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Abstract 
 

Six sites along the margins of small streams in coastal British Columbia were 
established in 1997 linked with a riparian management experiment.  Amphibians 
were trapped annually to contrast relative abundances of individuals in sites 
clearcut to the stream margin (n = 2) versus control sites (n = 2), and to test 
whether 30 m riparian reserves (n = 2) would mitigate the potential impacts of 
forest harvesting to stream edges.  Over the course of 10 years most species of 
amphibians were significantly reduced in relative abundances in comparison to 
the control sites.  For the majority of species a 30 m riparian reserve was 
effectively equivalent to control sites in terms of relative abundances of most 
species, indicating that these reserves provide a measure of conservation value 
for amphibians in managed stands.  The exception to this pattern was the 
common western red-backed salamander which actually was higher in relative 
abundances in clearcut sites, contrary to other reports. 
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Introduction 
 

Amphibians can be an important component of forest biodiversity, but despite world-
wide concerns for amphibian population declines and the possible role of amphibians as 
sensitive ecosystem indicators, there has been little evaluation of riparian reserves for these 
species in BC. Associated with a riparian ecosystems study at UBC's Malcolm Knapp 
Research Forest, we were able to continue a project that was initially funded through FRBC 
and Habitat Conservation Trust Fund. In this study site there are 9 native species (and 1 
introduced species, the green frog). We initiated the study in 1997 just prior to harvesting, 
and were fortunate to follow these populations until 2004. As amphibian populations can take 
several years to adjust to changes in their habitat through changes in reproduction and 
colonisation, it has been shown to take many years to see the results of forest harvest due to 
these lag effects (from studies in North Carolina primarily). Six sites were laid out, four of 
which received some harvesting in 1998 (2 clearcut to the stream bank, and 2 with 30 m 
riparian reserves), along with two control sites. These sites were sampled for amphibians 
using pitfall trap arrays, and mark-recapture techniques to estimate population sizes for all 
species. Over 7000 individual amphibians of nine species were uniquely marked at the six 
sites (tree frogs are not effectively captured in pitfalls) in 1997 and 1998. This design allowed 
for comparisons of the three treatments for amphibian numbers, sizes, movement rates, and 
species composition. Moreover, this provides for a baseline assessment of amphibian 
population dynamics and relative abundance in a secure site, for which there are no 
comparable data anywhere in BC. 

Many species of forest amphibians are known to be sensitive to forest harvesting, 
and a meta-analysis of past studies showed that in general amphibian populations in sites 
with forest harvesting were about 40% of the numbers in control sites (deMaynadier and 
Hunter 1995).  The extent to which riparian reserves might be effective in maintaining 
populations and enhancing the long-term persistence of local populations has not yet been 
carefully tested.  Semlitsch and Bodie (2003), based on reviewing the distribution 
patterns of many amphibians and reptiles, suggested that riparian reserves of about 290 m 
width, plus an additional 50 m buffer, would be necessary to protect populations of these 
taxa from forest harvest.  A study in coastal Oregon was inconclusive about the utility of 
partial harvesting in riparian areas as a means to maintain amphibian populations (D. 
Olsen – unpubl’d results presented at the Oregon Headwaters Co-operative).  
Amphibians, as a small to meso-scale (i.e., they spend their lives in spatially small areas, 
and they occur in relatively high abundances relative to large birds and mammals) group 
of species are good indicators of stand-level consequences of forest harvesting and the 
effectiveness of riparian reserves to mitigate the impacts of harvesting. 

Riparian areas provide unique environments for many species (Richardson et al. 
2005, Sabo et al. 2005), although this is better documented for sites that have not been 
diminished to narrow strips of edge-affected riparian reserves.  Although many riparian 
guidelines make reference (e.g. FEMAT 1993) to the terrestrial wildlife (we use the term 
to mean all living, wild organisms), there has been relatively little attention given to 
species other than fish.  Species living in the forest may associate with riparian areas for 
particular resources they provide, or they may be dependent on some aspect of the forest-
stream boundary (Richardson et al. 2005).  Riparian reserves are effective at mitigating 
the impacts of forest harvesting on some species (e.g. Cockle and Richardson 2003) and 
may do so for amphibians as well.  
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A long-term study of amphibian population changes after logging showed that it 
took nearly 40 years to recover to control or pre-treatment levels (Ash 1997).  Other 
studies, using synoptic approaches (chronosequences) have shown that many amphibian 
populations still show depressed numbers decades after harvesting.  We do not know if 
the more temperate conditions as found in coastal BC might reduce the magnitude and 
persistence of these kinds of effects, and one of our goals is to determine if there is 
evidence of recovery within a decade of harvesting. 

 Previous work on our amphibian populations on the study sites indicated 
reductions in the populations of several species (ensatina, rough-skinned newts, 
northwestern salamanders), but increases in western red-backed salamanders (Maxcy 
2000). Our data set to date represents sampling in each autumn since a year prior to 
logging in 1998 to 2004.  We are seeking to extend the time series and in the process 
enhance the power to detect changes.  Finally, in addition to estimates of relative 
population sizes, we collect data on size (age) structure, and on recaptures (albeit a 
relatively low number of recaptures) that allows us to examine changes in population 
structure, and assemble data on the demography of these species.  
 
Methods and materials 
 
In each autumn of 2006 to 2008 we sampled six sites for three one-week periods each 
(three sites in alternating weeks for a total of six weeks).  At each site there were 9 arrays 
of traps and drift fences (see design in Matsuda and Richardson 2005).  Each array 
consisted of 4 traps, one in each corner of the plastic drift fences, with four 5-m drift 
fences of clear plastic at right angles to each other, making 36 traps per site.  The arrays 
were arranged as 3 by 3, i.e., 3 different distances from the stream edge, with centres at 5, 
20 and 35 m from the stream.  In addition there were several coverboards (plywood) at 
each site to increase possible coverage.  Individual pitfall traps consisted of a white PVC 
pipe of about 20 cm diameter and 35 cm depth buried so that its top was flush with the 
soil surface.  The bottom of the pitfall trap had a sealed PVC plate with small holes 
drilled into it for drainage, and moss to provide moisture and cover for trapped animals.  
The top of the trap had a funnel made of a plastic container with the bottom cut out.  
There was also a string provided that allowed small mammals to climb out, but 
amphibians were not capable of pulling themselves out. 
 
On each sampling date, amphibians that had entered the pitfall traps overnight were 
removed, identified and uniquely marked using elastomer dye (subdermal marks).  
Individuals were weighed, measured and then released back into the forest.   
 
Statistical analysis. 
For the statistical analysis data from 1997 was excluded as the numbers were quite 
different from later years (because of a different sampling routine).  Mixed models (SAS 
ver. 9.1, Cary, NC) were used to test sources of variation, using treatment, sites nested 
within treatments, and year as main variables.  We tested the interaction for treatment by 
year, which was not significant, and because of the overparameterisation of the models 
by including the interaction we excluded this term from the results presented. 
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Results 
 
A total of 5513 unique individual amphibians were captured during the autumn sampling 
across the period from 1997 to 2008.  Of these the most common were northwestern 
salamanders, which made up about 41% of totals captured and red-backed salamanders 
were second-most abundant making up 25% of the totals.  Nine species were encountered 
during the study, which included a single green frog, Rana clamitans.  Western treefrogs, 
Hyla regilla, were not effectively trapped in our pitfalls, as they appeared capable of 
avoiding falling in.  
 
The total amphibians caught showed significant differences by treatment, site and year 
(Table 1).  The results for total amphibians were mostly influenced by northwestern 
salamanders.  Amphibians were significantly more abundant on control and 30 m sites 
than on clearcut sites, and were nearly double the relative abundance on the clearcut sites 
based on least squared means (Fig. 1).  There was no significant difference between the 
relative abundances on control versus 30 m riparian reserve sites.   
 
Treatment, site and year all contributed significantly to the variation for all five species 
analysed (Table 1).  We did not include treatment by year interactions as a term in these 
tests, because we could not test for differences in trends between sites with the limited 
replication available.  Although treatment was always significantly different for all 
species, it did not differ in the same direction (Table 1, Fig. 2).   
 
 
Discussion 
 
Conservation of riparian species is a secondary objective of riparian management area 
guidelines.  No specific (i.e. quantitative) target has ever been specified for the 
effectiveness of riparian management in BC, and it is also very rare elsewhere.  More 
often language indicates that riparian reserves may provide habitat for riparian-dependent 
species. Therefore, this project will provide the first data in BC that follows populations 
of several species of amphibians in response to riparian forest management and recovery 
after harvesting.  These data also form the longest time series for relative abundances of 
amphibians for any location in BC.  The results from this work will contribute to the 
science-basis for riparian area management in BC and the PNW for the conservation of 
riparian species.  
   
The responses to forest management in riparian areas was specific to the species of 
amphibian considered.  Some species were significantly lower in relative abundance on 
clearcut sites, particularly northwestern salamanders and tailed frogs.  However, other 
species were actually in higher relative abundances in sites that had been clearcut to the 
bank of the streams, although usually not significantly higher, i.e., western red-backed 
salamanders, ensatinas and rough-skinned newts.  For these latter three species, their 
relative abundances were significantly higher within the 30 m reserves than at clearcuts 
or control sites.  This may be a consequence of forest management concentrating their 
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distribution to narrow bands, which could account for why such sites would have higher 
relative abundance than control sites.   
 
The riparian reserves generally appeared to be effective at mitigating the local impacts of 
forest harvesting over the decade following harvesting.  Such riparian reserves have been 
shown to moderate any downward trends in numbers of many riparian associated species, 
even though they rarely maintain relative abundances at levels comparable to unharvested 
control sites (Cockle and Richardson 2003, Marczak et al. in press).  
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Table 1.   Summary statistics from mixed models, showing F-values (degrees of freedom 
in brackets).  Treatment comparison on the basis of least squared means in order from 
highest to lowest relative abundance, and significant differences indicated by asterisks.   
 

Species Treatment Site 
(Treatment) 

Year Comparisons of 
treatments 

 F-value (2, 
51) 

F-value (3, 
51) 

F-value (11, 
51) 

 

Total 9.01*** 15.3*** 5.74*** control > 30 m > 
***clearcut 

Northwestern 
salamander 

13.3*** 14.92*** 2.62* control > *** 30 m > 
clearcut 

Western red-
backed 
salamander 

7.41** 9.3*** 3.77*** 30 m >*** clearcut > 
control 

Ensatina 4.67* 14.38*** 6.42*** 30 m >* clearcut > 
control 

Rough-skinned 
newt 

13.13*** 9.46*** 2.81** 30 m >*** clearcut > 
control 

Tailed frog 9.21*** 10.0*** 2.24* control > 30 m > *** 
clearcut 

Probability levels:   * p <0.05, ** p <0.01, *** p <0.001 
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Figure captions 
 
 
Fig. 1.  Total numbers of unique amphibians captured at study sites, each treatment 

having two replicate sites.  Nine species were trapped at these sites in total.  Error bars 
were excluded for clarity.   

 
Fig. 2.  Estimates of relative abundances of unique captures per year for 5 common 

species.  Abbreviations are: AMGR – Northwestern salamander, Ambystoma gracile, 
PLVE – Western red-backed salamander, Plethodon vehiculum; ENES – Ensatina, 
Ensatina eschscholtzii;  TAGR – Rough-skinned newt, Taricha granulosa; ASTR – 
Tailed frog, Ascaphus truei.  Error bars excluded for clarity.  Each point equals the 
mean of the two replicate sites per treatment.  
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