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Abstract 20 

Ecological interactions and environmental factors influencing the distribution of multiple 21 

taxa are both thought to generate spatial congruence in diversity.  Observational studies 22 

have generally failed to find evidence for strong cross-taxa congruence across sites, and 23 

examples of experimental studies testing for congruence as a result of an underlying 24 

ecological mechanism are largely lacking.  Here we present the results of an experimental 25 

study that employed downed wood additions in a BACI design to test for an association of 26 

small mammals, carabid beetles, and plants with volume of downed wood as a possible 27 

mechanism for congruence.  In addition, we tested for congruence in species richness and 28 

community similarity across these three groups.  Within-group abundance, species richness, 29 

and diversity were largely independent of downed wood volume, and treatment effect was 30 

not significant.  Species richness was not significantly correlated across any taxa pair pre- 31 

or post-treatment.  However, congruence in community similarity was weak but significant 32 

across all three groups.  These results suggest that downed wood is not the major 33 

determinant of abundance and diversity within these three taxa, does not generate cross-34 

taxa congruence in species richness, and is likely not the driving mechanism for the 35 

observed congruence in assemblage similarity.  Lastly, our results suggest that the potential 36 

of one taxon to act as an indicator of species-level diversity within another taxon may be 37 

limited at small spatial scales. 38 

Keywords: 39 

Biodiversity, Indicators, Downed wood, Small mammals, Carabid beetles, Vascular plants 40 
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Introduction 41 

Biodiversity, or the diversity of life, is declining rapidly worldwide (Bellwood and Hughes,  42 

2001; Boisvert and Vivien, 2005).  This trend is currently of widespread concern (Brown 43 

1998; Baumgärtner et al., 2006), and diversity maintenance is a primary goal of 44 

conservation efforts and sustainable resource management (Lemelin and Darveau, 2006; 45 

Sánchez-Fernández et al., 2006; Leyequien et al., 2007).  Achieving adequate diversity 46 

maintenance necessitates an effective and consistent means of assessment.   47 

 48 

Ideally, biodiversity assessment involves a complete survey of all species within a defined 49 

area (Sarkar et al., 2006).  However, resource limitations usually make this approach 50 

impractical (Heino et al., 2005; Sánchez-Fernández et al., 2006).  To make biodiversity 51 

monitoring more feasible, taxonomic surrogates for overall diversity are frequently 52 

employed (Fleishman et al., 2005; Favreau et al., 2006).  These taxonomic surrogates 53 

include flagship species, umbrella species, and indicators (Andelman and Fagan, 2000).  54 

Flagship species are charismatic species used to garner public support for conservation 55 

(Carignan and Villard, 2002; Favreau et al., 2006).  While this strategy may indirectly 56 

protect other species, flagship species are selected based on mass appeal rather than 57 

biological criteria and so tend to be a poor quantitative representation of total biodiversity.  58 

Umbrella species are wide-ranging species whose habitat needs are supposed to incorporate 59 

the ecological requirements of many other species (Ozaki et al., 2006).  However, the use 60 

of umbrella species as a conservation tool doesn’t allow quantitative prediction of presence 61 

or abundance of other species.  Indicators, by way of contrast, are individual species or 62 



  4 

groups of species that can be utilized to make quantitative predictions about overall 63 

biodiversity (Chiarucci et al., 2005; Hess et al., 2006). 64 

 65 

The indicator approach uses diversity within one species group to make predictions about 66 

other groups within the same geographic area (Chiarucci et al., 2005; Sánchez-Fernández et 67 

al., 2006).  This strategy depends on co-variation in spatial diversity patterns across 68 

multiple taxa, also known as congruence (Chiarucci et al., 2005).  Congruence can arise due 69 

to similar responses of multiple taxa to a single environmental gradient, covariance of 70 

environmental factors which independently determine diversity patterns in different taxa, or 71 

ecological cross-taxa interactions (Heino et al., 2003).  The utility of strong congruence is 72 

that conservation and management decisions based on assessment of a surrogate group will 73 

approximate decisions based on actual target group assessment (Lindenmayer et al., 2002). 74 

 75 

If several taxa depend on the same structural habitat feature, the taxa may demonstrate 76 

cross-taxa congruence.  For example, downed wood (DW) is utilized by many different 77 

vertebrate and invertebrate species and may be important for the persistence of those 78 

species in an ecosystem (Bunnell et al., 1999).  Three species groups with a known 79 

ecological relationship to DW are small mammals, carabid beetles, and terrestrial vascular 80 

plants.  Several studies have shown that small mammal abundance is positively correlated 81 

with DW density (Carey and Johnson, 1995; Loeb 1999; Manning and Edge, 2004).  82 

Through its association with mycorrhizal fungi and invertebrate abundance, DW may 83 

represent an important foraging resource for mycophagous and insectivorous small 84 

mammals (Hagan and Grove, 1999; Bowman et al., 2000).  DW is also utilized by small 85 
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mammals as travel routes and as nest habitat (Barnum et al., 1992; Bowman et al., 2000).    86 

Diversity of carabids and other ground-dwelling beetles has shown positive correlations 87 

with increased DW volume (Lassau et al., 2005).  The likely mechanism for this is the 88 

provision of physical refuges and sites for reproduction, and the direct and indirect 89 

facilitation of foraging (Pearce et al., 2003; Lassau et al., 2005).  DW volume and species 90 

richness of terrestrial plants are both positively related to site productivity (Gjerde et al., 91 

2005), and decaying wood provides an important nutrient source for terrestrial vascular 92 

plants as well as a favourable microclimate for establishment and growth (Baier and 93 

Göttlein, 2007).  Because of the relationship between DW volume and within-taxon 94 

abundance and diversity, diversity patterns may show congruence across these three taxa. 95 

 96 

In this study, we tested three hypotheses: (i) that within-taxon abundance and diversity of 97 

these three species groups would be positively related to DW volume; (ii) that an increase 98 

in DW volume within riparian zones would lead to an increase in abundance and diversity 99 

of all three groups; and (iii) that small mammals, carabid beetles, and terrestrial vascular 100 

plants would show congruence in species richness and community similarity at a stand 101 

scale within riparian zones due to their common use of DW. 102 

 103 

 104 

Materials and methods 105 

Study area and site description 106 

This research was conducted between May and November 2006 in the University of British 107 

Columbia’s Malcolm Knapp Research Forest (UBC MKRF), located in south-western 108 
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British Columbia, Canada (49º16’N, 122º34’ W).   The forest is in the Coastal Western 109 

Hemlock (CWH) biogeoclimatic zone (dm subzone).  Dominant canopy tree species are 110 

Western hemlock (Tsuga heterophylla), Douglas-fir (Pseudotsuga menziesii), and Western 111 

redcedar (Thuja plicata) (Cockle and Richardson 2003).  All study sites were located in 75-112 

year-old, second-growth forest that was initiated following a large forest fire in 1931.   113 

 114 

We employed a BACI (before-after, control-impact) design and included eight sites, each 1 115 

ha in size and divided into two 0.5 ha plots with one plot on each side of the stream channel 116 

(Figure 1).  Each treatment site was paired with a nearby control site on the same stream, 117 

and the four site pairs were placed on four separate streams (Spring Creek, Griffiths Creek, 118 

G/H Creek, and an unnamed stream just west of road A41).  Subject to the constraints 119 

imposed by other research projects, the allocation of treatment within each control-120 

manipulation pair was random with respect to the direction of stream flow.  Site pairs were 121 

separated by a minimum distance of 50 m to reduce the probability of between-site 122 

migration and microclimatic influence. 123 

 124 

Field methods 125 

At each manipulated site, 26 T. heterophylla trees with diameter at breast height (dbh) > 34 126 

cm were cut down in a dispersed fashion in early June 2006.  On average, this represented a 127 

35.7% increase in DW volume at manipulated sites (range 27.2-50.5%), and a 3.4% 128 

decrease in the density of standing trees at manipulated sites (range 2.4-4.1%) (unpublished 129 

data). T. heterophylla was selected over the other two prevalent conifer species because it 130 

decays more rapidly than T. plicata and is less valuable per unit volume than P. menziesii.  131 
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The falling was directionally random, but trees were not felled into or across the stream so 132 

that aquatic disturbance was minimized and terrestrial impact was maximized.  Any trees 133 

left suspended after falling were segmented to lie along the ground, increasing the 134 

usefulness of the trees as terrestrial habitat structures and eliminating suspended logs as a 135 

safety hazard.  The trees were left unaltered where they fell throughout the rest of the study. 136 

 137 

Small mammal species composition and relative abundance at each site was assessed using 138 

live trapping.  Time-series data were collected over seven trapping sessions, with three 139 

sessions before the manipulation and four afterwards.  During each trapping period, traps 140 

were set in the evening and checked the following two mornings.  Prior to treatment 141 

application, traps were set for two nights every two weeks.  Post-manipulation, the trapping 142 

interval was extended to three weeks for three trapping periods and then to four weeks for 143 

the final trapping period.  At each 1-ha site, 36 Longworth live traps were placed at 14.3 m 144 

intervals in a 6 x 6 grid (Figure 1).  Within a trap line intersecting the stream, three traps 145 

were placed on each side of the stream (Figure 2).  All distances were measured from the 146 

stream edge.  Traps were set according to established protocols (Cockle and Richardson, 147 

2003).  Between trapping periods, traps were locked open and baited to reduce the 148 

likelihood of trap avoidance.  A pre-baiting period of two weeks, when traps were baited 149 

but locked open, preceded the first trapping period at each site.  All captured mammals 150 

(except shrews) were identified to species in the field, weighed, sexed, marked using a 151 

uniquely numbered ear tag and released at the point of capture.  Due to their small size, live 152 

shrews could not be marked using ear tags or identified to species and were recorded as 153 
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Sorex spp.  Shrews and moles that were found dead in the trap or euthanized due to 154 

morbidity were taken back to the lab and identified to species. 155 

 156 

Terrestrial invertebrates were sampled using 30 pitfall traps at each site, arranged in two 5 x 157 

3 grids.  Grids were located on opposite sides of the stream and in opposite halves of the 158 

site with respect to the mid-line running perpendicular to the stream (Figure 1).  Within 159 

each trapping grid, three trap lines were installed perpendicular to the stream and spaced 10 160 

m apart, beginning 10 m away from the mid-line of the site (Figure 2).  Each line consisted 161 

of five pitfall traps at 10 m intervals, with the first trap located 2 m away from the stream 162 

edge to protect it from rising water levels during heavy rains.  Traps were comprised of two 163 

nested plastic cups with an inner diameter of 6.5 cm and a capacity of 250 mL (Magura et 164 

al., 2004).  The cups were dug into a flat section of ground so that the rims were level with 165 

the surface.  To keep out rainwater and detritus, a 30 x 30 cm plywood coverboard was 166 

placed over each trap.  The board was elevated to a height of 2 cm above the ground using 167 

three cedar sticks so that carabid movement along the forest floor was not impeded.  Pitfall 168 

traps were opened for one week every two months (7 trap nights) from May through 169 

September.  During trapping, approximately 3 cm of 100% propylene glycol was poured 170 

into each trap to act as a preservative.  After field collection, pitfall trap samples were 171 

drained through a 75 µm sieve in the laboratory.  Samples were rinsed well with distilled 172 

water and transferred to 80% ethanol for long-term preservation.  All carabids were 173 

extracted and identified to species using a dissecting light microscope.  Within a sample, 174 

the number of individuals of each species was recorded.  175 

 176 
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The vascular plant community was surveyed at six week intervals using a point intercept 177 

method (Jonasson, 1983).  Plant sampling was conducted once before the trees were felled 178 

and three times after the treatment.  At each site, eight 15 m transects were established in a 179 

stratified random design and sampled repeatedly.  Each side of the stream was partitioned 180 

into two strata, with the partition running parallel to the stream edge.  The first stratum 181 

began at the stream edge and continued to 25 m from the stream.  The second stratum 182 

began 25 m from the stream and extended a further 25 m into the forest.  Within each 183 

stratum, two transects were initiated at random points and ran for a horizontal distance of 184 

15 m in a random direction (Figure 2).  All transects were measured along the ground and 185 

then corrected to 15 m horizontal distance using a clinometers.  Sampling points were set at 186 

intervals of 1 m along each 15 m transect, and all plants intersecting a vertical pin placed at 187 

each sampling point were identified to species.  The number of times every plant contacted 188 

a sample pin and the height of each contact was recorded.  The number of pin contacts 189 

made by a plant species at a site was used as an index of biomass of that plant species at 190 

that site (Jonasson, 1988). 191 

 192 

DW sampling was conducted once post-treatment at every site using the line intersect 193 

method (Van Wagner, 1964).  Sixteen paired 10 m transects were initiated at the same 194 

points as the plant transects.  The first transect was oriented randomly, while the second 195 

transect was perpendicular to the first in order to account for any non-randomness in DW 196 

orientation.  The species (where possible), diameter, and horizontal distance from transect 197 

start were noted for all pieces of DW which intersected the transect and measured greater 198 

than 0.10 m in diameter.  Logs were assigned to one of five decay classes, where class 1 199 
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logs were structurally intact and class 5 logs were in an advanced state of decay.  The origin 200 

of each DW piece (ambient or newly fallen) was noted. 201 

 202 

To determine percent canopy cover and light availability, eleven photos of the forest 203 

canopy were taken at each site in the same location both before and after the treatment.  204 

Photos were taken at the 8 initiation points for the plant and DW transects, as well as in the 205 

center of each side of the site and in the center of the stream halfway through the site.  All 206 

photos were analyzed to determine percentage canopy cover using Gap Light Analyzer 207 

version 2.0 (© 1999, Simon Fraser University Institute of Ecosystem Studies, available at 208 

http://www.rem.sfu.ca/forestry/downloads/gap_light_analyzer.htm). 209 

 210 

Analysis 211 

Data from multiple trapping periods were pooled to yield one pre-treatment measure and 212 

one post-treatment measure.  For use in regressions and t tests, abundance data were 213 

transformed into a metric of catch per unit effort (CPUE), measured in units of individuals 214 

captured per 100 trap nights.  This index of relative abundance controls for unplanned 215 

differences in trapping effort across sites (Hopkins and Kennedy, 2004).  Species richness 216 

data were rarified according to Krebs (1999) using the program Rarefact (Brzustowski, 217 

1998). 218 

 219 

We used the Shannon index H’ and the Simpson’s index D (Magurran, 2004) to compute 220 

diversity separately for each taxon in both pre-treatment and post-treatment periods.  221 

Increasing values of H’ indicate increasing diversity.  However, increasing values of D 222 
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indicate decreasing diversity, so Simpson’s index has been expressed as 1 – D wherever 223 

used. 224 

 225 

For use in regressions, DW data were pooled across transects and two measures (pre-226 

treatment and post-treatment) of wood volume per unit area were generated for each site.  227 

Volume was computed according to Van Wagner (1964): 228 

V = (π2
∑d2)/8L 229 

Where V is volume of wood per unit area, d is piece diameter, and L is the sample line 230 

length.  To determine the strength and significance of the relationship between DW and 231 

each group, simple linear regressions were performed with DW volume as the predictor 232 

variable.   Within-taxon catch per unit effort (CPUE), rarified species richness (SR), 233 

Shannon diversity index (H’) and Simpson’s diversity index (1 - D) were each considered 234 

separately as response variables.  Regressions were performed using SAS version 9.1.3 235 

(SAS Institute, Cary, NC). 236 

 237 

Paired, two-tailed t-tests were used to determine whether DW volume differed between 238 

control and treatments sites both before and after the treatment, and to assess whether the 239 

treatment significantly increased DW volume at treatment sites.  T-tests were also used to 240 

analyze the effect of the treatment.  Each control site was paired with its corresponding 241 

treatment site, and a two-tailed t-test was performed to determine whether the difference 242 

between time periods differed significantly between treatments.  Four response variables 243 

(CPUE, SR, H’, 1 – D) were used for each group.  Canopy cover was also entered as a 244 

response variable to determine whether the change in canopy cover differed significantly 245 
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between treatments.  Response variables were successfully transformed where necessary to 246 

meet assumptions of normality and homogeneity of variance.  A significance level of α = 247 

0.05 was used.  T-tests were performed using Microsoft Excel 2003 (Microsoft, Redmond, 248 

WA). 249 

 250 

The strength and significance of congruence was assessed pre-treatment and post-treatment.  251 

Spearman rank correlation coefficients (rs) were computed for each possible pair-wise 252 

cross-taxa combination to test for congruence in species richness at the site level (SAS 253 

version 9.1.3, SAS Institute, Cary, NC).  To test for congruence in community similarity, 254 

one-tailed Mantel tests (Mantel, 1967) were computed for every possible pair-wise cross-255 

taxa combination using the program CADM (Legendre, 2001).  A Monte Carlo 256 

randomization test with 9999 permutations was performed to test congruence significance, 257 

and a Mantel test statistic rM was obtained to represent congruence strength.  For use in the 258 

Mantel tests, pre-treatment and post-treatment similarity matrices were constructed for each 259 

taxon using the Bray-Curtis index of similarity (Bray and Curtis, 1957; Krebs, 1999).   260 

Each symmetric similarity matrix consisted of all possible pair-wise comparisons between 261 

sites for a given taxon.  The Bray-Curtis index incorporates both species presence and 262 

relative abundances.  It ranges from 0 to 1, with a value of 0 indicating a site pair with no 263 

species in common and a value of 1 meaning that the two sites are identical.   264 

 265 

 266 

Results 267 
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In 14 nights of small mammal trapping, we encountered a total of 10 species, with 2002 268 

animals identified to species (Table 1).  Trap mortality for shrews was high, which is 269 

common when live traps are set overnight (Sullivan et al., 1998).  Live shrews could not be 270 

identified to species in the field, but mortality rate averaged 80.2%.  Because two-tailed 271 

paired t-tests indicated that mortality rate did not differ between control and treatment sites 272 

either pre-treatment (p = 0.88) or post-treatment (p = 0.47), differences in absolute 273 

abundance of dead shrews across sites were assumed to reflect overall differences in shrew 274 

abundance (Cockle and Richardson, 2003).  Consequently, dead shrews were excluded 275 

from further analysis. 276 

 277 

Carabid traps were open for a total of 21 nights.  We captured 1545 beetles belonging to a 278 

total of 15 different carabid species (Table 1).  Plant sampling yielded a total of 19 species 279 

and 2945 individual contact points (Table 1). 280 

 281 

Effect of treatment on DW volume and canopy cover 282 

On average, the volume of DW at the treatment sites increased 209.22 m3/ha from pre-283 

treatment to post-treatment, and the difference in DW volume between a manipulated site 284 

and its paired control site increased 142.78 m3/ha after the treatment.   As expected, there 285 

was no significant difference in DW volume between control and treatment sites prior to 286 

the treatment (p = 0.29).  Although the volume of wood at treatment sites increased 287 

significantly from pre-treatment to post treatment (p = 0.01), there was no significant post-288 

treatment difference between control and treatment sites (p = 0.13).  On average, canopy 289 

cover increased 0.52% at control sites after treatment and 0.77% at treatment sites, but 290 
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neither of these increases was significant (p = 0.61, p = 0.27).  Control and treatment sites 291 

did not differ significantly in canopy cover either pre-treatment (p = 0.32) or post-treatment 292 

(p = 0.26).   293 

 294 

Relationship between catch and DW volume for each group 295 

DW volume was a significant predictor of pre-treatment carabid CPUE (r2 = 0.51, p = 296 

0.047), but did not predict CPUE for the other two groups or post-treatment for any group 297 

(Figure 3).  SR (Figure 3) and H’ were not significantly dependent on DW volume for any 298 

taxon before or after the treatment.  Post-treatment, carabid Simpson’s index diversity was 299 

significantly dependent on DW volume (r2 = 0.83, p = 0.0017), but the relationships 300 

between DW volume and all other groups both prior to the treatment and post-treatment 301 

were not significant. 302 

 303 

Within-group treatment effects 304 

The change from pre-treatment CPUE to post-treatment CPUE did not differ across 305 

treatments for any group.  Similarly, change in SR and diversity calculated using both the 306 

Shannon index of diversity (H’) and the Simpson’s index of diversity (1 – D) did not differ 307 

across treatments. 308 

 309 

Cross-taxa congruence in species richness and community similarity 310 

Pre-treatment (Figure 4) and post-treatment correlation analysis (Figure 4) showed no 311 

evidence of congruence in species richness between carabids and mammals, plants and 312 

mammals, or plants and carabids.  Pair-wise Mantel tests for pre-treatment congruence in 313 
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assemblage similarity (Figure 4) showed evidence of congruence between carabids and 314 

mammals (rM = 0.62, p < 0.010), mammals and plants (rM = 0.66, p = 0.016), and carabids 315 

and plants (rM = 0.40, p = 0.022).  Post-treatment, mammal community similarity was 316 

congruent with carabids (rM = 0.48, p = 0.027) and plants (rM = 0.55, p = 0.028).  Similarity 317 

in community composition was not congruent post-treatment for carabids and plants. 318 

 319 

 320 

Discussion 321 

Lack of relationship between DW and within-taxon characteristics 322 

This study did not find support for the hypothesis that DW addition increases abundance, 323 

species richness and diversity of small mammals, carabid beetles, and plants, in the short 324 

term.  This is illustrated by the lack of a significant response to treatment by any taxon.  325 

There are several possible reasons why the hypothesized treatment effect was not observed: 326 

(1) the early decay class of the logs limited their usefulness as functional habitat structures 327 

for each of the sampled taxa; (2) species-specific life histories, particularly timing of 328 

reproduction, delayed a detectable numerical response; (3) timing of migration and 329 

dispersal delayed colonization of treatment sites by new recruits; (4) the wood addition 330 

lowered the effectiveness of the sampling methods by causing animals to move less; (5) 331 

power to detect a treatment effect was limited by sample size; (6) the magnitude of the 332 

wood addition was insufficient to produce a detectable response; (7) treatment effect was 333 

diminished by between-site influences such as migration or microclimate; or (8) DW was 334 

not the limiting factor determining species presence and relative abundances of these 335 

groups. 336 
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 337 

The first possibility is the most broadly applicable to all taxa in this study.  The newly 338 

fallen logs were still in a comparatively early stage of decay when the study ended, and the 339 

association between DW and the taxa that utilize it can be highly dependent on the decay 340 

class of the wood (Bowman et al., 2000).  For example, California red-backed voles 341 

(Clethrionomys californicus) displayed disproportionate utilization of logs in later stages of 342 

decay (Tallmon and Mills, 1994).  Bowman et al. (2000) found that although use of 343 

individual logs did not depend on their decay stage, abundance of Southern red-backed 344 

voles (Clethrionomys gapperi) was positively correlated with volume of wood in the final 345 

stages of decay.  Log decay class can have a significant effect on invertebrate abundance 346 

and community composition, with some largely predatory families, such as carabids, 347 

associated with logs in advanced stages of decay (Vanderwel et al., 2006).  As a result of 348 

the decay-dependent relationship between many of these taxa and DW, it may take many 349 

years for the full effect of the manipulation on biodiversity to become apparent (Marra and 350 

Edmonds, 1994; Feller, 2003).   351 

 352 

A lag between treatment application and reproduction may also partly explain the lack of a 353 

treatment effect on abundance and diversity of small mammals, carabids, and plants.  For 354 

instance, carabid life cycles vary between species (Khobrakova and Sharova, 2005).  The 355 

capacity of a species to respond quickly to elevated resource availability or more 356 

favourable environmental conditions could vary depending on the timing of reproduction 357 

and the number of reproductive events within a season. 358 

 359 
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A third explanation for the lack of a treatment response is that timing of animal movements 360 

resulted in a lag between treatment application and a population-level response due to 361 

immigration or emigration.  Site colonization could result from natal dispersal or from 362 

movements of adult individuals.  Stage- or seasonal dependence of migration and surface 363 

activity could delay colonization of a site, despite increased availability of habitat 364 

resources. 365 

 366 

The increase in DW volume at treatment sites may also have reduced animal surface 367 

activity, thereby lowering the effectiveness of the sampling methods and obscuring 368 

treatment effect.  The downed logs could have physically obstructed organism movement.   369 

Increased availability of food or structural refugia at treatment sites may have also reduced 370 

the need for surface movement to locate food or physical shelter.   371 

 372 

It is also possible that having only four replicates per treatment limited the power of this 373 

study to detect a treatment effect and led to a failure to correctly reject the null hypothesis.  374 

Additionally, the volume of wood added to treatment sites may have been insufficient to 375 

produce a detectable effect.  The lack of a significant post-treatment difference in volume 376 

between control and treatment sites supports this possibility.  Between-site influences such 377 

as migration and microclimate could also have dampened the effect of the treatment.  378 

However, the substantial distance between sites and the lack of a significant pre- or post-379 

treatment difference in canopy cover across treatments makes substantial cross-talk 380 

between control and treatment sites highly unlikely. 381 

 382 
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A final possible explanation for the overall lack of response to the treatment is that the 383 

threshold for the positive relationship between DW volume and within-taxon abundance 384 

and diversity was exceeded at the manipulated sites before the treatment was applied.  In 385 

this case, DW volume would not be the limiting factor driving abundance and species 386 

richness and other ecological factors such as food availability and predation pressure might 387 

be more important in determining community composition.  The lack of a significant 388 

predictive relationship between DW volume and most ecological response variables 389 

suggests that DW volume is not the main factor driving abundance and diversity of these 390 

different species groups.  This may contribute to the lack of strong cross-taxa congruence at 391 

these sites.   392 

 393 

Cross-taxa congruence in species richness and community similarity 394 

Contrary to the prediction of cross-taxa congruence due to strong ecological associations 395 

with DW, small mammals, carabid beetles, and plants did not show congruence in species 396 

richness.  However, weak but significant congruence in assemblage similarity was 397 

demonstrated among mammals, carabids, and plants. 398 

 399 

Finding congruence in community similarity but not in species richness is consistent with 400 

other studies demonstrating that congruence strength depends on the diversity metric used 401 

as well as the groups being assessed.  A regional study of congruence across four aquatic 402 

invertebrate groups found that congruence was weak for species richness but strong for 403 

assemblage similarity (Bilton et al., 2006).  Howard et al. (1998) found little evidence for 404 

cross-taxa congruence in species richness of woody plants, large moths, butterflies, birds, 405 
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and small mammals.  However, when complementarity was compared across sites, taxa 406 

were strongly congruent. A study testing four marine taxa for congruence in species 407 

richness, assemblage similarity and seven diversity indices found major inconsistencies in 408 

strength and significance of congruence between two taxa, depending on which diversity 409 

metric was being compared (Karakassis et al., 2006).  In other words, the diversity metric 410 

used in congruence tests can substantially affect outcome.  This suggests that the potential 411 

for congruence to be useful in management and conservation is highly variable and depends 412 

strongly on the specific goals of the project in question.  If the goal is to maximize species 413 

richness at a site, congruence may be of limited use.  However, if the goal is to maximize 414 

the total number of species included in a reserve network through maximizing 415 

complementarity between reserve sites, then congruence in community similarity or 416 

complementarity across taxa would be highly useful. 417 

 418 

Scale is crucial to understanding many patterns in ecology, and the field of congruence 419 

research is no exception.  The scale of study investigation, i.e. the geographical extent of 420 

the study and the grain at which data are collected, affects the types of processes which 421 

dominate observed diversity patterns.  At local scales within a single habitat type, where α 422 

diversity is measured, ecological interactions and variation in microclimate and 423 

microhabitat would likely be the major factors influencing biodiversity patterns (Ricketts et 424 

al., 2002; Hendrickx et al., 2007).  At broader scales, where γ diversity is measured, 425 

climatic gradients and latitudinal effects are likely to be more important in governing 426 

distribution of diversity within and across groups (Flather et al., 1997; Ricketts et al., 2002; 427 

Hendrickx et al., 2007).  Because scale can dramatically influence study results, caution 428 
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should be exercised when extrapolating the findings of congruence studies to other spatial 429 

scales.  Scale also affects the applicability of congruence in a practical sense.  Congruence 430 

at a local scale is most useful for managers to assess or monitor stand-level biodiversity 431 

(Similä et al., 2006), while regional congruence is most relevant to conservation planners, 432 

particularly those designing reserve networks (Similä et al., 2006). 433 

 434 

Conclusive evidence supporting the existence of strong congruence at a local scale, where it 435 

would have the most utility to site managers, is largely lacking.  Lawton et al. (1998) 436 

examined eight taxa in small plots (1 – 3 ha) within a single forest reserve along a gradient 437 

of habitat modification.  They found no evidence for congruence in species richness for any 438 

pair-wise cross-taxon comparison.  In a separate study, butterfly diversity and moth 439 

diversity were found to be uncorrelated across three habitat types at scales of 1-10 km2, 440 

regardless of the diversity metric used (Ricketts et al., 2002).  A Swedish study of 10 stands 441 

within a single forest type found limited evidence for congruence in species diversity across 442 

vascular plants, bryophytes, epiphytic lichens, and wood-inhabiting fungi (Jonsson and 443 

Jonsell, 1999).  Similarly, Kati et al. (2004) found low congruence in species richness 444 

across six vertebrate, invertebrate, and plant taxa within a single 430 km2 study area.  445 

However, they found some evidence for congruence in cross-site complementarity across 446 

the different taxa (Kati et al., 2004).  Su et al. (2004) found that species richness of birds, 447 

butterflies, and plants was uncorrelated within a single habitat type, but that there was 448 

significant congruence in community similarity.  One study of eight invertebrate, plant, 449 

bryophyte, and fungal taxa in 0.25 ha sites within a 140 ha study area found weak but 450 

significant congruence in species richness across sites (Sætersdal et al., 2004). 451 
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 452 

This research was conducted at an extremely fine spatial scale, both in terms of the study 453 

grain (1 ha sites) and the extent (a single forest stand).  Furthermore, the study was 454 

conducted within a single habitat type (riparian zones), which may have limited the 455 

magnitude of environmental variability across sites.  Thus the lack of strong congruence 456 

across sites may reflect minimal cross-site variability, rather than differences between 457 

groups in responses to environmental gradients across sites.  However, our study findings 458 

are consistent with the results of other fine-scale studies suggesting that congruence in 459 

species richness across sites within a single habitat type is weak or nonexistent.  This 460 

implies that the factors determining within-site diversity at small scales differ between taxa, 461 

and that the environmental gradients to which each functional group responds are not 462 

identical across groups.  Furthermore, ecological relationships among taxa, including 463 

trophic interactions, do not appear to be sufficiently strong to generate congruence in 464 

species richness at local scales within one habitat type.   465 

 466 

The evidence for the existence of strong congruence across multiple taxa is more 467 

convincing at broader scales.  Strong congruence in species richness of mammals, 468 

amphibians, birds, and plants has been demonstrated at regional scales (Das et al., 2006).  469 

Lamoreux et al. (2006) found correlations in global species richness patterns for 470 

amphibians, reptiles, birds, and mammals.  Species richness of four invertebrate taxa and 471 

fish was highly correlated at a regional scale and closely related to temperature gradients 472 

(Heino, 2002).  As scale of investigation increases, latitudinal gradients and habitat type 473 

become more influential in determining species distributions (Flather et al., 1997).  Because 474 
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groups of species are responding to the same environmental gradients at coarse geographic 475 

scales, congruence across groups is strong.  While congruence at regional and global scales 476 

is useful for conservation planning at coarse scales, it is not useful for local stand level 477 

management and site assessment (Similä et al., 2006).  For this reason, the utility of 478 

congruence and indicator species groups to compare the conservation value of similar sites 479 

remains questionable.  Furthermore, because most land is managed at the stand scale rather 480 

than at the landscape scale, congruence is likely of limited value to managers interested in 481 

monitoring the effect of management on biodiversity. 482 

 483 

In addition to the effect of study extent on diversity patterns, the size of individual study 484 

sites affects diversity because total species richness tends to increase with habitat area 485 

(Favreau et al., 2006).  This can generate apparent congruence in species richness over 486 

broad spatial scales as a result of differential sampling effort across habitats rather than 487 

ecological cross-taxa relationships (Howard et al., 1998).  In a study testing for cross-taxa 488 

congruence in woody plants, large moths, butterflies, birds, and small mammals, 489 

congruence strength and significance was drastically reduced once the effect of forest size 490 

was accounted for (Howard et al., 1998).  Site dimensions were uniform across sites in this 491 

study, so while study grain likely influenced absolute results, relative differences in species 492 

richness across sites were not biased by differences in site size. 493 

 494 

Implications 495 

This study does not provide any supportive evidence for common use of DW by multiple 496 

taxa as an underlying mechanism for cross-taxon congruence at a local scale.  Further 497 
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monitoring will be necessary to determine whether this is due to insufficient time elapsed 498 

since treatment or whether DW does not limit abundance and species diversity at these 499 

sites.  Furthermore, these data do not support use of a single taxon as a surrogate for 500 

diversity within other taxa at local scales.  The lack of significant congruence in species 501 

richness precludes the use of within-taxon diversity at one site to predict diversity within 502 

another taxon at the same site.   503 

 504 

While some congruence in community similarity was demonstrated, this type of 505 

congruence has limited predictive value.  This limits its utility to managers, who are 506 

frequently concerned with accurately predicting species richness at the site level.  507 

Knowledge of compositional similarity between sites may be useful to conservation 508 

planners aiming to maximize retention of β diversity by maximizing complementarity 509 

between protected sites (Hendrickx et al., 2007).  However, conservation planning usually 510 

occurs over a much larger extent and at a larger grain than the scale of this study. 511 

 512 

The distinction between statistically significant cross-taxon congruence and congruence 513 

that is likely to have predictive utility is important.  For a species or a group of species to be 514 

a reliable indicator, the relationship between the predictor and the predicted must have low 515 

variance (Beccaloni and Gaston, 1995).  In this study, congruence in assemblage similarity 516 

ranged in strength from 0.4 to 0.66 when significant.  This is interesting from a biological 517 

perspective, but less useful from a predictive perspective since these relationships are not 518 

strong enough to permit confident decision making.   519 

 520 
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Finding weak congruence in community similarity and no congruence in species richness at 521 

is consistent with other fine-scale research conducted within a single habitat type.  These 522 

results suggest that the potential for indicators to be useful predictors of diversity within 523 

other taxa at fine spatial grain and extent is limited.  Consequently, managers seeking to 524 

assess and monitor biodiversity at fine scales should evaluate target groups independently 525 

based on their representation goals rather than relying on surrogate measures of within-526 

taxon diversity.  Management decisions based on habitat representation, higher-taxa 527 

surrogates or survey-based approaches may be more promising options to ensure that all 528 

taxa are adequately represented at a local scale.   529 

 530 

Acknowledgements 531 

Suzanne Simard and Jon Shurin provided helpful suggestions for improving the 532 

manuscript.  The Malcolm Knapp Research Forest (UBC) donated the trees for the project 533 

and provided technical assistance wherever possible.  Tom Sullivan, Steve Mitchell, and 534 

Peter Marshall graciously gave of their time and experience, and the mammal traps were 535 

generously loaned by Walt Klenner.  Jeff Jarrett helped with carabid identification.  Ashlee 536 

Albright, Isabelle Deguise, Nancy Hofer, Ryan Jack, Aya Reiss, Lyndon Turvey, and Pina 537 

Viola provided valuable field assistance.  This project was supported financially by an 538 

NSERC grant to John Richardson and by a Forest Sciences Program (British Columbia) 539 

project-specific grant. 540 



  25 

References 541 

Andelman, S.J., Fagan, W.F., 2000. Umbrellas and flagships: efficient conservation 542 

surrogates or expensive mistakes? Proceedings of the National Academy of Sciences 97, 543 

5954-5959. 544 

Baier, R., Meyer, J., Göttlein, A., 2007. Regeneration niches of Norway spruce (Picea 545 

abies [L.] Karst.) saplings in small canopy gaps in mixed mountain forests of the 546 

Bavarian Limestone Alps. European Journal of Forest Research 126, 11–22. 547 

Barnum, S.A., Manville, C.J., Tester, J.R., Carmen, W.J., 1992. Path selection by 548 

Peromyscus leucopus in the presence and absence of vegetative cover. Journal of 549 

Mammalogy 73, 797-801. 550 

Baumgärtner, S., Becker, C., Faber, M., Manstetten, R., 2006. Relative and absolute 551 

scarcity of nature.  Assessing the roles of economics and ecology for biodiversity 552 

conservation. Ecological Economics 59, 487-498. 553 

Beccaloni, G.W., Gaston, K.J., 1995. Predicting the species richness of neotropical forest 554 

butterflies: Ithomiinae (Lepidoptera: Nymphalidae) as indicators. Biological 555 

Conservation 71, 77-86. 556 

Bellwood, D.R., Hughes, T.P., 2001. Regional-scale assembly rules and biodiversity of 557 

coral reefs. Science 292, 1532-1534. 558 

Bilton, D.T., McAbendroth, L., Bedford, A., Ramsa, P.M., 2006. How wide to cast the net? 559 

Cross-taxon congruence of species  richness, community similarity and indicator taxa in 560 

ponds. Freshwater Biology 51, 578–590. 561 

Boisvert, V., Vivien,F., 2005. The convention on biological diversity: a conventionalist 562 

approach. Ecological Economics 53, 461-472. 563 



  26 

Bowman, J.C., Sleep, D., Forbes, G.J., Edwards, M., 2000. The association of small 564 

mammals with coarse woody debris at log and stand scales. Forest Ecology and 565 

Management 129, 119-124. 566 

Bray, J.R., Curtis, J.T., 1957. An ordination of the upland forest communities of southern 567 

Wisconsin. Ecological Monographs 27, 325-349. 568 

Brown, K., 1998. The political ecology of biodiversity, conservation and development in 569 

Nepal’s Terai: Confused meanings, means and ends. Ecological Economics 24, 73-87. 570 

Brzustowski, J., 1998. Rarefact. Department of Biological Sciences, University of Alberta. 571 

Bunnell, F.L., Kremsater, L.L., Wind, E., 1999. Managing to sustain vertebrate richness in 572 

forests of the Pacific Northwest: relationships within stands. Environmental Reviews 7, 573 

97-146. 574 

Carey, A.B., Johnson, M.L., 1995. Small mammals in managed, naturally young, and old-575 

growth forests. Ecological Applications 5, 336-352. 576 

Carignan, V., Villard, M.A., 2002. Selecting indicator species to monitor biological 577 

integrity: a review. Environmental Monitoring and Assessment 78, 45-61. 578 

Chiarucci, A., D’Auria, F., De Dominicis, V., Laganà, A., Perini, C., Salerni, E., 2005. 579 

Using vascular plants as a surrogate taxon to maximize fungal species richness in 580 

reserve design. Conservation Biology 19, 1644-1652. 581 

Cockle, K.L., Richardson, J.S., 2003. Do riparian buffer strips mitigate the impacts of 582 

clearcutting on small mammals? Biological Conservation 113, 133-140. 583 

Das, A., Krishnaswamy, J., Bawa, K.S., Kiran, M.C., Srinivas, V., Kumar, N.S., and 584 

Karanth, K.U., 2006. Prioritisation of conservation areas in the Western Ghats, India. 585 

Biological Conservation 133, 16-31. 586 



  27 

Favreau, J.M., Drew, C.A., Hess, G.R., Rubino, M.J., Koch, F.H., Eschelbach, K.A., 2006. 587 

Recommendations for assessing the effectiveness of surrogate species approaches. 588 

Biodiversity and Conservation 15, 3949-3969. 589 

Feller, M.C., 2003. Coarse woody debris in the old-growth forests of British Columbia. 590 

Environmental Reviews 11, S135-S137. 591 

Flather, C.H., Wilson, K.R., Dean, D.J., McComb, W.C., 1997. Identifying gaps in 592 

conservation networks: of indicators and uncertainty in geographic-based analyses. 593 

Ecological Applications 7, 531-542. 594 

Fleishman, E., Thomson, J.R., MacNally, R., Murphy, D.D., Fay, J.P., 2005. Using 595 

indicator species to predict species richness of multiple taxonomic groups. Conservation 596 

Biology 19, 1125-1137. 597 

Gjerde, I., Sætersdal, M., Rolstad, J., Storaunet, K.O., Blom, H.H., Gundersen, V., 598 

Heegaard, E., 2005. Productivity-diversity relationships for plants, bryophytes, lichens, 599 

and polypore fungi in six northern forest landscapes. Ecography 28, 705-720. 600 

Hagan, J.M., Grove, S.L., 1999. Coarse woody debris. Journal of Forestry 97, 6-11. 601 

Heino, J., 2002. Concordance of species richness patterns among multiple freshwater taxa: 602 

a regional perspective. Biodiversity and Conservation 11, 137-147. 603 

Heino, J., Muotka, T., Paavola, R., Paasivirta, L., 2003. Among-taxon congruence in 604 

biodiversity patterns: can stream insect diversity be predicted using single taxonomic 605 

groups? Canadian Journal of Fisheries and Aquatic Sciences 60, 1039-1049. 606 

Heino, J., Paavola, R., Virtanen, R., Muotka, T. 2005. Searching for biodiversity indicators 607 

in running waters: do bryophytes, macroinvertebrates, and fish show congruent diversity 608 

patterns? Biodiversity and Conservation 14, 415-428. 609 



  28 

Hendrickx, F., Maelfait, J., Van Wingerden, W., Schweiger, O., Speelmans, M., Aviron, S., 610 

Augenstein, I., Billeter, R., Bailey, D., Bukacek, R., Burel, F., Diekötter, T., Dirksen, J., 611 

Herzog, F., Liira, J., Roubalova, M., Vandomme, V., Bugter, R., 2007. How landscape 612 

structure, land-use intensity and habitat diversity affect components of total arthropod 613 

diversity in agricultural landscapes. Journal of Applied Ecology 44, 340-351. 614 

Hess, G.R., Bartel, R.A., Leidner, A.K., Rosenfeld, K.M., Rubino, M.J., Snider, S.B., and 615 

Ricketts, T.H., 2006. Effectiveness of biodiversity indicators varies with extent, grain 616 

and region. Biological Conservation 132, 448-457. 617 

Hopkins, H.L., Kennedy, M.L.,  2004. An assessment of indices of relative and absolute 618 

abundance for monitoring populations of small mammals.  Wildlife Society Bulletin 32, 619 

1289-1296. 620 

Howard, P.C., Viskanic, P., Davenport, T.R.B., Kigenyi, F.W., Baltzer, M., Dickinson, 621 

C.J., Lwanga, J.S., Matthews, R.A., Balmford, A., 1998. Complementarity and the use 622 

of indicator groups for reserve selection in Uganda. Nature 394, 472-475. 623 

Jonasson, S., 1983. The point intercept method for non-destructive estimation of biomass. 624 

Phytocoenologia 11, 385-388. 625 

Jonasson, S., 1988. Evaluation of the point intercept method for the estimation of plant 626 

biomass. Oikos 52, 101-106. 627 

Jonsson, B.G., Jonsell, M., 1999. Exploring potential biodiversity indicators in boreal 628 

forests. Biodiversity and Conservation 8, 1417-1433. 629 

Karakassis, I., Machias, A., Pitta, P., Papadopoulou, K.N., Smith, C.J., Apostolaki, E.T., 630 

Giannoulaki, M., Koutsoubas, D., Somarakis, S., 2006. Cross-community congruence of 631 



  29 

patterns in a marine ecosystem: Do the parts reflect the whole? Marine Ecology Progress 632 

Series 310, 47–54. 633 

Kati, V., Devillers, P., Dufrêne, M., Legakis, A., Vokou, D., Lebrun, P., 2004. Testing the 634 

value of six taxonomic groups as biodiversity indicators at a local scale. Conservation 635 

Biology 18, 667-675. 636 

Khobrakova, L.T., Sharova, I.K., 2005. Life cycles of ground beetles (Coleoptera, 637 

Carabidae) from the mountain taiga and mountain forest-steppe in the eastern Sayan. 638 

Biology Bulletin 32, 688-693. 639 

Krebs, C.J., 1999. Ecological Methodology, 2nd edn., Benjamin/Cummings Publishing 640 

Company, California. 641 

Lamoreux, J.F., Morrison, J.C., Ricketts, T.H., Olson, D.M., Dinerstein, E., McKnight, 642 

M.W., Shugart, H.H., 2006. Global tests of biodiversity concordance and the importance 643 

of endemism. Nature 440, 212-214. 644 

Lassau, S.A., Hochuli, D.F., Cassis, G., Reid, C.A.M., 2005. Effects of habitat complexity 645 

on forest beetle diversity: do functional groups respond consistently? Diversity and 646 

Distributions 11, 73-82. 647 

Lawton, J.H., Bignell, D.E., Bolton, B., Bloemers, G.F., Eggleton, P., Hammond, P.M., 648 

Hodda, M., Holt, R.D., Larsen, T.B., Mawedsley, N.A., Stork, N.E., Srivastava, D.S., 649 

Watt, A.D., 1998. Biodiversity inventories, indicator taxa and effects of habitat 650 

modification in tropical forest. Nature 391, 72-76. 651 

Legendre, P., 2001. CADM. Département de Sciences Biologiques, Université de Montréal. 652 

Lemelin, L., Darveau, M., 2006. Coarse and fine filters, gap analysis, and systematic 653 

conservation planning. The Forestry Chronicle 82, 802-805. 654 



  30 

Leyequien, E., Verrelst, J., Slot, M., Schaepman-Strub, G., Heitkönig, I.M.A., Skidmore, 655 

A., 2007. Capturing the fugitive: Applying remote sensing to terrestrial animal 656 

distribution and diversity. International Journal of Applied Earth Observation and 657 

Geoinformation 9, 1-20. 658 

Lindenmayer, D.B., Cunningham, R.B., Donnelly, C.F., Lesslie, R., 2002. On the use of 659 

landscape surrogates as ecological indicators in fragmented forests. Forest Ecology and 660 

Management 159, 203-216. 661 

Loeb, S.C., 2005. Responses of small mammals to coarse woody debris in a southeastern 662 

pine forest. Journal of Mammalogy 80, 460-471. 663 

Magura, T., Tóthmérész, B., Molnár, T., 2004. Changes in carabid beetle assemblages 664 

along an urbanization gradient in the city of Debrecen, Hungary. Landscape Ecology 19, 665 

747-759. 666 

Magurran, A.E., 2004. Measuring biological diversity. Blackwell Publishing, Victoria, 667 

Australia. 668 

Manning, J.A., Edge, W.D., 2004. Small mammal survival and downed wood at multiple 669 

scales in managed forests. Journal of Mammalogy 85, 87-96. 670 

Mantel, M., 1967. The detection of disease clustering and a generalized regression 671 

approach. Cancer research 27, 209-220. 672 

Marra, J.L., Edmonds, R.L., 1994. Coarse woody debris and forest floor respiration in an 673 

old-growth coniferous forest on the Olympic Peninsula, Washington, USA. Canadian 674 

Journal of Forest Research 24, 1811-1817. 675 



  31 

Ozaki, K., Isono, M., Kawahara, T., Iida, S., Kudo, T., Fukuyama, K., 2006. A mechanistic 676 

approach to evaluation of umbrella species as conservation surrogates. Conservation 677 

Biology 20, 1507-1515. 678 

Pearce, J.L., Venier, L.A., McKee, J., Pedlar, J., McKenney, D., 2003. Influence of habitat 679 

and microhabitat on carabid (Coleoptera: Carabidae) assemblages in four stand types. 680 

Canadian Entomologist 135, 337-357. 681 

Ricketts T.H., Daily, G.C., Ehrlich, P.R., 2002. Does butterfly diversity predict moth 682 

diversity? Testing a popular indicator taxon at local scales. Biological Conservation 103, 683 

361–370. 684 

Sætersdal, M., Gjerde, I., Blom, H.H., Ihlen, P.G., Myrseth, E.W., Pommeresche, R., 685 

Skartveit, J., Solhøy, T., Aas, O., 2004. Vascular plants as a surrogate species group in 686 

complementary site selection for bryophytes, macrolichens, spiders, carabids, 687 

staphylinids, snails, and wood living polypore fungi in a northern forest. Biological 688 

Conservation 115, 21-31. 689 

Sánchez-Fernández , D., Abellán, P., Mellado, A., Velasco, J., Millán, A., 2006. Are water 690 

beetles good indicators of biodiversity in Mediterranean aquatic ecosystems? The case 691 

of the Segura river basin (SE Spain). Biodiversity and Conservation 15, 4507-4520. 692 

Sarkar, S., Pressey, R.L., Faith, D.P., Margules, C.R., Fuller, T., Stoms, D.M., Moffett, A., 693 

Wilson, K.A., Williams, K.J., Williams, P.H., Andelman, S.,  2006. Biodiversity 694 

conservation planning tools: present status and challenges for the future. Annual Review 695 

of Environment and Resources 31, 123-159. 696 



  32 

Similä, M., Kouki, J., Mönkkönen, M., Sippola, A., Huhta, E., 2006. Co-variation and 697 

indicators of species diversity: Can richness of forest-dwelling species be predicted in 698 

northern boreal forest? Ecological Indicators 6, 686-700. 699 

Simon Fraser University Institute of Ecosystem Studies. 1999. Gap Light Analyzer version 700 

2.0. Accessed at http://www.rem.sfu.ca/forestry/downloads/gap_light_analyzer.htm on 701 

June 25, 2007. 702 

Su, J.C., Debinski, D.M., Jakubauskas, M.E., Kindscher, K., 2004. Beyond Species 703 

Richness: Community Similarity as a Measure of Cross-Taxon Congruence for Coarse-704 

Filter Conservation. Conservation Biology 18, 167-173. 705 

Sullivan, T.P., Nowotny, C., Lautenschlager, R.A., Wagner, R.G., 1998. Silvicultural use of 706 

herbicide in sub-boreal spruce forest: implications for small mammal population 707 

dynamics. J. Wildl. Manag. 62, 1196-1206. 708 

Tallmon, D., Mills, L.S., 1994. Use of logs within home ranges of California Red-Backed 709 

Voles on a Remnant of Forest. Journal of Mammalogy 75, 97-101. 710 

Vanderwel, M.C., Malcolm, J.R., Smith, S.M., Islam, N., 2006. Insect community 711 

composition and trophic guild structure in decaying logs from eastern Canadian pine-712 

dominated forests. Forest Ecology and Management 225, 190-199. 713 

Van Wagner, C.E. 1968. The line intersect method in forest fuel sampling. Forest Science 714 

14, 20-26. 715 



  33 

List of tables and figures 716 

Table 1. Abundance and frequency of occurrence of each species pre-treatment and post-717 

treatment for each of the four taxonomic groups studied. 718 

 719 

Figure 1. Schematic showing dimensions and layout of one site pair with respect to the 720 

stream.  Each site is 1-ha in size, with one 0.5-ha plot on either side of the stream channel.  721 

Each site extended for 100 m along the stream reach and extended 50 m away from the 722 

stream on either side.  The control and treatment sites were separated by a buffer of at least 723 

50 m. 724 

 725 

Figure 2. Schematic showing dimensions and layout of traps and plant transects within a 726 

single 0.5 ha plot (one half of a site).  The mammal traps (M) were separated from one 727 

another by 14.3 m and began at 7.15 m away from the stream.  The invertebrate traps (I) 728 

were 10 m apart and the first trap was 2 m away from the stream.  Each 15 m plant transect 729 

(P) was initiated at a random location within a plant stratum and extended from that point in 730 

a random direction.  There were two plant transects within one stratum and two strata on 731 

one side of the stream within a site. 732 

 733 

Figure 3. Response of all three taxa to treatment.  Response measures for each taxon are (i) 734 

untransformed catch per unit effort (CPUE), which reflects the number of individuals 735 

encountered per 100 trap nights or sample locations; and (ii) untransformed species 736 

richness (SR), rarified to the smallest total abundance at any site.  Each panel shows CPUE 737 

or SR of one taxon for control and treatment sites before and after treatment application.  738 
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Each data point represents one site, and lines connect the same site before and after 739 

treatment.  a. Mammal CPUE. b. Carabid CPUE. c. Plant CPUE. d. Mammal SR. e. 740 

Carabid SR. d. Plant SR 741 

 742 

Figure 4. (A) Pre-treatment cross-taxa congruence in species richness (SR).  Values on each 743 

axis represent within-taxon SR.  SR values are rarified to the smallest abundance at any site 744 

for that taxon.  Each data point represents one site.  A positive relationship across taxa 745 

indicates congruence. (B) Pre-treatment cross-taxa congruence in community similarity.  746 

Values on each axis represent between-site Bray-Curtis similarity in community 747 

composition.  The Bray-Curtis index ranges from 0 to 1.  A value of 0 means that two sites 748 

have no species in common, and a value of 1 means that two sites have the same species 749 

and that their proportional abundances are equivalent.  Each data point represents one pair-750 

wise, between-site comparison.  A positive relationship across taxa indicates congruence. 751 
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Table 1  752 

Small mammals 753 

# of 
individuals 

encountered 

# of sites 
encountered 

(out of 8) 

 
Species name 

 
Common name 

Pre Post Pre Post 
Clethrionomys gapperi  Southern red-backed vole 85 144 5 5 
Glaucomys sabrinus  Northern flying squirrel 0 1 0 1 
Microtus oregoni  Creeping vole 0 3 0 2 
Mustela erminea richardsonii Short-tailed weasel 0 2 0 2 
Neurotrichus gibbsii  Shrew mole 0 3 0 2 
Peromyscus maniculatus  Deer mouse 777 893 8 8 
Sorex cinereus  Masked shrew 5 7 3 4 
Sorex monticolus  Dusky shrew 28 32 6 8 
Sorex vagrans  Vagrant shrew 6 15 5 7 
Zapus trinotatus  Pacific jumping mouse 1 0 1 0 

 754 

Carabids 755 

# of 
individuals 

encountered 

# of sites 
encountered 

(out of 8) 

 
Species name 

Pre Post Pre Post 
Bembidion iridescens LeConte 1 0 1 0 
Cychrus tuberculatus Harris 2 3 2 2 
Leistus ferruginosus Mannerheim 1 3 1 3 
Omus dejeani Reiche 1 0 1 0 
Promecognathus crassus LeConte 1 0 1 0 
Pterostichus algidus LeConte 0 1 0 1 
Pterostichus amethystinus Mannerheim 0 25 0 8 
Pterostichus crenicollis LeConte 4 25 2 6 
Pterostichus herculaneus Mannerheim 27 562 3 8 
Pterostichus lama Menetries 1 4 1 1 
Pterostichus neobrunneus Lindroth 0 1 0 1 
Pterostichus pumilus Casey 2 3 2 3 
Scaphinotus angulatus Harris 3 28 3 8 
Scaphinotus angusticollis Fischer von Waldheim 190 652 8 8 
Scaphinotus marginatus Fischer von Waldheim 1 4 1 3 

 756 
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Plants 757 
# of contacts # of sites 

encountered 
(out of 8) 

Species name Common name 

Pre Post Pre Post 
Athyrium filix-femina Lady fern 6 8 3 6 
Blechnum spicant Deer fern 75 193 7 7 
Cornus canadensis Bunchberry 21 26 4 4 
Dryopteris expansa Spiny wood fern 30 55 4 5 
Gaultheria shallon Salal 165 482 7 7 
Ilex aquifolium English holly 4 1 2 1 
Lycopodium clavatum Running clubmoss 2 0 1 0 
Lysichiton americanum Skunk cabbage 2 5 2 2 
Menziesia ferruginea False azalea 21 56 6 5 
Pteridium aquilinum Bracken fern 15 24 5 6 
Polystichum munitum Sword fern 129 298 8 8 
Rubus leucodermis Black raspberry 10 14 4 4 
Rubus spectabilis Salmonberry 96 227 3 4 
Tiarella trifoliata Foamflower 7 11 4 2 
Trillium ovatum Western trillium 0 1 0 1 
Vaccinium alaskaense Alaskan blueberry 49 135 6 6 
Vaccinium membranaceum Black huckleberry 20 6 4 1 
Vaccinium ovalifolium Oval-leaved blueberry 8 5 1 2 
Vaccinium parvifolium Red huckleberry 231 507 8 8 
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Figure 1 759 
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Figure 2 761 
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Figure 3 763 
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Figure 4  765 
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