
EXECUTIVE SUMMARY 

 

FIA-FSP project number : Y113082 

Title:  Conservation genetics and ecology of the threatened Coastal Giant Salamander in managed forests of 

British Columbia: setting priorities for an integrative species recovery plan 

 

Project purpose and management implications 

  

Forestry practices are associated with low population densities and an increased risk of inbreeding in the 

threatened Coastal Giant Salamander (Dicamptodon tenebrosus) (CGS), which may lead to population 

declines or local extinction. In the Chilliwack River Valley, current forest management policies provide 

limited protection for CGS habitat, with riparian buffer strips being primarily left along fish-bearing streams 

that are unfavourable for CGS habitation. Recently, 18 Wildlife Habitat Areas (WHAs) (vegetation zones 10-

128 ha) have been initiated to aid CGS recovery. The effectiveness of WHAs in maintaining CGS population 

dynamics remains unknown. We examined genetic dispersal, distribution, abundance and habitat associations 

of CGS across forests ranging from 1-280 years old, including forests situated within WHAs. Highly 

resolving genetic markers enabled fine and landscape-scale analyses of genetic variation across sites, and in 

core populations in the South Cascades (WA) versus peripheral populations in the Chilliwack River Valley 

(BC). Combined with data on habitat characteristics and capture rates of CGS larvae, juveniles and adults, we 

have provided a comprehensive dataset on this species. Results will be used to evaluate the effectiveness of 

WHAs in maintaining CGS population dynamics, but also identify the relative impacts of human versus 

natural biogeographical processes on dispersal. These data will be used for designing an integrative recovery 

plan for the threatened CGS, while fostering ecologically sustainable methods of forest harvesting. 
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Project scope and regional applicability  

 

CGS is a highly vulnerable amphibian that only occurs on the west coast of North America. In Canada, CGS 

is on the provincial Red List in British Columbia (BC) and is designated as Threatened in Canada (COSEWIC 

2002), in addition to being one of BC’s ‘Identified Wildlife’. CGS is restricted to approximately 60 small 

streams and tributaries within a single watershed in Canada, occurring in less than 100 km² in the Chilliwack 

River Valley of BC. This species is highly susceptible to habitat loss and degradation due to encroaching 

development, logging and road building. Logging reduces CGS habitat quality by disturbing stream and bank 

geomorphology, reducing canopy cover, and altering prey assemblages. There is a distinct possibility that 

CGS could go extinct in Canada as a direct result of forestry activities. The continued survival of this fragile 

species therefore depends primarily on ecologically sensitive forestry practices. Information on CGS dispersal 

is critical to identify, maintain, or restore a connected network of terrestrial and aquatic dispersal habitats for 

CGS. Knowledge of the long-term effects of forestry practices and the mitigating effects of Wildlife Habitat 

Areas (WHAs) and habitat corridors on CGS dispersal pathways is needed to prioritise habitat conservation 

measures. 

 

Our aims investigate vital population processes and factors determining the distribution of CGS within the 

Chilliwack River Valley, using a powerful combination of molecular ecological and demographic studies. The 

study can be divided into five main parts: 

1) Development of genetic markers to investigate effective population sizes, dispersal and gene flow of 

larvae, juveniles and adults. 



2) Establish whether Canadian and US populations of CGS are genetically distinct using microsatellite 

data from Canadian CGS populations and their potential source populations in the United States. 

3) Evaluate habitat characteristics at multiple spatial scales across sites of different forest ages to 

establish relationships with CGS density, distribution and size class structure. 

4) Assess how landscape features (e.g. climatic, topographical), forestry-related infrastructure (e.g. roads, 

dams), and urban development activities affect dispersal in CGS using a landscape genetics approach, 

and compare how processes differ between core (WA) and peripheral (BC) localities. 

5) Reveal aspects of the socioecology (genetic relatedness, mating system, age-biased dispersal) of CGS 

across forest treatments to examine the influence of management practices on fine-scale population 

processes.  

 

This information will be synthesised to provide an overall assessment of the effectiveness of WHAs in 

maintaining genetic diversity, population connectivity and sustainability within the threatened range of 

CGS in the Chilliwack Valley. 

 

Methodology overview 

This research was conducted with approval of the Animal Care Committee of the University of British 

Columbia (permit A08-0241) in accordance with the Canadian Council on Animal Care. 

Field work 

We searched for D. tenebrosus within headwater streams of the Chilliwack Valley of British Columbia, 

Canada (area covered ~70 km
2 

out of the 100km
2
 range). Streams were randomly selected at elevations 

between 80-1050 m in July and August of 2008 and 2009, and the age of forest surrounding the sampling sites 

ranged from 1 to 274 years old (mean ± s.e. = 74 ± 12.08). A 100 m reach was measured at each stream and 

thoroughly searched in an upstream direction by 2-4 people. Flashlights were used to permit thorough 

searches of dark microhabitat. Body mass (g), total length (mm) and snout-vent length (mm) were measured, 

and each individual was marked on the lateral/ventral surface using visual implant elastomer. A small tissue 

sample (~2x2 mm) was taken from the tail for DNA extraction.  

 

We collected stream reach habitat data at 0, 25, 50, 75 and 100 m reach-points for 32 sites. At each reach 

point we recorded in-stream variables: e.g. water depth (cm), wetted width (cm), bank width (cm), substrate 

composition, and canopy openness (%). Riparian habitat characteristics were recorded along 10 m transects 

measured perpendicular to the stream at each reach-point, using alternate sides of the stream at each point. 

Forest age, elevation and site aspect were obtained from vegetation layers, and from digital elevation models. 

 

Molecular laboratory work 

Final sample sizes (n) of genotyped individuals (at nine microsatellite markers) were: Chilliwack Valley, n = 

387 (20 streams); Willapa Hills, n = 213 (6 streams), and South Cascades, n = 379 (13 streams) (Washington 

data provided by collaborators at Washington State University, A. Storfer, S. Spear, C. Steele). 

 

Habitat analyses 

We tested which habitat characteristics were most powerful at classifying streams where D. tenebrosus was 

detected and not detected, using stepwise Discriminant Function Analysis (DFA) with two groups; 1) detected 

(n = 27 streams), and 2) not detected (n = 5 streams). We used single and multiple linear regressions to 

examine for associations between D. tenebrosus relative abundance and environmental variables.  

Landscape genetic and coalescent analyses 

We examined whether there were historic or recent changes in effective population sizes and the timing of 

these changes in core versus peripheral regions, using MSVAR 1.3. To evaluate the relative importance of 

landscape variables on genetic structure in D. tenebrosus, we modelled landscape resistances among sites 

using the program Circuitscape. Circuitscape utilises circuit theory to evaluate the contribution of multiple 

pathways to the dispersal and gene flow of individuals according to landscape variables. ArcGIS software was 

used to parameterise nine landscape variables, which pertain to topographic characteristics, habitat 

permeability, or temperature and precipitation. To test the relative effects of landscape variables on genetic 



distance we used multiple matrix regressions using the R statistics package. Akaike’s Information Criterion 

was applied separately to each region to find the best landscape model for explaining genetic distance 

between sites. 

 

Interim conclusions and information 

 

Habitat associations and abundance 

We detected D. tenebrosus in 34 out of 48 surveyed streams (70.8%) in the Chilliwack Valley. For all 34 

detected sites, the number of salamanders caught per search hour (hereafter referred to as ‘relative 

abundance’) excluding terrestrial adults ranged from 0.09-4.20 individuals/hour (mean = 1.63 ± 0.20 s.e. 

individuals/hour) across all streams (1-63 individuals per stream). Relative abundance was significantly 

higher in older forests and at higher elevation sites, which was not affected by a relation between forest age 

and site elevation. Relative abundance of D. tenebrosus increased with forest age and elevation, with 26% of 

the variance in abundance between sites explained by water depth, percentage of intact riparian large wood 

and larger stream substrates. Classification of sites where D. tenebrosus was detected versus not detected was 

most informative using landscape and in-stream variables, but not riparian variables.  On average, occupied 

sites had a 91% higher stream gradient, were 170 m higher in elevation, and had a higher water volume with 

more cobbles. 

 

Landscape genetic and coalescent analysis 

Coalescent-based demographic simulations were consistent with a pattern of post-glacial range expansion, 

with both ancestral and current estimates of effective population size being much larger within the core region 

relative to the periphery. Contrary to predictions of recent human-induced population decline in the less 

genetically diverse peripheral region, there was no genetic signature of population size change. However, 

current demographic processes on genetic structure were evident using a multiple pathway landscape genetics 

approach. In core populations, genetic structure was best explained by length of the growing season and 

isolation by resistance, but at the periphery, topography and solar radiation had the greatest influence on 

genetic structure. Although reduced genetic variation at the range periphery of D. tenebrosus appears to be 

largely the result of biogeographical history rather than recent impacts, our landscape genetic analyses suggest 

impacts of anthropogenic disturbance in altering contemporary dispersal pathways. 
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