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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. 
 

 
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 

http://www.bcfsp.com/webRimsFormalProposal/Pages/SecureAccess/FormalProposal/FormalProposalLandingPage.aspx?FPPublicId=Y081097&FPId=61


2 
 

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.  

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 
 
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).  Prior to sampling the sites all 
required extensive maintenance to ensure the traps and drift fences (see design in 
Matsuda and Richardson 2005) were ready for trapping.  The photo shows the layout of 
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one of the 9 arrays per site.   Each array 
consisted of 4 traps, one in each corner 
of the plastic drift fences, making 36 
traps per site.  In addition there were 
several coverboards (plywood) at each 
site to increase possible coverage.  
 
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.   
 
 
Results 
 
Over the three years of this study, 1178 individual amphibians of 8 species were trapped, 
marked, weighed and released.  By far the most common species was the Northwest 
Salamander, accounting for 33% of the total numbers, followed by the Western red-
backed salamander at almost 26% of totals.  
 
In 2007, a total of 510 individual amphibians were trapped, marked and weighed.  These 
represented eight separate species, of which the most common remains the northwest 
salamander (Ambystoma gracile), with western red-backed salamander (Plethodon 
vehiculum) close behind, with 175 and 159 unique individuals, respectively.  Other 
species trapped included ensatina (n = 66), rough-skinned newt (n = 56), tailed frog (n = 
44), long-toed salamander (n = 7), boreal toad (n = 2), and red-legged frog (n = 1).   
 
The two control sites had the highest and third-highest numbers captured amongst the 6 
sites, with the 30 m reserve sites with the second and fourth highest numbers.  The two 
sites that were clear-cut in 1998, continued to have the lowest total numbers, with 51 and 
21 individuals captured at the two sites, respectively.   
 
In 2008, a total of 512 amphibians, representing 7 species were captured.  The 
northwestern salamander had the highest relative abundance at 32% of the total numbers.  
Ensatinas and western red-backed salamanders each contributed to about 21% of the total 
numbers.  The other species included rough-skinned newts, tailed frogs, red-legged frogs 
and western toads.   
 
The main analysis and publication from the longer-term study is underway, and I expect 
that the manuscript from that should be submitted by late summer 2009.  This full 
analysis will include a 10-year data series at six sites, two replicates of each of three 
conditions, controls, no riparian reserves, or 30 m riparian reserves.   
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As part of this project funding, a very small amount was put towards a graduate student 
project for a student holding an NSERC scholarship and working on campus in 2007.  
The aims of that work were in support of the goals of the overall amphibian project by 
trying to examine possible mechanisms for patterns in field data following forest 
management. The first publication from that work has been published (Wood and 
Richardson 2009), and the second manuscript is in revision for resubmission after being 
initially rejected (Wood, S.L.R. & J.S. Richardson. Tadpole-sediment interactions in a 
lentic habitat:  Evidence for ecosystem engineering by tadpoles of the Western Toad, 
Bufo boreas).   
 
 
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.    
 
 
Conclusions and Management Implications 
  
Eight species of amphibians were found associated with these small streams in coastal 
BC.  For the majority of species their numbers declined significantly on clearcut sites 
relative to control sites (no harvesting).  One species, the western red-backed salamander 
actually was significantly more abundant on clearcut sites relative to buffers and control 
sites, contrary to other reports.  In general, there were no significant differences for most 
species between control sites and 30 m riparian reserves, indicating that this conservation 
measure may be sufficient for the protection of most amphibian species through the 
initial decade of regrowth of the surrounding forests.   
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Project extension 
 
Components from the work included in presentations, but none specific to this project: 
 
Richardson, J.  Population dynamics and demography of stream-associated amphibians in 

southwestern British Columbia. Oral presentation at the Society for Northwestern 
Vertebrates Biologists, 16 Feb 2009. 

 
Richardson, Moore, Feller, Kiffney, Hinch and Mitchell, poster for President Stephen 

Toope’s visit to UBC Research Forest:   “Protecting water, aquatic life, and 
streamside ecosystems: an experimental test” 

 
Wood, S.L.R. & J.S. Richardson. 2009. Impact of sediment and nutrient inputs on growth 

and survival of tadpoles of the Western Toad. Freshwater Biology 54:1120-1134. 
 
Wood, S.L.R. & J.S. Richardson. Evidence for ecosystem engineering in a lentic habitat 

by tadpoles of the western toad. In revision   
 
Richardson, J.S., K. Maxcy and T. Lee. Long-term trends in amphibians in managed 

forests: are riparian reserves effective for their conservation?  Target journal – Forest 
Ecology and Management 
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Several additional presentations were made as part of invited seminars throughout the 
project period (Oregon State University, University of Wageningen, IGB Berlin) that 
included parts of this project at no cost to the project.  A presentation and a field tour for 
the North American Forest Ecosystem workshop included data from this project. 
 
 
Contact information:  John.Richardson@ubc.ca  
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