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Abstract 
 
The objective of this study was to compare the effectiveness of four commonly used sampling techniques 
(pitfall traps, funnel traps, visual searches and call surveys) to detect stream amphibian communities 
along similar reaches of two boreal forest streams.  Results from the four protocols were standardized in 
terms of catch–per-unit effort (CPUE).  Standardization allows techniques to be evaluated in a larger 
context, correcting for differences in the number of traps deployed or the duration of sampling.  CPUE 
can be the basis of comparing the information produced by different techniques, as well as, the time and 
money invested.  In addition, CPUE results can be compared to determine if seasonal differences occur in 
amphibian presence or detectability.  We also include results from an amphibian monitoring study 
completed at Elk Island National Park (Paszkowski and Gingras unpubl. data) to provide some general 
comparisons of pitfall and funnel trap effectiveness for monitoring amphibians in upland areas of the 
aspen parkland ecoregion. 
 
While an array of techniques can be used to monitor stream amphibian communities, the results from our 
study indicate that the visual survey technique is the most cost and information efficient to monitor stream 
amphibians in boreal forest sites. 
 
Assuming that these results are applicable to other streams, we recommend that AFBMP monitor stream 
amphibians using visual surveys.  Because catch rates of amphibians were highest in June and declined 
almost two-fold by August, we suggest that surveys be completed in June and July.  To maximize the 
probability of detecting at least one individual, surveys should extend for at least 50 m.  However, we 
suggest that surveys extend for 200 m during the initial years of the program, so that the relationship 
between effort and capture rates can be tested on independent and broader data sets. 
 
Introduction 
 

Framework 
 
The development of an effective large-scale biomonitoring program requires a critical evaluation of the 
trade-offs between the number of monitored elements, the intensity (i.e., number of sampling sites) and 
frequency of sampling.  Irrespective of whether programs are spatially intensive (i.e., large numbers of 
sites) or temporally intensive (i.e., short periods between repeated sampling), an understanding of a 
sampling method's capture efficiency and cost is critical to the development of an information and cost-
effective program. 
 
The AFBMP adopted a semi-formal, 12-step process to devise protocols that best partition finite 
resources within a spatially intensive sampling scheme (Table 11.1).  This process involves initial 
considerations of candidate biotic elements; a broad suite of statistical analyses to evaluate statistical 
power; and evaluations of program costs given a variety of different sampling regimes.  Scrimgeour and 
Kendall (2000) evaluated a suite of stream elements that could be monitored by the AFBMP and 
concluded that benthic macroinvertebrates, fish and amphibians represent potentially useful elements.  
These elements are responsiveness to watershed disturbances, are cost-effective to monitor and together 
comprise broad taxonomic groups.  Evaluating benthic macroinvertebrates and fish communities within 
the 12-step process is relatively easy because existing data sets can be used to estimate among and 
between site variability, density ranges and sampling costs.  In contrast, evaluating stream amphibian 
communities in a semi-rigorous fashion is problematic because data do not exist for forested regions of 
Alberta. 
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Table 11.1 The 12-step process adopted by the Alberta Forest Biodiversity Monitoring Program to 
develop a biological monitoring program for forested regions of Alberta 

 
Step Objective 
1 Confirm candidate elements for analysis. 
2 Acquire existing data sets to estimate within-site variability, among site variability, and ranges of 

initial values from candidate elements. 
3 Obtain estimates of within-site variability. 
4 Assemble geographically referenced data on land cover and vegetation conditions. 
5 Intersect geographic data with proposed monitoring networks. 
6 Obtain estimates of among-site variability in populations density.  
7 Obtain estimates of initial population density for each element. 
8 Perform Monte Carlo simulations of alternative monitoring designs. 
9 Estimate power to detect differences in status between regions for a range of site densities. 
10 Estimate power to detect trends for a range of site densities and sampling frequencies. 
11 Examine cost-effectiveness. 
12 Final evaluation and recommendation of a monitoring design. 
 
 

Rationale for Evaluating Amphibian Sampling Techniques 
 
Sensitive to environmental perturbations, amphibians have frequently been proposed as indicator species 
for assessing ecosystem health (Bishop and Pettit 1991).  Complex life cycles, secretive behavior, and 
natural variability in abundance do make monitoring amphibians challenging and consequently, a diverse 
array of techniques has been developed (Heyer et al. 1994).  The present study evaluated the effectiveness 
of four protocols for monitoring amphibians, from June through August 1999, along two low gradient 
streams within the boreal ecoregion of northern Alberta.  The vast majority of studies in the boreal region 
have been conducted on populations associated with standing water bodies rather than lotic systems.  
These studies show that the ability to detect amphibians and to estimate their abundance varies greatly 
among sampling protocols.  Unlike other parts of Canada, no amphibian species in Alberta are true stream 
specialists and how generalist amphibian species use stream habitats for breeding or feeding is poorly 
documented (Russell and Bauer 1993). 
 

Objectives 
 
• Compare four sampling techniques 

• Pitfall traps 
• Funnel traps 
• Visual searches 
• Call surveys 

• Standardize results of each sampling technique as catch–per-unit effort (CPUE) 
• Compare results at three sampling periods (June, July and August) 
• Compare results with earlier study at Elk Island National Park (Paszkowski and Gingras unpubl. data) 

and upland areas of the aspen parkland ecoregion 
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Material and Methods 
 

Study Sites 
 
Amphibian communities were sampled along two third-order streams in the boreal mixedwood forest of 
northern Alberta.  Sampling at Bear Creek (55°44'55"N 112°12'16"W) was conducted approximately 55 
km north of Wandering River (Figure 11.1).  Trembling aspen (Populus tremuloides) and white spruce 
(Picea glauca) dominate the riparian forest at this site.  The riparian zone, the area between the stream 
edge and riparian forest, ranges from approximately 1 – 3 m in width and is dominated by grass 
(Calamogrostis canadensis) and shrubs (e.g., red-osier dogwood, Cornus stolonifera).  The second study 
site, Crow Creek (55°37'26"N 112°11'36"W) was located approximately 70 km north of Wander River 
(Figure 11.1).  Black spruce (Picea mariana) and jack pine (Pinus banksiana) are the dominant tree 
species in the riparian forest.  The riparian zone ranges from approximately 2 – 10 m in width and is 
dominated by grasses (e.g., Calamogrostis canadensis and Deshampsia caespitosa) and willows (Salix 
spp.). 
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Figure 11.1 Location of amphibian biomonitoring study areas in boreal mixedwood (Crow Creek, 
Bear Creek) and aspen parkland (Elk Island National Park) ecoregions of Alberta 

 

 
For comparison, this report also presents results for amphibian sampling at Elk Island National Park 
(EINP), located 45 km east of Edmonton (Figure 11.1).  Elk Island contains 3 landscape types: 1) lower 
boreal mixedwood; 2) aspen parkland with closed canopy; and 3) aspen parkland with open canopy.  We 
surveyed upland amphibian communities in two biomonitoring plots (2 km x 500 m) that have been 
established within each of these landscape units (6 plots in total).  EINP employs prescribed burning as a 
habitat management tool; thus, each plot has a specific fire history (Table 11.2).  We sampled 2 sites on a 
200 m transect located centrally within each biomonitoring plot (12 sites in total).  Sites were 
approximately 250 m from the edge of a plot and separated by 500 m.  Trembling aspen was the dominant 
tree species on 10 of 12 sites; one site was in a white spruce stand and one within a paper birch (Betula 
papyrifera) stand.  We also surveyed amphibians in the riparian zone of 2 ponds and 2 wetlands in the 
lower boreal mixedwood area of the park. 
 

Table 11.2 Description of amphibian sampling sites at Elk Island National Park, 1999 
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Landscape Type Biomonitoring Plot Site Dominant Overstory 

Species 
Year of Most 
Recent Fire 

1 Trembling aspen 1895 Astotin 2 Trembling aspen 1895 
1 Trembling aspen 1895 

Lower Mixedwood 
- Boreal 

Moss 2 White spruce 1895 
1 Trembling aspen 1994 Oxbow 2 Paper birch 1994 
1 Trembling aspen 1995 

Aspen Parkland – 
Closed Canopy 

Hayburger 2 Trembling aspen 1995 
1 Trembling aspen 1895 Goose 2 Trembling aspen 1895 
1 Trembling aspen 1998 

Aspen Parkland – 
Open Canopy 

Cree 2 Trembling aspen 1998 
 

 

Sampling Protocols 
 

 Boreal Mixedwood Stream Sites 
 

 Technique 1: Pitfall Arrays 
 
In June 1999, a team of two people installed four pitfall arrays (two on each side of the stream) at Bear 
and Crow Creeks.  Each pitfall array consisted of four pitfall traps linked by drift fence (30 cm high x 8 m 
long polyethylene, attached to wooden stakes).  A pitfall trap is a 24-cm deep by 24-cm diameter buried 
plastic bucket, its opening flush with the ground, having a ¼ inch wire mesh funnel with an 8 cm 
diameter opening.  Two pitfall traps were centrally located on either side of the drift fence, and two were 
located at the end of each arm of the fence (Figure 11.2).  The drift fence was partially buried beneath 
approximately 2 cm of litter, serving to direct amphibians into the traps.  Wire funnels prevented captured 
amphibians from crawling out of traps (Corn 1994).  Damp pieces of sponge were placed in each trap to 
keep conditions cool and moist.  Small twigs were placed in each trap that extended from the bottom of 
the trap through the funnel opening, providing escape routes for small mammals that entered pitfalls.  
Arrays were installed parallel to the stream at a distance of 2 m to10 m from the water, depending on 
terrain and water levels.  The two arrays sharing a common stream bank were separated by 100 m. 
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100 m to next
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Figure 11.2 A schematic view of a pitfall array 

 
 
In July and August of 1999, we set all pitfall arrays for three consecutive nights at both locations.  In 
June, while installing the traps, we were able to set two arrays for one additional night (i.e., four nights in 
total) and all arrays for an additional two nights at Bear Creek.  During June installation at Crow Creek, 
we also set three of the four arrays for an additional night.  During a sampling session, traps were checked 
daily between 09:00 and 12:00.  Amphibians caught were identified to species, aged (adult = 1+ year old, 
young-of-the-year = individuals that metamorphosed during the current summer), measured (snout-vent 
length) and weighed.  Animals were then released at least 2 m away from pitfall array but in the area of 
capture. 
 
To minimize damaging the delicate amphibian dermis, latex gloves were used while handling animals.  
Sponges in traps were dampened and weather conditions (air temperature and precipitation) were 
recorded during each visit.  Pitfall arrays were left intact between the monthly trapping sessions, but 
buckets were closed with plastic lids and weighted to prevent accidental captures. 
 

Technique 2: Funnel Arrays 
 
In June 1999, a team of two people installed six funnel trap arrays (three on each side of the stream) at 
both sites.  Each funnel trap array consisted of two funnel traps (a collapsible mesh minnow trap, 50 cm 
long x 25 cm high x 25 cm wide) located centrally on either side of the partially buried (2 cm deep) drift 
fence (30 cm high x 8 m long polyethylene; Figure 11.3).  Funnel traps had two inwardly directed 
openings (5.5 cm diameter) at each end.  Traps were partially buried (10 cm).  Soil and vegetation were 
used to build "ramps" from ground level to each funnel opening.  Damp pieces of sponge were placed in 
each trap and vegetation was placed on the upper surface of the traps to keep conditions cool and moist.  
Arrays were installed parallel to the stream at a distance of 2 to10 m from the water, depending on terrain 
and water levels.  The funnel arrays were separated from each other by 100 m and were 50 m from pitfall 
arrays sharing a common stream bank (Figure 11.3). 
 
In July and August, 1999 we set all funnel arrays for three consecutive nights at each location.  In June, 
while installing the traps we were able to set all six funnel trap arrays for an additional two nights (i.e., 5 
nights in total) at Bear Creek.  During installation at Crow Creek, we were able to set four arrays for an 
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additional night (i.e., 4 nights in total).  Procedures for checking traps and handling captured animals 
were similar to that described for pitfall traps.  Drift fences were left intact but funnel traps were removed 
between the monthly trapping sessions to prevent damage and accidental captures. 
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Figure 11.1 A schematic view of a funnel array 

 
Technique 3: Visual Surveys 

 
Each month of June, July, and August, 1999, a team of two people twice performed one survey/day of 
low intensity area-constrained visual searches (Crump and Scott 1994).  These searches were conducted 
along a 200 m long x 1 m wide transect on each side of the stream.  The total area searched at each site 
was 400 m2 (Figure 11.4).  Transects extended about 2 m to5 m from the streams and were marked with 
flagging tape to allow repeated surveys.  During each survey, one person slowly walked the entire 
transect searching for animals active on the surface (i.e., rocks, woody debris and leaf litter were not 
disturbed).  The second person recorded survey observations including: the exact location of captured 
amphibians; amphibian age; body length (snout-vent length); and weight.  Following the survey, animals 
were released 2 m to 3 m away from the transect, but within the same general area of the capture.  The 
total time required to survey a transect was 30 to 60 min. 
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Figure 11.2 Schematic layout of the four amphibian sampling methods 

 
Technique 4: Call Surveys 

 
Call surveys were also accomplished at each study stream in June, July and August 1999.  A team of two 
persons performed manual call surveys and set automated recording devices.  For the manual call surveys, 
we followed the audio strip technique outlined by Zimmerman (1994) in which all of the calling frogs 
along a transect are identified to species and counted.  These call surveys were done twice per month (one 
survey/day) at the same time and on the same transects (200 m) as visual surveys.  The total time per call 
survey equaled the total time per visual search (30 to 60 min). 
 
Microcassette recorders (Panasonic RN-202, Matsushita Electric Industrial Co., Ltd.) were utilized to 
perform fixed position call surveys twice a month at each stream.  Recorders were placed into holding 
containers (empty 4 L plastic milk jugs with one side removed) that were attached to a tree (1.5 m above 
the ground).  One recorder was placed on each side of the stream.  Recorders were separated by the width 
of the stream and an additional 200 m along the stream bank (Figure 11.4).  Twice at both sites in June, 
July, and August, we recorded for 1 h/day/stream.  These fixed position recordings were not done 
simultaneously with any other survey.  Recorder location remained the same for each survey. 
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Aspen Parkland Upland and Wetland Sites 

 
Pitfall Arrays 

 
From May to August 1999, an individual or team of two people installed pitfall arrays in Elk Island 
National Park at two sites within each of the six biomonitoring plots previously described (12 pitfall 
arrays in total) (Table 11.2).  Each pitfall array consisted of three pitfall traps placed at the arms and 
intersection of a Y-shaped drift fence (30 cm high x 500 cm long polyethylene secured to wooden stakes).  
The pitfall traps are identical in construction as those described above.  To minimize stress on captured 
animals, damp pieces of sponge, moss and leaf litter were placed in each trap to keep conditions cool and 
moist.  Small twigs were placed in each trap, extending from the trap bottom through the funnel opening 
and providing escape routes for small mammals that entered pitfalls. 
 
Two trapping sessions occurred between May and August, lasting for one to two days.  Between August 
30th and October 4th, traps were monitored at 3 to12 day intervals.  Amphibians captured were identified 
to species, aged, measured (snout-vent length), and weighed.  Following the survey, the amphibians were 
released away from the pitfall array, but in the same area of capture.  Amphibian handling procedures 
were the same as those used in stream surveys.  If required, excess water was removed from traps.  
Sponges in traps were dampened during each visit.  Pitfall arrays were left intact between trapping 
sessions, but closed with plastic lids and weighted to prevent accidental captures. 
 

Funnel Traps 
 
From late April to early May 1999, a single worker installed 4 to 8 funnel traps (collapsible mesh minnow 
trap as described previously) without leads and 1 to 2 funnel trap arrays at each of two ponds and at two 
wetlands in Elk Island National Park.  Arrays consisted of one or two funnel traps centrally located on 
either side of a partially buried (2 cm deep) drift fence (30 cm high x 10 m long polyethylene supported 
by wooden stakes).  Traps were partially buried (10 cm).  Soil and vegetation were used to build "ramps" 
from ground level to each funnel opening.  Damp pieces of sponge were placed in each trap and 
vegetation was placed on the upper surface of traps to keep conditions cool and moist.  Individual funnel 
traps and arrays were separated by 20 m.  Funnel traps were located 2 to 4 m from focal water bodies, 
depending on terrain and water levels. 
 
Funnel trap trapping sessions were conducted sporadically from April 27th to June 11th.  Traps were 
checked at 1 to 20 day intervals and captured animals were handled in the same manner as described 
previously.  Funnel traps were left in place between trapping sessions, but trap entrances were closed 
using vegetation to prevent accidental captures. 
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Analyses 
 

Catch Per Unit Effort (CPUE) 
 

Boreal Mixedwood Stream Sampling 
 
We calculated CPUE for Techniques 1 (pitfall arrays) and 2 (funnel arrays) as the number of animals 
caught per trapping effort, defined as array-nights.  One array-night is equivalent to one array opened for 
sampling for 1 night.  For both stream sites, we performed a total of 37 pitfall array-nights and 52 funnel 
array-nights in June; 32 pitfall array-nights and 48 funnel array-nights in July; and 32 pitfall array-nights 
and 48 funnel array-nights in August.  Trapping effort at Bear Creek amounted to 54 pitfall array-nights 
and 78 funnel array-nights; at Crow Creek, 47 pitfall array-nights and 70 funnel array-nights. 
 
For Technique 3 (visual surveys) and Technique 4 (call surveys), we defined CPUE in terms of the 
number of animals observed per hour of survey effort.  A total of 6.4 hr in June, 4.8 hr in July, and 5.0 hr 
in August were spent on visual surveys and manual call surveys.  All together, 8.1 hr of effort was 
allocated to visual and call surveys at Bear and Crow Creeks.  In contrast, completing automated call 
surveys (i.e., using cassette recorders) in June, July and August at Crow and Bear Creeks required a total 
of 8.0 hr and 12 hr, respectively. 
 

Aspen Parkland Upland and Wetland Sampling 
 
Pitfall CPUE at Elk Island was calculated by dividing the number of animals caught by the trapping 
effort.  Trapping effort was defined as array-nights (one open array for one night) and also by trap-nights 
(one open trap for one night).  A total of 453 pitfall array-nights and trap-nights were conducted between 
May and October.  Trapping effort at individual sites ranged from 34 to 49 array nights and 102 to127 
trap-nights.  Because not all funnel traps had drift fences, funnel trapping effort was calculated only using 
trap-nights.  We performed a total of 282 funnel trap-nights from April to June.  Funnel-trapping effort at 
individual ponds and wetlands ranged from 52 to100 trap-nights. 
 
Sampling of only two stream sites and a restricted number of replicate habitat types in EINP precluded 
any statistical comparisons among the four sampling techniques between sites, or between different 
capture and detection rates through time.  The decision to focus on only two stream sites and restricted 
habitat types was based on funding constraints. 
 

Time-Cost Estimates 
 
We calculated the cost of each technique proposed in the sampling protocol for stream sites.  Time and 
equipment was included.  However, we excluded program travel costs because they are being calculated 
separately for AFBMP as a separate contract.  For pitfall and funnel arrays, we divided cost per array into 
array construction, array deployment, and inspection.  Division of costs in this manner allows for the 
calculation of total cost per site at different levels of effort (e.g., different numbers of arrays per site 
and/or different numbers of trapping sessions).  For visual and call surveys, we calculated costs according 
to the time required and equipment costs per survey.  Total cost per site was calculated using different 
levels of effort (e.g., different numbers of surveys).  All time costs were based on the number of man-
hours for each activity at $20.00/hr. 
 
Results and Discussion 
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Amphibian Sampling Techniques Comparison: Captures and/or Observations 
 

Boreal Mixedwood Streams 
 
In terms of the total number of combined captures/observations, visual surveys were the most successful 
technique performed at Bear and Crow Creeks (N = 115), followed by pitfall arrays (N = 10), funnel 
arrays (N= 3) and manual call surveys (N= 2) (Figure 5).  Automated call surveys failed to record any 
amphibians.  With the exception of one adult and one young-of-the-year boreal toad (Bufo boreas) found 
at Crow Creek, all amphibians captured/observed were wood frogs (Rana sylvatica).  Although 
previously found in the region (Russell and Bauer 1993), we did not encounter any chorus frogs 
(Pseudacris triseriata) or Canadian toads (Bufo hemiophyrs).  Thus, the following discussion focuses on 
the results for wood frogs captured at Bear and Crow Creeks.  The majority of trapped wood frogs were 
adults or subadults (108); considerably fewer were young-of-the-year (19).  However, the presence of 
young-of-the-year at both sites suggests that frogs are breeding in streams, flooded riparian areas, or 
adjacent upland standing bodies of water.  Both amphibians heard during call surveys were boreal toads 
in June at Crow Creek. 
 
Visual surveys may have detected more amphibians in this study because transects were located in the 
riparian zone.  In this zone, microhabitat conditions are favorable and offer protection from terrestrial 
predators, as well as abundant food resources.  Also, the riparian zones in this study were relatively 
simple in terms of woody debris, ground cover, and other structural features, offering greater visibility 
than in other regions.  Visual surveys may be less effective in habitats that are more structurally complex, 
such as those created by dense vegetation (Crump and Scott 1994). 
 
Differences in habitat characteristics may account for some of the differences in visual survey results 
between sites.  The CPUE value using visual surveys was higher at Crow Creek than at Bear Creek 
(Figure 11.6a), suggesting that wood frogs are more abundant at Crow Creek.  Perhaps this result is due to 
a lack of fish preying upon amphibians in Crow Creek (authors unpubl. data) (Zimmer et al. 1997) or to 
amphibians migrating more easily to and from Crow Creek.  Compared to Bear Creek, Crow Creek has 
flat topography.  However, CPUE for pitfall arrays (Figure 11.7b) did not show the same trend as the 
visual surveys.  Pitfall CPUE was actually higher at Bear Creek than at Crow Creek, perhaps suggesting a 
bias in visual sampling. 
 
Bear Creek had less grass in the riparian zone than Crow Creek, but a more complex forb and shrub layer.  
With the progression of summer, the grass at Crow Creek grew to over 1 m in height and the number of 
wood frogs detected was reduced by 84%.  During the summer, vegetation also increased at Bear Creek, 
but seldom exceeded 1 m in height.  With increasing grass height, a decline in detection (41% reduction 
in captures/observations) at Bear Creek also was noted.  In fact, by the end of the season, visual surveys 
and pitfall traps led to more captures/observations at Bear Creek (13 and five, respectively) than at Crow 
Creek (seven and zero, respectively).  These results suggest that wood frogs may be more abundant at 
Bear Creek than Crow Creek. 
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Figure 11.3 Total number of wood frogs captured or observed at Bear Creek and Crow Creek using 
different sampling methods 
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Figure 11.6 Monthly catch per unit effort (CPUE) using (a) visual surveys, and (b) pitfall (black 
histograms) and funnel arrays (white histograms) at Bear and Crow Creeks, Alberta 1999 
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Figure 11.4 Catch per unit effort (CPUE) using (a) visual surveys, (b) pitfall traps (black histograms) 
and funnel traps (white histograms) at Bear and Crow Creeks, Alberta, 1999 

 14



 

The effectiveness of the visual surveys may have been influenced by season.  CPUE for both sites 
decreased later in the summer season (Figure 11.6a), suggesting either that the actual number of wood 
frogs decreased, or that our ability to detect them visually decreased.  In contrast to visual surveys, CPUE 
of pitfall arrays (Figure 11.6a) showed a different trend; CPUE was higher in August than in June or July.  
These results suggest that we were less efficient at detecting frog presence during visual searches later in 
the season, because of the increased density of herbaceous vegetation.  It is also possible that later in the 
season, as conditions dried out, frogs were hidden in leaf litter during the day and entered pitfall traps 
during the night. 
 
The failure of the call surveys to detect many amphibians was likely due to the timing of the surveys.  
Most amphibians (e.g., wood frogs and chorus frogs) call while breeding in early spring (April to May) 
before our surveys were conducted.  However, we did encounter boreal toads during the call surveys in 
June when Canadian toads and boreal toads tend to breed. 
 
As might be expected, the number of captured wood frogs increased as the amount of effort increased.  
The amount of effort increased both in terms of distance searched during visual surveys (all surveys 
combined, Figure 11.8a) and in terms of the number of pitfall array trapping nights (all sessions 
combined, Figure 11.8b).  However, although the cumulative number of wood frogs captured initially 
increased, eventually it leveled off as funnel array trapping effort increased.  This result suggests that 
funnel trap arrays may not be as effective at capturing wood frogs as pitfall traps, at least not late in the 
summer or under environmental conditions that we encountered. 
 
In order to evaluate the effectiveness of visual searches and the amount of effort to document the presence 
or absence of wood frogs at stream sites, we plotted the likelihood of capturing or observing at least one 
wood frog at various levels of effort (Figure 11.9a).  For each visual survey, we determined the distance 
searched before the first wood frog was found (e.g., we found one frog within the first 5 m during four of 
24 surveys).  We then added together successive categories of search effort and calculated the additive 
probability for successful encounters (e.g., the first frog was found within 5 m or 10 m during six of 24 
surveys or 25% of the time).  Across the 24 surveys, on average, 50 m were searched before one frog was 
found.  However, during two visual surveys, no frogs were found after searching 200 m.  Thus, our 
empirical model predicts that more than 200 m need be searched to ensure the detection of frogs. 
 
In a similar manner, we calculated the likelihood of capturing at least one wood frog at different levels of 
trapping effort.  The likelihood is based on the number of trapping nights per capture for the combined 
pitfall and funnel arrays (Figure 11.9b).  A wood frog was captured after one night of pitfall trapping in 
only one of six sessions.  However, after two nights of trapping, at least one wood frog had been captured 
in 66.7% of the sessions.  In contrast, three nights were required for one wood frog to be captured in 50% 
of the six funnel trap sessions, and no frogs were captured in the remainder.  Again, these results indicate 
that pitfall trapping is a more effective sampling method than funnel trapping. 
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Figure 11.5 Cumulative number of wood frogs captured or observed in Bear and Crow Creeks, 
Alberta, 1999 under different levels of effort using (a) visual surveys and (b) pitfall traps 
and funnel traps 
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Figure 11.6 Probability of capturing or observing at least one wood frog under different levels of 
effort in Bear and Crow Creeks, Alberta, 1999 using (a) visual surveys, and (b) pitfall 
and funnel arrays 
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Figure 11.7 Catch per unit effort (CPUE) using (a) visual surveys and pitfall traps (black = Site 1, 
white = Site 2) and (b) funnel traps at Elk Island National Park, 1999 
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Aspen Parkland Uplands and Wetlands 
 
We recorded a total of 19 wood frogs, eight tiger salamanders (Ambystoma tigrinum), and one boreal toad 
in pitfall traps.  Wood frogs were captured at eight of the 12 sites; salamanders were captured at three of 
12 sites; and the boreal toad was captured at Moss Lake (Site 2).  Although we observed many in the area, 
we did not capture any chorus frogs.  Furthermore, we did not observe or capture Canadian toads, a 
species previously recorded in the park (Burns 1986).  In contrast, the capture of a boreal toad is the first 
ever recorded in the park.  Tiger salamanders appear to be more abundant and widely distributed then 
previously reported (Burns 1986). 
 
As observed between stream sites in the boreal forest, the pitfall CPUE varied between biomonitoring 
plots and landscape types in Elk Island (Figure 11.10a).  CPUE was highest at Moss Site 2 (white spruce 
stand), and at Goose Site 1 (trembling aspen stand).  CPUE was higher in older stands than in stands 
recently burned.  Generally, CPUE was greater in the lower boreal forest area of the park (Moss and 
Astotin) compared to the open aspen parkland (Goose and Cree) and the closed aspen parkland (Oxbow 
and Hayburger).  Differences in CPUE between sites may reflect differences in vegetation, temperature 
and moisture regimes, number of water bodies in each area, and the distance to the nearest water body. 
 
We captured a total of 14 wood frogs and one chorus frog in funnel traps.  Funnel traps may be more 
effective at capturing chorus frogs than pitfall traps because chorus frogs are able to climb out of pitfall 
traps.  Five captures occurred in funnel traps without drift fences (24 traps) and 10 captures in funnel 
traps with drift fences (seven arrays, nine traps).  These results parallel those found by other studies (e.g., 
Corn and Bury 1990, Adams et al. 1998) where funnel trap effectiveness increased dramatically if used in 
concert with drift fences.  CPUE of funnel traps near ponds and wetlands also varied across sites (Figure 
11.10b).  CPUE was similar for Pond 1, Pond 2 and Wetland 1, but was higher for Wetland 2.  We saw 
more frogs at the latter site in general, but why the traps were so attractive there is unclear. 
 
Due to differences in sampling design, it is difficult to compare results from stream surveys with those in 
aspen parkland sites at Elk Island.  However, tiger salamanders and chorus frogs were captured at Elk 
Island using techniques similar to those at the stream sites.  Perhaps if these species were present at the 
stream sites, they would have been captured at least once in the pitfall or funnel traps.  The ranges of 
CPUE (based on trap-nights) for pitfall traps (0 – 0.044) and funnel traps (0.038 – 0.078) at Elk Island 
sites were similar to the range of values seen at Bear Creek (pitfall traps = 0.061, funnel traps = 0.034) 
and Crow Creek (pitfall traps = 0.064, funnel traps = 0.014).  These results suggest that our catch rates at 
the stream sites were reasonable and that wood frogs regularly use streamside habitats, as well as lentic 
and upland sites. 
 

Amphibian Sampling Techniques Comparison 
 
In general, visual surveys and call surveys were less expensive than pitfall arrays and funnel arrays (Table 
11.3).  Most of the cost of pitfall and funnel arrays occurred in their construction and deployment.  Pitfall 
traps were relatively cheap in terms of supplies, but required time to construct and deploy.  Funnel traps 
were more expensive than pitfall traps, but were prefabricated and ready to set.  The costs of constructing 
fences around the traps were similar for the two techniques.  Once traps were operational, the costs to 
inspect and maintain traps were minimal.  The total cost of making and operating funnel arrays was less 
than that of pitfall arrays but, as documented earlier, funnel arrays were less effective at capturing 
amphibians.  Both trapping techniques may be influenced by season (e.g., captures may increase when 
metamorphs emerge) and weather (e.g., captures increase after rainfall; Corn 1994, Crump 1994). 

 19



 

Table 11.3 Comparison of equipment, deployment and inspection costs to monitor amphibian 
communities using pitfall traps, funnel traps, visual surveys and calling surveys in two 
boreal forest streams in Alberta, Canada 

 

Item Supply 
Costs 

Construction and 
Deployment Costs 

Total 
Cost 

Technique 1:  Pitfall Arrays 
Array Construction Costs (per array): 
• Traps: four plastic buckets, lids, foam pieces, and wire 

mesh funnel 
• Drift fence: polyethylene fencing material and stakes 
• Incidental equipment: wire cutters, duct tape, markers, 

gloves, scissors, and measuring tape 

 
 
 

$10.00 
$5.00 

 
$30.00 

 
 
 

1 hr @ $20.00/hr = $20.00 
0.25 hr @ $20.00/hr =$5.00 

 
 

 
 
 

$70.00 
 
 
 

 
Array Deployment Costs Including Supplies (per array)1: 
• Traps 
• Drift fence 
• Incidental equipment – 100 m measuring tape, flagging 

tape, tree planting shovel, hand pruning shears, mallet, 
axe, saw, staple gun, stapes, and duct tape 

 
 
 
 
 

$200.00 
 
 

 
 
 

1.5 hr @ $20.00/hr =$30.00 
1.5 hr @ $20.00/hr =$30.00 

 
 
 

 
 
 

$230.00 
 

 
Array Inspection Costs (per array per visit) 2: 
• Traps – handling animals 
• Drift fence – maintenance 
• Incidental equipment - stationary, pencils, caliper, Pesola 

scale, latex gloves, and plastic bags 

 
 
 

$100.00 
 

 
 
 

0.25 hr @ $20.00/hr = $5.00 
0.25 hr @ $20.00/hr = $5.00 

 
 
 

$110.00 
 

 
Technique 2:  Funnel Arrays 
Array Construction Costs (per array): 
• Traps – two mesh minnow traps, foam pieces 
• Drift fence – polyethylene and stakes 
• Incidental equipment – duct tape, markers, gloves, 

scissors, and measuring tape 

 
 
 

$32.00 
$5.00 

$30.00 
 

 
 
 

0.25 hr @ $20.00/hr = $5.00 
 
 

 
 
 

$72.00 
 
 

 
Array Deployment Costs (per array): 
• Traps 
• Drift fence 
• Incidental equipment – 100 m measuring tape, flagging 

tape, tree planting shovel, hand pruning shears, mallet, 
axe, saw, staple gun, stapes, and duct tape 

 
 
 
 

$200.00 
 
 

 
 

0.5 hr @ $20.00/hr =$10.00 
1.5 hr @ $20.00/hr =$30.00 

 
 
 

 
 

$240.00 
 

 
Array Inspection Costs (per array per visit)1: 
• Traps – handling animals 
• Drift fence – maintenance 
• Incidental equipment - stationary, pencils, caliper, Pesola 

scale, latex gloves, and plastic bags 

 
 
 
 

$100.00 
 

 
 

0.25 hr @ $20.00/hr = $5.00 
0.25 hr @ $20.00/hr = $5.00 

 
 

$110.00 
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Technique 3: Visual Surveys 
Survey Costs 3: 
• Time required to search 2 -200 m transects 
• Incidental equipment – 100 m measuring tape, flagging 

tape, stationary, pencils, caliper, Pesola scale, latex 
gloves, and plastic bags 

 
 
 

$150.00 

 
2 hr @ $20.00/hr = $40.00 

 
$190.00 

 
Technique 4:  Call Surveys 
Manual Audio Strip Technique
• Survey cost: time required to search 2 -200 m transects 
• Incidental equipment – 100 m measuring tape, flagging 

tape, stationary, and pencils 

 
 
 
 
 

$75.00 

 
 
 

2 hr @ $20.00/hr = $40.00 

 
 
 

$110.00 
 
 

 
Automated Recording Stations 
• Construction cost:  two microcassette (batteries and 

tapes), two holding facilities (4 L plastic milk jugs) 
• Deployment cost: time required to select sites and attach 

two devices 
• Survey cost: time required to retrieve recorders and listen 

to tapes (data transcription) 
• Incidental equipment – utility knife, duct tape, 100 m 

measuring tape, flagging tape, stationary, and pencils 

 
 

$150.00 
 
 
 
 
 

$85.00 

 
 
 
 

0.5 hr @ $20.00/hr = $10.00 
 

0.5 h @ $20.00/h = $10.00 
 

2.5 h @ $20.00/h = $50.00 
 

 
 
 
 

$305.00 
 

1  Time required to deploy array (and therefore cost) is highly variable depending on morpho-edaphic site 
characteristics, but likely to range from 2 – 6 h r per array (i.e., $40.00 - $120.00). 

2  Time required to check array (and therefore cost) is highly variable depending on the number of amphibian 
captured and the amount of physical damage (by animals) done to the array, but likely to range from 0.25 – 1 hr 
per array (i.e., $5.00 - $20.00). 

3  Time required to search transects (and therefore cost) is highly variable depending on the intensity of the search, 
but likely to range from 2 – 6 hr per site (i.e., $40.00 - $120.00). 

 
 
Visual surveys were relatively inexpensive to perform and proved to be an effective method for sampling 
amphibians.  However, visual surveys were more likely to be influenced by seasonal differences in frog 
behavior and habitat complexity than other techniques.  The effectiveness of visual surveys may also 
depend on weather and time of day (Crump and Scott 1994).  During the summer, forest amphibians in 
Alberta are more likely to be active after a rainfall and in the morning (09:00 to 12:00; Paszkowski and 
Gingras, pers. obs.).  Unlike funnel and pitfall trapping, the experience and innate skill of the searcher 
influence the effectiveness of visual surveys. 
 
Like visual surveys, manual call surveys were relatively inexpensive to perform.  Unfortunately, this 
method proved ineffective for sampling amphibians during our study.  Automated call surveys were more 
expensive (cost increases with the sophistication of the recording device) and ineffective.  Similar to 
visual surveys, call surveys are influenced by weather, time of day, and surveyor competence.  Automated 
call surveys are an attractive alternative to manual surveys because the amount of time to deploy and 
check them is minimal. 
 
Recommendations 
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Preamble 
 
Monitoring programs use a diverse array of techniques to detect and track changes in the composition, 
abundance or presence of biotic elements.  The selection of sampling protocols is driven largely by the 
objectives of the monitoring program, which guide the spatial and temporal requirements for sampling.  
Protocols may also differ among various landscapes and in response to the types of stressors that are 
thought to drive the system.  In designing monitoring programs, the notion that techniques can be simply 
adopted from other programs is contrary to the notion of design optimization and therefore, conceptually 
flawed.  A rigorous and critical evaluation of the information and cost effectiveness of the protocol is 
essential. 
 
In discussing a range of approaches that could be used to monitor forested ecosystems in Alberta, the 
AFBMP Technical Committee adopted a spatially intensive design.  Therefore, to maximize the number 
of sites monitored in a given year, the majority of monitoring methodologies would have to be completed 
as part of one to three day visits to individual monitoring sites.  Multiple elements and related abiotic 
attributes would be measured concurrently over this period.  While the final decision of the design has not 
been determined, the majority of sites would likely be revisited at intervals of 5 to 10 years.  In addition, 
the large number of sites that would be measured annually would preclude surveys during early spring 
when calling surveys are particularly efficient.  These decisions profoundly affect what techniques could 
be used to monitor amphibians in a consistent manner. 
 

Technique Evaluations 
 
Our evaluation of four techniques to monitor stream amphibian communities indicated: 1) substantial 
differences in the ability of the four techniques to detect amphibians; 2) variation in detection with 
increasing sampling effort; and 3) variation in sampling costs among techniques (Table 11.4). 
 
Arrays of pitfall traps probably represent the preferred technique, if the goal of a monitoring program is to 
detect seasonal or annual variability in amphibian abundance, as is the case at Elk Island.  However, if 
sampling at an individual site is restricted to a single one to three day period, revisited at 5 to 10 yr 
intervals, the low capture rates would require the setting of large numbers of traps.  This would require a 
moderate amount of time to construct pitfall traps and a large amount of time to deploy traps in the field.  
Funnel arrays share similar challenges except pitfall holes would not be required and preparation time is 
minimal. 
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Table 11.4 Comparison of advantages and disadvantages of four sampling techniques to monitor 
stream amphibian communities in forested regions of Alberta 

 

Sampling 
Technique 

Advantages Disadvantages 

Call Surveys • Equipment and sampling costs are 
minimal. 

• Minimal mortality of amphibians 
and non-target species. 

 

• Low capture rates. 
• Generally only efficient in detecting 

frogs and toads in the spring. 
• Ineffective in detecting salamanders. 
 

Pitfall Traps • Equipment and sampling costs are 
moderate. 

• Traps are easily inspected. 
• Traps are robust. 

 

• Low capture rates. 
• Digging traps into the substratum can be 

time consuming in some conditions. 
• Traps cannot be used in saturated zones. 
• Imposes low to moderate amounts of 

mortality of amphibians and non-target 
species. 

Funnel Traps • Equipment and sampling costs are 
minor. 

• Traps are easily deployed and 
inspected. 

• Traps are robust. 
• Traps can be used irrespective of 

water table level. 

• Low capture rates. 
• Low mortality of amphibian and non-

target species. 

Visual Searches • Equipment and sampling costs are 
minimal. 

• Can detect frogs, toads and 
salamanders. 

• Moderate to high capture rates. 
• Minimal mortality of amphibians 

and non-target species. 

• Standardizing effort can be problematic 
if poorly planned. 

• Destructive to vegetation if searches 
include intensive removal and inspection 
of habitat structure (e.g., down woody 
debris). 

 
Calling surveys were largely ineffective in detecting frogs and toads.  In addition, they cannot detect 
salamanders because salamanders do not call.  Previous studies using calling surveys typically focused on 
the spring, when the probability of detecting calls is highest.  Even so, sampling is still vulnerable to 
variations in weather, which strongly affects calling propensity.  The use of calling surveys to monitor 
frogs and toads could be an option for the AFBMP should they decide to separate amphibian monitoring 
from the monitoring of other aquatic elements (e.g., benthic macroinvertebrates and fish).  Furthermore, a 
large number of sites would have to be sampled in spring under favorable weather conditions.  This 
however, would represent a change in direction of integrating all of the aquatic elements within one 
sampling package. 
 
Visual surveys were the most efficient technique to detect frogs at our two study sites.  Visual surveys 
also offer a cost-effective method for sampling anuran amphibians, at least along streams.  Visual surveys 
require very little equipment and preparation.  The duration of sampling will depend on the thoroughness 
of the survey (e.g., whether litter and woody debris are disturbed) and the transect length.  
Standardization of sampling methods is critical.  For example, the distance of transects from still or 
flowing water must be standardized among sites and through time.  Observers should be well trained. 
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Recommendations 
 
Acknowledgements 
 
While a diversity of techniques can be used to monitor stream amphibian communities, the results from 
our study indicate that a visual survey technique was the most cost and information efficient protocol, for 
boreal forest stream sites.  Assuming that these results are applicable to other stream types, we 
recommend that the AFBMP use visual surveys to monitor stream amphibians.  Because catch rates of 
amphibians were highest in June and declined almost two-fold by August, we propose that surveys be 
conducted in June and July.  Sampling, however, could extend into August.  To maximize the probability 
of detecting at least one individual, surveys should measure along transects, at least 50 m in length.  
Extending transects to 200 m during the initial years of the program, would allow the relationship 
between effort and capture rates to be established and tested on independent data sets.  Our data indicate 
that the cost of completing surveys over 200 m is not great.  Although it may be initially inefficient, it is a 
good investment if catch-per-unit effort relationships are species specific.  Lastly, data collected during 
the preliminary surveys should be analyzed promptly and if required, survey techniques should be 
modified based on pilot field results. 
 

The Alberta Research Council and the University of Alberta developed this report.  Unless otherwise 
stated, the interpretation and statements contained in this document are those of the authors.  We thank 
the AFBMP Technical Committee for input on the scope and design of the study. 
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