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EXECUTIVE SUMMARY 
 
Canfor Ltd. is committed to sustainable forestry management and is a leader in managing 
biodiversity values in the industrial forest landscape. Several key wildlife species are being 
monitored in TFL 37 as detailed in Canfor’s Sustainable Forest Management Plan. In 2004, 
terrestrial salamanders were chosen as an indicator group for forest floor biodiversity and 
studies were initiated to begin long term monitoring. A stand level monitoring program, 
following RISC standards, was set up by establishing sampling arrays (each with 17 
stations) of artificial cover objects (ACOs) in 14 different blocks in TFL 37. Ten arrays 
were placed in partial retention cut blocks where harvesting had occurred within 5 years, 
and four in uncut reference areas of mature or old-growth forest.  Half of the blocks were 
classified as NDT1 disturbance regime (gap dynamics) areas, the rest as NDT2 (fire 
disturbance) areas. ACOs were put in place on sites in May, June, and October 2004. 
 
Artificial cover objects were sampled twice in 2004 (June and October), and three times in 
the spring of 2005 (May and June). Monitoring of ACOs is very cost-effective once the 
study is established.  
 
Results from 2005 suggest that salamander abundance is affected, at least temporarily, by 
forest harvesting because they were more abundant in old-growth control sites than in 
recently clearcut blocks with reserves. This was consistent with the findings of other 
studies from north and central Vancouver Island. Long-term monitoring of cut blocks 
would provide data on the time required for recovery of salamander populations in logged 
areas.   
 
Terrestrial gastropods were also sampled incidentally. The usefulness of these species as 
bioindicators for forestry practices is still in the early stages of investigation. Of the two 
most abundant large gastropods, the Pacific Banana-slug was most common in mature and 
old growth sites whereas the Robust Lancetooth was most common in clearcut stands with 
reserve patches.  
 

 
  
Manning, Cooper and Associates Ltd   
 

 
ii



2005 Salamander Monitoring in Canfor TFL 37   

ACKNOWLEDGEMENTS 
 
Funding and support for this project came from the British Columbia Forest Investment 
Account administered by Canadian Forest Products Ltd. (Canfor), Englewood Division, 
Woss, BC.  Special thanks to John Deal, Manager, Wildlife and Biodiversity Manager, 
Canfor, Prince George for initiating the project, and to Pat Bryant, Canfor, Englewood 
Division who is currently managing the project. Steve Wilson provided a constructive 
review of an earlier draft. 
 
Many thanks to Morgan Black for her cheerful assistance with cover object construction, 
placement and monitoring. 
 
Cover photo by John Cooper. All other photos by Suzanne Beauchesne. 

 
  
Manning, Cooper and Associates Ltd   
 

 
iii



2005 Salamander Monitoring in Canfor TFL 37   

Table of Contents 
 
EXECUTIVE SUMMARY ............................................................................... ii 
ACKNOWLEDGEMENTS ............................................................................. iii 
1 Introduction..................................................................................................1 

1.1 Background......................................................................................................... 1 
1.2 Suitability of Salamanders for Effectiveness Monitoring................................... 1 
1.3 Purpose................................................................................................................ 2 
1.4 Study Area .......................................................................................................... 2 

1.4.1 Ecoregion Classification ............................................................................. 2 
1.4.2 Biogeoclimatic Ecosystem Classification (BEC) ....................................... 2 
1.4.3 Natural Disturbance Type (NDT) ............................................................... 3 
1.4.4 Forest Practices ........................................................................................... 3 

1.5 Salamanders in TFL 37....................................................................................... 3 
2 Methods.........................................................................................................4 

2.1 Artificial Cover Objects (ACOs) ........................................................................ 4 
2.2 Study Site Selection ............................................................................................ 6 
2.3 Sample design ..................................................................................................... 6 
2.4 Surveys................................................................................................................ 8 

3 Results ...........................................................................................................9 
4 Discussion....................................................................................................12 

4.1 Suggested Future Work..................................................................................... 13 
5 Literature cited...........................................................................................15 
 
List of Figures 
 
Figure 1. Canfor's Coast operations Tree Farm Licence TFL 37 on Vancouver Island, 

British Columbia…………………………………………………………………..3 
Figure 2. Artificial cover object design.……...……………………………………………..5 
Figure 3. Location of plots used for salamander monitoring in TFL 37…………………….7 
Figure 4: Roughskin Newt on cover board…………………………………………………10 
Figure 5: Wandering Salamander on cover board………………………………………….10 
Figure 6: Yellow-bordered Taildropper (Prophysaon foliolatum) and Northwest 

Hesperian (Vespericola columbianus) on cover board…………………………...11 
 
List of Tables 
 
Table 1. Habitat associations of salamander species known to occur in TFL 37…………...4 
Table 2. Blocks sampled for salamanders in TFL 37……………………………………….8 
Table 3. Salamander and gastropod capture results from ACOs in 2005…………………...9 
Table 4. Percentage of salamander encounters per sample unit per survey for four forest 
treatment types……………………………………………………………………………..11 
Table 5. Percentage of terrestrial gastropods encounters per sample unit per survey  

 
   

iv
for four forest treatment types……………………………………………………………...12

Manning, Cooper and Associates Ltd   
 



2005 Salamander Monitoring in Canfor TFL 37   

1 Introduction 

1.1 Background 
Canadian Forest Products Ltd. (Canfor) achieved Certification under the Canadian 
Standards Association CAN/CSA-Z809-96 Sustainable Forest Management Standards for 
Tree Farm Licence (TFL) 37’s forestry operations in August 2000, and was recertified in 
November 2002. During the development of Canfor’s sustainable forest management plan 
(SFMP), a public group, The Nimpkish Woodlands Advisory Committee (NWAC), was 
formed to help Canfor identify quantifiable, local-level indicators and objectives of 
sustainable forest management. Initially, 49 indicators and objectives were identified by the 
NWAC, along with forest management practices suitable for achieving those objectives in 
the Englewood Defined Forest Area (DFA; Deal et al. 2001). These indicators and 
objectives have since increased to 53 and are detailed in the 2002 SFMP for the Englewood 
DFA (Deal and Manning 2002).  
 
In 2004, in consultation with Canfor, Manning, Cooper and Associates Ltd developed a 
plan to monitor four groups of vertebrates to determine the effectiveness of Canfor’s 
ecosystem-based management at the stand level. The groups chosen were owls, songbirds, 
woodpeckers and salamanders. Monitoring of each of these groups had occurred 
previously: owl inventories were completed in 1995-1997 (Setterington 1998) and 2003-
2004, songbirds in 1992-1995 (Deal and Lessard 1995) and 2003-2004 (MCA 2004), 
woodpecker nest inventories in 1994-1997 (Deal and Setterington 2000) and 2003 (MCA 
2004) and a salamander inventory in 2001 (AXYS 2002). 
 

1.2 Suitability of Salamanders for Effectiveness Monitoring 
There are several reasons why terrestrial salamanders are a suitable wildlife group to use 
for ecological integrity and biodiversity monitoring purposes in an industrial forest 
landscape:  

• salamanders tend to be easier to locate and study than many other hydrophilic 
forest-dwelling plants and animals that are influenced by the same microclimatic 
and successional processes (Ovaska 1997); 

• where environmental conditions are stable, salamander populations tend to remain 
very stable (Gibbs et al. 1998 in Ovaska et al. 2003); 

• terrestrial salamanders are particularly sensitive to changes in moisture and 
temperature conditions in the soil (Ovaska 1997); and, 

• logging can reduce salamander population levels indirectly through loss of soil 
moisture, exposure to sun, or the compaction and disruption of soils (deMaynadier 
and Hunter 1995; Dupuis et al. 1995; Welsh and Droege 2001). 

 
An increasing or stable number of terrestrial salamanders would indicate that the forest’s 
balance of invertebrates, leaf litter, moisture, pH, debris, burrows, and other habitat 
features were suitable, while declines would signal environmental shifts counter to the 
needs of the species and their ecosystem (Meier et al. 1996; Droege et al. 1997; Welsh and 
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Droege 2001). Terrestrial salamanders sometimes occur in remarkably high densities; their 
numbers and biomass alone dictate that the effects of changes in their populations would 
impact the entire forest ecosystem as their invertebrate prey and vertebrate predators adjust 
(Droege et al. 1997). Their loss or decline may have consequences affecting many other 
plant and animal species (Welsh 1990). 
 
There are many examples of situations in which terrestrial salamanders have been used as 
ecological indicators. In Spain, areas identified as having high biodiversity values always 
contained all amphibian species expected (Benayas and Montana 2003). In the eastern 
USA, effects of forestry practices on biodiversity were measured using terrestrial 
salamanders (Knapp et al. 2003). Other studies have linked the abundance and diversity of 
salamanders with forestry and other land-use practices spatial composition of patches, 
wetlands, and habitat connectivity (Dupuis et al. 1995; Ash 1997; Guerry and Hunter 
2002). 
 

1.3 Purpose 
The purpose of this project was to design, test and implement a cost-effective and long-
term monitoring program on the effects of forest management on biodiversity in TFL 37, 
using salamanders as an indicator group.  

1.4 Study Area 
The Lower and Upper Nimpkish Landscape Units are located in Canfor’s TFL 37, within 
the North Island-Central Coast Forest District (BC Ministry of Forests) and the Vancouver 
Island portion of Region 1 (BC Ministry of Water, Land and Air Protection; Figure 1). The 
Lower Nimpkish Landscape Unit is located immediately south of Port McNeill and 
encompasses Nimpkish Lake and the lower Nimpkish River north and west of Woss. The 
Upper Nimpkish Landscape Unit is located further upstream and southeast of the Lower 
Nimpkish. The Upper Nimpkish Landscape Unit encompasses the upper Nimpkish River, 
Woss Lake, Vernon Lake, and the Klaklakama Lakes. 
 

1.4.1 Ecoregion Classification 
The Lower Nimpkish Landscape Unit is located in the Northern Island Mountains (NIM) 
ecosection, of the Western Vancouver Island ecoregion and Coast and Mountains 
ecoprovince (Demarchi 1995). 
 

1.4.2 Biogeoclimatic Ecosystem Classification (BEC) 
The Lower Nimpkish Landscape Unit contains three biogeoclimatic zones: Coastal 
Western Hemlock (CWH), Mountain Hemlock (MH) and Alpine Tundra (AT: Meidinger 
and Pojar 1991). The Lower Nimpkish Landscape Unit is dominated by CWH ecosystems 
(82%) comprised of a mix of old/mature and immature coniferous forests, with MH (17%) 
and AT (1%) ecosystems making up a relatively small proportion of the total area. 
 

 
  
Manning, Cooper and Associates Ltd   
 

 
2



2005 Salamander Monitoring in Canfor TFL 37   

 
 
Figure 1. Canfor's Coast operations Tree Farm Licence TFL 37 (yellow) on Vancouver 

Island, British Columbia. 

 
 

1.4.3 Natural Disturbance Type (NDT) 
Two natural disturbance types (NDTs) are recognized for Canfor’s coastal operations: 
NDT1 and NDT2. NDT1 has a gap dynamics disturbance regime and occurs at higher 
elevations than NDT2, which has a fire dynamics disturbance regime. In NDT1 forest 
stand-initiating events such as fire and windthrow are considered rare (i.e., return interval 
for disturbances generally 250 years in CWH, and 350 years in MH BEC Units). In NDT 2 
forests stand-initiating events are considered infrequent (return interval for disturbances 
generally 200 years (Deal et al. 2001). 

1.4.4 Forest Practices 
Harvested blocks and unharvested, old-growth “controls” were sampled. Within harvested 
blocks, stations were identified as being within a reserve patch, or within the adjacent 
clearcut.  
 

1.5 Salamanders in TFL 37 
The known ranges of the following five salamander species extend to the north eastern side 
of Vancouver Island: Roughskin Newt, Taricha granulosa, the Northwestern Salamander 
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Ambystoma gracile, the Wandering Salamander, Aneides vagrans (formerly Clouded 
Salamander, A. ferreus: Natureserve 2005), the Western Redback Salamander (Plethodon 
vehiculum), and Ensatina, Ensatina eschscholtzii (Corkran and Thoms 1996). Each of the 
five species has previously been documented in TFL 37 (AXYS 2002; Beauchesne and 
Cooper 2004) and has a terrestrial adult life stage that was the focus of this study. The adult 
stage of these species have similar microhabitat associations within the forests of 
Vancouver Island; they live under rocks and bark, under or within logs, on soil, in 
underground burrows, or within leaf litter at the base of vegetation (Table 1). 
 

Table 1. Habitat associations of salamander species known to occur in TFL 37. 

Species Typical terrestrial habitat* 
Roughskin Newt  
Taricha granulosa 

Found under or within logs or leaf litter; nocturnally and diurnally  
active on the surface. 

Northwestern 
Salamander  
Ambystoma gracile 

Terrestrial habitat poorly known. Underground burrows, occasionally  
under or within logs; some populations may be neotonous. 

Wandering 
Salamander  
Aneides vagrans  

Found in moist terrestrial habitats such as under exfoliating bark and in 
cracks and cavities of decomposing logs, stumps, and snags, in talus, and 
occasionally in trees (Davis and Gregory 1993; Leonard et al. 1993; Davis 
1996, 1998). Davis (1996, 1998) usually found A. ferreus in decay class 3 
logs, and much less commonly in logs of the other decay classes. They are 
very rarely found under coarse woody debris (CWD) on the soil surface. 

Western Redback 
Salamander  
Plethodon vehiculum 

Found under moss, rocks or CWD on the forest floor, and under or among 
rocks on talus and rock outcrops (Leonard et al. 1993). Often found within 
leaf litter around the base of Sword Fern (Polystichum munitum). They 
favour damp, but not wet, shady areas of the forest and can be very 
abundant (Davis 1996, 1998). 

Ensatina  
Ensatina 
eschscholtzii 

Found within talus, under rocks, bark and logs on soil or within leaf litter. 

 
2004 survey effort was limited to one survey session in June, within a month of cover 
board set up, and one survey in October. No salamanders were discovered in June: two 
Wandering Salamanders were found in October, one in old-growth and one in a Riparian 
Management Area. 
 
 

2 Methods 

2.1 Artificial Cover Objects (ACOs) 
Terrestrial salamanders are often associated with coarse woody debris (CWD), however 
searching CWD for salamander is difficult to standardize (i.e., ability varies between 
observers, quantity and quality of CWD varies between sites: Davies 1998) and results in 
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destruction of habitat. Alternatively, artificial cover objects (ACOs) are often used because 
they can mimic the habitat qualities of naturally occurring CWD while providing many 
advantages for sampling (DeGraaf and Yamaski 1992; Davis 1996; Bonin and Bachand 
1997; Davis 1997; Droege et al. 1997; RIC 1999; Monti et al. 2000; Ovaska et al. 2003). 
ACOs are frequently used because: 

• the placement and monitoring of ACOs is relatively non-disruptive to the natural 
habitat; 

• ACOs provide a standardized sampling unit; 
• observer biases are minimized as the same site is surveyed each time therefore skill 

in finding the animals is not a factor 
• ACOs have been shown to provide similar relative abundance estimates to those 

achieved through area searches in research conducted on Vancouver Island (Ovaska 
et al. 2003).  

 
The ACO design used in this study is very similar to that depicted in RIC (1999), except 
that the ACOs are half the length (Figure 2). The smaller size meant that ACOs could be 
transported in extremely rugged terrain which otherwise could not have been sampled. 
Smaller ACOs are also easier to lay flat on the forest floor in steep areas. 

 
Figure 2: Artificial cover object design. 2a, baseboard viewed from above; 2b, cross section 

of the ACO (adapted from RIC 1999). 
 
ACOs were created from one 0.90 m long, untreated rough cut Douglas-fir 2” x 12” 
baseboard, two 0.90 m long, untreated rough cut 1” x 6” cover boards, and 12” long strips 
of cedar lathe.  Strips of cedar lathe were nailed to the top surface of the baseboard with 
galvanized nails to create “spacers” between the boards. Lathe was doubled for the spacers 
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on the outside edge, creating a deeper cavity on that side (illustrated on the left in Figure 
2b). The middle spacer was made from a single lathe, so that the internal cavity was 
narrower (illustrated on the right in Figure 2b). The 1” x 6” boards were placed on top of 
the baseboards to create a wedge-shaped space between the cover boards and the 
baseboard. Rainwater could drip through the crack between the two top cover boards into 
this space. This arrangement creates a complex microhabitat with a range of cavity sizes. 
Salamanders may be found on the soil under the baseboard or between the baseboard and 
the top boards. Each ACO of three boards was considered a single sampling unit. 
 

2.2 Study Site Selection 
Control sites and cut blocks for monitoring were selected by Canfor biologist John Deal. 
Four controls were chosen, two each of NDT1 and NDT2 disturbance types. Ten cutblocks 
were chosen, 5 each of NDT1 and NDT2 (Table 2; Figure 3). 
 
Within each cutblock, a reserve patch was selected for placement of ACOs during site 
reconnaissance. Given that the initial set up involved carrying heavy ACOs over difficult 
terrain, access was an important issue. Many reserve patches were deemed inaccessible due 
to road work (i.e., blasting) resulting in vertical rock faces on the uphill side and boulder 
rubble, which is dangerous to traverse with caulk boots, on the downhill side. Therefore, 
within cut blocks, reserve patches were chosen according to size, grade and ease of access. 
 

2.3 Sample design 
Sampling arrays were established in each selected block. Arrays in ten blocks were set up 
in late May, 2004, arrays in two additional blocks were set up in June, 2004, and the final 
two in October 2004. One X-shaped array of 17 ACOs was placed in each of the selected 
blocks. In control blocks, suitable access was found and the block was entered following a 
compass bearing perpendicular to the edge. The array was begun at a point 100 m from the 
forest edge and continued for 80 m, with a point marked every 10 m. A perpendicular 80 m 
transect was laid out from the fifth point, so that 17 points created an X-shaped pattern with 
points 10 m apart.  
 
In each cutblock, a transect was placed through the longest portion of the selected reserve 
patch, in an attempt to have as many points as possible within the remnant forest. A 
perpendicular transect was placed at the fifth point similar to the protocol described above 
for the control blocks, unless another point on the initial transect would allow more ACOs 
to be placed within a patch. Transect lines were continued into the adjacent clearcut if 
patches were less than 80 m long or wide at the longest or widest point. 
 
ACOs were then placed at the nearest location to the marked point that was relatively flat, 
so that the baseboard could be placed on a level surface with a minimal amount of 
disturbance to the forest floor. Vegetation was cleared if required so that baseboards could 
be placed on a flat surface.  
 

 
  
Manning, Cooper and Associates Ltd   
 

 
6



2005 Salamander Monitoring in Canfor TFL 37   

ACOs will be left in the field permanently. ACO locations were recorded with a handheld 
GPS unit (Garmin 12) accurate to 3 m. Each array was also marked in the field with 
flagging. Directions to each plot are maintained in a database. 
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#
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#

#

##

##

#

##

 
 

Figure 3. Location of salamander monitoring plots in TFL 37. 
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Table 2. Blocks sampled for salamanders in TFL 37. 
 
Block  Forestry Practices Forest Type # of sample 

units 
Claude Elliot UWR Control (uncut) Old growth 17 
Rona NOGO WHA Control (uncut) Old growth 17 
East Croman UWR Control (uncut) Old growth 17 
Markensen UWR Control (uncut) Old growth 17 
CE-14 Cutblock Reserve patch 17 
D-11 Cutblock Reserve patch 13 
  Clearcut 4 
KH-500 Cutblock Reserve patch 6 
  Clearcut 11 
TS-001 Cutblock Reserve patch 17 
KA-101 Cutblock Riparian Management Area 16 
  Clearcut 1 
Q-19 Cutblock Reserve patch 7 
  Clearcut 10 
LG-001 Cutblock Riparian Management Area 17 
DA-323 Cutblock Reserve patch 14 
  Clearcut 3 
DA-325 Cutblock Reserve patch 12 
  Clearcut 5 
Totals  Old growth 68 
  Riparian Management Area 33 
  Reserve Patch 86 
  Clearcut 34 
 

2.4 Surveys 
In the spring of 2005, three surveys were undertaken: one in early May, one mid-May, and 
one in early June. On each survey, each block was visited once. At every ACO, top boards 
were removed, and the upper surface of the baseboard checked immediately before any 
salamanders escaped into the forest litter layer where they are difficult to relocate. The 
baseboards were then tipped over, and both the underside and soil surface checked for 
salamanders. Salamanders were held in plastic bags while setting the boards back in place. 
Captured animals were measured and then released at the point of capture, beside the re-
constructed cover board, so that animals would not be accidentally injured by the moving 
boards, but could easily return to their capture location. 
 
The number and species of salamanders were recorded. Large gastropods (i.e., individuals 
>5 mm) were also recorded because they are being considered for use as bioindicators of 
forestry practices elsewhere on the coast (Sopuck and Ovaska 2001). Small gastropods (<5 
mm) were not reported because the potential for observer bias is increased for detecting 
these smaller individuals. 
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Survey results were pooled for all three surveys and for each of the four forest types (old 
growth, riparian management area, reserve patch, and clear cut). A capture rate per survey 
per sample unit was then calculated. 
 

3 Results 
Three species of salamander (Roughskin Newt, Wandering Salamander and Western 
Redback Salamander) were found while checking the ACOs in the spring of 2005 (Table 
3; Figure 4 and 5). The following four species of large terrestrial gastropods were also 
found using the ACOs: Robust Lancetooth (Haplotrema vancouverensis), Northwest 
Hesperian (Vespericola columbianus) Pacific Banana-slug (Ariolimax colimbianus) and 
Yellow-bordered Taildropper (Prophysaon foliolatum) (Figure 6).  
 
The highest number of salamanders was found in old growth sites, followed by Riparian 
Management Areas (RMAs), then reserve patches, with the fewest encounters being 
recorded at clearcut sites (Table 3). The rate of encounter (Table 4) was also highest for 
old-growth, followed by RMA’s. However, rate of encounter was higher for clearcut’s than 
reserve areas. Within the old growth sites, Markensen UWR consistently had the highest 
number of salamanders whereas the Claude Elliott Northern Goshawk WHA did not 
produce any salamander records. 
 
Table 3. Capture results from ACOs in 2005. 
 
Block Forest Type Board # 1st Survey 

(early May) 
2nd Survey 
(late May) 

3rd Survey 
(mid June) 

Rona NOGO 
Reserve 

Old Growth 
(Control) 

9 Newt Wandering 
Salamander 

Wandering Salamander 

  8  Wandering 
Salamander 

 

  17   Western Redback Salamander 
Markensen 
UWR 

Old Growth 
(Control) 

6 Western Redback 
Salamander 

Western Redback 
Salamander 

Western Redback Salamander 

  7 2 Western Redback 
Salamanders 

  

  10 Western Redback 
Salamander 

 Wandering Salamander 

  11  Wandering 
Salamander 

 

  17 Wandering Salamander Wandering 
Salamander 

Wandering Salamander 

East Croman 
UWR 

Old Growth 
(Control) 

3   Wandering Salamander 

KA 101 RMA 9 Wandering Salamander   
  14 Wandering Salamander Wandering 

Salamander 
 

LG 001 RMA 3 Newt   
 RMA 6 Wandering Salamander   
 RMA 11 Western Redback 

Salamander 
  

GC 001 Reserve Patch 14  Western Redback 
Salamander 

Western Redback Salamander 

KH 500 Clear Cut 17   Wandering Salamander 
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Figure 4: Roughskin Newt on cover board. 
 
 

 
 
Figure 5: Wandering Salamander on cover board. 
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Figure 6: Yellow-bordered Taildropper (Prophysaon foliolatum) and Northwest 
Hesperian (Vespericola columbianus) on cover board. 
  
 
  
Table 4: Percentage of ACOs where salamander were encountered, for four forest treatment 
types. 
 
 Old Growth  

(n=204) 
Riparian 
Management Area 
(n=99) 

Reserve 
Patch 
(n=258) 

Clear 
Cut 
(n=102) 

Roughskin Newt 0.49 1.01 0 0 
Western Redback 
Salamander 

3.43 1.01 0.78 0 

Wandering 
Salamander 

4.41 4.04 0 0.98 

Combined average 
for all three species 

8.33 6.06 0.78 0.98 

 
Terrestrial gastropods occurred in all treatment types. Of the two most commonly 
encountered species, Pacific Banana-slug was most common in oldgrowth, whereas the 
Robust Lancetooth was most common in reserve patches (Table 5). 
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Table 5: Percentage of ACOs where terrestrial gastropods were encountered for four forest 
treatment types. 
 
 Old 

Growth  
(n=204) 

Riparian 
Management Area 
(n=99) 

Reserve 
Patch 
(n=258) 

Clear 
Cut 
(n=102) 

Robust Lancetooth 
Haplotrema 
vancouverensis 

0.98 4.04 7.36 2.94 

Northwest Hesperian 
Vespericola columbianus 

  0.78  

Pacific Banana-slug 
Ariolimax colimbianus 

3.43 3.03 2.32  

Yellow-bordered 
Taildropper 
Prophysaon foliolatum 

0.05  1.16 0.98 

Combined average for 
all three species 

4.90 7.07 11.63 3.92 

 

4 Discussion 
The higher rate of salamanders encountered in old growth versus other forest treatment 
types was consistent with Dupuis et al. (1995) findings for coastal forest. Likewise, the 
limited number of salamander occurrences in recently clearcut harvested blocks is 
consistent with other research that suggests that the salamanders are sensitive to forest 
harvesting (Davis 1996; Ovaska and Sopuck 2001).  
 
Salamander density may vary between apparently similar sites for reasons that are not 
entirely understood (Davis 1998). Therefore in every area sampled, 17 sample board 
locations were selected to attempt to capture a variety of micro habitats. Interestingly, at 
the Markensen UWR, two of the board locations (6 & 7) happened to fall in a seasonal 
stream bed with sword fern and these consistently produced Western Redback 
Salamanders, as would be expected based on their preference for this type of habitat. 
Several of the other boards were on the periphery of this seep and they also produced a 
number of salamanders. In contrast, randomly placed boards in the other control areas had 
relatively few salamanders. Sample boards at the other control sites were situated in what 
appeared to be suitable salamander habitat, although none had the exact same proximity to 
water and sword fern cover as the Markensen boards. It is evident, therefore that a very 
large number of samples are required to reduce the variability between sites within a given 
forest type.  
 
To make comparisons of salamander densities between different forest treatments with a 
small number of sites, very similar habitats need to be chosen for each forest treatment. 
Although pre-harvest conditions are not always obvious, several of the reserve patches had 
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seasonal streams and some sample sites fell within what appeared to be similar 
microhabitats to the controls. Therefore, over the long term with sufficient data collected, 
comparisons could be made between the forest types. 
 
Long-term studies at an environmentally relatively stable site have shown that ACOs 
continue to improve in effectiveness for one or two years after installation (Ovaska et al. 
2003) as they “weather” and hold more moisture. This was certainly the case as captures 
increased in 2005 over 2004. These boards should be useful for many additional years. 
 
In July and August 2001, salamanders were surveyed in TFL 37 by using more labour-
intensive sampling methods. CWD was turned over along 100 m x 6 m transects at 41 
sample sites. During that study, 145 salamanders were captured: Western Redback 
Salamander-119, Wandering Salamander-14, Ensatina-2, Northwestern Salamander-7 and 
Rough-skinned Newt-2. Average salamander density was low for Western Redback (48/ha) 
and Wandering Salamanders (6/ha; AXYS 2002).  
 
The survey methodology used in 2001 is considered a destructive sampling technique 
because at least some of the habitat surveyed is destroyed or altered (e.g., CWD is broken 
or displaced) during the survey. Because the microhabitat is disturbed, and would be 
disturbed each time an area is surveyed, it would be unwise to use this technique for 
ongoing monitoring. The sampled area would likely be degraded as salamander habitat 
each time it was sampled; therefore, salamander abundance may be strongly influenced by 
the technique itself. 
 
The usefulness of terrestrial gastropods as bioindicators for forestry in this region is still at 
the early stage of investigation (Ovaska and Sopuck 2001). Our results suggest that some 
species of large terrestrial gastropods are able to tolerate forestry practices. The Robust 
Lancetooth (Haplotrema vancouverense) seemed to be particularly resilient as this species 
was found in clearcuts and was most common in reserve patches. The Pacific Banana-slug 
(Ariolimax columbianus) seemed to be the most affected by logging practices as it was 
found in decreasing abundance in old growth, followed by Riparian Management Areas, 
and the reserve patches but it did not occur at all in clear cuts in this study. 
 

4.1 Suggested Future Work 
Future monitoring of cut blocks would provide data on time lines required for recovery of 
salamanders in logged areas (e.g. Forestry Principles blocks with different reserves).  
Monitoring of the existing ACOs should continue over the long term. Spring and fall are 
the best time for sampling because salamanders tend to move towards the surface in these 
seasons. Computer models of sampling power have shown that arrays should be checked at 
least 3 times during a spring or fall sampling season (Droege et al. 1997). Ideally, should 
budgets allow, repeated sampling should be undertaken at intervals of approximately two 
weeks during the spring and fall seasons. Long-term monitoring of salamander populations 
across TFL 37 should provide an efficient and suitable indicator for the state of forest floor 
biodiversity values. 
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The cost-effectiveness of a monitoring program for salamanders using ACOs will be 
realized in future years as the start-up costs (construction of ACOs and plot set up) were 
high compared to monitoring of the ACOs. Future monitoring of the study plots at a rate of 
three times a year, and subsequent reporting is estimated to cost approximately $10,000. 
This amount is about 1/3 of the construction and set up costs incurred in 2004.  
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