the Scaphinotus genus had the highest biomass, and 

thus abundance of these species would affect overall biomass in any one location. 

 

Highest biomass was noted in the Lost Shoe sites, then the Kootowis sites, then the Swan Lake sites and 

lowest average biomass for the season was seen in the old-growth sites (Table 16-17). 

 

Table 18 shows the proportion of the biomass made up by the species within any one site.  Figures 23-

32 show these data graphically as pie charts.  Again, a pie chart is made up for Swan Lake treated site for 

all transects pooled, and for transcts 2 and 3 only. The latter chart can be more easily compared with 

the control site, SL2, where transect 1 was not sampled.   In the Kootowis sites, most of the biomass 

was made up of P. crenicollis, and the highest proportion of biomass attributed to this one species was 
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found in K2, the control site. The biomass of S. angusticollis was higher, and the biomass of P. crenicollis 

lower in the treated sites, K1 and K3, than in the control site.  For the Lost Shoe sites, most of the 

biomass was made up of S. angusticollis in both sites. In the treated site, there was a higher biomass of S. 

angusticollis, Zacotus matthewsii and P. algidus, and a lower biomass of both C. tuberculatus and P. 

crenicollis than in the control site, LS2, In SL1, most of the biomass was made up of S. angusticollis, then 

P. crenicollis, then C. tuberculatus and then P. lama. When we compare SL1 (transect 2 and 3 only) with 

SL1 (all transects) there was a lower biomass of P. crenicollis and a higher biomass attributed to S. 

angusticollis in the former.  When we compare SL1 (transect 2 and 3 only) and SL2, it appeared that 

there was a greater biomass of S. angusticollis and P. lama and a lower biomass of C. tuberculatus and P. 

crenicollis in the treated site as compared to the control site. 

 

The biomass patterns in the two old-growth sites differed from one another, but most biomass was 

made up of the species P. crenicollis and S. angusticollis, while P. lama had a greater biomass in R1 than 

in R2. 

 

Tables 19-21 show the biomass by species at each transect, while Table 22 gives the total biomass for 

each site by transect. For the Kootowis control K2, most biomass was at transect 1, while for K1 and 

K3, most biomass was at transect 2. For LS1 treated site, most biomass was at transect 2, while for the 

control site, LS2, most was at transect 1.  Thus, a similar pattern was seen for both of these two sites. 

Tables 23-25 show these biomass values for each species at each transect expressed as a proportion of 

the total biomass at that transect. No clear differences among transects are discernible- in the Kootowis 

sites, moss of the biomass is made up of P. crenicollis for all transects, while at Lost Shoe, most is due to 

S. angusticollis. At Swan Lake, most biomass in SL1 transects 2 and 3 is due to S. angusticollis, while 

biomass at transect 1 in this treated site is mainly attributable to P. crenicollis.
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Table 16. Biomass (mg) for each site. Biomass is calculated by average monthly catch of each carabid species * mass of each Table 16. Biomass (mg) for each site. Biomass is calculated by average monthly catch of each carabid species * mass of each Table 16. Biomass (mg) for each site. Biomass is calculated by average monthly catch of each carabid species * mass of each Table 16. Biomass (mg) for each site. Biomass is calculated by average monthly catch of each carabid species * mass of each 
species in mg (estimated by regression equation in Jarosik, 1989).species in mg (estimated by regression equation in Jarosik, 1989).species in mg (estimated by regression equation in Jarosik, 1989).species in mg (estimated by regression equation in Jarosik, 1989).    

Species NameSpecies NameSpecies NameSpecies Name    K1K1K1K1    K2K2K2K2    K3K3K3K3    LS1LS1LS1LS1    LS2LS2LS2LS2    R1R1R1R1    R2R2R2R2    SL1SL1SL1SL1    SL2SL2SL2SL2    
AgoAgoAgoAgonum affinenum affinenum affinenum affine    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.640 0.000 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    36.064 19.385 45.036 20.833 46.743 20.560 11.749 39.512 54.970 
Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus    0.000 0.000 0.000 0.123 0.184 0.000 0.000 0.000 0.000 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    0.908 0.000 1.412 0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    0.000 0.000 0.561 107.808107.808107.808107.808    11.024 2.694 0.842 2.273 0.000 
Pterostichus amethystinusPterostichus amethystinusPterostichus amethystinusPterostichus amethystinus    0.497 0.331 1.546 0.261 1.594 0.927 0.652 1.304 3.439 
Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0.303 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    625.347625.347625.347625.347    545.107545.107545.107545.107    447.834447.834447.834447.834    166.732166.732166.732166.732    309.758309.758309.758309.758    202.221202.221202.221202.221    194.695194.695194.695194.695    210.332210.332210.332210.332    127.010127.010127.010127.010    
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.419 0.587 0.000 0.839 0.000 0.587 0.550 0.000 0.000 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    44.669 42.961 22.782 6.769 6.835 98.126 10.069 28.675 21.582 
Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus 
pumiluspumiluspumiluspumilus    

0.000 0.000 0.000 0.568 0.000 0.927 0.000 0.000 0.000 

Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    6.158 8.211 0.000 2.463 0.000 0.000 0.000 3.880 0.000 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    88.81688.81688.81688.816    1.715 128.055128.055128.055128.055    433.830433.830433.830433.830    403.945403.945403.945403.945    220.594220.594220.594220.594    44447.8337.8337.8337.833    339.208339.208339.208339.208    355.592355.592355.592355.592    
Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus    18.276 2.855 16.490 0.424 1.829 1.979 0.495 0.000 0.594 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    0.000 0.000 0.000 66.760 56.801 20.060 5.258 5.096 0.000 

 

TableTableTableTable 17 17 17 17.  Total biomass per site (Sum of average seasonal catch of each sp.  Total biomass per site (Sum of average seasonal catch of each sp.  Total biomass per site (Sum of average seasonal catch of each sp.  Total biomass per site (Sum of average seasonal catch of each species* mass of each species)ecies* mass of each species)ecies* mass of each species)ecies* mass of each species)    

K1K1K1K1    K2K2K2K2    K3K3K3K3    LS1LS1LS1LS1    LS2LS2LS2LS2    R1R1R1R1    R2R2R2R2    SL1SL1SL1SL1    SL2SL2SL2SL2    
821.458 621.153 663.716 807.409 838.713 568.676 272.142 630.920 563.187 

 

Table 18Table 18Table 18Table 18.  Proportion of biomass made up by each carabid species in each of the riparian sites 2008..  Proportion of biomass made up by each carabid species in each of the riparian sites 2008..  Proportion of biomass made up by each carabid species in each of the riparian sites 2008..  Proportion of biomass made up by each carabid species in each of the riparian sites 2008.    

Species NameSpecies NameSpecies NameSpecies Name    K1K1K1K1    K2K2K2K2    KKKK3333    LS1LS1LS1LS1    LS2LS2LS2LS2    R1R1R1R1    R2R2R2R2    SL1SL1SL1SL1    SL2SL2SL2SL2    
Agonum affineAgonum affineAgonum affineAgonum affine    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    0.044 0.031 0.068 0.026 0.056 0.036 0.043 0.063 0.098 
Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Omus dejeaOmus dejeaOmus dejeaOmus dejeanininini    0.001 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    0.000 0.000 0.001 0.134 0.013 0.005 0.003 0.004 0.000 
Pterostichus amethystinusPterostichus amethystinusPterostichus amethystinusPterostichus amethystinus    0.001 0.001 0.002 0.000 0.002 0.002 0.002 0.002 0.006 
Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    0.761 0.878 0.675 0.207 0.369 0.356 0.715 0.333 0.226 
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.001 0.001 0.000 0.001 0.000 0.001 0.002 0.000 0.000 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    0.054 0.069 0.034 0.008 0.008 0.173 0.037 0.045 0.038 
Pterostichus pumilus pumilusPterostichus pumilus pumilusPterostichus pumilus pumilusPterostichus pumilus pumilus    0.000 0.000 0.000 0.001 0.000 0.002 0.000 0.000 0.000 
Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    0.007 0.013 0.000 0.003 0.000 0.000 0.000 0.006 0.000 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    0.108 0.003 0.193 0.537 0.482 0.388 0.176 0.538 0.631 
Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus    0.022 0.005 0.025 0.001 0.002 0.003 0.002 0.000 0.001 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    0.000 0.000 0.000 0.083 0.068 0.035 0.019 0.008 0.000 
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Figure 23. Proportion of biomass in K1 made up by each species of carabid.Figure 23. Proportion of biomass in K1 made up by each species of carabid.Figure 23. Proportion of biomass in K1 made up by each species of carabid.Figure 23. Proportion of biomass in K1 made up by each species of carabid.    
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FigureFigureFigureFigure 24. Proportion o 24. Proportion o 24. Proportion o 24. Proportion of biomass in K2f biomass in K2f biomass in K2f biomass in K2 made up by each species of carabid. made up by each species of carabid. made up by each species of carabid. made up by each species of carabid.    
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FigureFigureFigureFigure 25. Proportion of biomass in K3 25. Proportion of biomass in K3 25. Proportion of biomass in K3 25. Proportion of biomass in K3 made up by each species of carabid. made up by each species of carabid. made up by each species of carabid. made up by each species of carabid.    
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FigureFigureFigureFigure 26. Proportion of biomass in LS 26. Proportion of biomass in LS 26. Proportion of biomass in LS 26. Proportion of biomass in LS1 made up by each species of carabid.1 made up by each species of carabid.1 made up by each species of carabid.1 made up by each species of carabid.    
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FigureFigureFigureFigure 27. Proportion of biomass in LS2 27. Proportion of biomass in LS2 27. Proportion of biomass in LS2 27. Proportion of biomass in LS2 made  made  made  made up by each species of carabid.up by each species of carabid.up by each species of carabid.up by each species of carabid.    
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FigureFigureFigureFigure 28. Proportion of biomass in SL 28. Proportion of biomass in SL 28. Proportion of biomass in SL 28. Proportion of biomass in SL1 made up by each species of carabid.1 made up by each species of carabid.1 made up by each species of carabid.1 made up by each species of carabid.    
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FigureFigureFigureFigure 29. Proportion of biomass in SL 29. Proportion of biomass in SL 29. Proportion of biomass in SL 29. Proportion of biomass in SL1 1 1 1 (transects 2 and 3 only) (transects 2 and 3 only) (transects 2 and 3 only) (transects 2 and 3 only) made up by each species of made up by each species of made up by each species of made up by each species of 
carabid.carabid.carabid.carabid.    
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FigureFigureFigureFigure    33330. Proportion of biomass in SL20. Proportion of biomass in SL20. Proportion of biomass in SL20. Proportion of biomass in SL2 m m m made up by each species of carabid.ade up by each species of carabid.ade up by each species of carabid.ade up by each species of carabid.    

 



Riparian Restoration Techniques: Use of Carabids as Indicators of Effectiveness                                                   
   

Pearsall Ecological Consulting 
 

56 

R1 Biomass Proportion

Agonum affine

Cychrus tuberculatus

Leistus ferruginosus 

Omus dejeani

Pterostichus algidus

Pterostichus amethystinus

Pterostichus castaneus

Pterostichus crenicollis

Pterostichus herculaneus

Pterostichus lama

Pterostichus pumilus pumilus 

Scaphinotus angulatus

Scaphinotus angusticollis

Scaphinotus marginatus

Zacotus matthewsii

 

FigureFigureFigureFigure    33331. Proportion of biomass in R1. Proportion of biomass in R1. Proportion of biomass in R1. Proportion of biomass in R1 made up by each species of carabid.1 made up by each species of carabid.1 made up by each species of carabid.1 made up by each species of carabid.    
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FigureFigureFigureFigure 32. Proportion of biomass in R2 32. Proportion of biomass in R2 32. Proportion of biomass in R2 32. Proportion of biomass in R2 made up by each species of carabid. made up by each species of carabid. made up by each species of carabid. made up by each species of carabid.    
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Table 19. Table 19. Table 19. Table 19. Biomass in mgBiomass in mgBiomass in mgBiomass in mg    for for for for each species along each of the transeach species along each of the transeach species along each of the transeach species along each of the transects in the Kootowis Sites (K1, K2 and K3), where T1 is ects in the Kootowis Sites (K1, K2 and K3), where T1 is ects in the Kootowis Sites (K1, K2 and K3), where T1 is ects in the Kootowis Sites (K1, K2 and K3), where T1 is 
located at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.located at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.located at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.located at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.    

Species NameSpecies NameSpecies NameSpecies Name    K1T1K1T1K1T1K1T1    K1T2K1T2K1T2K1T2    K1T3K1T3K1T3K1T3    K2T1K2T1K2T1K2T1    K2T2K2T2K2T2K2T2    K2T3K2T3K2T3K2T3    K3T1K3T1K3T1K3T1    K3T2K3T2K3T2K3T2    K3T3K3T3K3T3K3T3    
Agonum affineAgonum affineAgonum affineAgonum affine    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    11.958 15.105 79.303 16.784 10.070 30.211 50.351 49.512 29.959 
Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    2.724 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.085 
PterostichusPterostichusPterostichusPterostichus algidus algidus algidus algidus    0.000 0.000 0.000 0.000 0.000 0.000 1.684 0.000 0.000 
Pterostichus Pterostichus Pterostichus Pterostichus 
amethystinusamethystinusamethystinusamethystinus    

0.000 0.745 0.745 0.000 0.000 0.994 0.994 0.994 3.130 

Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0.000 0.910 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    619.790 709.291 545.953 723.462 587.719 315.240 367.946 559.875 393.653 
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.000 0.000 1.258 0.000 0.000 1.957 0.000 0.000 0.000 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    66.951 62.767 6.277 69.741 41.845 18.133 0.000 27.896 49.795 
Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus 
pumiluspumiluspumiluspumilus    

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    0.000 0.000 18.475 0.000 9.853 14.780 0.000 0.000 0.000 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    81.678 96.470 88.752 5.145 0.000 0.000 114.049 141.489 133.257 
Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus    18.233 26.714 10.177 3.392 5.088 0.000 39.293 1.696 2.968 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
TOTALTOTALTOTALTOTAL    801.335 912.002 750.939 818.524 654.576 381.314 574.317 781.462 617.846 

 

Table 20.Table 20.Table 20.Table 20. Biomass in mgBiomass in mgBiomass in mgBiomass in mg    for each species along each offor each species along each offor each species along each offor each species along each of the transects in the  the transects in the  the transects in the  the transects in the Lost Shoe Sites (LS1 and LSLost Shoe Sites (LS1 and LSLost Shoe Sites (LS1 and LSLost Shoe Sites (LS1 and LS2), where T1 is located 2), where T1 is located 2), where T1 is located 2), where T1 is located 
at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.    

Species NameSpecies NameSpecies NameSpecies Name    LS1T1LS1T1LS1T1LS1T1    LS1T2LS1T2LS1T2LS1T2    LS1T3LS1T3LS1T3LS1T3    LS2T1LS2T1LS2T1LS2T1    LS2T2LS2T2LS2T2LS2T2    LS2T3LS2T3LS2T3LS2T3    
Agonum affineAgonum affineAgonum affineAgonum affine    0.000 0.000 0.000 0.000 0.000 0.000 
CycCycCycCychrus tuberculatushrus tuberculatushrus tuberculatushrus tuberculatus    41.540 21.399 0.000 37.763 71.750 23.161 
Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus    0.269 0.000 0.090 0.269 0.090 0.195 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    129.634 119.440 89.851 14.073 6.495 10.825 
Pterostichus Pterostichus Pterostichus Pterostichus 
amethystinamethystinamethystinamethystinusususus    

0.745 0.000 0.000 2.235 2.049 0.000 

Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    195.782 193.172 109.638 335.627 300.386 283.232 
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.000 0.000 2.516 0.000 0.000 0.000 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    6.277 6.277 6.277 6.277 12.553 0.000 
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Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus 
pumiluspumiluspumiluspumilus    

2.049 0.000 0.000 0.000 0.000 0.000 

Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    7.390 0.000 0.000 0.000 0.000 0.000 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    338.609 666.927 273.974 482.348 342.467 372.116 
Scaphinotus marginatScaphinotus marginatScaphinotus marginatScaphinotus marginatusususus    0.000 1.272 0.000 2.544 2.226 1.272 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    72.280 110.240 16.640 43.680 93.600 24.925 
TOTALTOTALTOTALTOTAL    794.575 1118.727 498.986 924.817 831.617 715.726 

 

Table 21. Table 21. Table 21. Table 21. Biomass in mgBiomass in mgBiomass in mgBiomass in mg    for each species along each of the transects in the for each species along each of the transects in the for each species along each of the transects in the for each species along each of the transects in the Swan LakeSwan LakeSwan LakeSwan Lake Sites ( Sites ( Sites ( Sites (LS1LS1LS1LS1 and SL2 and SL2 and SL2 and SL2), where T1 is located ), where T1 is located ), where T1 is located ), where T1 is located 
at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.    

Species NameSpecies NameSpecies NameSpecies Name    SL1T1SL1T1SL1T1SL1T1    SL1T2SL1T2SL1T2SL1T2    SL1T3SL1T3SL1T3SL1T3    SL2T2SL2T2SL2T2SL2T2    SL2T3SL2T3SL2T3SL2T3    
Agonum affineAgonum affineAgonum affineAgonum affine    2.137 0.090 0.000 0.000 0.000 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    55.512 37.763 30.211 35.875 75.527 
Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus    0.000 0.000 0.000 0.000 0.000 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    0.000 0.000 0.000 0.000 0.000 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    2.526 2.165 2.165 0.000 0.000 
Pterostichus Pterostichus Pterostichus Pterostichus 
amethystinusamethystinusamethystinusamethystinus    

0.869 2.235 0.745 3.229 3.726 

Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0.000 0.000 0.000 0.000 0.000 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    510.078 123.063 55.938 30.206 225.989 
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.000 0.000 0.000 0.000 0.000 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    14.646 25.107 43.937 13.600 31.384 
Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus 
pumiluspumiluspumiluspumilus    

0.000 0.000 0.000 0.000 0.000 

Scaphinotus angulatScaphinotus angulatScaphinotus angulatScaphinotus angulatusususus    0.000 3.695 7.390 0.000 0.000 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    190.881 474.631 331.856 327.354 385.879 
Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus    0.000 0.000 0.000 0.000 1.272 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    7.280 6.240 2.080 0.000 0.000 
TOTALTOTALTOTALTOTAL    783.929 674.989 474.321 410.264 723.775 
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Table 22. Estimated total biomass in mg for each of the transects in each riparian site 2008.Table 22. Estimated total biomass in mg for each of the transects in each riparian site 2008.Table 22. Estimated total biomass in mg for each of the transects in each riparian site 2008.Table 22. Estimated total biomass in mg for each of the transects in each riparian site 2008.    

SiteSiteSiteSite    K1T1K1T1K1T1K1T1    K1T2K1T2K1T2K1T2    K1T3K1T3K1T3K1T3    K2T1K2T1K2T1K2T1    K2T2K2T2K2T2K2T2    K2T3K2T3K2T3K2T3    K3T1K3T1K3T1K3T1    K3T2K3T2K3T2K3T2    K3T3K3T3K3T3K3T3    
TOTAL 801.335 912.002 750.939 818.524 654.576 381.314 574.317 781.462 617.846 
          
SiteSiteSiteSite    LS1T1LS1T1LS1T1LS1T1    LS1T2LS1T2LS1T2LS1T2    LS1LS1LS1LS1T3T3T3T3    LS2T1LS2T1LS2T1LS2T1    LS2T2LS2T2LS2T2LS2T2    LS2T3LS2T3LS2T3LS2T3       
TOTAL 794.575 1118.727 498.986 924.817 831.617 715.726    
          
SiteSiteSiteSite    SL1T1SL1T1SL1T1SL1T1    SL1T2SL1T2SL1T2SL1T2    SL1T3SL1T3SL1T3SL1T3    SL2T2SL2T2SL2T2SL2T2    SL2T3SL2T3SL2T3SL2T3        
TOTAL 783.929 674.989 474.321 410.264 723.775     

 

Table 23Table 23Table 23Table 23. . . . Proportion of biomass Proportion of biomass Proportion of biomass Proportion of biomass for each species along each of the trfor each species along each of the trfor each species along each of the trfor each species along each of the transects in the Kootowis Sites (K1, K2 and K3), where T1 ansects in the Kootowis Sites (K1, K2 and K3), where T1 ansects in the Kootowis Sites (K1, K2 and K3), where T1 ansects in the Kootowis Sites (K1, K2 and K3), where T1 
is located at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.is located at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.is located at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.is located at the stream edge, T2 is 15 m from the stream and T3 is 25 m from the stream.    

Species NameSpecies NameSpecies NameSpecies Name    K1T1K1T1K1T1K1T1    K1T2K1T2K1T2K1T2    K1T3K1T3K1T3K1T3    K2T1K2T1K2T1K2T1    K2T2K2T2K2T2K2T2    K2T3K2T3K2T3K2T3    K3T1K3T1K3T1K3T1    K3T2K3T2K3T2K3T2    K3T3K3T3K3T3K3T3    
Agonum affineAgonum affineAgonum affineAgonum affine    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    0.015 0.017 0.106 0.021 0.015 0.079 0.088 0.063 0.048 
Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.008 
Pterostichus algidPterostichus algidPterostichus algidPterostichus algidusususus    0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 
Pterostichus Pterostichus Pterostichus Pterostichus 
amethystinusamethystinusamethystinusamethystinus    

0.000 0.001 0.001 0.000 0.000 0.003 0.002 0.001 0.005 

Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    0.7730.7730.7730.773    0.7780.7780.7780.778    0.0.0.0.727727727727    0.8840.8840.8840.884    0.8980.8980.8980.898    0.8270.8270.8270.827    0.6410.6410.6410.641    0.7160.7160.7160.716    0.6370.6370.6370.637    
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.000 0.000 0.002 0.000 0.000 0.005 0.000 0.000 0.000 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    0.084 0.069 0.008 0.085 0.064 0.048 0.000 0.036 0.081 
Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus 
pumiluspumiluspumiluspumilus    

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    0.000 0.000 0.025 0.000 0.015 0.039 0.000 0.000 0.000 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    0.102 0.106 0.118 0.006 0.000 0.000 0.199 0.181 0.216 
Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus    0.023 0.029 0.014 0.004 0.008 0.000 0.068 0.002 0.005 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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Table 24Table 24Table 24Table 24.... Proportion of biomass Proportion of biomass Proportion of biomass Proportion of biomass for each species along each of the transects in the for each species along each of the transects in the for each species along each of the transects in the for each species along each of the transects in the Lost Shoe Lost Shoe Lost Shoe Lost Shoe 
Sites (LS1 and LSSites (LS1 and LSSites (LS1 and LSSites (LS1 and LS2), where T1 is located at the stream edge, T2 is 15 m from the st2), where T1 is located at the stream edge, T2 is 15 m from the st2), where T1 is located at the stream edge, T2 is 15 m from the st2), where T1 is located at the stream edge, T2 is 15 m from the stream and T3 is ream and T3 is ream and T3 is ream and T3 is 
25 m from the stream.25 m from the stream.25 m from the stream.25 m from the stream.    

Species NameSpecies NameSpecies NameSpecies Name    LS1T1LS1T1LS1T1LS1T1    LS1T2LS1T2LS1T2LS1T2    LS1T3LS1T3LS1T3LS1T3    LS2T1LS2T1LS2T1LS2T1    LS2T2LS2T2LS2T2LS2T2    LS2T3LS2T3LS2T3LS2T3    
Agonum affineAgonum affineAgonum affineAgonum affine    0.000 0.000 0.000 0.000 0.000 0.000 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    0.052 0.019 0.000 0.041 0.086 0.032 
Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus    0.000 0.000 0.000 0.000 0.000 0.000 
OmOmOmOmus dejeanius dejeanius dejeanius dejeani    0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    0.163 0.107 0.180 0.015 0.008 0.015 
Pterostichus Pterostichus Pterostichus Pterostichus 
amethystinusamethystinusamethystinusamethystinus    

0.001 0.000 0.000 0.002 0.002 0.000 

Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus    0.000 0.000 0.000 0.000 0.000 0.000 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    0.0.0.0.246246246246    0.1730.1730.1730.173    0.2200.2200.2200.220    0.3630.3630.3630.363    0.3610.3610.3610.361    0.3960.3960.3960.396    
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.000 0.000 0.005 0.000 0.000 0.000 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    0.008 0.006 0.013 0.007 0.015 0.000 
Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus 
pumiluspumiluspumiluspumilus    

0.003 0.000 0.000 0.000 0.000 0.000 

Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    0.009 0.000 0.000 0.000 0.000 0.000 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    0.4260.4260.4260.426    0.5960.5960.5960.596    0.5490.5490.5490.549    0.5220.5220.5220.522    0.4120.4120.4120.412    0.5200.5200.5200.520    
Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus    0.000 0.001 0.000 0.003 0.003 0.002 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    0.091 0.099 0.033 0.047 0.113 0.035 

    
Table 25Table 25Table 25Table 25. . . . Proportion of biomass Proportion of biomass Proportion of biomass Proportion of biomass for each species along for each species along for each species along for each species along each of the transects in the each of the transects in the each of the transects in the each of the transects in the Swan LakeSwan LakeSwan LakeSwan Lake    
Sites (Sites (Sites (Sites (LS1 and SL2LS1 and SL2LS1 and SL2LS1 and SL2), where T1 is located at the stream edge, T2 is 15 m from the stream and T3 is ), where T1 is located at the stream edge, T2 is 15 m from the stream and T3 is ), where T1 is located at the stream edge, T2 is 15 m from the stream and T3 is ), where T1 is located at the stream edge, T2 is 15 m from the stream and T3 is 
25 m from the stream.25 m from the stream.25 m from the stream.25 m from the stream.    

Species NameSpecies NameSpecies NameSpecies Name    SL1T1SL1T1SL1T1SL1T1    SL1T2SL1T2SL1T2SL1T2    SL1T3SL1T3SL1T3SL1T3    SL2T2SL2T2SL2T2SL2T2    SL2T3SL2T3SL2T3SL2T3    
Agonum affineAgonum affineAgonum affineAgonum affine    0.003 0.000 0.000 0.000 0.000 
Cychrus Cychrus Cychrus Cychrus tuberculatustuberculatustuberculatustuberculatus    0.071 0.056 0.064 0.087 0.104 
Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus    0.000 0.000 0.000 0.000 0.000 
Omus dejeaniOmus dejeaniOmus dejeaniOmus dejeani    0.000 0.000 0.000 0.000 0.000 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    0.003 0.003 0.005 0.000 0.000 
Pterostichus Pterostichus Pterostichus Pterostichus 
amethystinusamethystinusamethystinusamethystinus    

0.001 0.003 0.002 0.008 0.005 

PterostPterostPterostPterostichus castaneusichus castaneusichus castaneusichus castaneus    0.000 0.000 0.000 0.000 0.000 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    0.6510.6510.6510.651    0.182 0.118 0.074 0.3120.3120.3120.312    
Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus    0.000 0.000 0.000 0.000 0.000 
Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama    0.019 0.037 0.093 0.033 0.043 
Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus Pterostichus pumilus 
pumiluspumiluspumiluspumilus    

0.000 0.000 0.000 0.000 0.000 

Scaphinotus angulatusScaphinotus angulatusScaphinotus angulatusScaphinotus angulatus    0.000 0.005 0.016 0.000 0.000 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    0.2430.2430.2430.243    0.7030.7030.7030.703    0.7000.7000.7000.700    0.7980.7980.7980.798    0.5330.5330.5330.533    
Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus    0.000 0.000 0.000 0.000 0.002 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    0.009 0.009 0.004 0.000 0.000 
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5.2.25.2.25.2.25.2.2 Analysis of temporal trendsAnalysis of temporal trendsAnalysis of temporal trendsAnalysis of temporal trends        
 

Overall catches of carabids cannot be compared among sites due to different trapping intensity, 

but can be compared over the summer within any one treatment or treatment/location, since 

trapping intensity did not differ over the course of the season.   

 

Patterns in monthly catches varied among sites (Table 26). In K1, K2 and K3, highest catches were 

in September, August and August, respectively. In the Lost Shoe sites, highest catches were in 

September for both the treated and control site. For Swan Lake, highest catches were also in 

September for both sites. This is likely due to the increased numbers of S. angusticollis that are 

caught in September in most sites (Figures 33-35).  Specifically, abundance of S. angusticollis was 

particularly high along the second transect in the treated sites of both Lost Shoe and Swan Lake in 

September (Figure 34 & 35). Catches were also generally higher in the treated sites at Kootowis 

(Figure 33). Mean monthly catches were also plotted for C. tuberculatus, P. algidus, P. crenicollis, 

Z. matthewsii, and P. lama (Figures 36-46). In all of these figures, treated sites are in pink and red 

colours, while control site are green and blue colours. C. tuberculatus was most abundant in July 

in Kootowis and Lost Shoe, but highest numbers were on transect 2 in LS2 (control) and on 

transect 3 on K1 (treated), thus, there appears to be no relationship with treatment (Figures 36 & 

37).  In Swan Lake, highest numbers were for SL1 transect 1 and SL2 transect 3, so the same lack 

of pattern with treatment was apparent (Figure 38). P. algidus was more abundant in treated sites 

than in control sites at Lost Shoe, but numbers were too low at the other sites to examine (Figure 

39).  P. crenicollis was generally more abundant in the treated site K1 than in K2 and K3, though 

this species was caught in high numbers at transect 1 of the control site, K2 (Figure 39). In Lost 

Shoe, highest catches were generally in the control site, while at Swan Lake, clear patterns were 

not apparent, although particularly high numbers were caught along transect 1 in the treated site 

(Figure 41 & 42). Z. matthewsii was abundant at transect 2 in the LS2 and at transects 1 and 2 in 

the treated site, LS1 (Figure 43). P. lama was generally more abundant in the treated sites at 

Kootowis, was caught in very low numbers at Lost Shoe, and showed erratic patterns at Swan 

Lake (Figures 44-46). 

Table 26. Monthly catches of all carabids pooled for each of the 4 months of capture (JuneTable 26. Monthly catches of all carabids pooled for each of the 4 months of capture (JuneTable 26. Monthly catches of all carabids pooled for each of the 4 months of capture (JuneTable 26. Monthly catches of all carabids pooled for each of the 4 months of capture (June----
September).September).September).September).    

MonthMonthMonthMonth    K1K1K1K1    K2K2K2K2    K3K3K3K3    LS1LS1LS1LS1    LS2LS2LS2LS2    R1R1R1R1    R2R2R2R2    SL1SL1SL1SL1    SL2SL2SL2SL2    
6666    154   129 128 40 18 153 83 
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7777    252 190 173 115 149 113 85 125 66 
8888    256 214 175 202 214 87 77 155 70 
9999    336 164 163 506 325 211 91 163 123 

Kootowis Scaphinotus angusticollis
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Figure 33. Monthly catches of Figure 33. Monthly catches of Figure 33. Monthly catches of Figure 33. Monthly catches of Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis along each transect in the Kootowis  along each transect in the Kootowis  along each transect in the Kootowis  along each transect in the Kootowis 
sites.sites.sites.sites.    

Lost Shoe Scaphinotus angusticollis
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Figure 34Figure 34Figure 34Figure 34.... Monthly catches of  Monthly catches of  Monthly catches of  Monthly catches of Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis along each transect in the  along each transect in the  along each transect in the  along each transect in the Lost ShoeLost ShoeLost ShoeLost Shoe    
sites.sites.sites.sites.    
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Swan Lake Scaphinotus angusticollis
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Figure 35Figure 35Figure 35Figure 35. Monthly catches of . Monthly catches of . Monthly catches of . Monthly catches of Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis along each transect in the  along each transect in the  along each transect in the  along each transect in the Swan LakeSwan LakeSwan LakeSwan Lake    
sites.sites.sites.sites.    
 

Kootowis Cychrus tuberculatus
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Figure 36Figure 36Figure 36Figure 36. Monthly catches of . Monthly catches of . Monthly catches of . Monthly catches of Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus along each along each along each along each transect in the Kootowis  transect in the Kootowis  transect in the Kootowis  transect in the Kootowis 
sites.sites.sites.sites.    
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Lost Shoe Cychrus tuberculatus
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Figure 37Figure 37Figure 37Figure 37. Monthly catches of . Monthly catches of . Monthly catches of . Monthly catches of Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    along each transect in the along each transect in the along each transect in the along each transect in the Lost ShoeLost ShoeLost ShoeLost Shoe    
sites.sites.sites.sites.    
 

Swan Lake Cychrus tuberculatus

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Jun-08 Jul-08 Aug-08 Sep-08

M
ea

n
 n

o
. c

ar
ab

id
s 

p
er

 t
ra

p

SL1 T1
SL1 T2
SL1 T3
SL2 T2
SL2 T3

 

Figure 38Figure 38Figure 38Figure 38. Monthly catches of . Monthly catches of . Monthly catches of . Monthly catches of Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus along each transect in the  along each transect in the  along each transect in the  along each transect in the Swan LakeSwan LakeSwan LakeSwan Lake    
sites.sites.sites.sites.    
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Lost Shoe Pterostichus algidus
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Figure 39Figure 39Figure 39Figure 39. Monthly catches. Monthly catches. Monthly catches. Monthly catches of  of  of  of Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus along each transect in the  along each transect in the  along each transect in the  along each transect in the Lost ShoeLost ShoeLost ShoeLost Shoe sites. sites. sites. sites.    
 

 

Kootowis Pterostichus crenicollis
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Figure 40Figure 40Figure 40Figure 40. Monthly catches of . Monthly catches of . Monthly catches of . Monthly catches of Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis along each transect in the Kootowis  along each transect in the Kootowis  along each transect in the Kootowis  along each transect in the Kootowis 
sites.sites.sites.sites.    
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Lost Shoe Pterostichus crenicollis
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Figure 41Figure 41Figure 41Figure 41. Monthly catches of . Monthly catches of . Monthly catches of . Monthly catches of Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    along each transect in the along each transect in the along each transect in the along each transect in the LLLLost Shoeost Shoeost Shoeost Shoe    
sites.sites.sites.sites.    
 

Swan Lake Pterostichus crenicollis
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Figure 42Figure 42Figure 42Figure 42. Monthly catches of . Monthly catches of . Monthly catches of . Monthly catches of Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    along each transect in the along each transect in the along each transect in the along each transect in the Swan LakeSwan LakeSwan LakeSwan Lake    
sites.sites.sites.sites.    
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Lost Shoe Zacotus matthewsi i
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Figure 4Figure 4Figure 4Figure 43. Monthly catches of 3. Monthly catches of 3. Monthly catches of 3. Monthly catches of Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii along each transect in the  along each transect in the  along each transect in the  along each transect in the Lost ShoeLost ShoeLost ShoeLost Shoe sites. sites. sites. sites.    
 

Kootowis Pterostichus lama
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Figure 44Figure 44Figure 44Figure 44. Monthly catches of . Monthly catches of . Monthly catches of . Monthly catches of PterostichPterostichPterostichPterostichus lamaus lamaus lamaus lama along each transect in the Kootowis sites. along each transect in the Kootowis sites. along each transect in the Kootowis sites. along each transect in the Kootowis sites.    
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Lost Shoe Pterostichus lama
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Figure 45Figure 45Figure 45Figure 45. Monthly catches of . Monthly catches of . Monthly catches of . Monthly catches of Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama along each transect in the  along each transect in the  along each transect in the  along each transect in the Lost ShoeLost ShoeLost ShoeLost Shoe sites. sites. sites. sites.    

Swan Lake Pterostichus lama
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Figure 46Figure 46Figure 46Figure 46. Monthly catches of . Monthly catches of . Monthly catches of . Monthly catches of Pterostichus lamaPterostichus lamaPterostichus lamaPterostichus lama along each transect in the  along each transect in the  along each transect in the  along each transect in the Swan LakeSwan LakeSwan LakeSwan Lake sites. sites. sites. sites.    
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5.2.35.2.35.2.35.2.3 AnalyseAnalyseAnalyseAnalysessss    

5.2.3.15.2.3.15.2.3.15.2.3.1 IndivIndivIndivIndividual species’ responses to idual species’ responses to idual species’ responses to idual species’ responses to riparianriparianriparianriparian treatments.   treatments.   treatments.   treatments.      

The responses of individual species to riparian treatments were analysed using ANOVA and t-tests 

using SYSTAT 10.2 for those months when sample size was adequate for statistical comparison.   

 

Degrees of freedom, t and F statistics and P values are listed in Appendix 7 at the end of this 

report.  Values of P< 0.05 were taken to be significant.   

 

Firstly, one-way ANOVA was used to compare the monthly catches of C. tuberculatus, P. 

crenicollis, P. algidus and S. angusticollis among the sites.  For all months, there were no significant 

differences in abundance of C. tuberculatus among sites.  There were significantly more P. algidus 

caught in LS1 (treated site at Lost Shoe) than in any other sites.  For P. crenicollis, there were 

generally significantly greater numbers of this species in the Kootowis sites, particularly K1, than 

the other sites, and catches of this species were always low in the Swan Lake sites. Abundance of 

S. angusticollis was generally higher in the Swan Lake sites than the Kootowis sites for June and 

July, but no significant differences could be discerned in August. In September, there were 

significantly higher catches of this species in the treated site at Lost Shoe, LS1, than in the 

Kootowis sites. 

 

Next, average monthly catches were compared among the paired treated/untreated sites for each 

transect separately using paired t-tests for Lost Shoe and Swan Lake paired sites. 

 

For the Lost Shoe pair of sites, there were more P. crenicollis along transects 1-3 in the control 

site, LS2 than in LS1, but the differences were only significant for transect 1 and 2. Although there 

were higher numbers of P. algidus in LS1 for all transects, significant differences among the two 

sites could not be discerned. No significant differences in abundance of S. angusticollis or Zacotus 

matthewsii could be discerned either. 
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For the Swan Lake sites, no significant differences in the abundance of S. angusticollis between the 

treated and control sites could be discerned. For P. crenicollis, there were significantly more in 

SL1 for transect 2, while there were significantly more in SL2 for transect 3. 

 

For Kootowis, one–way ANOVA was used to examine the differences among the three sites. For 

transect 1 and 3, catches of P. crenicollis were higher in the control site K2, but differences were 

not significant. For transect 2, catches of this species were highest in K1 treated site. 

 

For S. angusticollis, no significant differences could be discerned among sites for any transects. 

5.2.3.25.2.3.25.2.3.25.2.3.2 Multivariate community analysisMultivariate community analysisMultivariate community analysisMultivariate community analysis    

Multivariate community analysis (using PC-ORD software, McCune & Mefford 1999) was used to 

examine patterns of association across the different site types. Non-metric multidimensional 

scaling (NMS) was used to quantitatively summarize the overall distribution of species assemblages 

across the various gradients and to show how the treatments compare to one another in terms of 

“species space”.  NMS has been widely used in ecological gradient studies (Clarke 1993).   

 

I used a Sorensen distance measure, two final axes, 100 iterations and random starting 

coordinates.  The 2-dimensional solution was chosen as this resulted in a lower value of stress 

(7.68) than a solution with more or less dimensions. This stress level is taken to be “fair’ (Kruskal, 

1964) and Clarke (1993) notes that a stress level between 5 and 10 is “a good ordination with no 

real risk of drawing false inferences”.  The final solution took 44 iterations and had a final instability 

of 0.00000, which is very low. Axis 1 accounted for 13% of the variance and Axis 2 accounted for 

83% of the variance based on the r
2
 between the distance in the ordination space and the distance 

in the original space. 

 

The resulting NMS plot produced was colour coded using three different overlays. The first 

overlay coded the different sites such that treated sites were red, untreated sites were green and 

old-growth sites were turquoise (Figure 47).    The second overlay coded the catches at the 

different transects such that those from transect 1 for both treated and untreated sites were red, 

catches at transect 2 for both treated and untreated sites were green, catches at transect 3 for 

both treated and untreated sites were turquoise, and old-growth sites were purple (Figure 48). 
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The third overlay coded the catches by transect and treatment combination such that catches at 

transect 1 for treated sites were red, catches at transect 2 for treated sites were green, catches at 

transect 3 for treated sites were turquoise, catches at transect 1 for control sites were purple, 

catches at transect 2 for control sites were dark blue, catches at transect 3 for control sites were 

yellow, and old-growth sites were brown (Figure 49).    

 

Figure 47 shows that communities from treated sites, and communities from untreated sites do 

cluster in groups, but not as entire groups in “species-space” in the ordination, suggesting that the 

site factor is more important to the type of community than the treatments done. Figure 48 shows 

how the communities from the different transects compare- here treatment is not included as a 

factor in the overlay, just distance from the stream. No clear clustering is apparent on this overlay, 

suggesting that there are not distinct communities at different distances from streams, but rather 

that site and treatment are factors that need to be considered.  Figure 49 overlay shows the 

communities by transect and treatment – again, no clear patterns occur. Figure 50 shows the same 

ordination (but flipped 90 degrees) with sites coloured separate colours such that communities at 

all three transects for each of the sites (K1, K2, K3, LS1, LS2, SL1, and SL2) are all coloured the 

same (Figure 50).  The important finding is that communities from transects within a site do 

generally show greater similarities to one another than those from other sites, and there do 

appear to be different communities between a treated site and its paired control site. However, 

there does not appear to be an overall “treated riparian community”. This is not surprising, given 

that for each of these sites, treatments differed, tree species in the sites differed and the time 

period since treatment also differed.  

 

    Detailed results for the NMS are given in Appendix 8. 
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Figure 47. NMS for carabid captures for all loFigure 47. NMS for carabid captures for all loFigure 47. NMS for carabid captures for all loFigure 47. NMS for carabid captures for all location/treatment comparisons for sites treated cation/treatment comparisons for sites treated cation/treatment comparisons for sites treated cation/treatment comparisons for sites treated 
(red), untreated sites (green) and old(red), untreated sites (green) and old(red), untreated sites (green) and old(red), untreated sites (green) and old----growth sites (turquoise).  growth sites (turquoise).  growth sites (turquoise).  growth sites (turquoise).      
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Figure 48. NMS for carabid captures for all comparisons by transects for all sites. Groups Figure 48. NMS for carabid captures for all comparisons by transects for all sites. Groups Figure 48. NMS for carabid captures for all comparisons by transects for all sites. Groups Figure 48. NMS for carabid captures for all comparisons by transects for all sites. Groups 
are catches at transect 1 for both treated and uare catches at transect 1 for both treated and uare catches at transect 1 for both treated and uare catches at transect 1 for both treated and untreated sites (red), catches at transect 2 for ntreated sites (red), catches at transect 2 for ntreated sites (red), catches at transect 2 for ntreated sites (red), catches at transect 2 for 
both treated and untreated sites (green), catches at transect 3 for both treated and both treated and untreated sites (green), catches at transect 3 for both treated and both treated and untreated sites (green), catches at transect 3 for both treated and both treated and untreated sites (green), catches at transect 3 for both treated and 
untreated sites (turquoise), and olduntreated sites (turquoise), and olduntreated sites (turquoise), and olduntreated sites (turquoise), and old----growth sites (purple).growth sites (purple).growth sites (purple).growth sites (purple).    
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Figure 49. NMS for carabid captures for all comparisons by tFigure 49. NMS for carabid captures for all comparisons by tFigure 49. NMS for carabid captures for all comparisons by tFigure 49. NMS for carabid captures for all comparisons by transects and treatment for all ransects and treatment for all ransects and treatment for all ransects and treatment for all 
sites. Groups are catches at transect 1 for treated sites (red), catches at transect 2 for sites. Groups are catches at transect 1 for treated sites (red), catches at transect 2 for sites. Groups are catches at transect 1 for treated sites (red), catches at transect 2 for sites. Groups are catches at transect 1 for treated sites (red), catches at transect 2 for 
treated sites (green), catches at transect 3 for treated sites (turquoise), catches at transect treated sites (green), catches at transect 3 for treated sites (turquoise), catches at transect treated sites (green), catches at transect 3 for treated sites (turquoise), catches at transect treated sites (green), catches at transect 3 for treated sites (turquoise), catches at transect 
1 for control sites (purple), catches 1 for control sites (purple), catches 1 for control sites (purple), catches 1 for control sites (purple), catches at transect 2 for control sites (dark blue), catches at at transect 2 for control sites (dark blue), catches at at transect 2 for control sites (dark blue), catches at at transect 2 for control sites (dark blue), catches at 
transect 3 for control sites (yellow), and oldtransect 3 for control sites (yellow), and oldtransect 3 for control sites (yellow), and oldtransect 3 for control sites (yellow), and old----growth sites (brown).growth sites (brown).growth sites (brown).growth sites (brown).    
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Figure 50. NMS for carabid captures for all comparisons by transects and treatment for all Figure 50. NMS for carabid captures for all comparisons by transects and treatment for all Figure 50. NMS for carabid captures for all comparisons by transects and treatment for all Figure 50. NMS for carabid captures for all comparisons by transects and treatment for all 
sites, where each site has a difsites, where each site has a difsites, where each site has a difsites, where each site has a different colour.ferent colour.ferent colour.ferent colour.    

5.2.3.35.2.3.35.2.3.35.2.3.3 Indicator Species AnalysisIndicator Species AnalysisIndicator Species AnalysisIndicator Species Analysis    

Using PC ORD 4, we also performed indicator species analysis (Dufrene & Legendre 1997) to 

examine the associations of individual taxa with predefined groups (ie. site type). This method 

combines information on the concentration of species abundance in a particular group and the 

faithfulness of occurrences of a species in a particular group. A perfect indicator of a group would 

be always faithful to that group (always present) and it should also be exclusive to that group, 

never occurring in other groups. The indicator values range from zero (no indication) to 100 

(perfect indication). This technique produces indicator values for each species in group, and these 

are tested for significance using a randomization (Monte Carlo) technique (MCune & Grace, 2002).  

We performed indicator species analysis 4 times following the coding done for the overlays for the 

NMS above. For each we input the carabid species data for all sites and coded as follows: A. group 
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1= treated, group 2= control, group 3= old-growth. B. group 1= transect 1 for both treated and 

untreated sites group 2= transect 2 for both treated and untreated sites group 3= transect 3 for 

both treated and untreated sitesand group 4 = old-growth sites. C. group 1 = transect 1 for 

treated sites, group 2 = transect 2 for treated sites group 3 = transect 3 for treated sites, group 4 

= transect 1 for control sites, group 5 = catches at transect 2 for control sites , group 6 = catches 

at transect 3 for control sites and group 7 = old-growth sites. D. group 1 = K1, group 2 = K2, 

group 3 = K3, group 4 = LS1, group 5 = LS2, group 6 = SL1, group 7 = SL2, group 8 = old-growth 

sites. 

 

Full results of the indicator species analysis are given in Appendix 9. 

 

It appears from analysis A, that P. herculaneus had indicator value and was a species associated 

with  both old-growth sites, but this result can be discounted as only 1 individual of this species 

was found in each othe two old-growth sites. Thus, no particular single species or group of species 

were found associated with one “riparian treatments” per se. Analyses B and C yielded no 

indicator species. The final analysis gave several indicator species: P. crenicollis, most associated 

with treated site K1, P. amethystinus for SL2 control, P. algidus for LS1 treated site and Leistus 

ferruginosus for LS2 control.   

5.2.3.45.2.3.45.2.3.45.2.3.4 Species evenness.  Species evenness.  Species evenness.  Species evenness.      

Whittaker plots (Krebs 1989) were produced for each site type whereby the log of % abundance 

for each species was plotted against the species rank for each site.  These plots allow for a simple 

visual comparison of the dominance or equality of species within the community.  Total numbers 

of carabids caught in each particular treatment were summed for the whole season and the sum 

catches of each species were then expressed as a percentage of this yearly total.  Plots are shown 

for all riparian sites together, then for each paired treatment/control site with the old-growth sites 

included for comparison. 

 

For all sites pooled, control sites are coloured blue, while treated sites are pink or red (Figure 51). 

The line for K2 was steepest overall, showing that there was a particularly strong dominance of a 

particular species in this site.  This site had a very high proportion of catches of P. crenicollis, the 

forest specialist.  This site shows less evenness than the other sites in Kootowis – treatments in 
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these other sites may have made them more hospitable for other additional species to those found 

in the control site (Figure 52). Lower evenness is also apparent for LS2, the control site at LS2, as 

compared with the treated site at that location, and for SL2, the control site at Swan Lake, when 

compared with the treated site at that location (Figures 53 & 54). 
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Figure 51Figure 51Figure 51Figure 51. Whittaker Plot for all . Whittaker Plot for all . Whittaker Plot for all . Whittaker Plot for all Pacific Rim sites.Pacific Rim sites.Pacific Rim sites.Pacific Rim sites.    
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Whittaker Plots Kootowis Riparian Sites
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Figure 52Figure 52Figure 52Figure 52. Whittaker Plot for . Whittaker Plot for . Whittaker Plot for . Whittaker Plot for Kootowis sites and oldKootowis sites and oldKootowis sites and oldKootowis sites and old----growth sites for comparisongrowth sites for comparisongrowth sites for comparisongrowth sites for comparison....    

Whittaker Plots Lost Shoe Riparian Sites
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Figure 53Figure 53Figure 53Figure 53. Whittaker Plot for . Whittaker Plot for . Whittaker Plot for . Whittaker Plot for Lost Shoe sites andLost Shoe sites andLost Shoe sites andLost Shoe sites and old old old old----growth sites for comparison.growth sites for comparison.growth sites for comparison.growth sites for comparison.    
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Whittaker Plots Swan Lake Riparian Sites
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Figure 54Figure 54Figure 54Figure 54. Whittaker Plot for . Whittaker Plot for . Whittaker Plot for . Whittaker Plot for Swan Lake sites and oldSwan Lake sites and oldSwan Lake sites and oldSwan Lake sites and old----growth sites for comparison.growth sites for comparison.growth sites for comparison.growth sites for comparison.    

5.2.3.55.2.3.55.2.3.55.2.3.5 HHHHeterogeneity measures.  eterogeneity measures.  eterogeneity measures.  eterogeneity measures.      

Several nonparametric diversity indices were calculated for the different treatments (Southwood 

1978).  These measures take into account both species richness and species evenness and are thus 

referred to as heterogeneous measures (Magurran 1988, Krebs 1989).  They are valuable in that 

they allow for comparison across all treatments, despite differences in sample size and number of 

individuals caught, and are useful as they assume no statistical distribution.  The Simpson index, 1-

D and the Shannon Wiener index, H’ are useful values in studies of this kind.  These indices 

combine the effects of species richness and dominance within a community and allow for 

comparison across treatments.  The Simpson index highlights the changes that occur in the most 

common species and the Shannon-Wiener index, a measure of entropy within the system, 

highlights the more rare species in the assemblage (Magurran 1988).  I also examined evenness (or 

equitability), by calculating the inverse of Simpson’s Index.  These indices were calculated for the 

carabid beetle data only (Tables 27 & 28). Heterogeneity values were calculated using PC ORD 4. 

 

For Kootowis, Lost Shoe and Swan Lake, diversity and evenness were always lower in the control 

site than in the treated sites (Table 27). Diversity in Kootowis (both K1 and K2) was lower than in 
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the old-growth sites (Table 27). No clear patterns could be discerned within a site among the 

different transects, however (Table 28). 
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Table 27Table 27Table 27Table 27:  Diversity indices for :  Diversity indices for :  Diversity indices for :  Diversity indices for all rall rall rall riparian sites.iparian sites.iparian sites.iparian sites.    

Riparian No location Summary                                                     
 
              Summary of     9 sites        N =    15 species  

 

 Num.  Name        Mean   Stand.Dev.      Sum     Minimum   Maximum    S      E          H       D` 
 
    1 K1               0.802        2.551        12.031      0.000        9.982    10     0.310     0.714    0.3039 
    2 K2               0.622        2.236         9.337       0.000        8.701     8      0.170     0.353    0.1303 
    3 K3               0.631        1.831         9.463       0.000        7.148     8      0.423     0.880    0.4090 
    4 LS1              0.784        1.414        11.763      0.000        4.015    12     0.586     1.455    0.7311 
    5 LS2              0.714        1.514        10.704      0.000        4.944     9      0.594     1.304    0.6533 
    6 R1               0.441        0.932         6.617       0.000        3.228    10     0.590     1.359    0.6558 
    7 R2               0.260        0.796         3.898       0.000        3.108     9      0.362     0.794    0.3497 
    8 SL1              0.503        1.120         7.551       0.000        3.357     9      0.562     1.235    0.6250 
    9 SL2              0.410        0.954         6.143       0.000        3.291     6      0.614     1.101    0.5957 

 
 
 
Table 28. Diversity indices for the riparian sites by transect.Table 28. Diversity indices for the riparian sites by transect.Table 28. Diversity indices for the riparian sites by transect.Table 28. Diversity indices for the riparian sites by transect.    
 
Riparian Transects Summary                                                       
 
              Summary of    22 sites        N =    15 species  

 

 Num.  Name        Mean   Stand.Dev.      Sum     Minimum   Maximum    S     E          H           D` 
 
    1 K1T1          0.779         2.532       11.690        0.000         9.893    6     0.351      0.629    0.2766 
    2 K1T2          0.902         2.897       13.536        0.000       11.321    7     0.341      0.664    0.2922 
    3 K1T3          0.724         2.227       10.857        0.000         8.714    8     0.373      0.776    0.3443 
    4 K2T1          0.816         2.971       12.246        0.000       11.548    5     0.175      0.282    0.1095 
    5 K2T2          0.663         2.413        9.952         0.000         9.381    5     0.183      0.295    0.1106 
    6 K2T3          0.378         1.290        5.667         0.000         5.032    6     0.283      0.507    0.2079 
    7 K3T1          0.574         1.515        8.611         0.000         5.873    6     0.560     1.003     0.5003 
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    8 K3T2          0.731         2.296       10.968        0.000         8.937    6     0.370     0.664    0.3198 
    9 K3T3          0.559         1.615        8.383         0.000         6.283    7     0.454     0.883    0.4138 
   10 LS1T1        0.835         1.443       12.518        0.000         4.277   10     0.669    1.540    0.7473 
   11 LS1T2        1.024         1.909       15.363        0.000         6.173    7     0.710     1.381    0.7171 
   12 LS1T3        0.512         1.016        7.679         0.000         2.964    7     0.661     1.286    0.6885 
   13 LS2T1        0.781         1.699       11.714        0.000         5.357    9     0.578     1.270    0.6388 
   14 LS2T2        0.715         1.426       10.732        0.000         4.795    9     0.629     1.383    0.6862 
   15 LS2T3        0.605         1.393        9.082         0.000         4.521    7     0.585     1.138    0.6040 
   16 SL1T1        0.774         2.095       11.617        0.000         8.142    8     0.484     1.007    0.4780 
   17 SL1T2        0.481         1.191        7.214         0.000         4.393    9     0.503     1.106    0.5517 
   18 SL1T3        0.314         0.798        4.714         0.000         3.071    8     0.539     1.121    0.5326 
   19 SL2T2        0.272         0.777        4.083         0.000         3.030    5     0.547     0.880    0.4268 
   20 SL2T3        0.552         1.247        8.286         0.000         3.607    6     0.628     1.125    0.6163 
   21 R1             0.441         0.932        6.617         0.000         3.228   10     0.590     1.359    0.6558 
   22 R2             0.260         0.796        3.898         0.000         3.108    9      0.362     0.794    0.3497 
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5.2.3.65.2.3.65.2.3.65.2.3.6 DDDDistance coefficients: Cluster Analysisistance coefficients: Cluster Analysisistance coefficients: Cluster Analysisistance coefficients: Cluster Analysis    

Cluster analysis was used to assess how the assemblages of the different treatments compare 

to one another.  We used the cluster analysis function in PC ORD4 and in Systat, using Ward’s 

linkage method and Euclidean distance measure on the average yearly catches of each species in 

each site. This allows us to visualize the similarity of the different communities sampled from 

the different site types and locations.   

 

The first analysis clustered based on catches by site, for all transects pooled. It is apparent that 

the communities at Kootowis are quite different to those at the other sites (Figure 55). The 

Swan Lake sites both clustered relatively closely with the 2 old-growth sites.  The Lost Shoe 

sites seemed to be a little different to the other sites. 
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FigureFigureFigureFigure 55 55 55 55. Cluster analysis for all riparian sites (average catches for whole sites). Cluster analysis for all riparian sites (average catches for whole sites). Cluster analysis for all riparian sites (average catches for whole sites). Cluster analysis for all riparian sites (average catches for whole sites)    
 
The next analysis used the data for SL1 for transects 2 and 3 only, so that the community at 

this site could be better compared with that of SL2 (Figure 56).  The control site at Lost Shoe, 

LS2, clustered most closely with the old-growth sites. The two Swan Lake communities 
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clustered relatively closely together, while the treated Lost Shoe community, LS1, appeared 

slightly different. 
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Figure 56Figure 56Figure 56Figure 56. Cluster analysis for all riparian sites (average catches for whole sites). Cluster analysis for all riparian sites (average catches for whole sites). Cluster analysis for all riparian sites (average catches for whole sites). Cluster analysis for all riparian sites (average catches for whole sites) using  using  using  using 
data for SL1 for transects 2 anddata for SL1 for transects 2 anddata for SL1 for transects 2 anddata for SL1 for transects 2 and 3 only. 3 only. 3 only. 3 only.    
 
 
 
The next analysis used the data for each transect (Figure 57) for the paired treated and 

untreated sites.  No clear separation of communities by transect is apparent and these results 

are somewhat similar to those seen for the NMS, in that there do not appear to be distinct 

communities associated with distance from stream edge in these heterogeneous sites. 
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Figure 56Figure 56Figure 56Figure 56. Cluster analysis for all riparian sites . Cluster analysis for all riparian sites . Cluster analysis for all riparian sites . Cluster analysis for all riparian sites by transect.by transect.by transect.by transect.    
 
 
 

The final three analyses examined the catches by transect for the paired treated and untreated 

sites at each of Kootowis, Lost Shoe and Swan Lake (Figures 57-59). In each of these analyses, I 

included the old-growth communites also. For Kootowis, the communities of the two treated 

sites, K1 and K3, particularly at the stream edge, showed greatest similarities to the old-growth 

communities (Figure 57).  This same pattern was not realised at Lost Shoe- here the stream 

edge communities of the treated site, LS1, did cluster closely with the old-growth communities, 

but so did the communities from the control site LS2 for 15 and 25 m from the stream edge 

(Figure 58).  However, the streamside communities from Swan Lake, SL1, also clustered most 

closely with the old growth sites (Figure 59). 
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Figure 57Figure 57Figure 57Figure 57. Cluster analysis for all . Cluster analysis for all . Cluster analysis for all . Cluster analysis for all KoKoKoKootowis sites by transect, and oldotowis sites by transect, and oldotowis sites by transect, and oldotowis sites by transect, and old----growth sites. growth sites. growth sites. growth sites.         
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Figure 58Figure 58Figure 58Figure 58. Cluster analysis for all . Cluster analysis for all . Cluster analysis for all . Cluster analysis for all Lost Shoe sites by transect, and oldLost Shoe sites by transect, and oldLost Shoe sites by transect, and oldLost Shoe sites by transect, and old----growth sites. growth sites. growth sites. growth sites.         
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Figure 59Figure 59Figure 59Figure 59. Cluster analysis for all . Cluster analysis for all . Cluster analysis for all . Cluster analysis for all Swan Lake sites by transect, and oldSwan Lake sites by transect, and oldSwan Lake sites by transect, and oldSwan Lake sites by transect, and old----growth sites. growth sites. growth sites. growth sites.         
 

 

5.35.35.35.3 ByByByBy----Catch dataCatch dataCatch dataCatch data    
 

By-catch information is given in Appendix 2.  The most commonly caught by-catch were 

spiders, snails, weevils, millipedes, and ants. Monthly catches of these groups are listed for all 

sites by transect location in Appendix 2.  Details of the species of salamanders seen in wildlife 

structures and noted in sites is in Appendix 3. 

 

No ants were caught in the traps at Lost Shoe. More ants were caught in the treatd site at 

Swan Lake than in the control site, while at Kootowis, similar numbers were caught in the 

treated site K1 and control site K2, while both of those sites had higher ant catches than in K3. 

 

Low numbers of staphylinids were caught in all sites, including the old-growth control site. 

Higher numbers were caught in the fall, and in the treated sites at Lost Shoe and Swan Lake 

than in the respective control sites. 
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Snails were relatively abundant in all sites. Much higher catches occurred in the treated sites at 

Kootowis, K1 and K3, than in the control site, K2. This was also the case at Lost Shoe, with 

higher catches in LS1 than in LS2. However, the opposite pattern prevailed at Swan Lake, 

where catches were higher in the control site, SL2. 

 

Weevils were caught in low numbers in all sites. The cyanide millipedes, Harpaphe sp. were 

also caught in low numbers in all locations. Highest numbers overall were found in the control 

site of Swan Lake, SL2.  Low numbers of the pink millipedes (including Nearctodesmus spp.) 

were also noted in all locations. None were caught in SL2, the control site at Swan Lake. Grey 

millipedes (including Caseya spp., Bollmanella spp., Taiyutyla spp. and others) were more 

abundant overall. More were captured in the treated site at Lost Shoe, LS1, than in the control 

site, LS2. There were also more in the treated site at Kootowis K1, than in both K2 and K3.  

 

Spiders were particularly abundant in the treated site K1 at Kootowis, and catches of spiders in 

this site far surpassed the catches in K3 and K2.  There were also more spiders in the treated 

sites at Lost Shoe and at Swan Lake, as compared to the control sites in each of those 

locations.   

 

5.45.45.45.4 Wildlife StructuresWildlife StructuresWildlife StructuresWildlife Structures    
 
17 small mammal nests were examined at Kootowis (K1). These were cut out of stumps and 

usually required removing the lids on top, and noting what was inside. Some were full of water 

(and often nematodes) while others were dry and housed salamanders, millipedes, centipedes 

or insects.  Slots and wounds in downed wood are shown in the photographs below. These 

were made by removing thin slices of the downed tree trunks and scoring the wood below. 

Most of these had the lids intact over the scored wood, and again, some were showing signs of 

rot, some were full of water, and many were inhabited by salamanders, millipedes, centipedes 

or insects. 19 of these structures were examined in Kootowis (K1). Biodiversity structures at 

Swan Lake were photographed but the lids over the top of the scored trunks were nailed 

closed at this site, so we were unable to examine the level of occupancy. Table 29 shows the 
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specific wildlife features found associated with these two types of structure, assessed at 

Kootowis in August 2008. Details regarding biology of the different salamander species are 

given in Appendix 3. Photographs of the structures are given below. 

 

Table 29. Wildlife structures examTable 29. Wildlife structures examTable 29. Wildlife structures examTable 29. Wildlife structures examined at Kootowis treated site K1.ined at Kootowis treated site K1.ined at Kootowis treated site K1.ined at Kootowis treated site K1.    

StructureStructureStructureStructure at Kootowis at Kootowis at Kootowis at Kootowis    Number examinedNumber examinedNumber examinedNumber examined    Wildlife featuresWildlife featuresWildlife featuresWildlife features    

Small mammal nestSmall mammal nestSmall mammal nestSmall mammal nest    17 1 with eggs 
1 with eggs and fungus 
2 empty 
2 with nematodes 
1 with animal droppings 
1 with slug 
1 with nematodes and 1 P. crenicollis 
I with S. angusticollis 
5 with nesting material 
1 with centipede and nesting material 
and Pterostichus sp. 
I with 2 Pterostichus sp. 
 

Slots and wounds in downed Slots and wounds in downed Slots and wounds in downed Slots and wounds in downed 
logslogslogslogs    

18 6 empty 
4 with 1 NW salamander 
1 with millipede and rot 
1 with nesting material, centipede, 
millipede and spider 
1 with 2 clouded salamanders & 1 S. 
angusticollis 
1 with 2 Harpaphe millipedes and rotted 
wood 
1 with Pterostichus sp., eggs and 
nematodes 
2 with S. angusticollis (1 also had a P, 
crenicollis) 
1 with rot and centipedes 

Slots/cavities in sSlots/cavities in sSlots/cavities in sSlots/cavities in side of ide of ide of ide of 
stumpsstumpsstumpsstumps    

4 2 showed nesting material and signs of 
previous occupancy 

 

 

    

    

    



Riparian Restoration Techniques: Use of Carabids as Indicators of Effectiveness                                                   
   

Pearsall Ecological Consulting 
 

90 

    

Kootowis Biodiversity StructuresKootowis Biodiversity StructuresKootowis Biodiversity StructuresKootowis Biodiversity Structures    

Wounds cut into downed wood (lid removed)Wounds cut into downed wood (lid removed)Wounds cut into downed wood (lid removed)Wounds cut into downed wood (lid removed)    

    

    

Small mammal dens cut into stumpsSmall mammal dens cut into stumpsSmall mammal dens cut into stumpsSmall mammal dens cut into stumps    
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Small mammal dens cut into downed woodSmall mammal dens cut into downed woodSmall mammal dens cut into downed woodSmall mammal dens cut into downed wood    

 

 

Slits into downed Slits into downed Slits into downed Slits into downed woodwoodwoodwood    
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Slits into standing woodSlits into standing woodSlits into standing woodSlits into standing wood    

 

 

Tree GirdlingTree GirdlingTree GirdlingTree Girdling    
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Examples of organisms and material found in small mammal dens and wound structuresExamples of organisms and material found in small mammal dens and wound structuresExamples of organisms and material found in small mammal dens and wound structuresExamples of organisms and material found in small mammal dens and wound structures    

1. Salamanders1. Salamanders1. Salamanders1. Salamanders (clouded salamanders  (clouded salamanders  (clouded salamanders  (clouded salamanders AneidesAneidesAneidesAneides    ferreusferreusferreusferreus))))    
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2. Slugs2. Slugs2. Slugs2. Slugs    ((((tail dropping slug.tail dropping slug.tail dropping slug.tail dropping slug.    ((((ProphysaonProphysaonProphysaonProphysaon spp), a genus of  spp), a genus of  spp), a genus of  spp), a genus of arionid slugs. This specimen is a Yellowarionid slugs. This specimen is a Yellowarionid slugs. This specimen is a Yellowarionid slugs. This specimen is a Yellow----bordered bordered bordered bordered 

tail dropper (tail dropper (tail dropper (tail dropper (P. foliolatumP. foliolatumP. foliolatumP. foliolatum) and is currently yellow listed. The scar ridge is visible from a previous tail ) and is currently yellow listed. The scar ridge is visible from a previous tail ) and is currently yellow listed. The scar ridge is visible from a previous tail ) and is currently yellow listed. The scar ridge is visible from a previous tail 

dropping incident. Prophysaon species tend to favour old growth forests, or second growth forests dropping incident. Prophysaon species tend to favour old growth forests, or second growth forests dropping incident. Prophysaon species tend to favour old growth forests, or second growth forests dropping incident. Prophysaon species tend to favour old growth forests, or second growth forests with with with with 

advanced structural characteristics.)advanced structural characteristics.)advanced structural characteristics.)advanced structural characteristics.)    
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3. 3. 3. 3. Beetles e.g. Beetles e.g. Beetles e.g. Beetles e.g. Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    

    

    

    

    

4444....    Beetles e.gBeetles e.gBeetles e.gBeetles e.g....    Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    
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5. Frass5. Frass5. Frass5. Frass    

    

    

    

6. Millipedes6. Millipedes6. Millipedes6. Millipedes (Cyanide millipede,  (Cyanide millipede,  (Cyanide millipede,  (Cyanide millipede, HarpapheHarpapheHarpapheHarpaphe    haydenianahaydenianahaydenianahaydeniana)))) 
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7. 7. 7. 7. Wounds in stump filling with mossWounds in stump filling with mossWounds in stump filling with mossWounds in stump filling with moss    
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Swan Swan Swan Swan Lake Treated Site Lake Treated Site Lake Treated Site Lake Treated Site (SL1) (SL1) (SL1) (SL1) Biodiverity FeaturesBiodiverity FeaturesBiodiverity FeaturesBiodiverity Features    

    

Nesting BoxesNesting BoxesNesting BoxesNesting Boxes    

    

    

Slots/cuts in side of living treesSlots/cuts in side of living treesSlots/cuts in side of living treesSlots/cuts in side of living trees    
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Slots into living treesSlots into living treesSlots into living treesSlots into living trees    

    

    

    

Creation of snagsCreation of snagsCreation of snagsCreation of snags    
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Tree girdlingTree girdlingTree girdlingTree girdling    

    

    

Scoring of downed logs (often with lids nailed shut over the scored wood)Scoring of downed logs (often with lids nailed shut over the scored wood)Scoring of downed logs (often with lids nailed shut over the scored wood)Scoring of downed logs (often with lids nailed shut over the scored wood)    
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6666 DDDDISCUSSIONISCUSSIONISCUSSIONISCUSSION    
 
During 2008 we examined the response of site-level biodiversity to riparian restoration 

treatments carried out in 4 sites in the Kennedy Flats, Clayoquot Sound, West Vancouver 

Island.  The specific silivicultural treatments were designed to introduce old-growth attributes 

into riparian habitat, as well as to enhance both structural diversity and use of the forest by 

wildlife, and including thinning, brushing, planting and introduction of specific wildlife features 

into treated sites.  These features included: topping, top-girdling, cutting slots, slits and holes in 

trees, wound-producing cuts to introduce rot, and the making of small dens by hollowing tree 

trunks and downed logs.  

 

Biodiversity responses were assessed using an invertebrate indicator species (carabid beetles), 

with focus on relative abundance of old-growth specialists. We aimed to compare beetle 

diversity, biomass and abundance, and invertebrate by-catch among 4 treated sites which were 

paired with control sites located within untreated riparian sites.  We compared the 

assemblages in the treated and untreated buffers with the community of two old-growth 

control sites. Additionally, small mammal and salamander usage of artificial dens and cut logs 

were assessed in the treated sites.  

 

 I will discuss the main findings of 2008 under the headings made up of the main objectives 

listed at the beginning of this paper.  The specific objectives of this study were to: 

 

1. compare carabid beetle communities of treated and untreated buffers, and compare 

these with old-growth control communities. 

2. examine small mammal and salamander usage of biodiversity features introduced into 

treated stands. 

3. compare understory vegetation of treated and untreated buffers, and compare these 

with old-growth control vegetation. 
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Objective 1: Objective 1: Objective 1: Objective 1: compare carabid beetle communities of treated and untreated buffers, and compare carabid beetle communities of treated and untreated buffers, and compare carabid beetle communities of treated and untreated buffers, and compare carabid beetle communities of treated and untreated buffers, and 

compare these with oldcompare these with oldcompare these with oldcompare these with old----growth control communities.growth control communities.growth control communities.growth control communities.    

 

For the first objective, we noted that riparian treatments at the different sites did affect 

community composition. In general, changes in treated communities included shifts in the 

dominance of different species, together with an overall increase in diversity and evenness in 

the blocks.  This increase in biodiversity was the result of a general reduction in the dominance 

of a single species, Pterostichus crenicollis, in most of the blocks. However, this species was not 

replaced only by generalists and open habitat specialists, but to a great extent, was replaced by 

an increase in the catches of other forest specialists such as Scaphinotus angusticollis and S. 

marginatus. In general, compositional changes in the sites as a result of treatments varied 

between the different systems, Kootowis, Lost Shoe and Swan Lake. Treatments at Lost Shoe 

resulted in a higher proportional catch of P. algidus, and fewer P, crenicollis, while at Swan 

Lake, treatments led to increased proportional catch of Zacotus, P. lama, and S. angulatus, while 

again, the proportion of P. crenicollis declined.  At Kootowis, the same was true, in that the 

catch of P, crenicollis declined in treated sites, while the proportion of the catch made up of S. 

angusticollis and S. marginatus increased. Thus, the riparian restoration treatments in the 

different sites did not necessarily produce identical changes in the different communities, which 

was not surprising, given that the communities and vegetation structure at these different sites 

varied to begin with. This was also apparent in the non-metric multidimensional scaling and 

indicator species analysis results. No single species or few species could be shown to be related 

in terms of presence and abundance to treatment per se. NMS did show that communities 

along transects in any one site were similar to one another, and did vary between treated and 

untreated sites. Thus the differences needed to be evaluated on a site by site basis. 

 

Initially, one might suppose that increased diversity in the treated blocks can only be a positive 

occurrence. However, in general, my previous studies have shown that older communities 

generally have lower species richness and diversity than younger communities.  This is often the 

result of the dominance of the forest specialist, S. angusticollis in control sites, while clearcuts 

and younger sites tend to receive an influx of small, winged species that are open-habitat 

specialists, such as Harpalus and Amara species.  Thus, although the riparian treatments are 
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designed to introduce old-growth attributes in the buffers, it is possible that in the short term, 

they may result in changes to the canopy and vegetation that encourage a more diverse 

community of carabids, which is resonant of a more immature community.  

 

However, there were two key findings that were not accord with this statement. Firstly, as 

noted above, there was an increase in the abundance of the forest specialists S. angusticollis and 

S. marginatus in some of the treated sites over control sites. However, we also noted that 

there was an increase in the catch of the old-growth specialist Zacotus matthewsii in the 

treated sites over control sites.  This species was not found in Kootowis sites, but for Swan 

Lake and Lost Shoe, where this species was recorded, abundance was higher in the treated 

sites. Thus, this species did appear to be positively impacted by riparian treatment. This species 

was also found in the old-growth sites.  

 

We also noted some other changes in community composition. For example, Pterostichus 

algidus, a species that has shown a generalist habit in previous studies, was most abundant 

overall in the treated site at Lost Shoe.  Omus dejeani, noted to be an open habitat specialist, 

was found only in the treated sites, and not in the control site at Kootowis. These latter two 

species also appeared to be positively impacted by site treatment.   

 

The invertebrate communities of the riparian sites sampled in this study showed differences to 

the communities of many of the sites that have been sampled on Vancouver Island in previous 

studies (Pearsall 2002-2007).  For most Vancouver Island forests, whether in dry or wet 

variants, the dominant species has always been Scaphinotus angusticollis, which is a forest 

specialist and makes up a very high abundance in most forested blocks. Although this species 

was the second most commonly captured species in the Kennedy Flats, catches of P, crenicollis 

far surpassed the catches, with 3141 P. crenicollis versus 1354 S. angusticollis caught for all sites 

overall.   

 

P. crenicollis has been shown in other studies in Oregon to be one of the strongest indicators 

of the immediate (< 5m) streamside community (Rykken et al. 2007).  Rykken et al. (2007) 

stated that this was interesting since although P. crenicollis favors moist soils and stream edges 
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(Kavanaugh 1992), this species is not known as a riparian obligate, and, has actually been 

reported in open, human-modified sites (Larochelle & Lariviere 2003).  I also found some 

riparian species such as Leistus ferruginosus, found only at Lost Shoe, a species known to have 

strong associations with riparian areas, while Agonum affine, another hygrophilous species, was 

only found in the treated site at Swan Lake.   

 

In terms of how similar the treated sites were to the old-growth sites, cluster analysis did not 

produce consistent results. Treated sites in Kootowis and Swan Lake clustered more closely 

with the old-growth sites than the control sites at these sites, but this was not the case for Lost 

Shoe.  The two old-growth sites examined did have quite variable communities, but were 

similar in that they were both dominated by P. crenicollis and S. angusticollis to varying degrees. 

Treated sites at Lost Shoe and Swan Lake did show similarity to old-growth communities in 

that they all contained the old-growth species Zacotus matthewsii. 

    

Objective 2: Objective 2: Objective 2: Objective 2: examine small mammal and salamander usage of examine small mammal and salamander usage of examine small mammal and salamander usage of examine small mammal and salamander usage of biodiversity features biodiversity features biodiversity features biodiversity features 

introduced into treated stands.introduced into treated stands.introduced into treated stands.introduced into treated stands.    

 

For the second objective, the wildlife treatments examined in both Swan Lake and Kootowis 

appeared to be effective for wildlife. We noted numerous salamanders in the dens at Kootowis 

evidence of small mammal den usage, and evidence that carabid beetles, slugs and snails and 

millipedes use many of the structures.  Much of the scored downed wood had begun to show 

clear signs of rot and decay. 

 

Objective 3: Objective 3: Objective 3: Objective 3: compare understory vegetation of treated and untrcompare understory vegetation of treated and untrcompare understory vegetation of treated and untrcompare understory vegetation of treated and untreated buffers, and eated buffers, and eated buffers, and eated buffers, and 

compare these with oldcompare these with oldcompare these with oldcompare these with old----growth control vegetation.growth control vegetation.growth control vegetation.growth control vegetation.    

 

For the final objective, vegetation analysis showed that all treated sites had a lower canopy 

cover, lower shrub cover, higher herb cover and lower moss cover than their associated 

control sites at each of the three locations, Kootowis, Lost Shoe and Swan Lake.  In terms of 

how well the ground vegetation in these sites emulated old-growth sites, it appeared that 

treated sites were more similar to old growth sites in terms of the resulting lower canopy 
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cover, and high herb cover, but differed in that the treated sites had lower shrub and moss 

components. 

 

Differences among my sites in terms of shrub and herb cover could influence forest-floor 

invertebrate communities by varying soil temperatures, habitat structure, food sources for 

herbivores, and/or affecting soil moisture.  Responses of the carabid beetles to the changes in 

vegetation and soil moisture are likely key factors. Rykken et al. (2007) suggested that the 

patterns of invertebrate distribution that they saw throughout the riparian ecotones in Oregon 

were more strongly associated with microclimatic gradients than with distance from the 

stream, and thus it was the cool and humid conditions that were most important to the 

community composition.  This is not surprising, since carabid beetles do show high affinity for 

cool, humid microclimates (Thiele 1977, Anderson 1985), and this may also be related to the 

amount of herbaceous vegetation.   

 

Many other authors have suggested that microhabitats influence the assemblage structure of 

carabid beetles (e.g., Niemelä et al. 1992; Kinnunen et al. 2001).  Habitat selection by carabid 

beetles will likely depend on many factors, such as vegetation composition and structure 

(Martel et al. 1991; Niemelä et al. 1992a; Magura et al. 1997, 2000, 2001; Werner and Raffa 

2000), edaphic conditions (e.g., humidity, acidity, litter thickness, soil type) (Szyszko 1974; Paje 

& Mossakowski 1984; Baguette1993; Eyre & Luff 1994; Rykken et al. 1997; Guillemain et al. 

1997; Magura et al. 2000; Pearce et al. 2003; Vance & Nol 2003), and the presence of coarse 

woody debris (Koivula & Niemelä 2003; Pearce et al. 2003). Werner and Raffa (2000) sampled 

mixed northern hardwood forests of the Great Lakes Region and noted that microsite features 

were important and resulted in high variability of carabid assemblages among sites and among 

traps within sites. 

 

Soil moisture is likely to be the most influential factor of all, as has been shown in previous 

studies of carabid assemblages (e.g., Thiele 1977; Epstein & Kulman 1990). It is believed that soil 

moisture affects survival of carabids mainly through its effects on egg and larval development 

(e.g., Thiele 1977). In addition Niemela et al. 1992, suggested that soil moisture is important in 

determining the habitat associations of species among forest types.  We did measure soil 
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moisture, but it is probable that a huge number of replicate measurements need to be made at 

any one site given the tremendous variability in soil moisture that occurs on a microhabitat 

scale. We were not able to discern any consistent patterns along the transects placed within a 

site, or among treated and control sites. 

 

Other studies have noted that prey availability (Lenski 1982a; Loreau 1987; Niemelä et al.1986; 

Guillemain et al. 1997; Magura et al. 2000) and the presence of other predators (Niemelä et al. 

1992b; Koivula & Niemelä 2003) may affect the distribution of carabid beetle species.  In these 

cases, abundance may be affected by the sensitivity of the prey and other predators to forest 

disturbances. There were numerous spiders caught in our traps, as well as ants and centipedes, 

thus carabid beetles were not the only predator caught in our study. However, interspecific 

competition in carabid beetle assemblages is not well understood (Niemelä 1993).  

 

Some studies have shown that microarthopod biomass is severely reduced in clearcut sites in 

comparison with forested areas.  Blair and Crossley (1988) found that mean annual densities of 

litter microarthropods, which will make up a significant proportion of the diet of carabids, were 

28% lower in clearcut areas as compared to forested areas.  This was explained by the 

difference in the litter quantity and quality between forested and clearcut areas (Wallwork 

1976).  Densities of microarthropods have been shown to be positively related to standing 

stocks of organic matter and moisture content (Blair et al. 1990) and to be present in greater 

abundance in litter as compared to the soil (Donegan et al. 2001).   

 

There are two important layers that provide habitats for invertebrate mesofauna and 

macrofauna in the soil, as well as possibly functioning as a seed bank for plants (e.g., Lavelle et 

al. 1995). These layers are termed the L and FH layers: the L layer consists of unaltered dead 

remains of plants and animals, and the FH layer consists partly or completely of decomposed, 

amorphous organic matter (e.g., Pritchett & Fisher 1987). Osawa et al. (2005) suggested that 

the mass of the L and FH layers may be an indicator of food availability for carabid beetles. 

There is not a great deal of literature on how the composition and mass of these layers may 

affect carabids, nor conversely, how riparian restoration treatments may affect the layers 

themselves. 
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Scaphinotus angusticollis was far less abundant in all of the sites sampled this year than in my 

previous studies, although this species did show an increase in numbers in the treated sites.  

These beetles belong to the tribe Cychrini and have very characteristic elongated heads which 

is believed to be an adaptation that allows them to feed on snails (Lindroth 1961, Thiele 1977, 

Digweed 1993).  Snails were relatively abundant in all sites and much higher catches occurred in 

the treated sites at Kootowis, K1 and K3, than in the control site, K2. This was also the case at 

Lost Shoe, with higher catches in LS1 than in LS2. Meanwhile, Zacotus matthewsii is known to 

feed on millipedes, particularly the cyanide millipede, Harpaphe sp. These millipedes were 

caught in low numbers in all locations and no particular trends in abundance could be discerned 

among treated and untreated sites.  However, in general, abundance of spiders, ants, and grey 

millipedes (which include Caseya spp., Bollmanella spp., Taiyutyla spp. and others) also 

increased in treated sites, and may serve as prey for other species. 

 

In summary, riparian treatments at the different sites did affect community composition in 

treated sites. Diversity, evenness and species assemblages were altered in treated sites, though 

the specific community changes varied depending on the site.  Overall, the changes were 

encouraging, in that there were increases in some sites in old-growth and forest specialists, but 

future monitoring will be vital, to examine how the carabid assemblages change over time in the 

treated riparian buffers. The time periods since treatments in these sites varied: restoration 

treatments at Kootowis had been carried out 6-8 years ago, while those at Swan Lake were 

done 7 years ago. Meanwhile, treaments at Lost Shoe were only one year old. The immediate 

response of increased numbers of P. algidus, (which I have shown to be a generalist in prior 

studies) at Lost Shoe may be a short term response to riparian treatments: with a greater time 

period between treatment and evaluation, it is possible that this site will also show increased 

abundance of S. angusticollis and other forest specialists such as S, angulatus and S. marginatus, 

as was seen in the other two sites. It will be important to pay particular attention to the old-

growth specialist, Zacotus matthewsii, since this species is particularly affected by siliviculture 

methods and is less resilient than the other species in unsuitable habitat. 
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7777 SSSSUMMARYUMMARYUMMARYUMMARY    
 

1. The objectives of this project were to assess the response of site-level biodiversity to 

riparian restoration treatments carried out in 4 sites in the Kennedy Flats, Clayoquot Sound, 

West Vancouver Island.  The specific silivicultural treatments were designed to introduce old-

growth attributes into riparian habitat, as well as to enhance both structural diversity and use of 

the forest by wildlife, and including thinning, brushing, planting and introduction of specific 

wildlife features into treated sites.  These features included: topping, top-girdling, cutting slots, 

slits and holes in trees, wound-producing cuts to introduce rot, and the making of small dens by 

hollowing tree trunks and downed logs.  

 

2. Work was carried out in a total of 4 treated riparian sites. The treated blocks were located 

adjacent to Kootowis Creek, Lost Shoe Creek, and Swan Lake and were paired with 

appropriate control sites. Two old-growth riparian sites were also chosen for comparative 

purposes. A total of 4 treated, 3 control and 2 old-growth sites were used in this study. 

 

3. Biodiversity responses were assessed using an invertebrate indicator species (carabid 

beetles), with focus on relative abundance of old-growth specialists. We assessed biomass and 

species assemblages of carabid beetles, and also compared vegetation among the sites, and 

small-mammal and salamander usage of artificial dens and cut logs in the treated sites.  

 

4. Carabid beetles were trapped using 21 pitfall traps in each of nine riparian sites. Three 

transects were set up in each site, running parallel to the stream course and at varying distance 

from the stream (5 m, 15 m and 25 m). A total of 7 traps were sampled from each transect. 18 

pitfall traps were sampled from each of the two old-growth blocks each month. In total, 176 

pitfall traps were sampled every month between June and September.   

 

5. Carabid beetles were identified to family or genus, and the by-catch was identified only to 

order.  Overall, a total of 5836 carabids were captured, from a total of 15 carabid species. The 

two most abundant species caught were Pterostichus crenicollis Le Conte and Scaphinotus 

angusticollis (Fischer von Waldheim), both forest specialists. Different sites were dominated by 
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one or the other of these species, and communities along the three riparian zones differed. 

Kootowis sites were dominated by P. crenicollis, while the Lost Shoe and Swan Lake 

communities had higher proportions and biomasses attributable to S. angusticollis.  This may be 

related to the different vegetation at the sites: the latter two sites were dominated by Coastal 

western hemlock, while the former was planted with offsite Douglas-fir in the 1970s.   

6. The invertebrate communities of the riparian sites sampled in this study showed differences 

to the communities of many of the sites that have been sampled on Vancouver Island in 

previous studies (Pearsall 2002-2007).  For most Vancouver Island forests, whether in dry or 

wet variants, the dominant species has always been Scaphinotus angusticollis, which is a forest 

specialist and makes up a very high abundance in most forested blocks. Although this species 

was the second most commonly captured species in the Kennedy Flats, catches of P, crenicollis 

far surpassed the catches, with 3141 P. crenicollis versus 1354 S. angusticollis caught for all sites 

overall.   

7. Treatments at all sites resulted in a reduction in the proportion of P, crenicollis, and an 

increase in the proportion of other species. In general, compositional changes in the sites as a 

result of treatments varied between the different systems. Treatments at Lost Shoe resulted in 

a higher proportional catch of P. algidus, while at Swan Lake, treatments led to increased 

proportional catch of Zacotus matthewsii, P. lama, and S. angulatus.  At Kootowis, the 

proportion of the catch made up of S. angusticollis and S. marginatus increased. S. angusticollis, 

S. angulatus and S. marginatus have been identified as forest specialists in previous studies, while 

Z. matthewsii has been identified as an old-growth specialist, and P. algidus as a generalist. Thus, 

the riparian restoration treatments in the different sites did not produce identical changes in 

the different communities, which was not surprising, given that the communities and vegetation 

structure at these different sites varied to begin with. 

8. P. crenicollis has been shown in other studies in Oregon to be one of the strongest 

indicators of the immediate (< 5m) streamside community (Rykken et al. 2007).  We also found 

some riparian species such as Leistus ferruginosus, found only at Lost Shoe, a species known to 

have strong associations with riparian areas, and Agonum affine, another hygrophilous species, 

which was only found in the treated site at Swan Lake.  Consistent differences in the species 
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assemblages and abundance at the different transect locations could not be discerned, 

suggesting that the communities within 25m of the stream are relatively uniform within a single 

site.  

9, Diversity and evenness of carabids were always lower in the control sites than in the treated 

sites.  In general, previous studies have shown that older communities generally have lower 

species richness and diversity than younger communities.  This is often the result of the 

dominance of the forest specialist, S. angusticollis in control sites, while clearcuts and younger 

sites tend to receive an influx of small, winged species that are open-habitat specialists, such as 

Harpalus and Amara species.  Thus, although the riparian treatments are designed to introduce 

old-growth attributes in the buffers, it is possible that in the short term, they result in changes 

to the canopy and vegetation that encourage a more diverse community of carabids, which is 

resonant of a more immature community. However, two key findings that were not accord 

with this statement were the noted higher proportional catches of both the old-growth 

specialist Zacotus matthewsii and the forest specialists S. angusticollis, S. angulatus and S, 

marginatus in various treated sites over control sites.  

 

10. Vegetation analysis showed that all treated sites showed lower shrub cover, higher herb 

cover and lower moss cover than their associated control sites at each of the three locations, 

Kootowis, Lost Shoe and Swan Lake.  The wildlife treatments examined in both Swan Lake and 

Kootowis appeared to be effective for wildlife. We noted numerous salamanders in the dens at 

both of these sites, evidence of small mammal den usage, and evidence that carabid beetles, 

slugs and snails and millipedes use many of the structures. Addditionally, many of the bycatch 

species, including snails, grey millipedes (including Caseya spp., Bollmanella spp., Taiyutyla spp. 

and others), spiders and ants were generally more abundant in the treated sites than in the 

untreated sites. 

 

11. In summary, riparian treatments at the different sites did affect community composition, and 

did not impact the different forest specialists equally. Future monitoring will be vital, to examine 

how the carabid assemblages change over time in the treated riparian buffers. The time periods 

since treatments in these sites varied: restoration treatments at Kootowis had been carried out 
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6-8 years ago, while those at Swan Lake were done 7 years ago. Meanwhile, treaments at Lost 

Shoe were only one year old. The immediate response of increased numbers of the generalist 

P. algidus at Lost Shoe may be a short term response to riparian treatments that open up the 

canopy: with a greater time period between treatment and evaluation, it is possible that this site 

could also show increased abundance of S. angusticollis and other forest specialists such as S, 

angulatus and S. marginatus, as was seen in the other two sites. Riparian restoration at Lost 

Shoe was focussed on thinning the over mature alder overstory to improve conifer 

regeneration, and to improve conifer stocking, given that this is a preferred source of stream 

LWD recruitment. Meanwhile, specific objectives at Swan Lake and Kootowis were to 

introduce old-growth attributes into the site. Given these differing objectives, and different time 

periods since treatment, it appears from our results that objectives aimed to introduce old-

growth attributes do appear to be relatively successful. It will be important to pay particular 

attention to the changes in abundance of old-growth specialist, Zacotus matthewsii, since this 

species is particularly affected by siliviculture methods and is less resilient than the other 

species in unsuitable habitat. 
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10101010 AAAAPPENDICESPPENDICESPPENDICESPPENDICES    
 

10.110.110.110.1 Appendix 1Appendix 1Appendix 1Appendix 1. . . . Swan Lake InformationSwan Lake InformationSwan Lake InformationSwan Lake Information    
 

The following material was taken from a brochure detailing the demonstration site set up at 

Swan Lake, and shows the original trail on the treated side of the lake. 
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10.210.210.210.2 Appendix 2. Appendix 2. Appendix 2. Appendix 2. ByByByBy----Catch InformationCatch InformationCatch InformationCatch Information    
 

The method used to trap carabids was also highly effective at trapping a large number of 

other arthropod species.  In the pitfall traps, I also collected arachnids (spiders and mites), 

springtails, millipedes, centipedes, crickets, flies, ants and other species of beetles such as 

staphylinidae (rove beetles), silphidae (carrion beetles), elateridae (click beetles), oedemeridae 

(false blister beetles) or curculionidae (weevils) as well as a number of other more rarely caught 

beetle species (Table 1).  I also assessed the number of shrews, salamanders, slugs and snails 

that fell into the traps.  All of the by-catch was collected, counted and stored.  The beetles 

were identified to family or genus, and the other groups were only identified to order. 

 
 

Table 1: ByTable 1: ByTable 1: ByTable 1: By----catch from pitfall trapscatch from pitfall trapscatch from pitfall trapscatch from pitfall traps    

 
 
GroupGroupGroupGroup    

Genus/SpeciesGenus/SpeciesGenus/SpeciesGenus/Species    

InvertebratesInvertebratesInvertebratesInvertebrates     
  
Coleoptera (beetles):Coleoptera (beetles):Coleoptera (beetles):Coleoptera (beetles):     

Silphidae (carrion beetles) Nicrophorus sp. 
others 

Dascilloidea (polyphagan beetles) Araeopidius monachus (LeConte) 
Staphylinidae (rove beetles) Not assessed to species 
Elateridae (click beetles) Ctenicera sp.       
Curculionidae (weevils) Nemocestes incomptus (Horn) 

Nemocestes horni  Van Dyke 
Others not assessed to species 

Leiodidae (small fungus beetles) Catops sp. 
Catoptrichus frankenhaeuseri (Mannerheim) 

Oedemeridae (false blister beetles) Ditylus gracilis LeConte 
Agyrtidae (primitive carrion beetles) Necrophilus hydrophiloides Guerin-M.     
Cephaloidae (false long-horned 
beetles) 

Cephaloon tenuicorne LeConte 

Zopheridae (used to be 
Tenebrionidae) 

Phellopsis obcordata (Kirby) 

Tenebionidae (darkling beetles) 
 

Ipthiminus serratus Mannerheim 

  
Arachnida:Arachnida:Arachnida:Arachnida:     
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Spiders not assessed to genus or species 

Mites 
 

not assessed to genus or species 

ChilopChilopChilopChilopoda:oda:oda:oda:     
Millipedes not assessed to genus or species except they 

were separated into groups: 
Grey (probably including Caseya spp., 
Bollmanella spp., Taiyutyla spp), pink (possibly 
Nearctodesmus spp) and yellow (yellow 
spotted millipede, Harpaphe haydeniana 
haydeniana). 

Centipedes not assessed to genus or species 

  
Hymenoptera:Hymenoptera:Hymenoptera:Hymenoptera:     

Ants not assessed to genus or species 
     

DipteraDipteraDipteraDiptera    Eros simplicus 
     

Hemiptera & HomopteraHemiptera & HomopteraHemiptera & HomopteraHemiptera & Homoptera    Few, not assessed to species 
     
Gastropoda:Gastropoda:Gastropoda:Gastropoda:     

Slugs not assessed to genus or species 
Snails not assessed to genus or species 

     
VertebratesVertebratesVertebratesVertebrates     
  
Mammalia:Mammalia:Mammalia:Mammalia:     

Shrew Sorex vagrans and Sorex monticolus 
  
Amphibia:Amphibia:Amphibia:Amphibia:     

Frogs not assessed to genus or species 
Salamanders Ambystoma gracile, Ambystoma 

macrodactylum, Taricha granulose, Ensatina 
eschscholtzii, Plethodon vehiculum 

 
The most commonly caught by-catch were spiders, snails, weevils, millipedes, and ants. Monthly 

catches of these groups are listed for all sites by transect location in Tables 2- 9.   

 

No ants were caught in the traps at Lost Shoe (Table 2). More ants were caught in the treatd 

site at Swan Lake than in the control site, while at Kootowis, similar numbers were caught in 

the treated site K1 and control site K2, while both of those sites had higher ant catches than in 

K3. 
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Low numbers of staphylinids were caught in all sites, including the old-growth control site 

(Table 3). Higher numbers were caught in the fall, and in the treated sites at Lost Shoe and 

Swan Lake than in the respective control sites. 

 

Snails were relatively abundant in all sites (Table 4). Much higher catches occurred in the 

treated sites at Kootowis, K1 and K3, than in the control site, K2. This was also the case at 

Lost Shoe, with higher catches in LS1 than in LS2. However, the opposite pattern prevailed at 

Swan Lake, where catches were higher in the control site, SL2. 

 

Weevils were caught in low numbers in all sites (Table 5).  The cyanide millipedes, Harpaphe 

sp. were also caught in low numbers in all locations (Table 6). Highest numbers overall were 

found in the control site of Swan Lake, SL2.  Low numbers of the pink millipedes (including 

Nearctodesmus spp.) were also noted in all locations (Table 7). None were caught in SL2, the 

control site at Swan Lake. Grey millipedes (including Caseya spp., Bollmanella spp., Taiyutyla 

spp. and others) were more abundant overall (Table 8). More were captured in the treated site 

at Lost Shoe, LS1, than in the control site, LS2. There were also more in the treated site at 

Kootowis K1, than in both K2 and K3.  

 

Spiders were particularly abundant in the treated site K1 at Kootowis, and catches of spiders in 

this site far surpassed the catches in K3 and K2 (Table 9).  There were also more spiders in the 

treated sites at Lost Shoe and at Swan Lake, as compared to the control sites in each of those 

locations.   

    
TableTableTableTables 2s 2s 2s 2aaaa----d. Monthly catches by site and location for ants in a) d. Monthly catches by site and location for ants in a) d. Monthly catches by site and location for ants in a) d. Monthly catches by site and location for ants in a) Kootowis treated and controlKootowis treated and controlKootowis treated and controlKootowis treated and control, b) , b) , b) , b) 
Lost Shoe treated and controlLost Shoe treated and controlLost Shoe treated and controlLost Shoe treated and control, c) , c) , c) , c) Swan Lake treated and controlSwan Lake treated and controlSwan Lake treated and controlSwan Lake treated and control and d) old growth sites. and d) old growth sites. and d) old growth sites. and d) old growth sites.    
a.a.a.a.    
CollectionDate K1T1 K1T2 K1T3 K2T1 K2T2 K2T3 K3T1 K3T2 K3T3 

1-Jun-08 7 0 2       
1-Jul-08 25 6 16 20 29 0 0 0 0 

1-Aug-08 26 20 22 9 10 2 1 0 1 
1-Sep-08 33 12 63 14 14 2 0 1 0 

b.b.b.b.    
CollectionDate LS1T1 LS1T2 LS1T3 LS2T1 LS2T2 LS2T3 

1-Jun-08 0 0 0 0 0 0 
1-Jul-08 0 0 0 0 0 0 
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1-Aug-08 0 0 0 0 0 0 
1-Sep-08 0 0 0 0 0 0 

c.c.c.c.    
CollectionDate SL1T1 SL1T2 SL1T3 SL2T2 SL2T3 

1-Jun-08 2 0 0 0 0 
1-Jul-08 8 10 1 0 0 

1-Aug-08 15 22 0 0 1 
1-Sep-08 2 51 4 0 0 

d.d.d.d.    
CollectionDate R1 R2 

1-Jun-08 0 0 

1-Jul-08 0 1 

1-Aug-08 0 1 

1-Sep-08 0 0 
 

Tables 3Tables 3Tables 3Tables 3aaaa----d. Monthly catches by site and location for staphylinids in d. Monthly catches by site and location for staphylinids in d. Monthly catches by site and location for staphylinids in d. Monthly catches by site and location for staphylinids in a) Kootowis treated a) Kootowis treated a) Kootowis treated a) Kootowis treated 
and control, b) Lost Shoe treated and control, c) Swan Lake treated and control and d) old and control, b) Lost Shoe treated and control, c) Swan Lake treated and control and d) old and control, b) Lost Shoe treated and control, c) Swan Lake treated and control and d) old and control, b) Lost Shoe treated and control, c) Swan Lake treated and control and d) old 
growth sites.growth sites.growth sites.growth sites.    

a.a.a.a.    
CollectionDate K1T1 K1T2 K1T3 K2T1 K2T2 K2T3 K3T1 K3T2 K3T3 

1-Jun-08 0 0 0       
1-Jul-08 0 0 0 0 0 0 0 0 0 

1-Aug-08 0 0 2 0 0 1 0 6 3 
1-Sep-08 0 5 4 2 7 2 5 4 0 

b.b.b.b.    
CollectionDate LS1T1 LS1T2 LS1T3 LS2T1 LS2T2 LS2T3 

1-Jun-08 0 0 0 0 0 0 
1-Jul-08 0 0 0 0 0 0 

1-Aug-08 0 0 0 0 0 0 
1-Sep-08 16 14 2 2 0 5 

c.c.c.c.    
CollectionDate SL1T1 SL1T2 SL1T3 SL2T2 SL2T3 

1-Jun-08 0 0 0 0 0 
1-Jul-08 0 1 1 1 0 

1-Aug-08 2 6 0 1 2 
1-Sep-08 0 20 39 5 0 

d.d.d.d.    
CollectionDate R1 R2 

1-Jun-08 0 0 

1-Jul-08 0 0 

1-Aug-08 2 0 

1-Sep-08 7 0 
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Tables 4Tables 4Tables 4Tables 4aaaa----d. Monthly catches by site and location fod. Monthly catches by site and location fod. Monthly catches by site and location fod. Monthly catches by site and location for snails in r snails in r snails in r snails in a) Kootowis treated and a) Kootowis treated and a) Kootowis treated and a) Kootowis treated and 
control, b) Lost Shoe treated and control, c) Swan Lake treated and control and d) old growth control, b) Lost Shoe treated and control, c) Swan Lake treated and control and d) old growth control, b) Lost Shoe treated and control, c) Swan Lake treated and control and d) old growth control, b) Lost Shoe treated and control, c) Swan Lake treated and control and d) old growth 
sites.sites.sites.sites.    

a.a.a.a.        
CollectionDate K1T1 K1T2 K1T3 K2T1 K2T2 K2T3 K3T1 K3T2 K3T3 

1-Jun-08 8 6 5       
1-Jul-08 6 11 5 5 5 6 11 5 3 

1-Aug-08 9 9 7 9 8 4 10 12 4 
1-Sep-08 18 24 9 4 9 8 12 14 1 

b.b.b.b.    
CollectionDate LS1T1 LS1T2 LS1T3 LS2T1 LS2T2 LS2T3 

1-Jun-08 4 3 1 3 0 1 
1-Jul-08 9 4 1 4 0 3 

1-Aug-08 9 7 6 6 1 0 
1-Sep-08 15 14 5 5 3 6 

c.c.c.c.    
CollectionDate SL1T1 SL1T2 SL1T3 SL2T2 SL2T3 

1-Jun-08 1 8 1 4 14 
1-Jul-08 10 9 5 3 22 

1-Aug-08 3 8 4 5 28 
1-Sep-08 1 18 6 14 18 

d.d.d.d.        

CollectionDate R1 R2 

1-Jun-08 18 13 

1-Jul-08 20 31 

1-Aug-08 39 19 

1-Sep-08 31 25 

    
Tables 5Tables 5Tables 5Tables 5aaaa----d. Monthly catches by site and location for curculionidae (weevils) ind. Monthly catches by site and location for curculionidae (weevils) ind. Monthly catches by site and location for curculionidae (weevils) ind. Monthly catches by site and location for curculionidae (weevils) in    a) a) a) a) 
Kootowis treated and control, b) Lost Shoe treated and control, c) Swan Lake treated and Kootowis treated and control, b) Lost Shoe treated and control, c) Swan Lake treated and Kootowis treated and control, b) Lost Shoe treated and control, c) Swan Lake treated and Kootowis treated and control, b) Lost Shoe treated and control, c) Swan Lake treated and 
control and d) old growth sites.control and d) old growth sites.control and d) old growth sites.control and d) old growth sites.    

a.a.a.a.        
CollectionDate K1T1 K1T2 K1T3 K2T1 K2T2 K2T3 K3T1 K3T2 K3T3 

1-Jun-08 1 2 9       
1-Jul-08 0 0 4 0 0 2 3 0 0 

1-Aug-08 0 2 1 1 0 0 0 0 0 
1-Sep-08 0 0 0 0 0 0 0 3 0 

b.b.b.b.    
CollectionDate LS1T1 LS1T2 LS1T3 LS2T1 LS2T2 LS2T3 

1-Jun-08 0 0 0 0 0 1 
1-Jul-08 1 0 0 0 0 0 

1-Aug-08 0 2 2 0 0 0 
1-Sep-08 1 0 0 0 1 0 

c.c.c.c.    
CollectionDate SL1T1 SL1T2 SL1T3 SL2T2 SL2T3 

1-Jun-08 1 5 6 15 15 
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1-Jul-08 0 3 2 9 3 
1-Aug-08 1 1 1 19 1 
1-Sep-08 0 0 1 7 1 

d.d.d.d.        

CollectionDate R1 R2 

1-Jun-08 3 2 

1-Jul-08 5 3 

1-Aug-08 1 2 

1-Sep-08 0 1 

    
Tables 6Tables 6Tables 6Tables 6aaaa----d. Monthly catches by site and location for d. Monthly catches by site and location for d. Monthly catches by site and location for d. Monthly catches by site and location for HarpapheHarpapheHarpapheHarpaphe sp. millipedes sp. millipedes sp. millipedes sp. millipedes in  in  in  in a) a) a) a) 
Kootowis treated and control,Kootowis treated and control,Kootowis treated and control,Kootowis treated and control, b) Lost Shoe treated and control, c) Swan Lake treated and  b) Lost Shoe treated and control, c) Swan Lake treated and  b) Lost Shoe treated and control, c) Swan Lake treated and  b) Lost Shoe treated and control, c) Swan Lake treated and 
control and d) old growth sites.control and d) old growth sites.control and d) old growth sites.control and d) old growth sites.    

a.a.a.a.        
CollectionDate K1T1 K1T2 K1T3 K2T1 K2T2 K2T3 K3T1 K3T2 K3T3 

1-Jun-08 0 4 9       
1-Jul-08 4 2 1 0 2 3 1 1 0 

1-Aug-08 0 1 1 0 0 1 1 1 2 
1-Sep-08 0 0 0 0 0 0 0 2 1 

b.b.b.b.    
CollectionDate LS1T1 LS1T2 LS1T3 LS2T1 LS2T2 LS2T3 

1-Jun-08 0 1 1 0 1 5 
1-Jul-08 0 0 0 0 1 0 

1-Aug-08 1 0 2 0 1 0 
1-Sep-08 0 2 0 0 0 0 

c.c.c.c.    
CollectionDate SL1T1 SL1T2 SL1T3 SL2T2 SL2T3 

1-Jun-08 0 3 6 8 15 
1-Jul-08 0 13 7 13 22 

1-Aug-08 0 1 0 3 4 
1-Sep-08 0 0 0 1 1 

d.d.d.d.        

CollectionDate R1 R2 

1-Jun-08 2 0 

1-Jul-08 12 0 

1-Aug-08 0 1 

1-Sep-08 0 0 
 

Tables Tables Tables Tables 7777aaaa----d. Monthly catches by site and location for grey d. Monthly catches by site and location for grey d. Monthly catches by site and location for grey d. Monthly catches by site and location for grey millipedes millipedes millipedes millipedes (including (including (including (including CaseyaCaseyaCaseyaCaseya    
spp., spp., spp., spp., BollmanellaBollmanellaBollmanellaBollmanella spp.,  spp.,  spp.,  spp., TaiyutylaTaiyutylaTaiyutylaTaiyutyla spp) spp) spp) spp),,,, in in in in a) Kootowis ta) Kootowis ta) Kootowis ta) Kootowis treated and control, b) Lost Shoe treated reated and control, b) Lost Shoe treated reated and control, b) Lost Shoe treated reated and control, b) Lost Shoe treated 
and control, c) Swan Lake treated and control and d) old growth sites.and control, c) Swan Lake treated and control and d) old growth sites.and control, c) Swan Lake treated and control and d) old growth sites.and control, c) Swan Lake treated and control and d) old growth sites.    

a.a.a.a.        
CollectionDate K1T1 K1T2 K1T3 K2T1 K2T2 K2T3 K3T1 K3T2 K3T3 

1-Jun-08 2 7 4       
1-Jul-08 6 6 2 0 1 4 2 8 10 
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1-Aug-08 2 6 7 0 1 4 2 9 10 
1-Sep-08 4 2 4 0 1 2 7 8 1 

b.b.b.b.    
CollectionDate LS1T1 LS1T2 LS1T3 LS2T1 LS2T2 LS2T3 

1-Jun-08 2 8 2 6 6 3 
1-Jul-08 12 3 4 2 4 2 

1-Aug-08 10 26 8 3 7 5 
1-Sep-08 14 18 5 7 9 18 

c.c.c.c.    
CollectionDate SL1T1 SL1T2 SL1T3 SL2T2 SL2T3 

1-Jun-08 1 0 6 7 7 
1-Jul-08 0 3 5 9 11 

1-Aug-08 0 3 5 8 6 
1-Sep-08 0 2 5 7 3 

d.d.d.d.        

CollectionDate R1 R2 

1-Jun-08 5 2 

1-Jul-08 4 0 

1-Aug-08 1 0 

1-Sep-08 6 3 
    

Tables Tables Tables Tables 8888aaaa----d. Monthly catches by site and location for pink millipedes d. Monthly catches by site and location for pink millipedes d. Monthly catches by site and location for pink millipedes d. Monthly catches by site and location for pink millipedes ((((NearctodesmusNearctodesmusNearctodesmusNearctodesmus    
spp)spp)spp)spp)    in in in in a) Kootowis treated and conta) Kootowis treated and conta) Kootowis treated and conta) Kootowis treated and control, b) Lost Shoe treated and control, c) Swan Lake treated rol, b) Lost Shoe treated and control, c) Swan Lake treated rol, b) Lost Shoe treated and control, c) Swan Lake treated rol, b) Lost Shoe treated and control, c) Swan Lake treated 
and control and d) old growth sites.and control and d) old growth sites.and control and d) old growth sites.and control and d) old growth sites.    

a.a.a.a.        
CollectionDate K1T1 K1T2 K1T3 K2T1 K2T2 K2T3 K3T1 K3T2 K3T3 

1-Jun-08 0 0        
1-Jul-08 1 1 2 0 0 1 1 1 0 

1-Aug-08 0 2 1 0 0 0 6 2 0 
1-Sep-08 0 0 0 0 0 1 7 1 1 

b.b.b.b.    
CollectionDate LS1T1 LS1T2 LS1T3 LS2T1 LS2T2 LS2T3 

1-Jun-08 1 5 2 21 0 1 
1-Jul-08 10 2 0 10 0 0 

1-Aug-08 5 1 3 9 6 0 
1-Sep-08 6 7 0 8 0 0 

c.c.c.c.    
CollectionDate SL1T1 SL1T2 SL1T3 SL2T2 SL2T3 

1-Jun-08 0 0 0 0 0 
1-Jul-08 0 0 0 0 0 

1-Aug-08 0 5 0 0 0 
1-Sep-08 0 0 0 0 0 

d.d.d.d.        

CollectionDate R1 R2 

1-Jun-08 1 0 
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1-Jul-08 2 5 

1-Aug-08 12 0 

1-Sep-08 9 1 
    

Tables Tables Tables Tables 9a9a9a9a----d. Monthly catches by site and location for spiders in d. Monthly catches by site and location for spiders in d. Monthly catches by site and location for spiders in d. Monthly catches by site and location for spiders in a) Kootowis treated and a) Kootowis treated and a) Kootowis treated and a) Kootowis treated and 
control, b) Lost Shoe treated and control, c) Swan Lacontrol, b) Lost Shoe treated and control, c) Swan Lacontrol, b) Lost Shoe treated and control, c) Swan Lacontrol, b) Lost Shoe treated and control, c) Swan Lake treated and control and d) old growth ke treated and control and d) old growth ke treated and control and d) old growth ke treated and control and d) old growth 
sites.sites.sites.sites.    

a.a.a.a.    
CollectionDate K1T1 K1T2 K1T3 K2T1 K2T2 K2T3 K3T1 K3T2 K3T3 

1-Jun-08 9 9 7       
1-Jul-08 8 10 21 8 6 2 5 15 9 

1-Aug-08 21 18 9 11 20 5 10 19 15 
1-Sep-08 122 67 55 7 24 12 12 19 6 

b.b.b.b.    
CollectionDate LS1T1 LS1T2 LS1T3 LS2T1 LS2T2 LS2T3 

1-Jun-08 2 6 3 3 0 1 
1-Jul-08 8 9 12 3 10 4 

1-Aug-08 14 30 76 16 7 2 
1-Sep-08 31 20 10 12 23 14 

c.c.c.c.    
CollectionDate SL1T1 SL1T2 SL1T3 SL2T2 SL2T3 

1-Jun-08 4 2 2 1 5 
1-Jul-08 13 12 5 6 1 

1-Aug-08 25 16 8 9 15 
1-Sep-08 6 26 19 15 2 

d.d.d.d.    

CollectionDate R1 R2 

1-Jun-08 7 8 

1-Jul-08 23 39 

1-Aug-08 17 21 

1-Sep-08 36 12 
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10.310.310.310.3 Appendix 3. Appendix 3. Appendix 3. Appendix 3. Salamander InformationSalamander InformationSalamander InformationSalamander Information    

 

Information on the salamanders seen in the biodiversity structures within Kootowis site K1 

given below is taken from from Jones et al. (2005). 

 

Northwestern Salamander: Northwestern Salamander: Northwestern Salamander: Northwestern Salamander: Ambystoma gracileAmbystoma gracileAmbystoma gracileAmbystoma gracile    

Northwestern salamanders are found mainly west of the Cascade Crest from northern 

California through British Columbia to extreme southeastern Alaska. They are found in mixed 

coniferous and deciduous forests: cool, moist, complex forests are believed to provide the 

optimal environment for this species. Downed trees and branches are believed to be essential 

as cover for the species. 

Northwestern salamanders breed in lentic environments, including lakes, ponds, wetlands, bays 

of rivers and streams and in manmade channels such s drainage ditches. 

They are found as both non-gilled terrestrial forms, and paedomorphic forms.  They breed 

between November and July. Eggs hatch in 2-4 weeks, depending on water temperature. 

Metamorphosis may occur during the fall of the first year, but is believed to occur most 

commonly after one complete year as a larva. Terrestrial adults usually remain within 1km of 

aquatic breeding sites, although larvae apparently disperse further. Between fall and early 

summer, terrestrial forms are active at, or just below, the surface. They are found out in the 

open most commonly during the late winter and spring breeding migrations, but will often 

retreat below ground into small mammal burrows, root channels and other small crevices and 

holes. They can also apparently dig into soft litter of the forest floor.  

Both larval and terrestrial forms prey on amphibian larvae and terrestrial and aquatic 

invertebrates. Main predators include dragonfly larvae, predaceous diving beetles, fish, Bullfrogs, 

garter snakes, turtles, herons, mink and raccoons.  
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LongLongLongLong----toed Salamander: toed Salamander: toed Salamander: toed Salamander: Ambystoma macrodactylumAmbystoma macrodactylumAmbystoma macrodactylumAmbystoma macrodactylum    

Long-toed salamanders have a wide range, and are found from southeastern Alaska to northern 

California, and from the Pacific eastwards to Idaho, western Montana and western Alberta. 

They occur in a variety of habitats, including forest, sagebrush and alpine meadows. Adults are 

generally subterranean, but are sometimes found on the ground under bark, rocks or rotting 

wood.    

This species breeds in the winter when temperatures are above freezing. At warmer, low-

elevations, breeding often begins in January, often following periods of precipitation.  Eggs hatch 

in 2-5 weeks, depending on water temperature.  In low elevations, metamorphosis of larvae 

may occur during the first summer, but can take 2-3 years in colder water at higher elevations. 

They become sexually mature at 2 years, and attain adult size by 3 years of age. They can live as 

long as 10 years. 

Adults feed on woodlice, crickets, beetles, centipedes, earthworms and spiders. Larval 

predators include dragonfly larvae, predaceous diving beetles, gartersnakes, fish and diving birds.  

Declines have been noted in this species in many regions, Some causal factors that have been 

proposed include timber harvest, road mortality and negative effects of UV-B radiation on egg 

mortality. 

RoughRoughRoughRough----skinned Newt: skinned Newt: skinned Newt: skinned Newt: Taricha granuloseTaricha granuloseTaricha granuloseTaricha granulose    

Rough-skinned newts are distributed in coastal mountains from southeast Alaska to Santa Cruz 

County, California. Both adults and juveniles are most abundant in forested habitats, including 

coniferous and deciduous woodlands in rolling and mountainous terrain. They can also occur in 

open valleys. They breed in ponds, ditches, beaver ponds and slow moving sections of streams. 

Timing of life history events is apparently quite variable. Adult migration to breeding sites may 

occur between December and July. At lower elevations, eggs are generally laid between January 

and May, and larvae metamorphose in the late summer and fall. At higher elevations, eggs are 

laid during the summer and early fall, and larvae metamorphose a year later. The length of the 
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juvenile phase is uncertain. After a few years, adults return to aquatic habitats to breed and lay 

eggs. They appear to show high site fidelity. 

Ensatina: Ensatina: Ensatina: Ensatina: Ensatina eschscholtziiEnsatina eschscholtziiEnsatina eschscholtziiEnsatina eschscholtzii    

This is the most widespread West Coast salamander, and is found from central coastal B.C., to 

northern Baja California, Mexico. They are found in both coniferous and deciduous forests. 

These are plethodontid and medium sized salamanders, and never enter water, but do require a 

moist habitat. In moist forests they are found under rocks and logs, and in talus, leaf litter and 

piles of bark. In the summer, they tend to move underground.   

Females attend their eggs, until they hatch. There is no free living larval stage; rather the eggs 

hatch and juvenile salamanders emerge. 

Western RedWestern RedWestern RedWestern Red----backed salamander:  backed salamander:  backed salamander:  backed salamander:  Plethodon vehiculumPlethodon vehiculumPlethodon vehiculumPlethodon vehiculum    

This is a small, terrestrial salamander. It is distributed from southwestern British Columbia 

through western Washington to southwestern Oregon. In B.C. it is found on Vancouver Island, 

and appears to be limited to elevations below 500 m. It is found on a number of smaller islands 

off the west coast of Vancouver Island, but is absent from the Gulf Islands in the Strait of 

Georgia. They are found in moist coniferous and mixed forests. Abundance is believed to be 

greatly affected by logging activities, with reduced abundance in harvested areas. They may be 

found in small crevices in stable talus, and within and under decaying vegetation, wood and 

rocks. Egg laying sites tend to be in talus or under bark.  

This terrestrial species shows direct development. Eggs are laid in moist and secluded locations 

on land during the spring, and hatch in the early fall into miniature versions of the adults. Sexual 

maturity takes 2-3 years to attain, and females reproduce every second year or less. 

Fertilization is internal, but indirect, with transfer of the spermatophore occurring between the 

male and female. An age-span of 10 years is apparently possible, but rarely reached in the wild. 

Peak activity periods above ground occur during the spring and fall, but above ground activity 

also occurs at other times of year. These salamanders are nocturnal, and can be seen on the 

forest floor on calm, wet nights. Predators include the Shrew-mole and gartersnakes. Birds, 
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small mammals and snakes also probably prey on this species, and it is believed that ground 

beetles may feed on eggs or small young. 

The species apparently shows high site tenacity. Particularly high abundances have been 

recorded on Vancouver Island, where average densities up to 3.7 salamanders per square metre 

have been found in various studies. 

 
Clouded Salamanders (Clouded Salamanders (Clouded Salamanders (Clouded Salamanders (AAAAneides ferreusneides ferreusneides ferreusneides ferreus))))    

Females attend eggs in spring and summer but both a male and female may be found together at 

a nest at times. Eggs hatch after about 2 months.  It is thought that males mature in their 2
nd
 

year at about 36 mm SVL, while females mature at a larger size of 55 mm SVL. It is thought that 

they produce eggs every 2
nd
 year. Individuals are believed to live about 5 years in the wild. A 

study of their food habits in Oregon showed that they feed to a large degree on isopods, snout 

beetles, European earwigs and ants. The particular species chosen were not identified to 

species. 

 

This species prefers decaying logs, particularly Douglas-fir and are found inhabiting these 

structures once they have been decayed adequately by ants, termites and other invertebrates. 

These organisms produce burrows in the wood that can be used by these salamanders. Before 

this stage of decomposition, the salamanders may live underneath loose bark, but once wood 

decay has proceeded to a state where it is very dry, they are no longer found. They are also 

found in road cuts and rocky outcrops, where they retreat into deep crevices in cold months. 

They are good climbers and have been found up to 61 m up in snags. 
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Appendix Appendix Appendix Appendix 4444. Vegetation . Vegetation . Vegetation . Vegetation in the riparian sites.in the riparian sites.in the riparian sites.in the riparian sites.    
 

Identifications were done using Pojar and Mackinnon (1994). Specific details for indicator 

characteristics were from Klinka, Krajina, Ceska and Scagel (1995). 

 

Vegetation for K1 (Kootowis Treated K1)Vegetation for K1 (Kootowis Treated K1)Vegetation for K1 (Kootowis Treated K1)Vegetation for K1 (Kootowis Treated K1)    
 
Location: K1 Kootowis  
Site: T1-1 
 
Canopy 
Stand Cw 
% of canopy closure 55% 
Shrubs 
Shrubs present at site Hardhack 30% 
 Salmonberry 10% 
Total % of Shrubs 40% 
 
Herbs   
% of herbs present in plot Bracken fern 20% 
 Deer fern 20% 
Total % of herbs within plot 40% 
  
Moss  
% of moss present in plot Oregon beaked moss 10% 
Total % of moss within plot 10% 
  
Bare Soil  
Total % of bare soil within plot 20% 
  
Leaf litter and debris  
Type of leaf litter present Df 
Total % of leaf litter within the plot 30% 
Total 100% 
 
Location: K1 Kootowis  
Site: T1-2 
 
Canopy 
Stand Cw, Df 
% of canopy closure 50% 
Shrubs 
Shrubs present at site Salal 10% 
 Salmonberry 10% 
 Hardhack  30% 
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Total % of Shrubs 50% 
 
Herbs   
% of herbs present in plot Deer fern 10% 
 Sword fern 10% 
Total % of herbs within plot 20% 
  
Moss  
% of moss present in plot 0% 
Total % of moss within plot 0% 
  
Bare Soil  
Total % of bare soil within plot 25% 
  
Leaf litter and debris  
Type of leaf litter present DF debris  
Total % of leaf litter within the plot 55% 
Total 100% 
 
Location: K1 Kootowis  
Site: T1-3 
 
Canopy 
Stand Cw, Df 
% of canopy closure 55% 
Shrubs 
Shrubs present at site Salal 15% 
 Salmonberry 30% 
Total % of Shrubs 45% 
 
Herbs   
% of herbs present in plot Lady fern 5% 
 Sword fern 35% 
 Foamflower 5% 
Total % of herbs within plot 45% 
  
Moss  
% of moss present in plot Large leafy moss 5% 
Total % of moss within plot 5% 
  
Bare Soil  
Total % of bare soil within plot 25% 
  
Leaf litter and debris  
Type of leaf litter present Df  
Total % of leaf litter within the plot 25% 
Total 100% 
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Location: K1 Kootowis  
Site: T2-1 
 
Canopy 
Stand Df 
% of canopy closure 50% 
Shrubs 
Shrubs present at site Willow Salix sp.  5% 
Total % of Shrubs 5% 
 
Herbs  
% of herbs present in plot 0% 
Total % of herbs within plot 0% 
  
Moss  
% of moss present in plot Oregon beaked moss 5% 
 Large leafy moss 5% 
Total % of moss within plot 10% 
  
Bare Soil  
Total % of bare soil within plot 0% 
  
Leaf litter and debris  
Type of leaf litter present Df debris  
Total % of leaf litter within the plot 90% 
Total 100% 
 
Location: K1 Kootowis  
Site: T2-2 
 
Canopy 
Stand Df 
% of canopy closure 40% 
Shrubs 
Shrubs present at site Willow Salix sp.  10% 
Total % of Shrubs 10% 
 
Herbs   
% of herbs present in plot Deer fern 10% 
 Grass Luzula sp.  5% 
Total % of herbs within plot 15% 
  
Moss  
% of moss present in plot Large leafy 5% 
 Oregon beaked moss 15% 
Total % of moss within plot 20% 
  
Bare Soil  
Total % of bare soil within plot 0% 
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Leaf litter and debris  
Type of leaf litter present Df 
Total % of leaf litter within the plot 65% 
Total 100% 
 
Location: K1 Kootowis   
Site: T2-3 
 
Canopy 
Stand Df 
% of canopy closure 40% 
Shrubs 
Shrubs present at site Willow Salix sp.  15% 
Total % of Shrubs 15% 
 
Herbs   
% of herbs present in plot Deer fern 10% 
Total % of herbs within plot 10% 
  
Moss  
% of moss present in plot Oregon beaked moss 2% 
Total % of moss within plot 2% 
  
Bare Soil  
Total % of bare soil within plot 0% 
  
Leaf litter and debris  
Type of leaf litter present Df debris  
Total % of leaf litter within the plot 88% 
Total 100% 
 
Location: K1 Kootowis (Right of Gully)  
Site: T3-1 
 
Canopy 
Stand Df 
% of canopy closure 40% 
Shrubs 
Shrubs present at site Salmonberry 10% 
 Willow Salix sp.  10% 
Total % of Shrubs 20% 
 
Herbs   
% of herbs present in plot Deer fern 50% 
Total % of herbs within plot 50% 
  
Moss  
% of moss present in plot Oregon beaked moss 30% 
Total % of moss within plot 30% 
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Bare Soil  
Total % of bare soil within plot 0% 
  
Leaf litter and debris  
Type of leaf litter present Df, Deer fern  
Total % of leaf litter within the plot 20% 
Total 100% 
 
Location: K1 Kootowis (Right of Gully)  
Site: T3-2 
 
Canopy 
Stand Df  
% of canopy closure 40% 
Shrubs 
Shrubs present at site Salal 10% 
 Salmonberry 10% 
 Willow Salix sp.  10% 
Total % of Shrubs 30% 
 
Herbs   
% of herbs present in plot Deer fern 45% 
 False Lily 20% 
Total % of herbs within plot 65% 
  
Moss  
% of moss present in plot Large leafy moss 10% 
 Oregon beaked moss 10% 
 Step moss 10% 
 Cat-tail moss 2% 
Total % of moss within plot 32% 
  
Bare Soil  
Total % of bare soil within plot 0% 
  
Leaf litter and debris  
Type of leaf litter present Df  
Total % of leaf litter within the plot 3% 
Total 100% 
 
Location: K1 Kootowis   
Site: T3-3 
 
Canopy 
Stand Df 
% of canopy closure 50% 
Shrubs 
Shrubs present at site Salmonberry 5% 
 Willow Salix sp.  10% 
Total % of Shrubs 15% 
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Herbs   
% of herbs present in plot Sword fern 20% 
 Deer fern 20% 
Total % of herbs within plot 40% 
  
Moss  
% of moss present in plot Oregon beaked moss 10% 
 Large leafy 10% 
 Slender beaked moss 10% 
Total % of moss within plot 30% 
  
Bare Soil  
Total % of bare soil within plot 0% 
  
Leaf litter and debris  
Type of leaf litter present Df  
Total % of leaf litter within the plot 30% 
Total 100% 
 
 

Vegetation for K2 (Kootowis Control)Vegetation for K2 (Kootowis Control)Vegetation for K2 (Kootowis Control)Vegetation for K2 (Kootowis Control)    
 
Location: Kootowis Control 
Site: T1-1 
 
Canopy 
Stand   Df, Dr 

Percent of canopy closure  50% 
Shrubs 
Shrubs present at site Salal 30%                               
 Salmonberry 30% 

Total percentage of shrubs 60% 
  
Herbs 

Percentage of herbs present in plot Sword fern 10% 
Total percentage of herbs within the plot 10% 
  

Moss 
Percentage of moss present in plot 0% 
Total percentage of moss within the plot 0% 
  

Bare Soil 
Total percentage of bare soil within the plot 20% 
  

Leaf litter and debris 
Type of leaf litter present Df  
Total percentage of leaf litter within the plot 70% 

Total 100% 
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Location: Kootowis Control 
Site: T1-2 
 
Canopy 
Stand   Ss, Cw 
Percent of canopy closure  60% 

Shrubs 
Shrubs present at site Salal 25%                               
 False Azalea 5% 
 Salmonberry 20% 

Total percentage of shrubs 50% 
 
Herbs 

Percentage of herbs present in plot 0% 
Total percentage of herbs within the plot 0% 
  
Moss 

Percentage of moss present in plot 0% 
Total percentage of moss within the plot 0% 
  

Bare Soil 
Total percentage of bare soil within the plot 50% 
  
Leaf litter and debris 

Type of leaf litter present Salal, Cw, Ss  
Total percentage of leaf litter within the plot 50% 

Total 100% 

 
Location: Kootowis Control 
Site: T1-3 
 
Canopy 
Stand   Cw 
Percent of canopy closure  50% 
Shrubs 

Shrubs present at site Salal 35%                               
 Red huckleberry 5% 
 Salmonberry 10% 

Total percentage of shrubs 50% 
  
Herbs 
Percentage of herbs present in plot Sword fern 10% 

 Deer fern 10% 
Total percentage of herbs within the plot 20% 
  

Moss 
Percentage of moss present in plot  
 Wavy-leaved cotton moss 5% 

Total percentage of moss within the plot 5% 



Riparian Restoration Techniques: Use of Carabids as Indicators of Effectiveness                                                   
   

Pearsall Ecological Consulting 
 

142 

  
Bare Soil 

Total percentage of bare soil within the plot 15% 
  
Leaf litter and debris 
Type of leaf litter present Salal, Cw  

Total percentage of leaf litter within the plot 60% 
Total 100% 

 
Location: Kootowis Control 
Site: T2-1 
 
Canopy 

Stand   Df 
Percent of canopy closure  40% 
Shrubs 
Shrubs present at site Salal 15%                               

 Red huckleberry 10% 
 Salmonberry 25% 
Total percentage of shrubs 50% 

 
Herbs 
Percentage of herbs present in plot Deer fern 10% 
Total percentage of herbs within the plot 10% 

  
Moss 
Percentage of moss present in plot Large leafy 5% 

 Wavy-leaved cotton moss 5% 
 Oregon beaked 70% 
Total percentage of moss within the plot 80% 

  
Bare Soil 
Total percentage of bare soil within the plot 0% 
  

Leaf litter and debris 
Type of leaf litter present Df  
Total percentage of leaf litter within the plot 10% 

Total 100% 
 
Location: Kootowis Control 
Site: T2-2 
 
Canopy 
Stand   Df 
Percent of canopy closure  50% 

 
Shrubs 
Shrubs present at site Salal 15%                         
 False Azalea 5% 
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 Salmonberry 10% 
Total percentage of shrubs 30% 

  
Herbs 
Percentage of herbs present in plot 0% 
Total percentage of herbs within the plot 0% 

  
Moss 
Percentage of moss present in plot Oregon beaked 45% 

Total percentage of moss within the plot 45% 
  
Bare Soil 

Total percentage of bare soil within the plot 10% 
  
Leaf litter and debris 
Type of leaf litter present Df  

Total percentage of leaf litter within the plot 45% 
Total 100% 

 
Location: Kootowis Control 
Site: T2-3 
 
Canopy 
Stand   Df 

Percent of canopy closure  45% 
Shrubs 
Shrubs present at site Salal 50%                               

 Salmonberry 20% 
Total percentage of shrubs 70% 
 

Herbs 
Percentage of herbs present in plot Sword fern 10% 
 Foam flower 5% 
Total percentage of herbs within the plot 15% 

  
Moss 
Percentage of moss present in plot Large leafy 10% 

 Oregon beaked 5% 
Total percentage of moss within the plot 15% 
  
Bare Soil 

Total percentage of bare soil within the plot 10% 
  
Leaf litter and debris 

Type of leaf litter present Df  
Total percentage of leaf litter within the plot 60% 

Total 100% 
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Location: Kootowis Control 
Site: T3-1 
 
Canopy 
Stand   Df 
Percent of canopy closure  60% 

Shrubs 
Shrubs present at site Salal 2.5%                       
 Salmonberry 2.5% 
Total percentage of shrubs 5% 

 
Herbs 
Percentage of herbs present in plot 0% 

Total percentage of herbs within the plot 0% 
  
Moss 
Percentage of moss present in plot Oregon Beaked 25% 

 Large leafy 5% 
Total percentage of moss within the plot 30% 
  

Bare Soil 
Total percentage of bare soil within the plot 10% 
  
Leaf litter and debris 

Type of leaf litter present Df  
Total percentage of leaf litter within the plot 60% 

Total 100% 

 
 
Location: Kootowis Control 
Site: T3-2 
 
Canopy 
Stand   Df 
Percent of canopy closure  55% 

Shrubs 
Shrubs present at site Salal 5%                               
 Red huckleberry 5% 
 Salmonberry 5% 

Total percentage of shrubs 15% 
  
Herbs 

Percentage of herbs present in plot 0% 
Total percentage of herbs within the plot 0% 
  

Moss 
Percentage of moss present in plot Large leafy 3% 
 Wavy-leaved cotton moss 2% 
Total percentage of moss within the plot 5% 
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Bare Soil 

Total percentage of bare soil within the plot 2% 
  
Leaf litter and debris 
Type of leaf litter present Df  

Total percentage of leaf litter within the plot 93% 
Total 100% 

 
Location: Kootowis Control 
Site: T3-3 
 
Canopy 

Stand   Df 
Percent of canopy closure  40% 
Shrubs 
Shrubs present at site Salal 30%                 

 Salmonberry 10% 
Total percentage of shrubs 40% 
 

Herbs 
Percentage of herbs present in plot Deer fern 15% 
 Lady fern 5% 
Total percentage of herbs within the plot 20% 

  
Moss 
Percentage of moss present in plot Oregon beaked 50% 

Total percentage of moss within the plot 50% 
  
Bare Soil 

Total percentage of bare soil within the plot 0% 
  
Leaf litter and debris 
Type of leaf litter present Df  

Total percentage of leaf litter within the plot 30% 
Total 100% 

 
 

Vegetation for K3 (KootoVegetation for K3 (KootoVegetation for K3 (KootoVegetation for K3 (Kootowis Treated K3)wis Treated K3)wis Treated K3)wis Treated K3)    
 
Location: K3 (Kootowis treated left side) 
Site: T1-1 
 
Canopy 
Stand Cw, Df 
% of canopy closure 40% 
Shrubs 
Shrubs present at site Salmonberry 10% 
 Salal 40% 
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Total % of Shrubs 50% 
 
Herbs   
% of herbs present in plot Deer fern 30% 
Total % of herbs within plot 30% 
  
Moss  
% of moss present in plot Oregon Beaked moss 10% 
Total % of moss within plot 10% 
  
Bare Soil  
Total % of bare soil within plot 5% 
  
Leaf litter and debris  
Type of leaf litter present Deer fern, Df debris  
Total % of leaf litter within the plot 55% 
Total 100% 
 
Location: K3 Kootowis treated  
Site: T1-2 
 
Canopy 
Stand Cw, Df 
% of canopy closure 35% 
Shrubs 
Shrubs present at site Salmonberry 15% 
 Salal 30% 
 Red Huckleberry 5% 
Total % of Shrubs 50% 
 
Herbs   
% of herbs present in plot Deer fern 65% 
 Sword fern 5% 
 False Lily 2% 

 Foam flower 3% 
Total % of herbs within plot 75% 
  
Moss  
% of moss present in plot Oregon beaked moss 1% 
 Menzie’s tree moss 4% 
Total % of moss within plot 5% 
  
Bare Soil  
Total % of bare soil within plot 0% 
  
Leaf litter and debris  
Type of leaf litter present Df  
Total % of leaf litter within the plot 20% 
Total 100% 
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Location: K3 Kootowis treated  
Site: T1-3 
 
Canopy 
Stand Cw, Df 
% of canopy closure 40% 
Shrubs 
Shrubs present at site Salal 10% 
Total % of Shrubs 10% 
 
Herbs  
% of herbs present in plot Lady fern 2% 
Total % of herbs within plot 2% 
  
Moss  
% of moss present in plot 0% 
Total % of moss within plot 0% 
  
Bare Soil  
Total % of bare soil within plot 75% 
  
Leaf litter and debris  
Type of leaf litter present Cw, debris 23%  
Total % of leaf litter within the plot 23% 
Total 100% 
 
Location: K3 Kootowis treated  
Site: T2-1 
 
Canopy 
Stand  Df 
% of canopy closure 30% 
Shrubs 
Shrubs present at site Salal 40% 
 Red Huckleberry 2% 
 Salmonberry 3% 
 Western flowering dogwood5% 
Total % of Shrubs 50% 
 
Herbs   
% of herbs present in plot Horse tail 10% 
 Sword fern 5% 
 Foamflower 5% 
Total % of herbs within plot 20% 
  
Moss  
% of moss present in plot Large leafy 2% 
Total % of moss within plot 2% 
  
Bare Soil  
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Total % of bare soil within plot 3% 
  
Leaf litter and debris  
Type of leaf litter present Df debris 
Total % of leaf litter within the plot 75% 
Total 100% 
 
Location: K3 Kootowis treated  
Site: T2-2 
 
Canopy 
Stand Df 
% of canopy closure 30% 
 
Shrubs 
Shrubs present at site Salal 15% 
 False Azalea 5% 
 Salmonberry 5% 
 Red Huckleberry 5% 
 Western flowering dogwood 20% 
Total % of Shrubs 50% 
 
Herbs   
% of herbs present in plot Lady fern 60% 
Total % of herbs within plot 60% 
  
Moss  
% of moss present in plot Large leafy 2% 
Total % of moss within plot 2% 
  
Bare Soil  
Total % of bare soil within plot 0% 
  
Leaf litter and debris  
Type of leaf litter present Df, Deer fern  
Total % of leaf litter within the plot 38% 
Total 100%  
 
Location: K3 Kootowis treated  
Site: T2-3 
 
Canopy 
Stand Df 
% of canopy closure 40% 
Shrubs 
Shrubs present at site Alaskan Blueberry 20% 
 Red Huckleberry 5% 
 Western flowering dogwood 20% 
Total % of Shrubs 45% 
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Herbs  
% of herbs present in plot Deer fern 40% 
Total % of herbs within plot 40% 
  
Moss  
% of moss present in plot Oregon beaked moss 40% 
Total % of moss within plot 40% 
  
Bare Soil 
Total % of bare soil within plot 0% 
  
Leaf litter and debris  
Type of leaf litter present Df  
Total % of leaf litter within the plot 20% 
Total 100% 
 
Location: K3 Kootowis treated  
Site: T3-1 
 
Canopy 
Stand Df 
% of canopy closure 30% 
Shrubs 
Shrubs present at site Salal 10% 
 Salmonberry 15% 
Total % of Shrubs 25% 
 
Herbs  
% of herbs present in plot Deer fern 60% 
Total % of herbs within plot 60% 
  
Moss  
% of moss present in plot Large leafy moss 5% 
 Oregon beaked moss 5% 
Total % of moss within plot 10% 
  
Bare Soil  
Total % of bare soil within plot 0% 
  
Leaf litter and debris  
Type of leaf litter present Df debris  
Total % of leaf litter within the plot 30% 
Total 100% 
 
Location: K3 Kootowis treated  
Site: T3-2 
 
Canopy 
Stand Df 
% of canopy closure 30% 
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Shrubs 
Shrubs present at site Salmonberry 10% 
 Western flowering dogwood 40% 
Total % of Shrubs 50% 
 
Herbs  
% of herbs present in plot Spiny oak fern 50% 
 Deer fern 20% 
Total % of herbs within plot 70% 
  
Moss  
% of moss present in plot Oregon beaked 2% 
Total % of moss within plot 2% 
  
Bare Soil  
Total % of bare soil within plot 0% 
  
Leaf litter and debris  
Type of leaf litter present Df   
Total % of leaf litter within the plot 28% 
Total 100% 
 
 
Location: K3 Kootowis treated  
Site: T3-3 
 
Canopy 
Stand Df 
% of canopy closure 30% 
Shrubs 
Shrubs present at site Salal 10% 
 Salmonberry 10% 
 Red Huckleberry 10% 
Total % of Shrubs 30% 
 
Herbs   
% of herbs present in plot Deer fern 10% 
Total % of herbs within plot 10% 
  
Moss  
% of moss present in plot Oregon beaked moss 20% 
Total % of moss within plot 20% 
  
Bare Soil  
Total % of bare soil within plot 5% 
  
Leaf litter and debris  
Type of leaf litter present Df, Deer fern 
Total % of leaf litter within the plot 65% 
Total 100% 



Riparian Restoration Techniques: Use of Carabids as Indicators of Effectiveness                                                   
   

Pearsall Ecological Consulting 
 

151 

Vegetation for LS1 (Lost Shoe Treated)Vegetation for LS1 (Lost Shoe Treated)Vegetation for LS1 (Lost Shoe Treated)Vegetation for LS1 (Lost Shoe Treated)    
    
Location: LS1 
Site: T1-1 
 
Canopy 
Stand  Hw  
Percent of canopy closure  1% 
Shrubs 

Shrubs present at site 0%                               
Total percentage of shrubs 0% 
  

Herbs 
Percentage of herbs present in plot False lily 5% 
Total percentage of herbs within the plot 5% 
  

Moss 
Percentage of moss present in plot 0% 
Total percentage of moss within the plot 0% 

  
Bare Soil 
Total percentage of bare soil within the plot 20% 

  
Leaf litter and debris 
Type of leaf litter present Hw 
Total percentage of leaf litter within the plot 75% 

Total 100% 
 
Location: LS1 
Site: T1-2 
 
Canopy 
Stand  Dr  
Percent of canopy closure  1% 

Shrubs 
Shrubs present at site Salmonberry 15%                               
Total percentage of shrubs 15% 

  
Herbs 
Percentage of herbs present in plot Sword fern 75% 

Total percentage of herbs within the plot 75% 
  
Moss 
Percentage of moss present in plot Lanky moss 5% 

Total percentage of moss within the plot 5% 
  
Bare Soil 

Total percentage of bare soil within the plot 10% 
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Leaf litter and debris 

Type of leaf litter present Dr, sword fern 
Total percentage of leaf litter within the plot 10% 

Total 100% 

 
Location: LS1 
Site: T1-3 
 
Canopy 

Stand   
Percent of canopy closure  0% 
Shrubs 

Shrubs present at site Salmonberry 30%                       
 Stink currant 10% 
Total percentage of shrubs 40% 
  

Herbs 
Percentage of herbs present in plot Sword fern 15% 
 Tule 15% 

 False lily 15% 
 Orchard grass (Dactylis glomerata) 15% 
Total percentage of herbs within the plot 60% 
  

Moss 
Percentage of moss present in plot Lanky moss 5% 
Total percentage of moss within the plot 5% 

  
Bare Soil 
Total percentage of bare soil within the plot 5% 

  
Leaf litter and debris 
Type of leaf litter present  sword fern, tule, Salmonberry 
Total percentage of leaf litter within the plot 30% 

Total 100% 
 
Location: LS1 
Site: T2-1 
 
Canopy 
Stand Hw, Dr  
Percent of canopy closure  15% 

Shrubs 
Shrubs present at site Salmonberry 10%                               
Total percentage of shrubs 10% 

 
Herbs 
Percentage of herbs present in plot Sword fern 20% 

 Deer fern 20% 
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 Spiny oak 10% 
Total percentage of herbs within the plot 50% 

  
Moss 
Percentage of moss present in plot 0% 
Total percentage of moss within the plot 0% 

  
Bare Soil 
Total percentage of bare soil within the plot 20% 

  
Leaf litter and debris 
Type of leaf litter present Dr, sword fern 

Total percentage of leaf litter within the plot 30% 
Total 100% 

 
Location: LS1 
Site: T2-2 
 
Canopy 
Stand Hw, Dr  

Percent of canopy closure  15% 
Shrubs 
Shrubs present at site Salmonberry 5%                               
Total percentage of shrubs 5% 

  
Herbs 
Percentage of herbs present in plot Tule 10% 

 Unidentified herb 5% 
 Orchard grass (Dactylis glomerata) 10% 
 Northern starwort Stellaria sp. 10% 

 False lily 5% 
Total percentage of herbs within the plot 40% 
  
Moss 

Percentage of moss present in plot 0% 
Total percentage of moss within the plot 0% 
  

Bare Soil 
Total percentage of bare soil within the plot 10% 
  
Leaf litter and debris 

Type of leaf litter present Dr, sword fern 
Total percentage of leaf litter within the plot 50% 

Total 100% 
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Location: LS1 
Site: T2-3 
 
Canopy 
Stand Hw, Dr  
Percent of canopy closure  35% 

Shrubs 
Shrubs present at site Salmonberry 10%                               
 Stink currant 20% 
Total percentage of shrubs 30% 

  
Herbs 
Percentage of herbs present in plot Sword fern 40% 

Total percentage of herbs within the plot 40% 
  
Moss 
Percentage of moss present in plot 0% 

Total percentage of moss within the plot 0% 
  
Bare Soil 

Total percentage of bare soil within the plot 0% 
  
Leaf litter and debris 
Type of leaf litter present Dr, sword fern 

Total percentage of leaf litter within the plot 60% 
Total 100% 

 
Location: LS1 
Site: T3-1 
 
Canopy 

Stand   
Percent of canopy closure  0% 
Shrubs 
Shrubs present at site Salmonberry 10%                               

Total percentage of shrubs 10% 
  
Herbs 

Percentage of herbs present in plot Sword fern 5% 
Total percentage of herbs within the plot 5% 
  
Moss 

Percentage of moss present in plot 0% 
Total percentage of moss within the plot 0% 
  

Bare Soil 
Total percentage of bare soil within the plot 80% 
  

Leaf litter and debris 
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Type of leaf litter present Dr, sword fern 
Total percentage of leaf litter within the plot 15% 

Total 100% 
 
Location: LS1 
Site: T3-2 
 
Canopy 
Stand  Hw  
Percent of canopy closure  35% 

Shrubs 
Shrubs present at site 0%                               
Total percentage of shrubs 0% 

  
Herbs 
Percentage of herbs present in plot Sword fern 40% 
Total percentage of herbs within the plot 40% 

  
Moss 
Percentage of moss present in plot Large leafy 2% 

Total percentage of moss within the plot 2% 
  
Bare Soil 
Total percentage of bare soil within the plot 8% 

  
Leaf litter and debris 
Type of leaf litter present Hw, sword fern 

Total percentage of leaf litter within the plot 50% 
Total 100% 

 
Location: LS1 
Site: T3-3 
 
Canopy 
Stand  Hw  

Percent of canopy closure  40% 
Shrubs 
Shrubs present at site Salmonberry 10%                               

Total percentage of shrubs 10% 
 
Herbs 
Percentage of herbs present in plot Sword fern 30% 

 Deer fern 20% 
 Spiny oak 10% 
Total percentage of herbs within the plot 60% 

  
Moss 
Percentage of moss present in plot 0% 

Total percentage of moss within the plot 0% 
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Bare Soil 

Total percentage of bare soil within the plot 5% 
  
Leaf litter and debris 
Type of leaf litter present Hw 

Total percentage of leaf litter within the plot 35% 
Total 100% 

    

Vegetation for LS2 (Lost Shoe Control)Vegetation for LS2 (Lost Shoe Control)Vegetation for LS2 (Lost Shoe Control)Vegetation for LS2 (Lost Shoe Control)    
 
Location: LS2 control 
Site: T1-1 
 
Canopy 
Stand  Dr  

Percent of canopy closure  25% 
Shrubs 
Shrubs present at site Salmonberry 75%                               

 Stink currant 15% 
Total percentage of shrubs 90% 
 

Herbs 
Percentage of herbs present in plot Tule 70% 
 Unidentified herb 10% 
Total percentage of herbs within the plot 80% 

  
Moss 
Percentage of moss present in plot 0% 

Total percentage of moss within the plot 0% 
  
Bare Soil 
Total percentage of bare soil within the plot 10% 

  
Leaf litter and debris 
Type of leaf litter present Dr, tule 

Total percentage of leaf litter within the plot 10% 
Total 100% 

 
Location: LS2 control 
Site: T1-2 
 
Canopy 
Stand  Dr  

Percent of canopy closure  25% 
Shrubs 
Shrubs present at site Salmonberry 75%                               

 Stink currant 15% 
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Total percentage of shrubs 90% 
 

Herbs 
Percentage of herbs present in plot Tule 10% 
 Hellebore 10% 
 False lily 60% 

Total percentage of herbs within the plot 80% 
  
Moss 

Percentage of moss present in plot Coastal leafy moss 10% 
Total percentage of moss within the plot 10% 
  

Bare Soil 
Total percentage of bare soil within the plot 0% 
  
Leaf litter and debris 

Type of leaf litter present Dr 
Total percentage of leaf litter within the plot 10% 

Total 100% 

 
Location: LS2 control 
Site: T1-3 
 
Canopy 
Stand  Dr  
Percent of canopy closure  15% 
Shrubs 

Shrubs present at site Salmonberry 75%                               
 Stink currant 15% 
Total percentage of shrubs 90% 

 
Herbs 
Percentage of herbs present in plot Tule 10% 
 False lily 20% 

 Sword fern 30% 
 Dactylis glomerata (orchard grass) 20% 
Total percentage of herbs within the plot 80% 

  
Moss 
Percentage of moss present in plot Large leafy 10% 
Total percentage of moss within the plot 10% 

  
Bare Soil 
Total percentage of bare soil within the plot 5% 

  
Leaf litter and debris 
Type of leaf litter present Dr, Salmonberry 

Total percentage of leaf litter within the plot 5% 
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Total 100% 
 
Location: LS2 control 
Site: T2-1 
 
Canopy 
Stand  Dr  

Percent of canopy closure  25% 
Shrubs 
Shrubs present at site Salmonberry 60%                               

 Stink currant 15% 
Total percentage of shrubs 75% 
 

Herbs 
Percentage of herbs present in plot Tule 15% 
 False lily 15% 
Total percentage of herbs within the plot 30% 

  
Moss 
Percentage of moss present in plot Slender beaked moss 20% 

Total percentage of moss within the plot 20% 
  
Bare Soil 
Total percentage of bare soil within the plot 15% 

  
Leaf litter and debris 
Type of leaf litter present Dr, Salmonberry 

Total percentage of leaf litter within the plot 35% 
Total 100% 

 
Location: LS2 control 
Site: T2-2 
 
Canopy 
Stand  Dr  

Percent of canopy closure  25% 
 
Shrubs 
Shrubs present at site Salmonberry 80%                               

 Stink currant 10% 
Total percentage of shrubs 90% 
  

Herbs 
Percentage of herbs present in plot Sword fern 60% 
 Deer fern 10% 

 Orchard grass (Dactylis glomerata) 5% 
 Spiny oak 5% 
Total percentage of herbs within the plot 80% 
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Moss 
Percentage of moss present in plot Slender beaked moss 5% 

Total percentage of moss within the plot 5% 
  
Bare Soil 
Total percentage of bare soil within the plot 5% 

  
Leaf litter and debris 
Type of leaf litter present Dr, fern, Salmonberry 

Total percentage of leaf litter within the plot 10% 
Total 100% 

 
Location: LS2 control 
Site: T2-3 
 
Canopy 
Stand  Dr  

Percent of canopy closure  25% 
Shrubs 
Shrubs present at site Salmonberry 70%                               

 Stink currant 10% 
Total percentage of shrubs 80% 
  
Herbs 

Percentage of herbs present in plot Sword fern 40% 
Total percentage of herbs within the plot 40% 
  

Moss 
Percentage of moss present in plot Large leafy 2% 
Total percentage of moss within the plot 2% 

  
Bare Soil 
Total percentage of bare soil within the plot 20% 
  

Leaf litter and debris 
Type of leaf litter present Dr, fern, Salmonberry 
Total percentage of leaf litter within the plot 38% 

Total 100% 
 
Location: LS2 control 
Site: T3-1 
 
Canopy 
Stand  Dr  
Percent of canopy closure  15% 

Shrubs 
Shrubs present at site Salmonberry 80%      
Total percentage of shrubs 80% 
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Herbs 
Percentage of herbs present in plot Tule 5% 

 Lady fern 20% 
 False lily 5% 
 Skunk cabbage 10% 
 Bracken fern 3% 

 Northern starwort Stellaria sp. 2% 
 Sword fern 5% 
Total percentage of herbs within the plot 50% 

  
Moss 
Percentage of moss present in plot Oregon beaked moss 20% 

Total percentage of moss within the plot 20% 
  
Bare Soil 
Total percentage of bare soil within the plot 10% 

  
Leaf litter and debris 
Type of leaf litter present Dr, fern 

Total percentage of leaf litter within the plot 20% 
Total 100% 

 
Location: LS2 control 
Site: T3-2 
 
Canopy 
Stand  Dr, Hw  

Percent of canopy closure  25% 
Shrubs 
Shrubs present at site Salmonberry 60%                               

Total percentage of shrubs 60% 
  
Herbs 
Percentage of herbs present in plot Lady fern 35% 

 False lily 5% 
Total percentage of herbs within the plot 40% 
  

Moss 
Percentage of moss present in plot Coastal leafy 5% 
 Large leafy 5% 
Total percentage of moss within the plot 10% 

  
Bare Soil 
Total percentage of bare soil within the plot 5% 

  
Leaf litter and debris 
Type of leaf litter present Dr, Salmonberry 

Total percentage of leaf litter within the plot 45% 
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Total 100% 
 
Location: LS2 control 
Site: T3-3 
 
Canopy 
Stand  Dr  

Percent of canopy closure  25% 
Shrubs 
Shrubs present at site Salmonberry 80%                               

Total percentage of shrubs 80% 
 
Herbs 

Percentage of herbs present in plot Sword fern 35% 
 False lily 5% 
Total percentage of herbs within the plot 40% 
  

Moss 
Percentage of moss present in plot Large leafy 2% 
Total percentage of moss within the plot 2% 

  
Bare Soil 
Total percentage of bare soil within the plot 20% 
  

Leaf litter and debris 
Type of leaf litter present Dr, fern, Salmonberry 
Total percentage of leaf litter within the plot 38% 

Total 100% 
 
    

Vegetation for SL1 (Swan Lake Treated)Vegetation for SL1 (Swan Lake Treated)Vegetation for SL1 (Swan Lake Treated)Vegetation for SL1 (Swan Lake Treated)    
    
Vegetation 
Location: Swan lake 
Site: T1-1 
 
Canopy 
Stand  Dr, Cw 

Percent of canopy closure  25% 
Shrubs 
Shrubs present at site Salmonberry 50%                               

Total percentage of shrubs 50% 
 
Herbs 

Percentage of herbs present in plot  
 False lily 35% 
 Spiny oak 35% 
Total percentage of herbs within the plot 70% 
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Moss 

Percentage of moss present in plot Oregon beaked 1% 
Total percentage of moss within the plot 1% 
  
Bare Soil 

Total percentage of bare soil within the plot 0% 
  
Leaf litter and debris 

Type of leaf litter present Dr, Salmonberry  
Total percentage of leaf litter within the plot 29% 

Total 100% 

 
Location: Swan lake 
Site: T1-2 
 
Canopy 

Stand  Dr, Cw 
Percent of canopy closure  25% 
Shrubs 

Shrubs present at site Salmonberry 15%                               
Total percentage of shrubs 15% 
 
Herbs 

Percentage of herbs present in plot Tule 10% 
 False lily 5% 
 Skunk cabbage 20% 

Total percentage of herbs within the plot 35% 
  
Moss 

Percentage of moss present in plot Large leafy 24% 
 Coastal leafy 10% 
 Slender beaked moss 1% 
Total percentage of moss within the plot 35% 

  
Bare Soil 
Total percentage of bare soil within the plot 0% 

  
Leaf litter and debris 
Type of leaf litter present Salal, Cw, Salmonberry  
Total percentage of leaf litter within the plot 30% 

Total 100% 
 
Location: Swan lake 
Site: T1-3 
 
Canopy 
Stand   Cw 

Percent of canopy closure  20% 
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Shrubs 
Shrubs present at site Red huckleberry 10%                               

 Salal 15% 
Total percentage of shrubs 25% 
 
Herbs 

Percentage of herbs present in plot  
Total percentage of herbs within the plot 0% 
  

Moss 
Percentage of moss present in plot Coastal leafy 2% 
 Large leafy 5% 
 Wavy leaved cotton moss 1% 

 Slender beaked moss 2% 
Total percentage of moss within the plot 10% 
  

Bare Soil 
Total percentage of bare soil within the plot 0% 
  

Leaf litter and debris 
Type of leaf litter present Salal, huckleberry, cedar 
Total percentage of leaf litter within the plot 90% 

Total 100% 

 
Location: Swan lake 
Site: T2-1 
 
Canopy 
Stand  Hw, Cw 
Percent of canopy closure  25% 

Shrubs 
Shrubs present at site Red huckleberry 2%          
Total percentage of shrubs 2% 
  

Herbs 
Percentage of herbs present in plot Deer fern 25% 
 Northern Starwort Stellaria sp. 10% 

Total percentage of herbs within the plot 35% 
  
Moss 
Percentage of moss present in plot Large leafy 20% 

 Coastal leafy 20% 
Total percentage of moss within the plot 40% 
  

Bare Soil 
Total percentage of bare soil within the plot 0% 
  
Leaf litter and debris 
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Type of leaf litter present Hw  
Total percentage of leaf litter within the plot 25% 

Total 100% 
Location: Swan lake 
Site: T2-2 
 
Canopy 
Stand  Hw 
Percent of canopy closure  20% 
Shrubs 

Shrubs present at site Salal 2%                               
Total percentage of shrubs 2% 
  

Herbs 
Percentage of herbs present in plot Deer fern 15% 
Total percentage of herbs within the plot 15% 
  

Moss 
Percentage of moss present in plot Large leafy 30% 
 Coastal leafy 25% 

 Liverwort (Porella sp. Free ruffle) 15% 
Total percentage of moss within the plot 70% 
  

Bare Soil 
Total percentage of bare soil within the plot 0% 
  
Leaf litter and debris 

Type of leaf litter present Hw, Ba 
Total percentage of leaf litter within the plot 15% 

Total 100% 

 
Location: Swan lake 
Site: T2-3 
 
Canopy 
Stand  Hw, Ba 
Percent of canopy closure  20% 
Shrubs 

Shrubs present at site Salal 15%                               
Total percentage of shrubs 15% 
 

Herbs 
Percentage of herbs present in plot Deer fern 80% 
Total percentage of herbs within the plot 80% 
  

Moss 
Percentage of moss present in plot Oregon beaked moss 2% 
Total percentage of moss within the plot 2% 
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Bare Soil 
Total percentage of bare soil within the plot 3% 

  
Leaf litter and debris 
Type of leaf litter present Hw  
Total percentage of leaf litter within the plot 15% 

Total 100% 
 
Location: Swan lake 
Site: T3-1 
 
Canopy 
Stand  Hw  

Percent of canopy closure  30% 
Shrubs 
Shrubs present at site Red huckleberry 10%                               
Total percentage of shrubs 10% 

  
Herbs 
Percentage of herbs present in plot Deer fern 25% 

Total percentage of herbs within the plot 25% 
  
Moss 
Percentage of moss present in plot Lanky moss 15% 

 Slender beaked moss 10% 
Total percentage of moss within the plot 25% 
  

Bare Soil 
Total percentage of bare soil within the plot 0% 
  

Leaf litter and debris 
Type of leaf litter present Cw, Hw  
Total percentage of leaf litter within the plot 50% 

Total 100% 

 
Location: Swan lake 
Site: T3-2 
 
Canopy 
Stand  Hw, Cw  
Percent of canopy closure  30% 

Shrubs 
Shrubs present at site Red huckleberry 10%                               
Total percentage of shrubs 10% 
 

Herbs 
Percentage of herbs present in plot Deer fern 40% 
Total percentage of herbs within the plot 40% 
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Moss 
Percentage of moss present in plot Liverwort 10% 

 Large leafy 20% 
Total percentage of moss within the plot 30% 
  
Bare Soil 

Total percentage of bare soil within the plot 0% 
  
Leaf litter and debris 

Type of leaf litter present Cw, Hw  
Total percentage of leaf litter within the plot 30% 

Total 100% 

 
 
Location: Swan lake 
Site: T3-3 
 
Canopy 
Stand  Cw, Hw  
Percent of canopy closure  25% 

Shrubs 
Shrubs present at site Red huckleberry 10%                               
 Salal 10% 
Total percentage of shrubs 20% 

 
Herbs 
Percentage of herbs present in plot Deer fern 60% 

Total percentage of herbs within the plot 60% 
  
Moss 
Percentage of moss present in plot Lanky moss 5% 

Total percentage of moss within the plot 5% 
  
Bare Soil 

Total percentage of bare soil within the plot 0% 
  
Leaf litter and debris 

Type of leaf litter present Cw, Hw, salal, fern  
Total percentage of leaf litter within the plot 35% 

Total 100% 
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Vegetation for SL2 (Swan Lake Control)Vegetation for SL2 (Swan Lake Control)Vegetation for SL2 (Swan Lake Control)Vegetation for SL2 (Swan Lake Control)    
 
Location: SL2 control 
Site: T2-1 
 
Canopy 
Stand  Df  
Percent of canopy closure  40% 
Shrubs 

Shrubs present at site Red huckleberry 3%                
 Evergreen huckleberry 2% 
Total percentage of shrubs 5% 

  
Herbs 
Percentage of herbs present in plot Deer fern 50% 
Total percentage of herbs within the plot 50% 

  
Moss 
Percentage of moss present in plot Small flat moss 5% 

 Large leafy 15% 
 Coastal leafy 20% 
Total percentage of moss within the plot 40% 

  
Bare Soil 
Total percentage of bare soil within the plot 0% 
  

Leaf litter and debris 
Type of leaf litter present Df 
Total percentage of leaf litter within the plot 10% 

Total 100% 
 
Location: SL2 control 
Site: T2-2 
 
Canopy 
Stand  Df  
Percent of canopy closure  40% 

Shrubs 
Shrubs present at site Red huckleberry 2%                               
Total percentage of shrubs 2% 

  
Herbs 
Percentage of herbs present in plot 0% 
Total percentage of herbs within the plot 0% 

  
Moss 
Percentage of moss present in plot Oregon beaked moss 40% 

 Wavy leaved cotton moss 35% 
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Total percentage of moss within the plot 75% 
  

Bare Soil 
Total percentage of bare soil within the plot 0% 
  
Leaf litter and debris 

Type of leaf litter present Df 
Total percentage of leaf litter within the plot 25% 

Total 100% 

 
Location: SL2 control 
Site: T2-3 
 
Canopy 
Stand  Df  
Percent of canopy closure  40% 
Shrubs 

Shrubs present at site Red huckleberry 2%                               
 Salal 3% 
Total percentage of shrubs 5% 

  
Herbs 
Percentage of herbs present in plot Deer fern 40% 
 Sword fern 20% 

Total percentage of herbs within the plot 60% 
  
Moss 

Percentage of moss present in plot Oregon beaked moss 5% 
Total percentage of moss within the plot 5% 
  

Bare Soil 
Total percentage of bare soil within the plot 0% 
  
Leaf litter and debris 

Type of leaf litter present Df, fern 
Total percentage of leaf litter within the plot 35% 

Total 100% 

 
Location: SL2 control 
Site: T3-2 
 
Canopy 
Stand  Df  
Percent of canopy closure  30% 
 
Shrubs 
Shrubs present at site Red huckleberry 10%                               
 Salal 10% 
 Salmon berry 5% 
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Total percentage of shrubs 25% 
  

Herbs 
Percentage of herbs present in plot Deer fern 50% 
Total percentage of herbs within the plot 50% 
  

Moss 
Percentage of moss present in plot Wavy leaved cotton moss 20% 
 Large leafy 20% 

Total percentage of moss within the plot 40% 
  
Bare Soil 

Total percentage of bare soil within the plot 0% 
  
Leaf litter and debris 
Type of leaf litter present Df 

Total percentage of leaf litter within the plot 10% 
Total 100% 
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Lost Shoe Treated (LLost Shoe Treated (LLost Shoe Treated (LLost Shoe Treated (LS1)S1)S1)S1)    

 

    

Lost Shoe Treated (LS1)Lost Shoe Treated (LS1)Lost Shoe Treated (LS1)Lost Shoe Treated (LS1)    
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Trap in the Lost Shoe Treated site LS1Trap in the Lost Shoe Treated site LS1Trap in the Lost Shoe Treated site LS1Trap in the Lost Shoe Treated site LS1    

    

    

Lost Shoe Control (LS2)Lost Shoe Control (LS2)Lost Shoe Control (LS2)Lost Shoe Control (LS2) (looking at LS2 from other side of the bank) (looking at LS2 from other side of the bank) (looking at LS2 from other side of the bank) (looking at LS2 from other side of the bank)    
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Lost Shoe Control Site (LS2)Lost Shoe Control Site (LS2)Lost Shoe Control Site (LS2)Lost Shoe Control Site (LS2)    

 

    

Lost Shoe Control Site (LS2)Lost Shoe Control Site (LS2)Lost Shoe Control Site (LS2)Lost Shoe Control Site (LS2)    
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Lost Shoe Control Site (LS2)Lost Shoe Control Site (LS2)Lost Shoe Control Site (LS2)Lost Shoe Control Site (LS2)    

    

    

Lost Shoe Lost Shoe Lost Shoe Lost Shoe LS2 LS2 LS2 LS2 Streamside TrapStreamside TrapStreamside TrapStreamside Trap    
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Swan Lake Treated (SL1)Swan Lake Treated (SL1)Swan Lake Treated (SL1)Swan Lake Treated (SL1)    

    

    

Swan Lake Treated (SL1)Swan Lake Treated (SL1)Swan Lake Treated (SL1)Swan Lake Treated (SL1)    
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Swan Lake Treated (SL1) trapSwan Lake Treated (SL1) trapSwan Lake Treated (SL1) trapSwan Lake Treated (SL1) trap    

    

    

Swan Lake Control (SL2)Swan Lake Control (SL2)Swan Lake Control (SL2)Swan Lake Control (SL2)    
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Swan Lake Control (SL2)Swan Lake Control (SL2)Swan Lake Control (SL2)Swan Lake Control (SL2)    

 

    

Swan LakeSwan LakeSwan LakeSwan Lake    
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Kootowis Treated Site K1Kootowis Treated Site K1Kootowis Treated Site K1Kootowis Treated Site K1    

    

    

Kootowis Treated Site K1 Streamside trapKootowis Treated Site K1 Streamside trapKootowis Treated Site K1 Streamside trapKootowis Treated Site K1 Streamside trap    
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Kootowis Treated Site K1Kootowis Treated Site K1Kootowis Treated Site K1Kootowis Treated Site K1    

    

Kootowis Treated Site K1Kootowis Treated Site K1Kootowis Treated Site K1Kootowis Treated Site K1    
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Kootowis Treated Site K3Kootowis Treated Site K3Kootowis Treated Site K3Kootowis Treated Site K3    

    

    

    

    

Kootowis Treated Site K3Kootowis Treated Site K3Kootowis Treated Site K3Kootowis Treated Site K3    
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Kootowis Treated Site K3Kootowis Treated Site K3Kootowis Treated Site K3Kootowis Treated Site K3    
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The following information is taken from Lindroth (1961-69) and Kavanaugh (1992). 

 

TTTTRIBE RIBE RIBE RIBE CCCCYCHRINIYCHRINIYCHRINIYCHRINI    

GGGGENUS ENUS ENUS ENUS SSSSCAPHINOTUS CAPHINOTUS CAPHINOTUS CAPHINOTUS LLLLATREILLEATREILLEATREILLEATREILLE    

    

Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis (Mannerheim) (Mannerheim) (Mannerheim) (Mannerheim) 

Description: A Scaphinotus with rufous-brown elytron with 18 regular, punctate striae. 

Size about 18.4-21.4mm. 

Dispersal potential: Adults are markedly brachypterous, incapable of flight. Association with 

logs on the forest floor along streams or just above sea beaches may provide a mechanism for 

dispersal oversea: otherwise limited to walking. 

Habitat preference: On mainland: restricted generally to forested areas, from sea level to tree 

line with dispersing adults also found on sea beaches and slightly above treeline.  Lindroth states 

that this species is a “true woodland” species, almost restricted to the coastal “Vancouverian” 

forests.  During the daytime it is apparently found under bark, and moss of dead, standing or 

fallen trees in shady places, and at night the beetle runs around and may climb the trunks to 

considerable heights.  Hibernation apparently takes place in more than one stage. 
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Scaphinotus marginatusScaphinotus marginatusScaphinotus marginatusScaphinotus marginatus (Fischer) (Fischer) (Fischer) (Fischer) 

Description: A Scaphinotus with black elytron with faint or marked metallic violet or green 

reflection with 16 or fewer striae. Size about 11.6-19.9 mm. 

Dispersal potential: Adults are markedly brachypterous, incapable of flight. Association with 

logs on the forest floor along streams or just above sea beaches may provide a mechanism for 

dispersal oversea: otherwise limited to walking. 

Habitat preference: species is widespread, with adults found in subratidal meadows, on open 

ground under cover, in disturbed areas, in all areas of deciduous and coniferous forest from sea 

level to timberline; also in subalpine and alpine areas under stones; absent only from waterside 

areas.  Lindroth stated that this species is rather eurytopic, but in southern regions it is mainly 

found in forests.  Larval hibernation is normal, and the adults probably live more than one year.  
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Scaphinotus angulatus Scaphinotus angulatus Scaphinotus angulatus Scaphinotus angulatus HarrisHarrisHarrisHarris    

IdentificationIdentificationIdentificationIdentification: Deep black, shiny elytra often with pronounced violaceous or coppery lustre.  

Elytra with 14 deep regular, punctate striae. 18-24mm length.   All the S. angulatus captured on 

Vancouver Island between 2002-2007 were very black in colouration (Pearsall 2002-2007). The 

body size is similar, but the body shape is distinctive from that of S. angusticollis. It appears 

more rounded and the prothorax tends to be more bulbous that that of S. angusticollis. 

Range /Habitat preference: Restricted to heavy "Vancouverian" forests.  Both larvae and adults 

are able to hibernate. Pearsall (2002-2007) found this species to be a forest specialist, similar to 

S. angusticollis and S. marginatus.  

Dispersal Potential:  Brachypterous. This insect can only walk out of site, and is unable to fly.  

 

 

Summary of habits of Summary of habits of Summary of habits of Summary of habits of S. angusticoS. angusticoS. angusticoS. angusticollisllisllisllis and  and  and  and S. marginatusS. marginatusS. marginatusS. marginatus: : : : These beetles are commonly seen in 

moist forests of the Northwest. All members of this genus feed on snails and slugs, but have 

also been observed feeding on earthworms, other arthropods including the larvae of the 

western hemlock looper.  The peculiar elongated shape of the head, pronotum, and mandibles 

of these species is directly associated with their feeding behaviour. Their narrow anterior end 

can fit into the aperture of a snail’s shell to feed.  The larvae of these species also feed on snails.  

Both larvae and adults of both species live upon moist forest ground. S. marginatus, is 

considered a forest litter predator and its smaller size allows it to move more freely within the 

duff layer rather than on top of it.  Multiple individuals of S. angusticollis have been observed 
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attacking large slugs together in captivity and sharing small shelters in groups, perhaps 

suggesting more complex social behaviour than is typical of predatory beetles.     

They are believed to have high potential as indicator species: both species are clearly associated 

with moist forest.  There is also strong evidence supporting a correlation between these 

species and mature forest.   

 

GGGGENUS ENUS ENUS ENUS CCCCYCHRUS YCHRUS YCHRUS YCHRUS FFFFABRICIUSABRICIUSABRICIUSABRICIUS    

    

Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus Harris 1839 Harris 1839 Harris 1839 Harris 1839    

Identification: A very large (21-25.3 mm) species with a dull black body and appendages. The 

surface of head and pronotum with thin, raised, irregularly shaped interconnecting ridges. Elytra 

covered with distinct, shiny tubercles of varied size; the largest tubercles arranged in three or 

four longitudinal rows. 

Range: Found on the west coast of North America, north to the Queen Charlotte Islands, 

south to northwestern California and east to the Cascade Range. 

Dispersal potential: Adults are brachypterous, incapable of flight, association with logs on the 

forest floor along streams or just above sea beaches may provide a method for oversea 

dispersal on rafts.  Otherwise limited to ambulatory dispersal. 

Habitat distribution: Restricted to heavy deciduous and coniferous forests, occurring in leaf 

litter and under logs on forest floor.  Lindroth stated that this species was apparently restricted 

to heavy “Vancouverian” forests.  Both adults and larvae hibernate. 
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TTTTRIBE RIBE RIBE RIBE PPPPTEROSTICHINI TEROSTICHINI TEROSTICHINI TEROSTICHINI     

GGGGENUS ENUS ENUS ENUS PPPPTEROSTICHUS TEROSTICHUS TEROSTICHUS TEROSTICHUS BBBBONELLIONELLIONELLIONELLI    

Specifically, the species Pterostichus lama, P. herculaneus, P. amethystinus, P. algidus, P. 

crenicollis, P. castaneus, P. pumilus. pumilus 

 

Description: This genus contains over 230 species in the U.S. Most are very similar in 

appearance, but vary in size. All of the above listed species are black, shiny, strong-jawed, 

flattened, ground dwelling beetles with striate elytra. Though practically identical in form, they 

vary greatly in size. Several species are similar in size and can only be identified by looking at 

micro-characteristics of the pronotum and shades of coloration. 

Habits: These species are generally considered nocturnal, tending to rest under stones and logs 

by day. They are predacious, but have been known to eat plant materials such as seeds and 

berries. P. algidus is one of the principal beetles that feed on Douglas-fir seeds. Species are 

believed to feed mainly on caterpillars and other soft bodied insects.  

Range and Habitat:    Members of this genus range throughout North America in a wide variety of 

habitats. However, the species listed above are local forest dwelling species.     Species range 

from abundant to uncommon in appropriate habitat. 

Indicator Value:    Questionable for most species. P. crenicollis has been listed as a late 

successional forest associate and a riparian predator in Appendix J2 of the Northwest Forest 

Plan. This species can be keyed out by the existence of micro-serrations along the margins of 

the pronotum. It shares this trait with P. lama but is much smaller. Pterostichus lama and P. 

amethystinus have been considered late successional forest related by regional specialists. 

Each species will be dealt with individually below: 

    

Pterostichus lama Pterostichus lama Pterostichus lama Pterostichus lama (Menetries)(Menetries)(Menetries)(Menetries)    

Adults are markedly brachypterous, incapable of flight. Association with logs on the forest floor 

along streams or just above sea beaches may provide a mechanism for dispersal oversea: 

otherwise limited to walking.  About 23.6-27.4mm length. 
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Pterostichus crenicollis Pterostichus crenicollis Pterostichus crenicollis Pterostichus crenicollis LeConteLeConteLeConteLeConte 

Adults are markedly brachypterous, incapable of flight. Association with logs on the forest floor 

along streams or just above sea beaches may provide a mechanism for dispersal oversea: 

otherwise limited to walking.  Body length 16.0- 19.5mm. 

Adults are widespread and abundant at low and middle elevations (up to 800m) where they 

occur under stones and logs and in leaf litter in areas of deciduous or coniferous forest. They 

also occur on shaded cobble-type upper sea beaches above the high tide line, under stones 

along margins of small shaded streams and under debris in open areas. 

 

Pterostichus algidus Pterostichus algidus Pterostichus algidus Pterostichus algidus LeConteLeConteLeConteLeConte    

Adults are markedly brachypterous, incapable of flight. Association with logs on the forest floor 

along streams or just above sea beaches may provide a mechanism for dispersal oversea: 

otherwise limited to walking.  Body length 12.1-14.8mm. 

Adults of this species are widespread, very abundant, almost ubiquitous at low and middle 

elevations (up to 250m) where they occur under cover in all habitats except sandy beach areas 

and bogs and marshes. 

 

Pterostichus amethystinusPterostichus amethystinusPterostichus amethystinusPterostichus amethystinus ManManManMannerheimnerheimnerheimnerheim 

Adults are markedly brachypterous, incapable of flight. Association with logs on the forest floor 

along streams or just above sea beaches may provide a mechanism for dispersal oversea: 

otherwise limited to walking.  Body length 10.8-15.3mm. 

This species is widespread in areas of coniferous forest, from sea level to treeline on mountain 

peaks. Adults occur under loose bark of fallen trees or under logs on the forest floor. 

    

Pterostichus castaneusPterostichus castaneusPterostichus castaneusPterostichus castaneus (Dejean) (Dejean) (Dejean) (Dejean)    

This species is apparently widespread in coniferous forest, from near sea level to just below 

treeline on mountain peaks.  Most adults are found under loose bark, or mats of mosses on 

tree trunks and a few occur under logs on the forest floor. The adults are brachypterous and 

incapable of flight- association with logs on the forest floor along streams or just above sea 

beaches may allow for dispersal; otherwise limited to ambulatory dispersal. Body length less 

than 19.5mm.  
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Pterostichus herculaneusPterostichus herculaneusPterostichus herculaneusPterostichus herculaneus Mannerheim Mannerheim Mannerheim Mannerheim 

Occurs in dense, dry conifer or mixed forests, mostly under logs. Hibernation may take place in 

the larval stage.  Body length 13.5-17mm. 

 

Pterostichus pumilusPterostichus pumilusPterostichus pumilusPterostichus pumilus pumiluspumiluspumiluspumilus Casey 1913 

Distribution: In the mountains and foothills near the Pacific coast S to Oregon. 

Ecology: On Mt. Arrowsmith, this species was found in dense, old forest, with Pseudotsuga 

taxifolia, Abies grandis, Thuja plicata. 

 

TTTTRIBE RIBE RIBE RIBE PPPPLATYNINILATYNINILATYNINILATYNINI    

GGGGENUS ENUS ENUS ENUS AAAAGONUM GONUM GONUM GONUM BBBBONELLIONELLIONELLIONELLI    

Members of this genus have a characteristic, rather uniform appearance. World-wide 

distribution, most are hygrophilus. Occur most frequently at the margin of standing, often quite 

small, waters, where the vegetation is rich. Some are restricted to forests. Most are able flyers 

 

Agonum affine Agonum affine Agonum affine Agonum affine  Kirby 1837 

Distribution:  Transamerican and mainly northern.  B.C., and Vancouver Island. 

Ecology.  Very hygrophilous.  At the border of ponds and in swamps with dense vegetation of 

Carices, Menyanthes and brown mosses. 

    

TTTTRIBE RIBE RIBE RIBE BBBBROSCINIROSCINIROSCINIROSCINI    

GGGGENUS ENUS ENUS ENUS ZZZZACOTUS ACOTUS ACOTUS ACOTUS LLLLEEEECCCCONTEONTEONTEONTE    

Restricted to western North America. 

 

Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii LeConte LeConte LeConte LeConte 

Description: This ground beetle is most recognizable by its striking coloration. The entire upper 

side of its head, pronotum, and abdomen are a brightly iridescent bronze/maroon. Its underside 

and legs are black. The frons, or top of the head, is irregularly wrinkled. Zacotus matthewsi is 

roughly tubular in form, rather than the flattened oval shape typical of this family. Body length is 

12.0-18.0mm 
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Habits: Adults of this species are forest floor dwelling predators. Larvae live within the forest 

floor litter and are also predaceous. Relatively little is known about the lifestyle and behaviour 

of this species. Sources refer to it as a litter and soil predator, feeding mainly upon millipedes.  

Adults are markedly brachypterous, incapable of flight. Association with logs on the forest floor 

along streams or just above sea beaches may provide a mechanism for dispersal oversea: 

otherwise limited to walking. 

Range and Habitat:    This species can be found within mature forests along the pacific coast, from 

British Columbia to Northern California. Some sources extend the range eastward to Montana 

and North to Alaska. Lindroth stated that members of this species occur in dense coniferous 

forest, where they are found under logs and deep in the needle duff layer during the day.  At 

night they are active on the surface, particularly in areas where needle duff is very deep and 

free of low plant cover (understory).  They are generally uncommon to common in appropriate 

habitat. 

Indicator potential: They are believed to have high potential as indicators.  Data collected from 

the Mt. Hood National Forest surveys suggests a strong association between Zacotus 

matthewsii and old growth forest. This species has been listed with the old growth associated 

arthropods in the J2 Appendix of the Northwest Forest Plan.  

    

TTTTRIBE RIBE RIBE RIBE NNNNEBRINIEBRINIEBRINIEBRINI    

GGGGENUS ENUS ENUS ENUS LLLLEISTUS EISTUS EISTUS EISTUS FFFFROHLICHROHLICHROHLICHROHLICH    

    

Leistus ferruginosusLeistus ferruginosusLeistus ferruginosusLeistus ferruginosus Mannerheim 1843 Mannerheim 1843 Mannerheim 1843 Mannerheim 1843    

Identification: This species is small (8.2-8.5 mm) and dark brouwn to yellow-brown, elytra often 

with a trace of irridescent lustre. Prothorax strongly constricted towards base; third elytral 

stria with three to four dorsal punctures.  In the Genus Leistus , springtails and other small 

insects, and mites form the bulk of the adult and larval diets. 

Range: Western North America from the Kenai Peninsula, Alaska to Oregon, extending to 

western Alberta.  

Habitat distribution: Restricted to lowland areas of deciduous forest; adults found in red alder 

leaf litter or on moist half shaded ground usually near running water. Often found under Alnus 

and Salix bushes. 
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Dynamics: wings are full but varying in size- it is thus unknown if this species is able to fly. 

 

TTTTRIBE RIBE RIBE RIBE CCCCICINDELINIICINDELINIICINDELINIICINDELINI    

GGGGENUS ENUS ENUS ENUS OOOOMUSMUSMUSMUS    

Omus dejeani Omus dejeani Omus dejeani Omus dejeani ReicheReicheReicheReiche    

The tiger beetle Omus is endemic to the coastal region of western North America, from 

southern British Columbia to southern California. Several species are restricted to the coastal 

ranges and foothills, whuile a large number of species are inhabitants of the Sierra Nevada of 

California.  

 

The beetles of the genus Omus are flightless and are primarily nocturnal. They usually occur in 

the forest/meadow ecotones, with some species, like Omus dejeani Reiche, having an affinity 

toward the meadow.  During the daylight hours the beetles are found under leaf litter and 

in/under fallen tree trunks.  
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10.610.610.610.6     Appendix 6Appendix 6Appendix 6Appendix 6. Details. Details. Details. Details of  of  of  of tttt----tests and tests and tests and tests and oneoneoneone----way ANOVAsway ANOVAsway ANOVAsway ANOVAs    
performed performed performed performed     

 

ANOVA ResultsANOVA ResultsANOVA ResultsANOVA Results    
 

JuneJuneJuneJune    
  
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    
Dep Var: JUNECYCHRUS   N: 86   Multiple R: 0.278   Squared multiple R: 0.077 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE 
 

9.829 4 
 

2.457 
 

1.692 
 

0.160 

Error 
 

117.625 81 
 

1.452 
  

Least Squares Means

1 4 5 6 7
SITE

-1

0

1

2

JU
N

E
C

Y
C

H
R

U
S

 
Pterostichus crenicollisPterostichus crenicollisPterostichus crenicollisPterostichus crenicollis    
 Dep Var: JUNECRENI   N: 86   Multiple R: 0.453   Squared multiple R: 0.206 
  
Analysis of Variance 
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Source Sum-of-Squares df Mean-Square F-ratio P 

SITE 
 

307.322 4 
 

76.831 
 

5.241 
 

0.001 

Error 
 

1187.434 81 
 

14.660 
  

Least Squares Means

1 4 5 6 7
SITE

-1

2

5

8

JU
N

E
C

R
E

N
I

 
Post hoc testing showed that significantly more P. crenicollis were found in K1 than in LS1. 
 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    
Dep Var: JUNEPALG   N: 86   Multiple R: 0.440   Squared multiple R: 0.194 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE 
 

117.989 4 
 

29.497 
 

4.867 
 

0.001 

Error 
 

490.941 81 
 

6.061 
  

 
Least Squares Means

1 4 5 6 7
SITE

-1

0

1

2

3

4

JU
N

E
P

A
LG

 
Post hoc tests showed that significantly more P. algidus were found in LS1 than in any other 
site.  
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ScaScaScaScaphinotus angusticollisphinotus angusticollisphinotus angusticollisphinotus angusticollis    
Dep Var: JUNESANGUST   N: 86   Multiple R: 0.416   Squared multiple R: 0.173 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE 
 

158.881 4 
 

39.720 
 

4.241 
 

0.004 

Error 
 

758.608 81 
 

9.366 
  

Least Squares Means

1 4 5 6 7
SITE

-1

1

3

5

JU
N

E
S

A
N

G
U

S
T

 
Post hoc testing showed that there were significantly more S. angusticollis in the control site at 
Swan Lake than in K1. 
 

JulyJulyJulyJuly    
 
Cychrus tuberculatusCychrus tuberculatusCychrus tuberculatusCychrus tuberculatus    
Dep Var: JULYCYCH   N: 133   Multiple R: 0.239   Squared multiple R: 0.057 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE5 
 

7.413 6 
 

1.236 
 

1.272 
 

0.275 

Error 
 

122.361 126 
 

0.971 
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Least Squares Means
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P. crenicollisP. crenicollisP. crenicollisP. crenicollis    
Dep Var: JULYCREN   N: 133   Multiple R: 0.561   Squared multiple R: 0.315 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE5 
 

1691.646 6 
 

281.941 
 

9.648 
 

0.000 

Error 
 

3682.233 126 
 

29.224 
  

 
Least Squares Means

1 2 3 4 5 6 7
SITE5

-1

4

9

14

JU
LY

C
R

E
N

 
 
Post-hoc testing showed that there were significantly more P. crenicollis in K1 than in both 
Lost Shoe and Swan Lake sites, and significantly more P. crenicollis in K2 and K3 than found in 
the treated sites at LS1 and SL1. 
    
P. algidusP. algidusP. algidusP. algidus    
 
Dep Var: JULYPALG   N: 133   Multiple R: 0.513   Squared multiple R: 0.263 
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 Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE5 
 

67.411 6 
 

11.235 
 

7.492 
 

0.000 

Error 
 

188.950 126 
 

1.500 
  

Least Squares Means
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Post-hoc testing showed that there were significantly more P. algidus in LS1 than in all other 
sites. 
 
S. angusticollisS. angusticollisS. angusticollisS. angusticollis    
Dep Var: JULYSANG   N: 133   Multiple R: 0.443   Squared multiple R: 0.196 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE5 
 

78.168 6 
 

13.028 
 

5.119 
 

0.000 

Error 
 

320.644 126 
 

2.545 
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Least Squares Means
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Post –hoc testing showed that there were significantly more S. angusticollis in SL1 than in K1 
and K2. 
 

 AugustAugustAugustAugust    
    
C. tuberculatusC. tuberculatusC. tuberculatusC. tuberculatus    
 Dep Var: AUGCYC   N: 132   Multiple R: 0.164   Squared multiple R: 0.027 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE8 
 

0.818 6 
 

0.136 
 

0.578 
 

0.748 

Error 
 

29.515 125 
 

0.236 
  

 
Least Squares Means
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P. crenicollisP. crenicollisP. crenicollisP. crenicollis    
Dep Var: AUGPCREN   N: 132   Multiple R: 0.372   Squared multiple R: 0.139 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE8 
 

1141.412 6 
 

190.235 
 

3.353 
 

0.004 

Error 
 

7092.065 125 
 

56.737 
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Post-hoc testing showed that there were significantly more P. crenicollis in K1 than in SL2. 
 
 
P. algidusP. algidusP. algidusP. algidus    
 Dep Var: AUGPALG   N: 132   Multiple R: 0.516   Squared multiple R: 0.266 
  
Analysis of Variance 
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Source Sum-of-Squares df Mean-Square F-ratio P 

SITE8 
 

162.845 6 
 

27.141 
 

7.569 
 

0.000 

Error 
 

448.216 125 
 

3.586 
  

 
Least Squares Means
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Post-hoc testing showed that there were significantly more P. algidus in LS1 than in all the other 
sites. 
 
S. S. S. S. angusticollisangusticollisangusticollisangusticollis    
 Dep Var: AUGSANG   N: 132   Multiple R: 0.298   Squared multiple R: 0.089 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE8 
 

81.559 6 
 

13.593 
 

2.035 
 

0.066 

Error 
 

835.070 125 
 

6.681 
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Least Squares Means
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SeptemSeptemSeptemSeptemberberberber    
    
C. tuberculatusC. tuberculatusC. tuberculatusC. tuberculatus    
 Dep Var: SEPCYC   N: 136   Multiple R: 0.243   Squared multiple R: 0.059 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE12 
 

1.315 6 
 

0.219 
 

1.345 
 

0.242 

Error 
 

21.030 129 
 

0.163 
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1 2 3 4 5 6 7
SITE12

-1.0

-0.5

0.0

0.5

1.0

S
E

P
C

Y
C

 
 
    
    
    



Riparian Restoration Techniques: Use of Carabids as Indicators of Effectiveness                                                   
   

Pearsall Ecological Consulting 
 

199 

P. crenicollisP. crenicollisP. crenicollisP. crenicollis    
 Dep Var: SEPPCREN   N: 136   Multiple R: 0.527   Squared multiple R: 0.278 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE12 
 

1283.868 6 
 

213.978 
 

8.277 
 

0.000 

Error 
 

3334.771 129 
 

25.851 
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Post-hoc testing showed that there were significantly more P. crenicollis in K1 than in all other 
sites except for K2, and that there were significantly more P, crenicollis in K2 than in SL1.  
 
P. algidusP. algidusP. algidusP. algidus    
 Dep Var: SEPPALG   N: 136   Multiple R: 0.684   Squared multiple R: 0.468 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE12 
 

648.560 6 
 

108.093 
 

18.885 
 

0.000 

Error 
 

738.381 129 
 

5.724 
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Post-hoc testing showed that there were significantly more P. algidus in LS1 than in all other 
sites. 
  
S. angusticollisS. angusticollisS. angusticollisS. angusticollis    
Dep Var: SEPSANG   N: 136   Multiple R: 0.532   Squared multiple R: 0.283 
  
Analysis of Variance 

Source Sum-of-Squares df Mean-Square F-ratio P 

SITE12 
 

1888.706 6 
 

314.784 
 

8.474 
 

0.000 

Error 
 

4792.169 129 
 

37.149 
  

 
Least Squares Means
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Post-hoc testing showed that there were significantly more S. angusticollis in LS1 than in K1, 
K2, K3 and SL1. 
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TTTT----teststeststeststests    

Lost Shoe Treated (LS1) versus Lost Shoe Control (LS2) Paired tLost Shoe Treated (LS1) versus Lost Shoe Control (LS2) Paired tLost Shoe Treated (LS1) versus Lost Shoe Control (LS2) Paired tLost Shoe Treated (LS1) versus Lost Shoe Control (LS2) Paired t----teststeststeststests    
 
P. crenicollisP. crenicollisP. crenicollisP. crenicollis    
 
Transect 1 

 
Paired samples t test on LS1T1 vs LS2T1 with 4 cases 
  
  Mean LS1T1        =        3.125 
  Mean LS2T1        =        5.357 
    Mean Difference =       -2.232   95.00% CI  =     -4.431 to     -0.033 
      SD Difference =        1.382                        t =       -3.231 
                                         df =     3    Prob =        0.048 
 
 
Transect 2 
   
Paired samples t test on LS1T2 vs LS2T2 with 4 cases 
  
  Mean LS1T2        =        3.083 
  Mean LS2T2        =        4.795 
    Mean Difference =       -1.711   95.00% CI  =     -2.623 to     -0.800 
      SD Difference =        0.573                        t =       -5.974 
                                         df =     3    Prob =        0.009 
 
Transect 3 
 
Paired samples t test on LS1T3 vs LS2T3 with 4 cases 
  
  Mean LS1T3        =        1.750 
  Mean LS2T3        =        4.521 
    Mean Difference =       -2.771   95.00% CI  =     -8.215 to      2.674 
      SD Difference =        3.422                        t =       -1.620 
                                         df =     3    Prob =        0.204 
 
 
Pterostichus algidusPterostichus algidusPterostichus algidusPterostichus algidus    
 
Transect 1 

 
Paired samples t test on LS1T1 vs LS2T1 with 4 cases 
  
  Mean LS1T1       =        4.277 
  Mean LS2T1       =        0.464 
    Mean Difference =        3.813   95.00% CI  =     -1.423 to      9.048 



Riparian Restoration Techniques: Use of Carabids as Indicators of Effectiveness                                                   
   

Pearsall Ecological Consulting 
 

202 

      SD Difference =        3.290                        t =        2.318 
                                         df =     3    Prob =        0.103 
 
 
Transect 2 
   
Paired samples t test on LS1T2 vs LS2T2 with 4 cases 
  
  Mean LS1T2       =        3.940 
  Mean LS2T2       =        0.214 
    Mean Difference =        3.726   95.00% CI  =     -0.609 to      8.061 
      SD Difference =        2.724                        t =        2.736 
                                         df =     3    Prob =        0.072 
 
Transect 3 
 
Paired samples t test on LS1T3 vs LS2T3 with 4 cases 
  
  Mean LS1T3       =        2.964 
  Mean LS2T3      =        0.357 
    Mean Difference =        2.607   95.00% CI  =     -0.046 to      5.261 
      SD Difference =        1.668                        t =        3.127 
                                         df =     3    Prob =        0.052 
 
 
Scaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollisScaphinotus angusticollis    
 
Transect 1 

 
Paired samples t test on LS1T1 vs LS2T1 with 4 cases 
  
  Mean LS1T1      =        3.134 
  Mean LS2T1       =        4.464 
    Mean Difference =       -1.330   95.00% CI  =     -4.624 to      1.963 
      SD Difference =        2.070                        t =       -1.286 
                                         df =     3    Prob =        0.289 
 
Transect 2 
   
Paired samples t test on LS1T2 vs LS2T with 4 cases 
  
  Mean LS1T2       =        6.173 
  Mean LS2T2      =        3.170 
    Mean Difference =        3.003   95.00% CI  =     -5.271 to     11.277 
      SD Difference =        5.199                        t =        1.155 
                                         df =     3    Prob =        0.332 
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Transect 3 
 
Paired samples t test on LS1T3 vs LS2T3 with 4 cases 
  
  Mean LS1T3       =        2.536 
  Mean LS2T3       =        3.444 
    Mean Difference =       -0.908   95.00% CI  =     -2.580 to      0.764 
      SD Difference =        1.051                        t =       -1.729 
                                         df =     3    Prob =        0.182 
 
 
Zacotus matthewsiiZacotus matthewsiiZacotus matthewsiiZacotus matthewsii    
   
Transect 1 

 
Paired samples t test on LS1T1 vs LS2T1 with 4 cases 
  
  Mean LS1T1       =        1.241 
  Mean LS2T1       =        0.750 
    Mean Difference =        0.491   95.00% CI  =     -0.849 to      1.831 
      SD Difference =        0.842                        t =        1.166 
                                         df =     3    Prob =        0.328 
 
Transect 2 
   
Paired samples t test on LS1T2C vs LS2T2C with 4 cases 
  
  Mean LS1T2       =        1.893 
  Mean LS2T2       =        1.607 
    Mean Difference =        0.286   95.00% CI  =     -1.668 to      2.239 
      SD Difference =        1.228                        t =        0.465 
                                         df =     3    Prob =        0.673 
 
Transect 3 
 
Paired samples t test on LS1T3C vs LS2T3C with 4 cases 
  
  Mean LS1T3       =        0.286 
  Mean LS2T3       =        0.428 
    Mean Difference =       -0.142   95.00% CI  =     -0.747 to      0.462 
      SD Difference =        0.380                        t =       -0.749 
                                         df =     3    Prob =        0.508 
 
Swan LakeSwan LakeSwan LakeSwan Lake Treated (SL Treated (SL Treated (SL Treated (SL1) versus 1) versus 1) versus 1) versus Swan Lake Control (SLSwan Lake Control (SLSwan Lake Control (SLSwan Lake Control (SL2) Paired t2) Paired t2) Paired t2) Paired t----teststeststeststests    
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P. crenicollisP. crenicollisP. crenicollisP. crenicollis    
 
Transect 2   
Paired samples t test on SL1T2 vs SL2T2 with 4 cases 
  
  Mean SL1T2        =        1.964 
  Mean SL2T2        =        0.482 
    Mean Difference =        1.482   95.00% CI  =      0.394 to      2.570 
      SD Difference =        0.684                        t =        4.337 
                                         df =     3    Prob =        0.023 
 
 
Transect 3 
 
Paired samples t test on SL1T3 vs SL2T3 with 4 cases 
  
  Mean SL1T3        =        0.893 
  Mean SL2T3        =        3.607 
    Mean Difference =       -2.714   95.00% CI  =     -3.679 to     -1.750 
      SD Difference =        0.606                        t =       -8.957 
                                         df =     3    Prob =        0.003 
 
 
S. angusticollisS. angusticollisS. angusticollisS. angusticollis    
 
Transect 2   
 
Paired samples t test on SL1T2 vs SL2T2 with 4 cases 
  
  Mean SL1T2      =        4.393 
  Mean SL2T2      =        3.030 
    Mean Difference =        1.363   95.00% CI  =     -0.384 to      3.110 
      SD Difference =        1.098                        t =        2.483 
                                         df =     3    Prob =        0.089 
 
Transect 3 
 
Paired samples t test on SL1T3 vs SL2T3 with 4 cases 
  
  Mean SL1T3       =        3.071 
  Mean SL2T3       =        3.571 
    Mean Difference =       -0.500   95.00% CI  =     -3.723 to      2.723 
      SD Difference =        2.025                        t =       -0.494 
                                         df =     3    Prob =        0.655 
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Kootowis Treated (K1 and K3) versus Kootowis Control (K2) OneKootowis Treated (K1 and K3) versus Kootowis Control (K2) OneKootowis Treated (K1 and K3) versus Kootowis Control (K2) OneKootowis Treated (K1 and K3) versus Kootowis Control (K2) One----way ANOVAsway ANOVAsway ANOVAsway ANOVAs    
 
P. creniP. creniP. creniP. crenicolliscolliscolliscollis    
 
Transect 1 
 
Dep Var: PCREN1   N: 9   Multiple R: 0.650   Squared multiple R: 0.422 
  
Analysis of Variance 

Source 
Sum-of-
Squares 

df 
Mean-
Square 

F-ratio P 

TRT 
14.481 2 7.240 2.195 0.193 

Error 
19.796 6 3.299 
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Transect 2 
 
Dep Var: PCREN2   N: 9   Multiple R: 0.846   Squared multiple R: 0.716 
  
Analysis of Variance 
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Source 
Sum-of-
Squares 

df 
Mean-
Square 

F-ratio P 

TRT 
66.067 2 33.033 7.569 0.023 

Error 
26.186 6 4.364 
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Post-hoc testing showed that abundance of P. crenicollis was significantly higher in K1 than in 
K3 for transect 2. 
 
Transect 3 
 
Dep Var: PCREN3   N: 9   Multiple R: 0.519   Squared multiple R: 0.269 
  
Analysis of Variance 

Source 
Sum-of-
Squares 

df 
Mean-
Square 

F-ratio P 

TRT 
16.593 2 8.296 1.106 0.390 

Error 
45.021 6 7.503 
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Least Squares Means
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S. angusticollisS. angusticollisS. angusticollisS. angusticollis    
    
Transect 1 
 
Dep Var: SAN1   N: 9   Multiple R: 0.074   Squared multiple R: 0.005 
 
Analysis of Variance 

Source 
Sum-of-
Squares 

df 
Mean-
Square 

F-ratio P 

TRT 
0.093 2 0.047 0.016 0.984 

Error 
17.007 6 2.835 
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Least Squares Means
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Transect 2 
 
Dep Var: SANG2   N: 9   Multiple R: 0.500   Squared multiple R: 0.250 
  
Analysis of Variance  

Source 
Sum-of-
Squares 

df 
Mean-
Square 

F-ratio P 

TRT 
0.005 2 0.002 1.000 0.422 

Error 
0.014 6 0.002 
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Transect 3Transect 3Transect 3Transect 3    
    
Dep Var: SANG3   N: 9   Multiple R: 0.105   Squared multiple R: 0.011 
  
Analysis of Variance  

Source 
Sum-of-
Squares 

df 
Mean-
Square 

F-ratio P 

TRT 
0.102 2 0.051 0.033 0.967 

Error 
9.134 6 1.522 
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10.710.710.710.7 Appendix 7. NonAppendix 7. NonAppendix 7. NonAppendix 7. Non----metric Multidimensional Scaling metric Multidimensional Scaling metric Multidimensional Scaling metric Multidimensional Scaling     
 

 
Ordination of sites in species space.  22 sites and 15 species  
 
         The following options were selected: 
ANALYSIS OPTIONS 
         1.   SORENSEN = Distance measure 
         2.          6 = Number of axes (max. = 6) 
         3.        400 = Maximum number of iterations 
         4.     RANDOM = Starting coordinates (random or from file) 
         5.          1 = Reduction in dimensionality at each cycle 
         6.       0.20 = Step length (rate of movement toward minimum stress) 
         7.   USE TIME = Random number seeds (use time vs. user-supplied) 
         8.         40 = Number of runs with real data 
         9.         50 = Number of runs with randomized data 
        10.        YES = Autopilot 
        11.   0.000010 = Stability criterion, standard deviations in stress 
                         over last  15 iterations. 
        12.   THOROUGH = Speed vs. thoroughness 
OUTPUT OPTIONS 
        13.         NO = Write distance matrix? 
        14.         NO = Write starting coordinates? 
        15.         NO = List stress, etc. for each iteration? 
        18.         NO = Plot stress vs. iteration? 
        17.         NO = Plot distance vs. dissimilarity? 
        16.         NO = Write final configuration? 
        19.  UNROTATED = Write varimax-rotated or unrotated scores for graph? 
        20.        YES = Write run log? 
        21.         NO = Write weighted-average scores for species ? 
------------------------------------------------------------------------------ 
 
      3940 = Seed for random number generator. 
 
 
 
STRESS IN RELATION TO DIMENSIONALITY (Number of Axes) 
-------------------------------------------------------------------- 
          Stress in real data          Stress in randomized data 
               40 run(s)               Monte Carlo test,   50 runs 
      -------------------------  ----------------------------------- 
Axes  Minimum     Mean  Maximum  Minimum     Mean  Maximum      p 
-------------------------------------------------------------------- 
   1   19.753   44.691   55.038   16.996   40.478   55.040    0.0588 
   2    7.682    9.346   14.478    8.895   14.176   38.080    0.0196 
   3    4.725    4.776    4.874    5.059    6.810    9.875    0.0196 
   4    2.744    3.247   20.723    3.203    4.556    5.663    0.0196 
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   5    1.946    2.045    3.329    2.198    3.148    4.556    0.0196 
   6    1.358    1.465    1.685    1.652    2.175    2.757    0.0196 
-------------------------------------------------------------------- 

p = proportion of randomized runs with stress < or = observed stress 
i.e., p  = (1 + no. permutations <= observed)/(1 + no. permutations) 
 
 
Conclusion:  a 2-dimensional solution is recommended. 
Now rerunning the best ordination with that dimensionality. 
 
 
       7.68155 = final stress for 2-dimensional solution 
       0.00000 = final instability 
            44 = number of iterations 
 
**************************** 
 
NMS Variance 
 
Coefficients of determination for the correlations between ordination 
distances and distances in the original n-dimensional space: 
 
            R Squared 
Axis   Increment   Cumulative 
 1       .131        .131 
 2       .829        .960 
 
Increment and cumulative R-squared were adjusted for any lack 
of orthogonality of axes. 
 
Axis pair     r     Orthogonality,% = 100(1-r^2) 
  1 vs 2    -0.102     99.0 
 
Number of entities = 22 
Number of entity pairs used in correlation = 231 
Distance measure for ORIGINAL distance: Sorensen (Bray-Curtis) 
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10.810.810.810.8  Appendix 8. Indicator Speci Appendix 8. Indicator Speci Appendix 8. Indicator Speci Appendix 8. Indicator Species Analysises Analysises Analysises Analysis    
 
 

Riparian Indicator Species Analysis By Treatment                                 Riparian Indicator Species Analysis By Treatment                                 Riparian Indicator Species Analysis By Treatment                                 Riparian Indicator Species Analysis By Treatment                                     
    
Groups were defined by values of: TRT      
Input data has:    22 sites    by    15 species  
 
Where the categorical variable TRT can be defined as follows: 
Group 1= treated, Group 2= control, Group 3= OG 
 

RELATIVE ABUNDANCE in group, % of perfect indicationRELATIVE ABUNDANCE in group, % of perfect indicationRELATIVE ABUNDANCE in group, % of perfect indicationRELATIVE ABUNDANCE in group, % of perfect indication    (average abundance of a given (average abundance of a given (average abundance of a given (average abundance of a given 
specispecispecispecieseseses in a given group of sites  in a given group of sites  in a given group of sites  in a given group of sites over the average abundance over the average abundance over the average abundance over the average abundance of that species  in all sites of that species  in all sites of that species  in all sites of that species  in all sites 
expressed as a %)expressed as a %)expressed as a %)expressed as a %). Th. Th. Th. The data e data e data e data matrix comatrix comatrix comatrix contains 22 sites and 15 ntains 22 sites and 15 ntains 22 sites and 15 ntains 22 sites and 15 species.species.species.species.    ”Sequence” is the ”Sequence” is the ”Sequence” is the ”Sequence” is the 
sequence of occurrence of the group in the data; “Max” is the maximum relative sequence of occurrence of the group in the data; “Max” is the maximum relative sequence of occurrence of the group in the data; “Max” is the maximum relative sequence of occurrence of the group in the data; “Max” is the maximum relative 
abundance of the species.abundance of the species.abundance of the species.abundance of the species.    
                                Group 
                    Sequence:    1    2    3 
                  Identifier:    1    2    3 
             Number of items:   12    8    2 
    Column     Avg Max MaxGrp 
   1 Aaffine    33 100      1  100    0    0 
   2 Cychrus    33  42      2   40   42   18 
   3 Leistus    33  70      2   30   70    0 
   4 Omus       33 100      1  100    0    0 
   5 Palg       33  84      1   84   11    5 
   6 Pameth     33  47      2   29   47   24 
   7 Pcast      33 100      1  100    0    0 
   8 Pcren      33  40      1   40   38   22 
   9 Pherc      33  50      3   28   22   50 
  10 Plama      33  52      3   25   23   52 
  11 Ppum       33  73      3   27    0   73 
  12 Sang       33  50      2   50   50    0 
  13 Sangust    33  40      1   40   39   22 
  14 Smarg      33  72      1   72   17   11 
  15 Zacotus    33  40      2   35   40   25 
      Averages  33  64          53   27   20 
 
 

RELATIVE FREQUENCY in group, % of perfect indicationRELATIVE FREQUENCY in group, % of perfect indicationRELATIVE FREQUENCY in group, % of perfect indicationRELATIVE FREQUENCY in group, % of perfect indication (% of sites  (% of sites  (% of sites  (% of sites in in in in given group given group given group given group 
where given specieswhere given specieswhere given specieswhere given species is present). “Max” is the maximum relative frequency of each species. is present). “Max” is the maximum relative frequency of each species. is present). “Max” is the maximum relative frequency of each species. is present). “Max” is the maximum relative frequency of each species.    
                                Group 
                    Sequence:    1    2    3 
                  Identifier:    1    2    3 
             Number of items:   12    8    2 
    Column     Avg Max MaxGrp 
   1 Aaffine     6  17      1   17    0    0 
   2 Cychrus    97 100      2   92  100  100 
   3 Leistus    18  38      2   17   38    0 
   4 Omus        6  17      1   17    0    0 
   5 Palg       65 100      3   58   38  100 
   6 Pameth     79 100      3   75   63  100 
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   7 Pcast       3   8      1    8    0    0 
   8 Pcren     100 100      1  100  100  100 
   9 Pherc      43 100      3   17   13  100 
  10 Plama      93 100      3   92   88  100 
  11 Ppum       19  50      3    8    0   50 
  12 Sang       19  33      1   33   25    0 
  13 Sangust    92 100      1  100   75  100 
  14 Smarg      78 100      3   58   75  100 
  15 Zacotus    63 100      3   50   38  100 
      Averages  52  71          49   43   63 
 
 

INDICATOR VALUES (% of perfect indication,INDICATOR VALUES (% of perfect indication,INDICATOR VALUES (% of perfect indication,INDICATOR VALUES (% of perfect indication,    based on combining the above values for based on combining the above values for based on combining the above values for based on combining the above values for 
relative abundancerelative abundancerelative abundancerelative abundance    and relative frequency) forand relative frequency) forand relative frequency) forand relative frequency) for each species for each group. “Max” is the  each species for each group. “Max” is the  each species for each group. “Max” is the  each species for each group. “Max” is the 
maximum indicator value of the species across the three groups.maximum indicator value of the species across the three groups.maximum indicator value of the species across the three groups.maximum indicator value of the species across the three groups.    
                                Group 
                    Sequence:    1    2    3 
                  Identifier:    1    2    3 
             Number of items:   12    8    2 
    Column     Avg Max MaxGrp 
   1 Aaffine     6  17      1   17    0    0 
   2 Cychrus    32  42      2   36   42   18 
   3 Leistus    10  26      2    5   26    0 
   4 Omus        6  17      1   17    0    0 
   5 Palg       19  49      1   49    4    5 
   6 Pameth     25  29      2   22   29   24 
   7 Pcast       3   8      1    8    0    0 
   8 Pcren      33  40      1   40   38   22 
   9 Pherc      19  50      3    5    3   50 
  10 Plama      32  52      3   23   20   52 
  11 Ppum       13  37      3    2    0   37 
  12 Sang       10  17      1   17   13    0 
  13 Sangust    30  40      1   40   29   22 
  14 Smarg      22  42      1   42   13   11 
  15 Zacotus    19  25      3   18   15   25 
      Averages  19  33          23   16   18 
 
 

MONTE CARLO test of significance of observed maximum indicator value (IV) for each MONTE CARLO test of significance of observed maximum indicator value (IV) for each MONTE CARLO test of significance of observed maximum indicator value (IV) for each MONTE CARLO test of significance of observed maximum indicator value (IV) for each 
species collected in species collected in species collected in species collected in the riparian sites,the riparian sites,the riparian sites,the riparian sites, based on 100 based on 100 based on 100 based on 1000000 randomizations. The means and  randomizations. The means and  randomizations. The means and  randomizations. The means and 
standard deviations of the IV from the randomization are given along with pstandard deviations of the IV from the randomization are given along with pstandard deviations of the IV from the randomization are given along with pstandard deviations of the IV from the randomization are given along with p----valuvaluvaluvalues for the es for the es for the es for the 
hypothesis of no difference among groups. The phypothesis of no difference among groups. The phypothesis of no difference among groups. The phypothesis of no difference among groups. The p----value is based on the proportion of value is based on the proportion of value is based on the proportion of value is based on the proportion of 
randomized trials with indicator value equal to or exceeding the observed indicator value.randomized trials with indicator value equal to or exceeding the observed indicator value.randomized trials with indicator value equal to or exceeding the observed indicator value.randomized trials with indicator value equal to or exceeding the observed indicator value.    
 
 
---------------------------------------------------- 
                                  IV from 
                       Observed  randomized 
                      Indicator    groups   
   Column      Maxgrp Value (IV) Mean  S.Dev    p *    
------------- -------- -------- ----- ------ ------- 
   1 Aaffine         1    16.7   17.8  12.63  0.5280 
   2 Cychrus         2    42.3   41.3   5.12  0.3760 
   3 Leistus         2    26.2   26.9  14.62  0.4740 
   4 Omus            1    16.7   17.9  13.43  0.5520 
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   5 Palg            1    48.7   43.5  15.79  0.3150 
   6 Pameth          2    29.4   40.4   9.82  0.8670 
   7 Pcast           1     8.3   14.1  12.26  1.0000 
   8 Pcren           1    40.0   41.8   4.77  0.6110 
   9 Pherc           3    50.4   26.1  12.92  0.0400 
  10 Plama           3    51.7   44.7   8.02  0.1860 
  11 Ppum            3    36.5   18.9  14.12  0.1670 
  12 Sang            1    16.7   27.8  13.48  0.8700 
  13 Sangust         1    39.5   42.5   6.80  0.6190 
  14 Smarg           1    42.1   47.1  14.87  0.5460 
  15 Zacotus         3    24.9   38.0  14.08  0.8820 
---------------------------------------------------- 

* proportion of randomized trials with indicator value  
  equal to or exceeding the observed indicator value. 
  p = (1 + number of runs >= observed)/(1 + number of randomized runs) 
Maxgrp = Group identifier for group with maximum observed IV 
 
 
Riparian Indicator Species AnalyRiparian Indicator Species AnalyRiparian Indicator Species AnalyRiparian Indicator Species Analyssssis By Location                                  is By Location                                  is By Location                                  is By Location                                      
 
Groups were defined by values of: LOC      
Input data has:    22 sites    by    15 species  
 
Where the categorical variable LOC is defined as follows: 
group 1= location 1 (transect 1), group 2= location 2 (transect 2) and group 3= location 3 
(transect 3) 
 

RELATIVE ABUNDANCE in group, % of perfect indicationRELATIVE ABUNDANCE in group, % of perfect indicationRELATIVE ABUNDANCE in group, % of perfect indicationRELATIVE ABUNDANCE in group, % of perfect indication    (average abundance of a given (average abundance of a given (average abundance of a given (average abundance of a given 
specispecispecispecies  in a given group of sites es  in a given group of sites es  in a given group of sites es  in a given group of sites over the average abuover the average abuover the average abuover the average abundance ndance ndance ndance of that species  in all sites of that species  in all sites of that species  in all sites of that species  in all sites 
expressed as a %)expressed as a %)expressed as a %)expressed as a %). Th. Th. Th. The data e data e data e data matrix contains 22 sites and 15 matrix contains 22 sites and 15 matrix contains 22 sites and 15 matrix contains 22 sites and 15 species.species.species.species.    ”Sequence” is the ”Sequence” is the ”Sequence” is the ”Sequence” is the 
sequence of occurrence of the group in the data; “Max” is the maximum relative sequence of occurrence of the group in the data; “Max” is the maximum relative sequence of occurrence of the group in the data; “Max” is the maximum relative sequence of occurrence of the group in the data; “Max” is the maximum relative 
abundance of the species.abundance of the species.abundance of the species.abundance of the species.    
                                Group 
                    Sequence:    1    2    3    4 
                  Identifier:    1    2    3    4 
             Number of items:    6    7    7    2 
    Column     Avg Max MaxGrp 
   1 Aaffine    25  97      1   97    3    0    0 
   2 Cychrus    25  31      3   29   28   31   13 
   3 Leistus    25  63      1   63    9   28    0 
   4 Omus       25  62      3   38    0   62    0 
   5 Palg       25  41      1   41   31   25    3 
   6 Pameth     25  31      3   19   31   31   19 
   7 Pcast      25 100      2    0  100    0    0 
   8 Pcren      25  36      1   36   28   21   15 
   9 Pherc      25  59      3    0    0   59   41 
  10 Plama      25  41      4   21   21   17   41 
  11 Ppum       25  58      4   42    0    0   58 
  12 Sang       25  65      3   14   22   65    0 
  13 Sangust    25  34      2   24   34   26   16 
  14 Smarg      25  55      1   55   27   12    6 
  15 Zacotus    25  43      2   30   43    9   18 
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      Averages  25  54          34   25   26   15 
 
 

RELATIVE FREQUENCY in group, % RELATIVE FREQUENCY in group, % RELATIVE FREQUENCY in group, % RELATIVE FREQUENCY in group, % of perfect indicationof perfect indicationof perfect indicationof perfect indication (% of sites  (% of sites  (% of sites  (% of sites in in in in given group given group given group given group 
where given specieswhere given specieswhere given specieswhere given species is present). “Max” is the maximum relative frequency of each species. is present). “Max” is the maximum relative frequency of each species. is present). “Max” is the maximum relative frequency of each species. is present). “Max” is the maximum relative frequency of each species.    
                                Group 
                    Sequence:    1    2    3    4 
                  Identifier:    1    2    3    4 
             Number of items:    6    7    7    2 
    Column     Avg Max MaxGrp 
   1 Aaffine     8  17      1   17   14    0    0 
   2 Cychrus    96 100      1  100  100   86  100 
   3 Leistus    19  33      1   33   14   29    0 
   4 Omus        8  17      1   17    0   14    0 
   5 Palg       63 100      4   67   43   43  100 
   6 Pameth     77 100      4   67   71   71  100 
   7 Pcast       4  14      2    0   14    0    0 
   8 Pcren     100 100      1  100  100  100  100 
   9 Pherc      36 100      4    0    0   43  100 
  10 Plama      92 100      2   83  100   86  100 
  11 Ppum       17  50      4   17    0    0   50 
  12 Sang       22  43      3   17   29   43    0 
  13 Sangust    93 100      1  100   86   86  100 
  14 Smarg      74 100      4   67   71   57  100 
  15 Zacotus    59 100      4   50   43   43  100 
      Averages  51  72          49   46   47   63 
 
 

INDICATOR VALUES (% of perfect indication,INDICATOR VALUES (% of perfect indication,INDICATOR VALUES (% of perfect indication,INDICATOR VALUES (% of perfect indication,    based on combining the above values for based on combining the above values for based on combining the above values for based on combining the above values for 
relative abundancerelative abundancerelative abundancerelative abundance    and relative frequeand relative frequeand relative frequeand relative frequency) for each species for each group. “Max” is the ncy) for each species for each group. “Max” is the ncy) for each species for each group. “Max” is the ncy) for each species for each group. “Max” is the 
maximum indicator value of the species across the maximum indicator value of the species across the maximum indicator value of the species across the maximum indicator value of the species across the fourfourfourfour groups. groups. groups. groups.    
                                Group 
                    Sequence:    1    2    3    4 
                  Identifier:    1    2    3    4 
             Number of items:    6    7    7    2 
    Column     Avg Max MaxGrp 
   1 Aaffine     4  16      1   16    0    0    0 
   2 Cychrus    24  29      1   29   28   26   13 
   3 Leistus     8  21      1   21    1    8    0 
   4 Omus        4   9      3    6    0    9    0 
   5 Palg       14  28      1   28   13   11    3 
   6 Pameth     19  22      3   13   22   22   19 
   7 Pcast       4  14      2    0   14    0    0 
   8 Pcren      25  36      1   36   28   21   15 
   9 Pherc      17  41      4    0    0   25   41 
  10 Plama      24  41      4   17   21   15   41 
  11 Ppum        9  29      4    7    0    0   29 
  12 Sang        9  28      3    2    6   28    0 
  13 Sangust    23  29      2   24   29   23   16 
  14 Smarg      17  36      1   36   20    7    6 
  15 Zacotus    14  19      2   15   19    4   18 
      Averages  14  26          17   13   13   13 
 

MONTE CARLO test of significance of observed maximum indicator value (IV) for each MONTE CARLO test of significance of observed maximum indicator value (IV) for each MONTE CARLO test of significance of observed maximum indicator value (IV) for each MONTE CARLO test of significance of observed maximum indicator value (IV) for each 
species collected in species collected in species collected in species collected in the riparian sites,the riparian sites,the riparian sites,the riparian sites, based on 100 based on 100 based on 100 based on 1000000 randomiza randomiza randomiza randomizations. The means and tions. The means and tions. The means and tions. The means and 
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standard deviations of the IV from the randomization are given along with pstandard deviations of the IV from the randomization are given along with pstandard deviations of the IV from the randomization are given along with pstandard deviations of the IV from the randomization are given along with p----values for the values for the values for the values for the 
hypothesis of no difference among groups. The phypothesis of no difference among groups. The phypothesis of no difference among groups. The phypothesis of no difference among groups. The p----value is based on the proportion of value is based on the proportion of value is based on the proportion of value is based on the proportion of 
randomized trials with indicator value equal to or exceedingrandomized trials with indicator value equal to or exceedingrandomized trials with indicator value equal to or exceedingrandomized trials with indicator value equal to or exceeding the observed indicator value. the observed indicator value. the observed indicator value. the observed indicator value.    
 
 
---------------------------------------------------- 
                                  IV from 
                       Observed  randomized 
                      Indicator    groups   
   Column      Maxgrp Value (IV) Mean  S.Dev    p *    
------------- -------- -------- ----- ------ ------- 
   1 Aaffine         1    16.1   21.4  11.80  0.5370 
   2 Cychrus         1    28.6   33.1   4.15  0.8740 
   3 Leistus         1    20.9   24.5  12.82  0.5560 
   4 Omus            3     8.8   20.2  13.25  1.0000 
   5 Palg            1    27.7   39.2  15.07  0.7480 
   6 Pameth          3    22.4   34.4   8.27  0.9440 
   7 Pcast           2    14.3   18.0   9.84  1.0000 
   8 Pcren           1    35.5   32.6   3.90  0.2160 
   9 Pherc           4    41.0   24.7  12.96  0.0760 
  10 Plama           4    41.4   36.4   6.79  0.2360 
  11 Ppum            4    28.8   20.5  12.37  0.2460 
  12 Sang            3    27.7   25.8  12.79  0.3160 
  13 Sangust         2    29.3   34.1   5.26  0.8080 
  14 Smarg           1    36.5   40.8  12.79  0.5680 
  15 Zacotus         2    18.5   33.2  12.89  0.9460 
---------------------------------------------------- 

* proportion of randomized trials with indicator value  
  equal to or exceeding the observed indicator value. 
  p = (1 + number of runs >= observed)/(1 + number of randomized runs) 
Maxgrp = Group identifier for group with maximum observed IV 
 

 
Riparian Indicator Species AnalyRiparian Indicator Species AnalyRiparian Indicator Species AnalyRiparian Indicator Species Analyssssis By Treatment and Location                    is By Treatment and Location                    is By Treatment and Location                    is By Treatment and Location                        
 
Groups were defined by values of: TRTLOC   
Input data has:    22 sites    by    15 species  
 
Trt/loc categorical variable is as follows: 
Group 1 = treated and transect 1 
Group 2 = treated and transect 2 
Group 3 = treated and transect 3 
Group 4 = control and transect 1 
Group 5 = control and transect 2 
Group 6 = control and transect 3 
Group 7 = old growth  
 

RELATIVE ABUNDANCE in group, % of perfect indicationRELATIVE ABUNDANCE in group, % of perfect indicationRELATIVE ABUNDANCE in group, % of perfect indicationRELATIVE ABUNDANCE in group, % of perfect indication    (average abundance of a given (average abundance of a given (average abundance of a given (average abundance of a given 
specispecispecispecies  in a given group of sites es  in a given group of sites es  in a given group of sites es  in a given group of sites over the average abundance over the average abundance over the average abundance over the average abundance of that species  in all sites of that species  in all sites of that species  in all sites of that species  in all sites 
expressed as a %expressed as a %expressed as a %expressed as a %)))). Th. Th. Th. The data e data e data e data matrix contains 22 sites and 15 matrix contains 22 sites and 15 matrix contains 22 sites and 15 matrix contains 22 sites and 15 species.species.species.species.    ”Sequence” is the ”Sequence” is the ”Sequence” is the ”Sequence” is the 
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sequence of occurrence of the group in the data; “Max” is the maximum relative sequence of occurrence of the group in the data; “Max” is the maximum relative sequence of occurrence of the group in the data; “Max” is the maximum relative sequence of occurrence of the group in the data; “Max” is the maximum relative 
abundance of the species.abundance of the species.abundance of the species.abundance of the species.    
                                Group 
                    Sequence:    1    2    3    4    5    6    7 
                  Identifier:    1    2    3    4    5    6    7 
             Number of items:    4    4    4    2    3    3    2 
    Column     Avg Max MaxGrp 
   1 Aaffine    14  96      1   96    4    0    0    0    0    0 
   2 Cychrus    14  19      6   17   13   15   12   17   19    7 
   3 Leistus    14  42      4   21    0    7   42    9   20    0 
   4 Omus       14  65      3   35    0   65    0    0    0    0 
   5 Palg       14  33      1   33   30   23    7    2    4    2 
   6 Pameth     14  22      5    8   12   14   14   22   20   10 
   7 Pcast      14 100      2    0  100    0    0    0    0    0 
   8 Pcren      14  22      4   18   16   11   22   13   11    8 
   9 Pherc      14  44      3    0    0   44    0    0   30   26 
  10 Plama      14  26      7   10   15   13   18   11    8   26 
  11 Ppum       14  52      1   52    0    0    0    0    0   48 
  12 Sang       14  37      3   11    5   37    0   19   28    0 
  13 Sangust    14  22      2   11   22   13   15   14   16    8 
  14 Smarg      14  44      1   44   23   10    9    7    3    4 
  15 Zacotus    14  24      5   16   23    4   17   24    7   10 
      Averages  14  43          25   18   17   10    9   11   10 
 
 

RELATIVE FREQUENCY in group, % of perfect indicationRELATIVE FREQUENCY in group, % of perfect indicationRELATIVE FREQUENCY in group, % of perfect indicationRELATIVE FREQUENCY in group, % of perfect indication (% (% (% (% of sites  of sites  of sites  of sites in in in in given group given group given group given group 
where given specieswhere given specieswhere given specieswhere given species is present). “Max” is the maximum relative frequency of each species. is present). “Max” is the maximum relative frequency of each species. is present). “Max” is the maximum relative frequency of each species. is present). “Max” is the maximum relative frequency of each species.    
                                Group 
                    Sequence:    1    2    3    4    5    6    7 
                  Identifier:    1    2    3    4    5    6    7 
             Number of items:    4    4    4    2    3    3    2 
    Column     Avg Max MaxGrp 
   1 Aaffine     7  25      1   25   25    0    0    0    0    0 
   2 Cychrus    96 100      1  100  100   75  100  100  100  100 
   3 Leistus    24  50      4   25    0   25   50   33   33    0 
   4 Omus        7  25      1   25    0   25    0    0    0    0 
   5 Palg       56 100      7   75   50   50   50   33   33  100 
   6 Pameth     73 100      7   75   75   75   50   67   67  100 
   7 Pcast       4  25      2    0   25    0    0    0    0    0 
   8 Pcren     100 100      1  100  100  100  100  100  100  100 
   9 Pherc      26 100      7    0    0   50    0    0   33  100 
  10 Plama      92 100      2   75  100  100  100  100   67  100 
  11 Ppum       11  50      7   25    0    0    0    0    0   50 
  12 Sang       24  50      3   25   25   50    0   33   33    0 
  13 Sangust    90 100      1  100  100  100  100   67   67  100 
  14 Smarg      73 100      4   50   75   50  100   67   67  100 
  15 Zacotus    52 100      7   50   50   50   50   33   33  100 
      Averages  49  75          50   48   50   47   42   42   63 
 
 

INDICATOR VALUES (% of perfect indication,INDICATOR VALUES (% of perfect indication,INDICATOR VALUES (% of perfect indication,INDICATOR VALUES (% of perfect indication,    based on combining the above values for based on combining the above values for based on combining the above values for based on combining the above values for 
relative abundancerelative abundancerelative abundancerelative abundance    and relative fand relative fand relative fand relative frequency) for each species for each group. “Max” is the requency) for each species for each group. “Max” is the requency) for each species for each group. “Max” is the requency) for each species for each group. “Max” is the 
maximum indicator value of the species across the maximum indicator value of the species across the maximum indicator value of the species across the maximum indicator value of the species across the sevensevensevenseven groups. groups. groups. groups.    
                                Group 
                    Sequence:    1    2    3    4    5    6    7 
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                  Identifier:    1    2    3    4    5    6    7 
             Number of items:    4    4    4    2    3    3    2 
    Column     Avg Max MaxGrp 
   1 Aaffine     4  24      1   24    1    0    0    0    0    0 
   2 Cychrus    14  19      6   17   13   11   12   17   19    7 
   3 Leistus     5  21      4    5    0    2   21    3    7    0 
   4 Omus        4  16      3    9    0   16    0    0    0    0 
   5 Palg        8  25      1   25   15   11    3    1    1    2 
   6 Pameth     10  15      5    6    9   11    7   15   13   10 
   7 Pcast       4  25      2    0   25    0    0    0    0    0 
   8 Pcren      14  22      4   18   16   11   22   13   11    8 
   9 Pherc       8  26      7    0    0   22    0    0   10   26 
  10 Plama      14  26      7    8   15   13   18   11    5   26 
  11 Ppum        5  24      7   13    0    0    0    0    0   24 
  12 Sang        5  19      3    3    1   19    0    6    9    0 
  13 Sangust    13  22      2   11   22   13   15    9   11    8 
  14 Smarg       9  22      1   22   17    5    9    5    2    4 
  15 Zacotus     7  11      2    8   11    2    9    8    2   10 
      Averages   8  21          11   10    9    8    6    6    8 
 
 

MONTE CARLO test of significance of observed maximum indicator value (IV) for each MONTE CARLO test of significance of observed maximum indicator value (IV) for each MONTE CARLO test of significance of observed maximum indicator value (IV) for each MONTE CARLO test of significance of observed maximum indicator value (IV) for each 
species collected in species collected in species collected in species collected in the ripthe ripthe ripthe riparian sites,arian sites,arian sites,arian sites, based on 100 based on 100 based on 100 based on 1000000 randomizations. The means and  randomizations. The means and  randomizations. The means and  randomizations. The means and 
standard deviations of the IV from the randomization are given along with pstandard deviations of the IV from the randomization are given along with pstandard deviations of the IV from the randomization are given along with pstandard deviations of the IV from the randomization are given along with p----values for the values for the values for the values for the 
hypothesis of no difference among groups. The phypothesis of no difference among groups. The phypothesis of no difference among groups. The phypothesis of no difference among groups. The p----value is based on the proportion of value is based on the proportion of value is based on the proportion of value is based on the proportion of 
randomized trials with irandomized trials with irandomized trials with irandomized trials with indicator value equal to or exceeding the observed indicator value.ndicator value equal to or exceeding the observed indicator value.ndicator value equal to or exceeding the observed indicator value.ndicator value equal to or exceeding the observed indicator value.    
 
 
---------------------------------------------------- 
                                  IV from 
                       Observed  randomized 
                      Indicator    groups   
   Column      Maxgrp Value (IV) Mean  S.Dev    p *    
------------- -------- -------- ----- ------ ------- 
   1 Aaffine         1    24.0   33.8  13.03  0.7590 
   2 Cychrus         6    18.6   21.9   2.84  0.9050 
   3 Leistus         4    21.1   26.6  14.00  0.6380 
   4 Omus            3    16.3   26.7  13.73  0.8310 
   5 Palg            1    24.7   35.6  13.38  0.7380 
   6 Pameth          5    14.6   25.3   5.33  0.9900 
   7 Pcast           2    25.0   31.7   9.49  1.0000 
   8 Pcren           4    22.0   21.4   2.66  0.3820 
   9 Pherc           7    26.3   27.0  14.02  0.3810 
  10 Plama           7    25.7   26.2   4.92  0.4990 
  11 Ppum            7    23.8   28.0  14.16  0.5430 
  12 Sang            3    18.5   26.7  13.08  0.7030 
  13 Sangust         2    21.7   23.5   3.46  0.6850 
  14 Smarg           1    22.1   36.0  11.82  0.9310 
  15 Zacotus         2    11.4   30.1  11.39  0.9990 
---------------------------------------------------- 

* proportion of randomized trials with indicator value  
  equal to or exceeding the observed indicator value. 
  p = (1 + number of runs >= observed)/(1 + number of randomized runs) 
Maxgrp = Group identifier for group with maximum observed IV 
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Riparian Indicator Species Analyis By Riparian Indicator Species Analyis By Riparian Indicator Species Analyis By Riparian Indicator Species Analyis By SiteSiteSiteSite        
 
        Groups were defined by values of: TRT      
        Input data has:    22 sites    by    15 species  
 

Where the categorical variable TRT is defined as follows: 
group 1= K1, group 2 = K2, group 3 = K3, group 4 = LS1, group 5 = LS2, group 6 = SL1, group 
7 = SL2, group 8=old growth.  
 

RELATIRELATIRELATIRELATIVE ABUNDANCE in group, % of perfect indicationVE ABUNDANCE in group, % of perfect indicationVE ABUNDANCE in group, % of perfect indicationVE ABUNDANCE in group, % of perfect indication    (average abundance of a given (average abundance of a given (average abundance of a given (average abundance of a given 
specispecispecispecies in a given group of sites es in a given group of sites es in a given group of sites es in a given group of sites over the average abundance over the average abundance over the average abundance over the average abundance of that species  in all sites of that species  in all sites of that species  in all sites of that species  in all sites 
expressed as a %)expressed as a %)expressed as a %)expressed as a %). Th. Th. Th. The data e data e data e data matrix contains 22 sites and 15 matrix contains 22 sites and 15 matrix contains 22 sites and 15 matrix contains 22 sites and 15 species.species.species.species.    ”Sequence” is the ”Sequence” is the ”Sequence” is the ”Sequence” is the 
ssssequence of occurrence of the group in the data; “Max” is the maximum relative equence of occurrence of the group in the data; “Max” is the maximum relative equence of occurrence of the group in the data; “Max” is the maximum relative equence of occurrence of the group in the data; “Max” is the maximum relative 
abundance of the species.abundance of the species.abundance of the species.abundance of the species.    
                                Group 
                    Sequence:    1    2    3    4    5    6    7    8 
                  Identifier:    1    2    3    4    5    6    7    8 
             Number of items:    3    3    3    3    3    3    2    2 
    Column     Avg Max MaxGrp 
   1 Aaffine    13 100      6    0    0    0    0    0  100    0    0 
   2 Cychrus    13  20      7   13    7   16    8   16   15   20    6 
   3 Leistus    13  61      5    0    0    0   39   61    0    0    0 
   4 Omus       13  65      3   35    0   65    0    0    0    0    0 
   5 Palg       12  88      4    0    0    0   88    8    2    0    1 
   6 Pameth     13  36      7    5    3   17    3   15   13   36    8 
   7 Pcast      13 100      1  100    0    0    0    0    0    0    0 
   8 Pcren      13  24      1   24   21   17    6   12    9    5    8 
   9 Pherc      13  34      4   17   26    0   34    0    0    0   23 
  10 Plama      13  23      8   20   19   11    3    3   12   10   23 
  11 Ppum       13  60      4    0    0    0   60    0    0    0   40 
  12 Sang       13  40      2   30   40    0   12    0   18    0    0 
  13 Sangust    12  23      4    5    0    7   23   21   18   19    7 
  14 Smarg      13  46      1   46    7   36    1    5    0    2    3 
  15 Zacotus    12  48      4    0    0    0   48   39    4    0    9 
      Averages  13  51          20    8   11   22   12   13    6    9 
 

RELATIVE FREQUENCY in group, % ofRELATIVE FREQUENCY in group, % ofRELATIVE FREQUENCY in group, % ofRELATIVE FREQUENCY in group, % of perfect indication perfect indication perfect indication perfect indication (% of sites  (% of sites  (% of sites  (% of sites in in in in given group given group given group given group 
where given specieswhere given specieswhere given specieswhere given species is present). “Max” is the maximum relative frequency of each species. is present). “Max” is the maximum relative frequency of each species. is present). “Max” is the maximum relative frequency of each species. is present). “Max” is the maximum relative frequency of each species.                                              
 
                                         Group 
                    Sequence:    1    2    3    4    5    6    7    8 
                  Identifier:    1    2    3    4    5    6    7    8 
             Number of items:    3    3    3    3    3    3    2    2 
    Column     Avg Max MaxGrp 
   1 Aaffine     8  67      6    0    0    0    0    0   67    0    0 
   2 Cychrus    96 100      1  100  100  100   67  100  100  100  100 
   3 Leistus    21 100      5    0    0    0   67  100    0    0    0 
   4 Omus        8  33      1   33    0   33    0    0    0    0    0 
   5 Palg       54 100      4    0    0   33  100  100  100    0  100 
   6 Pameth     75 100      3   67   33  100   33   67  100  100  100 
   7 Pcast       4  33      1   33    0    0    0    0    0    0    0 
   8 Pcren     100 100      1  100  100  100  100  100  100  100  100 
   9 Pherc      25 100      8   33   33    0   33    0    0    0  100 
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  10 Plama      92 100      1  100  100   67  100   67  100  100  100 
  11 Ppum       10  50      8    0    0    0   33    0    0    0   50 
  12 Sang       25  67      2   33   67    0   33    0   67    0    0 
  13 Sangust    92 100      1  100   33  100  100  100  100  100  100 
  14 Smarg      69 100      1  100   67  100   33  100    0   50  100 
  15 Zacotus    50 100      4    0    0    0  100  100  100    0  100 
      Averages  49  83          47   36   42   53   56   56   37   63 
 
 

INDICATOR VALUES (% of perfect indication,INDICATOR VALUES (% of perfect indication,INDICATOR VALUES (% of perfect indication,INDICATOR VALUES (% of perfect indication,    based on combining the above values for based on combining the above values for based on combining the above values for based on combining the above values for 
relative abundancerelative abundancerelative abundancerelative abundance    and relative frequency) for each species for each group. “Max” is the and relative frequency) for each species for each group. “Max” is the and relative frequency) for each species for each group. “Max” is the and relative frequency) for each species for each group. “Max” is the 
maximum indicator value of maximum indicator value of maximum indicator value of maximum indicator value of the species across the the species across the the species across the the species across the sevensevensevenseven groups. groups. groups. groups.    
                                Group 
                    Sequence:    1    2    3    4    5    6    7    8 
                  Identifier:    1    2    3    4    5    6    7    8 
             Number of items:    3    3    3    3    3    3    2    2 
    Column     Avg Max MaxGrp 
   1 Aaffine     8  67      6    0    0    0    0    0   67    0    0 
   2 Cychrus    12  20      7   13    7   16    5   16   15   20    6 
   3 Leistus    11  61      5    0    0    0   26   61    0    0    0 
   4 Omus        4  22      3   12    0   22    0    0    0    0    0 
   5 Palg       12  88      4    0    0    0   88    8    2    0    1 
   6 Pameth     11  36      7    3    1   17    1   10   13   36    8 
   7 Pcast       4  33      1   33    0    0    0    0    0    0    0 
   8 Pcren      13  24      1   24   21   17    6   12    9    5    8 
   9 Pherc       6  23      8    6    9    0   11    0    0    0   23 
  10 Plama      12  23      8   20   19    7    3    2   12   10   23 
  11 Ppum        5  20      8    0    0    0   20    0    0    0   20 
  12 Sang        7  27      2   10   27    0    4    0   12    0    0 
  13 Sangust    12  23      4    5    0    7   23   21   18   19    7 
  14 Smarg      12  46      1   46    5   36    0    5    0    1    3 
  15 Zacotus    12  48      4    0    0    0   48   39    4    0    9 
      Averages   9  37          11    6    8   16   12   10    6    7 
 
 
 

MONTE CARLO test of significance of observed maximum indicator value (IV) for each MONTE CARLO test of significance of observed maximum indicator value (IV) for each MONTE CARLO test of significance of observed maximum indicator value (IV) for each MONTE CARLO test of significance of observed maximum indicator value (IV) for each 
species collectspecies collectspecies collectspecies collected in ed in ed in ed in the riparian sites,the riparian sites,the riparian sites,the riparian sites, based on 100 based on 100 based on 100 based on 1000000 randomizations. The means and  randomizations. The means and  randomizations. The means and  randomizations. The means and 
standard deviations of the IV from the randomization are given along with pstandard deviations of the IV from the randomization are given along with pstandard deviations of the IV from the randomization are given along with pstandard deviations of the IV from the randomization are given along with p----values for the values for the values for the values for the 
hypothesis of no difference among groups. The phypothesis of no difference among groups. The phypothesis of no difference among groups. The phypothesis of no difference among groups. The p----value is based on the proportion of value is based on the proportion of value is based on the proportion of value is based on the proportion of 
randomized randomized randomized randomized trials with indicator value equal to or exceeding the observed indicator value.trials with indicator value equal to or exceeding the observed indicator value.trials with indicator value equal to or exceeding the observed indicator value.trials with indicator value equal to or exceeding the observed indicator value.    
 
---------------------------------------------------- 
                                  IV from 
                       Observed  randomized 
                      Indicator    groups   
   Column      Maxgrp Value (IV) Mean  S.Dev    p *    
------------- -------- -------- ----- ------ ------- 
   1 Aaffine         6    66.7   38.7  13.06  0.0930 
   2 Cychrus         7    20.2   19.8   2.58  0.3980 
   3 Leistus         5    60.7   25.5  12.92  0.0340 
   4 Omus            3    21.7   27.7  12.61  1.0000 
   5 Palg            4    88.2   34.6  12.93  0.0020 
   6 Pameth          7    35.6   23.7   4.69  0.0090 
   7 Pcast           1    33.3   36.5   6.64  1.0000 
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   8 Pcren           1    23.7   19.3   2.35  0.0290 
   9 Pherc           8    22.9   26.4  14.15  0.5510 
  10 Plama           8    23.4   23.9   4.31  0.5230 
  11 Ppum            8    20.2   28.5  13.33  1.0000 
  12 Sang            2    26.7   26.2  12.41  0.3930 
  13 Sangust         4    22.8   21.5   3.12  0.2990 
  14 Smarg           1    45.7   34.5  10.42  0.1370 
  15 Zacotus         4    48.0   29.5  11.03  0.0820 
---------------------------------------------------- 

* proportion of randomized trials with indicator value  
  equal to or exceeding the observed indicator value. 
  p = (1 + number of runs >= observed)/(1 + number of randomized runs) 
Maxgrp = Group identifier for group with maximum observed IV 


